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‘ABSTRACT

Integration of Voice and Data Communications over land mobile
radio channels is regarded as a promising approach towards efficient
spectrum utilization. The research reported here represents a
step towards achieving such integration in a digital land mobile radio
system. Four aspects have been investigated: (1) the use of forward
error correction schemes for data messages to improve channel throughput
in the face of fading conditions, (2) the 1mp]emeﬁtation of Tow power
microprocessor controller for integrated mobile terminals, (3) testing
the performance of two modulation systems (DPSK and FFSK) for

transmitting data at speeds of'9.6 kb/sec. and 16 kb/sec. under simulated

fading conditions, and (4) the construction of a TFM modulator which

will be tested later to compare the performance of this technique to

that of the FFSK technique in fading channels.
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CHAPTER 1
Introduction

The use of land mobile communications channels has so far been
Targely confined to voice communications. However, recent years have
witnessed a rapid growth in the need.for data communications mobile
systems. Such a demand on the scarce frequency spectrum resource has
motivated the search for new techniques to achieve better utilization of

the radio frequency spectrum.

It is predicted that the demand for data transmission on mobile
radio channels will be steadily increasing over the current decade.
Examples of the applications demanding such a service include automatic
vehicle Tocation systems, control of channel assignment in cellular systems,
police applications, taxi and other dispatch systems. As an indication of
the expected demand, it is anticipated that a large fraction of the 350,000
radio users which constitute the Canadian private mobile radio community
will add to their system a data transmission capability in the next five

years.

The congestion of the availahle spectrum, coupled with the growing
demand for mobile data transmission motivates the search for feasible
téchniques for integrating speech and data within a single land mobile
radio channel. Attempts to investigate such techniques for general data
networks have been published recently [1, 2, 3, 4]. The remaining sections.
of this chapter explore such techniques and serve as an introduction to

the research effort intended to accomplish the objective of integrating
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- voice and data communications over mobile radio channels.

1.1 ' Integration of Voice and Data Nver Mobile Radio Networks

In existing commercial mobile communications systems, data
messages and speech are transmitted on separate dedicated channe]s. Voice
communications (mobile telephone) is carried out using frequency modulation
techniques. This led to the standardization of the transmitter/receiver
units in which FM channels have 30 KHz bandwidth. The need to transmit
data messages over mobile communications systems was accommodated by using
an IF hodu1ation technique (e.g. DPSK) for the input data messages. The
output of the IF stage is then inserted in the audio input section of the
FM transmitter unit. Figures 1 and 2 illustrate the components of mobile
data terminals and a fixed base station. Data buffering and transmission
is controlled by a microcomputer‘unit which interfaces serially with the

modem.

The above technique places severe Timitations on the speed of
data transmission since the spectrum of the IF signal has to be limited to
the bandwidth of the audio iﬁput of the transmitter. Increasing the speed
of the input signal will lead in this case to higher bit error rates. In

random access techniques, the transmission of messages at low rate

increases the probability of errors and message retransmissions, which

leads to rapid deterioration of the throughput performance of the channel.
As well, the scarcity of the availahle spectrum resources makes it difficult

to satisfy the increasing demand for mobile data communications.

Recent research in the speech communications field indicates the
existence of gaps between talk spurts of average durations ranging from

0.6 to 1.2 m.sec, depending on the applications. The channel becomes idle



DISPLAY

!

MICRO-
. COMPUTER 3 RADIO
KEYBOARD MODEM
R TRANCE IVER
Figure 1_
REMOTE TERMINAL
|
|
1] RADIO
MI CRO-
COMPUTER _L_COMPUTER MODEM TRANCE IVER
{
l
|
DISK l
STORAGE :
|
| Figure 2

BASE STATION



" during these gaps. Transmission of voice and data simultaneously over

the same channel can obviously be made possible by transmitting data packets
during .the silent intervals of the channel which is used primarily for

voice communications.

Assuming data packet Tengths ranging from 1000 to 2000 bits (as
is the case in most applications), it is possible to fit these packets
into the silent intervals of the channel using appropriate transmission

rates. This is feasible at transmission rates of 8 k.bits/sec or higher.

The rea]ization of the above scheme in mobile radio applications
is feasible only under the following conditions:
(1) The availability of low cost modem sets that can transmit data
at rates higher than 8 k bits/sec over 30 KHz channels with Tow
BER.
(2) The availability of accurate speech detector in voice termina]s
so that the carrier is suppressed when no input speech is detected.
(3) The ability of the data terminals to sense the voice carrier on
the channel to determine if the %hanne] is busy (talk spurt) or
free (gap). The data terminal will transmit its packet only

when a gap is detected.

Integration of voice and data transmissions in existing mobile
communications systems will require the use of different modulation technique
in RF band for the data signals. This is needed since data transmissions

will be an ‘'added on' service to an existing FM mobile communications system.

The objective of the on-going research report here is to construct

an all digital voice/data mobile communications systems for the 800 MHz



frequency band. Thus the same modulation technique is used for both voice
-and data signals. To explain the general conbept of such a system, we

- consider the general structure of the base station and each mobile unit.

- The Base Station:

Figure 3 illustrates the basic components of the base station.
When a speech signal is transmitted to over a channel the station adds to
it a narrow band tone and a clock signal. When a data signal is transmitted,

onTy the clock signal is added to it (in the frequency domain).

The Mobile Station:

Figure 4 illustrates the basic components of each mobile unit.
The mobile transmits speech signals after the channel is assigned to it by
the base station. The mobile unit transmits data packets only after it
senses the carrier on the channel and determines, by examining the busy
tone, if the channel is busy or free. The speech detector is used to

suppress the mobile carrier when it is not transmitting in the speech mode.

Figure 5 illustrates the structure of the mobile terminals proposed
for future research. The voice encoder/decoder circuit will be implemented
using the CVSD tephnique and voice will be digitized at 16 k bits/sec. The
.modem set to be used will be based on the TFM technique, which will be

discussed in section 4.4

1.2 Objectives of Current Research

The ultimate objective of the research reported here is to
demonstrate, both theoretically and practically, the feasibility of integra-
ting speech and data transmissions over mobile radio channels. Such an

integration will lead to better utilization of the available frequency
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spectrum and provide flexibility in channel use for applications involving
voice and.data communications. The research feported here can be considered
as a step in the progress towafds achieving the final objective. Specifically,
three research aspects have been addressed:
(1) - Improvement of channel throughput - delay performance with respect
to packet data traffic;
(2) Design and implementations of Tow power, small size micropower
controller units; and
(3) Measurement of the BER performance of specific modulators under

simulated fading conditions.

The following is a summary of the research conducted in each of

the above three aspects.

1.2.1 Improvement in Throughput of'Packet Data Traffic

The poor throughput-delay performance of random access channels
is attributed to the loss of data packets due to collisions or noise and
the increase in the total traffic input resulting from packet retransmissions.
When fading effects are taken into account, the number of packets received
in error increases, which leads to further deterioration of the performance
of the channel. One approach for improving the throughput - delay
characteristics is accomplished through the use of forward error correction
schemes. By correcting some of the packets received in error, the total
number of retransmissions will be reduced, leading to improvement in the

throughput-delay performance of the channel. Chapter 2 of this report
examines the result of investigating the applicability of forward error

correcting codes to random access channels under fading conditions.
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1.2.2 Design of Mobile Radio Terminals

It is apparent from the discussion of section 1.1 that the con-
troller of the mobile termiha]s will be performing a number of time critical

functions. In practice, microprocessors are used as controller units.

However, microprocessor boards that are based on IZL technology tend to

have high power consumption and relatively large size, two factors that
mitigate against using them in portable mobile terminals. The power con-
sumption and size of the microprocessor board can be substantially \
reduced by using the CMOS technology. In this research, a general purpose
CMOS microprocessor board has been designed, implemented and tested for
mobile terminal functions. This board will be used as the controller

unit of the mobile terminals that will be deployed in future field experi¥

ments. The design, implementation and testing of the microprocessor board

are discussed in Chapter 3.

1.2.3 BER Performance of Two Modulation Systems Under Fading Conditions

As mentioned earlier, fading and multipath effects introduced
errors to digital signal transmitted over radio channels. In data trans-
missions, such errors will lead to frequent retransmissions and subsequent
deterioration in the.throughput - delay performance of the channel. In the
transmission of digitized voice, such errors will adversely affect the
quality of the received speech, particularly if the voice i%rencoded at
low sampling rates. In this research, two modulator/demodulator sets have
been tested to determine the effects of fading signals on the BER of each
sef. Both sets have been used previou§1y in experimental mobile radio

systems as explained in Chapter 4.
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1.3 Structure of.the Reéprt
‘The remaining chaptefs of this report are organized as foT]ows:
Chapter 2 examines the distribution of packet transmission
errors introduced by channel féding conditions. Forward error correction
methods are applied and their performance is examined. The feasibility
of using forward error correction to enhance the performance of random

access techniques is discussed in the conclusions of the chapter..

Chapter 3 reports the design implementation and testing of a GMOS
microprocessor which has much Tower power consumption and smaller volume
relative to an 12L microprocessor (INTEL 8020) with comparable functional

capabjlities.

Chapter 4 reports the results of testing the BER of two digital
modulation systems in the existence of fading signals and receiver (Gaussion)
noise. The first system is based on the DPSK modulation technique and.the
second system is based on the FFSK modulation technique. A tamed frequency

modulator (TFM) circuit implementation is also reported in this chapter.

Finally, Chapter 5 contains concluding remarks and an outline

for the future continuation of the research reported here.
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CHAPTER 2

ERROR CONTROL FOR RANDOM-ERROR AND

RAYLEIGH FADING CHANNELS

2.1 Introduction -

~Error detection and retransmission schemes are quite commonly used

in many data communications because they can provide high reliability at a
sma]]icost [1,2]. -Such schemes are particularly effective when the probability
of a retransmission Pr is small. However, as the channel error rate (and
therefore Pr ) increases, they yield lower and lower throughput. To preserve
an acceptable throughput, various techniques can-be used, such as diversity

transmission or coding.

In this chapter the use of random and burst error correcting codes in
improving the performance of a stop-and-wait Automatic Repeat-Request (ARQ)
scheme over random-error and Rayleigh Fading channels is investigated. Two
models are examined. The first model is similar to the one in [1] and is
used to analyze the effect of forward error correction on the mean wasted

time. The second model assumes a Poisson arrival process for fixed Tength
messages and determines the effect of forward error correction on the mean

time between the arrival of a message and its successful transmission.

2.2 ) Effect of Forward Error Correction on Mean Wasted Time

In this section, a model of a stop-and-wait ARQ scheme similar to
[1] is used to examine the reductions in the mean wasted time obtainable by
the use of forward error correcting codes. Two channel models, onhe

with random errors and the other with Rayleigh fading, are considered.
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We assume that‘measages”have random lengths L which are geometrically

distributed, i.e.

PL(2) = pa*" !, 0 = 1,2,3 .5 q = (1-p) (1)

with average Tengthi?==%ru The message is sp]ft into blocks of size B bits.
These aré then assembled into packets of Tength (B+b) bits, where b represents
overhead required for synchronization,addressing, error detection, etc.

The mean number of packets per message is given by

oo

N(B) =>_ n. P([n-1]1B <L < n B)
n=1

nB

5 g .

n=1 (n=1)B+1

L
(1-q%)  (2)

Let Pe(B+b) denote the probability that the transmitted packet will be
received incorrectly. We assume that the error-detection code is able to
detect all errors [3]. Of course, Pe(B+b) depends on the channél noise

characteristics.

In the stop-and-wait transmission scheme, the transmitter sends
a packet and waits for an acknowledgement from the receiver. If a positive
acknowledgement is received (indicating the packet was successfully received),
the sender proceeds to send a new packet. Otherwise, the transmitter
repeéts the same packet until it receives a positive acknowledgement.

Throughout this chapter, the acknowledgement delay 1is assumed to be a con-
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stant, denoted by A.

There is a trade-off involved in selegting the packet size. On
the one hand, it is desirable to choose a large packet size so as to reduce
the acknowledgement de]ay. On the other hand, a long packet is more likely
to be corrupted by the channel, and hence require a retransmission. Also,
in the case where the unused portion of thé last packet of a message is
filled with dummy bits, a long packet results in more waste. This can be

avoided by using an end-of-message character.

Assuming that an erfor in the transmission of a packetiis independent
of that of any other packet transmission and that the last packet is filled
with dummy bits, it can be shown [1] that the expected wasted time (i.e. the
difference between the actual time for transmitting the packetized message
and the time it would take to directly transmit the (unpacketized) message

over an error-free channel with the same baud rate) is given by

P _(B+b T
WB) = =1+ B ey - Lt (3)
(1-9°) 1—Pe(B+b) R

channel baud rate in bits/sec

where R =
7= Btb e
=R = packet transmission time in sec.

We now consider the effect of forward error correction on the mean
wasted time as described by equation (3). The use of an error-correcting
code involves a trade-off: On the negative side, parity-check bits represent-
ing additional overhead have to be used; however this may be more than

offset by the reduction in the probability of a packet retransmission Pr‘

The choice of an error-correcting code C and its effect on the
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mean wasted time is now examined. We confine our attention to Bose-
Chaudhuri-Hocquenghen (BCH) codéé [4,5]. For a given packet Tength n,
(preférab]y of the form n = 2™-1, m = 2,3,4, ... corresponding to the
codewofd-]engths of BCH codes), we obtain the distribution of the number of
channel.erroré in the packet. This cén be derived analytically for the
random-error channel. For the Rayleigh fading channel, simulations were

used to_obtain the desired distribution.

From this distribution, we can determine the number of bit errors
t that should be corrected for a given packet retransmission probability
Pr(n). Of course, the smaller Pr(n)'is, the larger t will be. The
number of parity-check bits p required to correct these t errors can

be easily determined from BCH code parameters [5]. By comparison with

equation (3), the resulting expression for the mean wasted time is

— P _(n) =
Wo (nsp) = = : [(H ——L———> (A+T)] - b (4)
(]_q n-(b+p)) 1-P .(n) R
where T =-%_= packet transmission time in seconds.
2.2.1 Numerical Results for the Random-Error Channel

The distribution of the number of bit errors N 1in a packet of

length n sent over a random-error channel 1is given by

N n-N

(nN) = () Py (1-py) (5)

P N

random

where pb is the bit error rate. We assume P, = 10—2.

Letting Pe(B+b) =1-P (B+b, 0) 1in equation (3), the expected

random
wasted time for L = 1000, 2000 and 5000 bits was calculated as a function of B.
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The results are plotted in figurés 6, 7 and 8 (curves Tabelled no error
correction). For each value of L, there is an optimal value of B which
minimizes the éxpected wasted time as suggested by the discussion at the
beginning of section 2.2. BCH Fandom error correcting codes were then used

to correct enough channel errors say t to ensure that the probability

»bf retransmission Pr is no larger than 0.05. The codes used for various

‘packet Tengths are given in table 1.

packet length n BCH (n,k,t) code used
to achieve Pr < 0.05

255 (255, 215, 5)
511 (511, 430, 9)
1023 (1023, 863, 16)
2047 (2047, 1739, 28)

TABLE 1: BCH Codes Used for Random-Error Channel

We then use equation (4) to calculate the corresponding expected
wasted times. The results, shown in figuhes 6, 7 and 8, indicate that
error-correction can substantia11y reduce the expected wasted time. For
example, figure 7 shows that with error-correction, the minimum expected

wasted time is reduced from about 17 seconds to 0.8 second.
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272.2 Numerical Results for fhe Rayleigh Fading Channel

To obtain the distributions of the number of channel errors in
packefs of various lengths, a simulation program was written [6,7]. The
results are displayed in figure 9 which gives the cumulative distribution
function‘(CDF) of the number of errors in packets of lengths 255, 511,

1023 and 2047 bits. A chamnel bit error rate P, of 1072

, a channel rate

of 4000 bits/sec, a Doppler freqqency fD of 25.5 HZ (corresponding to a
vehicle speed of 20 MPH and carrier frequency of 850 MHz) and non-coherent
FSK modulation were"assumed. Fig. 10 shows the probability of getting one .

or more bit errors as a function of the packet length.

»Using fig. 10, equation (3) was evaluated as a function of B for
T = 1000, 2000 and 5000 bits.  The results are shown in figures 11, 12 and
13(curves labelled no error correction). It can be seen that for each value
of T there is an optimal value of B which minimizes the expected wasted -

time.

BCH random error correcting codes were then used to correct enough
channel errors say t to ensure that the probability of retransmission was
no 1argér than 0.05 (or 0.1). The choice of the code to be used is made
based on the packet length n and t (see table 2). Equation (4) was then
used to ca1cu1ate_the corresponding expected wasted times. The results are
shown in Fids. 11, 12 and 13. They show that the use of error-correction
gives a substantial reduction in the expected wasted times. For example,
Fig.'12 shows that with error-correction, the minimum expected wasted time
per message is reduced from about 5.5 seconds to about 1 second. Similar

improvements were found for L = 1000 and 5000 bits.
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Packet Length

- BCH -(n,k,t) code used

P=0.05 | P =0.1
255 (255, 187, 9) | (255, 199, 7)
511 (511, 376,15) | (511, 412, 11)
1023 (1023, 808,22) | (1023, 838,19)
) | (2047,1695,32)

19.

2047 (2047,1662,35

TABLE 2: BCH Codes Used for Rayleigh Fading Channel

2.3 Effect of Forward Error Correction on Mean Time to Successful

Transmission

In this section, we examine the same stop-and—wajt scheme of the

previous section from a different view point. Messages of fixed Tengths

(the case of variable lengths is being developed) are assumed to arrive at

the transmitter according to a Poisson process. Messages are transmitted
on a first-in, first-out basis. The effect of using error-correcting codes
on the mean time S between the arrival of a message and its successful

transmission (i.e. positive acknowledgement sent back by the receiver) is

examined.
Using the Pollaczek-Khinchin mean value formula for M/G/1 queues [8],
we obtain
A 2 4 2
1 u (-H'U Gb ) )
S =— i1+ — (6)
u 2(1- ;J
where X = arrival rate
1
E-= mean service time
sz = variance of service time
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For the stop-and-wait scheme, the distribution of the number of transmissions D
required till a message (packet) is successfu11y transmitted (assUming

independent transmissions) is given by

i-1

v s 1 =1,2, 3, veunnn. (7)

P(D=1)=(1- Pr) P

The mean and variance of the distribution of (7) is given by

Var D = """‘——2—"—
(1-p,.)

Each transmission (and acknowledgement) takes (A + T) seconds.

Therefore in equation (6),

Lo 1 (m) | (10)
H 1-P
r

p _

6.2 = — 2(A+T)2 (11)
(1-P.)
r

2.3.1 Numerical Results for the Random-Error Channel

For packet lengths n = 255, 511 and 1023, the BCH codes used to
achieve a probability of retransmission P,, < 0.05 can be obtained from table
1. Equation (6) can then be used to determine S when error correction is
used, assuming A = 0.2 sec and T = Eﬁ%ﬁ_ sec. Plots of S against the
arrival rate A are shown in figs. 14, 15 and 16 for B = 185, 400 and 833

bits ( b = 30 bits assumed). The number of information bits B in a packet

is of course n - b - p.
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With no error correction, the packet Tengths n' would be given

- by n' = 215, 430 and 863 bits. The corresponding Pr is determined from

. equation (5). As before, equation (6) is then used to calculate S. The

results are plotted in figs. 14, 15 and 16 (curves labelled no errdr
correction), and show that for a given arrival rate A, S can be significantly
reduced using forward error correction. Also the‘maximum (asymptotic)
value of A is increased with error correction, e.g. in figure 15, Amax increases

from 0.04 to 2.85.

2.3.2 Numerical Results for the Fading Channel

From table 1, we know the BCH codes to be used for achiéving a
value of Pr < 0.05 for packet lengths n = 255, 511 and 1023. Assuming a
transmission rate of 4000 bits/sec, the transmission time T = ﬁ%ﬁﬁ— sec.
This together with an acknowledgement delay A of 0.2 sec were used to determine

S 1in equation (6).The results are shown in figures 17, 18 and 19.

If no error correction was used, the backet Tengths n' would be
given by n' = 187, 376 and 808 respectively. The corresponding Pr can be
nl
4000 ¢

and A = 0.2 sec in equation (6) to solve for S. The results are shown in

determined from fig. 10. As before this was used together with T =

figures 17, 18 and 19 (curves labelled no error correction) and indicate that
performance is substantially enhanced by using error correction. As an
example, in figure 18 with error correction, the maximum (asymptotic) value

of A is increased from 0.94 to 2.9.
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2.4 Concluding Remarks

The results obtained in the Tast two sections indicate that the

use of error-correcting codes can lead to significantly better system per-

- formance in a stop-and-wait ARQ scheme. In practice this improvement has

to be weighed against the cost and comp]exfty'of using the error-correcting

code. The results presented so far used BCH codes as random error-correcting

.codes. These can also be used as burst-error-correcting codes for the

fading channel [9]. However we consistently found that using the BCH code
in a random-error-correcting mode yielded a highér‘fraction of correctable
packets. This agrees with the general conclusion in [10] based on actual
channel error measurements on a mobile radio channel. It might be pointed
out howéVer that decoders for burst error correction are simpler and less

expensive.

We conclude this chapter with a few remarks about other methods
for improving the transmission of data over fading channels. Bit interleaving
[5] may be used to disperse the errors that occur in "bursts" when the
received signal fades. As the degree of interleaving increases, the fading
channel packet error distribution approaches that of the random error channel.
Therefore as indicated by the results in section 2.2.1, bit interleaving
coupled with (random) error correction can be quite effective. It should be
noted however that with bit interleaving, a packet is'received essentially

only when all interleaved packets have been received.

Another technique for combatting the fades on a Rayleigh-fading

channel is diversity transmission [11]. In time diversity, the same packet

is repeated several times (after some appropriate time interval) in the

hope that not all transmissions will be hit by a deep fade. Another common
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1mp1ementation_is space diversity in which several antennas are used to

reduce the probability that the received signal at all the antennas will
be simultaneously subject to a_deep fade. It is planned that space
diversity will be used in the Bell System Advanced Mobile Phone Service

(AMPS) currently being tested [12].
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CHAPTER 3

: Desfgn and Implementation of Low Power
' Microprocessor

!

3.1 Introduction

This chapter describes a CMOS microcomputer which was developed as a
replacement for the Intel SBC 80/204 CPU board used in portable Packed Radio

Terminals. The main design goals were: reduced power dissipation, compati-

bility with previously developed software code (for the 8080 processor)

and small size. The CMOS microcomputer described here contains 8K bytes
of EPROM, 4K bytes of RAM, two.-8 bit I/0 parts, one serial RS-232 port and
a CPU. The power consumption was reduced from 33.64W to 0.771W at no Toss
of performance (compared to Intel SBC 8n/204). The only N-MOS part in the
whole board is the 8085 CPU. Replacement of this CPU by the National

Semiconductor NSC-800 CMOS CPU will result in further reduction of power

dissipation to about 0.375W for the whole CPU board.

3.2 Architecture of the CMOS Microprocessor

The term computer architecture refers to the programmers' view of

a particular machine, i.e. its instruction set, I/0 arrangement and register

set.

The architecture of the CMOS microcomputer is shown in Figs. 20 and 21.
In addition to the CPU, static RAM ~ and " EPROM modules, the architecture
contains one serial port for interfacing to the modulator/demodulator circuit,

and two parallel ports for keyboard interface and radio transmitter control.

. The instruction set of the CMOS microcomputer board (8085 CPU) is
exactly the same as that of the SBC 80/204. This assures software compati-
bility between the two CPU boards. The NSC 800 CMOS CPU which will replace
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the 8085 CPU used in the CMOS microcomputer has an Z-80 instruction set.
The Z-80 instructions are a superset of the 8080 instructions, containing
within it all seventy eight 8080 instructions. The NSC 800 CPU will be

available in June 1980.

The CMOS CPU board has one serial port, two parallel ports and

buffers to interface the display board controller.

The serial port is interrupt driven for both the transmitter
and receiver port. The RS 232 interface enables it to be directly connected
to the modem of the Packet Radio Terminal. Both receiver and transmitter
clocks are derived from the modem. RS 232 buffers are provided for the

clock input.

One of the 8 bit parallel ports is connected as an input from the

keyboard, while the other controls the radio transmitter (one bit output).

The display board controller is seen by the CPU as memory locations.

~ Therefore, only buffers were needed to facilitate its connection to the address

and data buses of the computer.

The ICM 755 timer is used as a real time clock for process switching.

It is connected to interrupt 5.5 of the CPU.

A detailed description of the components used in the microprocessor

board is included in Appendix B.
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3.3 Implementation of the Microprocessor Board

The prototype of the CMOS microcomputer board was implemented on

an Intel SBC-905 prototype board. The physical dimensions of that board

~are the same (12 x 6.75 inches) as the standard SBC 80/204 board size:

A1l the circuitry of the CMOS microcomputer occupies approximately two
thirds of the board, lTeaving enough room for.future expansion of memory
or I/0. A1l connections between'integrated circuits were wire wrapped.
This method of interconnection is very reliable, and allows quick changes

needed during prototype development.

The memory chips used for the RAM memory banks are Harris HM 6514
static 1024 x 4 CMOS RAMS with an access time of 300 nsec. This RAM chip is

housed in a 18 pin dual in-Tline package.

The EPROM section uses the Intersil IM6654 CMOS EPROM. This device
has an organization of 512 x 8 bits and is housed in a 24 pin dual in-line
package. The programming of the IM6654 EPRQMS was done on a Data I/0 programmer,
using a special personality module. The erasure time for these EPROMS is

30 minutes, using the UVS-11 ultra-violet source.

Serial interface uses the Intersil IM6402 UART. This CMOS UART
consumes only 10 miliwatts and can operate up to speeds of 200K bits per
second. The UART uses an external clock, supplied by the modem. The two
parallel 1/0 pérts were implemented using the RCA CDP 1852 eight bit I/0

port.

The N-MOS CPU used is the Intel 8n85. This CPU runs with a crystal
6.144 MHZ and has four interrupt lines. Two of the interrupt lines are used
for the UART transmitter and receiver respectively, the third one is used

for the systems clock and the fourth interrupt is used for the keyboard.
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The whole microcomputer board, with the exception of the RS 232
interface, runs on single 5V power supply and a current of 135 miliamperes.

The RS-232 serial interface requires * 12v-at 4 miliamperes.

3.4 Testing and Performance

The testing was performed initially with a HP Togic analyser up to
the point where the~CPU was accessing the EPROM memory bank. From that point on,
software test routines were used for the testing. These software routfnes
were first burned into the EPROMS and then plugged into the microcomputer
where they performed the testing together with the CPU. For this reason,
software routines were written and used to test and debug all the EPROM sockets,
all the RAM sockets, the parallel I/0 ports and the serial I/0 port. To |
verify the proper operation of the serial RS 232 port, a complete 1/0 routine
has been written and a serial communication Tink with a LA 36 Decwriter has

been successfully tested. A sample of the test routines is giVen in Appendix

A.

3.4.1 Speed

The 8085 CPU is running at a clock frequency of 6.144 MHZ. This

gives a minimum instruction cycle of 1.3 microseconds.

3.4.2 Power Dissipation

The actual power dissipation was measured in the HALT state and
also while the CPU was running a typical program. The program used is shown

in Appendix A under the heading of "Memory Test Routine".

The power dissipation under running condition s approximately

50 miliwatts higher than in the stopped state. This is typical of CMOS
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circuits. These circuits dissipate negligible power during idle states
with the major power dissipation occuring during switching.
Power dissipation
5V +12V ~12v Total W

CPU idle 125mA 4mA 4mA n.721
CPU running 135mA AmA 4mA 0.771
3.5 Future Ihprovements

Several improvements are expected to be incorporated in the CMOS
microprocessor board in the near future. A summary of these improvements
follows:
1. The power dissipation could be drastically reduced (by approximately

0.4 watté) by replacing the Intel 8085 CPU with a National Semiconductor CMOS
CPU P/N NSC 800.

This CPU dissipates a mere 0.05 watts, operates at the same speed

and has the same pinout as the 8085 CPU.

2. Replacement of the 6514 4K RAM chips with the RCA 16K CMOS RAM

would reduce the number of RAM Ehips required from eight to two.
3. Using higher density EPROMS would also reduce the chip count.

a, The RAM and ROM space (combined) can be enlarged to 64K. The

maximum I/0 port capability is 256 ports.

5. ' Changing the computer architecture into a pipeline organization
would increase the speed of the computer to a point where real time digital
signal processing would be possible. Thus some of the modulator/demodulator

functions could be incorporated into the CMOS microprocessor. This would
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result in further reduction in the total power consumption of the packet

radio terminal.
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CHAPTER 4
MEASUREMENTS AND RESULTS

4.1 Introduction

This chapter describes the laboratory experiments which were

- set up to study the effects of Gaussian noise on differentially coherent

phase-shift keying (DPSK) and Fast Frequency Shift Keying (FFSK) modulation
schemes for non-fading and fading channels. The DPSK modem was obtained
from the University of Hawaii Electrical Engineering Department where

it was used in the ALOHA experiments. The data transmission rate is
9§00 bits/sec. The FFSK modem with a data rate of 16 K bits/sec was
designed at the Communication Research Center, Ottawa where it was used
in field experiments involving transmission of digitized voice. Sections
4.2 and 4.3 present the experimental results obtained with the DPSK and
FFSK modems used. In section 4.4, the fading simulator is described,
a1qng with tests for verifying its proper functionihﬁ. Continuing work
on the design of a Tamed Frequency Modulation (TFM) modem is outlined

in section 4.5.

4.2 DPSK Modem Experimental Set-up and Results

4.2.1 Theoretical Background

The DPSK modulation scheme makes use of the carrier phase of
the preceding signaling interval to obtain a phase reference for use in
demodulation [1]. The bit error rate for DPSK over an additive white
Gaussian noise channel with two-sided noise spectral density %Q is

given by [2]




_Ep
-1l e TN :
P, =3 ° (12)

where Eb “is the energy per bit.

This may be contrasted to coherent PSK (with a modulation

index m = 1) for which the bit error rate is [1,3]

erfc (Jﬂiz) (13)
No No .

o
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1
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Q () ¥ —— o%/2 | (14)

which is quite accurate for o = 2, equation.(13)

becomes ;
] - ‘Eb/NO
Pb " o/r Ep/Ng © - (15)
Eb - _
Thus for N > 2, the bit error rates for DPSK and coherent PSK differ
0

-4

only by a factor /ﬂEbNO . For Py < 10 7, this amounts to a Toss of Tess

=

than 1 db in signal-to-noise ratio. This makes DPSK a convenient means of

providing a carrier reference for demodulation.

The probability of bit error when DPSK is used over a Gaussian
noise channel which is subject to Rayleigh fading can be derived as in [3]
and is given by

N (16)
b 2(1+E /) |

50.
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where Eb is the mean value of the received energy.

4.2.2 Experimental Set-up and Results

The block diagram of the experimental set-up is shown in
Figure 22. Details of the fading simu]atdr are given in section 4.4 and

schematic diagrams for the DPSK modem are in Appendix C.

The experimental bit error rates for non-fading and fading
channels as a function of the signa]Qto-noise ratio (mean SNR in the
fading case) are shown in Figure 23. Also plotted are the theoretical

curves obtained from equations (12) and (16). It can be seen that the

experimental error rates are slightly higher than the theoretical values;

~ however, there is generally good agreement between them with a maximum

difference of about 1 dB in SNR.
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4.3 . Measurements of the FFSK Modem Set

The Fast Frequency-Shift Key§ng (FFSK) is a coherent binary
modulation technique which has the following properties [4]:
(1) it is phase coherent

(
(3) it occupies a band width which is typically 0.75 times

nNo

) it has low deviation ratio, L = 0.5

the bit rate, without need for intersymbol interference
correction
(4) 1t uses as receiver a self-synchronizing circuit and a

phase detector

The bandwidth requirements for the FFSK modulation technique
relative to FSK modulation techniques with modulation indices L = 1.0
and L = 0.71 is shown in Figure 25. The superiority of the FFSK modulation
technique in terms of bandwidth utilization over the other two FSK modulators
is appakent. This aspect indicates the suitability of the FFSK technique
for mobile radio applications which require transmission of digital signals

at high speeds over limited bandwidth channels.

The FFSK modulator used in the experiment reported here has been
developed at the Communications Research Centre of the Federal Government
[5]. The modulator has been tested in field experiments involving trans-
mission of voice signals digitized at 16 K.bits/sec. In the experiment
reported here the BER performance of the modulator is obtained under

simulator fading conditions.



4.3.1 FFSK in Fading Channel

For FFSK, the bit error rate, Pe’ is given by [4], .

E
P (o) = Q (/2 ) (o = =2-)

N

It
0]

Thus P (p) T, (17)

where Eb is the average energy per bit at the receiver.

The probability density function of p when the signal is subjected to

fading will be [7]:

55.

The BER of the received signal in the existence of fading will be given by:
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4,3.2 Experimental Set-up

Figure 26 111ustrétes the experimental set-up used for measuring

the performance of the FFSK modulator under simulated fading conditions.

- The modulator clock is used to generate an output data stream (PRBS) at

16 k.bits/second.from the data generator which is fed as input data to
the modulator. The modulator RF input signal has f., = 60 MHz at +10dBm.
The modulated signal thus has a carrier frequency of 60 MHz, with the

RF output of the modulator at -16 dBm. This signal is down converted to
a centre frequency of 455 KHz which is the IF input to the demodulator

section.

The down conversion from f_ = 60 MHz to fc' = 455 KHz is accom-
plished by multiplying the RF output of the modulator by a signal with
frequency fm = 60.455 MHz and then filtering out the high frequency
components. To ensure that thé IF frequency remains constant at 455 KHz,

it is essential to maintain the difference f, - fc equal to 455 KHz.

This is achieved by using the same input signal to the modulator's R.F.

section to generate fy; as shown in Figure 26.
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- 4.3.3 Resu1ts

The results of éﬁé measurements conducted on the FFSK modem :
set are shown in Figure 26. The theoretical BER with no feding signa]
if based on equation (17). The measured BER for the modem falls wfthin
2d8" in SNR from the theoretical BER.

Under fading conditions, the agreement between the measured BER
and the theoretical curve is extremely close; a maximum difference of
at most 1 dB in SNR exists between the two curves.

The effect of fading on the performance of the FFSK modem becomes
noticable at Tow BER. For example, to obtain a BER of 10-3; it is
essential to increase the SNR from approximatley 10 dB (with no fading)
to 28 dB when fading conditions are taken into account.

The effect of fading on the transmission of data messages is
obviously a dominant factor that must be addressed. This indicates the -

importance of transmitting data at higher speeds and the use of forward

_ error corrections such as those discussed in Chapter 2.
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4.4 Non-Recursive Implementation of a Tamed Frequency Modulator

Introduction

The Tamed frequency modulation (TFM) technique has the advantage

“of placing very little out of band radiation as compared with other

constant-envelope modulation technique [6]. This modulation technique
can allow data transmission at a raté of 16 K bits/sec with a radio
channel spacing of 30 K Hz with Tess than -70 dB out of band radiation
into the adjacent channels. The modulation scheme still allows orthogonal

coherent detection of the modulated signal.

The code rule for TFM defines the phase function value at the
sampling instants

t=(m=-1)T,mT, (m+ 1T, «cvvennn... as follows:

am-]

4

o(nT + T) = ¢(uT) = F- (F—+ —5 +

with ¢(0) = 01f 3531 and ¢(0) = — if a -a;= -1

where a(t) is the data signal.

If the three successive bits have the same polarity the phase
changes by %—, and the phase remains constant for three bits of alternat-

ing polarity. The change in phase values for all different combination

- of data input is illustrated in Table 4.1. It should be noted that the

phase values of the TFM signal at successive sampling moments are
dependent. For better spectrum efficiency, the phase should vary as

smoothly as possible between sampling moments.
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TABLE 4.1

8 41 a a b (mtT) = ¢ (mr1) - ¢(m)
-1 -1 -1 /o

S I +1 | -1/,

-1 +1 -1 0

-1 +1 +1 ‘ tn/y

+1 -1 -1 -/ g

+1 -1 +1 0

+1 +1 -1 /g

+1 +1 +1 t/ o

4.4.1 Implementation of the Modulator Circuit

The tamed frequency modulator can be built using both recursive
and non-recursive techniques [6]. However, because of "instability problems

of the former, the latter scheme was chosen. .

A basic block diagram of a non—recursiVe system is shown in
Figure 28. The implementation is based on a quadrature modulator. The
imput data is fed to a network which puts out the sine and cosine of the
phase angle according to the code rate given in equation (19). The outpqts
are éppTied to two product modulators operating in quadrative. An
interpolation technique is used to ensure that the phase function changes

smoothly from one sampling instant to the next.



. ‘

o

Data In

64.

Sin(wct)

Cos[o(t)]

Y

TFM output

»  NETWORK +

) Sin[wct + ¢(t)]
Sin[¢(t)] =®

Cos(wct)

Figure 28 - Basic Block Diagram of a Tamed

Frequency Modulator Circuit
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A 3-bit TFM system was implemented using a linear interpolation

technique. It is seen.from equation ( that at the sampling instants

t

the phase value can only change by 0, or

19)
% %— % - In order for the
phase function to vary smoothly from one sampling instant to the next,

8 - interpolating Tevels were introduced between samples. Thus for a phase
change of + n , the phase function changes in 8‘steps, each step of size
+m_ , and ior a phase change of + = , the step size is *x_. To
1mg$ement this interpolation scheme Ewo.PROMS were coded witlstae Sine and
Cosine of angles %% forn=20,1..... 63, to encompass the entire 0 to
360° phase circle. The address to the PROMS is changed at 8 times the
sampling rate for a phase change of + = . For a phase change of + m , the
address is changed at 16 times the samg1ing rate although the data gutputs
from the PROMS are‘sti11 "Jatched" out at 8 times the sampjing rate so as to

provide only 8 interpolating Tevels.

Figure 29 shows a block diagram of a circuit used to implement the
TFM system. The data enters a serial-in, parallel-out shift register
at the appropriate sampling rate. (The system was designed for 16 K bit/sec
data rate). The outputs from the shift register are fed to a Togic network
which controTs the operation of a 6-bit up-down counter according to the
input bit pattern. A function table for the logic network is included in
Figure 29. The counter is either upcounted, down counted or inhibited
depending on the input bit string. The clocking rate is doubled when the

bit strong is either 0, 0, Oor 1, 1, 1.

The counter output forms the address of two PROMS which contains

the unsigned COSINE and SINE of the angle values in 8-bit digital words.

-The sign bit is generated externally from the address inputs. The output

from the PROMS and the sign bits are latched and fed to two D/A converters
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fo]]owed‘by two Tow pass filters and_two product multipliers operating in
quadrature. Each low pass filter was designed to have linear phase
(Besse] fj]ter) with a cut-off frequency around 64 KHz. The output from
the two multipliers are added in a summing amplifier to provideAthe final
phase modulated output. The complete circuit details are included in

Appendix D.

4.4.2 Results

A 3-bit TFM system using linear interpolation scheme was bread-
boarded. for initial investigations. To conserve power, the digital logic
part was built using CMOS devices. Analog devices AD561 and AD534 were
used as digital to analog converters and analog to analog multipliers
respectively. Although 1 PROM could be mu]tip]eked,for convenience, 2 PROMS
(2716) were used for storing the Sine and Cosine code Tables. Each PROM
location was coded with the respective Sine or Cosine Va]ue of angle g%
with n varying from 0 to 63. The total memory requirement is therefore
128 bytes. When the input data is such that the phase change between two
successive intervals is n/4, the PROM addresses are scanned at 128 KHz
i.e. 8 times the data rate (16 k bits/sec). When the phase change is w/2
the addresses are scanned at 16 times the data rate. However, only the
oufput corresponding to every alternate address input is presented to the
D/A. Figure 30(a) and (b) illustrate the situations. Figure 30(a) shows
the D/A outputs from the Sine (top) and the Cosine (bottom) channels. The
input data stream is continuously held at 011. Consequently, the PROM
addresses are incremented at a rate of 128 KHz - thus producing a Sine and a
Cosine wave output with a periodicity of 0.5 msec (T%EEHE x 64). A
continuous input of 110, 001 or 100 will provide identical results, however

in the last two cases the PROM addresses will be continuous]y decremented.
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Figure 30 (b) shows the D/A outputs from the Sine (tob) and Cosine A
(bottom) channels for a continuous inout of 111. 1In this case the PROM
addresses are incremented at twice the above rate and thus producing a

Sine and a Cosine ware output with periodicity of 0.25 m sec. Doubling
of the output step = 1is also evident from the figire. For a continuous
input of 000, the PROM addresses will be continuously decremented, however,

the D/A outputs will appear identical to Figure 3(b).

Figure 31 demonstrates the code rule that is fundamental to the
TFM system. For this demonstration, the input shift register was replaced
by a 3-bit counter so that all possible combinations of the input data
stream are sequentially presented to the TFM system. The D/A output from
the Sine (top) and the Cosine (bottom) channels are shown in the figure.
When an input of 010 is presented to the system, no change in phase takes
piace at the output.' This is seen by the Straight Tine portion on the
left hand side of the figure. The output remains fixed until the input
is changed at 011. When a phase change of +45° takes place in 8 equal
steps. Following this the input is changed to 100. The subsequent bhase
changes are -450, 00, +450, +90°, -909 and -45% until the situation repeats.
In this figure, the absolute phase angle is close to n° during the time
no phase change takes place i.e. between input 010 and 011. Figure 30(a)
(b), and 31 only illustrate the operation of the TFM system for arbitrary
inputs. In actual operétion the change in input at any sampling interval

is dependent on the past input.

A carrier frequency of 455 KHz was used in the present experi-
ments. A quadrative modulation was achieved by using two square waves

shifted in phase of 90°. A circuit schematic for generating 90° phase
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shifted square waves is shown in appendix D. Two multipliers (AD534)

were used for up. transiation. The output from the multipliers were

added %h an opefationa] amplifier summer. A band pass filter can be
employed at the output of the suﬁmer network fo suppress unwanted modulat-
jons around the harmonics of the carrier frequency. Using a psendo random
data input, the output spectrum showed more than 45dB attenuation beyond

a 16 KHz band spread as shown in Figure 32. The results were as expected
for a 3-bit transation. At present, however, a demodulator circuit is

yet to be built for data recovery.

4.4.3 Summary

The initial results on TFM system clearly holds promise. Detailed
characterization is now underway. The circuit is also being refined. It
is believed that the D-A converter and the multiplier network in each
channel can be replaced by a single multiplying D to A converter (MDAC).
This will reduce cost and further saVe power. Also, the configuration

will be more amenable to integration on a single chip.
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4.5 - The Fading Signal Simulator

4.5.1 Fading Simulator Circuit

The black diagram of the fading simulator circuit is shown in
Figure 33. A white gaussian noise generator is used to generate a random
signal with a uniform spectrum up to about 200 KHz. This signal is theﬁ
bandlimited using a narrow bandpass filter with a centre frequency of

Ef)s

fo = 1 KHz and sharp cutoff frequencies of approximately (f0 n

fm = 7.6 Hz. The band Timited signal is then full-wave rectified after .

it has been amplified to raise the signal to such a level as would enable

the rectifier to operate efficientTy. The rectified signal is next passed

through a low-pass filter (fC = 200 Hz) to remove the 1 KHz carrier. The
result is a signal whose amplitude approximates the Raleigh distribution.
The resultant wave form is mixed with the IF signal using an amplitude

modulator.

If the operating frequency of the system is taken to be at
170 MHz, the wavelength A will be equal to 1.765m. The maximum doppler

frequency, fm’ is given by

fm = v/1.765 Hz, v is the vehicle speed.

Thus for v = 48 Km/hr, f_ = 7.6 Hz and for v = 96 km/hr, f_ = 15 Hz.

m m

4.5.2 Fading Simulator Testing

The circuit shown in Figure 34 is used to test the fading simulator.

The output signal from the fading circuit is compared to a variable d.c.

reference. The voltage comparator has the following characteristics:

e. =+ st if e1-< eref:

= - i . >
e VZ, if e1_ eref
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The resulting‘random square wave is then Sampied at 10 Kb/sec using
a clock generator and a NAND gate. The number of pulses is then recorded
using a frequency counter which is activated using a gate signal (push

button) for one second durations.

The percentage of time the signal level exceeded the d.c.

threshold Tevel is calculated as:

N
% time above threshold level = ————— x 100
fc. Tg
where: fc = frequency of clock generator = 10 Kb/sec
Tg = gate duration = 1 second
N = counter reading at the end of the gate pulse

Thus the cumulative distribution of the output signal from the fading

simulator can be determined.

Figure 35 shows a plot 6f the percentage of time the signal
level exceeds the threshold for various threshold levels. The solid 1ine
represents the theoretical curve for Raleigh distribution while the dotted
line represents the result of the measurements. The range of agreement
extends from about +5dB to -20dB. At each threshold Tevel, thirty readings

were taken and averaged.

Figure 36 shows a plot of the normalized level crossing rate
for various threshold levels. The solid line represents the theoretical
curve while the dotted 1ine represents the experimental results. The
agreement between the two curves is again very close for a range of 5 dB

to -20 dB. It is concluded that the simulated circuit produces an output




which has the same characteristics as the fading signals in mobiie radio

channels.

75.



- 76.

A ]

| AMPLIFIER |

|

I ' , A.M.
GAUSSTAN BAND PASS | | N FULL-WAVE LOu (MODULATOR)
NOISE MECHANICAL | | | | Bass
GENERATOR [ FILTER i | RECTIFIER ~1 FTLIER = gg )

| ! ‘

, |

| |

1 KHz | +20 dB l 200 Hz
L |
SIGNAL

FIGURE 33: Block Diagram of Fading Simulator




[N
l_.
[
[ds]
[
.. 4.7 K E
1 f . =
g A
G e N\ | moee ;
+ 0 B |
4.7 K
Cpef PULSE

D.C. GENERATOR | 10 KHz

FIGURE 34: Circuit Diagram for Testing the Simulator

L



-f-—---‘

!

SEMI:LOGARITHKJC 5 CYILES X 1O THE iNCH
STH LINES ACCENTED




-l TS 65 by b Mn N N N s
. . st .
. : i .

Normalized Level Crossing Rate

-
5 g 0=fo g:(‘ﬁ/’?\;:—;" E—

PR D P | P TR

0.00 - ——I— T :
SEMI-LOGARITHQ[E. 5 CYCLES X B THE iNCH

STH LINES ACCENTED

-10




80.

REFERENCES

V [1] R.E. Ziemer and W.H. Tranter, Principles of Communications,

Houghton Mifflin, 1976.

[2] J.J. Downing, Modulation Systems and Noise, Prentice-Hall,
1964.
[3] J.M. Wozencraft and I.M. Jacobs, Principles of Communication

Engineering, Wiley, 1965, .

[4] Rudi De Buda, "Coherent Demodulation of Frequency-Shift Keying
with Low Deviation Ratio", IEEE Transactions on Communications,
June 1972, pp. 429-435.

[5] R. Matyas, "Effect of Noisy Phase References on Coherent
Detection of FFSK Signals", IEEE Communications, Vol. COM 26-6,
June 1978.

[6] F. de Jager and C. Dekker, "Tamed Frequency Modulation, A Novel
Method to Achieve Spectrum Economy in Digital Transmission',
IEEE Transactions on Communications, Vol. COM 26, No. 5, May 1978.

[7] M. Schwartz, W.R. Bennet, and S. Sterin, "Communications Systems

and Techniques", McGraw Hill, 1966.




81.
Chapter &

Summary and Future Research

5.1 Summary

The following is a summary of the results of the research reported. here.

5.2

1.

In chapter 2, the use of forward error correction in improving the
performance of a stop-and-wait ARQ scheme over random-error and
Rayleigh fading channels was examined. The results show that both
the mean wasted time and the mean time to successful transmission
can be substantially reduced by forward error correction.

A Tow cost CMOS microprocessor board has been designed and implemented,
as reported in chapter 3. The microprocessor is functionally
equivalent to the Intel 8020 board with respect to the mobile terminal
control requirements. However, the CMOS board's power consumption fs
approximately 1/30 of a functionally comparable board constructed using
the I?L technology.

The performance of two modulator sets (DPSK and FFSK) which have been
used previously in mobile applications has been tested experimentally
under simulated fading conditions. Fading effects were shown to be
dominant at Tow BER, as substantially higher SNR at the receiver is
required to obtain the same BER when no fading signals exist.

A non-recursive TFM modulator circuit has been designed and implemented.
The output spectrum for the modulator circuit showed more that 45 db
attentuation beyond a 16 kHz band spread. A demodulator circuit is
planned in the immediate future to test the BER performance of TFM under
fading conditions.

Future Research

As explained earlier, the results of the research reported here represent

intermediate steps towards the objective of establishing the feasibility of an
all digital integrated voice and data mobile communications system. As a follow

up to these steps, the following research areas will be explored in the
immediate future.
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Construction of the TFM demodulator component. This will be followed

by testing the TFM modem under fading conditions to compare its
performance to the FFSK modem.

Construction of a voice digitization encoder/decoder circuit at

16 Kb/sec. The effects of modulation and fading on the quality of

voice received over radio channels will be tested.

Construction of a suitable voice detection circuit which will be used
as a carrier on/off switch in the voice circuit of the mobile terminal.

The implementation of forward error correcting codes will be explored
with special considerations given to the trade-offs between improVement
in throughput and added complexity and cost. Improvements in performance
obtainable through the use of diversity transmission will also be
examined. Encryption techniques will be studied so as to meet the
confidentiality requirements needed in certain applications such as
police communication.



APPENDIX A

A SAMPLE OF MICROPROCESSOR TEST
ROUTINES



RESET

00
00

-0l

TRAP

START

03
04

24
24
26
27
28

40
41
43
44
46
47
485
4B
4d
de
4f

51

54

56

EPROM #1 (MEMORY, PARALLEL I/0, RST 5.5 TEST)

XMT
AF
d301
2F
€30100

MEMORY TEST
3ECE

30

FB

€34000

AF
d3nt
2F
d301
2F
d301
2601
2E00
23
7C
FE20
CAS5EQ0
3EFF
46

PORT TEST
XRLA,A
OUTA,XMT
COMPA
JMP 01

MOV A, #CE
Sim

El

JMP40

XRLA,A
OUT A,XMT
COMPA
OUTA, XMT
COMPA
OUTA, XMT

MOV H, #01

MOV L, #0
INC H,L
MOV A,H
CPI #20
32,X

MOV A, #FF

MOV B, (H,L)

ENABLE
INTERRUPTS

OUTPUT TRIGGER

PULSE TO

TO TRANSMITTER

CONTROL PORT 01

TEST EPROM

FROM 100]6 to 2000

is Adde =

20007

16

_No continue; Yes go to RAM

check EPROM content

iF = FF continue



“if # FF ERROR: RESTART

-

57 B8 CMP A, B
58 CA4doo JZ 4d
58 34000 IMP 40
5E 2630 MOV H, #3d SET START RAM
Y 60 23 INC H,L’ TEST RAM FROM
61  7C MOV A,H 3,000 to 4000,
62  FE40 CPI, #40
64 CA 4000  JZ 40 is Addr = 4000,
67  AF XRLA,A YES RESTART: NO CONTINUE
68 77 MOV (H,L),A WRITE"@" in RAM
69 46 MOV B, (H,L) READ FROM RAM
6A B8 CMP A,B COMPARE
68 24000 INZ 40 IF # RESTART
6E  3EFF MOV A, #FF
0 77 MOV (H,L),A WRITE "FF" in RAM
71 46 MOV B, (H,L) READ
72 B8 COM A,B COMPARE
73 CAGN0O Jz Y IF = CONTINUE
76 34000 NP 40 IF # RESTART
RST 5.5  ADDR 2C TEST KEYBOARD PORT

USE DIP SWITCH ASSEMBLY TO TEST KEYBOARD PORT. USE 555 TO INTERRUPT

CPU AND JUMP TO KEYBOARD ROUTINE

2¢ 3 7F00  JMP 7F TEST KEYBOARD PORT
7 FB ET

80  dbo? in PO2

82 47 MOV B,A

83 EE00 XRL A,#0



85
88
8A
8B
8E
90
91
94
97
98
9A
9d
9F

CA 2400
3EFF

e

CA 9700
3E.47
A8
CA9d00
C37F00
3C

d301
C37F00
d301
C37F00

-BZ 24

MOV A,#FF
XRL A,B

B7 XMT1
MOV A, #47
XRL A,B

BZ XMTg
JMP 7F
XMTI INCA
OUT POT
JMP 7F
XMTO OUT POT
JMP 7F



RESET

00
02
04

.06

RST 6.
RST 7.

5 34
5 3C
3E
3F

AQ

B@

w P 0 N A~ W

(ep]

Cl

EPROM #2 (UART TEST) WITH RS 232 TERMINAL

AND EXTERNAL 4.8 kHz CLK BAUD RATE 300

3E od

30

06 00

C3 Ag 00

C3 B0OOO
3E od

C3 G500

26 00
2E dd
Fb
76

23

3E 2E

BE

CA BC 00
7E

a3 04

Fb

76

78 A

d304
3E ob
30

MOV A,#od .
Sim

MOV B,#0
IVP AG

“JMP B@

MOV A, #od
Sim

JMP C5

MOV H, #0
MOV L, #dd
EI

HALT

INC H,L
MOVA , #2E
CMPA, (H,L)
BZ A

MOV A, (H,L)
0UT P04
EI

HALT

MOV A,B
oUT PO4
MOV A,#0B
SIM

SET 6.5 INT

CLR RB

(WRITE TO RS-232) -

VN
(READ FROM RS-232)
SET 6.5 INT

SET MESSAGE
POINTER
ENABLE INT
WAIT

INCREMENT POINTER
CHECK IF MESSAGE

IS FINISHED

YES 60 TO READ OUT
NO OUTPUT
CHARACTER' TO' RS 232
EN INT

AND WAILT

OUTPUT REG B

TO RS 232
SET 7.5 INT
READ FROM RS 232




2 Fb EI WAIT
3 76 HALT
c5 db 04 In A,P04 GET CHARACTER IRO
7 47 MOV BLA | RS 232 AND STORE
8 21 FOOO MOV H,L #FOO0O IN REG B |
b Fb EI ~ INITIALIZE POINTER
c 76 ©HALT WAIT FOR RS-232

WRITE INTERRUPT



CR
LF

Ad9F50816504905400E
S 6 b & 1 N < < 1o o0 on n ST NN N

(22}

(e

~ o

o — N M g 1 o N 0 OO0 < oo O T Y4 O — Nm

o2 L r—

[XR]

o

=

o

o

Q.

[XR]

=

—t

72

—

[XR]

[72]

[a'd

-

(&) | EA o | P« 4

< 4 O = > o O T « ¥ < O = b X o O .

=T

ot ol

O
Ad49050381|2.|.3452AdE
S 6 L I B ot Nt DS O 0 O O N
AR ] o o
d:lE1|23456789ﬁnBCdEfF




-

A

UDORREY RV

Ih)

B
[$]

(SRR RN IOLIUAPR I B A R A N e IR I I ¢ Sha ISR L TS T B T
o

¢ 0

SO AD

PO

L}

o

>

DAY .:, .:.
¥
o

OG>
G

0O O

)
) 0 0o

[<RVECRv R N o]
o]

: a0
- o]
v [>Iie]
O
A & B el
PO ]
DLTT O
DL
[Nl O o}
Faliadi
PR ORI o]
o L0
SR B o
s G (o
¢OC 0
AR
o0

Q
WY S gt
YT QDT OO e

7 o
f.
o O
. 0
[+
s R s
ARWRL
i 000
LY Y )
[N « VR /I
[ R
SO O
IR AR W)
[ARE R}
cCo0GC
o
=
oC

O
—-—Dceo
DEEe o)
0 0

l.
=
=
Lga ]

w
n
-
-l
~

vl
o
=
el
e

-
o -
xl
m

-
W
jen)
x>
=

fw)

[ Y Sedmn

v

Cr o

Y T

>
RERE
) ¢y

T

RRVER RV

e

O

x),._.cao [« CREig

{

Q2
1) U
SO G

D

¥

NER
¢ 0 © o o

-h".», C, o l__ﬁ -J -:\ o
DLy

Uity

LS Le N
(<]

F)

[a}

o ¥l

GO0 06000

et

IR R AN EN NN TR N AR R SR (X R R«
ACOI0Q O

AR R ENEE R RV

X3 NS

QT uGOIDDD Y

;')’JOR)aO

O

NI A PV
3

<
2

STODACGDNNIC0OQLoOTOGON UGN

"
(2}

AN GO0 Q

p o
<

VI

=
@y 0 O O O o
R

LR R0 IS

ey N O LNO
)9“_-8‘0 DO LD
SR CET D0

Y AR E T

B

g

EARARAER SR AR ARV FARR R R NA N RSN B RN A RN URS R T8 AT Y B VIS QO

O
D v O
—m

o 0

D e e YPT——

SO
i EAR

R

“ ‘.h.

P D000 OO

3G

S ONGOOD

JBIROSLCOUD

T
QO

GEOC DT IND DT
"o O 0 o 92 Gﬁjﬂ

-

CAOQD
2

s

Do
DO
QG oo
0o

o

S oCuaVny

,.
o

bl

O o°

&

o o
D0 o
D

T

i)

6.14444
o 6¢ p@[z » v ©

O0GCO0O0O0O0 OOOOOOOOO o U
OOCJOOOOOOO

s

=| JI

f]Fu
|1

1
L

’5:’*"‘33“ F

+

INTEL SBC BUS COMPATIBLE

ond’
(i

<]

B N TR
L i BN B t sy : ] ¢ H
ColUdLy LvUUUE#U'U‘fL ;JULVJUALEUJ- :
COOCANGSARGH ACOGLG6GCAG0aa0000 2
GOSCGI0HCEOEHHE00AGLAITELE0CTH0008 2
s Yatatats SRe et A e e Yatatetatatoatatetate ‘k"
G0G0GE00G0UH5HGE0600E600050G0060000

il - %0 Tpre A‘-,? I‘.u’: = . W - ¢ s
NEEEXE o dEsT RS (€] (RS c OpPTT ER ey KN RN e e e w2 TP ~soowvle [FTTT CR PO C 000
cooe  ofpsfe o cwcel ofiio o socbfp o000 osbE 2 ovcof Jcooc ooppo oo
sg:-oooocccxwgr,c-oooaolgEx ocbp 0 coooO h 0 2 cobkp. ocosloloooo | opbo o noo]
00 olocd. SMbcos] ckw coklb o060 Eco  cobpb’o sunc| fooon ¢ cppo  oco
ac'ol-t)Mo clz <f> QDP::OO o °[FBGARD?cFPF o,5°00 cpoi 0-00pp zooo|cfjecooD oppo 6 200
oogn oo 4o Lo -;;uclgoc.pz-E]goc-o obcBl3 cobp cEbbco] Jcofhe oppFlpoon
500403 cfo ol grso o obclDP cobb 2 0200 cpco & ochh cocolofooso” oppo o oo
seoo  dozfe 852 0 ¢ ok 7859 22pp owoojo ofoa O0cpp 0 0OnO} f600C G CPPO 000
5> JARTo olv cfo oo o cp i zopp o 0coo cpboco copp. cocoojofcoce cpho o ooo
06O < X pog‘Et‘c sPBRRE coph  oooo opno copp c 0coo} jcoco o ohpo OGO
62939 oS cfo tedo ofpco oofp o2 0ooc}l obsco o cobp osocofjojoocoo  oppo o coo
rsg [« [vEe] By RV R chaon bk nceaoclo obus codrb o . oool coac o . aovbo [aXa¥e)
or'f-fER%Lgo-:._o CTL0 0 00% 3 cCoOn 6 9620 DgeG S CL00 . NC00 c‘co:éo 5C00 0 000
- sut ¢ o00s oot O ekl coonlo office z o veoo] [coct o sppo 050
oo co)epnio of J.-65-0 opp o2 ocopfk o conos} oboe o volp  ocoololsooz  cfpo o 500
0Lo0 oop/c doos  ofpoo o ssklr  ocsojo speo  cobb 0 sces] Jococ o chpo  ono)
cooe o ey deve o chpq coffe ool clhocopg cobk racsclofso okpo prono
L5L0 r:.o»4!;—sg':oo 'on@f;‘]o co:':-oEl@oooo coEg oo JOEgC»OG OOEZG c DOEGOOO
o0coz o Joop|) A vo o cfpvo ookl 0 coccof opoo o copp ococjolcocc cppo o coo
RLSD sclp f dgcos oo c ociplk  occoojo opon  oobk o oooo}l Jooce o ockpo ooo
2065 0 cool. gttt e o ofuon  oaklk o coocc] obso o ocopp oocojojooco copEpo c.oco
Lose 4000 o 5560 . oloce o ook - oocoojo ckos  cobpp o ocool Joooc ¢ oppo o050
ot 0 00 Geoe o sleae  oople 0 onos] opeco o cobp  wooc|cfoooss  ckpo o coo
GD0T LMo gquron oo o mikl Tocoos)o ofoo oobp o oooc) Jooww o 2Epo ooo}f.
Sl nr\»jl:.rﬂf, dc oo onhnil Ll 220008 Lt ewRoeNel Kol (RN (a9 W sWoSa W Wol o}
B C '_'15(;,741_55;:90 Cuos O BG0% BU0L 6 B0 LLOU 00606 0660 O WGOD 0G0
_c-l:.oc-ocoop7c5cr.-or 00 oco[jooc'o, cpTO G CS5PF T OvocClofccot oppo o OO0
oonnn cpopb/ddgno coo o oocl _cooclo ofoo  copp o conof Joecoc o oppos  oco
anocer o sfosk 1o cuf s of EPROM: 2} ckoo o copp: oocclofccoe  opbpo o ooo
rsqgg) Ao otacdeaf sk o ofpapp o0oco0ojo cpoc - scpp o cooo]l {ocoo o oppo oo
DL o qors sco c o cofy oppoos] oko cobh wojofoo opfFo prooc
LR NI <X » e R ooNng ol rEEoooocoogEg 2 )o’g%oo coggoo&:oEBooo
O o Jenk? e oz} 138k o nccc]l olcc e achl  cocololecse  upho o ooc
nLoa sl ) up cyubasle IMoco]e obeco  achp o wcca] Jeose o cfpe  oc=
B BRI WS NAY Kppuys: [} aofp 1ol 6 cosc| ofce o cokp  ccodfofecca “ppoc o voo
NSEBHO d--p /D Ao o> ch:op ggmpolo cpoc oopp o 20ccl focos o Sppc - oco
.',.r:-:;-'.'.o':oo:-gc i IR RN roct ook o’BTbol opco o cchbh  cooc|coocos  okpe o coo
< 9PY Jocp T cjean owco ¢ ool _oonglo csban o oobb o cocc) locams o obba 000
cedd o ofocp geoc o uoLL  GICC b 6OCGT  SULD S SO0GC 0000 0 OO0C 000 G OO
oL oeon G D00 oo T s o] 5o & Yoo qo T 02 0 Sjoo§ o cof opo
anco6 o ofnnos  soop G tfoc qoecqd Ml 424 Jeod o oo olz04 o ojcof ojoop o ofpo
vooo wpnfC ualppojos oo go e noq4 0 oo, 4 o clo ¢ q olcct o ¢lavf  opo
“o2% o (uepy 4o olgren o by 00 bldon dost o oo vong ¢ Gjoo eop o ofo
Same e P Sl 2 e 2 pRAMA - o qoed ¢ doo §o o wjood geog ¢ ook opo
stLnn 5y, Ho ok o clscbp 950 cod  guod ¢ o clood o oo Joeop ¢ of.«
Aol S T G 42 P EEE c P e d o0 sod R3qoec$R7 cfo Rlcloc § R5ofo o ¢ Rl ¢jo o BR8 opo
aoa cdeofp ool Fdce 5o qoef e g2 ofpng cTofcof  "ofecpo opo

Sntrmenaf] O 3 8ol O O bl © ECngf ¢ 0 4 10 ¢ delieid 0 O & o 2.alc o dq 20 ¢ 20uld0 O RO ©

- 0

0 *006060666606606660660665065060
o, osoﬁnocooaooaoooooo&omsaoaaoaﬁ‘

RN

I

o

CMOS COMPUTER PHYSICAL LAYOUT
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I/0 MAP

RS-232 UART PORT

KEYBOARD PORT

XMT CONTROL PORT

RST/INTERRUPT MAP

04
02

ddR 01

INTR

RST 7.5 INPUT FROM
RS-232

RST 6.5 OUTPUT TO
- - RS-232°

RST 5.5 REAL TIME
CLOCK

TRAP

RESET

MEMORY MAP

FFFF

RAM
or 4,096 BYTES

8 x 1024 x 4 Bits

BFFFy g

300016

1FFF

16 x 512 x 8 bits
EPROM
or 8,192 BYTES

16

40

16

XX-]6

34]6

2416

AddR @

AddR @



4050

OQutputs

4050
Qutputs

'COMPUTER
BOARD

4050

‘ Qutputs

100
98
96
94
92
90

88
86
84
82
80
78

76
75
77

97
95

A8

A9

A10 :
A1l
Al2
Al3

Al4
A15
A7
A6
A5

Ad

A3
A2
Al ‘
AO ‘

WR

10/M

26

24

22

20

TO DISPLAY

BOARD
16

14
12

COMPUTER 10

BOARD

11

RS232 out

RS232 in

RS232 CLK

XMT CONTROL

D7

D6

D5

D4

D3

D2

D1

DO

STRODF

O~ OTwW —

S N WM e W em we W W ea AR e W

RS-232
INTERFACE

KEYBOARD
DATA

THE .3 INCH EDGE
CONNECTOR IS SBC BUS
COMPATIBLE

CMOS COMPUTER
CONNECTOR PINOUTS
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_Power Requirements:

+5v @ 135 mA using the NMOS 8085 CPU and in a memory access routine
(see memory test-routines on EPROM #1)
125 mA in Halt State
+12v @ 4 mA under switching operation

-12v @ 4 mA (see EPROM #2 UART Test)

RS-232 Interface

FORMAT 8 Bit

Even Parity
1 stop bit
Baud rate tested at 300 baud using a 4.8 kHz c¢/k and the decwriter II
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APPENDIX B

MICROPROCESS BOARD COMPONENT

DESCRIPTION



PART NUMBER DESCRIPTION PRICE PART NUMBER DESCRIPTION PRICE
SEMICONDUCTORS HARDWARE

1 x P8085 INTEL CPU 1 X 1000 402 -01 INTEL PROTOTYPE
1 x 1M 6402 CPL UART MODULE BOARD SBC 905
2 x CDP 1852D PARALLEL PORT 8 x 8505 . 374" .SPACERS

16 x 1M 665413G EPROM 4 x 2374 1" SPACERS

8 x MI-6514-5 RAM 8 x 4-40 1" SCREWS

3 x CD4050AE HEX BUFFER

2 x 74LS138N . DECODER 2 x 40 pins SOCKETS

2 x. 74LS75N 4 BIT LATCH 18 x 24 Pins SOCKETS

T x-74LS 10N 3 1/p NAND 8 x 18 pins SOCKETS

1 x 74LS04N INVERTERS 9 x 16 pins SOCKETS

T x LM741CN OP-AMP 2 x 14 pins SOCKETS

T x NE 555N TIMER 200 FT #30 KYNAR WIRE

2 x 2N3904 NPN

4 x IN4QO4 diode

PASSIVE

20 x .01 uF PHILLIPS CAPACITORS

20 x .02 uF DISK CAP.

1 x 33 uF ELECTROLYTIC

1 x 10 uF ELECTROLYTIC

1 x 100 pF CERAMIC

25 x 1/4 WATT , RESISTORS

1 x 614414444 MHZ - CRYSTAL

Y FE FE R R

CMOS COMPUTER PRICE LIST

FEB 80




upply

tis
8433.

“igure
upply

SEMICONDUCTOR
PRODUCTS DIVISION

A VIS0 OF HARAIS CORPORATION

Fantures .
. .. &K 1mW MAX,
35mW/MHz MAX.

LOWPOWER STANDBY « oo vvvvssserorons
LOWPOWER OPERATION. o v v vvvtaevnrecnes

. DATARETENTION . . . .o ovenocrmerosenmsss @ 2.0V MIN,
TTL COMPATIBLE INPUT/QUTPUT
COMMON DATA IN/OUT
STANDARD JEDEC PINOQUT
300nsec MAX.

FASTACCESSTIME .. cvveacenmonmneenns
MILITARY TEMPERATURE RANGE

INDUSTRIAL TEMPERATURE RANGE

18PIN PACKAGE FDR HIGH DENSITY

L ]
[ ]
[ ]
[ ]
[
e THREE-STATE OUTPUTS
[
[ 3
[ ]
[ ]
L
e ONCHIP ADDRESS REGISTER

HM-8514

Pinout
TOP VIEW
as(r ® f]vee
. Asg 2 1{]a7
as(]s | ws[]as
a3(]e T as[Jne
aolls 1a{]0ao
s 13{]oa1
a7 12[oaz
i0s 1]}oo3
Gno(]2 101w

Description

The HM-6514 is a 1024 x 4 static CMOS RAM fabricated using self
aligned silicon gate technology. The device utilizes synchronous circuitry
to achieve high performance and low power operation, -

On chip fatches are provided for the addresses allowing efficient inter-
facing with microprocessor systems. The data output can be forced to
a high impedance state for use in expanded memory systems.

The HM-6514 is a fully static RAM and may be maintained inv any state
for an indefinite period of time. Data retention supply voltage and supply
current are guaranteed over temperature.

Logic Symbol

[

vece

[D——aeme e

Ao

At

AZ —— oo
A3——

Ad oQ1
AG et

a8 002
A7 l——o0aQ3
AB

‘A9

A — Addrens Inout
E - Chip Emadle
@ - Weite Enable

Lowo

0Q ~ Data in/Out

Functional Diagram
A
A3 O—] At
A7 O] LATCHED GATED mast
10— necrren n!ggu' d MATRIX
Y- — S
A O—
e ln AL ’hl ‘{l! AL}

ALL LINES ACTIVE HIGH - POSITIVE LOGIC

THREE STATE QUFFERS:
AHIGH —== QUTPUT ACTIVE

GATEQ COLUMN
DECODER
AND
DATA
INPUT/OUTPUT

4
A

4

3
i

ADDRESS ASGISTERS:

LATCH ON RISING E0GE oFt
GATED DECODERS:

GATE DN AISING EDOE QF G ﬁ

"y

LATCHED
ADDRESS
REGISYTER

o dabuada

3-49
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. Specifications HM-6514-2/HM-6514-9
ABSQLUTE MAXIMUM RATINGS . OPERATING RANGE ) ) AB!
Supply Voltage -~ VCC +8.0V Operating Supply Voltage . Su
tnput or Qutput Voltage Applied - GND -0.3V Mrhtar‘,( -2 4.5V 10 5.5V Iry
to VCC +0.3V tndustrial (-8) 4,5V to 5.5V
Operating Temperature
Storage Temperature -650C to +1500C Mi?i rary (-2) : _§BOC to +1250C . St
Industrial (-9} -400C. to +850C
ELECTRICAL CHARACTERISTICS . ELECTR!
TEMP. & VCC= || TEMP=2s0c®
OPERATING VCC = 5.0V
RANGE
TEST
SYMBOL PARAMETER MIN | MAX ]} MIN | TVP | MAX| UNITS CONDITIONS é
] ] 10m0
1ccis Standby Supply Current 50 . ('R} 10 RA Vi=VCCar GNO
= 1MHz, 10«0
\ccop Oparating Supply Current Q@ ? 3 6 mA V! =VCCor GND
. ) 10=0VCC =30
ICCOR Dats Retention Supply Current 25 001 5 A VI =VCC or GND
VCCOR | Daty Retention Supply Vaoltage 20 20 .4 v
N | Input Leskage Current 2.0 | #0 {] -05) 00 )+05] pa | oNDSVISvVCC
HOZ | Input/Ournut Leaksge Current | =10 | +10 || -05 | 00 {+05} wA | GnoSveSvee . D.C.
D.C. viL laput Low Voltsge -03 | 08 03 f[20({15{ Vv
' VIH Input High Voltage vee jvee 25 | 20} 53] Vv
-20 | +03
"voL | Output Low Voltage 045 p3s]oa| Vv 10 = 20mA
VOH Output High Voltage 24 35 40 v ID=-1.0mA
a tnnut Capactiance D 8.0 50| 80| »F :n . h\:gc or GND
- z
Ci0 | Inout/Ostout Capacitance D 100 6.0 | 100) oF \:o-1 :Algc or GND.
. Ll T
| I NN SO N | U YN I S——
* TELQV | Chip Enable Access Time 200 liO 250 ns @
TAVQV | Address Access Time 320 170} 270| s [O]
TELQX 1u_\ip Enable OQutput Enable 100 50 | s0 o ®
me
TWLQZ #in Enable Output Disable wo || 50 | 80 % @ . '
m&
TENOZ 1?159 Emabla Quiput Oisable 100 50} 80} ns (0]
my
TELEH | Chip Enable Pulss Nagative 300 250 | 170 |- n (O]
Width
TEHEL mﬁh Enable Pulse Poyitive 120 100 } 70 m ® - )
1 . .
AC TAVEL | Adoress Satup Time 2 20| o s ® ! A.C.
M TELAX | Address Hold Tima 50 50 | 20 o @
TWLWH | Writs Enabla Puise Width 300 240 | 150 m 0]
TWLEH | Writs Enable Puise Setup Time 300 240 | 150 ns @ I
TELWH | Writs Enable Puise Hold Time 300 240 | 150 " @
TOVWH | Dats Sewwp Tims 200 160 | 100 ry ®
. TWHOZ | Dsta Hold Time [} Q \] as (o]
’ TWHEL | Writs Ensble Resd Setup Time o o ~ @
TOVWL | Data Valid to Write Time 0 0 0 m @
TWLDV | Write Date Delay Time 100 80 50 n @
TWLEL | Early Qutput High-Z Time a ¢ | -0 ns ®
TEHWH | Lam Ourput High-Z Time 0 ] -0 ns @
. TELEL | Resdor Writa Cycls Tima 420 350 { 240 ns @ :

All devices testad at worst case limits, Room temp., § volt data provided far infarmation — not guaranteed.

Operating Supply Current HCCOP) is proportional 10 Operating Freouency. Example: Typical ICCOP = SmA/MHz,
Capactiance sampled and guaranteed — not 100% tested. '

AC test'conditions: Inputs'— TRISE = TFALL = 20nsec: Outputs — 1 YTL load and 500F: All timing measured at % VCC.

NOTES:

Awn

3-50
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Specifications HM-6514-5

ABSOLUTE MAXIMUM RATINGS OPERATING RANGE
Supply Voltage — VCC +8.0V Operating Supply Voltage
Input or Qutput Voltage Applied GND -0.3V - Commercial 4.75V t0 5.25V
) to VCC +0.3V Operating Temperature
Storage Temperature -650C to +1500C Commercial 00C to +750C
ELECTRICAL CHARACTERISTICS
TEMP.&VCC™ || TEMP=250c @
OPERATING VCC = 5.0V
RANGE
TEST
SYMBOL PARAMETER MiN ) MAax {] MIN | TYP | MAX JUNITS CONDITIONS
1ICCSB | Standby Supply Current 500 100 | 800 { pA V1= VCC or GND
t=1MHz,10=0
1ccoP | Gperating Supply Currene @ 7 st 8 | ma | vi=vccorGND
[0 Input Leakage Current -100 | +100 || -70 | 205| +7.0| uA | anD SviSvee
noz Input/Output Laskege Currene | ~100 | +10.0 {{ -7.0 [ o8] +7.0{ pA | GNDSvoSvce
Vil Input Law Voltage -03 08 03| 20( 15 \
D.C. VIH | Input High Valtge vee |vee 25 20} 53} v
20| +03 R
VoL Output Low Voltage 045 035 04 v 10=1,6mA
VOH | Output High Voltage 24 35 | 40 v 10 = -0.4mA
cl Input Capacitance D . 80 50| 80 | pF | VieVCCorGND
f= 1MHz
G0 | Input/Output Capscitance @ 100 60 | 100] pF vos g‘zﬂcc o GND
. - 2
TELQV | Chip Enable Access Time 350 200f 300} s ®
TAVQV | Address Access Time 370 200{ 320 | s @
TELOX %hip Ermable Quput Ensble 100 50 | 80 n ®
e .
TWLAZ | Write Enable Gumput Olsable 100 sa] 80 | ns ®
Time . .
TEHQZ | Chip Enable Output Disable 100 50 | s0 ns @
Time N 1.
TELEH | Chip Enable Pulse Negative 3asa 300 | 200 n @.
Width .
TEHEL | Chip Enable Pulse Positive 150 120 | 100 as ®
Width
TAVEL | Address Satup Time 20 20| o n o
A.C. TELAX | Address Hold Time 50 s0 | 20 ns @
TWLWH | Write Enable Pulse Width ‘350 300 | 200 nt o]
TWLEH | Write Enable Pulse Setup Time. | 350 300 | 200 ns @
TELWH { Write Enable Puise Hold Time 3s0 300 | 200 ns ®
TOVWH { DataSetup Time 250 220 | 150 ns ®
TWHDZ | Data Haold Time 0 0 o ns @
TWHEL | Write Enabla Rasd Sawp Time 0 [ 0 ns @
TOVWL | OumutDamaValid to WriteTime| 0 (1] o ns @
TWLDV | Wrire Data Dslay Time 100 80 50 ns @
TWLEL | Ealy Oumut High-Z Time 1] +] -10 ns @
TEHWH | Late Output HigheZ Time ] 0 -t0 s [e>)
TELEL | Reador Write Cycle Time 500 420 { 320 nt ®
NOTES: 1. All davices tested at worst case limits, Room temp., 5 volt data provided for information — not guaranteed,
- 2. Operating Supply Currant {iCCQOP) is proportional to Qparating Frequency, Example: Typical ICCOP = S5mA/MHz.
3. Capacitance led and guar d — not 100% tested. ’
4,

AC tast conditions: Inputs — TRISE = TFALL = 20nsec; Qutputs— 1 TTL ioad and S00F; All timing measured-at % VCC.

3-561

|




,. Y *
/
' Read Cycle The
! ' TELEL. i ! hw f(1
C s TAVEL - . TAVEL ;g
: : o L35 AL A R AR SRR HZSILEDK_ NEXT ADD oo
I - TAVOY i . .
) . : TEHEL TELEH - TEMEL
. H N— v
\ TELQV
4 : e - TEHDZ ——]
{ oo HIGHZ 4 _VALID DATA 0T Higiz
; - HIGH
I ¥ Y
\ } TIME ’ _t L -! ! ?
i REFERENCE _{ ° 1 7 L 5
i TRUTH TABLE
s .
- TIME _INPUTS  lpATAND .
§ REFERENCE | E W A no FUNCTION:
i - HoXx | X z MEMORY DISAGLED
g 0 ~ R v F4 CYCLE BEGINS, ADDRESSES ARE LATCHED
. ; 1 [NV B S b3 OUTPUT ENABLED
’ i 2 Lo x v OUTPUT VALID
‘ 3 £ H | X v AEAD ACCOMPLISHED
Cos 4 Mox | x 2 PREPARE FOR NEXT CYCLE (SAME AS -11
s : 5 N~ H v z CYCLE ENDS, NEXT CYCLE BEGINS ISAME AS Dt
. The address information is latched in the on chip registers - ‘W must remain high_throughout the read cycle. After the
- on the falling edge of E (T = 0). Minimum address setup data has been read E may return high (T = 3). This will
. and hold time requirements must be met. After the requir- force the output buffers into -a high impedance maode
b ed hold time the addresses. may change state without at time (T = 4). The memory is now ready for the next
. affecting device operation. 'During time (T = 1) the outputs cycle.
‘\ become enabled but data is not valid until time {T = 2).
L .
4 i ! ] Write Cycle I the
. ¢ . Q_f Ea
W rem
will be
TEMEL TELEH : TEHEL——nr valid d
! .
E - A . N— tow.
TWLEN —
——t  TWLEL e ——ed  TEHWH e
TWLW! <
= N
AN AN
f——mwv-—-—i X
00 HicH 2 VALID BATA INPUT \I’ HIGHZ
b TOVWH ~memtd )———munz
TELWS. g ——
e } { } b
REFERENCE ) ° 1 ] } H s
TRUTH TABLE
TIME _ _INPUTS ADC:
REFERENCE E W A DO FUNCTION
1 M X. x Z MEMORY QISABLED a
b X v 2 CYCLE BEGINS, AODRESSES ARE LATCHED
' Lo x Z WRITE PERIOD BEGINS .
? L | x v | DATAINISWRITTEN
3 £ H x Z WRITE COMPLEYED ADD
4 H X X 2 PREPARE FDR NEXT CYCLE [SAME AS-11
5 N X v z CYCLE ENDS. NEXT CYCLE BEGINS [SAME AS Dt
‘ H
The write cycle is initiated on the falling edge of E (T=0), TDVWH is stil met. f TWLEL is not met then the outputs i
which latches the address infarmation.in on chip registers. may become enabled momentarily near the beginning of i
If a dedicated write cycle is to be perfarmed and the out- the cycle and a disable time (TELQZ) must be met before i a0
puts are nat to becomne active TWLEL and TEHWH must be. the input data is applied (TWLQZ = TWLDV). Similiariv. :
met. Under these conditions TWLDV is unnecessary and if TEHWH is not met the outputs may enable briefly near { a3
input data may be applied at any convenient time as long as the end of the cycle, . HN
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" Ihe write operation is terminated by the first rising edge of -

W (T = 2) or E (T-= 3).- After the minimum required E

_high time {TEHEL) the next cycle may begin. [f a series

may be held.low until all desired locations have been
written, In'this case, data setup and hold times must be-
referenced to the rising edge of E. ’

- of consecutive write cycles are to be performed, the W line
— )

Read Madify Writs Cycle

e e
R R A

TAVEL -
NEXT ADD

= TELEL
TELEH TEHEL —o=
N /1 N
ORI
._...‘ L.—-.MEL TWLER TWHEL. faime
TWLWH

Y TR -

TAVWL p—

o] TWLOZ

-

-] TWLOY ETDM-—H
HIGH Z
HPUT OATA
¥ 1] X

o0 _HiGNZ

] TEL

TELQV
PP R S R S S
REFERENCE 0 1 2 3 . H B 7
TRUTH TABLE
TIME _ INPUTS DATANO
REFERENCE | € W A 0Q FUNCTION

- H X X z MEMORY DISABLED

o ~hlv 4 CYCLE BEGINS, ADDRESSES ARE LATCHED

1 L H|x X READ MODE, QUTPUT ENABLED,

2 L H | X v RAEAD MODE, QUTPUT VALID

3 Lt X 2 WRITE MODE, OUTPUT HIGH Z

. [V I v WRITE MOGE, DATA IS WRITTEN

5 H | X z WRITE COMPLETED

[ H X | X z PREPARE FOR NEXT CYCLE {SAME AS -1}

? X H |V z CYCLE ENDS, NEXT CYCLE BEGINS [SAME AS 01

If the pulse width of W is relatively short in refation to that
of E a combination read-write cycle may be performed. If
W remains high for the-first part of the cycle, the outputs -
will become active during time (T = 1). - Data out will be
valid during time (T = 2). After the data is read, W can go
low. After minumum TWLWH, W may return high. The

information just written may now be read or E may return
high, disabling the output buffers and preparing the device
for the next cycle. Any number or sequence of read-
write operations may be performed while E is low providing
all timing requirements are met.

NOTES:

In the abova dascriptions the numbars in parenthesis (T » n) refer to the ruspactiv.a timihg diagrams..

Tha numbers are located on tha time refarence line balow each diagram. The timing diagrams shown

ars only examplas and ara not the oniy vaiid mathod of operation.

2114 Compatibility

' vy
00 * AUDAESS VALID

AD0 2114 — Raquires the Address to Remain Valid

Throughout tha Cycia.

COMPATIBLE
TINING

6514 — Requlres Valld Address for Only a Small
Portion of tha Cycis, but Requiras € tc
Fall to Initiate Each Cycle. .

ADDRESS VAUID
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Battery Backup Applications

The HM-6514 is especially well suited for use in battery backup systems. Data retention supply voltage and supply
current are guaranteed over the full temperature range.

When designing the backup system, the following suggestions should be considered:

1.) As RAM VCC drops,”the input logical one voltages should follow so as not to exceed VCC +0.3. It is
suggested to use CMOS drivers, operating at CMOS VCC, such as the HD-6495, HD-6432, and HD-6433.
Another approach is the use of open collector or open drain buffers pulled up to CMOS VCC.

2.) £ must be held high at CMQOS VCC. W address and data inputs should be held at either GND or CMOS
VCC to minimize power dissipation.

3.} When exiting from the battery backup mode, VCC should ramp without ring or discontinuities.

4.} The RAM can hegin operation one TEHEL after VCC reaches the minimum operating voltage {4.5 or 4.75
volts}.

) 1 A very simple battery backup system is shown in Figure 1. When system power is available, diode D1 is forward

‘biased and supplies current to the CMOS devices. Upon loss of system pawer, diode D1 is reverse hiased and only

CMOS devices are consuming battery power. A disadvantage to this method is that CMOS VCC is one diode drop,

.7V, below TTL VCC. There is a possibility that a TTL output signal could rise higher than CMOS VCC and cause

possible latch problems. This possibility can be reduced by incorporating a system similar to that shown in Figure

2. Other alternatives include using a germanuin diode yielding a VF =2.2V or adding diode D2 in the TTL supply

and ralsing VCC to account for the drop. A PNP transistor is substituted for the diode in Figure 2, The saturation

drop of the transistor, 0.2V, is less than the 0.7V drop of the diode giving more margin against latch-up. A power

fail output signal is available to disable the E circuitry. Open collector TTL with pullups to CMOS VCC or LS type

+  TTL should be used as memory drivers. This will insure that the CMQS inputs are not floating during the backup

period. When system power is restored, operation continues as normal and the NI-CAD battery pack is trickle
charged through RC, '

[ . . 10PTIONAL)
r= 1

SYSTEM
POWER

Ve = VCe

;%{ . prmcereee CHOS VEE

e H1-CAD

—_— 24y

FIGURE 1

= VCC

s'\é_r;:‘:: Ve [ P CHOS VCC

POWER FAIL

rcel P

3

R
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FEATURES

¢ Organization — IM6653: 1024 x 4
IM6654: 512 x 8

s High Speed

. . ¢ Low Power — 5.W Typical Standby

— 300ns 10V Access Time for IM8653/54 Al
v = 450ns 5V Access Time for IM6653/54 -1l
¢ Single +5V supply operation

* UV érasable

* ® Synchronous operation 'fc.nl' low power dissl;;atlon

*® Three-state outputs and chip select for easy system

expansion

® Fuil -55°C to +125°C MIL range device —

I1A6653/54 M

 IM6653/IM6854
4096 Bit CMOS
UV Erasable PROM

GENERAL DESCRIPTION

*The Intersil IMB653 and IM6654 are fully decoded, 4096-bit,

CMQOS electrically programmable ROMs (EPROMs) fabri-
cated using Intersil's advanced CMOS processing tech-
nology. The EPROMs are specifically designed for program
development applications “where rapid tum-around for
program changes is required. .

The 24 pin packages have a transparent lid to aliow the user
to erase the EPROM by exposing it to ultraviolet light. The
EPROM may ther be reprogrammed.

| ADDRESS
LATCH

BLOCK DIAGRAM

X - DECODER

PROGRAM

y

64X 64

'.....0{

1

o
-

A

[ XXXXY X

A . A

sscnsee

ok

o>
Ne]
qy

Y - DECODER

f jiv.e.;

wt——p-f OUTPUT BUFFER

PIN CONFIGURATION s

4 .A_,E_‘.u 24‘3\,(:&..;.‘
Vee | a5 2 23 Jag -i
’ A5E 3 szg n:
As] 2 Js -,
aslls  zofdE- .-
Az s ME8S3 49T yppy .

1024% 4
YA1:'7 .

C

18:]PROGFIAM_
Ag 8 1] o
l}e {1
O VY I (T R
..‘01[:

_ ORDERING INFORMATION

-

[ 2aPn
PACKAGE

SELECTION/TEMPERATURE RANGE °

INDUSTRIAL

MILITARY] | T

STD 10V

CERDIP
(FRIT SEAL)

UG

STD 5V | HI SPEED 5V

111G

AlUG”

STD 5V ] prOGRAM -
) mLy
MJG" | Jag -

CERAMIC
(SIDE BRAZE)

‘1DG

-1l DG

AIDG

e
MDG . : [ Jas .
~ 03

Pk g
g

A=A




IM6653/1M6654
ABSOLUTE MAXIMUM RATINGS

.. Supply Voltages . .
: " Voo ...'........... ..... Cearnasens teaseseansen evne feereessaceasnsnese 11OV
Vece= VDD cieevrsonareansnesnane R A R A
lnputorOulputVoltageSupplled teatcessasasansiasrsvanen GND-OS\ItoVoo+05V
Storage TemperatureRange ...ceceecsccrcanae, .._................—65°Cto+150°c :
Operating Range
Temperature .. . - ... : . :
Industrial *40°C to +85°C .
; - Military. ccecanciyeneviareniaas .............................-—55°Cto+125°C~ TR
. * Voltage - R . L e '
6653/54 1, -1

_NOTE: Stresses above those listed under “Absolute Maximum Rahngs" may cause permanent
. device failure. These are stress ratingsonlyand lunct:onaloparatxonofmedawceat these |
orany otherconditions abovethose indicated in the operational sections of thlsspecmca-‘
i tionlsnotimplied. Exposuratoabsolutemax:mum rahngcond:hons !omxtended penods
. may cause device failures. - -

DC CHARACTERISTICS ;
TEST CONDITIONS: Vcc Vop = Operating Voltage Range, TA = Operating Temperature Range

. IMG553/541, =11, M  IMB653/54Al
a PARAMETéR | symsoL CONDITIONS MIN MAX MIN MAX
Logucal “” lnput Voltage' VIH . Ef, S Voo - 2_.0 ] Vpp - 2.0

: Taseess ceod VY Address Pins. 2.7 { Vpp-2.0
Logical "0" |nput Voltage | "ViL I )
Input Leakage . _ R QVSIVINS VDD -1.0 ' -1.0
Logical 1" Output Voltage VoH2 | lout=0 . Ivec-001] Vvee - 0.01
Logical * “1" Output Voltage VOH1 loH=-0.2mA |. ' 24 ) .
Logical “0” Output Voltage | VoiL2 | tgyr=0 ¢ . GND+001| - [GND+O.O
Logical “0" Output Voltage VOL1 loL=2.0mA . . 045
Output Leakage 1 oz ov<iVg<Vce 1.0 . 1.0
Standby Supply Current 1ppsSBe VIN = VDD . . 100 N 100

. - Icc ViN= VOD___ 40 40
Operating Supply Current 1DDOP- =1 MHz - 6 ‘ 12
Input Capacitance Gy Note 1 : K 7.0
Output Capacitance - - Co Note 1

Note: Thasa uarameters guaranteed but not 100% tested.

_AC CHARACTERISTICS —- -

- TEST CONDITIONS: Vce = Vop = Operatlng Voltage Range Ta= Operating Temperature Range )

. : . 1M6653/54-11- | - IMB653/54 1 IMG653/54 M | IME653/64 Al
PARAMETER ' SYMBOL MIN MAX | MIN MAX | - MIN MAX MIN MAX

Access Time From Ej _TE1LQV RIECRE 550 | . 600 300

Output Enable Time ) TSLQV . - 140 . 150 60

Output Disable Time TE1HQZ 140 150 60

Ey Puise Width {Positive} TETHE1IL :

Eq Putse Width {Negative) TE1LE1H

Address Setup Time TAVE1L

Address Hoid Time TE1LAX

Chip Enable Setup Time (6654) | TE2VE2L

Chip Enable Hold Time {6654) TE2LE2X




. . ACTIVE )
PIN" SYMBOL LEVEL DESCRIPTION )
1-8,23 Ag-Ar.Ag - " Address Lines
9-11,13-17 Qo-Q7 - Data lines, 6654 . T -
Qa-Q3 - Data lines, §653 -
12 Vss - . GND T .
18 Program — Programming pulse input
19 Voo - Chip -+V supply. normally tied to Vcc
20 E L Strobe line, latches both address lines and, for6654, Chip enable E2
21 5 L Chip select line, must be low for valid data outputs
22 Ag - Additional address line for 6653
E2 L Chip enable line, latched by strobe Ey on 6654
24 Ve - . Output butfer +V supply e e
AEAD CYCLE TIMING READ MODE OPERATION o '. - " o
—— TEILEIN

o TETHE L~

ina typccal READ operation the address lines are Iatched by

1 v | [P TEWLoV——ny a downward edge on the strobe line, Ey.The chip must then.
VAX UNITS R - & be selected by driving pin 21 %3S) low. if the chip has been
TAVEIL . TEVLAR selected the data outputs become valid an access tims
. . | (TELQV) after the downward strobe edge. The data outputs
V- Ap-Ag* S VALUD - ¥ remain valid until the strobe line is returned to a high level,
" TEZVEIL il TEILE2X Both S and Ez may be tied low during the READ cycle. Note
A ’ that &2 is latched by the downward strobe edge, butSisnot.:
M o viL “The PROGRAM pin must be tied high to VDD
v T - " \v"_ '
N - ’ T etstav - ~| =Temoz © - - . T
qaouTPUTS “’,::;Acnvgg VALID S———-- I k! o7 YRS Tpee s e
A TIME ¢ b (A S T e ks 2
*  REF 1 —t 1 =TT - - - - - - -
-1 0 R 2 3 4 5 ‘e
€T o "AgiMessdonly, E2 IMSSSA oty © © s = - i
X & mA. .- - - - : .
X — - — —
0 PE- ‘ N - ] -
‘ FUNCTION TABLE - - - -
TIME . INPUTS . QUTPUTS NOTES i
- REF. E1 E2~ S A Q :
s R H.L x| X X z DEVICE lNACTlVE .
UNITS 0 T3 L X v Z CYCLE BEGINS; ADDRESSES, &2 LATCHED'
300 1 L X X X Z INTERNAL OPERATIONS ONLY .
A 2 L . X L X A OUTPUTS ACTIVE UNDER CONTROL OF (E1, S) )
lg ) 3. L - X L X A" OUTPUTS VALID AFTER ACCESS TIME .
i o 4 |4 | X L X v READ COMPLETE . - : -
" ns 5 H | X X X Z CYCLE ENDS (SAME AS —1I- ] :
W { o |- x_| H X v z CYCLE BEGINS; ADDRESSES, £2 LATGHED
1 ’ L X X X Z OUTPRUTS REMAIN HIGH-Z SINCE E2 LATCHED HIGH

*E2 not presentbn 1M6653 which tunctions as if E2 were tiad LOwW.

R e

B O R

W5y

2RIy

'
=

AT SRt
Al

e




- IM6653/1M6654

READ AND PROGRAM CYCLES

e/ "\

R
IR I S

‘PROGRAM

DC CHARACTERISTICS FOR PROGRAMMING QPERAT!ON

-. TEST CONDITIONS: Vcc = Vpp = 5V 5%, Ta = 25°C

...~ PARAMETER . ... | SYMBOL

. CONDITIONS

' ~Program Pin Load Current IPROG

"*'Programming Pulse Amplitude |' VPRQG

38

Ve Current . L -, L dee -

*. Vpp Current , .., ~ | bp. .

Addressinput:High Voltage ...} MiHA:.

Address Input Low Voitage | Via* "

“Vpp -2.0

Data input High Voitage Viy '

Data Input Low Voitage ViL -

Vpp -2.0

AC CHARACTERISTICS FOR PROGRAMMING OPERATION "+ -/

TEST CONDITIONS: Vce = Vpp =5V 5%, Ta = 25°C

PR

PARAMETER SYMBOL

CONDITIONS .

Prdgram Puise Width TPLPH

trise = tfall = Sus 18

Program Pulse Duty Cycle. .

Data.Setup Time TDhvPL

Data Hold Time TPHDX

'Strabe Pulse Width TE1HEIL

‘™ Address Setug Time TAVE1IL

Address Hald Time TEILAX

Access Time TE1LQV

PROGRAM MODE OPERATION

Initially, all 4096 bits of the EPROM are in the logic one
{output high} state. Selective programming of proper bit
focations to “0"s is performed electrically.
In the PROGRAM mode, Vcc and Vpp are tiedtogether to the

- normal operating supply. High logic levels at all of the appro-
priate .chip inputs and outputs must be set’at Vpp-2V
minimum.-Low lagic levels must be set at Vss+.8V maximum. _
Addressing of the desired location in PROGRAM mode is
done as in the READ mode. Address and data lines are set at
the desired logic levels, and PROGRAM and chip select (S)

pins are set high. The address is latched by the downward -
edge on the strobe line (Ey). During valid DATA IN tima, the- -
PROGRAM pin is pulsed from Vpp to —40V. This pulse :
initiates the programming of the device to the ievels seton
the data outputs. Duty cycle limitations are specified lrom : -
chip heat dissipation considerations. Pulseriseand fall tme$
must not be faster than 5us. :

Inteltigent programmer equibment with successive READY

. PROGRAM/VERIFY sequences is recommended.




el .

ot
=

1000

:hed by the downward
a: i lDATA IN time, the

-4QV. This pulse
o the levels set on
ans are specified from
Pulserise and fall times

\

)
t

i uccessive READ/
sommended.

'

{: be programmed at any time.

OGRAMMING SYSTEM CHARACTERISTICS

 Qunng p_rogramming the power supply should be capable
of limiting peak instantaneous current to 100mA.
’":;m programming pin is driven from Vpp t0 —40V voits
R : (£2V1 by pulses 0f 20 milliseconds duration. These pulses
1@?‘ shoutd be applied following the algorithm shown in the
tiow chart. Pulse rise and fall times of 10 microseconds
are recommended. Note that any individual logation may -

Ahdmsses and data should be presented to the device
- within the recommended setup/hold time and high/tow

9 logic level margins.

.

P
a
.. =

¢ e Tk -....mr’.;)a‘;dv:‘ﬂwar"

4. The programming is to be done at room temperature.

. ERASING PROCEDURE

The IM6653/54 may be arased by exposure to high intensity
short-wave ultraviolet light at a wavelength of 2537 A.The
recommended integrated dose {i.e., UV intensity X exposura
time) is- 10W sec/cm?2. The lamps should be used without ]
short-wave filters, and the 1MB653/54 to be erased should be .
placed about one inch away from the lamp tubes. For best )
resuits it is recommanded that the device remain inactiva for
5 minutes after erasure, before programming.

LA e

pxes e

* PROGRAMMING FLOW CHART

e v

PROGRAMMING
ND COMPLETE

YES

YES

. 1
. _,:‘ ’
POWER DOWN i
ALL INPUTS, x
Vee. Voo
VinN=Vce=VDp=GND
*
INSERT Y
DEVICE ) : .
¥ .
POWER UP Vce. :
. | vooToarPRO- "} -
" PRIATE VOLTAGE | " X ' . R N
. \ .
* POWER UP ‘ . ) !
INPUTS .- “ '
{., N
READ THROUGH !
ALL ADDRESSES R
TO VERIEY ALL - N M
I'S{ERASED | AT . i
s - : i
. 28
S E A
; i
v N %
i
SELECT ! 3
LOCATION - . &
- TQBE . . , N
. PROGRAMMEQ . o T i
RO ¥ . . ; Y
' %
SET LEVELSON Ed
QDATA LINES §
P TR - - H
] )
Lo Lo H
PROGRAM 20 ms . i ¥
.o . X L ' 1 5
i 3
READ/VERIFY .

PROGRAMMED?

PROGRAM SAME
LOCATION 4
MORE TIMES

" PROGRAM
SAME LOCATION

READ/VERIFY
8 MORE TIMES




FEATURES - - e o
® low Power — Less Than 10mW Typ. at 2MHz

@ Operation Up to 4MHz Clock — IM6402A

" @ Programmable Word Length, Stop Bits and Périty

® Automatic Data Formatting and Status Generation -

® Compatible with Industry Standard UART's —
iM6402

® On-Chip Oscillator with External Crystaj —
iM6403 : .

. ® Operating Voitage — .
— IM6402-1/03-1: 4.7V
—-— IM6402A/03A:.4-1 1V ...
C— IM6402/03:’4—7V’*:"'
S -

i

IM8402/1/6402

Universal Asynchronoyg

Receiver Transmitiey
(@&%T)

GENERAL DESCRIPTION -

‘The IM6402 and IM6403 are CMOS/LS) UART's for
interfacing computers. or microprocessors to asynchronoys
serial data channels. The receiver converts serial start, data,
parity and stop bits. to parallel data verifying proper code
transmission, parity, and stop bits. The transmitter converts .
.. paralle] data into -serial form and automatically adds stan,

.- ~-parity, and stop bits.---; R

The data word length can be 5,6, 7 or 8 bits. Parity maybe odd
or even. Parity checking and generation can be inhibited. The .
stop bits may be one .9r two (or one and one-half when
transmitting: 5 bit- code). Serial data_format is shown in
Figure'7. *% ;- ¢ : oo
The IM6402-and IM6403 can be used in a wide range of
applications including medems, ' printers, peripherals and
remote data’ acquisition Systems. CMOS/LSI technology
. Permits opérating clock frequencies upto 4.0MHz (250K Baud)
animprovement of 10to 1 overpravious PMOS'UARTdesigns.
Power requil"ements, by comparison, are reduced. from
- 670mW- to-10mW. Status logic increasas flexibility and -
fsimpliﬁes the user interface... .. .. ‘

The IMB407 differs from the IM6403 on pins 2, 17,19,22,and
"40asshownin Figure 5. The IM6403 utilizes pin 2asacrystal
"divide contral and pins 17 and 40 for an inexpensive crystal,

oscillatar. TBREmpty and DReady are always active. All othi_'-zr

input and .output functions of the IM6402 and IM6403 are
identical, - . - :

TABLE Y -
ME403 w/XTAL 1M6403 w/EXT CLOCK
. DIVIOE CONTROL DIVIDE CONTRO4,
XTAL EXTERNAL CLOCK INPUT
XTAL GNO

'ORDERING INFORMATION

OROER CODE 1M6402-1/03-1 IM64024/03A IM8402/03
PLASTIC PKG IMB402-1/03-11PL | IMB402/03-AIPL M6402/03-1PL
CERAMIC PKG {M6402-1/03-11DL | IM6402/03-AtDL -
MILITARY TEMP. | {M5402-1/03- DL 1M6402/03-AMDL -

MILITARY TEMP.| IM6402-1/03-1 IM8402/03-AMDL/ —
WITH 8838 MDL/£838 8338

PACKAGE DIMENSIONS

famr e 2040 151820) ]
rnnnn—-nrﬁhn—nnnnnn
; j *] o120
o
0.643 (13.718)

T OO T TN T o O .
0.060 (1.524) . 0078 €012 {0.305¢ TV,
e O R 0635t 0.00% (0.025)
k1l

TYP.

BNy
L. p.
- - ]__. 0.180 (4.064) L_““ﬁﬁrﬁl
007011.778) 001B(0MN VP oq00 MM ML
™R 0020 0508) 2540)

* 40 PIN PLASTIC DUALIN-LINE PACKAGE {*rL)
20201503081 - - -
o 2020t 0M

Anoncon TS ngnnnnoa
.

NOTE: OIMENSIONS
in

com ¥ AREMERIC
{0813
" hao.

) 0523
(1.588)
MAX,

STTOT T T T T oo oo
0520

113208 0.185
s
MAX 0020 {5.080)

—o,[o—-‘ G503 0.008 {02004
0.12¢ 1524011 0.012 {0.305)
0.050 1270} 0.018 (0.457) 0.100 (2540)  13,178) REF,
10010 (0258) :0.002 (005N} *0010 (0.254) MIN,

40 PIN CERAMIC DUAL-IN-LINE PACKAGE =18}
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“* FIGURE 1. Pin Conflguration. .. ' .
R R A T .

IM6403 FUNCTIONAL PIN DEFINITION G

PR oy
PIN .SYMBOL::. L. DESCRIPTION ™~
1 ..Vgg ... | Postiive PowsrSupply’ ' A
2 {iMBa02-N/C | No Connsction -
IM6403-Controt} Divide Control,
- .., . |vigh: 2% (16} Divider ., .. .
" | Low: 27 (2048) Divider 3.5
3 Ground {"F8F7 &
4 RRD | A ighlével on RECEIVER REGISTER
) E DISABLE: forces the receiver holding
register outputs RBR1-RBR8 taa highim-
SO pedance state." "+ | u3 RN R
5 RBR8 Tha contents of the RECEIVER BUFFER |
Y o REGISTER appear on these three-state
e outputs; Word formats less than 8 char-
acters are right justified to RBRY.
6 RBR7. | See Pin'5 — RBRE s
7 RBRS Ses Pin 5 — RBRB .
8 RBRS See Pin 5 - RBRB
9 RABR4 Sge Pin 5 — RBRS8
A RBR3 See Pin 5 — ABRS
Y RBR2 | See Pin 5 — R8RS
L1 RBR1 See Pin 5 — RBRY
<113 PE A high leval on PARITY ERROR indicates
. . that the received parity does not match
. parity programmed by control bits. The
3 dutput is active until parity matches ona
succeeding character. When parity is
: inhibited, this output is low.

IMB403 FUNCTIONAL PIN DEFINITION
(Continued) -

PIN

_ SymsoL .|

DESCRIPTION _

22

23

24

25

13"

DR

TRE

TRO

IMG402-RRC
IMB403-XTAL
or EXT CLK IN} -

| Serial. data on RECEIVER REGISTER

A high level on FRAMING ERROR indi-
cates-the first'stop bit was invalid. FE will

- stay active until the next valid charactar's
stop bitis recsived.

A high level on QVERRUN ERRQOR indi-
cates the data recsived flag was not
cleared before the last character:was
transferred to tha receivar buffer register.
The Erroris reset at the naxt character’s
stap bit if DRR has been performed {i.a., |
ORR:.active low). = - I

. I3 S

A high lavel on STATUS FLAGS DISABLE | -
forces the outputs PE, FE, OE, DR’ TBRE |,
ta a high impedance state; See Figure-4
and Figure 5. _ .
i2IMB402 only: !

The RECEIVER REGISTER CLOCK is 16X
the raceiver data rate. " e

R g R TS

A low vl on DATA RECEIVED RESET
clears the data received output (DR). 1o a. |
fowlevel. .~ . . ... L

A high lavel on DATA RECEIVED indicates-
a character has been recaived and trans-
ferred to the.receiver buffer register.

ANPUT is clocked into :the ‘raceiver
register. h TNl .

A high level on MASTER RESET (MR).
clears PE, FE, OE, DB, TRE and sats TBRE,
TRO high. Less than 18 clocks aftar MR
goes low, TRE returns high. MR doas not
clear the receiver buffer register, and is
required after pawer-up. ' i

A high level on TRANSMITTER 8UFFER
REGISTER EMPTY indicates the trans-
mitter buffer register has transferred its
data to the transmitter register and is
ready for new data. !

A low leval on TRANSMITTER BUFFER
REGISTER LOAD transfers data from in-
puts TBR1-TBR8 into the transmitter
buffer register. A low to high transition
on T8RL requests data transfer to the
traasmitter register, i the transmitter
register is busy. transfer is automatically
delayed so that the two characters are
transmitted end to end. Sge Figure 2.

Ahigh tavel on TRANSMITTER REGISTER
EMPTY indicates completed transmission
of a character including stop bits,

Character data, start data and stop bits
appaar serially at-the TRANSMITTER

REGISTER QUTPUT,
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IM6403 FUNCTIONAL PIN DEFINITION .

 INTEES)

IMB403. FUNCTIONAL PIN DEFINITION

"See Table 2 (Control Word Function) -

(Contiriued) (Continued)
PIN SYMBOL DESCRIPTION PIN SYMBOL DESCRIPTION
. . N.
26 TBR1 Character data is loaded into the TRANS - 35 Pi* A high level on PARITY |NHigiT inhibres
. MITTER BUFFER REGISTER via inputs parity generation, parity checking ang
TBR1-TBR8. For character formats less forces PE output low.
than B-bits, the TBRB, 7, and 6 Inputs are .
ignored corresponding to the program- 36 - §BS* A hi
gh level on STOP BIT SELECT select
med word length. 1.5 stopbitsforas characterforma:amcj;
- . . stop bits for other lengths,
27 TBR2 ' | See Pin 26 — TBR1
Lo 37 cLs2* These inputs program the CHARACTER
28 TBR3 See Pin 26 — TBR1 D LENGTH SELECTED. (CLS1 low CLS2 low
< - : R R . : 5-bits) (CLS[ high C<LSZ low 6-bits) (CLS}
29 TBR4 See Pin 26 — TBR1 . low CLS? high 7-bits) (CLS1 high CLS2
< . n high 8-bits) . |
30 TBRS - ; b a7 et e
o TBRe. | SeePin26 —TaRi 38 CLS1* | See Pin37—CLS2
31 | Tere . in 26 — : . _
| o TBR® ¢ | SeePin26—Tem 39 EPE" - *| When Pl is low, a high level on EVEN
. o : ' PARITY ENABLE generates and checks
3?— i TB.R7> Sf’e Pin 26 — TBR1 - even parity. Alow level selects odd parity.
33 |- -TBRB See Pin 26 — TBR1 . IS RORE AR AR RO .
N R I _ S i h 40- |IMB402-TRC [ The TRANSMITTER REGISTER CLOCK is
| 34 cRL A high level on’ CONTROL REGISTER 177 |IME403XTAL | 18X the transmit data rat.
B LOAD loads the control register. See o or T et iR
- ‘Figured. "~ ;- - v

e - TABLE 2. Control Word Function
TS ] CONTROP:'WORD P SBs | DATABITS ‘| PARITY BIT- | STOP BIT(S)
L L L Lo Lo B A
R oL U SO U P H {7 .5 1.5
RSN L : R A L 5. , ' S
L A S SEE R H - H o T 5 EVENYT )0 15
LA NG M ST X Lo 5 DISABLED.’ 1
S TR R H X CH LT s . DISABLED 1.5
L H L L L .6+ © . 0DD 1
I CH L ©Ln H i -6 . 0DD 2
L Ho e CH L .8 L EVENT e T
T CHURT L H. H 8 "EVEN |0 .2
L _H, wH X L 6 DISABLED S|
L H H X LH 8 'DISABLED -2
fOHT L L L L 7 obp 1
U . N N N L. L " H 7 : ODD.. . ;2.
caHL L S H L 7 EVEN 1
H = Lo v H H 7 - EVEN' T2
" H: L L H X L 7. DISABLED 1
SHT LT H X H 7 DISABLED 2
“ L H e H "L L L 8 oDD 1
" H H L L H 8 0oDD 2
H. CHOM oL H oL 8 EVEN T
H . H. |5 L H H ‘8 EVEN 2
H H H X L .8 ' DISABLED A
H- H. H = X H - 8 DISABLED 2

X =Don't Care

L apet B e

Pl {a I WV

3~




1IM8402/1M8403
IM8402A/IM6403A |
ABSOLUTE MAXIMUM RATINGS . :

Rl e T

N ST

T TN S AR 2 SRR R

S INERSIL -

Operating Temperature - . .. - PTTommtee T NOTE: Stresses abova those listed ur;der'_' Absoluts Maximum
: Industrial IM6402A1/03A1- seshesive i T-40°C to +85°C ' Ratings” may cause permanent device failure. These are
N . Military IM6402AM/03AM : R -'-55°C to +125°¢C (sf:ress ratings otr;‘ly aniztf:]c;iona;ooper:tiuﬁ 9f;_hs dzw_ces:t
a— C - M y . 8se or a other conditi S a a ndaicated in
H ,nmbi,; . g:’zr:ag!?n;e&?;l:;urg seeseraes 33'~~,"T . -6;1;5‘;(\:[ ':; 11510;3 ; - oparation s?ritior.\s :fthissyzzificali;n i; :::einlrpli:d.lExbos:Jr:-
< ing and Trmeesasses Srevies % g .ry  to absolute maximum rating conditions for extended periods
Supply Voltage. ...._.. cerenes Seeeiesdiian,, +12.0V . . Mmay cause davice failures, .- B
. " Voltaga On Any Input or Output Pin .. -0.3V 1o Vee +0.3V o e a
LY selects TP oo s . R FIRE © R
! mnd,z.., D.C. CHARACTER'ST'.CS LT e e LT -
I - TEST CONDITIONS: Vco = 4y to 11V, Ta = Industrial or Military™ -
CHARACTER N ™ " B e X
logall S2 low symsoL, |- PARAMETER . CONDITIONS MIN . TYP2
8 Sg(g',:g; ' “1_|vig Input Voltage High _ e 70% Vee R
i 2 fv . input Volitage Low R 2 . . L
. 3 fm Input Leakagel] R GND&Vy<Vee -1.0 . B
4 {voy - Qutput Voltage High - - e loy = 0mA | Vee-0.01
v ) Evéhi 5 | vpi " Output Voitags Low: -~ . loL=omA T T
and checks- § flor. . | Output Leakage DAl GND<VoyT<Vee -1.0 -
its odd parity. - 7 lice :,_ R Power Supply Currant Standby - .i. . Vin=GND or Vee . 5.0
! N 8 |ico .. Pawer Supply Currant IM6402A Dynamic- fe=dMuz - .
5"99"“ S_{lcc. .. || . Power Supply Carrent IMG03A Dynamic | ICRYSTAL=358MHz L
RN 10 ) - Input Capacitancel 1), 77ty ST e ' 7.0...
- 11 "Output Capacitancal1] . L - 80 .
' . NOTE 1: Except IMB403 XTAL in

put pins (i.e. pins 17 and 40),
NOTE 2: Ve =5V, T, = 25°C. T o

A.C. CHARACTERISTICS -

TEST CONDITIONS: Vce=
__['SYMBOL "< 5 - pARAMETER. ¢ . CONDITIONS -
1] fc Clack Fraquency IMG402A o
2 | fCRYSTAL| Crystal Frequency IMB403A —» v ] « : .. C
3 | wpw Pulse Widths CRL, ORR, TBRL TR e :
4. f'tvp - PulseWidth MR~ .- L . Sea Timing Diagrams “ [ 200
5-| tpg Input Data Setup Tima .. L (Figures 2,3,4). . . o A
6 | tpy . Input Data Hold Time , 30
7 JteN- ] Output Enable Time -« = - ot

TIMING DIAGRAMS . .. .. .

VALID 0ATA ><

'CLSY, CLS2, $8S, P, EPE

T8R1 - TBAB VALID DATA

SFD OR RAD

.
L

FIGURE 3. Control Reglster Load Cycle

on -

- ‘vll.
* STATUS OR
RBRY - RBAB

FIGURE 4. Statys Flag Enable Time
‘or Data Output Enable Time
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IMG402/1MG403
IM6402-1/1M6403-1

ABSOLUTE MAX[MUM RAT INGS

Operating Temperature’
Industrial IM6402-11/03-11 ........... -40°Cto +85°C
Military IM6402-1M/03- 1M siesiese.s -B5°C 10 +125°C
Storage Temperature “.....oveviveeeses.. -85°Cto+150°C
Operating Voitage ... : veeneee.. 40V 0o 7.0V
Supply Volitage: ......... P Y
Voltage On'Any input or Output Pin .. -0.3V to Vg +0.3V

.D.C. CHARACTERISTICS

TEST CONDITIONS: Voo = 5.0 + 10%, Ta = Industrial or Military

NOTE: Stresses ahaove those listed under “Absolute Maximum
Ratings’” may cause permanent device failure. These are
‘stress ratings only and functional -operation of the devices at
these or any other conditions above those indicated in the
operation sections of this specification is notimplied. Exposure
to absolute maximum rating conditions for extended periods
may cause device failures.

SYMBOL . PARAMETER CONDITIONS MIN TYP2 - MAX UNITS
3 Vg {nput Voltage High Vee-2.0 . .V
2tV T Input Voitage Low A 08 | \
3 In Input Leakage(1} - : © GND<V|ny<Vce -1.0 . . RE T
4 1 VoH. Cutput Voltage High ’ 1oH=-0.2mA 2.4 - . A
s°~{ voL* Output Voltage Low .~ P . lpL=20mA . . 1 ... . 045 LV
6 flgL - Output Leakage - ) GND<VgoyTt<Vee -1.0 . 1.0 BA
27 lge” Power Supply Current Standby .. _ViN=GND or Voo ' REN 100 CEA
8 ' llcg . | Power Supply Current IM6402 Dynamic . fo=2MHz R R Rk . mA
"9 fige Power Supply Current IM6403" Dvnamlc . fCcRYSTAL=3.58MHz . g -.. | 55 - mA
10 Cin- input Capacitance[1] ~ N T S o ’ )
11 Co ° : * Qutput Capacitancel[1} "=~ = .= o

‘NOTE 1" Expept IMG403 XTAL- input pins {i.e. pins 17 and 40)
NOTEZ: Vg =5V...Tam25°C..

| A.C.CHARACTERISTICS - - .

TEST CONDITIONS: Vce = 5.0V * 10%, CL = 50pF, TA = Industrlal or Mllltary

The IM6403 differs from the IM6402 on three (npuzs {RRC,

, TRC, pin 2) as shown in Figure 5. Two outputs (TBRE, DR)are ~

not three-state as on the IM6402, but are always active. The
" on~ ~chip, duv:der and oscillator allow an lnexpenswe crystal to
be used asa nmmg source rather than additional cirguitry such

SYMBOL -PARAMETER CONDITIONS -7 MIN T TYP2 T omax UNITé
1 -] fc : Clock Frequency IM6402 I D.C. 3.0 2.0 MHz
2 {fCcRYSTAL | Crystal Frequency IM6403 . .o .. 4.0. 358 MHz
374w | Palse Widths.CRL, DRR, TBRL © 1 ” : T a0 L 80T |- Cons,
"4 Jwr. | PulseWidthnMR | . See Timing Diagrams .’ 400 200 - ns.
5 frps 7 | InpitDataSetup Timé . . (Figures 2,341 "°~ <i80 .| . 20 : ns'
"6 1tpy . Input Data-Hold Time L. . 60 | . 4 |- 0 s
7 fen T OQutput Enablé Time” v TR Lt T80 T} . 160 ns
— ET oo AECEIVER REGISTER
PINTZ | . *RECEIVER nscmea - -4 PINT7 e ¢
RAC 16X CLOCK * ; I Do————i)o—'- i"onzi‘ 16X CLOCK . . )
Semwass e . TR : PE—— - e . A.’ - ae aram— xrALE L— PO P T »— DiVIDER e e ma
’ mcﬂ—————-——““‘s"“"m REGISTER m = TAANSMITTER REGISTER
16xcLocK - / - 16X CLOCK
N ! DIVIDE
PIN2 . : { DIVIDE CONTROL PIN2 CONTROL
N/C = N/C f L =OIVIDE BY 2048 O
. I H=DIVIDEBY 16 -
1M6402 \ \ . . .
-1 . PIN 19 S 4 . A
IO | DH————-—‘——Q———_-U_ . W - e e
. \ - BUFFERSARE ' [MB403 - . .. '
\‘ . N 2 . ALWAYS ACTIVE B o .. -
BUFFEAS ARE 3.STATE \ RS TeRE-—-—Pl-N—-———q— B ) S
WHEN 5F0 = HIGH \‘ EREERL A\ v S S . e e PR
v PIN 16 -
\ SFD
-~ T FIGUFIE S. Func(lonnl Dlﬂerence Between IM5402 and IM6403 UAFIT (6403 has On-Chlp 4/11 Slage Divider)

as baud rate generators. For example, a color TV i:rystél at

© 3.579545MHz results in a baud rate of 109.2H_z for an easy
‘teletype interface (Figure 11). A 8600 baud interface may be

impiemented usinga 2. 4576MHz crystal with the dmder setto

"divide by 16.

wlolvwlolalslwln]l -
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IM8402/1MBd08 |
ABSOLUTE MAXIMUM RATINGS .

Opsrating Temperature _ ) i

IM6402/03

Storage Temperature.
Operating Voitage

1Y

.._Supply Voltage -

1.40°C to +850C
“ereeniaveiin -B5°C to 15000
eereedieiie 4.0V 10 7.0V

NOTE: Stresses aBove those li.sted under
Ratings*" May cause permanent devi

“Absofute Maximuny
ce failure. These are

Operation sections of thig specification is notimplied. Exposura
. TerreesliUL Ll 480V to absolute maximum fating conditions for extended periods
Voltage On Any input or Qutput Pin 0.3V to Ve +0.3V may cause device failurgs, N
D.C. CHARACTERISTICS . "™ o : ' -
TEST CONDITIONS:- Vec =50 10%, Ta =-40°C to +85°C i ?
symMeoL | ' pamameren CONDITIONS MIN TYP MAX - | uniTS'
1 [ Viy Input Voltage High = B : Vee-2.0 : \4
2 vy lnput Voltage Low™ -~ + = &+ B . ' ) 08 Iy
3 “Input Leakagel1{ - .. ;. - GND<V)y<Vee 50 | - 80 .| uA;
4 | Von Output Voltage High . loH =-0.2mA 24 . v
5 [vop ‘Output Voltage Low™ -+ + =" loL=i.6ma .= . . . 0.45 v
6 flgL * Output Leakags - GND<Vout<Vee -5.0 5.0. .
7 _llce Power Supply Current Standby VIN=GND or Vi -
8 |lgc Power Suppfy Current IM6402 Dynamic fc =500 KHz ‘..
9 |fice Power Supply Current IM6403 Dynamic . fcRYSTAL=2.46MH2
10 fcpny Input Capacitance{1] B "
11 {co ..} Output Capacitance[1] . -
NOTE 1: Except IM6403 XTAL input pins Iie. pins 17°and 40),
NDT_E 2: Voo =5V, . .

A.C. CHARACTERISTICS -
TEST CONDITIONS:

Ta=25°C,

Ve =5.0V-+10%, G, = 50pF, Ta = -40°

Cta+85°C . _: e TS
SYmBoL - . . PARAMETER .. - CONDITIONS MIN - “TYP MAX UNITS
1 | fe Clock Frequancy IM&402 ’ De. 3.0 1.0 MHz -
2 | fcRYSTAL| Crystal Frequency 1M&403 . - R 4.0 246 .°{ . MHz.
3 Jtpy - Pulse Widths CAL, DRR, TBAL .~ ] - wre ae 1,225 0T 5o . ns
4 IR | Pulse Width MR ' " See Timing Diagrams." 600 - - |- 200 - e g
5 | tpg : Input Data Sstup Time- N : (Figures 2,3 4) ';: 78 -f 229 - - ns
6 | tpy " Input Data Hold Time " 7 e . 90 40 ns
7 N Qutput Enabie Time B ' 80 190 ns
SR _'__-__;___.;_._._.;_____.Js_ﬂw& b e TR
TRE ——— {—'i'li“""li‘"t 1
. ‘BRE"‘—"yI : : R . TRANSWITTER BUFFER REGISTER ] Lt N
F— ] - T PARITY: ) - 4 =) .
TBRL o] .
i Hcisl . kosie L Trawenrien e ] [T | .
AND - . 7 ) ] ! t i '
"?c ] conTRoL —] MULTIPLEXER N
o — — : TRO
eLSt —j— CONTROL g
chnsE T REGISTER [ —f ﬁfs--
Lt —t—-w 1 . ) . I .
i i ¥ . : : 3 | s
ARe — o RECEIVER ——{ MULTIPLEXER " N} START i
] TIMING . T T T LoGIC {
ORA cuﬁ?gon. . { RECEIVER REGISTER ] !
{ stoe PARITY T ] {
LoGic LoaGic R -
i ——t—|__RECEIVER auFrER AEGISTER ] : "
} T T T
sFo - "“&E;é‘s‘f: _____ aRD
. T REA8 (MSB) RBRT (L58)
* These outputs are three state {IM8402) or always sctiva (IM6403)

FIGURE 6. 1M5402/03 Funclional Block Diagram
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[FS402/16403
TRANSMITT.ER OPERATION

The transmitter section accepts paraliei data, formats it ahd
transmits it in serial form (F|gure 7) on the TROutput

" terminal.
- * 5-8 DATABITS 1, 11/20R 2 STOP BITS
START BIT, | . ] : | I}
\ - T 1
Pl [ T4 1 Il sf i
.o . \—PAmTV
*IF ENABLED
FIGURE 7. Serial Data Format _—

Transmmer tlmmg is shown in Flgure B @ Data is Ioaded into
the transmitter buffer reglster from the inputs TBR1 through
T8R8 by a Ioglc low on the TBRLoad input. Valid data must be
present at least ‘Ds prior to and toH following the rising edge of
TBRL. I words less than 8 bns .are used, only the-least
significant bits are.used. The character is right justified into

the least. significant bit, TBR1. ® The rising edge of TBRL

clears TBREmpty. Oto 1 clockcxcles laterdatais transferred to
the transmrtter register and TREmpty is cleared’ and
transmussron starts. TBREmpty is reset to a logic high. Output
data is clocked by TRClock. The clock rate is 16 times the data-
rate. Q) A second pulse on TBRLoad loads data into th.é
transmitter buffer register. Data transfer to the transmitter

register-is delayed until transmission of the-current character- -

_is complete. © Data is automatically transferred to the

. transmitter register and transmission of thatcharacter begins.

o =1 = =

l+—07T0 1 CLOGKS

DATth R I ]

FIGURE 8. Tranamitter Tlmlng (Nut tfo Scale)

RECEIVER OPERAT!ON

Data is received in serial form atthe Rl lnput When no data is
being received, Rl input must remain high. The data is clocked
through the RRClock. The clock rate is 16 times the data
rate. Receiver timing is shown in Figure 9

® A low level on DRReset clears the DReady lina. ® Durmg
the first stop bitdata is transferred from the receiver register to

the RBRegister. If the word islessthan 8 bits, the unusedmost =
significant bits will be a logic low. The outputcharacter is right

justified to the least significant bit RBR1. A logic high on
.OError indicates overruns. An overrun occurs when DReady
has not been cleared before the present character was
transfered to the RBRegister. Alogic highon PError indicates a
parity errar. © 1/2 clock cycle later DReady is set to a logic
high and FError is evaluated. A logic high on FError indicates
an invalid stop bit was received. The receiver will not begin
searching for the next start bit untii a stop bit Is received.

BEGINNING QF FIRST STOP an’&j +—7 112 CLOCK c¥eLes
a || I

- ABR1:8, OF, PE 4

vDR_——i

FE

DATA

L— 12CL0cK

LT CYCLE

"FIGURE 9. Récelver Timing (Not to Scale)

START BIT DETECTION

*The réceiver uses a 16X clock for timing (saé Figure 10.) Tha
start bit @ could have occurred as much as one clock cycle
. before it was detected, as indicated by the shaded portion. The

“center of the start bit is defined as clock count 7%. If the -

receiver clock is a symmetrical square wave, the center of the
"~ start bit will be located within £1/2 clock cycle, +1/32 bitor

+3.125%. The receiver begms searching forthe next start bltat ’

. the center af the frrst stop bit,” oL L

- °L°°K_| LIL] LI L”.J LT countrin

-~ B

DEFINED
CENTER OF
START 81T

- RRLINPUT A7 START

) ko7 112 CLOCK CYCLES—] ".
BRI b———-ﬂ!RCLOCKCYCLES s MR

.. FIGURE 10; st'-n ai 'nmrng iR

Mu:.roprocessor systems, "which are mherently parallel in
nature, often require an’asynchronous serial interface. This
function can be performed easily with the IM6402/03 UART.
Figure 11 shows how the IME6403 can be iinterfaced to an

_ IMB100 microcomputer system with the aid of an IMG101
Programmabie Interface Element (PIE). The PIE interprets

Input/Output transfer (10T) instructions from the processor

.. and generates read and write pulses to the UART. The SENSE

lines on the PIE are also empioyed to allow the processor to

- detect UART status. In particular, the processor must know

when. the Receive Buffer Register has accumulated a
- character (DR active), and when the Transmit Buffer Register
.can accept another character to be transmltted

“n thls example the characters to be recawed or transmmed
will be eight bits long (CLS 1 and 2: both HiIGH) and transimitted
. with' no parity (PLHIGH) and two stop bits (SBS:HIGH). Since
these control bits will not be changed during operation,
Control Register Load {CRL) can betied high. Remember, since
the IM6402/03 is a CMOS device, all unusedinputs shouldbe
committed, -+
The baud rate” at which the transmitter and receiver will
operate is determined by the external crystal and DIVIDE
" CONTROL pin onthe IM6403. The internal divider canbe setto
reduce the crystal frequency by eithar 16 (PIN 2:HIGH) or 2048
(PIN 2:LOW) times. The frequency out of the internal divider

IRIGAC

.shOUId be 1
baud, this e
and DIVIDE
receive (RR:
external cle

-To assure ¢
must be re:
active high,

pulse after
. assure tha
. to start.

The IMG4C
quite easil
gommand
BUFFER F
% REGISTER
processer
BUFFERR

o

s
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8-Bit Input/Output Port

The RCA-CDP1852D and CDP1852CD are
paraile, 8- bit, madeprogrammable COS/MQOS
inputioutput ports designed for use in CDP-
1800 series mucrourocessor systems. These
inout’/output ports are comoatible and will
interface directly with the CDP1802 without
additional comgonents

The mode contral is used to program the
device as an input port {moda=0} or output
port {mode=1), If the CDP1852 is used as an
input port (mode=0), daza is strobad into the
pori's 8-bit register by a high (1) leve! an the
clock line. The negativa, high-to-low transi-
tion of the clock sets ihe Service Request
Fhip~Flop (SR=0} and !aicnas the data in the
outpur can be used to sig
ral the microprocessor. ‘When CS1+CS2=1
the thres-state outpwt drivess ave enabied,
the negative high-to-low ‘rans.ton of CS1*
CS2 resets the Service Rugu2st Flip Flop,
SR=1.

1f the CDP1852 is used 35 an output port

MAXIMUM RATINGS,
Absolute-Maximum Values
Starage-Tempearature Rangs !Trg)
................ veee.es —651t0 +150°C

ODeranng Tema»ra ure Ranga (T4l

Preliminary Data

{mode=1), data is_strobed into the port’s
8-bit register whon C51-CS2-CLOCK=1. The
three-state output drivers are enabled at all
times when the CDP1852 1s configured as an
output port. Tha service request signal is
generated at the terrnination of C31.CS2=1
and will be present. 1 level, until the fol-
lowing negative, high-ta-low *ransmon af the
clock.

A TLESR control is provided for resewing
the port's register and service request flip-
flop.

The COP1852D s functionally identical to
the CDP1S52CD. The CDP1852D hes a
recommendad operating volrags range of 3
to 12 volts, and the CDPi852CD has a
recommended operating voltage range of 4
to B volts.

Tne CDP1852D and CDP1852CD are sup-
phed in 24-lead, hermetic, dual-in-line cera.
mic packages.

For Tx=+100 to +125°C

CDP1852D, CDP1852CD

Features:

m Static Silicon-Gate CMDS
circuitry—CD4000-series compatible

= Compatible with CDP1800-saries
micropracessors at maximum speaed

m Interiaces with CDP1802

microprocessar without additional

components

Sind2 voltage supply

Full military temperature range

{--55°C to +125°C)

Parallal B-bit data register and

buffer

® Flip-flop for service request

® Asynchronous register clear

Low quiescent and oprating power
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APPENDIX C

DPSK Modem Circuit Diagram
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APPENDIX D

IMPORTANT CIRCUIT DETAILS

FOR TFM MODULATOR
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