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ABSTRACT

A design for a large firs t-in -firs t-o u t memory is shown with 

an application in a baud-rate converter for keyboard terminals. The 

serial-shift-register approach is used for data storage» but the control 

register usually associated with this method is eliminated9 with a sav

ing of 20% in hardware. Control logic for the memory is independent of 

the number of words and word size. Only more shift registers are needed 

for expansion. Fall-through time is equal or less than for integrated 

forms of this type memory. In large memory applications (over 64 bits) 

a cost saving of 751 can be realized using the technique described here.

Performance was evaluated using a 512-by-7-bit memory as a data- 

rate buffer attached to a llO-baud Teletyp^operatihg on a 300-baud 

data line.

VI



CHAPTER 1

INTRODUCTION

A first-iB*ftrs:fc~out (FIFO) memory is useful when two digital 

systems operating at different data rates, or asynehronously, must com

municate with each other. For example, character printers are usually 

much slower than the processor unit from which they receive data. When 

a processor outputs data by a programmed transfers one character at a 

time, the time required to set up the output of each character can be

come excessive. Use of a FIFO buffer will enable the processor to output 

a block of data to the printer. The processor may then perform other 

tasks while the printer is printing from the buffer. Input of data from 

a slow source such as biomedical monitoring equipment can be blocked by 

a FIFO. Rather than interrupting the processor for each digit or number 

of data, only one interrupt need be generated for an entire block of 

data to be transferred. I f  all data from a patient is blocked with a 

FIFO, a greater number of patients can be connected to the system with

out a reduction in processing time.

The design example shown here is a data-rate buffer for a 110- 

baud Teletype used on a 300-baud data line (Fig. 1). The FIFO is re

quired to store the data coming from the computer at 300 baud. Of 

course, this process, with data coming in a 300 baud and going out at 

IlO-baud, cannot continue very long before the memory is fu ll.  A suit

able buffer size must be selected for the particular application.

1
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A FIFO memory can be constructed using one of two basic ap

proaches: arandom-access memory (RAM) or a serial shift-register. The

RAM approach has several disadvantages; Two incrementable address reg- 

isters must be provided for the read and write addresses. A comparison 

circuit must determine when the write address has caught up with the 

read address and has set a Memory Full flag. Another comparison circuit 

must determine when the read address has caught up with the write ad

dress and set a Memory Empty flag to stop further output. The greatest 

disadvantage is that the amount of address logic increases as the memory 

size increases in either number of words or word size. The RAM approach 

does offer a faster fall-through time than the serial method. Fall- 

through time is the time required for data presented at the memory input 

to become available at the output.

The serial Shift-register approach is used in commercially
1available FIFO integrated circuits. A control register, equal in length

to the storage registers, contains a marker b it to indicate when a word

position contains data (Fig. 2). The greatest disadvantage of the inte- 

grated-circuit FIFO is its  cost of over 5 cents per b it of storage. Use 

of the integrated circuit FIFO becomes uneconomical in memories over 64 

words long.

The new FIFO buffer presented herein uses the shift-register 

approach but omits the control register. The elimination of the control 

register means that all-zero words (null data) cannot be stored. How

ever, this is usually not a problem. I f  i t  is necessary to store null 

data, an extra b it can be added to the memory.
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The cost of a FIFO implementation is primarily the cost of the 

memory elements. Control logic is insignificant especially for large 

memories. Omitting the control register in the data-rate buffer results 

in an overall cost saving of 12.5%. This percentage w ill increase for a 

smaller word size and decrease for larger word size. The cost of FIFO 

memory using the serial shift-registers is less than one-half cent per 

bit compared to more than five cents per b it in the integrated circuit 

FIFO.2



CHAPTER 2

FIFO MEMORY

The FIFO implementation used in this project is general in na

ture. The timing is dependent upon the master clock rate which is 

selected for the particular application in consideration of fal 1 -through 

times maximum read and write rate required* and the maximum operating 

speed of the shift registers used for memory.

The FIFO used here for data rate buffering is 512 words of 7 

bits each to buffer ASCII-character data. Fall-through time for one

character is 606 usee for a memory clock rate of 844s800 Hz. In gen

eral, the fall-through time (FTT) is given by

FTT ■- Number of words in FIFO memory (length in bits)
memory clock rate

This puts an upper lim it on the maximum rate (MDR) at which data can

enter and leave the memory, v iz .,

MDR 1 
FTT

For this application, the data-rate capability is 1650 characters per 

second. However a rate of only 30 characters per second (300 baud) was 

used. At a clock rate of 844,800 Hz and a data rate of 30 characters 

per second, this memory could be expended to 28160 characters of storage 

before the fall-through time would become a limiting factor.



o
The National Semiconductor MM5057 serial shift registers were 

used as memory elements. Input and output data buffers were not neces

sary because the memory was interfaced directly to and from avuniversal 

asynchronous receiver/transmitter integrated circuit ( UART ) T h e  UARTs 

have externally controllable input and output registers (Fig. 3).

Circuit Analysis 

Memory control logic must perform the fo il owing functions : 

master clock generation, baud rate clock generation, write control, read 

control, memory empty detector, and memory-overflow detection and con

tro l.

Master Clock Generator 

Memory timing and baud rate clocks are derived from a master 

crystal oscillator (Fig. 4). The crystal oscillator is constructed from 

two 7400 NANO gates, G5 and G6. The gates are biased near the switch

ing-threshold voltage level (1.35 volts) with two 330 ohm resistors. A 

5068.8 KHz crystal couples gate G5 to G6 "and a 0.1 uF capacitor com

pletes the oscillator loop from gate G6 to G5. Output of the oscillator 

is buffered by gate G7.

A three-stage Johnson counter, FF1, FF2, and FF3, implements a 

divide by six with complementary symmetrical outputs MC and MC at a fre 

quency of 844800 Hz. A third output, PMC leads MC by one clock cycle. 

PMC is used to set up a read cycle prior to the fa ll of MC when the mem

ory is clocked.
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BAUD-* Rate -CTot ks

Master clock signal MC is divided by a 7493 divide- by-sixteen 

counteri Cl $ to 52.8 KHz (Fig. 5). This signal is divided down to three 

clock rates; 4800s 1760, and 300 Hz. The 52.8 KHz is divided by two, 

FF4, to 26.4 KHz and then by an asynchronous divide by fifteen counter, 

02 and gate 08$ to 1760 Hz. The 1760 Hz clock is sixteen times the 110 

baud rate. The 52.8 KHz is also divided by an asynchronous divide by 

eleven counter, 03 and gate 09, to 4800 Hz which is sixteen time the 300 

baud rate. The 4800 Hz is divided down by a 7493 divide by sixteen 

counter, 04, to 300 Hz for the memory empty detector clock. The six- 

teen-times-baud-rate clocks are required for the UARTs.

WRITE Control

Gates 02, a 7475, perform a 7 input OR function of each b it of 

memory for the current word output from the shift registers (Fig. 6). 

Signal A w ill go high at the beginning of the block of data in memory 

and will remain high until all stored data has been recirculated. For 

example, i f  the memory is empty, no pulse will appear at A. I f  five 

words are stored in memory, the pulse at A w ill be 5 clock cycles long. 

Timing is derived from the leading edge of A for the READ function and 

the trailing  edge of A for the WRITE function (Fig. 7 ) .
t

I f  AB is present at gate 013, and data is in the receiver UART 

register (DAV is high), the write control flip -flop  FF8, is set on the 

positive edge of the master clock (MG) (Fig. 8). FF8 set resets DAV, 

enables data on the memory input bus, and inhibits memory recirculation. 

A half a clock cycle later, on the fa ll of MC, data is clocked into the 

memory.
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When the memory is emptys signal AB cannot occur so the memory 

empty signal (ME) enables a write in the next sequential memory lo

cation. During the next clock cycle following a write cycle"; B goes 

low. Thus9 a write can occur only once per complete cycle of the memory 

and only at the end of the current data stored in the memory.

READ Control

I f  AB is present at gate Si7 and the output data buffer is empty 

(TBMT from the DART is high), then, FF13 is cleared on the rise of MC. 

Signal PMC occurs one clock period before the drop of MC to lock the 

read request into FFll. This allows for data setup time and recirculate 

setup time on the memory input. Also, FFT4 is cleared to load the 

present data on the output bus of the memory into the UART input reg

ister via signal DS. When MC fa lls , only zeros are present on the input 

bus to the memory. This clears a ll b it positions in the memory of the 

word just loaded into the UART transmitter register. This procedure has 

resulted in one word being read from the memory and the same word de

leted from the front of the data block in memory.

Memory Empty Detector 

Flip flops FF9 and FF10 are clocked at a rate less than a com

plete cycle of memory through all locations. I f  data is stored in the 

memory, signal A w ill keep FFTQ from setting. FF10 is also reset by 

gate G!5 i f  data is written into memory. I f  the memory is empty, then, 

after 512 memory cycles FF10 w ill set as a flag that the memory is empty 

and to enable a write function whenever data is received in the UART.



Memory Overflow

The memory must never become completely f u l ls or a ll identity of 

the data will be lost. For this application, two memory locations are 

held in reserve rather than just one. This allows writing into a fu ll 

memory with automatic deletion of the oldest character. This special 

function is for use when the Teletype terminal is being used in paralTel 

with a video terminal. When used as FIFO, only one memory location need 

be reserved so that signal A w ill be a pulse to define the start and end 

of the data block.

Memory overflow is detected when FF7 is set and A goes high 

(gate G25, Fig. 9). This clears FF12. I f  memory overflow is detected, 

the UART receive clock is disabled by gates G10 and Gil unless the STORE 

mode has been selected. In the STORE mode, the memory is written in the 

next to the last location. As soon as signal A goes high again (read 

time) the oldest data character is deleted from memory, again leaving 

two empty locations.

Memory Ful1/Delete

I f  the second to the last memory location is written into, the 

oldest data in memory is overwritten with zeros. This is detected by 

gate 621 which sets up one 'inhibit recirculate1 cycle. Since no data 

is enabled on the data input bus to memory, all bit inputs are zero.
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CHAPTER 3

BAUD-RATE CONVERTER

Computers are usually much faster than their associated input/ 

output (I/O ) devices. I t  is desirable to have I/O functions occur as 

fast as possible so that the computer processor does not become I/O 

bound.

For many years the Teletype was the most used terminal for 

interactive use. The Teletypes however  ̂ is a slow 110 baud device (10 

characters per second). Recently, the video terminal, operating at 300 

to 2400 baud, has become more popular. Due to the limitations of te le

phone lines connecting most remote terminals, most video terminals are 

set for a rate of 300 baud.

For computer centers unable to afford automatic baud-rate selec

tion modems, the Teletype owners have been le ft  with an unusable machine 

because the usual choice is to set the data line modems at 300 baud for 

the highert-speed video terminals. But video terminals lack the printed- 

copy capability of the Teletype.

the baud-rate converter solves both of these problems for those 

who have a Teletype machine available. With the baud-rate converter, a 

Teletype, operating at 110 baud, may be used on a 300 baud data line 

(Fig. 10). Using the STORE mode, the Teletype may be used in parallel 

with a video terminal to get a printed copy when needed.

18
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The FIFO is necessary when data comes from the computer at 300 

baud into the baud rate converter and goes out at only 110 baud.

Teletype to Computer Logic 

The FIFO is not used in the up conversion from 110 to 300 baud. 

A UART, Z2S and a single NANO gate perform this function (Fig. 11). 

Serial data from the Teletype at 110 baud enters the UART. Parallel 

data becomes available on pins RD8-RD1. As soon as the data available 

(DAV) signal goes high and the transmitter buffer empty signal (TBMT) 

goes high, data is strobed into the transmitter register by OS and DAV 

is reset with RDAV. The transmitter section of the UART is operated at 

300 baud for transmission of data to the computer.

Computer to Teletype Log i c 

Data is received at 300 baud and entered in serial form to pin 

SI of UART Z1 (Fig. 12). When data is converted to parallel form, 

signal DAV is set high by the UART. Another character may be received 

in serial form whi1e the current character is s t il l  in the parallel 

output register of the UART. When the FIFO is ready, i \ e . , the circu

lating data train has reached the end or write point, data is strobed 

into the memory, and DAV signal is reset by RDAV.

The transmitter section of UART Z1 sends data in serial form to 

the Teletype at 110 baud. When a character has been transmitted to the 

Teletype and the UART buffer is ready to accept another character, 

signal TBMT is set to logical 1 by the UART. This signals the FIFO to 

supply another character i f  any data is s t i l l  in memory. , I f  data is 

available in memory, the oldest character, i .e .1, the front of the data
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block, is read out and placed on the parallel input bus of UART ZT. 

Signal control 1 ine W  is strobed low to load the data into the DART,

An asynchronous parallel to serial conversion then takes place at 110

The 512 character memory will receive 763 continuous characters 

before an overflow of memory occurs. The higher figure is due to output 

taking place from the memory at 110 baud at the same time as input at 

300 baud.
' ; , '

M S X

The delay of a character from the keyboard to the computer and 

an echo back to the printer is small enough to enable easy interactive 

use of a terminal used through the baud rate converter. Delay times 

exclusive of small gate delays are

Keyboard serial 110 baud to parallel in UART 100 mS

UART parallel.to  300 baud serial for computer 33 mS

Computer parallel to 300 baud (echo coming back) 33 mS

memory 0.6 mS

parallel to 110 baud for Teletype 100 mS

TOTAL DELAY 267 mS

The approximate time delay i f  the computer was communicating directly 

with the Teletype at 110 baud instead of through the baud rate converter 

is 200 mS.

Store Mode

The Teletype is connected to a modem using the 20 mA loop inter

face connector. A video terminal is connected to the modem using the



R5-232 interface connector. The baud rate converter is switched to the 

STORE mode. The video terminal may then be used in a normal manner.

The FIFO memory will retain the last 512 characters that appeared oh the 

video terminal. When printing is desired, the STORE-PRINT switch is 

switched to PRINT mode. Data is then sent from the FIFO memory to the 

Teletype until the memory is completely empty or is cleared with the 

master clear button on the front panel.



.CHAPTER 4

INTERFACE

The baud-rate converter can be connected to a modem or to another 

signal source using a 20 mA current loop or a RS-232 interface (Fig.13).

A problem encountered when using the RS-232 interface is that to 

provision for both types of interfaces requires that the two inputs be 

OR ed together. The normal state of a 20 mA current loop is "marking" 

( i .e.  current is flowing in the closed loop). I f  the RS-232 interface 

is being used, the current loop would be open and thus indicating a 

logical 1 at all times. This problem was eliminated by using the DATA 

SET READY signal on the RS-232 connector through a TOO Kohm resistor to 

bias optical isolator 01^4. This synthesizes a closed-current loop or a 

logical zero from the current-loop input. The OR function then works 

properly. This method was used to eliminate a switch on the rear panel 

to transfer between the two possible interface connections.

The modem is completely isolated electrically with optical 

couplers when using the 20 mA current loop.

Current-to-1ogie voltage transformation is also accomplished 

with optical isolators.

Front panel control interface is shown in Fig. 14.

25
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CHAPTER 5

’ CONCitiSIONS

The FIFO design described in this thesis saves a substantial 

amount of the cost of firs t-in -firs t-o u t memories over 64 words in size 

This method of implementation w ill operate at equal to or greater than 

speeds presently availadle in complete integrated form.

In this example the cost of the memory was $74.13 compared to 

$189.00 that a large scale integrated circuit would cost. The cost of 

control circuits required to use the serial-shift-register was included 

The cost saving here was 43%. In a large FIFO of 4096 words of 7 bits 

each the cost would be $342.93 for the serial-shift-register approach 

vs. $1512.00 for large scale integrated.circuits or a cost saving of 

77%; .. :

The control logic for this FIFO memory is suitable for inte-

egration in large scale integrated circuit form for additional savings
- - '

in cost.

For requirements in Which hulT data must be stored for timing 

purposes5 an extra b it may be added to each word in memory that is 

always written as a logical 1.
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