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Bohlmann, Rodney John 

Abstract 

Because of the number of different computer languages 

available today, a line printer which is capable of printing 
/ 

any character is desirable. This thesis presents a printing 

mechanism, and a controller for that mechanism, which together 

realize such a printer. The result is a printer with 512 

completely variable characters, both in terms of the characters' 

appearance as well as their codes. 
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The Problem 

Chapter 1 

In the past several years computer research has led 

to the development of many high level languages. Some 

of these languages have incorporated into their alphabet 

special symbols not used by other languages. In a com¬ 

puter research lab, programmers should be able to use 

these languages or create new languages with new 

alphabets. A language should not be restricted inside 

the lab as a result of the I/O equipment not being able 

to handle the desired alphabet. There are two require¬ 

ments for text output in a research laboratory. 

1) An output device (at least one) is needed which 

is capable of printing any character desired by 

any user of the lab. 

2) A change in the character set of that device 

should not require any more than programmed 

control if possible or at most a simple 

manual adjustment such as moving a switch. 

All printers presently available are designed with 

a fixed character set which is most often the English 
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alphabet, Arabic numerals and several special characters. 

Although some devices have a permanent character set, 

most will yield to some form of alteration. But in 

every case, the alteration is physical in nature and 

results in some new fixed character set. Should it be 

desirable to achieve yet another character set, the same 

type of physical alteration is required. The inconven¬ 

ience of making a character change is sufficient to 

warrant avoiding changes, not to mention the cost. In 

the case of an IBM 1403, 600 line per minute printer, 

the ability to change the character set must be purchased 

at a price of $3030 above the initial cost of $32,000 

for a user-owned printer. After the $3030 attachment 

is purchased, character sets can be purchased at the 

price of $975 each. In a more recent printer, the IBM 

3211, a price of $11,550 is paid, just for a new character 

set. This does not include any newly developed characters 

in either case. Such printers do not meet requirement 

number two above. 

Commercially available today are cathode ray tube 

read out devices which meet both requirements. Such 

devices use either vector arrays or dot arrays to form 

any desired figure, including characters. These devices 
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are not intended for hard copy output and as a result, 

obtaining hard copy from them is rather expensive. A 

line printer which prints on standard paper and offers 

any character is more desirable. Such a printing device 

should compare in per copy price to normal line printing 

operations. It should offer its full character set 

under program control to faci1itate easy access to 

special characters. 

Subsequent chapters of this thesis present such a 

device. Chapters two and three present the A. B. Dick 

Company Videojet printer and the definition of a control¬ 

ler which will convert the Videojet to a variable character 

set printer, while chapter four presents a realization of 

the controller defined in chapter three. 
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The Videojet Printer 

Chapter 2 

In order that high-speed output be available early 

in conjunction with the Rice Research Computer (RRC), 

it proved desirable to acquire a line printer from the 

commercial market and operate that device until the 

target printer could be realized. When choosing a 

printer, the goals were kept in mind that, ultimately, 

a wide character set was desired in a device using stan¬ 

dard paper. The device chosen was the A. B. Dick Company 

Videojet Printer. The Videojet was chosen for several 

reasons, not the least of which is its adaptability as a 

variable character set machine. Other deciding features 

were its cost, size, noise level and the fact that it 

prints on standard printer paper. 

The Videojet printer is an ink jet printer manu- 

facutred with a fixed character set of 64 characters. 

Clearly, this is not the target machine in terms of 

characters available. However, the design of the Videojet 

is such that the machine itself can be used as a printing 

mechanism for the target printer. Basic functions of the 
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Videojet are not complex and can be described briefly. 

The character generation and printout in the 

Videojet is designed using a 9 x 11 dot matrix. A 

symmetric crystal clock of 132 KHz synchronizes all 

internal logic. An ink stream is generated under high 

pressure and broken into small droplets by a 66 KHz 

signal applied to a pizoelectric orifice. Alternate 

droplets are designated as character bits. Ninety- 

nine character bits are used to make one character. 

When a line is printed, the carriage under the orifice 

is swept across the page at a constant velocity. Char¬ 

acter bits of the ink stream which are charged hit the 

page while non character bits, as well as uncharged 

character bits, are collected by an ink gutter and re¬ 

turned to the ink supply reservoir. Since the height of 

a character is 11 bits, 11 character bits must be put 

out in a column as the carriage scans the page. Vertical 

position of the dots on the paper is controlled by 

passing the charged droplets through an electric field 

of constant intensity after inducing a variable charge 

on the ink droplets. That is, an ink droplet with a 

larger charge will be deflected to a higher position 

on the page. By placing 11 charges of increasing mag- 
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nitude on 11 successive droplets, a column of dots can 

be formed on the page. 

The logic of the printer generates 99 pairs of pulses 

for each character position. Along with the 99th pulse 

pair, a single line is asserted signifying the end of 

the character position. There are twenty lines on which 

the pulse pairs are generated. To distinguish the lines 

they are labeled XI, X2 ,. . . X9,Y1 >Y2 ,. . . Y11 . Pulse pairs 

are formed by pulsing two of the lines simultaneously. 

All groups of 99 pairs follow the sequence (X1,Y1), 

(XI,Y2),...(XI ,Y11) , (X2,Y1), (X2 , Y2),...(X2 , Yll),.. . 

(X9,Y1), (X9 ,Y2) ,...(X9 , Y11) . Each pair corresponds 

to the coordinates of a dot in the 9x11 character 

matrix as shown in figure 1. 

Combinational logic uses the 20 pulse lines to 

generate character bit patterns. Figure 2 shows the 

logic gate for the letter T and the resulting character. 

This is a trivial example but shows the mechanism. 

During each character slot, all of the 64 characters 

are generated. A decoding section takes an input ASCII 

code and selects only one of the patterns to be printed. 

The selected pattern is multiplied by a ramp function, 

bit by bit, and the resulting product is used to charge 
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the character bits in the ink stream. The ramp is reset 

by each Y1 pulse to give the vertical sweep its repeating 

characteriStic. 

Because of the nature of the printing procedure, the 

printer must be fed characters synchronously. To 

achieve this result, characters are requested by the 

printer each time the printer is ready to input a new 

character code. This occurs somewhat overlapped with 

the actual printing of the preceeding character. A 

total of 3.5ms is available after the character request 

pulse, during which time data will be accepted. If no 

new data is received, (i.e. no pulse is given signifying 

new data) a blank will be printed in the next character 

position. 

A much more detailed description of the operation 

of the Videojet can be found in the Videojet M9600 

Printer Systems Manual, A. B. Dick Company. The descrip¬ 

tion given here merely allows the reader to have a basic 

idea about how the Videojet operates in order to under¬ 

stand how it is to be used to achieve the desired printer. 
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The Controller Requirements 

Chapter 3 

When converting the Videojet printer to a variable 

character set printer, several design considerations 

become evident. First, it can be observed that the 

printing mechanism which utilizes the 99 dot matrix can 

be used effectively with any 99 bit string. During a 
Q Q 

single print position there are 2 possible bit strings 

which could be used to produce the ramp product for 

charging ink droplets. Certainly, very many of the 299 

possible strings are degenerate characters such as a 

single droplet of ink hitting the page. But, of more 

importance is the fact that almost any character could be 

printed in a 9 x 11 matrix, simply by producing the 

necessary bit string. Simply producing the string may 

be an understatement of the problem, but certainly once 

a bit pattern is determined for a character, it could be 

used effectively to produce that character. 

A second consideration is the synchronous nature of 

the printing mechanism. Regardless of where the bit 

string originates, it must be applied to the print control 
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circuitry at the proper time to produce the desired 

character. Requesting characters as is currently done 

can be used to achieve proper spacing of characters in 

the Printline. The character request feature allows 

a bit string to be passed to the printing mechanism 

with the least amount of intermediate timing circuitry. 

To use the Videojet for printing a large number 

of characters, a special controller needs to be built. 

This controller can be described in terms of the inter¬ 

action it must have with the data source and the printer. 

Shown in figure. 3 is a block diagram of a system incor¬ 

porating the controlled printer. The control box will 

need to effect the following control: It will need to 

receive data request signals from the printer and transfer 

them to the data source. When data is received from the 

source, it will need to transform the data into a 99 bit 

string and apply that string at the proper time to 

achieve character printout. In order to realize a 

variable character set, the transformation of data into 

bit strings must be controllable. 

Viewing the requirement of a changeable character 

set, it is seen that the most effective way to allow 

character control is to store the bit patterns in some 
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sort of memory. Then, when a 99 bit pattern is desired, 

it can be extracted from the memory. This type of control 

would also allow any other device to access the bit pat¬ 

terns for displaying characters. When a change in a 

character is desired, it can be done by rewriting the 

memory with the new character pattern. The entire 

controller can be described in terms of the signals it 

must receive and transmit between the data source and 

printing mechanism. 

Data coming from the source will be of three types. 

Control data will specify to the controller what actions 

are required of the controller. New character data 

will specify what pattern should be printed for a given 

character. Print data will be coded information which 

tells the controller which character is to be printed. 

New character data and print data are distinguished in 

that each new character requires ninety-nine data bits 

as well as eight or nine code bits to specify which code 

is to be associated with the new character; whereas 

print data is in coded form, thus, reducing the number 

of bits in the transfer to eight or nine depending on the 

number of characters available simultaneously. 

Data sent to the printer will also be in varying 

12 



forms. The printer will require control character signals 

in a different way than it requires print character 

signals. Print characters can be sent to the printer as 

a 99 bit string to be multiplied by the ramp function 

to charge ink droplets as described in Chapter two. 

This method of transmission is obviously not useful for 

control characters such as line feed and carriage return 

since no information should go to the print head as a 

result of such characters. Thus, when a control character 

is received at the controller, it should be decoded into 

the proper control signals for the printer. This presents 

design problems in that the character set is arbitrary. 

Arbitrary presumes that any code can specify any character, 

control characters included. Control character codes must 

be stored in some manner to facilitate their change just 

as other characters. This problem is solved later in 

Chapter four. Because of the nature of control signals, 

it is necessary to have separate lines for control signals 

apart from the print character line. This could be done 

in several ways, depending on the number of control 

signals involved. Certainly, for four or five lines, it 

is advantageous to use discreet lines, whereas, with 

10 or 12 lines, it would be more desirable to encode 
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into a few lines and decode again at the printer end. 

The relative worth of either method would be determined 

by cable availability. 

In the opposite direction, the signals are much 

fewer. Signals from the printer to the controller will 

need to reflect two conditions. First, the controller 

should be able to discern whether the printer is ready to 

print. Second, as each character is needed, the printer 

should send a signal to the controller indicating a 

character request. One other signal is required to move 

from the printer to the controller. This signal is the 

internal clock of the printer. It is needed in order to 

synchronize the 99-bit string to the ink droplet stream. 

From the controller to the data source, several 

signals are useful. The data request signal from the 

printer must be transferred to the data source. Status 

lines are useful to indicate the current state of the 

controller. This information is for operating conven¬ 

ience more than it is required. It allows a programmer 

at the data source to interrogate the controller, 

thereby determining its current state and whether or not 

control data needs to be sent to the controller. 

With these signals defining the functions of the 
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controller, a design can be pursued. Chapter four 

presents a hardware design which will perform all the 

functions assigned to the controller. 
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The Controller 

Chapter 4 

4-1 Input Format 

Using the definition given in Chapter three,, a 

hardware controller can be designed for the Videojet to 

make it a variable character set printer. Certainly, 

before a design can be attempted, the definition of 

Chapter three must be expanded. No data source was 

specified in the definition and hence incoming data has 

not been given any specified format. 

Because this controller is to be implemented for use 

with RRC, the design will be approached accordingly. All 

I/O processing for RRC will be done by a PDP-11. The 

PDP-11 presents output signals to all of its peripherals 

simultaneously on a 56 line Unibus! Each peripheral is 

responsible for accepting its signals and rejecting all 

others. This is accomplished by using 18 of the 56 

lines for address lines and assigning each device an 

address on the bus. A list of all 56 Unibus lines and 

their use is shown in Table 4-1. 

These signals constitute the complete set of input 

PDP-11 Handbook, Digital Equipment Corporation ,Maynard , 
Massachusetts, 1971, p.62. 
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of Lines Names Purpose 

16 D00 to D1 5 Data Lines 

18 A00 to A17 Address Lines 

2 CO, Cl Control Lines 

2 MSYN, SSYN Master and Slave Synchronization 

1 IN IT Initialization 

4 PA,PB,SPl ,SP2 Not currently used 

4 BR4 to BR7 Bus Request Lines 

4 BG4 to BG7 Bus Grant Lines 

1 NPR Nonprocessor Request 

1 NPG Nonprocessor Grant 

1 SACK Selection Acknowledge 

1 INTR Interrupt 

1 BBSY Bus Busy 

Table 4-1 PDP-11 Unibus Signals^ 

1) PDP-11 Handbook, Digital Equipment Corporation, Maynard, 
Massachusetts, 1971, p.60-61. 



signals which the controller can receive from the PDP-11. 

The different data forms for the controller as described in 

Chapter three, must be derived from these signals, namely, 

control data, new character data, and print data. 

To realize all three input data forms, they need to 

be analyzed more thoroughly. New character data will be a 99 

bit word containing the bit pattern of a new character, 

plus an eight or nine-bit word telling which code is to be 

associated with that character. New control character 

input is a special case of new character input and does not 

need to analyzed at this point. Print data will consist 

of an eight or nine-bit code telling which character should 

be printed. Print data will be the majority of the input 

data and should be weighed accordingly in the design consi¬ 

derations. Control data will specify to the controller 

what actions are to take place. These actions would include 

interrupt enable for requests for new character data or print 

data. 

The PDP-11 presents a full 16-bit word during each 

data transfer, plus the two control lines CO and Cl. The 

four control specifications are listed in Table 4-2. The 

controller will be able to receive words or bytes by decoding 

CO and Cl where 10 will specify full word input and 11 will 
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specify byte input. 

CO. CJ_ 

0 0 DATA IN 

0 1 DATA IN - PAUSE 

1 0 DATA OUT 

1 1 DATA OUT - BYTE 

Table 4-2 

Knowing the possible forms of input data, a decision 

can be made as to which form should be used. All control 

data inputs can clearly be coded into one 16-bit word. 

It may even be possible to use distinct bits for control 

bits since it would be difficult to conceive of more than 

16 control functions. Likewise, it should be possible to 

code the control functions into one 8-bit byte. With 

print data input, the deciding factor for input format is 

the total number of distinct characters desired. For 

expansion purposes and to allow languages like LYAPAS^ 

and APL to be available simultaneously for printing, 

512 was chosen as the number of distinct characters 

needed. A nine-bit code is required to represent one 

of 512 characters, so print data will be nine-bits codes. 

1) Gavrilov, M. A. and Zakrevskii, A. D., A Programming 
Language for Logic and Coding Algorithms, Academic Press, 
New York, 19])§7 
2) Iverson, Kenneth E., A Programming Language, John 
Wiley and Sons, Inc., New York, 1962. 
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This cannot be packed into a single byte but it will 

fit into a word. New character data, on the other hand, 

will be 99 + 9 bits long. The nine added bits are 

needed to specify which code represents the character. 

A minimum of six words and one byte is required to 

specify the 99-bit pattern, while the nine-bit code could 

be received as a separate word, thus requiring seven 

words and one byte. Alternately, the code could be 

packed into one word with the last byte of the character 

pattern to make a total of seven words. It is shown 

later that eight words is a more desirable format. It 

suffices now to say that several words will be required 

for a single new character to be specified. Both word 

input and byte input seem to be useful, but reviewing the 

requirements, only control data really could be utilizing 

byte input, whereas, the majority of the input, print 

data, will be full word input. New character data will 

also require full word transfers to reduce the number of 

transfers required for each new character. To summarize, 

full word transfers are the most desirable data form, 

but control data may require byte operations. 

4-2 Character Storage 

As new character data is received in 16-bit words, 
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it must be formed into 99-bit strings which must be 

retained for further reference. Each string must be 

stored in such a way that it is uniquely associated 

with the nine-bit code specified for it. The most 

straightforward form of storage would be 512 100-bit 

words, wherein, each character pattern could be stored 

at the location corresponding to its code. A 100 bit 

3-D memory, however, is expensive due to the fact that 

it requires 100 sense amplifiers and 100 inhibit drivers. 

So a smaller word size is desirable. 

A smaller word size implies multiple read-write 

cycles for the extraction and printing of one character. 

Unless a portion of the 99 bits is buffered before a 

character print is started, it may be required that a 

memory read operation be done between two successive 

dots in the character being printed. The limiting 

factor would be the amount of time from when the earlier 

bit was last needed to when the succeeding bit is first 

needed. This time value can be found from the description 

of the Videojet given in chapter two. Ink droplets occur 

at a rate of 66 KHz. Character bits occur as alternate 

ink droplets at a rate of 33 KHz. The clock in the 

printer is a symmetric square wave clock which means 
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that one half cycle of 33 KHz is available in which to 

make the next bit ready for printing. One half of a 

33KHz cycle is 15ysec which is certainly enough time to 

perform a complete memory cycle. Only the read portion 

actually need be complete in the time allotted, with 

the restore occurring overlapped with printing. So a 

smaller word length is indeed feasable, while, yet 

allowing the 99 bit pattern to be output without 

buffering any extended portion of it. 

Because of the size of the input word from the 

PDP-11, a multiple of 16 bits is desirable for a word 

size. This would allow full-word processing making the 

logic design problem slightly simpler than the problem 

of processing partial words. Working in terms of a 

16-bit word, a memory of 3168 words is needed to store 

512 99-bit strings. That assumes packing information 

into all available bit positions in core. This packing 

uses six words and three bits per string and requires 

partial word operations. If seven words are used for 

each string, i.e. one full word is used to 

store three bits to make a total of 99, then a 3584- 

word memory is required. Either size is not a standard 

memory size in terms of the number of words. Both 
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storage formats require a 4K x 16 memory to store 512 

character patterns. By the same reasoning, Table 4-3 

can be constructed showing the standard memory sizes 

needed for using 16 , 32, 48, or 64-bit words. Each 

No.Bits/Word No. Words Needed Standard Size 
Needed 

16 3584 4K 

32 1892 2K 

48 1195 2K 

64 896 IK 

Table 4-3 

configuration assumes that full 16-bit words are used to 

make up a memory word. Note that although 1195 48-bit 

words are all that are needed, a 2K memory is the next 

available standard size. This displays a gross inefficiency, 

but choosing a IK x 48 memory would not even allow partial 

word packing of 512 characters into the memory. Thus, 

the 48-bit word length is very undesirable. The 64-bit 

memory is nearly as expensive as a 100-bit memory and 

offers no significant advantage. This leaves a 

16-bit word and a 32-bit word to choose from. 

23 



A 4K x 16 memory requires 16 sense amplifiers, 16 

inhibit drivers, and 128 select drivers, while a 2K x 32 

requires 32 sense amplifiers, 32 inhibit drivers and 96 

select drivers. The 16-bit memory system would use 

16 less sense smplifiers but 16 more drivers. On a 

cost basis, the bit sense amplifiers are more expensive 

than the drivers so the 16-bit system should be less 

expensive. The 16-bit system is also desirable because 

it can be used to store full single words from the 

PDP-11 without forming a larger word first. 

Thus, a 16-bit 4096 word memory should be used to 

store 512 character patterns for printing. Because there 

are to be 512 characters, the memory could be assigned in 

eight word blocks each storing one character. This would 

result in a very useful feature. Any character can be 

referenced by its unique nine-bit code. In order to facilitate 

storage and retrieval of characters, the nine-bit code 

can be used as the high order nine bits of the 12-bit 

address needed to reference a word in a 4096-word 

memory. The low order three bits can be set initially 

to zeroes and then counted upwards to reference the 

seven words necessary to extract 99 bits. Although 

this seemingly wastes 512 words of memory, the same 
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number of words would be lost by any other scheme. 

4-3 Data Reception 

Some distinction must be made between the three 

data forms to receive each form properly. The addressing 

feature of the Unibus offers this distinction. If three 

different addresses are used for receiving the three 

different data types, then the processing of each word 

can occur without further information being sent. 

Available from Digital Equipment Corporation is a four- 

address decoder module (Ml05) for use on the Unibus. 

This module provides seven output signals which corres¬ 

pond to: four mutually exclusive address signals, two 

lines, H and L, which specify whether the high or low 

byte is to be received from the bus, and one IN line 

which can be used to gate data onto the bus. The IN 

line is asserted as a result of a DATAI or DATAIP 

operation. Both the high-byte and low-byte lines, as 

well as the IN line are asserted for every bus operation 

during which they are valid, independent of the address 

being referenced. This Ml 0 5 address decoder will be 

used to perform data separation upon input. 

4-4 Control Characters 

A problem was referred to in Chapter three which 
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was left unsolved. This is the problem of variable 

control character specification. In a normal environ¬ 

ment, control characters are given specific codes, but 

in the variable-character-set printer the control 

characters must have changeable codes. The problem 

becomes apparent when one considers the task of decoding 

an unknown code into one of several control lines. Some 

mechanism must be devised by which control characters 

can be given codes. One solution for the problem is as 

fol1ows. 

Since a control character will always be decoded 

into one signal, a unique internal code can be assigned 

to each control character. Assume for the moment that 

AS C11^ codes are used, so a carriage return is the code 

215 and a line feed is 12. When a new character is 

specified, a single bit in the first word could be used 

to identify the character as a printable character or a 

control character. Call this bit the character type 

bit CTB. If it is a control character, the internal 

code for the control character can be sent as the next 

word. By storing the first word as well as the suc¬ 

ceeding words of each character, the controller can 

later interrogate the CTB and when printing, can decode 

1) American Standard Code for Information Interchange 
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to the proper control which had been specified. For 

example, say one wanted 777g to represent a carriage 

return (215). Then, 0017778 could be sent as the first 

word using bit nine as the CTB, and 000215g could be 

sent as the second word, both of which are stored into 

the 4K x 16 memory. The first word is stored at 7770Q 

and the second at 77718- When a 777.g is later received 

as print data, word 7770g can be extracted and bit nine 

interrogated. Upon finding a one, word 7771g would be 

extracted and decoded as a carriage return in this case. 

The internal, coding need not be ASCII as was assumed 

here. Indeed, some encoding into the least number of 

possible bits would facilitate decoding. 

4-5 The Controller Design 

Shown in figure 4 is a block diagram of the printer 

controller with special focus on receiving data from the 

data source. Table 4-4 lists the labels of figure 4 

along with a brief description of each. The system 

operates as follows: 

The two large blocks labeled Print and Receive are 

functional units which control all internal operations 

depending on what is occuring. Each box causes the 

controller to sequence through a character cycle, either 
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List of Labels from Figure 4 

Label Description 

BUS DRIVERS 

BUSY (PRINT) 

BUSY (RECEIVE) 

CL 

CONTROL 

CRI-FULL 

CRO 

DEC bus drivers (8 bits) 

Print sequencer is not busy. 

Receive sequencer is not busy. 

Clears three low order bits of MAR. 

Control register 

Pulse line, asserted when a character 
request is received from printer while 
FULL is true. Initiates printing of 
character in LATCH. 

Character request output to data 
source. 

CTB 

CYCLE COMPLETE 

C* IN 

C-L 

FIRST WORD 

FOLLOWERS 

Character type bit. 

Memory cycle complete, pulse signal. 

Pulse line, asserted when the control 
register is read. 

Pulse line, asserted when the control 
register is loaded. 

Asserted when the first word of a new 
character specification is received. 

Asserted when the intermediate words 
are received. 

FULL 

FULL 

GATING CONTROL 

A character is buffered for printing. 

No character is buffered for printing. 

Uses indicators from PRINT and RECEIVE 
to enable data reception. 

Table 4-4 
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List of Labels from Figure 4 

Label Description 

INC Increments low order bits of MAR 

INCMAR • Increment MAR, output from PRINT 

INT DONE 1 Pulse line, asserted when CRO causes 
an interrupt 

INT DONE 2 Pulse line, asserted when READY 2 
causes an interrupt 

LATCH Character buffer for PRINT (9bits) 

MAR Memory address register 

MBR Memory buffer register, loadable 
from Uni bus 

Ml 05 DEC address decoder 

M782 DEC interrupt controller 

NC Pulse line, asserted when new char¬ 
acter data address is decoded. 

P Pulse line, asserted when the print 
address is decoded. 

PRINT Represents Figure 7, the print sequencer 

READ Memory read command line 

READY 1 Receive sequencer is ready to accept 
first word of a character specification 

READY 2 Receive sequencer is ready to accept 
intermediate words of a character 
specification 

RECEIVE Represents Figure 6, the receive > 

sequencer 

Table 4-4 (cont.) 
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List of Tables from Figure 4 

Label 

TO PRINT 

WRITE 

4K x 16 

06 & 03 
00 to 08 
00 - 07 

Description 

Cable to the Videojet Printer 

Memory write command line 

Specifies memory size. 

These notations specify which bits of 
a word or register are being transferred 
on the labeled line. The various 
connectors are self explanatory. 

Table 4-4 (cont.) 
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receiving a character or printing a character. The 

print sequence is initiated upon receipt of a pulse from 

the address decoder signifying that print data has been 

received. The receive sequence is initiated upon receipt 

of new character data. Neither the print sequence nor 

the receive sequence will be initiated unless both are 

in the reset state. These blocks are described in detail 

later in this chapter. 

When an address is applied to the Unibus, the Ml05 

will identify those addresses chosen for the controller 

and decode them into the P, C, and NC lines. (Print, 

Control, and New Character.) 

Assume an initial state where neither a print cycle 

nor a receive cycle is occurring. BUSY will be asserted 

by both Print and Receive with Ready 1 asserted by Receive, 

and FULL asserted by Print. If a single word is sent 

to the NC address, the full word will be gated to the 

MBR. At the same time, the receive box produces a First 

Word signal which gates the low order 9 bits of the bus 

word into the high order bits of the MAR and clears the 

three low order bits of MAR, while storing bit 9 into 

the CTB flip flop for Receive. (Receive uses CTB to 

choose between a two step cycle for control characters 
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or an eight step cycle for printable characters.) As 

the gating occurs, Ready 1 and BUSY are negated. After 

NC falls, the gating of data is complete and receive 

issues a.write command to memory. Upon completion of 

the write, the memory issues a cycle complete signal. 

This signal will cause Ready 2 and BUSY to be asserted. 

These two signals will be reset by a pulse on either NC 

or Interrupt Done 2. 

When Ready 2 is asserted, the controller will be 

ready to receive the next word of the character. NC will 

again be pulsed as the new word is received. This will 

gate the full word to MBR, but Receive does not assert 

FIRST WORD, thus preventing any data from reaching MAR 

or CTB. Instead, Followers is asserted which causes 

the MAR to be incremented by one. Again, after NC 

falls, Receive issues a write command and waits for the 

memory cycle complete pulse. Now if CTB was 1, the 

receive cycle will be complete and Receive will revert 

to initial state with Ready 1 and BUSY asserted. If, 

on the other hand, CTB was 0, then six more words will 

be received by asserting Ready 2 for each new word 

desired and incrementing MAR before storing the new word. 

After the sixth word, Receive will revert to initial state 
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and assert Ready 1. Although it is somewhat apparent, 

it should be stated that Ready 1 and Ready 2 are mutually 

exclusive signals while BUSY is asserted when either 

Ready 1 or Ready 2 is asserted. 

With both Print and Receive in initial states, 

reception of print data will initiate the Print cycle. 

As the data is received, the low-order nine bits are 

gated into Latch and the Full bit is set. When the 

next character request is received from the printer, 

it causes the code to be gated into MAR and a read 

command to be given. Along with these operations the 

character request is relayed to the PDP-11 and the 

buffer full indicator, FULL, is cleared. After completion 

of the read cycle, the MBR is incremented, and a new 

read command is issued. CTB is then interrogated while 

waiting for the cycle complete signal. Upon cycle 

completion, if CTB was 1, MBR is transferred to Print 

and decoded into one of several dedicated control lines 

to the printer. If no new character code has been 

received, the Full bit will remain reset and Print will 

revert to initial state. The character-request signals, 

however, will continue to be relayed to the PDP-11. 

Backing up now, and assuming CTB was 0, a different 
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sequence occurs. At the same time that the second word 

from MBR is transferred into Print, another read command 

is given. Printing is initiated, and the 16 bits are 

gated serially to the print head in phase with the 33KHz 

printer clock. After the 16th bit is sent, the memory 

cycle by this time will be complete allowing the next 

16-bit word to be transferred to Print. This will continue 

until the printer signifies the end of the character 

position by asserting 99th. This signal will reset 

Print to its initial state but will not affect FULL. 

Thus, if FULL is set, the sequence will restart with the 

next character request. If FULL is zero, the Print section 

will remain reset and the entire controller will be ready 

to receive any new data. 

The BUSY signal for Print is asserted whenever 

printing is occurring. A second busy signal is derived 

from FULL. This signal is equivalent to FULL and inhibits 

acceptance of new character data as long as LATCH contains 

a character to be printed. It is useful to relate all 

the inhibiting conditions. Shown in Table 4-5 are the 

three data types and the conditions which must be met 

before their reception is allowed. The signals named 

must all be true before the corresponding data type 
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Data Type Necessary Signals 

Receive Print 

Print Data Ready 1 FULL 

Control Data None 

New Character Data Ready 1 or Ready 2 FULL BUSY 

Table 4-5 

is received properly. 

Operations involving control data are simpler than 

either print data or new character data. When the control 

address is decoded, one of two operations can take place. 

Data can be received or it may be transmitted. When data 

is received, C, and either H or L or both will be asserted 

and IN will be negated, thus gating the incoming bus 

data to the eight bit control register. When data 

is transmitted, i.e. the control register is read, C 

and IN will both be asserted with H and L both negated. 

The assertion of IN will gate the output of the control 

register onto the bus. The control register will con¬ 

tain Ready 1 and Ready 2 from the Receive box, Character 

Request, FULL and BUSY from the Print box, and two 

interrupt enable bits. The Character Request and the 

Ready 2 bits both represent conditions under which an 
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interrupt may be desirable. Each will have an interrupt 

enable bit. If both the interrupt enable bit and the 

corresponding interrupt bit are one, the M782 interrupt 

control module will cause an interrupt in the PDP-11. 

4-5-1 Receive Unit 

As described above, the box labeled Receive in figure 4 

is an eight step sequencer. Its four inputs are NC, Int 

Done 2, CTB, and the cycle complete signal from the memory. 

The outputs are Ready 1, Ready 2, BUSY, First Word, Followers, 

and a memory write command line. The Ready 1 output is always 

asserted during the zero state and during that state only. 

First Word is a pulse output coincident with an NC pulse 

input only if the previous state was the zero state. A memory 

write command is given immediately following every NC input 

pulse. Ready 2 is asserted after every cycle complete input 

pulse, except the final one of a sequence, and remains 

asserted until the next NC or Int Done 2 input pulse. 

BUSY is asserted whenever Ready 1 or Ready 2 are both 

negated. CTB is a level input which is set during the 

first cycle of the receive sequence. It determines 

which memory cycle complete pulse is chosen to reset 

the sequence, number two for CTB = 1, and number eight 

for CTB = 0. CTB is cleared whenever the zero state 
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is entered. 

4-5-2 Print Unit 

The Print sequencer is slightly more difficult than 

Receive. It has five input lines from the controller plus 

16 data-input lines from the MBR, and five output lines 

into the controller. Besides these, there are twelve 

lines between Print and the Videojet. 

From the controller, P, FULL, INT DONE 1, INIT, and 

Memory Cycle Complete are received. P and FULL were 

described earlier. INT DONE 1 is a pulse input which is 

asserted when a character request causes an interrupt in 

the PDP-11. It is used to reset the CRO output line. 

INIT is the initialization signal from the PDP-11 Unibus. 

Its sole purpose is to initialize Print. Memory Cycle 

Complete is a pulse which indicates that a memory cycle 

has been completed. For read operations it signifies that 

data is ready for use. The outputs to the rest of the 

controller are two ready indicators, BUSY and FUir, a 

MAR increment line INCMAR, a character request output 

level CRO, and a memory read command pulse line. BUSY 

is asserted only during the zero state, the other four 

are self explanatory. 
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The interconnections from Print to the Videojet are 

broken into two groups, the control lines and the non¬ 

control lines. The control lines are those lines onto 

which control characters are decoded. The control 

characters are BELL, CR, LF, XON, EOT, FF, and VT. XON 

and EOT are used for turning the Videojet on or off, 

respectively. The other control characters are well 

known. Each must be decoded into a negative pulse on 

the corresponding dedicated line. 

Non control lines are the three inputs 99th, "Pft3, 

and CRI, and the two outputs, IS and PCI. 99th is negated 

and PA3 is asserted except during each character position. 

IS causes the character strobe pulse shown in figure 5, 

which in turn initiates the character print position. 

Figure 5 also shows the time relationship between 99th, 

PA3 and PCI, the latter being the bit string which is 

to be printed. It should be noted that the bit timing 

is simply the AND function of PA3 and 99th. CRl is the 

character request pulse input from the Videojet. It 

sets the CRO output line to a one, and is ANDed with 

FULL to generate a starting signal to cause a character 

to be printed. Figures 6 and 7 show partial logic 

diagrams of Receive and Print, respectively. Tables 
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4-6 and 4-7 give the corresponding label lists with 

descriptions. These are offered without additional com¬ 

mentary . 

The controller realization presented here is by no 

means unique, nor is it complete in terms of logic 

diagrams. Two assumptions were made about the memory 

system, namely that the MBR data remains until a new 

cycle is initiated, and a cycle complete pulse is given 

upon completion of a memory cycle. These assumptions are 

valid for the Ferroxcube FI-3 memory system which the 

author has tenatively chosen for use in the realization. 

If a different system is used, appropriate adjustments 

in the design must be made. 
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Figure 5 Time Relation Between 33KHz, 
STROBE, PA3, 99th and PCI. 
Taken in part from Video.jet 
M96OO Printer Systems Manual, 
A, B. Dick Company. 
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List of Labels from Figure 6 

Label Description 

BUSY Receiver sequencer is not busy. 

CTB Character type bit 

CYCLE COMPLETE Memory cycle complete, pulse signal 

FIRST WORD Asserted when the first word of a 
new character specification is received 

FOLLOWERS Asserted when the intermediate words 
are received 

IN IT Unibus initializing pulse, clears to 
zero state 

INT DONE 2 Pulse line, asserted when READY 2 causes 
an interrupt 

MEMORY WRITE COMMAND Pulse line which when asserted causes a 

NC 

memory write cycle to occur. 

Pulse line, asserted when new character data 
address is decoded. 

READY 1 Receive sequencer is ready to accept first 
word of a character specification. 

READY 2 Receive sequencer is ready to accept inter¬ 
mediate words of a character specification 

.5 MICROSEC ONESHOT Falling edge triggered one shot to generate 
memory write command pulses. 

Table 4-6 
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List of Labels from Figure 7 

Label Description 

BUSY Print sequencer is not busy 

CONTROL LINES Potentially 16 dedicated lines for printer 
control functions. 

COUNT 16 PULSE OUTPUT Counts falling edges of PA3, pulse every 
16th 

CRI Character request input pulses from Videojet 

CRO Character request output to data source 

CTB bit 9 Character type bit, taken from the MBR 

CYCLE COMPLETE Memory cycle complete, pulse signal 

FALL PULSE Output is a single pulse on falling edge of 
99th 

FULL A character is buffered for printing 

GATE Gate to enable output of decoder to reach 
control lines 

INCMAR Increment MAR, output 

IN IT Unibus initializing pulse, clears to zero state 

INT DONE 1 Pulse line, asserted when CRO causes an 
interrupt 

IS Initiate strobe, pulse initiates printing of 
one character. 

MBR 16 bits Input from MBR, 16 bit lines 

MEMORY READ Pulse line which when asserted causes a 
memory read to occur 

P Pulse line, asserted when the print address 
is decoded 

Table 4-7 
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List of Labels from Figure 7 

Label Description 

PA3 Inverted, gated form of 33 KHz printer 

clock. See Figure 5 

PCI Pulsed character input to printer. This 
line carries the 99 bit string to the 
Videojet for forming a character 

.5 MICROSEC ONESHOT Falling edge triggered oneshot to generate 

16 BIT SHIFT 

memory read command pulses. 

REG 16 bit shift register with parallel input 
from MBR and serial output to PCI 

4 BIT DECODE Decodes bits 0, 1, 2 and 3 of the shift 
register 

99 RESET Internal pulse, generated by falling edge 
of 99th 

99th Indicates that a character print position 
has been started, falls at end of character 
printing 

Table 4-7 (cont.) 
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Chapter 5 

Cone!usion 

This thesis has shown the feasibility of realizing 

a low cost, variable character set printer, capable of 

printing any desired character in hardcopy text. 

The Videojet printer, with its 99-dot matrix printing 

capability, offered a solid foundation on which to build. 

When coupled with a special controller the Videojet is 

capable of printing any desired character. Not only 

that, but it offers the ability to specify the characters' 

shape and coding, both control and print characters. The 

resulting printer is capable of a 512 character set, all 

characters of which are arbitrary. This promises to be 

an invaluable tool in a computer research lab, where new 

languages and characters are springing up. 

The cost of the variable character set printer can 

be analyzed by estimating the cost of the parts. The 

Videojet M9600 is available at a base cost of $6000. A 

single additional board for the Videojet is required 

which handles all the control functions and request 

timing. This board costs another $700. 
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The controller for the Videojet will contain a 4K x 16 

memory as its major cost item, costing in the neighbor¬ 

hood of $2800 including power supplies and power failure 

protection. A preliminary design indicates that the 

entire controller can be built from 50 quad two-input 

nands, eight triple three-input nands, 30 assorted dual 

flip-flops, four one-shots, an M105, an M782, 16 bus 

transceivers, and a few resistors and capacitors. Assuming 

an average price of $2.00 per chip for chips and mounting, 

this amounts to $184 for chips and mounting. Add $200 

for small parts and DEC modules, and the Controller is 

still under $3300. This means a total cost under $10,000 

for the entire variable character set printer. 

The resulting printer will print at the basic speed 

of the Videojet, 250 characters per second, despite the 

fact that the character set has been increased by a factor 

of eight over the original size. Currently no other 

printer is available which will print any desired 

character, nor will one print with a 512 character set. 

Furthermore, no other printer offers program control of 

characters and coding, while yet printing on standard 

printer paper. Thus, the variable character set printer 

offers new features never before offered by a line printer. 
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