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Printer and Printing Terminal Gain 
Versatil ity and Mechanical Simplicity 
with Microprocessor Control 
A 180-character-per-second dot-matr ix  pr in t ing mechanism 
ach ieves  h igh  th roughpu t  by  sk ipp ing  ove r  b lanks  and  
pr in t ing  in  e i ther  d i rec t ion  under  microprocessor  cont ro l .  
Versat i l i ty  is  enhanced with var iable hor izontal  p i tch,  a fu l l  
128-US ASCII-character  set ,  and f lex ib le inter facing.  

b y  T o d d  M .  W o o d c o c k  

IN MOST COMPUTER SYSTEMS, the final prod 
uct resulting from data collection, storage com 

putation, and manipulation is a printed page that 
transmits information to a person. At present, devices 
that produce these pages fall into the general cate 
gory of printers. With the possible exception of tape 
and disc drives, these are the only devices in a com 
puter system whose role is primarily mechanical. 

Since computer systems range from compact 
desktop units to elaborate multiprocessing main 
frame units, it is not surprising that the available 
printers range from those that basically resemble 
typewriters to high-speed machines that produce 
complete pages at rates faster than one per second. 
Nevertheless, although each computer system re 
quires a somewhat different set of printer capabilities, 
there are several identifiable printer groupings 
within which the performance requirements are es 
sentially alike. 

One such grouping would be in the low- to 
medium-speed range, defined as about 200 lines per 
minute. Printers capable of this speed typically are 
used as small system printers where they are gener 
ally dedicated to only a few users and are not required 
to supply the massive throughput typical of the larger 
systems. These printers are generally used for pro 
gram listings and for short jobs such as might be 
needed by small businesses, scientific investigations, 
and individual programmers during program de 
velopment. In these applications, the printing rate is 
most often measured in lines per minute, since tradi 
tional line printers with their fast, parallel interfacing 
are most easily adapted to this measure of perfor 
mance. 

When combined with a keyboard, a printer be 
comes a terminal and is generally used as a system 
console or a remote terminal. The performance of 
terminals is most often measured in terms of their 

transmission rates, with those capable of operating at 
data rates of 1200 baud and above being classified as 
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high-performance terminals. The printing mech 
anism for a high-performance terminal, however, 
would be in the 200-lines-per-minute range. 

A basic electrical difference between terminals and 
printers is the interfacing. Printers have traditionally 
used parallel interfacing where the machine receives 
data usually on seven or eight parallel lines with 
several other lines provided for paper control and 
handshaking. A terminal traditionally interfaces 
through a serial protocol in which data is transferred 
as a pulse train on a single line. In general, serial data 
transfer occurs at standardized rates of 10, 30, 60, 120, 
or 240 characters per second. 

A New Pr in t ing  Mechanism 
At the inception of a new printer project  at  

Hewlett-Packard, we felt that a high-performance 
printing mechanism could be adapted to fulfill the 
needs of users of both high-performance terminals 
and medium-speed printers, a significant portion of 
the total market. The design criteria for the new 

Fig. or ModeÂ¡2631 A Printer is designed for either table-top or 
pedesta l  mount ing .  Microprocessor  cont ro l  o f  the  dot -mat r ix  
pr int ing operat ion contr ibutes to the pr inter 's  versat i l i ty  whi le 
s impl i fy ing the pr in t ing mechanism. A h igh throughput  rate is  
obtained with a pr int  speed of 180 characters per second plus 
the abil i ty to print in either direction and to slew past str ings of 
blank spaces. Model 2631 G , which can also print raster-style 
graph ics ,  i s  ident ica l  in  appearance.  

mechanism were based on: 
â€¢ Performance 
â€¢ Flexibility 
â€¢ Long life 
â€¢ Cost of ownership. 
In a sense, a figure of merit for such a machine 

could be expressed as: 

Performance x Flexibility x Life 

Cost of Ownership 

The performance requirements were fairly well 
specified by the applications in which the machines 
would be used. As keyboard terminals, they should 
operate at a throughput of 120 characters per second. 
In the serial environment, however, the effective 
throughput is often characterized by mechanical 
overhead rather than the actual printing rate. For 
example, a machine that requires one second to ad 
vance the paper to the next line can never exceed a 
rate of 60 lines per minute no matter how fast the 
printing rate. 

Overhead is also involved in any computational 
procedures within the machine. The machine must 
react to any control codes that alter the response of the 
machine to the characters in the data stream in suffi 
cient time to cause the proper action at the proper 
time. For example, a printer must respond to any 
command sequence within one character period or 
risk losing the next character in the data sequence. 
Therefore, to ensure data integrity a printer must be 
designed with a considerable print-speed margin of 
safety. In appreciation of the overhead requirements 
of a high-performance terminal, we determined that 
the minimum print rate required to allow continuous 
120 character/second operation under average condi 
tions would be about 165 characters/second. To pro 
vide a comfortable safety margin, we aimed for a 
printing speed of 180 characters/second. 

The result of this design effort is shown in Figs. 1 
and 2. The Model 2631A Printer (Fig. 1) is a versatile 
dot-matrix printer capable of printing at a speed of 
180 characters/second. The Model 2635A Keyboard 
Terminal uses the same printing mechanism and can 
work with serial data streams at rates up to 9600 baud, 
depending on the chosen interface protocol. Two 
others have evolved from this first pair: the Model 
2631G Printer that prints raster-style graphics as well 
as alphanumerics, and the Model 2639A Terminal 
that has a versatile, asynchronous, serial interface, 
allowing its use with a variety of computer systems. 

Dot-Matr ix Print ing Provides Flexibi l i ty  
The method used to print a character determines to 

a great degree the overall flexibility of a printing 
mechanism. Type slugs that print one fully formed 
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F i g .  2 .  M o d e l  2 6 3 5 A  T e r m i n a l  
( and  the  i den t i ca l - l ook ing  Mode l  
2 6 3 9 A )  u s e s  t h e  s a m e  p r i n t i n g  
mechan i sm as  the  Mode l  2631  A  
P r i n te r .  A  w ide  se lec t i on  o f  i n te r  
face opt ions enable i ts  use wi th a 
v a r i e t y  o f  c o m p u t e r  s y s t e m s .  
Symbols are paired on the keys in 
the  t rad i t iona l  typewr i te r  a r range 
ment, making it easy for the user to 
convert from typewriter to terminal 
ope ra t i on ,  and  a  10 -key  numer i c  
pad speeds the entry of  numer ical  
data. 

character per impact are not readily adapted to au 
tomatic changes of the character set because the entire 
wheel, ball, or cylinder that contains the type slugs 
must be changed. The most flexible method of print 
ing is the dot-matrix method in which the individual 
dots in a matrix are selectively energized to form the 
desired characters (Fig. 3). 

Dot-matrix printing can be done with mechanical 
simplicity by thermally pulsing dots on a printhead 
in contact with thermally-sensitive paper. However, 
the applications we envisaged for the new printers 
would often require multiple copies, so we chose to 
use an electromechanical method of impacting dot- 
shaped hammers on an inked ribbon and paper. This 
technique also has the advantage of not requiring 
special paper. 

Although the mechanics of dot-matrix printing can 
be simplified to the repetitive use of a single dot, the 
controller that directs this operation is considerably 
more complex than that required for a full-font print 
ing mechanism. Not only must the character be prop 
erly placed on the page, but each dot must be properly 
sequenced and positioned so as to produce a correctly 
formed character. Full-font printing needs an infor 
mation rate of only one identifiable code per character 
whereas a dot-matrix character composed, say, of 
twenty dots needs to have twenty times as much in 
formation processed, and hence needs twenty times 
the control speed. The trade-off is the ability to print 
any character that may be constructed from a matrix 
of dots. 

The manner in which a character is printed is cru 
cial to the utility of the machine. To be useful as a 
keyboard terminal, each character the machine prints 
must be visible to the person operating the keyboard 
as soon as it is printed. We chose, therefore, to use a 
movable ballistic matrix printhead (Fig. 4), a type of 
device that has already proven its reliability in wide 
spread use. 

The ballistic matrix printhead used in the new 
machines has nine tungsten wires arranged in a verti 
cal column. Each wire is associated with a coil that 
drives an armature forward when energized. The ar 
mature in turn propels the tungsten wire but when the 
armature closes against the coil's pole pieces, it stops 
while the wire continues its forward motion with 
enough energy to form a dot by impacting the ribbon 
and paper against the platen. The wire then rebounds 
and comes to rest at its initial position. As the print- 
head moves along the paper, the coils are selectively 
energized "on the fly" to print the dots that form each 
character. 

The character cell, a 10 x 9 dot matrix, is diagram 
med in Fig. 5. An uppercase character is formed in the 
upper seven rows of the matrix, leaving the bottom 
two rows for descenders and underlining. Columns 0, 
8, and 9 are left blank to form the intercharacter spac 
ing. Even though all the dot positions in columns 1 
through 7 are available to form a character, every 
other dot is omitted in the horizontal lines so that no 
hammer is required to print dots successively in adja 
cent columns. Since there is an upper limit to hammer 
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The firmware for the 2630 

printing subsystew perforws 

two basic functions. It 
controls the printing hard 

ware and interfaces ASCII 

characters froM the Main 
systerc buffer for decoding. 

Fig. 3.  Example of  the new mechanism's pr int ing, shown here 
ac tua l  s ize .  The mechan ism forms charac ters  by  se lec t ive ly  
ac t iva t ing the dots  in  a  7  x  9  matr ix .  The use o f  n ine dots  in  
each co lumn enab les  the  pr in t ing  o f  lower -case descenders  
and of  s imul taneous under l in ing.  Impact  pr in t ing permi ts  the 
pr int ing of  mul t ip le-part  forms.  

repetition rate, this dot skipping allows an increase in 
p r in thead  scan  speed  wi th  r e su l t ing  h ighe r  
throughput. The slight overlap of adjacent columns 
partially masks the fact that the lines were formed 
with non-adjacent dots. 

As mentioned previously, dot-matrix printing ena 
bles the printing of any character that can be formed 
by dots. The new printer and terminal contain a full 
128-USASCII*-character set that includes upper- and 
lower-case letters, numbers, symbols, and control 
codes. A special 128-character set can be included at 
the same time and selected under program control. 
Either character set can be changed by changing the 
appropriate ROM. 

" U S A S C I I :  U n i t e d  S t a t e s  o f  A m e r i c a  S t a n d a r d  C o d e  f o r  I n f o r m a t i o n  I n t e r c h a n g e  

Fig.  4 .  Moving pr in thead a l lows the l ine being pr in ted on the 
2635A  Te rm ina l  t o  be  seen .  Wheneve r  0 .6  second  e l apses  
s ince the last  character  was entered,  the pr in thead moves to 
the r ight so the most recent character is visible. The printhead 
returns immediately to i ts  previous posi t ion when i t  pr ints the 
nex t  l i nes  Every  o the r  do t  i s  p r i n ted  i n  the  ho r i zon ta l  l i nes  
to permit  a faster pr int  rate.  

Character Cell  Character Cel l  

F i g .  5 .  T h e  c h a r a c t e r  c e l l  c o n s i s t s  o f  a  1 0 x 9  o v e r l a p p i n g  
do t -ma t r i x .  The  seven  upper  rows  a re  used  fo r  uppe r  case  
charac ters  wh i le  the  lower  two are  used for  descenders  and 
underl ines. 

Cartr idge Ribbon 
The ribbon and ribbon advancing mechanism were 

also viewed as areas critical to the general utility of 
the printing mechanism. Consequently, the ribbon is 
placed in a cartridge that spans the width of the print 
line, enabling easy replacement with a minimum of 
contact or mess (Fig. 6j. In the Models 2631A and 
2631G Printers, the ribbon slants such that the print 
head impacts the ribbon along the top edge when at 
the left side of the paper, and along the bottom edge at 
the right side. Wear is thus distributed over the entire 
ribbon. In the Models 2635A and 2639A Terminals, 
the printhead always contacts the ribbon along the 
top edge so the line being printed can be seen (a roller 
guides the ribbon away from the paper on the left side 
of the printhead). A Moebius turn where the contin 
uously-circulating ribbon enters the cartridge 
inverts the ribbon on each pass so wear is distributed 
over a greater area. 

The cartridge was designed to hold 55 metres of 
ribbon so at least ten million characters of acceptable 
print per cartridge can be obtained in any of these 
machines. In subsequent testing on the 2631A 
Printer, cartridges provided as many as fifty million 
characters, albeit lightly printed. Considering that an 
average college textbook contains about two million 
characters, a single cartridge ribbon could print be 
tween five and twenty-five books, demonstrating the 
economy of this type of printing. 

The ribbon drive mechanism is harnessed to the 
motion of the printhead servo motor so that whenever 
the printhead moves from right to left, the ribbon is 
advanced to the right. Thus, under all conditions of 
printhead motion, there is fresh ribbon on which to 
print. This simple system is less costly and more 
conservative of energy than a system that requires a 
separate, constantly running motor. 
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Fig .  6 .  Fu l l -w id th  r ibbon car t r idge is  eas i ly  rep laced.  

Designed for  Long L i fe  
The mechanical components of the printer were 

designed so that lubrication would not be required, 
contributing to the low cost of ownership. For exam 
ple ,  the  pr in thead  car r iage  uses  dry-contac t  
fluorocarbon sleeve bearings and the tractor drive 
shaft rides in a self-lubricating acetal plastic bearing. 
Similarly, the printhead leadscrew nut is made of a 
self-lubricating plastic. The other rotating parts of the 
machine incorporate sealed ball bearings. The result 
of this design approach is a mechanically simple, 
easily maintained machine. 

The new machines have sucessfully completed 
HP's standard class B environmental testing which 
includes tests under conditions of high and low 
temperatures, high and low humidity, vibration, and 
shock. In addition, 35 printers were cycled two hours 
on and one-half hour off continuously under compu 
ter control, 24 hours a day, seven days a week, for 22 
weeks. A number of potential problems were unco 
vered and corrected during this test. 

As a result of this test, it can be stated with 90% 
confidence level that the mean number of characters 
between failures (MCBF) for these machines exceeds 
316 million. Printing with a 40% average printed 
page density, 316 million characters would fill 65,000 
pages of computer paper. On the average, the printing 
mechanism will operate 2400 hours in normal use 
before a failure can be expected. 

Organizat ion 
From the systems standpoint, both the keyboard 

terminals and the printers are viewed as having four 
basic components: the printing mechanism, the de 
vice electronics, the controller, and the package. The 
device electronics, such as the power supply, servo 
system, and control switches, were already partially 

defined once the basic printing mechanism was iden 
tified. 

The controller, however, although invisible to the 
user, is the determining factor in both performance 
and flexibility. To provide the multitude of features 
required by the diverse applications of the printing 
mechanism, the controller must be powerful, ver 
satile, and at the same time compact. This need was 
met by the Hewlett-Packard CMOS silicon-on- 
sapphire MC2 controller,1 which was being de 
veloped at the time the printer project was getting 
under way. A number of support devices such as 
read-only  memories  (ROMs)  and read-wri te  
memories (RAMs) were also being developed so all of 
the necessary controller functions would be available 
with this family. 

The control program resides in 4K 16-bit words in 
ROM distributed between the processor and interface 
printed-circuit boards. The program common to both 
the keyboard terminals and the printers (exclusive of 
interfacing) resides in 2K words on the processor 
board. An additional IK words is required by each 
machine. With the loading of this particular block, 
the processor board gains an identity specific to 
either the keyboard terminal or the printer. 

The interface ROM located on the interface board 
contains IK words. Thus, the interface can be 
changed by changing just one board, since each inter 
face board carries with it sufficient program memory 
to control its particular functions. In addition, various 
interfaces, although appearing to be different, often 
require identical signals, the arrangement of the sig 
nals and the connector being the only differences. To 
take advantage of this situation, an adapter was de 
signed to fit between the connector (at the back of the 
machine) and the interface board. This allows a single 
interface board to be used for several different inter 
face configurations. 

The control firmware closes all of the control loops 
within the machine. Because of the great decision- 
making power of the MC2 processor, a number of 
optimization routines were made possible. For exam 
ple, the print head normally moves at 18 inches/s, the 
maximum allowed by the hammer action while print 
ing in the normal mode (10 characters/inch). Nor 
mally it would step through spaces at the same rate. 
An optimization routine, however, looks at the 
number of contiguous spaces in a line, and if more 
than 10 occur, it accelerates the printhead so it skips 
over the spaces at high speed. 

A further improvement uses the microprocessor to 
store incoming data in a buffer, and if an entire line is 
buffered before the printing of the previous line is 
completed, the new line is tested to determine 
whether it should be printed in the forward or reverse 
direction. This decision is based upon a number of 
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criteria, including the presence or absence of control 
codes (such as form feed or line feed), the column 
positions of the first and last printable characters in 
the line, and the position of the last character printed 
in the previous line. In each case, the quickest means 
of printing the line is used, whether forward or re 
verse. Similarly, spaces at the beginning and end of a 
line are processed to determine where printing 
should begin so that the printhead can be moved 
directly to that position. With these and other op 
timizing routines, the controller improved the effec 
tive printing rate significantly. 

Contro l  by  Escape Sequences 
The character-serial environment of the printer and 

terminal allow escape sequences (control codes) to be 
imbedded in the data stream. The traditional depen 
dence on separate control lines and their associated 
driver software are thereby avoided. 

The use of escape sequences to control operation 
provides the user with a considerable degree of flexi 
bility in formatting. For example, underlining may be 
implemented simultaneously with printing, and the 
three print modes â€” NORMAL, COMPRESSED, EXPAND 
ED â€” may be enabled at any point in a line of print. In 
the EXPANDED mode, the machines print five wid 
ened characters per inch for use in headings and other 
areas where special attention is desired. Variable line 
spacing and the intermixed use of NORMAL and COM 
PRESSED characters enable information to be format 
ted for emphasis in a way that is not possible with 
constant character and line spacing. The COMPRESSED 
mode, which prints at 16.7 characters/inch, is also 
useful for printing the standard 14-inch wide, 132- 
column computer printout on 8V2X 11-inch paper for 
notebook use or easier filing. The microprocessor, 
incidentally, monitors the incoming data stored in 
the input buffer and if the lines contain escape se 
quences that affect the following characters, it pre 
vents the mechanism from attempting to print from 
right to left. 

Escape-sequence control also extends to other 
machine functions. For example, a printer used for 
logging data in a remote location may be sent an 
escape sequence via a telephone line to initiate an 
internal self-test routine. The printer may then be 
asked by another escape sequence to transmit its 
status and the results of the self test back to the host 
computer. In this way, a single operator can keep 
track of a number of remote printers. 

Details of the print mechanism design are de 
scribed in the article that follows. 
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Managing Dot-Matr ix  Pr int ing wi th a  
Microprocessor  
by John Wade Ignoffo, Michael J.  Sproviero, Phil l ip R. Luque and Kenneth B. Wade 

THROUGH USE OF MICROPROCESSOR control, 
a reliable, high-performance printing mechanism 

built with minimum labor and material costs was 
achieved for the Models 2631A and 2631G Printers 
and the 2635A and 2639A Printing Terminals. 

The mechanism (Fig. 1) has few moving parts. The 
pr in thead  car r iage ,  moved by  a  25-mm-per-  
revolution leadscrew, slides on two steel guide rails. 
The position of the printhead is accurately controlled 
by the machine's microprocessor, which issues com 
mands to a hardware velocity servo loop to move the 
head either right or left at a controlled velocity during 
printing. The use of a microprocessor resulted in a 
control system that is much simpler than a hardware 
position-control system. 

During printing operations, the printhead carriage 
speed ranges from 1 inch/second, when printing with 
a data input of 110 baud, to 18 inches/second with a 
printing rate of 180 characters/second, the maximum 
speed allowed by the print hammers. At any printing 
speed, the velocity must be controlled within 5% so 
smooth carriage motion, and hence evenly formed 

characters, result. During nonprinting movement, the 
carriage accelerates to 35 inches/second. 

Paper motion is also controlled by the microproces 
sor. Paper advance is provided by a set of tractors 
driven by a step motor. A custom-made motor that has 
180 steps per revolution was chosen so spacings of 
both six and eight lines per inch are possible with the 
tractors directly coupled to the motor. This direct 
drive eliminated a number of mechanical parts. A 
clutch decouples the drive shaft from the motor for 
manual fine adjustment of preprinted forms. 

Character  Generat ion 
Characters are transferred from the internal buffer 

memory to the paper by the following sequence of 
events. As the printhead moves, either left or right, an 
interrupt is generated by the head-position logic at 
the end of each print cell (between column 9 of one 
cell and column 0 of the adjacent cell). When the print 
position read by the microprocessor is the desired one 
for the next character, the interrupt causes the mi 
croprocessor to transfer the seven-bit ASCII-coded 

T r a c t o r s  
P a p e r  D r i v e  j ^  
S t e p  M o t o r  

S e r v o  
m o t o r  

E n c o d e r  D i s c  
( E l e c t r o n i c s  

R e m o v e d )  

F i g .  1 .  P r i n t i n g  m e c h a n i s m  h a s  
f e w  m o v i n g  p a r t s .  T h e  s a m e  
m e c h a n i s m  i s  u s e d  i n  b o t h  t h e  
printers and the printing terminals. 
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Mechanical Design of a Durable 
Dot-Matrix Printer 

The re l iab i l i ty  o f  any mechanica l  dev ice is  usual ly  inverse ly  
proport ional  to the number of  moving parts.  The Models 2631 A 
and 2631 G Pr in ters  and 2635A and 2639A Pr in t ing  Termina ls  
were  des igned to  be  as  mechan ica l l y  s imp le  as  poss ib le .  The 
u s e  o f  a  m i c r o p r o c e s s o r  r e d u c e d  t h e  p r i n t h e a d  p o s i t i o n i n g  
mechanism to  a  servomotor -dr iven leadscrew and mat ing nut .  
The  use  o f  a  cus tom-made  s tep  mo to r  i n  t he  pape r -advance  
mechan i sm enab led  d i r ec t  coup l i ng  o f  t he  s tep  mo to r  t o  t he  
f o r m s - t r a c t o r  d r i v e  s h a f t .  T h e  f e w  r e m a i n i n g  m o v i n g  p a r t s  
we re  des igned  w i t h  sea led  ro l l e r  o r  d r y - con tac t  bea r i ngs  so  
pe r iod i c  l ub r i ca t i on  i s  no t  requ i red .  P reven t i ve  ma in tenance  
cons is ts  s imply  o f  c leaning the fan f i l te r  and the pr in thead.  

A photo of  the mechanism is  shown in  F ig.  1  on page 8.  The 
pr int  s t ructure assembly is  the basis of  the pr inter  mechanism. 
Dur ing manufacture,  two gu ide ra i ls ,  the s tee l  p la ten,  and two 
end  p la tes  a re  accura te ly  pos i t ioned  in  a  f i x tu re ,  d r i l l ed ,  and  
p inned toge ther .  No  fu r ther  ad jus tments  a re  needed,  o r  even  
poss ib le .  Th is  assembly  p rov ides  para l le l i sm w i th in  0 .05  mm 
between the carriage l ine of travel and the platen, assuring good 
pr int  qual i ty  for  the l i fe of  the machine.  

The front surface of the platen is ground to a 1 9-mm radius. As 
the paper  wraps around th is  sur face i t  conforms c lose ly  to  the 
rad ius ,  thereby present ing a  so l id  sur face on which to  pr in t .  

The carr iage, molded of  f iberglass-reinforced polycarbonate,  
inc ludes the two s l ider  bear ings and other  features for  hold ing 
the pr inthead connector and for at taching the head-dr ive cable,  
t h e  r i b b o n  c a r t r i d g e  d r i v e  c a b l e ,  a n d  t h e  l e a d s c r e w  n u t .  A  
b racke t  a t tached  to  the  top  su r face  ho lds  the  p r in thead .  The  
bracket  inc ludes an eccentr ic- l ink mechanism for  adjust ing the 
h e a d - t o - p l a t e n  g a p  t o  o b t a i n  o p t i m u m  p r i n t  q u a l i t y  w i t h  
mu l t i p le -pa r t  fo rms  o f  va ry ing  th i cknesses .  The  se l f -a l i gn ing  
p r in thead has  an  average l i fe  o f  130  mi l l i on  charac te rs  bu t  i f  
rep lacement  is  ever  necessary ,  i t  i s  eas i ly  done by the user .  

The 75-mm long main s l ider bear ing is insert-molded into the 
carriage. The other bearing, whose purpose is to resist the torque 
app l i ed  by  t he  l eadsc rew .  f l oa t s  i n  t he  ca r r i age  to  accommo 
d a t e  v a r i a t i o n s  i n  g u i d e - r a i l  s p a c i n g .  B o t h  b e a r i n g s  h a v e  a  
g lass- re in fo rced  s t ruc tu ra l  she l l  and  a  fabr ic  l i ne r  con ta in ing  
Tef lon.  These do not  requi re hardened ra i ls  or  lubr icat ion,  and 
a re  una f fec ted  by  paper  and  r ibbon  debr i s .  

The  r ibbon-dr i ve  cab le  anchors  a t  one  end  to  the  car r iage ,  
p a s s e s  a r o u n d  a  r i b b o n - d r i v e  p u l l e y  a t  t h e  r i g h t  s i d e  o f  t h e  
pr inter  mechanism, back across the pr inter  to an id ler  pul ley at  
the left side, and around the pulley back to the carriage. A spring 
keeps i t  taut .  Unid i rect ional  c lu tches in  the r ibbon-dr ive pul ley 
ro ta te  the  r ibbon dr ive  sha f t  dur ing  r igh t - to - le f t  mot ion  o f  the  
car r iage but  d isengage dur ing le f t - to - r ight  mot ion.  

The Package 
Two s t ruc tura l - foam packages were  des igned w i th  ident ica l  

features for  hold ing the pr int ing mechanism and the basic  e lec 
t r on i c  componen t s .  Many  des ign  de ta i l s  a re  mo lded  i n  t o  r e  
duce the number of  parts,  the assembly t ime, and consequent ly 
the  cos t .  An a luminum p la te  on the  bot tom prov ides  e lec t r ica l  
shield ing,  mount ing points for  rubber feet ,  and a smooth guide- 
way for paper fed in from the rear (paper may be fed in from the 
bot tom when e i ther  machine is  mounted on the opt ional  pedes 
tal). 

The only dif ference between the packages is the extension on 
the terminal  package for  hold ing the keyboard.  A s ingle access 
cover was designed such that merely by changing inserts in the 
mold,  par ts  are  prov ided for  both  the termina l  and the pr in ter .  
Controls that are not needed by the casual user â€” for example, 
the baud-rate switch â€” are concealed beneath this cover.  

-Robe r t  Co r t  

character to a latch (Fig. 2). These seven bits become 
part of the 10-bit character-generator ROM address. 
The remaining three bits are dot-column position bits 
derived from a four-bit counter that counts pulses 
from an optical encoder attached to the leadscrew. 
Encoding logic maps columns 8 and 9 into column 0, 
all of which are blank, to give the intercharacter spac 
ing, thereby obtaining the three dot-column position 
bits, used in the character address, from the four-bit 
counter output. 

Transfer of the seven-bit ASCII character to the 
latch sets a flip-flop called PRINT GO. This enables the 
power electronics to be responsive to the succeeding 
dot-position pulses from the head-position logic. As 
each slot in the encoder disc is encountered, the re 
sulting dot-position pulse triggers the hammer- 
enable and overdrive one-shot pulse generators. The 
output of the character ROM then determines which 
hammers will be fired. Two ROMs are provided, each 
storing 128 characters, thus allowing two character 
sets to be available at any time. 

The overdrive pulse places a large voltage across 

the print head coils during the initial part of the 
hammer pulse to shorten the coil current rise time. 

Printing at each column position continues until 
the next cell interrupt occurs. This resets the PRINT GO 
flip-flop which inhibits printing until the micro 
processor transfers another character to the character 
latch. 

Printhead Posit ioning 
A diagram of the head drive servo control circuit is 

shown in Fig. 3. An electrical current proportional to 
velocity is obtained by gating a current sink with 
constant-width pulses triggered by the optical en 
coder disk attached to the leadscrew. The average 
current through this sink is thus proportional to car 
riage velocity. This current is summed with a source 
current proportional to the commanded velocity, 
generated by a microprocessor-controlled current 
source. The error voltage obtained at the current- 
summing node is buffered and applied to a slew-rate 
limiting amplifier which, by limiting the rate at 
which the servo motor accelerates, limits the power 
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ASCI I -Coded Character  
( f r o m  M i c r o p r o c e s s o r )  7  

Character  Strobe 
( f rom Microprocessor)  

ROM Select  
( f rom Printer  

Command Reg is ter )  

F i g .  2 .  D o t  g e n e r a t i o n  c o n t r o l  
c i r c u i t s  d e t e r m i n e  w h i c h  p r i n t -  
h e a d  h a m m e r s  w i l l  b e  f i r e d  a t  
e a c h  d o t - c o l u m n  p o s i t i o n  i n  a  
character.  

dissipated in the servo motor. Without limiting, the 
servo motor could overheat if it were repeatedly ac 
celerated to a high speed, as when skipping blank 
spaces. 

The slew-rate limiting amplifier is an emitter- 

follower that has a capacitive load. When the error 
voltage rises rapidly, the transistor turns off and the 
output rise time is determined by the rate at which the 
capacitor charges through the emitter resistor. Small 
voltage changes and rapidly decreasing voltages, 

Switching Power  Ampl i f ier  

H  

Rectifier 

Reference  Vol tage  (+4 .6V)  Slew Rate 
Limiting 

Amplif ier 

S p e e d  C o m m a n d  
f rom Microprocessor  

Polar i ty Comparator 

Gain 
Compensat ion 

Network Direction 
C o m m a n d  

from 
Microprocessor Velocity 

Feedback 

Fig. circuits. servomotor block diagram of the printhead servo control circuits. The servomotor is driven 
by  a  swi tch ing  power  ampl i f ie r  to  reduce energy  d iss ipa t ion .  
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An Impact Graphics Printer 

A second version of the Model 2631 A Printer was designed as 
a  hard-copy output  fo r  the Models  2647A and 2648A Graphics  
Termina ls .1  On ord inary  paper ,  inc lud ing mul t ipar t  fo rms,  th is  
pr inter (Model 2631 G) reproduces any raster display presented 
o n  t h e  g r a p h i c s  t e r m i n a l s ,  p r i n t i n g  a  c o m p l e t e  7 2 0 x 3 6 0  d o t  
d isp lay  in  57 seconds or  less.  

Although capable of pr int ing graphics material ,  Model 2631 G 
re ta ins  a l l  t he  a lphanumer i c  p r i n t i ng  capab i l i t y  o f  t he  Mode l  
2631 A.  An escape sequence in the input  data st ream converts 
pr in ter  operat ion f rom a lphanumer ics  to  graph ics  and another  
escape sequence  conver ts  back  to  a lphanumer ic  opera t ion .  

In  addi t ion to graphics capabi l i t ies,  Model  2631 G has some 
other new capabil i t ies. One is the abil i ty to retain several charac 
ter  sets  s imul taneous ly  and use them in terchangeably .  One of  
t h e  n e w  c h a r a c t e r  s e t s  i s  a  h i g h - d e n s i t y  s e t  f o r  u s e  w h e r e  
super io r  p r in t  qua l i t y  i s  requ i red .  Wi th  th is  charac ter  se t ,  the  
machine pr in ts  over lapp ing dots  in  the hor izonta l  l ines,  ra ther  
than skipping every other dot posi t ion as the 2631 A does. Pr int  
speed,  however ,  is  l im i ted to  a  max imum of  90 characters  per  
second in  th is  mode.  

More f lex ib le  fo rms hand l ing  is  another  new capab i l i t y .  The 
user may now specify a page length and the text length (top and 
bot tom marg ins) .  The 8-channel  ver t ica l  forms cont ro l  then ad 
jus ts  to  the  spec i f ied  tex t  length  â€”  e .g . ,  i f  the  spec i f ied  tex t  
l eng th  i s  s i x  i nches  and  the  command  " s l ew  to  t he  nex t  ha l f  
page" is given, the print l ine wil l  be moved to three inches below 
t h e  t o p  o f  t h e  t e x t .  I n  a d d i t i o n ,  w i t h  p a g e  a n d  t e x t  l e n g t h s  
specif ied, an AUTOMATIC PERFORATION SKIP mode causes the 
printer to skip automatically to the top l ine of the next page when 
i t  reaches the  bot tom marg in  on  the  present  page.  

Graphics Operat ion 
The new pr in ter  accepts  graph ics  in format ion in  ras ter  form 

l i ne  by  l i ne  i n  8 -b i t  by tes ,  w i t h  t he  O ' s  and  1 ' s  i n  each  by te  
r e p r e s e n t i n g  t h e  b l a n k s  a n d  d o t s  o f  a  c o n t i g u o u s  s t r i n g  o f  
horizontal dot posit ions in a raster l ine. The printer accepts and 
s tores e ight  l ines of  data in  a  buf fer ,  and then pr in ts  the e ight  
l ines s imul taneously whi le accept ing and stor ing the next  e ight  
l ines in  a  second buf fer .  

O n e  o f  t h e  p r o b l e m s  t h a t  h a d  t o  b e  s o l v e d  w a s  h o w  t o  o r  
gan i ze  the  da ta  so  the  e igh t  l i nes  cou ld  be  p resen ted  to  t he  

pr int ing hardware in a usable form. This is  done by regrouping 
the data  as  i t  i s  loaded in to  the buf fer  as  shown be low.  

Af ter  the buf fer  is  loaded,  the data is  wi thdrawn in  ar rays of  
eight 8-bit bytes. Each array is rotated 90Â° and then returned to 
memory.  The word s tored at  each address in  memory now has 
the proper dot pattern for pr int ing the dots at the corresponding 
dot  posi t ions in a l l  e ight  raster  l ines s imul taneously.  

Th i s  me thod  o f  p r i n t i ng  t he  do t s  requ i red  a  change  i n  t he  
dot-generation control circuits (see Fig. 2, page 10). The charac 
ter ROMs shown in Fig. 2 have been replaced by a RAM and the 
microprocessor loads the dot data from the graphics buffer into 
the  RAM so  the  do t -p r i n t i ng  c i r cu i t s  can  access  the  da ta  fo r  

S O L A R  H E A T I N G / C O O L I N G  I  

pr in t ing  as  descr ibed  on  pages  8  and  9 .  
A n o t h e r  c h a n g e  w a s  o n e  m a d e  t o  t h e  l e a d s c r e w  e n c o d e r  

d isc .  The second t rack  now has 144 s lo ts  so  72 dots  per  inch 
can  be  p r i n t ed  i n  t he  g raph i cs  mode ,  wh i ch  ma tches  t he  72  
do t -pe r - inch  ve r t i ca l  reso lu t ion  o f  the  p r in te r .  Consequen t l y ,  
w h e n  a  a l p h a n u m e r i c s  t h e  C O M P R E S S E D  p r i n t  m o d e  h a s  a  
p i tch o f  14.4 characters  per  inch.  By a l lowing the dot  pos i t ion 
counter to count every other dot, this can be expanded to give a 

8-Bit  Byte 8 Bits 

1 8 1  1 8 2  1 8 3  1 8 4  .  .  .  

Direction of 
Readout for  

Printing 

,  

Raster Data 
(Each Line Segment = 1 Byte)  

Buffer  Memory 
Whi le  Loading 

Buffer  Memory 
After  Array Rotat ion 

1 1  
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pi tch of  7.2 characters per inch.  The 2631 G thus has four pr int  
w id ths  (5 ,  7 .2 ,  10 ,  and 14 .4  charac ters  per  inch) .  

Alphanumer ic  Operat ion  
Dot  pat terns for  pr in t ing a lphanumer ics  are  a lso suppl ied to  

the  p r in t i ng  RAM by  the  m ic rop rocessor .  The  m ic rop rocessor  
accesses  the  charac te r  ROMs to  f i nd  the  do t  pa t te rns  fo r  the  
s p e c i f i e d  c h a r a c t e r s  a n d  t h e n  s u p p l i e s  t h e m  t o  t h e  p r i n t i n g  
RAM. 

D i rec t  access  to  the  cha rac te r  ROMs on  the  pa r t  o f  t he  m i  
c rop rocesso r  now g i ves  a  g rea te r  deg ree  o f  f l ex ib i l i t y  i n  han  
d l i ng  mu l t i p le  charac te r  se ts .  Each  charac te r  se t  now has  an  
iden t i f y ing  symbo l ,  and  whenever  one  o f  these  symbo ls  i s  im  
b e d d e d  i n  t h e  d a t a  s t r e a m ,  t h e  m i c r o p r o c e s s o r  s e a r c h e s  

through all the character ROMs to f ind the location of the desired 
c h a r a c t e r s .  T h i s  a l l o w s  c h a r a c t e r  s e t s  t o  s h a r e  t h e  s a m e  
characters.  For example,  European languages and Engl ish use 
the same Roman alphabet  and di f fer  only in  the use of  accents 
a n d  a  f e w  s p e c i a l  c h a r a c t e r s .  O n l y  t h e  a c c e n t s  a n d  s p e c i a l  
characters are stored in the European character ROM since the 
mic roprocessor  accesses  th is  ROM on ly  when needed.  Other  
w i se ,  i t  uses  t he  Eng l i sh  ROM.  Thus ,  t he re  i s  r oom to  p lace  
spec ia l  characters  for  severa l  languages in  a  s ing le  ROM, g iv  
i ng  t he  p r i n t e r  mu l t i l anguage  capab i l i t y  w i t hou t  t he  need  t o  
change ROMs.  

Reference 
1 .  P . O .  o f  " V e r s a t i l e  L o w - C o s t  G r a p h i c s  T e r m i n a l  I s  D e s i g n e d  f o r  E a s e  o f  
Use" .  Hewle t t -Packard  Journa l ,  Jan  1978.  

however, pass through the amplifier with little 
change. 

The output of the slew-rate limiting amplifier 
drives a switching power amplifier that in turn drives 
the servomotor. If a linear amplifier were used, it 
would need to be capable of supplying at least 20V to 
drive the servomotor at high speed during carriage 
return. While printing at slow speed, however, only 
5V may be needed but the motor may draw 2 amperes. 
A linear amplifier would thus need to dissipate 
(20 - 5] V x 2A = 30W. The switching transistors, on 
the other hand, dissipate only 2W each in this situa 
tion. 

The error voltage node is set up so that if it is above 

a reference voltage ( + 4. 6V), the voltage applied to the 
servo motor tends to accelerate the motor in the com 
manded direction. If the error voltage is below the 
reference, a deceleration voltage is applied. 

The magnitude of the motor drive is obtained by 
rectifying the difference between the error voltage 
and the reference, thereby converting a difference 
voltage of either polarity to a unipolar voltage. This 
voltage is applied to a comparator which functions as 
a pulse-width modulator. The other input to the com 
parator is a 20-kHz sawtooth waveform, so the output 
of the comparator is a rectangular wave whose width 
is proportional to the error voltage. This waveform is 
applied to the motor control logic that controls the 

Phototransistors 

Encoder  
Disc 

N O R M A L / C O M P R E S S E D  
( f rom Pr in ter  Command Regis ter )  

D O W N  S e r v o  F e e d b a c k  

Read Strobe 
( f rom Microprocessor)  

Character Cel l  Posit ion 
( to  Microprocessor)  

Dot  Column 
( to  Dot  Generat ion Logic)  

E X P A N D  
( f rom Printer  

Command Reg is ter )  

Fig.  4.  Circui ts that  determine the 
pr in thead posi t ion.  
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power applied to the servomotor. 
The polarity of the motor drive is likewise obtained 

by comparing the error signal to the reference. The 
resulting polarity signal is applied to the motor con 
trol logic along with the commanded direction sig 
nals. If the actual head direction differs from the 
commanded direction, one of two flip-flops will be 
set. The outputs of these flip-flops are connected to 
the motor control logic such that if the head is moving 
in the wrong direction, full power (100% pulse width) 
is applied to the servomotor to bring it to a stop. Once 
the motor changes direction, the flip-flop is reset and 
the servo loop returns to the linear mode. 

Posit ion Control  
The circuits that determine the carriage position 

are shown in Fig. 4. The optical encoder disk attached 
to the leadscrew has two tracks that determine the 
printing pitch (horizontal spacing) of the characters. 
The standard track contains 100 slots per revolution 
to produce a pitch of 10 characters/inch (NORMAL 
mode). The second track has 167 slots per revolution 
(except in the Model 263 1G Graphics Printer) and is 
used for COMPRESSED printing at 16.7 characters/inch. 
This second track is also used for velocity feedback in 
the carriage servo-drive system. 

Each encoder  t rack is  sensed by two LED- 
phototransistor pairs that are spaced to produce two 
signals 90Â° out of phase with respect to each other. 
Edge detectors monitor the phototransistor outputs to 
determine the direction of printhead motion and gen 
erate an appropriate count pulse (an UP pulse for mo 
tion to the right and a DOWN pulse for motion to the 
left). These pulses set or reset the DIRECTION flip-flop. 
They are also ORed together to create the DOT POSITION 
pulse. 

The UP/DOWN count pulses are also fed to an up/ 
down counter chain that keeps track of the printhead 
position as the head moves across the page. The 
counter has a four-bit decimal-count stage that indi 
cates the dot column within a character cell followed 
by a binary stage that contains the number of the cell. 
The counters keep track of the number of character 
spaces (logical print positioning) rather than the ac 
tual position of the head since the print mode (pitch) 
may change several times in a line. The microproces 
sor can read the cell number so it has access to this 
information when commanding the printhead car 
riage to move to any position along a line of print. 

As explained previously, the dot-column data from 
the counter is used by the character generation logic 
as part of an address in the character generator ROM. 

Several printing features are handled by the 
hardware. One is auto underline. When the mi 
croprocessor is commanded to invoke auto underlin 
ing, it sets a bit in the printer command register that 

Service Printer 

F ig .  5 .  Bas ic  id le  loop  execu ted  by  the  m ic roprocessor .  

replaces the data for the printhead's bottom hammer 
with the least-significant bit of the dot-column 
counter. Thus, dots are printed on the bottom dot 
position of the odd-numbered columns, forming an 
underline. 

The print mode (pitch) is determined by two bits in 
the printer command register. One of these bits de 
termines which encoder track will supply inputs to 
the edge detectors (Fig. 4) and thus determines the 
choice of NORMAL or COMPRESSED modes. The other 
bit, used in the EXPAND mode in conjunction with the 
NORMAL track, enables n-2 logic preceding the dot- 
column counter. This allows every other UP or DOWN 
pulse only to be counted by the dot-column counter, 
causing each column to be printed twice in succes 
sion. 

System F i rmware  
The programs resident in firmware within the new 

printers and printing terminals are divided into five 
parts. These include the main system firmware, the 
printer driver firmware, the I/O driver firmware, the 
self-test firmware, and the keyboard/control-panel 
firmware. The driver portions are mainly concerned 
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Cal l  Mainl ine 
Subrout ines 

For  N Characters  

Did 
System 

Return N 
.Characters 

Yes 

Set  Blank-  
Space Pointer  
For  Sk ip  Over  

Carriage 
Return 

Set 
End-of-Line 

Pointer 

Control  
Code In  Middle  
w  o f  L i n e  

Line Not  
Reverse Pr intable  

Return  to  PHC 

Fig.  6 .  Pr in ter  buf fer  cont ro l  (PBC) f lowchar t .  

with controlling hardware while the system firmware 
provides data-path handling functions and a common 
set of general utilities for the drivers. The total 
amount of memory is 4K 16-bit words of ROM and 512 
16-bit words of RAM. 

The system firmware normally executes a basic idle 
loop, as shown in Fig. 5, but is driven out of the loop 
by interrupts. When an interrupt occurs, the proces 

sor saves the present state of the machine and trans 
fers control to the interrupting routine. Upon conclu 
sion of the interrupt routine, the processor restores 
the previous machine state and resumes execution 
from the point of interrupt. If the interrupt does not 
require fast response, the processor merely sets a flag 
for the appropriate driver and continues with the 
main program. The flagged driver is subsequently 
called when the processor reaches that point in the 
main idle loop where the flag (called a service re 
quest) is tested. 

The processor responds to three sources of inter 
rupts. These include the interface (I/O) hardware, the 
printer hardware, and the 2-ms real-time clock. The 
printer and I/O functions are purely interrupt driven 
while the keyboard is scanned at 10-ms intervals 
using the real-time clock. The 10-ms scan time is fast 
enough to detect all keystrokes but slow enough to 
ignore switch bounce. The processor keeps track of 
the keys down on the previous scan to provide 2-key 
rollover. 

Since the processor handles the keyboard scan and 
converts the ASCII codes for the keys by a table- 
lookup algorithm, the keyboard hardware is ex 
tremely simple and inexpensive. Yet, keyboard scan 
ning and ASCII conversion require only about 2% of 
the processor's time. 

System firmware functions are detailed in the fol 
lowing list. 

Provide a power-up initialization routine. 
â€¢ Handle all interrupts; also provide a firmware 

mechanism using the real-time clock to allow any 
driver, such as move head to the right for viewing, 
to suspend itself for a specified time period. 
Call proper drivers as needed. 
Provide a queuing structure so drivers can use 
queues with system calls, implemented with 
source and sink drivers. For example, in local mode 
the keyboard driver is a source and the printer is a 
sink for the keyboard queue. 
Scan the remote/local  and ful l /half-duplex 
switches and maintain internal data paths accord 
ing to the selected mode. 

Print ing Firmware 
The firmware that controls printing performs two 

general functions: monitoring and controlling the 
printing hardware, and interfacing information with 
the microprocessor operating system. The internal 
language consists of ASCII-coded eight-bit charac 
ters. 

The print driver firmware has two major sub 
routines. One, the printer buffer control, receives 
characters and places them in a printer line buffer. 
The other, the printer hardware control, contains all 
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Interfacing to a 180-Character/ 
Second Printer/Terminal 

The Models 2631 A/G Pr inters and 2635A/39A Pr int ing Termi 
nals were designed so that  the inter face I /O can be changed to 
match d i f fe rent  I /O pro toco ls  s imply  by  chang ing one pr in ted-  
c i rcu i t  board.  To permi t  th is ,  the machine 's  f i rmware is  d iv ided 
so that 1 K of the 4K words of operating firmware is on the I/O pc 
board.  Each I /O board thus carr ies i ts  own f i rmware,  making i t  
eas ier  to  adapt  the  mach ine to  d i f fe rent  computer  sys tems.  

The self-test routines for the entire machine are also included 
in the I/O ROM so the self test can include tests for the particular 
I/O in use. 

I /O cards have been designed for both serial and paral lel data 
i n p u t s .  I n  e i t h e r  c a s e ,  e a c h  c h a r a c t e r  i s  t r a n s m i t t e d  a s  a n  
e ight -b i t  byte.  S ince the characters  used by the machines can 
a l l  be  encoded in  seven b i ts ,  the  e igh th  b i t  may be  used as  a  
parity bit â€” options al low the parity protocol to be either odd or 
even â€” or i t  may be used to designate which of  the machine's 
two character  se ts  is  to  be used for  that  character .  

To permit this I/O f lexibi l i ty, there are seven entry points in the 
f i rs t  seven addresses of  the I /O f i rmware.  These are:  
1 .  I / O  m a i n l i n e .  T h i s  i s  c a l l e d  b y  t h e  m a c h i n e ' s  o p e r a t i n g  
routine whenever service is required. I t  performs many functions 
based upon the f lags set  by  o ther  rout ines.  I t  may a lso set  i ts  
own service requests to reenter at a later t ime. After a part icular 
service is performed, the I/O mainl ine clears the service request 
and checks  fo r  any  more  requests .  
2 .  I / O  p o w e r  o n .  T h i s  r o u t i n e ,  c a l l e d  o n c e  d u r i n g  r e s e t ,  i n  
i t ia l izes any words or  hardware pr ior  to  the machine becoming 
operat ional .  I t  a lso br ings up the hardware wi th the designated 
par i ty  and baud rate.  
3. Interrupt. I t  is in this routine, cal led by the I/O card i tself ,  that 
characters are received and transmitted . In the case of the serial 
I /O, considerable processing is done by this routine but with the 
paral lel  I /O, because of i ts faster byte-by-byte transfer,  the f lag 
for  the I /O main l ine  serv ice  request  is  se t  and the in ter rupt  is  
handled later.  
4.  Scanner.  This point  is  entered every few mi l l iseconds as the 
ope ra t i ng  sys tem has  t ime .  The  se r i a l  I /O  uses  t h i s  po in t  t o  

Address 

Strobe 
Decoder  

Control 

Computer  
System 

moni to r  ou ts ide  cont ro l  l ines  wh i le  the  para l le l  I /O re tu rns  im 
mediate ly  to  the operat ing system. 
5. Self- test I .  Directs the I /O f i rmware to a rout ine that tests the 
I /O hardware.  The resul ts of  the test  are returned by way of  an 
internal  register  to the cal l ing program. 
6. Self-test II . This causes the I/O to power up to resume normal 
communicat ions wi th  the outs ide wor ld  fo l lowing the se l f  test .  
7 .  I /O  s ta tus .  Th is  rou t ine  i s  ca l led  when the  mach ine  has  re  
ce ived an externa l  request  for  machine s ta tus.  

Serial I /O 
Serial data is accepted asynchronously, that is, the data is not 

synced with the machine's internal clock. When no data is being 
t ransmi t ted  be tween  the  mach ine  and  the  compute r ,  the  com 
municat ion l ine is  he ld in  a mark ing ( log ic  h igh)  s tate.  When a 
character is to be transmitted, the l ine is put into the space (logic 
low) state for one bi t  per iod and then the eight bi ts are transmit 
ted,  least  s igni f icant  b i t  f i rs t .  Af ter  the e ight  b i ts ,  the l ine goes 
back to the mark state and remains there unti l  the next character 
is transmitted. 

Although the new machines are capable of print ing at a speed 
of 1 80 characters per second, they may be used with computers 
that  t ransmit  at  rates up to 960 characters per second. To cope 
wi th h igh data rates,  the approach here is  to use the ENQ/ACK 
handshake (enqu i ry /acknowledge) ,  as  used w i th  the  HP 2640 
ser ies CRT Terminals.  With the ENQACK system, the computer  
s e n d s  8 0  c h a r a c t e r s  f o l l o w e d  b y  t h e  A S C I I  E N Q  c h a r a c t e r  
(0516). The characters are stored in the machine's I/O buffer and 
when the  ENQ charac te r  i s  rece ived ,  the  mach ine  checks  the  
buffer to see i f  there is room for 80 more characters.,  I f  there is 
room,  i t  t ransmi ts  the ACK character  (0616)  and the computer  
then sends another 80 characters followed by the ENQ character. 
I f  there is not room, the machine delays sending the ACK charac 
ter  unt i l  room for  80 more characters  becomes ava i lab le .  

The ENQ/ACK system makes more ef f ic ient  use of  computer  
t i m e  t h a n  d o  s y s t e m s  t h a t  i n t e n t i o n a l l y  s l o w  t h e  c h a r a c t e r  
t ransmiss ion ra te  by  inser t ing  non-pr in t ing  charac ters  to  s low 
the effect ive rate. 

A b lock d iagram of  the I /O hardware is  shown at  le f t .  Opera 
t ion  is  cont ro l led by  the s t robe decoder  that  decodes the l /0 's  
read and wri te pulses for control l ing data bus use. The heart  of  
the  hardware ,  however ,  i s  the  UART (un iversa l  asynchronous 
receiver/ t ransmit ter) .  I t  receives the ser ial  data, checks the par 
i t y  i f  used ,  de le tes  t he  s ta r t  and  s top  b i t s ,  and  p resen ts  t he  
character bits in parallel to the main data bus. Another port ion of 
t he  UART accep ts  a  cha rac te r  t o  be  t ransmi t t ed ,  adds  s ta r t ,  
s top,  and par i ty  b i ts ,  and t ransmi ts  them. 

The sel f - test  b lock al lows the UART to t ransmit  characters to 
i tsel f ,  thereby test ing the UART and the circui ts that support  i t .  
Incoming data  is  ignored and outgo ing data  is  suspended dur  
ing the I /O self  test.  

The in terrupt  system generates an in terrupt  for  the main pro 
cessor  whenever  the  UART rece ives  a  charac te r  o r  becomes  
ready the transmit another character. It also identif ies itself to the 
processor  as the in ter rupt  generator .  

The b lock  labe l led  S ta tus  and La tches  accepts  and la tches  
con t ro l  s igna ls  f rom the  da ta  bus  fo r  con t ro l l i ng  the  ou tgo ing  
l ines and other funct ions on the board. The status port ion trans 
mits conf igurat ion informat ion,  set  into DIP switches on the I /O 
board and read by the I /O f i rmware,  to the data bus for  contro l  
l i n g  p r o t o c o l  a n d  v a r i o u s  o p e r a t i n g  m o d e s .  | , , , , , i Â ¡ n u e d )  
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I t  i s  re  the  f i rmware in te r rup t  rou t ine  tha t  charac ters  are  re  
ceived and t ransmit ted.  Upon entry to th is rout ine,  the UART is 
immediately checked for a character,  s ince they could arr ive as 
of ten as one per mi l l isecond.  Incoming characters are checked 
for parity and framing errors and whether or not they are ENQS. If 
an  ENQ is  rece ived,  a  f lag  is  se t  fo r  the  t ransmi t te r  rout ine  to  
check for  buf fer  room and send an ACK.  Af ter  the character  is  
checked ,  i t  i s  pu t  i n to  t he  sys tem queue  and  the  t r ansm i t t e r  
rout ine is entered. In the transmit ter rout ine, special  characters 
l ike then six, and ETX, and terminal status are checked first, then 
the  sys tem queue is  checked fo r  charac te rs .  

Parallel I /O 
In  the  s tandard  para l le l  i n te r face ,  the  mach ine 's  p rocessor  

hand les  the input  data  on a  by te-by-by te  bas is ,  cont ro l l ing  a l l  
handshakes  th rough the  con t ro l  l i ne  decode c i rcu i t ,  shown in  
the block diagram above. Good service response is required on 
the par t  o f  the processor  to  insure accurate data t ransfer .  The 
CMOS SOS microprocessor  used in  the mach ine is  capab le  o f  
doing this.  

Upon rece ip t  o f  a  by te ,  the  processor  serv ices  the  in ter rupt  
a n d  s e t s  u p  a  s e r v i c e - r e q u e s t  c a l l  t o  t h e  I / O  f r o m  t h e  m a i n  
operating system. When the next free t ime occurs, the data input 
la tch  o f  read and the in ter face is  prepared for  another  by te  o f  
data. 

On every service,  the processor loads the status latch so the 
l a t ch  a lways  con ta ins  the  cu r ren t  s ta tus ,  i n  case  the  sys tem 
computer  shou ld  request  s ta tus .  

HP-IB Interface 
The HP- IB in te r face  I /O is  bas ica l l y  s imi la r  to  the  s tandard  

para l le l  I /O except  tha t  the  da ta  inpu t  and ou tpu t  la tches  are  
replaced by a CMOS SOS integrated circui t .1 This 1C, together 
wi th  b ipo lar  three-state t ransceivers,  prov ides a complete log i  
c a l  a n d  e l e c t r i c a l  i n t e r f a c e  t o  t h e  i n t e r f a c e  b u s  d e f i n e d  b y  
IEEE-488-1975 .  I t  hand les  the  bus  p ro toco l  and  handshakes  
involved in data transfer and provides buffer ing for inbound and 
ou tbound da ta  t rans fe r  th rough two F IFO queues  tha t  can  be  
accessed by the machine's processor.  Up to eight bytes of  data 
can be t ransfer red to  the I /O before  an in ter rupt  requ i r ing  ser  
v ice  f rom the processor  is  generated.  

In  th is  in ter face I /O,  the contro l  l ine decode enables the 1C 
when a  mach ine 's  p rocessor  ta lks  to  i t ,  and  i t  a lso  enab les  a  
switch that places the HP-IB address, set by a switch on the rear 
panel ,  on the processor 's  data bus.  Another  swi tch p laces the 
I /O  in  the  l i s ten-a lways  mode so  the  mach ine  w i l l  respond to  
whatever  is  on the HP-IB bus.  

The HP-IB I/O can operate at high speed up to the l imit  of the 
HP in ter face bus (1 megabyte/second)  or  i t  can operate in  the 
pr in t -and-space mode wi thout  any loss o f  pr in ter  capabi l i ty .  

-Gerard  Car lson  
Michae l  Lee 
Roy Foote 

Reference 
1 .  J .  W. Ju ly  "PHI ,  the HP-IB In ter face Chip,"  Hewlet t -Packard Journal ,  Ju ly  1 978 

printing firmware overhead as well as control of 
hardware functions. Both subroutines execute as 
non-interrupting routines and comprise about 95% of 
the printing firmware. The remainder involves paper 
feed and buffer-to-printhead subroutines that operate 
under interrupt control to service time-critical func 
tions rapidly. 

Separation of the driver into two sections evolved 
naturally because of the timing differences between 
the processing of characters by the printer buffer con 
trol (PBC) and their printing by the printing hardware 
control (PHC). The PBC first writes characters to the 
line buffer and then the PHC writes the buffer to the 
printhead hardware for printing. Both routines main 
tain separate configuration states that may affect logi 
cal decisions. 

Printer processing begins when the PBC calls a 
routine in the microprocessor operating system 
specifying the number of character spaces available 
for the next line and the starting location in the line 
buffer (Fig. 6). The routine then transfers characters 
stored in the input queue to the line buffer. Transfer 
stops when the number of characters requested is 
transferred, or when the entire queue is transferred if 
less than the requested number, or if a control charac 
ter is received. The PB C examines the last character to 
see if it is a control code and if so, determines whether 
or not it is executable by the printing mechanism. 
Non-executables â€” for example, "inverse video" â€” are 
eliminated, printables require no further attention, 
while executable control codes, including escape 
sequences, cause additional processing. Because con- 
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F i g .  7 .  P r i n t e r  h a r d w a r e  c o n t r o l  
(PHC) f lowchart .  

trol codes can affect characters that follow, print lines 
with imbedded executable control codes cannot be 
printed right to left. If the machine is in the DISPLAY 
FUNCTIONS mode, the original data stream remains 
unaltered so control codes can be printed. 

Escape sequences are fully decoded and replaced in 
the line buffer by an escape character followed by an 
eight-bit binary code that represents the specific 
command. The line is terminated when the carriage- 

return character is encountered. This end-of-line 
condition, which is marked by a pointer, prevents 
further loading into the buffer until printing of the 
present line is completed. 

If the PHC is printing left to right, characters are 
removed from the buffer left to right and the PBC fills 
in the next line as space becomes available. The PBC 
examines the incoming data and places a buffer 
pointer where the first non-blank character appears. 
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Thus, the printhead can be moved directly to this 
position when this line is printed, ignoring the blank 
spaces. The PBC also performs the tab function by 
inserting blank characters in the buffer. 

When the PHC reaches the end-of-line pointer for 
the present line, a last call is made to the PBC in an 
attempt to complete the next line. If the next line is 
complete and is right-to-left printable, trailing blanks 
are stripped off and the distances from the printhead 
to the start and end of the next line are determined. If 
the head is closer to the end of the next line, a reverse 
print line is started. 

Left-to-right print lines proceed through the buffer 
at print time until the end-of-line pointer is encoun 
tered. Right-to-left printing starts at the rightmost 
printable and proceeds back towards the first print 
able in the line. When right-to-left printing is com 
pleted, the buffer readout pointer is moved to one 
position to the right of where the rightmost printable 
was. Control codes at the end of the line are then 
processed by normal left-to-right processing. 

The actual printing and execution of control se 
quences are handled by the PHC (Fig. 7). First, possi 
ble error conditions are checked, then existing tasks 
are serviced, then the next character is processed, and 
finally real-time clock counters (out-of-paper alarm, 
move head for viewing) are checked. 

Entry to the main portion of the driver is by way of 
the system poll loop when the printing service- 
request flag is set. This flag can be set by a hardware 
interrupt (printhead crossing a cell boundary), by a 
printer delay word timing out, or when a character is 
placed in an otherwise empty system queue. On each 
pass through the driver, directly after each PBC call, a 
routine is called to get the next character from the line 
buffer. The next print location in a printed line is 
maintained in memory and the actual head position is 
in the printhead position counter. The head is then 
commanded to the character position one to the left of 
the next print position, if printing left to right, or one 
to the right if printing right to left. From there it is 
commanded to move in the proper direction at the 
indicated print speed. When the print velocity com 
mand is strobed to hardware, the PHC enables the 
PRINT GO flip-flop (Fig. 2) to be set by the next charac 
ter position interrupt. With this interrupt, the printer 
interrupt routine is entered. This routine checks for 
the correct print position, then strobes the character 
to hardware for printing. The next-printing location 
is then updated and the PRINT GO flip-flop control bit 
is lowered so it can be cleared when the head reaches 
the end of the current print cell. The main entry is 
called again during the next system poll so that con 
tiguous printables can be serviced. 

The next-character routine skips over blank charac 
ters by simply incrementing or decrementing the 

next-print location in memory. If more than ten 
blanks occur in succession, the head is moved rapidly 
to the next printing location upon completion of the 
present printing character. 

The PHC acts as a position controller for the print 
head carriage by giving a velocity command to the 
hardware and then reading the position of the head as 
feedback for updating the velocity input. Print speed 
is a function of the present print mode and the 
number of characters to be printed. The print-speed 
routine is called each time through the driver. As 
inputs, it uses the present print mode, the state of the 
repeat key (in the printing terminals) , and the number 
of characters left to be printed. This enables lower 
speeds for keyboard entry, a repeat speed for repeat 
character input, or full speed, when sufficient charac 
ters are buffered, with controlled deceleration at the 
ends of lines. 

Like the PBC, the PHC maintains its own DISPLAY- 
FUNCTlON-mode state so that control codes can be 
printed and not acted upon. The exceptions are the 
carriage-return character and the command that ter 
minates DISPLAY FUNCTIONS. When a carriage return 
character is encountered, it's symbol is printed and 
then a return and a line feed are executed. In the same 
way, the terminate-DlSPLAY-FUNCTlONS symbol is 
printed and then that mode is terminated. 

The four bits maintained in memory that control 
the printing mode (auto-underline, alternate charac 
ter set, COMPRESSED and EXPANDED print modes) are 
updated each time their escape commands are en 
countered. Then, with each print strobe, a copy of the 
printing mode state is written to hardware so printing 
modes are selected on a character-by-character basis. 
This allows intermixing of character sets and print 
modes on a given line. 

Paper Control  
Paper motion can be commanded by a line-feed 

character, a form-feed character, or a vertical format 
control (VFC) command. VFC commands are escape 
sequences that select one of eight possible predefined 
position stops on a page. 

When a paper motion command is received (line 
feed, form feed, etc.), the microprocessor allows the 
in-progress printing operations to complete and then 
initiates paper feed by triggering a state machine that 
generates the phased signals for advancing the motor 
to the next step. The paper feed routine calculates the 
number of steps required to move the paper to the 
next stop position. This number is stored in a memory 
location for step counting. Similarly, a line-feed or a 
form-feed causes the memory to be updated with the 
number of steps required. 

Once the memory is loaded, a 2-ms real-time clock 
delay is set. When the delay times out, the paper-feed 
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interrupting routine is entered. This routine enables 
the hardware to step the paper drive, decrement the 
paper-feed memory count, and check it for zero. If it is 
not zero, another 2-ms delay is set for the next step. 

Each step advances the motor 1/72 inch so twelve 

steps are required for the standard six lines/inch spac 
ing or nine for eight lines/inch. Firmware counters 
maintained by the microprocessor keep track of the 
line count. Other line spacings of one, two, three, 
four, and twelve lines/inch can be programmed. Â¿ 

T E C H N I Q U E :  7 - 9  d o l  m a t r i x ,  i m p a c t .  

S P E E D :  1 8 0  c h a r a c t e r s .  s e c o n d :  b t d K e c b o n a l  

L I N E  L E N G T H :  1 3 6  c h a r a c t e r s  *  1 0  c o t .  6 8  a t  5  q Â » ,  a n d  2 2 7  a t  1 6 . 7  c p ,  

C H A R A C T E R  S E T :  1 2 8  A S C I I .  
F O R M  W I D T H :  E d g e  p e r f o r a t e d .  3 1 - m m  ( 1  . 2 2  i n )  p e r f o r a b o r H o ^ e r f o r a b r j n .  

4 0 0 - m m  ( 1 5  . 7 4 8  i n )  e d g e - t c - e d g e  

F O R M S  H A N D L I N G :  
F o r m s  t r a c t o r s  a r e  s t a n d a r d ,  f e e d  r a l e :  1 7 6 . 6  m m s  ( 6 . 9 5  I T V ' S ) .  

B - c h a n n e t  f i x e d  v e r t i c a l  f o r m  c o n t r o l  ( l o r  1 1 - i n c h  l o n g  f o r m s ) .  

S i n g l e  s p a c e  S l e w  t o  l o p  o f  n e x t  p a g e  

D o u b l e  s p a c e  S l e w  t o  n e x t  h a l f  p a g e  

T r o t e  s p a c e  S l e w  t o  n e x l  q u a r t e r  p a g e  

S l e w  t o  b o t t o m  o f  c u r r e n t  p a g e  S l e w  t o  n e x t  t e n t h  p a g e  

H o r i z o n t a l  t a b b i n g ,  u p  t o  2 2 7  t a b s .  

V a r i a b l e  h o r i z o n t a l  a n d  v e r t i c a l  p i t c h  
1 - 6  c o p i e s  u p  t o  0  4 3 - m m  t o t a l  t h i c k n e s s .  

P O W E R :  1 0 0 ,  1 2 0 .  2 2 0 ,  2 4 0  V a c ,  + 1 0 % ,  - 1 2 % .  4 8 - 6 6  H z .  1 4 0 V A  n  

p n n t i n g ,  2 6 5 V  A  m a n  p r i n t i n g .  

R E L I A B I L I T Y :  
A n  e x t e n s i v e  r e l i a b i l i t y  t e s t i n g  p r o g r a m  w a s  i m p l e m e n t e d  i n  w h i c h  3 3 0  m i l l i o n  

c h a r a c t e r s  w e r e  p r i n t e d  o n  e a c h  o l  3 5  m a c h i n e s  f o r  a  t o t a l  o f  1 1 . 5  b i l l i o n  c h a r -  

b e t w e e n  f a i l u r e s  ( M C B F ) ,  e x c l u d i n g  p n n t  h e a d  a n d  n b b o n s .  e x c e e d s  3 0 0  m i l l i o n  

T h e  p n n t h e a d  i t s e l f  i s  g o o d  f o r  a n  a v e r a g e  o f  1 3 0  m i l l i o n  c h a r a c t e r s ,  a n d  t h e  

a v e r a g e  r i b b o n  l i t e  i s  1 0  m i l l i o n  c h a r a c t e r s .  

T h e  2 6 3 0  f a m i l y  i s  r e c o m m e n d e d  f o r  1  m i l l i o n  c h a r a c t e r s  p e '  Q a y ,  r e s u l t i n g  

m  a  m e a n  m o n t h l y  b e t w e e n  f a i l u r e s  ( M T B F j  o f  a p p r o x i m a t e l y  t  y e a r .  B a s i c  m o n t h l y  

P R O D U C T  S A F E T Y :  T h e s e  p r o d u c t s  a t e  l i s t e d  b y  U n d e r w r i t e r s  L a b o r a t o r i e s  I n c  i n  

t h e  f o l o w m g  c a t e g o r i e s :  
E l e c t r o n i c  D a t a  P r o c e s s i n g  E q u i p m e n t  ( E M R T )  

O f f i c e  A p p k a n c e s  a n d  B u s i n e s s  E q u i p m e n t  ( Q A O T )  

T e a c h i n g  a n d  i n s t r u c t i o n  E q u i p m e n t  ( W Y F W )  

T h e y  D a t a  a l s o  c e r t i f i e d  b y  t h e  C a n a d i a n  S t a n d a r d s  A s s o c i a t i o n  a s  D a t a  P r o  

c e s s i n g  E q u i p  m e n !  
E N V I R O N M E N T A L  

T E M P E R A T U R E :  0  t o  5 5 ' C  ( 3 2  l o  1 3 r F )  o p e r a t i n g .  

H U M I D I T Y :  5 %  l o  9 5 %  ( n o n - c o n d e n s i n g )  e x c l u d i n g  m e d i a .  

S P E C I F I C A T I O N S  
HP Mode ls  2631  A  and  2631  G  Pr in te rs ,  
2 6 3 5 A  a n d  2 6 3 9 A  P r i n t i n g  T e r m i n a l s  

V I B R A T I O N :  0  3 8  m m  ( 0 . 0 1 5  i n )  p - p .  5 - 5 5  H z .  3  a x e s  
S H O C K ;  3 0 ( ( .  1 1  m s .  V i ^ Â » w  s t Â ¥ J C k  p u l s a .  A t e o  t y p e  t e s Â » d  t o  q u a l i f y  t o r  n o r m a l  

s f - p c - n g  a n d  h a n d i n g  i n  o r i g i n a l  s h a p i n g  c o n t a i n e r .  

H P  M o d e l  2 6 3 1  A  P r i n t e r  O n l y  

S I Z E :  2 1 5  m m  H  *  6 4 0  m m  W  x  4 6 9  m m  D  ( 6 " i  â € ¢  2 5 W  *  1 8 V t  i n ) .  

W E I G H T :  2 3 . S  k g  ( 5 1  I b j  w i t h o u t  s t a n d .  

D a n s h ,  E x  G e r m a n .  S p a r a s h .  U n i t e d  K i n g d o m .  C y n l i c .  K a t a f c a n a .  E x  

t e n d e d  R o m a n .  M a t h  s y m b o l s .  

C O N T R O L S  A N D  I N D I C A T O R S  
P R I N T  M O D E  s w i t c h  E X P A N D E D .  N O R M A L .  C O M P R E S S E D  
V E R T I C A L  P I T C H  s w i t c h  6 . 8  I p i  ( s e t s  d e f a u l t  v a l u e ) ,  i  . 2 . 3 . 4  a n d  1 2  i p i  s e l e c t a b l e  

t h r o u g h  e s c a p e  s e q u e n c e s  i m b e d d e d  i n  d a t a  s t r e a m .  
D I S P L A Y  F U N C T I O N S  b u t t o n  a n d  i n d i c a t o r  ( p r i n t s  c o n t r o l  c h a r a c t e r s  b u !  d o e s  

n o t  e x e c u t e  t h e m ) .  
O N  L I N E / O F F  L I N E  b u t t o n  a n d  i n d i c a t o r  

S E L F - T E S T  b u t t o n  R E S E T  b u t t o n .  

F O R M  F E E D  b u t t o n  L I N E  F E E D  b u t t o n  

P O W E R  O N  i n d i c a t o r .  
P O W E R  s w i t c h ,  ( u s e .  a n d  l i n e  v o l t a g e  s e l e c t o r  o n  r e a r  p a n e l .  

P A P E R  O U T  a u d i b l e  a l a r m .  

I N T E R F A C E :  
S T A N D A R D :  G e n e r a l  p u r p o s e  d i f f e r e n t i a l  l i n e  d r i v e r  c o m p a t i b l e  w i t h  H P  1 2 B 4 5 B  

i n t e r l a c e  b o a r d  ( o r  2 1 0 0  a n d  1 0 0 0  s e r i e s  c o m p u t e r s .  

O P T I O N A L  G e n e r a l - p u r p o s e  T T L  i n t e r f a c e  f o r  H P  2 6 4 0  s e r . e s  C R T  t e r m i n a l s .  

R S 2 3 2 C ' C C l T T  V . 2 4  w i t h  o r  w i t h o u t  m o d e m  c o n t r o l ,  2 0  m A  c u r r e n t  l o o p ,  a n d  

I E E E  4 8 8 - 1 9 7 5  i n t e r l a c e  b u s .  

P R I C E  I N  U . S . A . :  $ 3 1 5 0  

H P  M o d e l  2 6 3 1 G  G r a p h i c s  P r i n t e r  

S a m e  a s  M o d e l  2 6 3 1 A  P r i n t e r  e x c e p t  t h a t  i t  a c c e p t s  r a s t e r - f o r m a t  g r a p h i c s  

d i s p l a y  d a t a  ( r o m  H P  2 6 4 7 A  a n d  2 6 4 B A  C R T  G r a p h i c s  T e r m i n a l s ,  h a s  a  

m o r e  f l e x i b l e  v e r t i c a l  f o r m s  c o n t r o l ,  c a n  h a v e  m u l t i p l e  s e c o n d a r y  c h a r a c t e r  s e t s ,  

h a s  a v a i l a b l e  a n  o p l i o n a l  l i n e - d r a w  c h a r a c t e r  s e t  a n d  a n  o p t i o n a l  h i g h -  

d e n s i t y  c h a r a c t e r  s e t .  

H O R I Z O N T A L  P I T C H :  5 .  7 2 .  1 0 .  a n d  1 4  4  c h a r a c t e r s  p e r  i n c f i  

R E S O L U T I O N  I N  G R A P H I C S  M O D E :  7 2  â € ¢  7 2  d o l s  i n c h  

I N T E R F A C E :  I E E E  4 8 8 - 1 9 7 5  i n t e r l a c e  b u s  

P R I C E  I N  U . S . A . :  $ 4 2 5 0  

H P  M o d e l  2 6 3 S A  P r i n t i n g  T e r m i n a l  O n l y  

n  W  x  5 9 5  r r  i  O  ( 8 - 1  S I Z E :  2 1 5  m m  H  x  6 4 0  m i  

W E I G H T :  2 5 4  k g  ( 5 6  f c )  
K E Y B O A R D :  F u l l  A S C I I  k e y b o a r d  w i t h  t y p e w r i t e r  c o m p a t i b l e  k e y  l o c a t i o n s .  

C a p s  l o c k  a n d  r e p e a t  K e y s  1 5 - k e y  n u m e r i c  p a d  E n h a n c e d  2 - k e y  r o H o v e r .  

C O N T R O L S  A N D  I N D I C A T O R S  
T E R M I N A L  R E S E T  B u t t o n  R E M O T E / L O C A L  S w i t c h  

S E L F  T E S T  b u t t o n  A U T O  L I N E  F E E D  b u t t o n  
S E T  T A B  b u t t o n  C L E A R  T A B  b u t t o n  

D I S P L A Y  F U N C T I O N S  P O W E R  O N  i n d i c a t o r  

D A T A  S E T  H E A D Y  i n d i c a t o r  C L E A R  T O  S E N O  i n d i c a t o r  

P O W E R  s w i t c h ,  f u s e ,  a n d  l i n e  v o l t a g e  s e l e c t o r  o n  r e a r  p a n e l  

I N T E R F A C E :  R S 2 3 2 C  a s y n c h r o n o u s  i n t e r f a c e  l o r  t y p e  1 0 3  m o d e m s .  

D A T A  R A T E :  1 1 0 .  1 5 0 .  3 0 0 ,  1 2 0 0 .  2 4 0 0  b a u d  s w i t c h  s e l e c t a b l e .  

T R A N S M I S S I O N  M O D E  F u l l  o f  n a N  d u p l e x ,  s w i t c h  s e l e c t a b l e .  

P A R I T Y :  o d d .  e v e n ,  o r  n o n e ,  s w i t c h  s e l e c t a b l e .  
O P T I O N S :  2 0 - m A  c u r r e n t  l o o p  ( f u l l  d u p l e x  o n l y )  a n d  R S 2 3 2 C  f o r  t y p e  2 0 2  

P R I C E  I N  U . S . A . :  S 3 4 5 0  

M o d e l  2 6 3 9 A  P r i n t i n g  T e r m i n a l  

s  R S 2 3 2 C  a n d  S a m e  a s  M o d e l  2 6 3 5 A  e x c e p t  h a s  f l e x i b l e  i n t e r f a c e  t h a t  r  

c u r r e n t  l o o p  s e l e c t a b l e  w i t h  s p b l  t r a n s m i t  r e c e i v e  b a u d  r a t e s ,  a n d  a l s o  h a s  
a s y n c h r o n o u s  A S C I I  i n t e r l a c e  w i t h  s t a n d a r d  1 - K  b y t e  i n p u t  b u f f e r ,  " p r i n t e r  b u s y "  

s t a l e  o f  b e  s e l e c t e d  a t  1 0 0 ,  9 0 .  8 0 .  7 0 .  6 0 ,  5 0 .  4 0 .  o r  3 0  p e r c e n t  o f  b u t l e r  f u l l ,  

o r  " p r i n t e r  n o !  b u s y "  s t a l e  c a n  b e  s e l e c t e d  a t  0 ,  1 0 ,  2 0 .  3 0 .  4 0 .  5 0 .  6 0 .  o r  7 0  

p e r c e n t  o f  b u f f e r  f u l .  S u p p o r t s  e i t h e r  X - O N / X - O F F  o r  E N Q / A C K  p r o t o c o l s .  

P R I C E  I N  U . S . A . :  $ 4 0 2 5  

M A N U F A C T U R I N G  D I V I S I O N :  B O I S E  D I V I S I O N  
1 1 3 1 1  C h i n d e n  B o u l e v a r d  

B a s e .  I d a h o  8 3 7 0 7  U . S . A .  
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Versat i le  400- lpm Line Pr inter  wi th  a  
Fr ic t ion-Free Mechanism that  Assures 
Long Li fe  
This  medium-speed l ine pr in ter  wr i tes  dot -matr ix  
a lphanumer ics and graphics wi th a mechanism that  has no 
s l id ing par ts  or  bear ings to  wear  out .  I t 's  a /so versat i le ,  
w i th  a  capabi l i ty  for  pr in t ing wi th  a  var ie ty  o f  character  
sets. 

by  F .  Duncan  Ter ry  

THE TRANSFER OF INFORMATION from a com 
puter to a printed page can be done with any of 

several different techniques at various speeds in a 
variety of modes. For most small computer systems, 
especially those directed towards the scientific and 
small business markets, the impact printing tech 
nique is favored because it allows printing on multi 
copy forms using standard paper. Impact printers 
commonly used in small systems print with speeds 
ranging from 120 characters per second to as high as 
1000 lines per minute. 

Described in the previous articles in this issue is a 
serial-character printer (Model 2631A) using a 
horizontal-scan, dot-matrix, impact printing tech 
nique capable of printing at speeds of 180 characters/ 
second. This article describes a new medium-speed 
line printer (Model 2608A) that uses a combined 
horizontal- and vertical-scan, dot-matrix technique to 
achieve print speeds of up to 400 lines per minute, 
equivalent to nearly 800 characters per second. With 
this speed, the new printer (Fig. 1) can fulfill the 
majority of printing needs in the small computer 
field. It also offers the system programmer a new 
dimension in system interaction with a line printer. 

Basic Operat ion 
The printing technique used in the new printer is 

similar to that used in the HP Model 2607A Printer 
but a new mechanism was designed to achieve higher 
speed and greater ruggedness. The basic printing op 
eration is the energizing and release of a cantilever 
steel tine (hammer] by an electromagnet (Fig. 2). To 
print a dot, the magnet draws the tip of the hammer 
away from the paper and then releases it. When re 
leased, the hammer snaps forward and a tungsten- 
carbide sphere welded near its tip impacts the ribbon 
against the paper and platen, printing a dot 0.45 mm 
(0.018 inch) in diameter. 

To print a complete character, the hammer and 
magnet are moved horizontally five dot positions, 
and dots are printed in the positions required by that 

F i g .  1 .  M o d e l  2 6 0 8 A  p r i n t s  1 3 2  c o l u m n s  o f  c h a r a c t e r s  o n  
s tandard  14 - Inch  w ide  compute r  paper  a t  speeds  up  to  400  
l i nes /m inu te  when  p r in t ing  upper  case  on ly  w i th  a  5  x  7  do t  
matr ix,  or to 320 Ipm when pr int ing upper and lower case with 
a  5  x9dot  matr ix .  As many as 16 d i f ferent  character  sets  can 
reside wi th in the pr inter,  any two of  which may be used within 
a n y  l i n e ,  a n d  t h e  n o r m a l  d o t  m a t r i x  c a n  b e  e x p a n d e d  f o r  
specia l  pr int  character is t ics.  Forms wi th as many as s ix parts 
can be pr in ted.  

2 0  

© Copr. 1949-1998 Hewlett-Packard Co.



Hammer 

Connector  

Damper  

Tens ion  Rod  

F ig .  2 .  P r i n t  hammer  mechan i sm .  E leven  modu les  ho ld i ng  
twe lve  hammers  each  a re  c lamped  toge the r  by  two  tens ion  
r o d s  t o  f o r m  a  r i g i d  b a r  t h a t  i s  m o v e d  b a c k  a n d  f o r t h  b y  a  
l inear (voice-coi l )  motor.  

character in that particular row of the dot matrix. The 
paper is then advanced 0.353 mm (0.0139 inch), the 
hammer and magnet reverse direction, and the next 
dot row of the character is printed. Seven rows of dots 
complete an upper-case character (Fig. 3). For lower 
case characters, two more dot rows print the descen 
ders, if required. 

The mechanism has 132 hammers, spaced on 
2. 5-mm (0.1-inch) centers, that move horizontally as a 
unit. Any combination of hammers can be fired 
simultaneously, depending on the information being 
printed. The paper is pulled through the machine in 
discrete steps, one dot row at a time, and after each 
advance, the hammer and magnet assembly moves 
horizontally to print all the dots in that row for all the 
characters on that line. 

New Direct ions 
This technique has proven to be versatile, reliable, 

and cost-effective. It has, in fact, proven to be capable 
of generating some of the most uniform and readable 
multicopy print from any type of printer because each 
dot is printed with the same intensity, a characteristic 
that is most noticeable when several carbon copies are 

being made. This is in contrast to full-font printers 
where a low-density character, such as a period (.), 
receives the same impact force as a high-density 
character, such as the number sign (#) , with resulting 
variations in print intensity. 

It was felt, however, that the basic mechanism had a 
potential for higher speed and also for printing 
graphics. In addition, the use of a microprocessor for 
control could add a high degree of versatility. There 
fore, a major redesign was initiated. To take full ad 
vantage of the basic reliability and flexibility of this 
method of printing, extensive analysis of the printing 
action was undertaken, leading to major design 
changes and improvements in the mechanism. The 
electronics were completely redesigned. 

During the design phase, the project focused on 
three main objectives. 

The first was to fully exploit the fundamental ad 
vantages of the print mechanism. 

High reliability is characteristic of the print ham 
mers because each is a simple mechanical spring with 
no bearings or sliding parts to wear out. This concept 
was extended to the horizontal movement of the 
hammer assembly, which is now mounted on metal 
lic flexures, achieving a virtually frictionless print 
mechanism. Print uniformity is enhanced by moving 
the electromagnets horizontally with the hammers 
rather than moving the hammers only. This maintains 
a uniform magnetic field and reduces the problem of 
cross-talk between adjacent characters at the extreme 
excursions of the hammer assembly. It also allows the 
hammers to move a greater distance so dots can be 
placed in the between-character spaces for printing 
graphics. Also, the hammer assembly is now moved 
by a friction-free voice-coil-type linear motor, which 
allows the stroke length to be changed easily for print 
ing graphics. Print speed was more than doubled by 

The 2608ft is an economical, 

highly reliable, medium speed 

d o t  m a t r i x  l i n e  p r i n t e r  

designed for use in most compu 

ter applications. Printing at 

400 lines per minute., utilizing 

a, high resolution matrix, 

offering special user features 

such as graphics, multiple 

(character sets, 16-channel VFC 

and double size characters, the 

2608A is a printer designed 

with today ''s systems in mind, 

rugged enough for EDP applica 

tions, yet quiet enough to be 

F i g .  3 .  D o t - m a t r i x  p r i n t i n g  p e r f o r m e d  b y  t h e  M o d e l  2 6 0 8 A  
Line Pr inter  is  reproduced fu l l -s ize here.  
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driving the hammers near their resonant frequency, 
by improving the hammer damping characteristics, 
and by using better materials. 

The second was to enhance system flexibility in a 
cost-effective manner. 

Microprocessor control made it feasible to offer 
multiple character sets, double-sized characters, 
full-scan graphics, overstriking for underlining or 
creating APL characters, and a 16-channel vertical 
format control (VFC) that is fully electronic and can 
be initialized either from ROM or by software. Self- 
test routines exercise all features of the printer to give 
assurance that the printer is functioning properly. A 
number of status indicators are now available to the 
host system. 

The third was to enable the printer to fit in a wide 
variety of environments. 

The compact appearance disguises the fact that the 
new printer is a rugged, workhorse machine. Low 
acoustical noise (72 dBa standard, 68 dBa optional) 
allows its use in systems that are to be placed in 
sensitive environments. The 100-metre (~100-yard) 
ribbon, capable of printing 30 million characters, is 
contained in an easily changed, smudge-free car 
tridge. Modular construction minimizes mainte 
nance costs. 

These and other characteristics are described in 
more detail in the article that follows. 
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S P E C I F I C A T I O N S  
HP Model  2608A Line Pr inter  

PRINTING 
TECHNIQUE:  Impac t  
C H A R A C T E R  F O R M A T I O N :  D o t  m a t r i x ,  5 x 7 ,  5 x 9 ,  7 x 9 .  
GRAPHICS MODE:  924  do t s  pe r  l i ne  a t  70  do t s  pe r  i nch  x  72  do t s  pe r  i nch  

ve r t i ca l l y .  I n  t he  g raph i cs  mode ,  t he  p r i n t e r  i n t e rp re t s  each  da ta  by te  as  
e i g h t  h o r i z o n t a l  d o t  p o s i t i o n s  a n d  p r i n t s  d o t s  w h e r e  1 ' s  o c c u r  
e.g. 3238 = 11010011 = .. . â€¢â€¢). 

L INE LENGTH:  Up to  132 charac te rs .  
PRINT SPEED 

M A T R I X  S I Z E  L I N E S  P E R  M I N U T E  

r, â€¢ 7 

5 x 9  
7x9  

400 
320 
250 

40 dot  rows per  second wi th  the max imum 924 dots  per  l ine  in  the graph ics  
mode. 

L INE FEED RATE (6  o r  8  l ines  per  inch) :  15  ms.  
FORM FEED RATE:  357  mm (14  in )  pe r  second .  
VERTICAL FORMAT CONTROL:  E lec t ron ic  con t ro l ,  16  p rogrammable  channe ls .  

Standard channel def in i t ions and assignments are avai lable f rom internal  ROM. 
or  forms may be def ined and channels  ass igned by an externa l  data source.  

FORM WIDTH:  130 mm (5  in )  to  385 mm (16 .16  in )  edge- to -edge.  
P A P E R  W E I G H T :  

SINGLE PART:  20 Ib  up to  100 Ib .  
MULTI-PART: Up to  6 copies wi th  12 Ib  paper  and 7 Ib  carbons (0.61 mm maxi  

mum pack  th i ckness ) .  Mu l t i pa r t  f o rms  and  ca rd  s tock  shou ld  be  tes ted  fo r  
sat isfactory feeding, registrat ion, and pr int  qual i ty.  

P O W E R :  1 0 0 .  1 2 0 ,  2 2 0 ,  2 4 0  V a c  + 5 % ,  - 1 0 % ,  4 8 - 6 6  H z .  7 0 0  V A  t y p i c a l ,  
1500 VA max when pr in t ing;  225 VA non-pr in t ing.  

S I Z E  2 2  s t a n d ) :  1 0 4 2  m m  H  x  6 8 0  m m  W  x  5 5 5  m m  D  ( 4 1  x  2 6 V 2  x  2 2  Â ¡ n )  
WEIGHT ( inc lud ing s tand) :  97 kg (215 Ib) .  
E N V I R O N M E N T A L  

T E M P E R A T U R E  
PRINTER:  0  to  55=C (32  to  131=F)  opera t ing :  -40  to  75=C ( -40  to  
167Â°F) non-operating. 
RIBBON: 10 to 50Â°C (50 to 122Â°C) in use or in storage. 

RELAT IVE  HUMID ITY :  5% to  95% non -condens ing .  Fo rms  shou ld  be  t es ted  
at  h igh humidi ty  for  sat is factory feeding and handl ing.  At  low humidi ty ,  forms 
should proper tested to determine if static build-up should be eliminated for proper 
stacking. 

AUDIBLE NOISE (using ISO 3744 as measurement standard):  72 dBa operat ing, 
55 dBa in standby. Optional sound cover reduces operating noise level to 68 dBa. 

C O N T R O L S  A N D  I N D I C A T O R S  
P O W E R  O N  i n d i c a t o r  P O W E R  O N  C O N D I T I O N S  
O N  L I N E / O F F  L I N E  b u t t o n  6  o r  8  L P I  

a n d  i n d i c a t o r  P R I M A R Y  L A N G U A G E  ( 1  o f  1 6 )  
F A U L T  C O N D I T I O N  i n d i c a t o r s  S E C O N D A R Y  L A N G U A G E  ( 1  o f  1 6 )  

P R I N T  M E C H  P L A T E N  R I B B O N  F O R M  F E E D  b u t t o n  
P A P E R  O U T  T E S T  F A I L  L I N E  F E E D  b u t t o n  

F O R M S  A D J U S T  U P / D O W N  b u t t o n s  6 / 8  L P I  b u t t o n  a n d  i n d i c a t o r  
P O W E R  O N / O F F  s w i t c h  o n  R E S E T  b u t t o n  

r e a r  p a n e l  S E L F  T E S T  b u t t o n  a n d  i n d i c a t o r  
INTERFACE:  

STANDARD:  D i f fe ren t ia l  l i ne  d r i ve r  compat ib le  w i th  the  HP 26099A in te r face  
board for  2100 and 1000 ser ies  computers ,  and the 30209A in ter face board 
for  3000 ser ies computers.  

O P T I O N A L :  H P - I B ,  H P ' s  i m p l e m e n t a t i o n  o l  I E E E  S t a n d a r d  4 8 8 - 1 9 7 5  a n d  
ANSI  MC1.1.  

OPTIONS: Sound cover.  Language opt ions include Arabic.  Cyr i l l ic .  Katakana, and 
Draw:  charac te r  op t ions  inc lude  APL,  F rench .  Ferman,  Swed ish /F inn ish .  Nor  
wegian/Danish,  Spanish,  Br i t ish.  Japanese ASCII ,  Roman extens ion.  

PRICE IN U.S.A. :  $9250.  
MANUFACTURING D IV IS ION:  BOISE  D IV IS ION 

11311 Chinden Boulevard 
Boise.  Idaho 83707 U.S.A.  
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Optimiz ing the Performance of  an 
Electromechanical  Pr int  Mechanism 
by Everet t  M.  Bai ly ,  Wi l l iam A.  Mcl lvanie ,  Wal lace T .  Thrash,  and 
Douglas B.  Winterrowd 

THE SPEED OF ANY MECHANICAL SYSTEM is 
usually limited by effects that result from con 

trolling the acceleration and/or deceleration of criti 
cal parts. Finding the causes of certain effects and 
minimizing them so printing speed could be in 
creased was a major design goal for the Model 2608A 
Line Printer. 

Details of the print hammer mechanism in the 
2608A are shown in Fig. 1. The longer beam (or tine) 
is the hammer and the shorter beam is the damper. To 
print a dot, the electromagnet is energized, pulling 
the hammer back against the core face. This stores 
enough energy in the hammer so when the elec 
tromagnet is de-energized, the hammer flys forward 
and strikes the paper through the ribbon with enough 
impact to leave a crisp dot. The hammer then re 
bounds and collides with the damper on the return 
stroke, reducing excessive residual motion of the 
hammer. 

Between release and impact, the beam moves freely 
at a rate determined by its natural resonant frequency, 
which is about 400 Hz. The principal advantages of 
allowing the hammer beam to impact the platen at its 
natural frequency are speed and the relatively low 
power required â€” if the core is energized again to 
print an adjacent dot, the hammer will already be 
moving towards the core face. 

The disadvantage is the tendency for the hammer to 
"overstrike", that is, to rebound from the damper and 
print an unwanted dot. In earlier implementations of 
this printing technique, this problem was handled by 
making the prifit speed slow enough to place over- 
strike dots roughly in coincidence with the printed 
dot. 

One way to allow an increase in print speed would 
be to increase the resonant frequency of the hammer 
beam. The relationships involved are: 

ta : h/12, 

â€¢ : hy/12 

where (u = the resonant frequency; 
h = hammer thickness; 
1 = hammer length. 

where o- = stress; 
y = displacement. 

E  :  ( 7 2 l h : y ( h / l ) 3 ,  w h e r e  E  =  s t r a i n  e n e r g y .  

To raise the resonant frequency, either the thick 

ness can be increased, or the length can be reduced. 
Because of a number of material-availability, proces 
sing, and tolerance problems, the hammer thickness 
is limited to a practical value. Since a certain amount 
of strain energy needs to be imparted to the hammer 
for good print quality, reducing the length of the 
hammer would increase the stress, raising it above the 
maximum permissible for good fatigue life. Thus, 
there are practical limits to raising the resonant fre 
quency. 

Another way would be to improve the damping 
mechanism so overstrike would be eliminated al 
together. Specifically some means had to be found to 
limit residual motion in the hammer to something 
less than that needed for a visible overstrike. 

Paper 

< 
Core 

Fig.1.  Deta i ls  of  the model  2608A's pr in t  mechanism. Topr int  
a dot ,  the electromagnet ic core is pulsed, pul l ing the hammer 
back against i t  and then releasing i t  to f ly forward, print ing the 
dot. 
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7777 
Pul l  Back 
Position 

7777 
Impact  Just  Af ter  

Impact 
Mixed Mode 

Vibration 

Fig .  2 .  8as/c  hammer mot ion.  Impact  red is t r ibu tes  energy in  
the  fundamenta l  resonance  mode to  h igher  modes .  

Analyz ing Overstr ike  
The main variables affecting residual motion are 

impact location, expressed as a percentage of hammer 
length, and the damper-to-hammer length ratio. 
Other variables are thickness and width but these had 
already been determined by overriding criteria. 

Ordinary steel rules make useful large-scale models 
for observing the residual motion of a hammer. As 
shown in Fig. 2, the impact location, which acts as a 
temporary node point, is in the vicinity of the natural 
second node point for a cantilever beam. The action of 
impact redistributes the residual energy in the ham 
mer beam into higher modes, reducing the amplitude 
of the fundamental motion. Experimentally it was 
found that the optimum impact location from the tip 
is 13% of the hammer length, 9% above the second 
node point. Furthermore, the model suggests that 
maximum damping occurs when the second-mode 
frequency of the hammer is a multiple of the domi 
nant fundamental mode of the damper (not shown in 
Fig. 2). Experiments showed that the optimum multi 
ple is 2. With this configuration, overstriking would 
be minimized over a practical range of parameter 
variations. 

In going from the scaled-up thin-section model to 
an actual size thick-section model, however, perfor 
mance was not the same. There was enough residual 
fundamental motion after impact to cause occasional 
overstriking. Sensitivity to parameter variations was 
much greater too. These performance differences 
might be explained by the rate at which energy in the 
hammer is dissipated, primarily in the form of acous 
tic energy coupled to the air. As the equations show, 
the strain energy increases as the cube of the thick 
ness, but since energy dissipation into the air is pro 
portional to frequency, which increases linearly with 
thickness, the damping ratio goes down in proportion 
to thickness. Intuitively speaking, the thicker ham 
mer is stiffer and less affected by its surrounding 
medium. 

It was therefore proposed, and confirmed by exper 
iment, that the introduction of a magnetic damping 
pulse would obtain the results desired. The pulse is 

timed to occur as the hammer rebounds from the 
damper and is on its way towards an overstrike. 

Further  Analyses 
The complexity of hammer motion led to further 

studies using a high-speed camera (40,000 frames/s). 
This provided excellent qualitative information, but 
quantitative data was hard to derive so the next step 
was to design a computer model of the hammer 
mechanism and simulate the dynamic processes digi 
tally. This allowed us to simulate different combina 
tions of operating conditions and parameters. 

A finite element technique was used for the 
analysis. The hammer and damper beams were mod 
eled as one-dimensional beam elements, i.e., only one 
degree of deflection and rotation were allowed at each 
node, and the deflection due to shear was neglected. 

According to the simulation, the hammer imparts 
energy to the damper when they collide, but the colli 
sion propels the hammer back towards an overstrike. 
Experimentation with the location of the impact 
point, the ratio of the fundamental frequencies of the 
hammer and damper, and the gap separation between 

Acoustic Design of the Model 
2608A Line Printer 

W i t h  a s  m a n y  a s  1 3 2  h a m m e r s  i m p a c t i n g  t h e  p a p e r  a n d  
platen dur ing pr int ing,  i t  was inevi table that  the Model  2608A's 
p r i n t i ng  mechan ism wou ld  genera te  some no ise .  I n  f ac t ,  p ro  
t o t y p e s  d e m o n s t r a t e d  9 0 +  d B a  s o u n d - p r e s s u r e  l e v e l s .  T o  
make the printer a welcome part icipant in an off ice environment, 
a  no ise abatement  program was in i t ia ted.  

Because of the r igidi ty required in the print ing mechanism, no 
attempt was made to apply any vibrat ion isolat ion to the working 
p a r t s .  I n s t e a d ,  a t t e n t i o n  w a s  d i r e c t e d  t o w a r d s  a t t e n u a t i n g  
acous t i c  r ad ia t i on  f r om  open ings  i n  t he  p r i n t e r ' s  enc losu re .  
Hence, the access cover was designed with a labyr inthine-foam 
s e a l  a r o u n d  t h e  e d g e s .  T h e  s t a n d  i s  f o a m  l i n e d  a n d  t o t a l l y  
enc losed,  except  for  vents  near  the f loor  for  coo l ing a i r  input .  
The paper box is contained within this stand so noise leaving the 
machine by way of the paper inlet slot is attenuated by the stand. 
The cooling fan inlet is also in the stand and the cooling vents are 
a t  the rear ,  away f rom the operator .  

An  op t iona l  removab le  shroud  enc loses  the  paper  ou t le t  a t  
the top of the machine and effect ively moves this sound escape 
out le t  to  the rear  of  the machine.  

To prevent the taut paper f rom act ing as a soundboard where 
i t  leaves the platen,  a p last ic  cover c l ipped on to the top of  the 
core bar  presses in to  the paper  jus t  above the p la ten (see the 
d i a g r a m  i n  t h e  b o x  o n  p a g e  2 6 ) .  T h i s  n o t  o n l y  d a m p s  p a p e r  
v i b r a t i o n ,  b u t  i t  a l s o  r e d u c e s  t h e  a r e a  o f  p a p e r  a f f e c t e d  b y  
hammer act ion.  

Al though the resul t ing external  sound levels  are h ighly  room 
and geometry dependent,  they are in the range of  72 dBa. With 
the opt ional  shroud,  the sound level  is  68 dBa, about  the same 
as  an  e l ec t r i c  t ypewr i t e r  and  qu ie te r  t han  many  nonp r i n t i ng  
computer  per iphera ls .  

-Lynn Hess ing  
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them confirmed that the combination of parameters 
found empirically was the optimum for suppressing 
overstrike. 

The  magne t i c  damping  pu l se  was  a l so  im 
plemented in the simulation. The simulation showed 
that the timing was critical; firing the pulse too late 
would provide insufficient damping, and firing it too 
soon would delay but not prevent overstrike. Simula 
tion showed that for a given amount of magnetic core 
force, a pulse fired 3.3 ms after the print pulse and 
sustained for 0.5 to 0.7 ms would be most effective in 
suppressing overstrike. This was close to the op 
timum values found experimentally. 

Driving Circuits 
With the hammer design optimized, design of the 

hammer drive circuits could be completed. The de 
sign goal was efficiency with cost as a tempering 
factor. The number of drive circuits (132) dictated 
that each drive circuit have minimal complexity. 

The approach chosen was to use a single high- 
power pulsed source and to use silicon-controlled 
rectifiers (SCRs) to switch the current to the appro 
priate hammer drive coils. The SCRs are driven at the 
TTL level by a shift register. 

Pulsed drive was chosen so SCRs could be used. 
Since these are inherently latching devices, turn-on 
information needs to be present only at the beginning 
of the power-pulse cycle. This makes the remainder of 
the cycle available for loading the next dot informa 
tion into the shift register. 

The optimum drive voltage for the hammer coils is 
18-20V for 1.5 ms. The coil current peaks at 1.5A, and 

since any number of coils up to 132 may be energized 
simultaneously, the total power-pulse current can be 
as high as 200A. The energy losses in generating, 
filtering, and switching 200A at 20V would have been 
prohibitively high using conventional techniques, 
not to mention the size of the necessary fil ter 
capacitors. The method chosen was to use a coarsely- 
regulated (Â±5%) 270V dc supply and an iron-core 
step-down transformer. Two power Darlington tran 
sistors switch the 270V to the transformer to generate 
the power pulses. The power switching thus takes 
place at a relatively low current level (<15A). 

A block diagram of the core driving circuit is shown 
in Fig. 3. The dot control information is transferred 
from the microprocessor in serial form and held in an 
input register until the logic circuits shift it into the 
trigger register. As soon as the power pulse has been 
initiated and the indicated hammers fired, the dot 
information is shifted out of the trigger register into 
the damping register. At the same time, the previous 
dot information held in the damping register is 
shifted back into the trigger register. A delayed trig 
ger is then applied to SCRs controlling those coils that 
were energized during the previous dot position but 
not the present one. This provides damping for those 
hammers now rebounding from the damper beams. 
The delayed trigger has no effect on SCRs that are 
fired in both the present and previous dot positions 
because they would be turned on already. 

Mechanical  Construct ion 
The magnetic cores for the hammer drive are made 

of Hyperco-50 (vanadium permendur),a material that 

Core Bar  
Assembly 

Serial 
Dot Data 

F ig .  3 .  B lock  d iag ram o f  hammer  
d r i v e  c i r c u i t s .  A  p o w e r  p u l s e  i s  
a p p l i e d  t o  a l l  h a m m e r  c o i l s  
s imu/ateous/y but  only those coi ls  
that  are  swi tched on by the SCRs 
wi l l  be energized.  
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provides one-third higher flux density than ingot 
iron. Since the same magnetic field intensity could be 
supported with less of this material than of iron, the 
weight of the hammer-core assembly was reduced by 
using this material. Because of its relatively high 
fatigue strength, this material is also well suited for 
the hammers. 

The core assembly, or core bar as it is known, is 
subject to thermal expansion, since its temperature 
can vary as much as 150Â°C. Heat is generated by PR 
losses in the coils, and by eddy currents and hys 
teresis losses in the cores. Improved efficiency was 
built in by rigidly mounting the magnetic cores and 
the hammers in a single assembly that moves as a 
unit .  The rigid mounting permits a minimum- 
reluctance air gap. Although this reduced the re 
quired drive energy from 0.07 watt-second per dot to 
0.03 watt-second, the dots are now printed at a faster 
rate with a corresponding increase in heat. 

Heat build-up within the core bar presented a prob 
lem since the core bar is asymmetric, does not heat 
uniformly, and is composed of such diverse materials 
as aluminum, steel, and potting compound. To com 

bat  this ,  the core bar is  designed with eleven 
aluminum modules clamped tightly between two end 
caps by two tension rods, forming a rigid structure. 
Each module holds an assembly containing twelve 
cores and hammers, as shown in Fig. 4. This structure 
allows the various materials to expand at different 
thermal-expansion rates without causing out-of- 
tolerance warping of the assembled core bar. 

Heat generated in the core bar is dissipated mainly 
by fins located on the back of the bar. Air is blown 
upwards through the fins and out the top of the 
printer through the paper exit, with a small amount 
going through the hammers. Calculations show that 
the fins can dissipate a maximum of 185W and an 
additional 60 to 90W can be dissipated by other sur 
faces, assuming a practical air flow of 0.3 to 1 m3/ 
minute and an allowable wire temperature of 200Â°C. 
This is adequate for removing the heat when printing 
alphanumerics. However, when printing dense dot 
patterns in the graphics mode, heat can be generated 
at rates up to 620W. For this reason, the number of 
dots printed is monitored electronically and print 
delays are imposed if the dot density averaged over a 

Precise Paper Movement 
Good pr in t  qua l i t y  in  a  do t -mat r i x  p r in te r  requ i res  accura te  

p lacement  o f  the  do ts  fo r  each charac ter .  As  descr ibed in  the  
accompanying art icle, servo control of the core bar motion in the 
Mode l  2608A L ine  Pr in te r  pos i t ions  the  do ts  accura te ly  in  the  
hor izontal  d i rect ion.  Precise movement of  the paper is required 
to posi t ion the dots accurately in the vert ical  direct ion. Not only 
must  the paper  be moved prec ise ly  but  the movement  must  be 
made and stabi l ized within 5 ms i f  pr int-speed requirements are 
to be met .  

It was found early in the project that step motor drive through a 
be l t -and-pu l ley  a r rangement  in t roduced too  much iner t ia  in to  
the system to achieve smooth accelerat ion and decelerat ion of  
the  paper .  There fo re ,  a  cus tom-made ,  fou r -phase  s tep  moto r  
that advances 2Â° per step is used so i t  can be direct ly coupled 
to the t ractor  dr ive shaf t .  

Open- loop  con t ro l  o f  t he  s tep  mo to r  ach ieves  the  s imp les t  
and least  expensive method of  control .  However,  to assure that  
the rotor detent posit ion is reached rel iably for worst case loads, 
more than suff ic ient torque for overcoming inert ia and fr ict ion is 
needed .  To  improve  the  moto r ' s  ra ted  to rque ,  a  two- leve l  vo l  
tage dr ive is used. A 600-^s overdr ive pulse from a high-voltage 
supply causes an init ial  rapid increase in winding current (to 5A) 
that is sustained by a low-voltage supply for the remainder of the 
d r ive  pu lse .  By  th is  means,  to rque was inc reased 25% over  a  
s ing le - leve l  d r ive  wh i le  mechan ica l  resonance prob lems were  
minimized. 

Extensive s tudies wi th  an e lect ro-opt ica l  t rack ing system on 
early versions of the printer revealed that hammer action caused 
the paper  to  v ibrate  against  the p la ten.  To reduce th is  mot ion,  
t h e  p l a t e n  f a c e  w a s  c u r v e d  t o  m a t c h  t h e  b e n d  r a d i u s  o f  t h e  
p a p e r ,  p r o v i d i n g  b e t t e r  a d h e s i o n  a s  t h e  p a p e r  i s  t e n s i o n e d  
around i t .  Tension is  prov ided by a th in  (0 .010- inch)  s ta in less-  
s tee l ,  cant i lever ,  paper- tens ion spr ing that  contacts  the paper  
a long  A  en t i re  w id th  o f  t he  p la ten  jus t  be low the  p r in t  l i ne .  A  

Core Bar  Cover  

Core Bar 
Assembly  

Paper 

p las t i c  cover  a long  the  top  o f  the  core  bar  p ro t rudes  in to  the  
paper  pa th  to  fo rce  the  paper  to  con fo rm to  the  rad ius  o f  the  
p la ten face,  as  shown in  the drawing.  

Wi th  th is  paper  pa th ,  the  s tep  motor  d r ive  moves the  paper  
0 .0139  inch  fo r  each  do t  row  and  comp le tes  each  movemen t  
within 5 ms without overshoot or other aberrat ions, giv ing excel 
lent pr int qual i ty.  

-Rober t  Deely  
-Lynn Hess ing  
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F i g .  4 .  O n e  c o r e - b a r  s e g m e n t  h o l d s  t w e l v e  h a m m e r s ,  
dampers ,  and  cores .  The  cores  a re  he ld  in  p lace  by  po t t ing  
compound  t ha t  pe rm i t s  t he  co res  t o  expand  t he rma l l y  a t  a  
d i f ferent  ra te than the a luminum module.  

page exceeds 37%. 

Mechanica l  Tolerance 
A tolerance study revealed that consistent print 

quality is obtained when hammer-to-paper spacing is 
0.038 Â±0.08 mm (0.015 Â±0.003 inch). Hammer varia 
tions alone take up 0.08 mm of the allowed 0.16 mm 
spacing tolerance. This means that straightness toler 
ance over the 335-mm (13.2-inch) length of the core 

must be 0.08 mm, assuming variations are negligible. 
The core-bar assembly has an initial straightness 
tolerance of 0.05 mm, and this is maintained by the 
tautness in the tension rods. 

Core Bar  Mot ion 
The core bar is attached to the printer casting by 

two stiff flexure springs that allow lateral motion 
while precisely maintaining the hammer-to-platen 
spacing (see Fig. 5). The rest position is aligned with 
the center dot column of the character matrix. With 
this configuration, energy stored in the flexure 
springs by core bar movement left or right aids the 
linear motor in providing the forces necessary to re 
verse the core bar direction at turnaround. 

As illustrated in Fig. 6, the linear motor housing is 
also attached to the printer casting by stiff flexure 
springs. These isolate drive force vibrations from the 
casting. Although the flexures permit some move 
ment of the linear motor, the closed-loop motion- 
control system assures precise and controlled move 
ment of the core bar with respect to the platen, inde 
pendent of motor housing motion. 

The lateral motion of the core bar is tightly defined 
by the action of the hammers. Since these operate at a 
fixed repetition rate (400 Hz) close to the hammer 
resonant frequency, the core bar must move across the 
character spaces at constant velocity to assure equally 
spaced dots. In addition, core-bar turnaround must be 
completed in an integral number of dot cycle times. It 
is also desirable to make the velocity rate of change 

Paper Drive 
Step Motor 

Linear 
Motor 

Platen 

Velocity 
T r a n s  
ducer 

Opt ica l  -  
Position 

Transducer 

Flexure 

Fig.  5.  Part ia l ly  assembled pr inter  
mechanism.  
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constant during turnaround to minimize the mag 
nitude of the forces acting on the bar. Hence, the 
desired core-bar velocity profile is as shown in Fig. 7. 

To achieve the desired motion, the core bar is em 
bedded in a closed-loop motion control system, dia 
grammed in Fig. 8. The actual velocity of the core bar 
is obtained from a velocity transducer that has its 
stationary part fixed to the print mechanism base and 
its movable part fixed to the core bar. The transducer 
output is compared to the desired velocity profile 
obtained from a waveform generator and the error 
between the two signals is forced to zero by the 
motion-control system loop. Thus, the actual velocity 
closely matches the velocity profile waveform. 

The equation of core-bar motion is: 

VinÂ·KaÂ·Km = 

where X = core-bar displacement 
Vin = drive amplifier input voltage 
Ka = drive amplifier constant 
Km = linear motor force constant 
M! = core bar mass 
C j = effective viscous friction 
K-, = flexure constant. 

With this as the model describing the core bar and 
drive components, a compensator that provided ap 
propriate loop dynamics was designed using classi 
cal root-locus design. The compensator used a third- 
order pole at the origin to achieve a system capable of 
following the input velocity profile ramp on turn 
around (classical type-2 control system) and three 
zeros were included in the left half plane for stability. 

When this compensator was added to the system 
and the loop closed, however, the system proved to be 
unstable. It was found that the model did not give an 
accurate representation of the core bar over the total 
range of frequencies involved. Although the core bar 
oscillates at about 30 Hz during the printing of al- 
phanumerics, its motion has a high harmonic content 

because of the nonsinusoidal nature of the velocity 
profile. At frequencies above 400 Hz, the core bar, 
which at that time was a ribbed steel bar with the 
cores and hammers mounted along the top, no longer 
behaved as a rigid body but was subject to some twist 
ing and bending. The twisting and bending motions 
were coupled into the velocity transducer. 

Frequency response plots of the core bar system 
were made with an HP Model 5451B Fourier Analyzer 
to determine what additional compensation would be 
needed to stabilize the loop. These plots disclosed the 
existence of several resonance peaks that rendered 
the system uncontrollable for the response speeds of 
interest. An accelerometer probe was then used with 
the Fourier analyzer to find the sources of the reso 
nances. Therefore, changes were made to the core-bar 
design. The changes were iterative in nature with 
each change followed by further probing with the 
accelerometer and analyzer to determine the extent of 
the resonance attenuation achieved. 

As a result of this process, several modifications 
were made. For example, the coupling structure be 
tween the linear motor coil form and the core bar was 
strengthened to prevent excessive flexing. The print 
mechanism base, originally made of half-inch 
aluminum members bolted together, was replaced by 
a one-piece, ribbed aluminum casting, and the core 
bar was redesigned with the cast-aluminum modules 
shown in Fig. 4 for increased rigidity. Finally, the 
velocity transducer was relocated to a point where 
any twisting or bending modes of the core bar would 
have minimum effect. The frequency response plots 
also indicated a need to improve the linearity and 
speed of response of the drive amplifier. 

With these changes, plus the addition of lead-lag 
and roll-off compensators to the electronics, the de 
sired stability was achieved. 

Posit ion Control  
For proper synchronization between hammer oper 

ation and core-bar motion, it is necessary to generate 

Fig .6 .  Mechan ica l  d iagram of  the  
core bar  and l inear  motor .  
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V e l o c i t y  A T = D o t  P r i n t i n g  T i m e  
3  A T  T u r n a r o u n d  

â€¢*- Right - H  -  R i g h t  

T u r n  T u r n  
A r o u n d  A r o u n d  

Fig. 7.  Veloci ty prof i le of  the core-bar for obtaining even spac 
ing  o f  the  pr in ted  dots  and a  constant  ra te  o f  change dur ing  
turnaround. 

information pertaining to the core bar position. This 
is done by applying the output of the velocity trans 
ducer to an op-amp integrator and applying the re 
sulting position waveform to a bank of comparators 
that have equally spaced reference voltage levels. 
Each time the waveform crosses a comparator refer 
ence level, the resulting output edge triggers a pulse 
generator, signifying that a dot column has been en 
countered. 

A second position circuit is included for control 
ling the stationary "home" position of the core bar 
when the printer is in the STANDBY mode. An LED and 
a phototransistor are mounted on the base casting 
with a vane attached to the core bar passing between 
them. The vane partially blocks the LED light when 
the core bar is in the home position so the output of 
the phototransistor is proportional to core bar posi 
tion over a narrow range. This signal is switched into 
the motion-control feedback loop during STANDBY to 
place the core bar in the home position. An initial 
adjustment of the vane is made so the home position 
coincides with the mechanical rest position of the 
flexures. 

The output of the position integrator is also in 
cluded in the home-position feedback loop. The in 
tegrator provides an accurate, dynamic position- 
feedback signal for returning the core bar to the home 
position in situations where the core bar is remote 
from the home position with the photo-detector cir 
cuit in a limiting state. A block diagram of the 
composite motion and position control system is 
shown in Fig. 9. 

When the core bar is operating in the oscillatory 
print mode, the output of the phototransistor is used 
to generate a short pulse each time the core bar crosses 
the home position. This pulse closes a switch in paral 
lel with the position integrator capacitor to provide a 

momentary reset, preventing any slight offset in the 
velocity transducer circuit from causing the position 
waveform to drift with time. 
Microprocessor Control 

The printing of the dots is synchronized with the 
motions of  the core bar  and the paper  by the 
machine's microprocessor. This is a control-oriented, 
eight-bit, NMOS microprocessor designed and man 
ufactured by HP's Loveland Instrument Division. A 
second function of this microprocessor is to control 
the conversion of the ASCII-coded input characters 
into the dot patterns required for printing these 
characters. 

The core-bar position control system provides posi 
tion information to the microprocessor. Using this 
information, the microprocessor decides when to re 
verse or stop the motion of the core bar, when to 
advance the paper, which portion of the dot patterns 
to use, and when to fire the print hammers. 

The core bar is moved according to the largest ma 
trix to be used in a given line. In the alphanumeric 
mode, there are three sizes of dot matrices â€” 5x7, 
5x9, and 7x9 â€” according to what is being printed. 
For example: 

E  
5 X 7  

9 
5 X 9  

(underline) 
7 X 9  

If upper-case ASCII only is being printed, seven dot 
rows with five dots per row in each character are 
printed at a speed of 400 lines per minute (1pm). If a 
lower-case character is included in the data stream, 
then nine dot rows per line are printed and the speed 
is 320 1pm. If underline is added, nine dot rows with 
seven dots per row in each character position are 
printed and the speed is then 250 1pm. In the graphics 
mode, core-bar motion across seven dot columns is 
used and printing proceeds at a rate of 40 dot rows 
(0.572 inches) per second. 

The ASCII-coded characters sent to the printer by 
the external system are processed through the inter- 

Fig. bar Closed-loop motion-control system forces the core bar 
veloci ty  to match the veloci ty  prof i le .  
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Interface I/O for a 400-lpm Printer 

T h e  d e s i g n  o f  t h e  i n t e r f a c e  I / O  f o r  t h e  M o d e l  2 6 0 8 A  L i n e  
Pr inter is in keeping with the general  phi losophy of  f lexibi l i ty  in 
the pr inter 's electronics. The select ion of which funct ions are to 
be performed by the I /O and which by the main processor in the 
pr inter al lows the communicat ions f low between the pr inter and 
t h e  h o s t  c o m p u t e r  t o  b e  r e l a t i v e l y  i n d e p e n d e n t  o f  t h e  m a i n  
processor contro l .  

The s tandard  in ter face to  the  host  computer  is  a  TTL- leve l ,  
d i rec t - coup led ,  d i f f e ren t ia l ,  pa ra l l e l  bus  w i th  e igh t  l i ne  pa i r s  
ca r r y i ng  i npu t  da ta ,  e i gh t  ca r r y i ng  ou tpu t  da ta ,  f ou r  f o r  com 
mands, and one l ine pair in each direction for control.  Except for 
the control l ines, these connect to registers in the I/O, as shown 
in  the  d iagram be low.  

C o m m a n d  

Another funct ion of the ASM is the processing of control  code 
bytes that  are  to  be acted upon by the pr in ter .  Character  data  
by tes  a re  scanned  fo r  t he  sh i f t - ou t ,  sh i f t - i n ,  and  backspace  
c h a r a c t e r s  a n d  t h e s e  o p e r a t i o n s  a r e  p e r f o r m e d ,  u n l e s s  t h e  
pr in ter  is  in  the t ransparency (pr in t  cont ro l  codes)  mode.  

The HP in ter face bus I /O is  implemented wi th  a  CMOS SOS 
in teg ra ted  c i r cu i t  deve loped  spec i f i ca l l y  to  p rov ide  a  l og i ca l  
in te r face to  the  in ter face bus def ined by  IEEE-488-1975.  The 
HP-IB has b id i rect ional  buses and contro l  l ines so in format ion 
on these l ines is sorted out by the HP-IB 1C and appl ied to the 
appropriate unidirect ional bus feeding into the standard paral lel  
I /O ,  as  shown in  the  d iag ram.  The  l /O 's  s ta te  con t ro l  f o r  t he  
HP-IB has two ser ia l  l inked ASMs. 

HP-IB 
State 

Control  

The hear t  o f  the I /O contro l  is  the a lgor i thmic s ta te machine 
(ASM) shown in the diagram. Strobe logic within the ASM syncs 
the  asynchronous incoming in fo rmat ion  to  the  pr in te r ' s  c lock .  
Incoming information is decoded to determine whether i t  is data 
or  informat ion re lated to a command. I f  i t  is  character  data,  the 
ASM takes cont ro l  o f  the  bus in to  the  main  processor  RAM by 
turn ing of f  the processor  c lock (s tea l ing processor  cyc les)  dur  
ing the processor fetch phase. This gives the ASM direct access 
to the main processor's RAM by way of the processor's outgoing 
data bus. The ASM stores the character data at  the appropr iate 
address, returns control to the main processor, and then waits in 
i ts idle state for the next data or command byte. Input data burst 
ra tes  up  to  500K by tes /second  can  be  hand led  th i s  way .  

P r i n t e r  c o m m a n d  b y t e s  w i t h  I / O  f l a g s  a n d  d a t a  b y t e s  a s  
soc ia ted wi th  commands are routed onto  the main processor 's  
incoming bus.  

The HP-IB I /O also enables three addi t ional  contro l  codes to 
be  ac ted  upon  by  the  p r in te r .  These  a re  ca r r iage  re tu rn ,  l i ne  
feed,  and form feed.  

The flexibil ity of the I/O system design allows adaption to other 
i n t e r f a c e  r e q u i r e m e n t s .  T h e  s t a n d a r d  i n t e r f a c e  i s  e a s i l y  
changed to  a  pos i t ive-  or  negat ive- t rue TTL in ter face.  A ser ia l  
in ter face is  be ing des igned.  

- -Stan ley G.  Peery  

HP-IB 

C o m m a n d  

2608A 
I/O 

3 0  
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F i g .  9 .  C o m b i n e d  m o t i o n  a n d  p o s i t i o n  s y s t e m .  

face board and stored in a buffer RAM (read-write 
memory) using direct memory access (Fig. 10). Actu 
ally, there are two buffers so characters can be loaded 
into one while the microprocessor converts charac 
ters stored in the other into dot patterns. 

Dot-pattern conversion is performed with the use of 
a table stored in ROM. Inputs to this conversion are: 

1. 7-bit ASCII-coded character; 
2. 1-bit code extension (i.e., shift in/shift out); 
3. 4-bit language code (16 languages possible); 
4. 3-bit dot-row number; 
5. 3-bit dot-column number. 

This implies a virtual memory space of 256K bits. 
However, because many characters are duplicated in 

Microprocessor  

Control 

RAM-Based 
Buffers (2)  

(DMA)  

Print 
Data 

Dot 
Data Hammer  

Control 
Logic 

Print 
Data 

I/O 
Adapter  

Logic 

C o m m a n d s  
and Data External 

Control ler  
(CPU) 

the languages, the printer's actual memory space is 
40K bits with 16 languages. 

The microprocessor moves the ASCII-coded 
character data directly from RAM to the dot pattern 
generation table. From there, it goes to the hammer 
control logic. This decoding is done once for every 
dot in each of the 132 character positions per line. 

In the graphics mode, each eight-bit byte sent by the 
external system is presented to the hammer-control 
logic as eight contiguous dots with the 1 's printed and 
the O's left blank. Since there are 924 (7x132) dots per 
dot row, 116 (924-^8) data bytes are needed to de 
scribe one row. Thus, to turn the printer into a conve 
nient,  user-oriented graphics device, external 
software is required. Such software has been written 
for use with the Graphics-1000 software on the 
RTE-IV operating system for the HP 1000 series com 
puter system.1 The Model 2608A Printer can thus be 
an AGL-compatible plotter supported by the 1000 
system. 
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