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FRIDEN 1155 PROGRAMMABLE CALCULATOR
GENERAL DESCRIPTION

1-1.0 GENERAL

The Friden* programmable printing calculator model 1155 is a small, light weight,
desk top calculator having a program capacity of 511 instruction steps, two working
registers, and twenty data storage registers (each independent of program storage and
working registers). Register capacity is 13-digits with a 2-digit exponent, plus dec-
imal point and sign. Its dynamic range is: 10799 to 1099. A plug-in magnetic card
reader/recorder, reads and/or writes two 511 step programs. Provision is also made
for plugging in an X-Y plotter.

The printed tape output is accomplished by a small compact single print wheel,
helical printer under control of the 1155 logic. A description of the printer is
covered in the following paragraphs.

For a description of the operating keys and machine functions, refer to the 1155
'"Operator's Primer", publication #55-537. Also, refer to the 1155 Reference Manual,
publication #55-538.

1-1.1 PHYSICAL CHARACTERISTICS

Size: 15-1/2" wide, 21-1/2" long, 8-1/4" high.
8-1/2" wide, 9-1/2" long, 4-1/4" high (card reader)

Weight: 42 pounds
5 pounds (card reader)

1-2.0 FUNCTIONAL DESCRIPTION OF PRINTER

The single print wheel helical printer used as the output mechanism for the 1155
programmable calculator operates under control of the 1155 logic to provide a print-
ed tape output. The following is a functional description of the printer unit in-
cluding mechanical operation and electrical actioms.

1-2.1 POWER

The printer motor is turned on via 1155 logic when a print cycle is required, and
the motor is turned off soon after the print cycle has ended, unless a new print cycle
is called for immediately following the preceding print cycle. The printer motor
supplies the driving power to the mechanical elements of the printer. Heat from the
motor is dissipated by means of an air jet from a fan blade mounted on the motor shaft.
A plastic shield covers the fan and provides an air passage to the motor.

1-2.2 PRINTING

Print speed is approximately 47 characters per second, utilizing a 30 character
print wheel. Print action is from right to left, with symbols being printed first
and then the digits, starting with the least significant digit (LSD).

A single line print can contain up to 15 digits, a decimal point, two symbols,

and up to four spaces between high order digits to represent thousands. Character
spacing is 10 to the inch and line spacing is 6 to the inch.

6-15-73 1-3 TP-285
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
GENERAL DESCRIPTION

1-2.2 PRINTING (Cont.)
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
GENERAL DESCRIPTION

1-2.2 PRINTING (Cont.)

ZERO SUPPRESSION. All zeros before the most significant digit of the number are sup-
pressed. This is accomplished by ending printing with the leftmost digit (MSD) of the
number. This means that the print lines will be of varying length depending on the
digit length of the number. However, this increases the functional printing speed
since shorter numbers make for a shorter total print cycle time.

PAPER FEED. Paper feed is automatic between each line print cycle. Inserting a new
roll of paper is a simple operation. All that an operator need do is open the new
roll, make a smooth straight starting edge, and place the roll in the paper cradle.
Then, depress "Paper Advance'" and the paper automatically threads into position for
printing.

TEAR-OFF. A Tear-off knife is provided for easy tear-off of tape portions. Also,
a Paper Release lever frees the paper so that it can be pulled up incident to tear-off.

INKING. The ink is supplied by a large capacity, porous ink roller which supplies ink
only at the end of a print cycle. By limiting ink transfer to a short portion of the
cycle, excessive ink build-up is eliminated and longer ink supply established. The

ink roller is supplied as a unit which is easily installed without soiling the fingers.

CHARACTER PRINT. The helical printer features a continually moving carriage and a
continually rotating print wheel during a print cycle. The helical print wheel car-
riage, and hammer carriage travel along the writing line by means of a pin engaged in
a helix screw shaft. The print wheel travels along the square print wheel shaft under
the influence of a yoke which is attached to the print wheel carriage. Exact align-
ment between the two carriages is achieved by use of a "U" shaped coupling bail. The
print wheel shaft and the helix shaft are driven by a cog belt, coupled to the motor
pulley.

Printing is accomplished "on the fly" by actuation of an electronically timed
hammer which strikes the back of the paper, causing the paper to be pressed against
the inked print wheel at the time the desired character is in in position. Even
though the print wheel is rotating as well as moving from left to right, the hammer
impact time is so short that the character is printed clearly and legibly. The con-
stant movement of the print wheel when engaged with the helix screw shaft is compen-
sated by the helix arrangement of the characters on the print wheel.

Strobe signals from the timing wheel on the end of the print wheel shaft are used
to identify the starting '"home" point, and the position of each character on the print
wheel.

The major components of the printer are shown in Figure 1-1.

6-15-73 1-5 TP-285



FRIDEN 1155 PROGRAMMABLE CALCULATOR
GENERAL DESCRIPTION

1-2.3 PRINTER OUTPUTS

The printer supplies four outputs to the 1155 logic which are used to establish
timing relations for print cycle control. These signals are: Carriage Home, Lead
Screw Home, Digit Home, and Character pulses. The term "Home'" when associated with
a signal or mechanical action implies a beginning or starting point.

CARRTAGE HOME. 1In order to start a line-print cycle, the print hammer and print wheel
carriages, which are coupled together, must be at the right margin at a position called
"HOME". To identify this position in the logic, a signal is produced called Carriage
Home. The signal is generated by means of a permanent magnet attached to the print
hammer carriage. When the carriage is at the right margin in position to start a

print cycle, this magnet closes a reed switch mounted on a PC board beneath the car-
riage, and produces the signal Carriage Home.

LEAD SCREW HOME. For optimum (best) start of the Hammer Carriage, the drive pin must
engage the beginning of the Helix (Lead Screw) and always at the same point. To pos—
itively identify this point, a permanent magnet is mounted on the drive wheel of the
helix shaft. This magnet is positioned to correspond to the drive-pin engagement point
on the Helix. As this magnet rotates past a reed switch mounted on a PC board beneath
the drive wheel, it closes the reed switch and produces the signal Lead Screw Home.
This signal signifies to the logic that the Helix is in the correct position to rec-
eive the drive-pin. Since the Helix shaft is constantly rotating during a print cycle,
a succession of Lead Screw Home signals is constantly being produced, each signifying
one revolution of the Helix shaft. However, only one Lead Screw Home signal is used
for each print cycle.

DIGIT HOME. On the timing wheel, at the left end of the print wheel shaft, is a

probe which extends out from the left side of the timing wheel. As this probe passes
a fixed electromagnet, a pulse is generated which is designated '"Home" or Digit Home.
This pulse is used in the logic along with the character pulses to identify the specif
digit or symbol as it arrives in position to be printed.

CHARACTER PULSES. On the print wheel are a total of 30 characters (10 digits, dec-
imal point, 3 symbols, and 16 alpha characters). On the circumference of the timing
wheel are 30 points, each of which represents one of the characters. As these points
pass an electromagnet, a series of pulses is produced, each one of which represents

a character on the print wheel. For each revolution of the print wheel and timing
wheel, there are 30 character pulses produced. These character pulses are used in
the logic along with the Digit Home pulse to exactly identify the characters on the
print wheel as they arrive in position to be printed.

6-15-73 1-6 TP-285



FRIDEN 1155 PROGRAMMABLE CALCULATOR
GENERAL DESCRIPTION

1-2.4 PRINTER INPUTS

Control of the initiation of a line-print cycle, printing of the characters, and
ending of the line-print cycle is by means of inputs to the printer from the logic.
There are four inputs: Motor Start, Carriage Start, Hammer Drive, and Line Feed.

MOTOR START. The motor in the printer unit runs only when a line-print cycle is
called for. Logic circuits provide this Motor Start signal at the time a print

cycle is to occur. Soon after the end of the line-print cycle, the motor stops unless
another print cycle is called for within about 1.5 seconds.

CARRIAGE START. The print hammer carriage moves to the left when the drive pin,

which is part of the carriage, becomes engaged with the Helix screw. The drive pin

is engaged via a signal from the logic which energizes an electromagnet. The armature
linkage of the energized electromagnet drives the pin forward into the Helix screw.
The drive pin engage signal can only result when Carriage Home, and Lead Screw Home
signals are both valid in the logic. These signals together specify that the carriage
is in home position and that the proper point on the Helix screw is in line with the
drive pin.

HAMMER DRIVE. During the line print cycle, the logic calls for print action for
specific symbols and digits. The actual printing occurs as a result of Hammer Drive
signal from the logic that energizes an electromagnet. The armature of the electro-
magnet drives the hammer forward to strike the back of the paper at the time the de-
sired character on the print wheel is in front of the paper.

LINE FEED. The line feed signal when received from the logic signifies the end of
print action. When this signal is received, it energizes an electromagnet that re-
leases a dog on the spring (capstan) clutch. When this dog is released, torque-spring
action picks up the rotation of the Helix screw shaft and transfers it to an eccentric
assembly. Rotation of this eccentric assembly, in turn, actuates Drive-pin disengage-
ment, Paper feed for one line space, and ink transfer.
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

2-1.0 GENERAL

Functionally, the Friden 1155 Programmable Calculator operates like most electronic
calculators, performing the four basic arithmetic operations of multiply, divide, add,
and subtract, by use of storage and working registers, shift registers, timing clock
circuitry, etc. Additionally, however, the 1155 contains 12 special arithmetic keys
designed for use in higher mathematics. It also contains programming keys for storing
a maximum of 512 program steps into its memory. A magnetic card reader/recorder is also
supplied for the purpose of rapid entry of programs into the program storage area of
the 1155, or for reading an existing program out of the 1155 memeory.

2-2.0 TIMING

Clock pulses called "T" times are used as the primary timing signals throughout the
logic of the 1155 Calculator. These "T" times designated: T4, T1, T2, T3, T4, T5, T6
and T7 are the output signals from U528 (Board #5), Clock pulses de31gnated T8 and T8
are also generated via the output of flip flop U532.

Each "T" time is 400ns long. One complete timing cycle (9 "T" times) is 3.6usec.
The signal T8 occurs each 3.6 usec. The T8 signal is used as the input to a binary
counter on Board #1 designated U128, whose output is designated T400. The signal T400
goes to Board #4 (U426) and is used to develop the signal K1000(T400 and K1000 are the
same time). The signal K1000 out of U426, pin 6 is applied to U122 (Z Counter) as its
clock input. The generation of the "T" times is shown in the chart, Figure 2-1.
Another timing chart, Figure 2-2 , shows the development of the T@@ and related Z times.

2-2.1 SHIFT REGISTER CLOCK PULSE GENERATOR

Two special chips (U109 and U110) with their associated discrete components provide
the clock pulses for the shift registers. A data bit moves one position for each clock
pulse to the shift register and there are two clock pulses for each "T" time cycle
which means that the bits move through the shift register at the same rate as the Mar-
ker Counter counts, or twice for each "T'" time cycle.

Inputs to the timing gates are the timing signals: T1, T6, T8, and T3. Also there
is a cross coupled fllp flop U117-11 and U117-8 tied to the Nand gate input of U1l09.

When T1 goes low, T3 will be high and the output of gate U110 will go low, causing the
junction of the 2.2K and-the.4#70 ohm.resistors to go to ground. The junction between
the 2.2K and the 10K resistors will go low and when it does, the transistor Q2 will be
saturated. Q2 being saturated will turn on the NPN transistor whose emitter goes to
pin 9 and whose collector goes to pin 10. The collector of the upper NPN transistor
will go to -12 volts and the lower NPN transistor will be turned off. The emitter of
the lower NPN will go to =12 volts. The -12 volts is coupled as a negative going
pulse and becomes 02 (phi 2) into pin 7 of each of the shift registers Ul0l, Ul02, and
U103. This signal (D2) occurs at Tl time. The output signal @1 (phi 1) from U109 is
developed in a similar manner as described for D2. Thus, the two output clock signals
01 and 02 going from +5volts to -12 volts will clock the shift registers.

The interrelationship of the shift register clock pulses and the marker counter is
as follows: The Marker Counter is clocked at the end or trailing edge of T and T4
time and each time it is clocked, it remains at that count until the next T@® or T4
time. Then, during T1 through T3 and T5 through--T6, the eclock pulses- (D1 and 02) are
generated for the shift registers. Thus, the clock timing between the Marker Counter
and the Shift Registers is closely related. That is, when we look at a time period
in the Shift Register, we are also looking at a time period in the Marker Counter.

6/15/73 TP-285
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

2-3.0 SHIFT REGISTER OPERATION

The data that is being shifted through the shift registers consists of 6-bits of
information. These data bits appear at the inputs of the shift registers and are
clocked through the shift registers by the shift register clock pulses @1 and 02
during Tl or T6 time. The output from the shift registers appears at the inputs to
six double inverters. The outputs from the first inverters appears at the inputs to
the Z Counter. The outputs from the second inverters appear at the inputs to the de-
layed Data Registers Ull2 and Ull4, and also at the inputs to the Stored Program Input
Multiplexers U106 , U107, and Ul113. At T4 time, the data on the inputs to the Delayed
Data Registers will be loaded into the Delayed Data Registers where it may or may not
get used, depending on certain conditions of logic. That is, the conditions governing
whether the data will recirculate through the shift registers, or if data will be taken
from the Delayed Data Register, or from the Z Counter, or from the Card Reader is
dependent on the condition of the Data Selector signals H204 and H203 into pins 2 and
14 of the Stored Program Input Multiplexers, U106, U107, and Ull3. For example, the
normal situation is with H203 low and H204 high, in which case, data will merely cir-
culate out of the multiplexers, through the shift registers, and back to the multi-
plexers, etc. On the other hand, if the data in the Delayed Data Register is to be
used, or the data from the Z counter, or from the Card Reader, then it is necessary to
modify the condition of H203 and H204. The Truth Table shown in Figure 2-3 lists the
various options associated with H203 and H204.

TRUTH TABLE
SHIFT REGISTER INPUT DATA

H203|H204

A | B | DATA SELECTED

L | H |CIRC. DATA

L | L |Z COUNTER INPUTS TO SHIFT REGISTERS
H | H |DELAYED DATA

H L CARD READER DATA

FIGURE 2-3
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

2-3.1 REGISTER ASSIGNMENTS

There are a total of 32 sixteen digit registers in the 1155 calculator. Of the
32 registers, twenty are designated as storage registers for holding data for future
use. These twenty registers are individually addressable by use of a two digit number
@@ through 19. Data stored in these registers can only be retrieved when addressed
either via the program being run, or from the keyboard directly.

The remaining twelve registers are designated as working registers and are not
addressable. These registers are divided into two groups designated upper registers
and lower registers. Data is held in these registers until needed for the arithmetic
computations in progress and as the data is developed, it is moved in and out of these
registers under control the Macro Rom programs.

Movement of data from the storage registers to the working registers and vice versa
is via register @

The addressing of the register to be utilized is done by the Macro Roms. The add-
ressing of the digit within the selected register is a function of the Micro Roms.

A BCD digit 0-9 is stored in each digit position of each register. Four RAMS, each
consisting of a 16 x 16 matrix are required to store one digit. Thus, one bit of a
digit is stored in each RAM. The four RAMS are accessed at the same time to retrieve
one digit, or to write one digit.

Octal notation is used within the RAMS for identifying the registers, thus, the octal

numbers ) through 13 are assigned to the twelve working registers and the octal numbers
14 through 37 are assigned to the twenty storage registers.

6/15/73 2-4 TP-285



FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

2-4.0 MARKER COUNTER OPERATION (REFERENCE LOGIC SCHEMATIC #1 TP 285-1)

There are a total of 512 program steps or spaces available in program storage, but
only 511 of these spaces are available for actual program storage. The purpose of the
Marker Counter Generator is to develop a marker that will identify the start and stop
position of the program steps as the program develops. This includes the normal in-
crementing of the program as the instructions enter the program storage, as well as

the necessary editing operations of delete and insert. The operation of the Marker
Counter is as follows:

The Marker Counter consists of two 74L93 IC chips designated Ull6 and Ul23 on board
#1. The two counters are connected in series and have a common reset. Each counter
operates on a modulus 16 base, and since they are in series, the total count will be
512 which is the number of program steps.

The clock for the Marker Counter is a signal called Adv Marker Counter which orig-
inates from the set output of the Marker Counter Clock Input flip flop (U208-13). The
clock input to the Marker Counter Clock Input flip flop is through an inverter 220-8
and a gate 223-8. The output of gate 223-8 will toggle the J-K flip flop each T@ or
T4 time unless the gate is blocked by its other input. Since the J-K flip flop re-
quires two clock inputs for each output transition, the signal Adv Marker Counter will
clock the Marker Counter one time for each two clock pulses. The signal Adv H200 will
make a transition each time the Marker Counter reaches a count of 256.

The starting or stopping of the Marker Counter must follow certain conditions or
qualifications determined by the requirements of the machine logic. The control gate
for starting or stopping the Marker Counter is gate 223-8. Pin 8”input to this gate
is normally high and the T® or T4 input to pin 10 allows the gate to clock the Marker
Counter Clock Input flip flop 208-13. This flip flop (208-13) can be preset but it
cannot be cleared. A junction from pin 2 of 208-13 goes to an inverter 218-6 whose
output is a signal called Reset Marker Ctr. A low into pin 2 of 208-13 will cause the
output of inverter 218-6 to go high and reset the Marker Counter to zero. Therefore,
anytime the Marker Counter is cleared to zero, the Marker Counter Clock Input flip flop
208-13 must first be preset. Once it is preset, then the next time it is clocked, the
flip flop is reset and the negative transition out of the set output (pin 13) clocks

the Marker Counter. 1In effect, then, each time the Marker Counter clears to zero, it
is immediately clocked again.

Control of the preset logic for the Marker Counter Clock Input flip flop 208-13
is by means of four NAND gates (223-6, 214-6, 214-12, and 214-8). These preset gates
will be qualified by various logic conditions and will be explained later as the var-
ious operations occur.

In order for the Marker Counter to mark the point at which the data in a certain
program is being used, the Marker Counter must be stopped at that precise point and
then held there for one extra clock time. During this extra clock time, the data
continues to move past the marker one complete step. The Marker Counter is then started
again and each time it counts through 512 steps and reaches zero, the marker arrives
at the point the next data position occupies. In effect, the Marker Counter is blocked
during the interval in which data is being manipulated. The net result is that when
the counter is unblocked and starts counting again, the marker has moved back one step
in reference to the data that was manipulated. The marker is now referenced to the next
instruction (data) position available for use in the program.
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

2-4.0 MARKER COUNTER OPERATION (Cont.)

Three flip flops designated H200 (U233-12), H201 ({U233-9) and H202 (U204-5) control
the blocking and unblocking of the Marker Counter. Each time that an instruction is
to be used as required by the program, or keyboard, the H202 flip flop will be preset
before the Marker Counter is counted to zero. This preset occurs prior to any shifting
or manipulating of data and sets up the logic for blocking the Marker Counter.

The signal Adv H200 is the clock input to the H200 flip flop and is active on the
trailing edge of TP or T4. The output of the Marker Counter (U123) is the signal
Adv H200 and it will go low when the Marker Counter steps to zero. At that time, the
clock input to H200 flip flop will go low causing it to set. The set output from H200
will go high permissing the set of the H201 flip flop. The clock input to H201 is T
or T4, therefore, if TP is clocked and H200 sets on the trailing edge of TP, the H201
flip flop will set on the trailing edge of T4. When the H201 set output goes high, it

causes the H200 flip flop to clear via gate 232-8. (The other input to gate 232-8 is
the signal K40 which deals with program search and is high at this time.) The condition
then, is: H200 low and H201 high during the period between T@ and T4 or T4 and T0.

Then, as the data that is to be manipulated causes the H202 flip flop to be preset, the
Marker Counter counts to zero. At this time, the H200 flip flop has been reset, the
H201 flip flop is set, and the H202 flip flop is set. Therefore, with the signals

H201 and H202 both high into gate 224-11, the output of the gate will be low into gate
223-8, blocking the gate by keeping its output high and thus effectively blocking the
Marker Counter clock input.

With the Marker Counter at zero and the Marker Counter Clock Input flip flop blocked,
the Marker Counter cannot start counting again until the block is removed. In order
for the Marker Counter to resume counting in the proper sequence with the unblocking
of the gate 223-8 and the timing signals T@ or T4, the block is delayed one more clock
time while the flip flop 233-9 (H201) is clocked to its reset state. When the H201
flip flop resets, it toggles the H202 flip flop (U204-5), causing it to reset. With
both H201 and H202 flip flops reset, the gate 223-8 is unblocked. Then, on the next
T@ or T4 time, the Marker Counter Clock Input flip flop (U208-13) will be clocked
causing the signal Advance Marker Counter to clock the Marker Counter and the Marker
Counter will resume counting.
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

' 2-5.0 KEYBOARD MATRIX DECODING (REFERENCE CARD #1 TP-285-1)

As shown in the accompanying list of keyboard codes, each key on the 1155 keyboard
is assigned a particular output code designated "Z'" code, which enables the machine
to perform the instructions associated with the key that was depressed.

Depression of a key closes a reed switch. The reed switches are connected as shown
in Figure 2-4 to form a matrix. The swinger side of the reed switches are connected
to form eight parallel outputs designated a through h. The stationary side of the
reed switches are connected to form eight parallel outputs designated i through p.

The "Z'" counter (U22) is clocked on the negative going edge of each "T" clock and
counts from "0" through "7". As the count goes from "7" to "0'", the "0" count going
negative clocks the "Z" counter (U5). Therefore, for each eight count in the Z counter
(U22), the Z counter (U5) counts once. As the U22 "Z" counter initially counts from
7 to 0, both Z counters are at a count of 0 and the program buss line "i" is enabled.
Thus, the reed switch output lines a and i are simultaneously enabled. As each line
i through p is enabled, the a through h lines are strobed. Counting continues in this
manner until a circuit is completed from ground on the U24 demultiplexer through one
of the output lines i through p, to one of the output lines a through h on the multi-
plexer U26. At this point the NOR gate Ul8 is enabled and the signal "K" goes low.
Output of the "K'" signal sets the K' flip flop. The K' flip flop setting, causes the
signal K1000 to stop the Z counter and also enables the set of the D flip flop. The
count in the Z counter is then decoded via the Macro Rom input latches (Ul4 and U22
on card 4) at the same time the D flip flop sets. The Macro Rom address counter rec-
eives the decoded Z counter output via the Macro Rom input latches. The Macro Rom
program is then stepped out of the Halt loop and the Macro Rom program steps the Inst-
ruction Counter to the instruction address -corresponding to the key that was depressed.
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
‘ LOGIC DESCRIPTION

2-5.0 KEYBOARD MATRIX DECODING (Cont.)

'KEYTOP _KEYBOARD CODE ~ Z CODE -

LIST 5 (%) PROG BUSS R
WRITE ¢ (L) PROG BUSS -2 - - - -
INSERT d (£) PROG BUSS 12 - - - -
DELETE ¢ (i) PROG BUSS =~ -3 - - —
LOAD FROM CARD § (L) - PROG BUSS 1 =3 = = -
STORE IN CARD g () PRUG BUSS - 23 - - -
CLEAR PROG h (Z) PROG BUSS - 123 - - -
0 a7 R
1 [ 1 - -4 - -
2 e 3 -2 -4 - -
3 d 7 12 -4 5 -
! e 7 - =34 - -
5 § 7 1-34 - -
6 a 4 - 234 - -
T P 123145 -
8 a k - - - -5 -
9 [ 1 ---5-
. c kR -2 - =5
'SET DEC ( ) d k . 12--5 -
STOP ¢ (k) STOP - = 3 =(5)=
ENTER EXP i k 1-3-5 -
ARC o g k -23-5 -
RECALL ( ) (). h ok 123-5 -
STORE ( ) ( ). a £ - - -4 5 -
ACCUM STORE ( ) ( ) bz 1--45 -
ENTER | c ¢ -2-4 5
X2 d I 12~145 -
U e Z --345-
CHANGE SIGN T z 1-345-
INTGR g 2 -23545 -
TO POLAR Rz 12345~

|
oo
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FRIDEN 1155 PROGRAMMABLE CALCULATOR

LOGIC DESCRIPTION

2-5.0 KEYBOARD MATRIX DECODING (Cont.)
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

2-6.0 PROGRAM ENTRY FROM KEYBOARD

The Friden 1155 Programmable Calculator has seven function modes that are assoc-
iated with program entry in addition to the manual or keyboard mode. The seven func-
tion modes are: Write, List, Insert, Delete, Store in Card, Load from Card, and Clear
or Reset. For the Program Entry from Keyboard, the "WRITE" mode is used and is init-
iated by depressing the Write key.

WRITE is concerned with the direct entry of a program from the keyboard, Other
modes enable the modification of the program once it is loaded into the machine. These
modifications may include the insertion of new instruction, the deletion of instruct-
ions not required for the program, or the deletion of erroneous instructions and the
insertion of correct instructions in its place.

There are 511 locations for program instructions in the program storage area of the
machine. These instruction locations may or may not be completely occupied,at the
option of the operator. Several programs may be entered or only one, however, when
multiple programs are entered, each one must be defined by a program designator enter-
ed at the beginning of the program. This designator enables the operator to address
the desired program directly. (See Operator's Primer, Form #55-537.)

All program instructions are entered serially one after the other. There are no
gaps where no data exists between instructions or programs. Nulls or No Data indicat-
ors fill the area of program storage not occupied by instructions. Actually there are
512 positions of storage in the machine, but the 512th position is never used. One
Null will always be present. The first Null sensed indicates that the last instruct-
ion has been sensed and the required logic action taken. The 512th position is retain-
ed to ensure that reset, initializing, etc., will be accomplished.

All stored data in the machine is volatile and will be lost if a power loss occurs,
or anytime the machine is turned off. Therefore, to avoid the laborious re-entry of
programs from the keyboard, the program may be stored on a magnetic card for future use.
The storage of the program in this manner utilizes another one of the seven modes,

namely Store In Card mode,that can be exercised as a one key function at the option of
the operator.

A program is entered from the keyboard in two steps. The first is the depression
of the Write key, and then the depression of keys representing the desired instruct-
ions. The depression of the Write key initializes all of the logic circuitry for
enabling the entry of instructions into the program area of the machine. For purposes
of this discussion, it will be assumed that the program area is initially clear.

When the Write key is depressed, a path for current through the keyboard matrix
(Figure 2-5) will be completed to line T of U126 and line i of Ul24. The Z counter
will count to 20g. The multiplexer U126 will have a low out of pins 7 and 9 with a
count of 20g in the Z counter. The signal "K" will go high at this time and permiss
the setting of the flip flop designated K', U425-9.

The "T" counter (U528) and the 100's counter (U128) will continue to count. When
the signal T400 goes high, the K' flip flop sets. This action starts the delay timer
(U402), and blocks the further counting of the Z counter for as long as the Write key
is depressed. The clock signal K1000 being blocked at gate U426-6 prevents the Z
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

'2-6.0 PROGRAM ENTRY FROM KEYBOARD (Cont.)

counter from stepping to the next keyboard code. The Z counter transitions on the
negative edge of the clock signal. The positive leading edge of the signal T400 sets
the K' flip flop and prevents the clock K1000 from transitioning high to low to step
the Z counter.

The "D" flip flop (U425-5) sets at the end of the keyboard delay if the K' flip
flop is still in a set condition. The output of gate U426-8 goes low when the "D"
flip flop sets. This low signal designated H210, performs three functions: (1) It
loads the Write decode into the Program Mode Latch (U227). (2) It blocks the Program
Mode Decoder (U222) until the "D" flip flop resets, and (3) it initiates the clearing
of the "D" flip flop. H210 low makes all outputs of the Program Mode Decoder to go
high, setting the Program Mode flip flop (U212-9).

The signal H210 is double inverted via gate 207-6 and inverter U209-12 and the
output becomes H213. The signal H213 clears the Read New Instruction flip flop
(U212-5) and sets the Clr "D" Latch (U125-3 and Ul117-3). The output of the Clr D
Latch , designated H217, is negatively "anded" with the signal T6 and the '"D" flip
flop is cleared. The Clr D Latch is reset at T8 time.

The signal H210 goes high, the Z counter outputs are latched into the Program Mode
Latch, the block is removed from the Program Mode Decoder, and the Write Mode, H302
becomes active.

The Program Mode flip flop (U212-9) will be set only for the length of time the
key selecting the operating mode is depressed. It will then reset and cannot be set
again until the Program Mode Latch has been cleared by the Reset key. The Program
Mode flip flop performs several necessary functions during the time it is set.

The Marker Counter has been running free up until this point. The shift registers
have also been stepping twice for each "T" time cycle. In this discussion, it is as-
sumed that the shift registers have no data, therefore, the outputs will all be high
indicating all Nulls. With no data entered, there will be no "First Null" since there
is nothing to reference it to.

The False First Data flip flop (U226-9) is used to enable the entry of the first
data into the shift registers. The clock gate for the False First Data flip flop is
U225-8. Pin 9 of this gate will be high when either Write, Insert, or Card mode have
been selected. Pin 11 will be high when one of the aforementioned modes have been
selected and the Program Mode flip flop (U212-9) is set. Pin 10 will go high when the
Marker Counter counts to zero. This output of the Marker Counter sets the H200 flip
flop (U233-12). The next TP + T4 will set the H201 flip flop (U233-9). The signal
H201 is the last required high into the .clock gate:U225-8 for the False First Data
flip flop. When the signal H201 goes high into the gate, the output goes low. Then
the next TP + T4 will reset the H201 flip flop and set the False First Data flip flop.
The Marker Counter continues to count. The Y5 Latch is set via the output from gate
U219-3 going low. As long as the Y5 Latch is set, no other operating mode can be sel-
ected.

On the next data pass (512 steps), when the H200 flip flop (U233-12) sets, an at-
tempt will be made via gate U219-6 to indicate first data, however, the gate is block-
ed by inverter U209-10 as long as the signal H214 is high out of the Program Mode flip
flop.
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

2-6.0 PROGRAM ENTRY FROM KEYBOARD (Cont.)

The Delete or Null flip flop (U206-9) is held cleared, first by the Program Mode
flip flop, and then by the False First Data flip flop, as long as it is set.

The release of the Write key allows the K' flip flop to reset which in turn, resets
the Program Mode flip flop. The Program Mode flip flop resetting unblocks the lst
data input to the H202 flip flop (U204-5) preset input. The machine is now prepared
to "Learn'" the instructions required to complete a program

The second step, or the "Learning' of the instructions in a program is accomplished
in the following manner. (Reference Timing Chart, Figure 2-7.)

Each time the Marker Counter sets the H200 flip flop (U233-12), the False First
Data flip flop presents a high input to the H202 flip flop (U204-5) preset input gate
U217-12, making the input ineffective until another key is depressed and the "D" flip
flop sets.

A key representing the first instruction of the program to be entered is depressed
and the "D" flip flop is set. The development of false first data when the signal
H200 goes high, now finds the signal "D" high into gate U217-12 and the output of this
gate presets the H202 flip flop (U204-5). The next T@ + T4 will set the H201 flip flop
which immediately clears the H200 flip flop. The status of the three flip flops
(H200 reset, and H201 and H202 set) will remain constant for four "T" times (T1-T4 or
T5-T0Q).

When the H200 flip flop resets and the H201 flip flop sets, the output of gate
U205-1, designated H204, goes low as a gating signal for the shift register multiplex-
ers. The other multiplexer gating signal is designated H203, and is low throughout a
program entry. Both gating signals to the multiplexers (U206, 107, and 113) going low
decodes the outputs of the Z counter, and presents them to the shift register inputs.
The Z counter data will then be placed in the shift registers at either Tl or T6 time,
depending on whether H201 flip flop set at the end of T§ or the end of Té4.

To sync the Marker Counter to the data flow through the shift register, the Marker
Counter is blocked during the clock time that shifts the data into the shift register.
The Marker Counter will then be in step with the next data entry. The operation is
accomplished as follows: The H201 flip flop (U233-9) will reset at the end of the first
TP or T4 time after the H200 flip flop (U233-12) resets. When the H201 flip flop sets,
the clock to the Marker Counter is blocked and the TP or T4 that resets the H201 and
H202 flip flops does not get through to clock the Marker Counter. The clock to the
shift registers, however, causes the data to shift into the registers. The H201 and
H202 flip flops resetting makes the multiplexer gating signal H204 go high. With the
configuration of gating signals H204 high, and H203 low, the data will continue to
recirculate through the shift registers.

FIRST DATA. A complete data pass (512 steps) is required to enter one instruction.
The first instruction will recirculate and when it reaches the output of the shift
registers, the signal First Data (1st Data) will be developed. The signal 1lst Data
clears the False First Data flip flop (U226-9) at T2 or T7 time and gate Ul24-8 dev-
elops the true First Data signal. This signal, First Data, will be developed each
data pass until a key is depressed and the "D" flip flop is set. Once again, the H202
flip flop will be preset when First Data goes high at T2 or T7 time.
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

2-6.0 PROGRAM ENTRY FROM KEYBOARD (Cont.)

The Marker Counter will count to zero, set the H200 flip flop, the H201l will set at
the end of the next TP or T4 time, clearing the H200 flip flop; the new keyboard in-
struction will be loaded into the shift registers at Tl or T6 time, and the marker
counter will be retarded by one count. This procedure will continue until all inst-
ructions are entered. The Write mode and Program Entry can only be terminated by de-
pressing the Reset key. The Reset key clears the Program Mode Latch and Program Mode
Decoder, and the machine returns to the Idle Mode.

2-6.1 ENTRY OF MULTIPLE PROGRAMS

Identifying numbers should be assigned to each program when more than one program
is entered in the machine. These numbers may be any two digit number between @) and
99, and in any order. Sequential numbering is not necessary. The numbers are for
identification only and will be recognized when sampled. The procedure for entering
and identifying multiple programs has been covered in the Operator's Primer form
number 55-537.

As mentioned earlier, all keyboard program entries are initiated by depressing the
Write key. Since several functions may have taken place since the last program entry,
additional program entries become a bit more complex.

The Write key sets up the logic to receive a new program as described earlier. The
first key depressed after the Write key in a multiple program entry is the Program Code
key. Depressing this key places a program identifier code in the very first program
location following the last instruction of the previously entered program. This code
designated under the octal notation 76g identifies the beginning of a new program when
the machine is in a program search. The two digits entered immediately following the
Program Code key identifies the program that is to follow. The balance of the program
is entered serially following the two digit program identifier.

MARKER SYNC TO NEW PROGRAM (Refer to Timing Diagram, Figure 2-8.)

The Marker Counter must by synced to the first Null location immediately following
the last program entered. This is necessary for the proper placing of the program
identifier, and is accomplished as described in the following paragraphs.

Depression of the Reset key returns the machine to the Manual mode of operation.
Next, the Write key is depressed and many of the same functions initiated by the Write
key in the initial program entry are the same as described in the preceding paragraphs
that is: K' flip flop sets, keyboard delay, '"D" flip flop sets, Program Mode flip flop
sets, Program Mode Latch 1loads the Write keyboard code into the Program Mode Decoder,
the "D" flip flop is reset, and Write is decoded. The False lst Data flip flop is set,
but is only effective when the program storage area is cleared. The Y5 latch is also
set to prevent selection of any other operating mode until the Reset key is depressed.

The outputs of the shift registers are sampled by a special gating network. A Null,
or no data, is detected in this network when the first position following the last in-
struction of the last program entered is clocked to the output of the shift registers.
The Null, octal notation 77g is moved to the shift register outputs at Tl or T6 time.
The first Null is gated out at T2 or T7 times.
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

2-6.1 ENTRY OF MULTIPLE PROGRAMS (Cont.)

The first Null is decoded as 1206 in gate Ull17-6. It is then inverted and combined
in gate U214-12 with the Program Mode flip flop and Write. The output of this gate
clears the Marker counter. The Marker Counter output signal, Adv 200, going low sets
the H200 flip flop (U233-12). Then the H201 flip flop is set the very next T@ or T4
time after the Marker Counter is cleared. The Marker Counter begins its new count
cycle with the same TP or T4 that set the H201 flip flop.

The False 1lst Data flip flop U226-9 will be reset on the very next data pass when
the first output is clocked out of the shift registers following the last Null that
was shifted out. 1st Data will also be generated each data pass, but will be ineff-
ective until a key is depressed and the D flip flop is set. This key should be the
Program Code key to identify the new program being entered.

The program will now be entered in exactly the same manner as was previously des-
cribed for the first program entry. Again, the program entry will be terminated by
the Reset key.

Each succeeding program will be entered the same way, i.e., depress Write key to
initiate the logic for a program entry and to sync the timing to the first Null. Then
enter the Program Code and two identifying digits, followed by the program in its
entirety; and finally terminate the entry by depressing the Reset key.
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

LOAD INITIAL PROGRAM FROM CARD READER
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

2-7.0 PROGRAM LOAD/STORE FROM CARD READER

The Friden 1155 Calculator is designed for connecting a Magnetic Card Reader/Player
(Model 511 Magnetic Card Reader) to a plug at the rear of the machine. A stored pro-
gram in the 1155 can then be read into the Card Reader for storage on a magnetic card,
or a program stored on the magnetic card can be read into 1155 for storage in the 1155
memory. Each of these function modes is initiated by depressing the Store In Card
key or the Load from Card key located on the 1155 keyboard. The logic description
for each mode of operation will be discussed in the following paragraphs.

2-7.1 LOAD FROM CARD MODE

The 1155 calculator can also be programmed from the 511 Magnetic Card Reader/Player
either as a complete program load of 511 instruction steps or partially, depending on
the requirements of the operation.

Depressing the Reset key retores the machine to the manual, or idle mode of oper-
ation. The Load From Card key is then depressed to setup the logic necessary to
receive a program from a magnetic card inserted into the Card Reader/Player. Dep-
ression of the Load From Card key generates a signal which becomes a permiss (when
combined with a signal generated by insderting a card in the reader) to start the card
reader motor, and drive the card through the reader heads.

NOTE: The Card Reader motors will vary slightly in speed, from one card reader to
another. Transmission from the card reader into the 1155 program area is asynchronous,
being strobed or clocked each time a new instruction is to be transmitted from the
card reader. This clock pulse synchronizes the logic of the 1155 with that of the
card reader.

THEORY OF LOAD FROM CARD

In Load from Card, the signal H305 goes into gate 213-6 (which is the same gate as
used for Load from Keyboard). The output of gate 213-6 goes to gate 214-2 and if
the signal First Null (H206) is developed into gate 214-12, it will clear the Marker
Counter at the point of the First Null. (As previously explained under '"Program Entry
From Keyboard" a First Null cannot be developed if the Program Storage is clear since
there will be 512 Nulls to choose from.) Up to this point, the logic is the same as
described for the Write Mode, however, at the end of the Write Mode, it was necessary
to depress the Reset key in order to return to Manual Mode. In the event the Load From
Card key is depressed and a Load does not take place, then it will be necessary to de-
press the Reset key to restore the machine to Manual Mode.

The signal ADV 200 goes low at T or T4 when the Marker Counter steps to zero and
sets the H200 flip flop. H200 will be stepped at either T@ or T4 time. H201 will
set at TP or T4 following the setting of H200.

The False First Data flip flop (U226-9) sets when H20l sets. The False First Data
flip flop being set will have no effect in loading first data as it did in programming
from the keyboard. It will clamp the Delete/Null flip flop reset until True First Data
is shifted out of the Shift Register. This will ensure that the Card Reader input will

not be Blocked.
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

2-7.1 LOAD FROM CARD MODE (Cont.)

When the Load From Card is released and the K' flip flop resets, the signal PLAY
is made low. This signal goes to the card reader as a permiss and a signal to the
card reader as an indication that the machine is ready to be programmed from the card
reader. The 1155 will not accept data from any other source until the Reset key is

depressed.

It is assumed initially that there are no instructions stored in the program area.

A signal designated PLAY/RECORD CLOCK is recorded on the card preceding each record-
ed instruction. As the card proceeds through the card reader, this signal is read
prior to reading the instruction and is returned to the 1155 as a strobe or clock pulse.
The PLAY/RECORD CLOCK signal will be low for approximately 1 ms. The data associated
with a particular strobe input will be presented to the input gates for approximately
1.5 ms.

The signal CARD BUSY goes low when a card is inserted. The first time after the
card is inserted that the H201 flop flop resets, the Load from Card flip flop (U226-6)
will set. The reset side of U226-6 blocks the clock input of flip flop U203-12 and
prevents its setting. The set output of U203-12 (H229) remaining low unblocks the set
input of the Clr '"D" latch and H213 may now go low because of the action of the Clr
"D" inputs.

The flip flop U203-12 remaining reset also insures that the Reset key must be de-
pressed to get out of the Card Mode.

The signal PLAY/RECORD CLOCK goes low when a card is being transported through the
reader and an instruction is coming into position to read. PLAY/RECORD CLOCK going
low into gate U213~11 permisses the setting of flip flop 4100 (U201-5). PLAY RECORD
CLOCK also goes to the reset permiss of flip flop U206-6, allowing the U206-6 flip
flop to set on the next T100 clock. At T400 time, T400 will go low into gate U213-8
and the output will go high, removing the clear input to U206-6 (Digital Filter A)
flip flop via gates U230-13 and U228-8.

Clock pulse T100 sets the flip flop U206-6. The reset output of the control flip
flop U206-6 clamps the clear signal high out of gate U213-8 when T400 goes high once
again. The set output of flip flop U206-6 clocks the Digital Filter flip flop "A"
(U201-9). The set output of the "A" flip flop (U201-9) removes the clear from the
Digital Filter flip flop "B" (U201-5), and the next T400 pulse sets the "B" flip flop
making the signal d100 high. The signal d100 high clamps the Digital Filter clear
input high via gate U230-13; and presets the H202 flip flop (U204-5) via gate U216-12
at T2 or T7 time. The signal d100 clamps the set permiss of the d100 £flip flop
(U201-5) high, via gate U213-11.

The signal PLAY/RECORD CLOCK will go high and permiss the reset of the Digital
Filter Control flip flop U206-6. The reset will occur on the next T100 time. The
permiss will remain high until the next instruction is to be read from the card.
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FRIDEN 155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

2-7.1 LOAD FROM CARD MODE (Cont.)

The Marker Counter will count to zero and set the H200 flip flop (U233-12). The
H201 flip flop (U233-9) will set on the next TP or T4 after H200 sets. H201 setting
clears the H200 flip flop via gate U232-8.

The Data Control signal (H218) out of gate U217-6 will go low when the H201 flip
flop sets. H218 clears the Digital Filter via gates U205-4 and U232-11. H218 makes
H203 high via gates U205-4 and U215-6; and H204 low via gates U205-4 and 205-1.

The signal H218 low, also resets the Digit Filter Control Latch (U119-3 and Ul24-6).
This clamps the Digit Filter cleared until the next Null output of gate Ulll-6.

The combination of H203 high and H204 low, selects the inputs from the Card Reader
to the shift register input multiplexers. The data from the Card Reader is selected and
presented to the shift register inputs. At Tl or T6 time, the data is loaded into the
shift registers.

When H201 flip flop sets, one count is deleted from the Marker Counter clock input
via gate U224-11, resulting in the next instruction being placed in the next instruction
position. H201 will reset at the next TP or T4. Then H218 goes high, H203 goes low,
and H204 goes high, causing the data in the shift registers to recirculate. H201 re-
setting also reset H202.

The machine idles, waiting for the next PLAY/RECORD CLOCK to go low and initiate
another cycle. These cycles will repeat until all the instructions on the card have
been read, or until a total of 511 instructions have been read from a number of cards.
No more instructions can be entered after the 511th.

PROGRAM ENTRY FROM CARD READER AFTER INITIAL PROGRAM ENTRY

For this explanation, it is assumed that one or more programs have been entered and
additional programs are to be entered from the card reader. As in the entry from the
keyboard, timing must be synchronized with the first location in program storage, immed-
iately following the last instruction that was previously entered.

Depression of the LOAD FROM CARD key will stop the Z Counter at 50g. The "D" flip
flop will set and when it resets, the signal H210 going high sets a count of five in
the Program Mode Decoder (U222) and the signal Load From Card (H305) goes low. The
Program Mode flip flop (U212-9) sets when the signal H210 goes high. When First Null
(H206) comes out of the shift register, at either T2 or T7 time, the signal Reset Mar-
ker Counter will go low at the output of gate U214-12; presetting the Marker Counter
Clock flip flop (U208-13), and clearing the Marker Counters U116-12 and U123-12). The
output of U1l23-12 (Adv 200) sets the H200 flip flop (U233-12). The Marker Counter is
now synchronized with the data already entered, and is setup to place the next bit
of entered data in the First Null position.

The key is released and the machine goes into an idle condition with H305 low. The
signal PLAY goes low and the Y5 latch sets. The 1155 is now ready to read a card.
The balance of the loading from the card is done exactly as in the initial loading of
a program from the card reader.
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FRIDEN 1155 PROGRAMMABLE CALCULATOR
LOGIC DESCRIPTION

2-7.2 STORE IN CARD MODE

The program entered and circulating in the 1155 can be stored on a magnetic card
by means of the Model 511 Magnetic Card Reader/Player connected to the 1155. Storing
of data on the magnetic card is initiated by depressing the Store In Card key. De-
pressing the Store In Card key sets up the logic required for this operation, and
places the first instruction in position to be read when the card is inserted into
the card reader. As the data is recorded on the magnetic card, it is retained within
the 1155 storage.

Since the Card Reader is slower than the 1155 logic, data from the 1155 is buffered
on the RECORD lines that input to the card reader and the 1155 logic is then held up
until the data is recorded on the magnetic card and the card reader notifies the 1155
that it is ready to accept new data.

THEORY OF STORE IN CARD

With the Store In Card key depressed, the signal K will go high when the Z counter
has a count of 60g8. The K' flip flop is set when T400 goes high, starting the delay
timer. The "D" flip flop will set approximately 1 ms after the K' flip flop sets, and
'"D" setting causes the signal H210 to go low. The signal H210 going low, loads the
the Z counter bits 1, 2, and 3 into the Program Mode Latch (U227) and makes the 8-bit
input to the Program Mode Decoder (U222) a high, and this high 8-bit input results in
making all of the used outputs of U222 high. The signal H300 going high sets the
Program Mode flip flop (U212-9) and the output signal H214 goes high. H214 will re-
main high until the first T400 after the key is released.

The signal H210 going low immediately sets the Clr "D" Latch and the "D" flip flop
is reset when T6 goes low. The latch will reset at T8 time. “The "D" flip flop: re-
setting causes the signal H210 to go high, latching the Z counter inputs into the
Program Mode Latch, and removing the high from the 8-bit input to the Program Mode
Decoder (U222). The signal H306 then goes low and the logic for the Store In Card
Mode is underway.

The signal Card Mode goes high at gate U219-11 when H306 goes low and Card Mode
going high into gate U219-3 sets the Y5 latch and unblocks the clock input to the
False 1st Data flip flop . It also unblocks the flip flop U226-6 which is used to
prevent a Clear operation while the Card Reader is operating. The signal Card Mode
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