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A Method of Interfacing the LD12 with a teletype

The design of the LDI12 is such that I/0 will take place .
under program control. Such control may or may not use the
interrupt system available. In connection: with the latter
it should be noted that even if an interrupt is waiting to be
‘serviced, the interrupt will not occur until an ION instruction
is executed thereby enabling the interrupt. On the other hand,
ION may be executed at any point in the program and the interrupt
enable flip flop may be left set. Such action means that an
interrupt requesting service at any time will be serviced, and
the program must be designed to take care of the situation.

The set of instructions available presumes that I/0 will
be initiated by a "SKIP". Assume that it is desired to transmit
a message to the teleprinter. Then the instruction sequence
might appear as:

Address Instruction '
100 6041 = TSF - skip on teleprinter flag

101 5100 JMP. -1
102 « 5XXX Branch to service routine for teleprinter

Following the SKIP, two other instructions are available singly
~or in combination:

6042 TCF = Clear teleprinter flag
6044 TPC - Load teleprinter and print )
6046 TLS - Load teleprinter sequence (a combination of the

two previous instructions)
The IOT instruction (Opcode 6) is used for all I/0. It is
broken down as follows:

0 2 3 8 9 11
Opcode |Device Code
Address |Bits

Code bits 11, 10 and 9 determine the action to be taken at
CPO, CP1 and CP2 respectively.. The presence of those bits
at those times will cause the signals I0P1, IOP2 and IOP4
respectively. Column 6 of the instruction table in the Lab
Manual will now look basically as follows:

z _
I0T IOS stands for I/0 SKIP. The skip will
TOP1=T1R11 | - not occur unless the device addressed
MUX=PC by bits 3 through 8 returns a signal
CPO AT U=A+4 on CPO indicating that it is ready.
0 0600 0 I0P1, I0P2 and IOP4 appear as indicated
PC(L)=108 ‘ previously. The additional action under
— . CP1-and"CP2 involves transfer of data
oy I10P2=IR10 from keyboard to accumulator. RDA
CLA=RDA v and RDE are signals going to the UART
TOP4-1R9 directing (1) Reset Data Available,
MUX=I/0 , and (2) Place received data on data
CcP2 ALU=A B linese.
AC(L)=RDE
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Figures 1, 2 and 3 are logic diagrams of the interface.
Although in this case all gates are on the same.board, the .
figures may be consildered to be:

Figure 1 - Additions to CPU
Figure 2 - Printer Control
Figure % - Keyboard Control

The additions to the CPU are a compromise. The DM8095's,
Hex Tri-State Buffers, were put in initially with the idea of
using only one bus, since the UART outputs are also Tri-State.
However, if only a teletype is to be interfaced, it is much
simpler to keep the buses separate, particularly since an additiona
set of buffers would otherwise be needed on the input to the
MUX's for data being received. Also the UART only receives and
transmits 8 data bits. The two DMB095's were left in because
of the possibility of wishing to interface additional items in
the future. Similarly, the 6 SN7404 inverters (one chip)
are not essential if only interfacing the teletype. But by
- providing this buffer 8 additional addresses (devices) may be
used if desired. ' ;

It can be seen that the CPU transmits 8 data bits from the
accumulator, a 6=bit device address, and I0P1, IOP2 and I0P4,
The CPU receives 8 data bits into the accumulator via the MUX's,
the signal to skip, the interrupt request, and three signals
 from the UART; DS, RDE and RDA.

Figure 2 shows the logic which permits the UART to take
parallel data from the accumulator and transmit it in serial
form to the teletype. The address of the printer portion of
the teletype control is O4. A 6041 instruction will cause an
04 to be received by the 6-bit Comparator(DM7160). This will
give a correct comparison, and the Z line on the Comparator
will go high and stay high throughout the execution cycle.

At CPO, I0P1 will be generated since bit IR11 is on. Assuming
that the Data Available flag is high, indicating that the UART
is ready to receive data, an IOS signal will be generated
thereby causing a SKIP to occur in the program. Since neither
the 10-bit nor the 9-bit is on in the instruction register,
nothing further will occur during this execution cycle.

Assume that the next instruction is 6046, meaning that
both bits IR10 and IR9 are on. As before, the Comparator will
acknowledge the address and its Z output will go high, but
since IR11 is not on, no SKIP instruction can be generated.

At CP1, IOP2 will be generated and the Data Available Flag
will be cleared. The clearing of this flag prevents an I0S
until TBMT goes down and then rises. A high TBMT indicates
that the data bits holding register of the UART may be loaded
with another character. ILIOP4 will also be generated on CP2

by the 6046 instruction because bit IR9 is on. The IOP4

pulse will cause a low signal at DS. TBMT is thereby sent low,
and data on the IOD lines will be strobed into the data bits
holding register when the DS signal rises. This rise will take
place at the end of IOP4. In the meantime, the low on the DS
line has been transmitted to the two tri-state hex buffers in
the CPU, thereby taking them out of the high impedance state
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and enabling them to put the contents of the accumulator on
the I0D lines. When DS is strobed up, thése data are accepted
by the data bits holding register in the UART, and the UART
begins transmitting the bits serially via SO to the teletype.
When the serial transmission is completed, TBMT goes high,
.and the Data Available Flag goes high, thereby permitting
another SKIP to take place at the appropriate time and another
character to be transmitted. . e
Figure % shows tlhe logic which permits the UART to take

serial data from the teletype and transmit parallel data to
the accumulator. Since the address of the keyboard is 03, .
the SKIP instruction is 6031. DA will go high when an entire
character from the teletype is in the UART's receiver holding
register. This signal, plus the address signal from the
' Comparator and IOP1, will generate an 105 signal and permit
the SKIP to take place. The IOP1 pulse is ANDed with IRT0.
It is generally necessary to clear the keyboard flag (6032)
in housekeeping and other portions of any substantial programe.
If DA were high, such an instruction could cause an unwanted
SKIP if IOP1 is not ANDed with IR10. .
, As before, the instructions 6032, 6034 and 6036 are
. gvailable. If 6032 is executed (IR10 bit on), RDA will go

low thereby resetting DA. If 6034 is executed (IR9 bit on),
RDE will go low enabling the UART to put data on the IORD
lines. The RDA(LO) signal causes the accumulator to be cleared,
and the RDE(LO) signal OR's the data on the 8 IORD lines into
the asccumulator. When another character is received into the
UART's receiver holding register, DA is setl, and the cycle may
then be repeated starting with the generation of I0S. _ ’

Material required (assuning .that modification for 4K memory

has been made): .

SN7400 Quad 2-Input Positive NAND gates

SN7402 Quad 2-Input Positive NOR gates

SN7404 Hex Inverters

SN7410 Triple 3-Input Positive NAND gates

SN7474 Dual D-Type Positive Edge~Triggered Flip-Flops
with Preset and Clear

DMB095 Hex Tri-State Buffers

DM7160 6-Bit Comparator

AY-5-102 Universal Asynchronous Receiver/Transmitter

(General Instrument) :

NE555  Timer ’

14~-Pin Sockets

16=-Pin Socket

40-Pin Socket

82 ohm, ¥ watt Resistor

160 ohm, % watt Resistor

1000 ohm, % wgtt Resistors

2200 ohm, ¥ watt Resistor

42K, )% watt Resistor ‘

10K, % watt Resistor

AAARFEAANATA AV AW
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-1 .01 mfd Capacitor
1 .022 mfd Capacitor
=12 volt power supply for UART
1 14~Pin Interfacing Plug
2 16-Pin Adaptor Plugs

Installation of sockets and locatlon of IC's and other
components:

The following unused sockets should already be installed
and available on the backboard:

16-Pin ¥4, ™5, ™6, H15, H16, 11, L2, LB;vL4

14-Pin E17, Gﬂ?, G18 G19, M17, M18 M19
It is assumed that all w1r1ng which 1nvolved the 7489 memory
has been removed. LT, L2, L3, L4, M17, M18,and M19 will not
be used. Install the 16-pin socket in location B-19,

Install the .40-pin socket in "UART™"; call this location

" D-18. Note that the pin numbers on the UART do not run in
the same direction as the pin numbers on the other socketse.
Install the 7 14-pin sockets in B20, B21, E18, E19, E20, E21
and G=-20, IC's and other items will be installed in sockets
as follows: ‘ o

B19 Transistor Circuit

B20 NE555 v
B21 Connector to teletype
D18 UART :

E17 SN7404

E18 SN7404

E19 © SN7400

E20 SN7474. . ;
E21 SN7410 - I
4 DM7160 L
F15.  DM7160

6 Resistors (&)

G17 SN7402

G18 SN7400

G19 SN7410

G20 SN7410

H15 DMB095

H16 DM8095

Use of Adaptor Plugs:

On one of the two adaptor plugs mount 4 resistors as
follows: .

1 1000 ohm resistor between pins 16 and 1;

1 1000 ohm resistor between pins 14 and 3;

1 160 ohm resistor between pins 12 and 5;

1 82 ohm resistor between pins 110 and 7.
This adaptor plug goes in the 16-pin socket at locatlon F46.
On' the second adaptor plug mount:
1000 ohm resistor between pins 16 and 1;
10K resistor between pins 8 and 9
.022 mfd capacitor between pins 9 and 7;
2N3569 (or equivalent switching trans1stor), emitter
to pin 8, base to pin 9, collector to pin 1.

[ Y. N N ¥

J
‘

Page 4 of 11 pages



it

I d

t

Sketch of connections on * ~
adaptor plug containing transistor
and accompanying componentse

This adaptor plug goes in the ’
16-pin socket at location BEE®&. B-19

Connecting Teletype:

The input/output connections of individual teletypes
vary considerably even though two teletypes may be the same
model. It will be necessary to locate the two pins carrying.
the output of the rotary switch and the two pins leading to
the solenoide. The teletype with which this interface was
tested is one normally used with a TI960. In the back of
the teletype near the 115V AC power lead there is a
9 position barrier terminal block. The teletype and the
computer were connected as shown in the diagram:

Yy 1#fd, 200V ‘

4~m~wmu——7—{p\\7/7’}/ | ‘ B
® o o0 6 @

» ® 6

I

Ovt o «{ )‘E ) \/ \/e“(}w o | ‘ Yeiuow I?Ai 7/; Reo
\7 | ¥y o~ N
| % g1 5
Jlose N 7o o "
, 0
CompPuTER o U e
| | A ovT OF
f_(f " /3(15&. ﬂJ[ COMIDUFE&
NI e

?” Y )
- The two input pins to the computer are B21i25 and B21-9,

and the two output pins from the computer are.B21-6 and B3l-
The four leads are run to the teletype vi %ﬁégat inteﬁ?&%?%ﬁ \
plug. Individual:users may, of course, desire to use some
other means of connection to the teletype. Make the following
connections: : ‘ :
Fe-16 to Fl16-14
M6-14 to F16-12
Me-12 to F16-10
F6-7 to B21-2
. F16-5 to B21-9
N 2o g to B21-6
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B19-9 to B21-13%
D18-25 to J13-11
B19-1 to E17-1

E17-2 to D18-20

. UART Timer:

The UART requires a clock which runs at 1760 Hertz _
(16 times the baud rate). This frequency is fairly critical
and should be adjusted as accurately as possible.. The values
given below gave a free running frequency which varied
between 1759 and 1767 Hertz over a period of three dayse.
However, the resistance values may be ex pected to vary with
different capacitors having the same nominal value. The
timer circult is: -

R =3 . . % | K :
i AT e [ f\[F“ — 3@ taxe Prn
p “ij 3 e H3K
75 Uz E R E SN
| y E—
| A
:fflﬁl(( M @:: ‘D' MJ’C{

The 2.2K resistor is the trimmer resistor. Neither the 43K
resistor nor the 2.2 K resistor should be set permanently
in place until it has been determined that the desired
frequency has been obtained as closely as possible. A trim
pot may be used, but the fixed resistors offer the advantages
that nobody can twiddle the screw, and that jarring or any
other shock will have little effect upon the adjustment.

In the upper left hand corner of the backboard (viewed
from the rearg there are a series of pads having the appearance:

1K 43K 22K E‘]
f”"\ [T
ZR

S0

e 7 GRouwy

gvs L0l m{d \,B\)S‘
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The numbers "1" and "2" are directly beneath two stake pins.
The three resistors and the .01 mfd capacitor are to be
connected as showne All four components are inserted from the
front of the boarde The 1K resistor and the 01 mfd capacitor
" may be soldered permanently in place, but the 43K and 2. 2K ‘
resistors should be soldered temporarilye. Connect:

B20-1 to B20-7 - _ o

B20-2 to B20-12 :

B20-4 to B20-14

B20-2 to Stake Pin 2

B20-1% to Stake Pin 1
Place an NE555 in socket B20.. This is a 14-pin socket and the
NES555 has only 8 pinse Pin 1 of the timer should go into
pin 1 of the socket. Then the correspondence between pins is:

‘ Timer Socket _

O~J 0O\ FWMND =2
AN
[N

Connect a 5 volt power supply to the board and replace the
2.2K resistor as necessary to bring the timer frequency as
close to 1760 Hertz as possible. It may also be necessary
to change the 4%K resistor because the calculated resistance
is 40400 ohms. (See Signetics Application Manual (1974)
page 6=79.) A change of 200 ohms will change the frequency
about 15 Hertz. After this calibration is completed, solder
the two resistors in permanently.‘ Connect:

B20=-%3 to E17=3

E17-4 to D18~17 -

D18-17 to D18=40

-

Corrections to CPU Logic:

Figures 4 through 8 show the changes to be made in
the CPU logice. Refer to figure 4. Disconnect:
E13=11 from G16-1
Connect E1%=11 to G18-1
G18-6 to G18=2
K19~5: to G18=4
G18=-8 to G18=5
G18=3 to E17-5
E17-6 to G16-1
Refer to Figure 5. Disconnect:
K6-2 from G2-9
G2-6 from G2-10
G2-8 from K5-13
Connect: Ke=2 to G19-1
D18-18 to G19-2
G2-6 to G19-1%
G19-12 to K5-13
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Refer to Figure 6. Disconnect:

Connect:
Refer to

Connect:

Refer to

Connect:

Additions to CPU Logice
Tri-State Output Bufferse.

E12-% from E12-9
E12-6 from E12-10
E12-8 from G1=9
E12=3 to G19-3%
D18=4 to G19=4
E12=-6 to G19-5
G19-6 to G1=9 -

Figure 7. Disconnect:

K1-1% from K10-6
K1%3=5 from K10-6
K1%3=5 from M14~12
K10-6 to M14-12

' K1-13 to K13-5

K10-5 to G17=2
G17-4 to G17-3
K18-5 to G17-5
M6-11 to G17-6

Figure 8. Disconnect:

K5=% from K5=5
K5=5 from K4-5
K6=5 from K5-4
K5-4 from K5-9

K5=-6 from M15-11

K53 to G19=9
61824 to G1758

- K6-5 to K5-9

IL5-3 to G19=11

- G19-8 to M15-11 .

G17-5 to G19-10

E9-1 to Hl6-2
E9-3 to H16-4
E9-5 to H16-6
J2-18 to H16-12 .
J2=20 to H16-14 .
J2-22 to H15-2
Jd2=1 to H15=4 "
J1-18 toH15-6"
J1-20 to H15-=10
J1-22 to H15-12
J1=-1 to HI15-14
H16-11 to D18=33
H16-13 to D18-3%2
H15-3 to D18=31
H15-5 to D18-30
H15~7 to D18=29
H15-9 to D18-28

H15-11 to D18-27
H15-13 to D18-26
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G17-1 to K13=5

G17-10 to K4-5

‘E13=1 to G17=9

Refer, to Figure 1.

E9-9 to H16-10



- D1i8=2%2 to H16-1

To generate I0P1, IOP2 and IOP4., Connect:

Device Address

H16=1 to H16=15
H16-15 to H15-1
H15-1 to H15-15

G1=-2 to G20-1 - - : v
G4=9 to G20-3 :

E13=2 to G20-9

G17-8 to G20-2

G20=-2 to G20-4

G20-4 to G20-10

" K19-1 to G20-13

K12=-1 to G20-5
E12-5 to G20-11

Buffer., Connect:
G14=1 to EI18-1
E11-4 to E18-3
E12-2 to E18-5
E12-12 to E18-9
M12=11 to E1I18-11
M12-12 to E18=13

Interrupts. Disconnect E5-12 from E5-7. Interrupt was grounded

to prevent its

acting. Connect:
E12-8 to E5-12
E10-4 to E12=-9 .
G12=4 to E12=10

frinter Control. Refer to Figure 2. DM 7160's are 6-bit

comparators with open collector outputs. ‘They require a
pull-up resistor at pin'9. The two 1K resistors on the
adaptor plug at F16 are for this purposee.

Printer Control Address. Connect:

E18=2 to Fl4=14
E18-4 to F14=12

E18-6 to F14=10

E18-8"to F14=5

E18-10 to F4=3

E18-12 to F4-]

F14=2 to Pl

Fl4=4 to F14=6

F4-6 to F14=15

F4-15 to F14=16

F14=-11 to F14=7

F4=7 to F14-8 ,
F14-9 to F16=1 | .

Control Signals for Printer Control. Connect:

G20-12 to E17-9
G20-6 to E17=11
G20-8 to E17=1%
E17-10 to E19-2
F16=1 to E19-1

E17-12 to E19-5
E19-1 to E19=4
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E19-3% to E20-1

E19-6 to D18-23

- D18-22 to E20-3
E20-4 to E20=-2

E20-2 to E20-14
E20-5 to E10-3
E19-4 to E21-1
E17-8 to E21-2
E21-1% to E20-5
E21-12 to G18-9

Keyboard Controle.

Adld
Ei-lo Ho EFTQ

Connect Comparator for Keyboard Control ﬁgg;ess. ~Connect:

Connect various control

F14-1 to F15-1
F14-3% to F15-3%
M4-5 to F15=5

Fi4-13 4o Ucc

F14-10 to
F14-12 to
F14-14 to
F15-15 to
F15-13 to
F15-11 to
FM5-6 to
F15-4 to
F15-2 to
F15-7 to

F15=10
F15-12
514
5-13
F15-8
F15-6
154
5=-2
F5-16
7158

- F15-9 to

F16-3

F16-% to
E19-8 to
E19-9 to
E19~5 to E19-13
E19-~11 to D18-4
G20=5 to G17-12

E19-9
D18-18

E17-9 to G17-11 ¢

G17=1% to E21-5
E19-12 to E21-4
D18-19 to E21-3
E21-6 to G18=10
E21-3 to G12=3

E19-12"

signals for Keyboard Control. Connect:

4

(*

\

Connect incoming data from UART to MUX's. Note that the
4 most significant bits are to be grounded since transmission

to and from the teletype is by bytes.

g
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H12-15 to H12=7
H11-15 to H11=7
H10-15 to H10=7
H9-15 to H9=Y

D18=5 to H8=15

D18-6 to HY7-=15
D18-7 to H6-15
D18-8 To H5-15
D18=9 to H4-15
D18=10"to H3-15
D18-11 to H2-15
B#8-12 to H1-15

Connect:



Finish control details in UART. Connect =12v power supply to
D18-2, Pins 1% (PE), 14 (FE), 15 (OR), 24 EOC and 39 (EPS)
may be left floating. The following pins must be grounded:
16 SWE Status Word Enable. This places the status
. word bits (PE, FE, OR, DA, TBMT) onto the
output linese. .
21 XR External Reset. Resets all registers. Sets
S0, EOC and TBMT to a logical "1".

The following pins should be tied to Vce:
24 Cs Control Strobe. A logical "1" will enter the
v control bits (EPS, NB1, NB2, TSB, NP) into the
control bits holding regiater. - -

35 NP No Paritye. A logical "1" will eliminate the
parity bit from the transmitted and received
character. '

26 TSB Number of Stop Bitse. A logical "1" selects two

- ~ stop bits. A logical "O": selects one stop bit.
%37, 38 NB2 Number of Bits/Character. ‘A "11" selects 8 bits.
NB1
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This cahle conld he nvart of the teletvpe interf-ne cable if that eczbles hns 4
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Nigital

Teating Reader Control

9,%} Three tests evist. They are:

1. The test given mnder the Aing "Testing the Relay Connections',

2. A simnle acho test. (Refer tn "4 Teletyne Interface for the ID14",)
In’the LOCAL mode, munch 2 test tape such as, "Wow is the time for 211
good men toecome to the aid of their country." Mow nut the taletyne
on LING and echo the test t2me to the nrinter, Put redder controel on,
To test the reader control, vary the clock spead, The reading of the

tane should

Lo2d and e"oc“te +he fo]“vvvﬂ~ ﬂ”n~M7m.
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PARTS FOR PAPER TAPS RLADER CONTROL

Chip Type Quantity __  Fumber of pins
SH74LS109 1 16
Pransistor Circuit
Reguires ' 1 14 pin socket
1 Adapter, Wiring Board — 14 pin, molded
(Robinson—ﬂugent manufzctures these — iype MPB-14
1 23569 Switching Transistor
Interface Requires
14 Relay: Switching Voltage 5-4 Volis DC
Current Rating 125 ma

(Radio Shack’§ells a relay that will suffice)
Mugs Swich (150 AC

The zbove items require 1 14 pin socket Thess sockets are
1 16 pin socket supplied with the
backozanzl,
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3. The following connections wust be mades

o s L P2 connector nine
- AP RO w2 8
SOUIL , %”“t‘ Cabie A62=3 B21ed 7
rrOMry | 1O Treed side 262t BT 5
FRMIIYDT (nﬁwmrmmqsxwe\ A62-5  B21=5 6

X7 Ab2 - EX 824

'J\
4, As long a2s these cnnHOGTLCﬂs are made ., The F/O cab}e can
have any coniigur 2 3
cableg hecauge iL ty in comUOﬂoui n_ﬂcemcnt
and teletype usages Thisvapplieﬂ primarily to situations
wore the teletype is used with other computers.
\ ~ /
i [ Computer
TEST PROGRAMS Qoterge ) N 570 B
. T/o Cakle ¢ prapurer Tall
Te,\&“’?” \Cu\ / oPapUTes \

Here are some very simple program° that cen be used to test the interfaces,

Print ons characier
This program is useful for testing tho

rface,

QOctal Location Contents
0000 6044
0001 1020
0002 6041
0003 5002 TN” 2
0004 6046 TLS
0005 7200 CLA
0006 5001 JMP 1
020 ' 0301 letter a

Tocation 20 mey contain the code for any character. An A is a 301, This
program will obviously not type a carraige returm unless you set JooutiO)
20 to the proper code in which cauvse you wouwld only do carraige raviins.
‘The next program avoids this,. ' '

Print a1l possib?e characters

Thih is a veriation of the first program. .

Octal Loca tion Centents Mnemonic
o 00 6044, TEC
0001 1020 TAD 20
002 6041 TSTE
0003 B 5002 JP 2 ; _
0004 . 6046 TS , ' -
0005 5001 ' JHP 4 :
0020 XXX, data

This program recieves a character from the

i
nter. Thiz is a good test of cd qnd t%lOpTEﬁLCm

Tﬁﬂrfﬂnr’av
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