








Assuming this is not the case, the next time pulse is T2. If =0, the contents of the P-register are jam-
transferred into the S-register, causing the P-register to be incremented by 1 and clearing the B-register.
If B#0, the B portion of the instruction (bits 8 through 11) is jam~transferred into corresponding S-register
bits. Following T2, the PDP-8 memory location specified by the S-register is read into the MB and
B-registers.

At T3, if i=1, the MB and B-registers are indexed as described in the introduction to half-
word intructions (Section 4.9). The time pulse distributor is advanced to T10. Following T3, the con-
tents of the MB register are written back into the memory location from which they were obtained.

The time pulse distributor is advanced to T10. The functions that take place at T10 are de-
pendent on the iB configuration. If i=1 and B=0; the P-register is jam-transferred into the S-register, the
P-register is incremented by 1, and the B-register is cleared. For all other conditions of i and B, the
B-register is jam-transferred into the S-register and then the B-register is cleared. The A-register is
also cleared at T10. Following T10, the contents of the memory location specified by the S-register

are read into the MB and B-registers.

4.9.1.1 hBit=0 - At T10, for all conditions of if except when i=1 and B=0, the B3 S transfer places
the h bit into S00. At T11, SO0 (now containing the h bit) is evaluated for either a O or a 1. If h=0,

the left-half of the B-register is 1s transferred into the left-half of the A-register, while the right-half
of the A-register remains cleared. At TLAST, the left and right halves of the A-register are interchanged
(designated by@),phc'ﬁng the half-word just read out of memory into the right-half of the A-register.

4.9.1.2 h Bit=1 = At T11 if h=1, the right-half of the B-register is 1s transferred into the right-half
of the A-register. Regardless of the value of h, GNI will be generated at T11 and the GO pulse will

be generated at TLAST if the LINC is to continue in the LINC mode of operation.

4.9.2  STHig

The A-register contains a 12-bit word, the right 6-bits of which will be stored into the
designated half of a memory location. Standard operations occur from GNI to T3. At T3, if i=1, the

MB and B-registers are indexed as in LDH. The time pulse distributor is advanced to T10,

4.9.2.1 h Bit=0 - At T10, the left six bits of the PDP-8 memory location specified by the contents
of the S-register are inhibited by clearing the SA — BL ENABLE flip-flop. Following T10, a 12-bit
operand is read out of memory into the MB register. Since the left six input gates to the B-register

are inhibited, only the right six bits of the operand go into the right-half of the B-register.
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At T11, the left and right halves of the A-register are interchanged and the WRITE flip=-flop
is set. At T12, the left 6-bits of the A-register are Is transferred into the left 6-bits of the B-register.
After this operation, the B-register will contain a 12-bit word, the left 6-bits containing what was
originally in the right 6-bits of the A-register, and the right é~bits containing what was read from
memory .

At T13, the contents of the B-register are read into the MB register and into memory. GNI
is produced. Again the left and right halves of the A-register are interchanged, leaving the A-register

as it was before T11.

4.9.2.2 h Bit=]1 - At T10, the right-half of the memory location specified by the contents of the
S-register is inhibited by clearing the SA— BR ENABLE flip-flop. Following T10, the 12-bit operand
is read into the MB register. Only the left-half enters the B-register (bits BOO-B05).

At T11, all registers maintain their status and the WRITE flip-flop is set. At T12, the right-
half of the A-register is read into the right-half of the B-register. The B-register now contains a 12-bit
word. The left 6~bits are the left 6~bits of the operand. The right é6-bits are from the right-half of the
A-register.

At T13, the contents of the B-register are read into the MB register and into memory since
the WRITE flip-flop was enabled. TLAST is the next LINC-8 timing pulse. If the LINC is to continue

on, GO will be generated, starting the next instruction.

4.9.3  SHD i

If the contents of the right-half of the A-register do not match the contents of the designated
half of operand in memory, skip the next instruction in sequence; otherwise, execute the next instruction.
The contents of the A-register and the selected memory register are unchanged.

Standard operations which occur prior to T1 read the SHD instruction into the C-register.

No operations occur at T1 unless i=1 and =0, in which case the time pulse distributor is advanced to
T10. Assuming this is not the case, T2 is the next timing pulse. At T2, if =0, the contents of the
P-register are jam-transferred into the S-register, causing the P-register to be incremented by 1 and
clearing the B-register. If 70, the B portion of the instruction is jam-transferred into the S-register.
Following T2, the PDP-8 memory location specified by the S-register is read into the MB and B-registers.

At T3, if i=1, the MB and B-registers are indexed as described in the introduction to half-
word instructions. The contents of the MB register are written back into memory. The time pulse dis-
tributor is advanced to T10, at which time operations occur depending upon the value of i and B. Either
the contents of the B-register are jam-transferred to the S-register; or, the P-register is jam-transferred

into the S-register and the P-register is incremented by 1. The B-register is cleared.
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Following T10, the contents of the memory location specified by the S-register, which is the

operand, is read into the MB and B-registers.

4.9.3.1  h Bit=0 - At T11, the two halves of the A-register are interchanged. At T12, a BCOA op-
eration occurs between the A- and B-registers, the result of which is left in the A-register. Following
T12, the contents of the memory location specified by the 3-register are again read into the MB and
B-registers. Since the operand is already in the B-register this has no effect; memory has merely been
left running.

GNI is produced at T13, The contents of the MB register are written back into the memory
location from which they were obtained. If AL#0, that is if the original right=half of the A-register is
not equal to the left-half of the B-register, the P-register is incremented by 1. If it is equal, the
P-register is not incremented. At T13 another BCOA takes place, restoring the A-register to its original
form as before T12.

At TLAST, the two halves of the A-register are again interchanged. This operation leaves
the register as it was before T11, The GO pulse causes a P4 S which increments the P-register by 1
and clears the B-register. The GO pulse also sets the MEM — B flip-flops and clears the C-register.
If the P-register was incremented at T13, then the P —3S function causes the LINC to skip the next

sequential instruction.

4.9.3.2 h Bit=1 - No important operations occur at TI1. At T12, a BCOA operation occurs between
the A- and B-registers. Following T12, the contents of the memory location specified by the S-register
are again read into the MB and B-registers.

At T13, GNI is produced. If, following the BCOA at T12 the right-half of the A-register is
not O (indicating the original right=half of A was not equal to the right-half of B) the P-register is in-
cremented by 1. The P-register is not incremented if the right half of the A-register is 0. Another
BCOA occurs between the A- and B-registers, leaving the A-register as it was prior to T11., The con-
tents of the B-register remain the same.

At TLAST, GO is generated if the LINC is to continue on, GO initiates a P—3#S pulse
which increments the P-register by 1 and clears the B-register. The next instruction is skipped if the
P-register was incremented at T13. The GO pulse also sets the MEM —® B flip-flops and clears the

B-register. The MB register is also cleared at this time.
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4,10 CHANGE MEMORY BANK INSTRUCTIONS

4,10,1 UMB N

The function of this instruction is to change the Upper Memory Bank Selector. The Upper

Memory Bank Selector is the register which points to the 2000, word segment of memory that will be used

8
when the LINC refers to an address between 2000, and 3777,. The majority of the logic is associated

with this instruction as shown on drawing L26. ° °

After the usual operations at T1 and strobe time, the contents of C-register bits 7-11 are
transferred into the UMB register (Upper Memory Bank Selector Register) at T2. This transfer is accom-
plished by the SET UMB pulse shown in the lower right-hand corner of drawing L26. This pulse is gen-
erated by the signal UMB-T2 when the signal ENABLE MEM CHANGE is true. The signal ENABLE MEM
CHANGE will be present if a legal and existing memory bank is being selected. The R151 decoder and
associated diode gating, shown on drawing L26, generate the signal ENABLE MEM CHANGE. The signal
will be true if memory bank O is not being selected, and if the memory bank which is being selected does
exist (unless the system was equipped with extended memory, references to memory banks greater than
three would be illegal). The SET UMB pulse therefore changes the state of the Upper Memory Bank
Selector registers at T2 of the UMB instruction. Hence, all further references to the upper half of LINC
memory (20008—3777 ) will be made to the 20008 word segment of memory now pointed at the Upper

8
Memory Bank Selector Register.

4.10.2 LMBN

The instruction LMB changes the Lower Memory Bank Selector Register. The lower Memory
Bank Selector Register shows which 20008 word segment of memory LINC instructions will be taken from.
All LINC addresses between 00008 and 1777 will go to that 20008 word segment of memory pointed to
by the Lower Memory Bank Selection Register. The LMB instruction does not immediately change the
Lower Memory Bank Register itself. Rather, the instruction LMB sets an intermediate register called
LMB SETUP which is then jom-transferred into the Lower Memory Bank Selector at the occurrence of the
next jump instruction (which does not jump to location 0).

The logic associated with this instruction is shown on drawing L26. The O— LMB SETUP
pulse is generated at T2 of the LMB instruction. This clears out the LMB SETUP register. At T3, the
pulse LOAD LMB SETUP transfers the contents of control register (bits CO7 to C11) into the LMB SETUP
register. The pulse LOAD LMB SETUP also sets the SET LMB SYNC flip-flop if the level ENABLE MEM
CHANGE is true. The level ENABLE MEM CHANGE means that the newly selected LMB location is

legal (non-zero and for memory which exists on the machine).
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When the above conditions have taken place, the LMB SETUP register holds the new Lower

Memory Bank contents, and this will be strobed into the Lower Memory Bank Selection Registers at the

next non-zero jump instruction. At time T1 of the next non-zero jump instruction, the pulse CHANGE
MEMORY EXT will strobe the LMB SETUP bits 0, 1, and 2 into the LMB registers, bit 0, 1, and 2. This
is done at T1 of the jump instruction so that adequate set-up time is allowed for the extended address bits.
At T2 of the jump instruction, the SET LMB pulse will be generated which will transfer LMB SETUP bits 3
and 4 into the Lower Memory Bank Selection Register bits LMBO3 and LMBO4. In addition, the SET LMB
pulse also clears the SET LMB SYNC flip-flop.

The above operations mean that the instruction JMP (not JMP 0) will be fetched from a
location in the old Lower Memory Bank, and the return address for the JMP instruction will be stored
at location zero of the newly selected Lower Memory Bank location.

Note that there is no programming restriction on when the JMP must occur. After the LMB
instruction, there may be any number of instructions between the LMB instruction and the JMP instruc-

tion which causes the completion of the change of Lower Memory Bank Selection Registers.

4.11 8 EXECUTE CLASS INSTRUCTIONS (MTP, OPR, EXC)

The 8 EXECUTE CLASS LINC instructions (MTP, OPR, and EXC) are used to turn off the
LINC subsystem and signal PROGOFOP with the program interrupt request.

GNI clears the MEM — B flip-flops. The P-register contains the value p. At GO, a
P =3 S occurs, placing p in the S-register, P+1 in the P-register, and clearing the B-register. The
GO pulse also clears the C-register and sets the MEM — B flip-flops. Following GO, the contents
of the memory location specified by the S—régister are read into the MB, B and C-registers. No opera-
tions occur at T1. At T2, the MEM — B flip-flops are cleared.

GNI is produced at T3. Any 8 EXECUTE CLASS instruction-MTP, OPR, or EXC-generates
a level called EXCL which sets the 8 EXEC flip-flop (drawing L16). This flip-flop signals PROGOFOP
that an instruction is to be interpreted. EXCL also produces the HOLD level which causes the LBRK
flip-flop to be cleared at GNI time, thus stopping the LINC subsystem and taking the PDP-8 out of the
break cycle.

At TLAST, the MB register is cleared. The ADDRESS SELECT flip~flop is cleared, thereby
addressing is returned to PDP=8 MA register.
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CHAPTER 5
MAINTENANCE

5.1 MAINTENANCE PHILOSOPHY

This section contains maintenance information for the LINC-8 computer. From a maintenance
standpoint, the LINC-8 is considered as three functional subsystems: the PDP-8 processor, the LINC
processor, and the interface circuits between these two processors. The recommended method of trouble-
shooting the LINC-8 is to first determine whether or not the PDP~8 processor is functioning properly.
Once this is verified, the PDP-8 can be used to run the diagnostic programs which exercise various func-
tions of the LINC processor and the LINC/PDP-8 interface circuits. Maintenance procedures for the
PDP-8 are found in Chapter 9 of the PDP-8 Maintenance Manual, F-87. The most important step in
maintenance is to determine where and how a particular instruction sequence is not operating correctly.

Then the problem is isolated, and it remains only to correct the known malfunction.

5.1.1 Scheduled Maintenance

The LINC-8 should receive certain routine maintenance attention to assure maximum life and

reliability of the system.
5.1.1.1 Teletype - The Teletype should be given regular attention as outlines in the Teletype manual.

5.1.1.2 MAGtape Heads and Guides = The tape heads and guides should be cleaned whenever they

are dirty. Typically, this should be once a day, although in very clean environments, where the tape

system is not heavily used, it may be performed weekly.

5.1.1.3 Air Filters - The air filters should be cleaned whenever dirty. This is typically once a month,

under usual conditions.

5.2 TOOLS AND TEST EQUIPMENT

Table 9-1 in the PDP-8 Maintenance Manual lists the maintenance equipment required for the
PDP=-8 Processor. In addition to these items, the maintenance technician will also require the items
listed in Table 5-1 of this manual. The single most important tool is a thorough understanding of the

operation of the entire system.



Table 5-1
Maintenance Equipment

Equipment Manufacturer Designation
LINC-8 Maintenance Library MAGtape, DEC
associated write-ups, and backup paper tapes*
Precision voltage source (for A-D) Electronic VS-11
(=1V to +1V, 0.1% System Development
Corporation

Allen wrench set (for Tape)

System
Small open-end wrench set (for Tape)

System

*Supplied with the LINC-8

5.3 DIAGNOSTIC PROGRAMS

The LINC subsystem of the LINC-8 Computer is checked using a special diagnostic program
called SUDSY (LINC-8 SUper Diagnostic SYstem). SUDSY is a series of PDP-8 programs, each of
which tests one or more parts of the LINC processor logic, LINC/PDP-8 interface, LINC processor oper-
ating mode and interrupt functions, and LINC console functions. A complete description for loading,
executing, and interpreting the results of SUDSY is contained ina separate document. As stated pre-
viously, the PDP-8 processor must be functioning properly before SUDSY can be used to check the
LINC subsystem.

5.4 POWER SUPPLY TEST

Power for the LINC-8 system is identical to that for the PDP-8 with the exception that an
additional Type 783 Power Supply is connected in parallel with the +10V and -15V outputs of the Type
708 Power Supply used in the PDP-8. This effectively increases the system power capability to 23A
at -15V. The range and ripple characteristics remain essentially the same as defined in Chapter 9 of

the PDP-8 Maintenance Manual.

5.5 MARGINAL CHECKS

The LINC-8 is equipped with facilities to check individual sections of the logic by applying
variable power from the marginal check section of the Type 708 Power Supply in place of the normal
logic power. Access to the controls of the 708 is gained by removing the cover located below the table

at the front of the LINC-8 cabinet.
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There are 12 switches associated with each of the three normal logic sections of the LINC-8:
memory (M), LINC (L), and processor (P). One of these switch banks is shown in Figure 5-1. Each
switch has two positions. The FIXED position allows application of the normal logic operating power
while the MC position selects variable power from the marginal-check power supply. The fuses located
alongside each marginal check switch provide overload protection in the event that excessive current is

drawn on that power line (fuses are 3A).

R 2T

15 4) 4
) SRy B
LdY

Figure 5-1 Marginal Check Switch Bank

5.5.1 Marginal Check Schedule

The LINC-8 marginal-check schedule for a particular installation is dependent upon the type
of experimentation and analysis being performed. In applications requiring high reliability of operation,
where a computer failure could be costly, it is recommended that marginal checking be performed at
least once a month. The user should schedule approximately eight hours for the complete marginal-check
procedure. In other applications, where an occasional computer malfunction can be tolerated (once or

twice a year), the LINC-8 can be operated on a continuous basis until a problem is detected.

5.5.2 Marginal Check Sheet

For record keeping and evaluation, a marginal-check log sheet should be filled out each time
the LINC-8 is marginal checked. Figure 5-2 shows a sample of this sheet. Nominal margins are indicated
on the sheet while actual margins obtained should be filled in along with the marginal check program used

to obtain them.
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5.5.3 Diagnostic Marginal Check Procedure

During production, the LINC-8 system is checked to ensure that all diagnostics operate with
the ~15V marginal supply between =12 and =18V, and the +10V marginal supply between +5 and +15V.
This applies to all switches except the following:

a. Switches 1, 2, 3 of the memory section which relate to the sense amplifiers (refer to
PDP-8 Maintenance Manual).

b. LINC switch 10, because of special modules, uses supply voltages of =13V to -17V,
+6V, and +14V.

For the purposes of general maintenance, the switches designated in Table 5-2 are used with
certain diagnostic programs. In some unusual circumstances, it may be desirable to use other switches
during maintenance. Any subsection or group of logical subsections may be margined together as long

as their total current drain from the marginal checking supply does not exceed 2A.

CAUTION

When operating a system on margins, there is always a
possibility that the MAGtape control will either fail or
be given incorrect commands, thereby damaging the data
on the tape mounted over the heads. The technician
should margin the system with a tape he can afford to
have destroyed. This is especially true for the following
margin switches: M8-M11, and L1-1L4.

Table 5-2
Marginal Check Switch Functions for Diagnostic Programs

Test Switches

PDP-8 TEST PROGRAMS

MAINDEC ADDRESS TEST M1-M5, M12
CHECKERBOARD M1-M5, MI12
TELETYPE TEST M6-M7, P1, P2
INST.TEST 1 P1-P6
2A P1-P6
2B P1-P6
2C P1-P6
3A P1-P6
3B P1-P6
LINC TEST PROGRAMS
DECTST (SUDSY) M8-M12, L1-L12, P7, P10
TSTINS (OPTIONAL) M8-M12, L1-L12, P7, P10

(ST. LOUIS TEST)
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LINC-8 MARGINAL CHECK SHEET

If checking is done at room temp just record program name. Place "T" after program name if at elevated
temperature (110°F intake). Initial entry if OK, note actual voltage if not to specification,

TECH
PROC MEM LINC L
DATE
PROGRAM NAME
Switch | Nom-
nal |5 L1g|+15/ 12|45/ 18 +15/-12]+5 /-18|+15/12]+5 /18] 115/ 12 +5/-18 |+15/412

M f}g

M2 ’::g

M3 ‘::g

M4 jg

M |5

M6 f}g

M7 f:g

M8 ﬂg

M9 ’_f:g

M10 *_‘:g

MIT | f:g

l

M12 rjg
Comments:

Figure 5-2 Marginal Check Sheet Sample



PROGRAM NAME

Switch [ Nom~
nal | s Ligla1s12]+5 L18ls15/ 125/ 18] 415 L12]+5 /8|15 /f12 |45 L1 | 415 /12
o1 +10
_]5
P2 f]'g
P3 f}g
P4 f}g
P5 ’_“:g
P6 f:g
p7 f:g
e
P9 “:}(5’
PO 1S
P11 ‘::g
P2 3
LI ’_“:g
L2 f}g
I
L4 f}g
L5 f:g
L6 +10
-]
L7 f]]g
L8 f:g
L9 f:g ,
L10 f:g
AT
+10
L2 [

Figure 5-2  Marginal Check Sheet Sample (Cont.)
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5.5.4 Detailed Marginal Check Switch Functions

Table 5-3 lists the logic functions controlled by specific marginal-check switches for the
memory, processor, and LINC sections of the LINC-8 computer. The physical location of these sections

is shown in Figure 1-1,

Table 5-3
Detailed Marginal Check Switch Functions
Switch Function
Memory Section
SW1 Sense Amplifiers, +10V only (slice) PIN D
MA25-MA31, MB25-MB30
SW 2 Sense Amps Power
MA25-MA34
SW3 Sense Amps Power
MB25-MB35
SW 4 Memory Selectors
MCO0T1-MC35
SW5 Memory Selectors
MDO01-MD34
SW 6 PDP-8 Memory Rack E
MEOT-ME29
SW7 PDP-8 Memory Rack F
MFO01-MF30
SW 8 Tape Control, Part 1 and Spares
MHO04-MH12, MJO1-MJ12
SW9 Tape Control, Part 2
MH18-MH32
SW10 Tape Control, Part 3
MJ18-MJ36
SW 11 Tape Reader-Writers and Transport
MA40, MB37-MB40, MC37-MC40
SW 12 Address Selector Gates
MD37-MD39, ME37-ME39, MF37-MF39
Processor Section
SW 1 AC Register
PA06-PA18
SW 2 AC Register Control and Miscellaneous
PA19-PA36, PB19-PB36




Table 5-3 (Cont)

Detailed Marginal Check Switch Functions

Switch

Function

Processor Section (cont)

SW3

SW 4

SW5

SW 6

Sw7

W8

W9

SW10

SW 11
SW 12

LINC Section

SW1

SW 2

SW3

SW 4

SW 5

SWé6

SwW7

MB, PC, MA Register
LC02-LC18

MB, PC, MA Register Control and Miscellaneous
PB02, PC19-PC36, PD03-PD06, PD19-PD36

PDP-8 Processor Rack E
PEO5-PE36

PDP-8 Processor Rack F
PF05-PF36

A=D and Display
PH18-PH32, PJ18-PJ33

Spares
PH33-PH40, PJ34-PJ40

Indicator Drivers

PE37-PE40, PF37-PF40

Data Break Multiplexing
PHO5-PH12, PJO5-PJ12

Spare

Indicator Drivers

PA37-PA40, PB37-PB40, PC38-PC40, PD37-PD40

B-, S-, P-Register and Control
Sense Amps --- B pulses
LBO1-LBOS5, LEO8-LE24, LFO8-LF24, LHO7-LH12

A-Register and Control
LC05-1C22, LD0O5-LD22

IOT Pulses and Memory Extension
LCO1-LC04, LD02-LD04, LEO3-LEO7, LF02-LF07
LHO3-LH06, LJO5-LJ12

Z-Register, Match A= 0
LAO4-LA12, LB06-LB20
Timing

LH18-LH37

C-Register and Instruction Decoders
LJ18-LJ37

Control Gates and Control Pulses
LB25-LB29, LC23-LC27, LD23-1.D28, LE25-LE35, LF25-LF36

’




Table 5-3 (Cont)
Detailed Marginal Check Switch Functions

Switch Function
LINC Section (Cont)

Sw8 PDP-8 AC Input Gates and Control and Interface Logic
LC28-LC40, LD35-1.D40, LE36-LE40, LF37-LF40

SW9 Console Switches, I Sense, X Sense and Control
LA32-LA39, LB30-LB36, LB38-LB40

SW 10 Control Functions and Console Switch Detector (R122's and W501)
LA40, LD29-LD34

SW 11 Data Terminal Panel Power
LA28-LA31

SW 12 Indicator Driver Power
LA14-LA27, LB21-1B24

5.6 TIMING TESTS

The LINC-8 is designed to be relatively unaffected by module and parts variations. There are
several delays which must be set to particular values if stable operation and wide margins are to be ex-
pected. These specific items are listed below and their adjustment is called out. Once set up, there
is no reason for them to drift, because neither the modules nor the components are critical. The delay
adjustments are considered in two groups: LINC processor delays, and MAGtape, system delays. These

adjustments should only be made by a technician thoroughly familiar with the LINC-8.

NOTE: The PDP-8 IOT delays must be correctly set.
See PDP-8 Maintenance Manual.

5.6.1 LINC Processor Delay Adjustments

5.6.1.1 1OT Delays 8L2 and 8L3 - These delays are shown on drawing L17, and are located in LJO8
(R302). The 8L2 delay (pin M) should be 1.2 ps (+0.1 ps). The delay 8L3 (pin V) should be 0.8 ps
(0.1 ps).

The following PDP-8 program can be used to set the two above delays.

4000 7200 /CLA
4001 6161  /IACB
4002 7000 /NOP

4003 7000
4005 7000
4006 7000

4007 5200 /JMP 4000

5-9



5.6.1.2 Time Pulse Generator Pulse Amplifiers - The output width of the pulses from pin K of LH19 and
LH20 (drawing L15) is rather important. These pulses should be 170 ns (30 ns). They can be observed

by either running a LINC-8 program or by grounding LH19T and setting the right switches to 5200 and
pressing PDP-8 LOAD ADD, DEP, LOAD ADD, and START, in that order.
If the pulse is not of the correct width, change the value of the capacitor connected to pins

D and M of the offending pulse amplifier (nominal value 220 PF).

WARNING

Remove ground from LH19T when through.

5.6.1.3 Time Pulse Generator Delay Inverters - The capacitors on the output of inverters LH24 and

* LH25 (drawing L15) are used to slow the output fall of the inverter. The waveform should be as shown

in Figure 5-3. If the fall time is incorrect, check the modules to be sure the capacitors are the correct
value (220 PF) and the R107 has 2 mA clamped loads. Check pins LH24D, F, J, L, N, R and LH25D, F,
J, L, N, R. Start timing chain as in Section 5.6.1.2 above.

3V _‘l

300ns(-50+100ns) fe-

Figure 5-3 Time Pulse Delay Waveform

5.6.1.4 10 —=T Pulse - This pulse is generated by an R601 Pulse Generator located in LH36 (drawing
L21). This pulse is used to set the timing flip-flops to the 1000-state. The pulse must be long enough

so that carries from one flip-flop to the next are overridden, and short enough so that the next time pulse
(500 ns later) will give proper counting. This pulse should be between 320 ns ont% 370 ns (LH36D). The
pulse width is changed by varying the capacitor on pins LH36E to LH36F (nominai value 680 PF). This
pulse can be generated by grounding pins LH19T (drawing L15) and LH36H (drawing L21). Now set right
switches to 5200. Press PDP-8 LOAD ADD, DEP, LOAD ADD and START, in that order.

WARNING

Remove the above ground leads when finished.

5.6.1.5 4——=T Pulse - This is essentially the same situation as the 10 —=T pulse. The pulse at

LF24K (drawing L21) should be between 320 and 370 ns. The pulse can be generated by grounding
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LH19T (drawing L15) and connecting LDO3F (drawing L15) to LF24L (drawing L21). Now set the right
switches to 5200, and press PDP-8 LOAD ADD, DEP, LOAD ADD, and START, in that order.

WARNING

Remove the above leads when finished.

5.6.1.6 B (Break) Disable Delay - The delay output pulse at pin PHO5V (drawing P23) is used to extend

the B (break) signal to the full break cycle during external data-break requests. The pulse should be set
to 750 ns (50 ns). It can be adjusted by grounding pin PHO5P, setting 5200 in the right switches and
then pressing PDP-8 LOAD ADD, DEP, LOAD ADD, and then START, in that order.

WARNING

Remove the ground from PHO5P when finished.

5.6.1.7 LOAD Key Start Delay - The delay output pulse at pin PHO5M (drawing P25) should be set to
10 ms. It can be set by removing all MAGtapes from the tape transports, lifting the PDP-8 SING INST
switch, and repeatedly lifting the LOAD switch

5.6.2 MAGtape Delay Adjustments

5.6.2,1 TTOK (Tape Timing OK) Delay - The output at pin MHT1D (drawing M11) should be set to
34 s (39 ps for 50 Hz systems). This delay is an integrating one-shot which is triggered by the change

in output state of the timing channel tape-track reader. The reader output will oscillate even without

an input signal. If this has a period longer than 34 ps (39 ps for 50 Hz systems), it is possible to directly
set the delay by observing the output at pin MHT1D. If the delay is always set, manually move a marked
tape across the tape head unit that is selected for operation. This will provide enough slow input to the

tape reader to allow adjustment of TTOK to 34 ps (39 ps for 50 Hz systems).

5.6.2.2 XTLK (Cross Talk) Delay = This delay output at pin MHIOM (drawing M11) can usually be set

directly without moving tape. It should be adjusted to 9 ps.

5.6.2.3 TT2 Delay - This delay output at pin MJTOM (drawing M11) can be adjusted without moving
tape by simply grounding MJ24J and setting the delay to 6 ps.



WARNING

Remove ground from MJ24J when finished.

5.6.2.4 WDASM-2 Delay - This delay output at pin MJ10V (drawing M12) can be adjusted without
tape motion. Grounding MJ24J and MJ30L, will allow TT2 to be generated. TT2 will trigger the
WDASM-2 delay. The delay can now be adjusted to 1 us.

WARNING

Remove ground from MJ24J and MJ30L when finished.

5.6.2.5 Mark Clock - This is a gated clock that is set to 10 ps. The following procedure can be used
to set the delay. All tapes must be removed from both transports since the Mark Tape Writers are enabled

a. Ground MJ33E (drawing M12). This will set the MARK flip-flop.

b. Set the clock (MH27) to 10 ps.

c. Turn the LINC~8 Computer OFF. This will generate power-clear pulses that clear the
MARK flip-flop during power turn-on.

d. Remove ground from MJ33E.

5.6.2.6 CLOSEPulse Delay - The delay output at pin MHI0V (drawing M13) is used to lengthen the.
CLOSE pulse to 0.5 ps. It may be adjusted by either operating the MAGtape (if functional) or by ex-

ecuting the following PDP-8 program which starts at PDP-8 location 100.

100 7201 CLA IAC /1 to PDP-8 AC
101 6141 ICON /ICON (AC to MOTION)
102 5100 JMP 100  /Jump to beginning

5.6.2.7 ACIP Delay - Location MH7D - This delay is used to prevent the tape control from looking at
the signals coming from tape any time that a new motion has been selected. This delay must be long
enough to carry out beyond the 0 signal coming off the tape head during turnaround operations. (See
Figure 5-4); and, it must be short enough so that when the tape turns around it is ready to read the next
block. The delay is normally set to 120 ms, but with some tape transports, under some conditions, it
may vary anywhere between 100 and 150 ms. This delay can be set up by operating the MAGtape
System in such a way as to change the tape direction. The following LINC program is useful .

20 723 /move toward
21 0100  /block 100
22 6020  /jump back to 20
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If the tape system is not functional, the following PDP-8 program will change the motion flip-
flops and thereby trigger ACIP (drawings M10 and M11).
Start 4001 with 4001 in the right switches.

4001 7604 LAS 4010 5207 JMP 4007
4002 6141 ICON (AC to MOTN) 4011 2215 ISZ 4015
4003 7200 CLA 4012 5207 JMP 4007
4004 6141 ICON (0 to MOTN) 4013 5201  JMP 4001
4005 1214 TAD 4014 7740 CONSTANT
4006 3215 DCA 4015 0000 COUNTER

4007 2200 ISZ 4000

ZERO QUTPUT LEVEL
(TAPE STOPPED DURING TURNAROUND)
|

TIMING
TRACK
READ HEAD
SIGNAL

TTOK W

I
jo———— APPROX 120 mSEC —o

R NOTE:
TION ACIP SHOULD TIME OUT PAST THE
ZERO OUTPUT LEVEL POINT.

.

Figure 5-4 ACIP Delay Waveform

5.7 MAGTAPE TRANSPORT MECHANICAL ADJUSTMENTS

All pertinent mechanical adjustments for the MAGtape transport are described in Section 3.5.1
of this manual. The user should fully understand the operation of the transport and MAGtape control be-

fore performing any adjustments to these systems.

5.7.1 Relay Adjustment

The gap between contacts of relay MO (back right relay when viewed from the front of the

transport) is a very important adjustment. The essential function of relay MO is shown in Figure 5-5.



Since the contacts are across the line, the contact gap should be between 0.018 to 0.025 in. Care must

be taken to ensure that the contacts actually do make (i.e., armature travel is at least 0.010 in. greater

than gap).
MOTOR MOTOR
kJimo ::] U
oHMS
- |
[ {_ f ' RELAY
i I 'mg
- T_ J .
1oV
AC
Figure 5-5 Relay MO Function
5.8 A-D CONVERTER TEST

An EDC Voltage Source, Model VS-11 or equivalent is required for this test.

a. Execute the program ADTST from the Library System. All sense switches should be down.
A display of digits representing the A-D conversion of 16 analog channels and an accompanying channel
number is displayed for each channel. Press the carriage return key on the teletypewriter to get back to
the Library System.

b. Channels 0-7 are controlled by the knobs. Adjust the knobs up and down to see that they
all reach £377. If not, adjustment or replacement of the sample and hold module may be necessary.
The value of +376 should appear when a potentiometer is approximately 1/4 turn down from the clock-
wise stop. If there is considerable deviation, set the potentiometer there and adjust the A401 offset
control (Figure 5-6) until a value of +376 appears. The value of -376 should occur when the knob is
about 1/4 turn from the counterclockwise stop. If not, then adjust the A401 gain control. Repeat the
above procedure until both end conditions are met.

NOTE: Offset is a fairly coarse control.

GAIN

-376
OFFSET
+376

ol® A40I

Figure 5-6 A401 Offset and Gain Adjustments



c. Channels 10-17 are associated with the preamplifiers, located on the data terminal panel.
They must be precisely adjusted for gain and offset. Preamplifier adjustment controls are shown in Figure 5-7.

GAIN

@|l@®| A202 | |@

/’

OFFSET

Figure 5-7 A202 Preamplifier Adjustments

With no input connected, each preamplifier can be trimmed for offset. Each offset potentiometer can
be adjusted to give +000 on the scope display.

d. Set the EDC source to +.9960V and connect it to a channel input. The preamplifier gain
potentiometer can be adjusted to give +376 on the display. Switch the source back to OV and check the
offset. Readjust the offset trim if necessary, and recheck the gain. Continue the procedure until both
gain and offset are correct. Do this for each channel.

NOTE: If a precision voltage source is not available,
any dc source can be used and the preamplifier gain
adjusted to the accuracy of that source.

5.8.1 A-D Multiplex Extension Test

Lifting sense switch O will change the display to channels 20-37. If preamplifiers are used,

they can be adjusted using the regular preamplifier procedure.

NOTE: This is only done on systems with optional A-D
channels.

5.9 DISPLAY OSCILLOSCOPE TEST

a. Execute the program MARTINI from the Library System. The oscilloscope channel switch
is on the lower left of the right-hand plug-in (see Figure 5-8 for oscilloscope adjustment locations).

(1) Set switch fully counterclockwise. Only the martini should be displayed.
(2) Set switch to center position. Both martini and olive should be displayed.
(3) Set switch fully clockwise. Only the olive should be displayed.

b. Execute the program SCOPCL from the Library System.

(1) Adjust oscilloscope preamplifier gain and position controls (screwdriver adjustments
on the front of each plug-in) so the calibrate pattern fills the screen and is centered.
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C.

(2) Adjust the Trace Alignment Control, so the display is not tilted.
Return to the Library System. Execute the program LAPGO. The number 0001 will appear

on the oscilloscope.

FOCUS
ROTATIONAL

(1) Adjust Focus and Intensity so that the dots comprising the character display are round
and in focus.

(2) Adjust the intensity so the display is quite bright, but not bright enough to cause de-
gradation of the spot size. The phosphor may be burned if a very bright, fast, and small
display is set up.

(3) Type GU Line Feed. The Library System will be restarted.
(4) Execute the program INDIS and press the F key twice.

(5) Push the Intensity Button. The display should intensify noticeably, but the characters
should not become excessively bright or blurred. If this intensity differential adjustment
needs to be changed, the oscilloscope must be removed from the LINC-8. The bottom
cover of the oscilloscope is then removed. The intensity differential adjustment potentio-
meter is mounted on a bracket located inside the oscilloscope near the intensity button.

INTENSITY

ALIGNMENT ——\ /— ASTIGMATISM

Y POSITION

Y COORD. SCALE———/

SIZE CONTROL

DISPLAY BRIGHTENING

BUTTON

S
©®

\— PLUG FOR CONNECTION
OF AUXILIARY SCOPE
X COORD. SCALE

SIZE CONTROL
X POSITION

CHANNEL. SELECTOR

Figure 5-8 Display Oscilloscope Adjustments

5.10 DATA TERMINAL PANEL TEST

The following tests require that the computer be fully operational and able to execute programs

from GUIDE.
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5.10.1 Chime Test

The chime can be tested by executing the following procedure.

a. Turn the CHIME switch on.

b. Press the CLEAR lever.

Do 0011 (CLR).

d. Start 20. The LINC-8 will halt. The chime should ring on the start 20.

[e]

e. Turn the CHIME switch off, and then back to on. The chime should ring as the switch is
turned on.

5.10.2  Speaker Test

The first step in checking the speaker is to load and start the GUIDE program. The display of
EXECUTE THE PROGRAM should be accompanied by an audio tone from the speaker. By varying the
audio control (concentric with the CHIME switch), sound intensity should vary frem 0 to maximum with

clockwise rotation.

5.10.3 Relay Test

The relay contacts can carry 1A resistive loads at 110V ac.

The user will require a dc voltage source for this test.

a. Execute the program RELTS8 from the Library System.

b. Connect the voltage source in series with the normally open contacts of relay 0 and the
channel 10 analog input as shown in Figure 5-9.

c. Press the 0 (zero) key on the Teletype.

RELAY UNDER TEST

"% O—

-+
+1/2 VDC d) T ANALOG CHAN.IO

Figure 5-9 Relay Test Setup for N.O. Contacts

d. Set the scope channel selection switch to the central (both) position. The oscilloscope
should display the patterns shown in Figure 5-10. The two steps indicate proper relay operation.
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25 mSEC

) L J J T 1

Figure 5-10 Waveform for N.O. Contacts

e. Repeat the procedure for all realy normally open contacts. Hit 0 on the keyboard to test
relay 0, hit 1 for relay 1, etc.

f. Connect the relay normally closed contacts in place of the normally open contacts
(Figure 5-11).

RELAY UNDER TEST
0

+ -0—e0— -oO—
+1/2 VDO é T ANALOG CHAN. I0

Figure 5-11 Relay Test Setup for N.C. Contacts

g. Hitting a key will test a relay, as before. The display will appear as shown in Figure 5-12.
Again, the steps indicate proper contact operation.

Figure 5-12 Waveform for N.C. Contacts

h. Repeat steps a through g to test all relay normally closed contacts.
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5.10.4 External Levels Test

The user should execute the program XLTST from GUIDE for this test. Grounding an external
level line will extinguish the corresponding bit in the LINC A-Register.

a. Ground the following pins in the Data Terminal Panel, and check that the corresponding
A-register bit becomes 0.

Pin Location LINC A-Register Bit

B34 00
01

02
03
04
05
06
07
08
09
10
11

B35

<Hdn<L<—HwnwIUZTRIMQU

5.11 E-STOP AND F-STOP TEST

a. Place the following program into LINC memory.

Program E-Stop Locations F-Stop Locations
Location Instruction Mnemonic
1 6002 JMP 2 0, 21, 2077 1, 2, 4, 10,
6004 JMP 4 1286,2560%0200,
4 6010 JMP 10 1000
10 6020 JMP 20
20 1100 ADA
21 2077 2077 -
22 6040 JMP 40
40 6100 JMP 100
100 6200 JMP 200
200 6400 JMP 400
400 7000 JMP 1000
1000 6001 JMP 1
2077 4001 CONSTANT (1)




b. Restart the LINC at location 20.

c. Place the LINC in the E-stop mode by lifting the E STOP/F STOP switch. The LINC
should stop at all of the indicated addresses (to be set in the left switches) and no others.

d. Place the LINC in the F-stop mode by pressing the E STOP/F STOP switch. The LINC

should stop at all indicated addresses (to be set in the left switches) and no others.

5.12 IBI FUNCTION TEST

Using the program given in Section 5.11 or using any other LINC program, press the LINC
IBI switch while the program is running. The program should stop and the IBI indicator should light.
Lifting the RESUME switch should cause the program to continue on.

5.13 AUTO-RESTART FUNCTION TEST

After loading the program given in Section 5.11, press the IBI switch and then lift the AUTO
RESTART switch. Both the IBI and AUTO RESTART indicators should be lit with the program operating
in the auto restart mode. Program speed may be varied by the auto restart DELAY controls. The incre-
menting of the LINC A-register by the program provides a method of observing program speed both vis-

vally and by listening to the speaker (volume adjusted by the audio control).
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