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PRELIMINARY P850 CPU SERVICE MANUAL 

The information contained in this book is based on the first 
version of the processor doqumentation and is accurate at the 
time of printing, 1st June 1971. 

The first ten production prototypes will vary as 
modifications to the design are incorporated. Minor 
variations may be noted between these machines and the 
information in this book. 

Additional information will be supplied when it becomes 
available. 
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Introduction 

The P850 central processor logic is contained on four cards 
with an additional card to hold the logic for the options. 
To make the manual easy to use during routine servicing and 
fault finding, it has been divided into five parts as follows: 

Part 1 contains a general description of the hardware, the 
timing cycles and the interrupt system. 

Part 2 contains logic diagrams and a description of the 
individual logic circuits for the basic processor. 

Part J contains the logic diagrams and description for the 
option card. 

Part 4 contains diagrams showing the pin numbers for the 
individual integrated circuit modules, the position of the 
modules on the circuit cards and the pin connections of the 
cards. 

Part 5 contains an alphabetical list of signal names and 
abbreviations together with an explanation of their meaning. 

In the pocket at the back of this book there are five 
full-sized logic diagrams showing the logic contained on each 
individual card. 

The logic diagrams and description for the device controller 
cards are contained in a separate manual. 

(ix) 



1 General description 

The basic cabinet for the P850 central processor contains the 
power supply unit, up to two memory units and seven positions 
for logic cards. When an extension cabinet is used, this 
can contain an additional power supply unit, two additional 
memory units and seven additional circuit card positions. 

Four of the circuit card positions in the basic cabinet are 
used by the logic cards of the processor, one 
position is available for the circuit card that contains the 
hardware option logic card, and the other two positions are 
for device control unit logic cards. All seven positions 
in the extension cabinet are for device control unit logic 
·cards. 

1.1 LOGIC MODULES 

The processor uses MSI / TTL integrated circuit modules to 
perform all arithmetic, logical, shift, load/ store and 
addressing operations. Most of the logic is made up from 
the Fairchild 74 series modules. The remaining hardware 
units are made up of the foll9wing modules: 

( 1) Arithmetic unit comprises two 4-bit modules 
type 9341 wired to operate as an 
8-bit unit. 

(2) Scratch pad comprises four 64-bit random access 
registers memory modu.les ( 16 words - 4 bits 

per word), type I,qO), wired to 
operate as thirty-two 8-bit 
registers. 

(3) Instruction comprises two one-out-of-ten 
decoder decoder modules, type 9301. 

1-1 



BASIC CONSTRUCTION 

It will be seen from the above and from the block diagram 
Figure 1.1, that the processor is basically an 8-bit 
orientated machine. As the instruction set is 16-bit word 
orientated, each instruction is performed a half-word (8-bits) 
at a time, the Least Significant Bits (LSBs) being performed 
first. This means that some of the functional cycles are 
used twice to operate on one instruction word. 

DESCRIPTION OF MAIN HARDWARE UNITS 

The following description applies to the units shown in the 
block diagram, Figure 1.1 . These descriptions are 
amplified later in the book in the section that gives the logic 
diagrams. At the back of the book are larger diagrams that 
show the logic contained on each individual card. 

1.J.1 MEMORY UNIT 

The basic memory module is a hybrid type that uses TTL ' 
integrated circuits. It contains a timing unit, X and Y 
decoding and selection circuits, inhibit drivers, sense 
amplifiers, an input / output data register, and the ferrite core 
matrix. The capacity of the module is 1K 8-bit words, the 
cycle time is 1.6 µs, and it has been wired to operate in 
READ/ RESTORE and CLEAR/ WRITE modes. 

There are 1J address lines, 8 data input lines and 8 data 
output lines, and up to four modules can be connected in 
parallel (without additional circuitry) to give a total 
capacity of 4K 8-bit words. 

Due to the instruction set using 16-bit words, the memory unit 
is organized so that each instruction word and each data word 
is stored in two consecutive locations. This in effect 
makes the unit 16-bit orient ed. 

1.J.2 ARITHMETIC UNIT 

This unit is made up of two 4-bit arithmetic/ logic modules 
that form an 8-bit unit with forward-looking carry facilities. 
All arithmetic, logical and left-shift operations are performed 
within the unit; any carry from an operation is included 
automatically in the next operation of the arithmetic unit. 

1-2 



There are two 8-bit operand paths into the unit, one from the 
AL gates and the other from the AR gates. These operands 
are then processed according to the type of instruction 
being performed. The. results from the unit are inpu~ to the 
E-register via an 8-bit data path. 

1.J.J SCRATCH PAD 

The scratch pad registers comprise four random access memory 
modules, each module containing sixteen 4-bit words. These 
modules are hard-wired to form thirty-two 8-bit registers and 
are always used in pairs in order to contain 16-bit operands. 
This in effect gives the programmer sixteen 16-bit registers. 

Registers O and 1 are used as a program counter called the 
P-register, and registers JO and 31 are used by the interrupt 
system as a stack pointer (also called register 15 by the 
programmer). 

The address lines to the appropriate register are set up via 
four lines from the K-register decoder. Input and output 
data paths are both 8-bits wide. 

l.J.4 SAR-REGISTER 

This register is used as a buffer to hold the LSB of the 
memory address during updating of the S-register. The 
input / output path to this register is 8-bits wide. 

1.3.5 S-REGISTER 

This register is used to hold the current memory address 
prior to activating the drivers to the address lines. 
Bits 08 to 15 are transferred to the register from the 
SAR-register; bits 04 to 07 come directly from the internal 
data bus. 

The memory address will be contained in bits 06 to 15, and 
bits 04 and 05 will select the appropriate memory module. 

Between the thirteen output lines from the S-register and the 
address line pins of the memory unit are thirteen drivers 
which are used to activate the memory address lines. 

1-5 



1.3.6 K-REGISTER 

This register is used to hold all sixteen bits of the 
instruction word. The register is split up into two 8-bit 
registers, KL (bits 00 to 07) and KR (bits 08 to 15). 
Input to the register is via the memory output lines and the 
D-gates. 

Output from the register depend upon the instruction format. 
In format O instructions, bits 1 to 4 are output to the 
operation decode logic that determines the type of function to 
be performed by the arithmetic unit; bits 5 to 7 hold the 
register address that contains the first operand - these are 
output to the K-r e gister decode logic; bits 8 to 15 contain 
a constant which is output to the arithmetic unit via the 
AR-gates. 

Format 1 instructions can be contained in either one or two 
words. When two words are used, the second word contains 
either a memory address, constant or data but none of these is 
held in the K-register. The first word contains the actual 
instruction and bits 1 to 4 are output to the operation decode 
logic; bits 5 to 8 can hold either the register address that 
contains the first operand or, for absolute branch instructions, 
represents a condition - these bits are output to the 
K-r e gi ster decode logic; bits 9 and 10 represent the 
addressing mqde; bits 11 to 14 can hold either a register 
address or zero and bit 15 is the load/ store bit; all these 
bits are output to the K-register decode logic. 

Wh en input/ output instructions are used, bits 10 to 15 hold 
the device address and are output to the BAD drivers, and 
bits 8 and 9 hold the function code which is output to the 
B~F drivers. 

1.3.7 M-REGISTER 

This register is 8-bits wide and is used as a buffer register 
between the memory unit and the arithmetic unit and data bus 
lines. 

Input to the register is via the D- and C-gates (when the input 
is from memory) or via the C-gates only when the input is from 
the data bus. 

Output from the register is either to the memory drivers 
(during store operations) or to the AR-g ates . 



E-REGISTER 

This is an 8-bit register that acts as a buffer between the 
arithmetic unit and the B-gates. 

Input is from the arithmetic unit, and the result from this 
uniVsoperations is held in the register until the appropriate 
time for gating on to the data bus via the B-gates. 

BU-REGISTER 

This register is split up into two 8-bit registers BUL 
(bits 00 to 07) and BUR (bits 08 to 15). It acts as a 
buffer between the data bus and either the B¢U lines or the 
arithmetic unit. 

1.3.10 AL-GATES 

These 8 gates are used to control data input to the arithmetic 
unit from either the scratch pad or the BU-register. 

AR-GATES 

These 8 gates are used to control data iqput to the arithmetic 
unit from either the M-register, the K-register or the ARETW0 
line. 

1.3.12 B-GATES 

These 8 gates control the input of data to the data bus from 
the E-register, the condition register (CR1 and CR2), the FLK 
(link-to-monitor) signal, the FENB (valid interrupt) signal, 
the FCP (control panel interrupt) signal and the INT 
(interrupt) signal. 



1.4 OPERATING CYCLES· 

Because the data and instruction formats are 16-bit word 
orientated, it requires two similar cycles (one for each 
half-word) to perform any operation. Some of the cycles 
are only used once or for special functions but reference to 
the following text and the timing diagrams should make each 
cycle operation clear. The types of cycle used are: 

( 1) Fetch cycles F1 and F2. 

(2) Index cycles X1 and X2. 

(J) Indirect addressing cycles L1 and I2. 

(4) Execute cycles E1, E2 and EO. 

(5) Write cycles W1 and 'W2. 

(6) Last c ycle L. 

(7) Interrupt cycle INT. 

(8) Display cycles AF1 and AF2. 

( 9) Manual read/ load cycles RL1, RL2, RLJ and RL4. 

All the above cycles derive their timing either directly or 
indirectly from the basic timing oscillator. Some of the 
clock pulses shown on the diagram will be used only during 
certain functions although they will always occur at the times 
shown. The following description of the ·cycles is only 
general and more detailed explanation can be found on the logic 
diagrams later in this book. 
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FETCH CYCLES 

Two cycles are needed to read an instruction out of memory. 

Fl-CYCLE 

During the first half of the cycle the least significant 
eight bits of the instruction are read out in±o the KR half 
of the K-register. The memory address of the memory 
location will have been gated into the S-register during the 
last (L) cycle of the previous instruction. 

Also during the first half cycle, the LSBs of the P-register 
(program instruction counter) are updated and loaded back into 
the LSB of the P-register. Because the programmer uses 
only the 15 Most Significant Bits (MSBs) of the register, to 
update this register effectively by 1, it requires the binary 
equivalent of decimal two to be added to the P-register 
contents by the arithmetic unit. If a carry occurs 
during this updating, the carry flip-flop is set and is used 
during the second half of the cycle. 

During the second half of the cycle the MSBs of the P-register 
are updated and loaded back into the MSB of the P-register. 

During T7 time of this and every other cycle, logic is set up 
ready to enter the next cycle in the sequence. The exact 
sequence of cycles will depend on the result of the decoded 
contents of the K-register. In the case of the F1 cycle, 
the only possible cycle that can follow it is the F2 cycle. 

F2-CYCLE 

During the first half of this cycle the MSBs of the instruction 
word are read out of memory into the KL half of the K-register. 
The K-register decode logic tests the type of instruction 
addressing mode etc and, if format O or register-to-register 
type of instruction, will s~~ .up logic to exit from this cycle 
at T~ time and enter the E1 cycle. 

If the address of the second operand is contained in the 
word following the instruction,the contents of the P-register 
are loaded into the S-register. The LSBs are loaded into 
the SAR-register during the first half of the cycle and, 
during the second half of the cycle, the MSBs are gated on to 
the data bus(B-lines) and at T6 time the contents of the 
SAR-register and the B-lines are gated into the S-register. 

During T7 time, logic is set up ready to enter either the 
indexing, indirect, execute or last cycles. 
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1.6 INDEX CYCLES 

These cycles are used only on memory reference instructions 
a nd t heir use does not increase the execution time of the 
ins truction. Basically the first half of each cycle is 
us e d to re a d out one half of the memory address, and the second 
half of the cycle is used to merge these address bits with the 
index bits. The resulting indexed address is then used to 
up d a te the S-register. 

1.6.1 Xi-CYCLE 

During the first half of the cycle the LSBs of the memory 
address are read out into the M-register. At the same time 
the LSBs of the index register are presented to the AL-gates. 

At T4 time, the AL- and AR-gates are opened 
are merged in the Arithmetic Unit (AU). 
the carry flip-flop is set and will be used 
X2-cycle. 

and the contents 
If a carry occurs, 
during the 

During T5 time , the result of the AU operation is gated to the 
B-lines via the E-register. 

At T6 tim e , the B-line s contents (indexed LSBs of memory 
address) ar e gated into the SAR-register. 

During T7 time, logic is set up ready to enter the X2-cycle. 

1.6.2 X2-CYCLE 

This cycle operates in the same way as the Xi-cycle but deals 
with the MSBs of the address. The sequence and timing is 
exactly the same except that at T6 time the contents of the 
B-lines a nd t he SAR-register are gated into the S-register. 

During T7 time, logic is set up ready to perform either the 
indirect addressing cycles or the execute cycle. 
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INDIRECT ADDRESSING CYCLES 

These cycles operate in a similar way to that of the indexing 
cycles, the only difference being that no index bits are used. 
It must be remembered that in indirect address instructions, 
the contents of the second word of the instruction contain 
the address of a location in memory and that the contents of 
this memory location are the address of the opera nd used by 
the instruction. 

Ii-CYCLE 

During the first half of the cycle, the LSBs of the memory 
address are read out into the M-register. 

During the second half cycle (at T6 time), these LSBs are 
gated into the SAR-register. 

During T7 time, logic is set up ready to enter the I2-cycle. 

I2-CYCLE 

This cycle operates in the same way as the Ii-cycle except 
that during T6 time the contents of the B-lines and the 
SAR-register are gated into the S-register. 

During T7 time, logic is set up ready to enter the execute 
cycle. 
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1.8 EXECUTE CYCLES 

There are three execute cycles; the EO-cycle is only used 
during call, return, load increment and hardware interrupt 
instructions, and the E1 and E2-cycles are used by all 
instructions. The first half of each cycle is used for 
various purposes depending on the type of instruction being 
executed. During the second half of each cycle the actual 
execution of the instruction takes place. 

1. 8 .1 AU CONTROL DURING E-CYCLES 

The function of the arithmetic unit during the E-cycles is 
governed by the type of instruction being executed. 
following table gives the types of instruction and the 
which the AU operates. 
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instruction type 

LOAD, absolute conditional 
branch, call function, 
return function, character 
instructions 

ADD, incr~ment memory, 
relative branches 
forward 

I 
shift right 

instructions 

subtract, relative branch 
back and compare 
instructions 

AND 

X¢R -<...?( ~' 1. ,...--v,.. ,.,. 1 

complement 

shift left instructions 

store, character and I / ¢ 
instructions 

AU mode 

AR 

AL plus AR 

AL minus AR minus 

AL.AR 

AL + AR 

AL © AR 

AR/ 

AL plus AL 

AL 

The 
mode 

1 

in 



1.8.2 E1-CYCLE 

This cycle and the E2-cycle are used by every instruction and 
therefore the number of operations executed by these cycles is 
quite large. In order to simplify the explanation, only 
the more common operations are given. Once these have been 
explained the less common operations can be traced easily. 
This cycle operates on the LSBs of the operand. During 
TO time, if the instruction is a memory reference type, the 
memory address lines will be activated. 

If the instruction is contained in two words, the P-register 
address (in the SP) is selected. 

(1) T1 - if the P-register is being updated, the result of 
the AU operation is gated to the B-lines via the 
E-register and any carry sets the carry flip-flop. 

(2) T2 - if P-register updating, the contents of the B-lines 
are gated into the LSB of the P-register. 

If memory reference instruction, the contents of 
the selected memory address are gated into the 
M-register. 

(J) T4 - if conditional branch instruction, the P-register 
address will be maintained on the SP address 
lines. 

If register-to-register instruction, 
the appropriate SP address lines will be 
activated. 

The AU function will depend on the instruction 
types (see table above). 

(4) T5 - The result of the AU operation can be gated to 
the B-lines via the E-register. 

The carry and NULL flip-flops can be set. 

If input data instructions, the DAUZ1 or CRZJ 
signals will be active. 

(5) T6 - The AU results can be gated (via the B-lines) 
into either the M-register or an SP-register. 

The contents of the B-lines can also be gated 
into the BUR register. 

(6) T7 - Logic is set up ready to perform either an 
E2-cycle (if register-to-register instructions) 
or W1-cycle (if memory reference instructions). 
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E2-CYCLE 

This cycle operates on the MSBs of the operand. 

(1) TO - if memory reference instruction, the appropriate 
memory address lines will be ac~ivated. 

The appropriate SP address lines will be 
activated. 

(2) T1 - the results of the AU operation will be 
gated to the B-lines via the E-register. 

(J) T2 - the contents of the B-lines can be gated into 
either the M-register or an SP-register. 

If memory reference instruction, the contents of 
the selected memory location are gated into the 
M-register. 

If input data instruction, the contents of BINR 
lines are gated into the appropriate register. 

(4) T4 - if return function instruction using this cycle 
for the first time, the repeat cycle flip-flop 
will be set . 

(5) T5 - the result of the AU operation can be gated to 
the B-lines via the E-register. 

If input data instruction, the contents of BINL 
can be gated on to the B-lines. 

The address recognized flip-flop can be set. 

(6) T6 - the contents of the B-lines can be gated into 
the appropriate SP-register. 

The condition register can be set either by an 
input / output instruction or as a result of 
performing the instruction. 

The contents of the B-lines can also be gated 
into the BUL-register. 

(7) T7 - logic is set up ready to perform either an EO-
or L-cycle. 
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1.8.4 EO-CYCLE 

This cycle is used only during call, return, load increment 
and interrupt instructions, and deals with the incrementing or 
decrementing of the stack pointer (register 15) and the 
S-register. 

The first half of the cycle either increments or decrements 
(depending on the type of instruction) the LSBs of the 
stack pointer (register 15) and gates the result into the 
SAR-register. 

The second half of the cycle deals with the MSBs of the 
stack pointer and at T6 time. gates the contents of the 
B-lines and SAR-register into the S-register. At the 
same time there are signals that can update the read/ write 
flip-flop and the bootstrap flip-flop. 

During T7 time, logic is set up ready to perform either a W1-
or El-cycle. 
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WRITE CYCLES 

These two cycles perform exactly similar functions except that 
the W2-cycle is used only during call and store decrement 
operations. 

W1-CYCLE 

This cycle is basically used by memory reference instructions 
to write the result of the E1-cycle operation into a memory 
location. It is also used during stack operations to write 
the contents of the CR into the stack areas. 

During TO time, the result of the previous E1-cycle can be 
written into memory. 

If a call function instruction, at TO time the LSB of the 
program status word is loaded into stack; from TO to TJ the 
LSBs of the stack pointer are decremented and from T4 to T6 
the MSBs of the PSW are gated into the M-register. 

During T7 time, logic is set up ready to perform either an E2-
or W2-cycle. 
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W2-CYCLE 

This cycle is used only during the call and store decrement 
instruction. Its operation is similar to the Wt-cycle. 

At TO time, the contents of the M-register are written into 
memory. 

From TO to TJ, the MSB of the stack pointer has a new value 
loaded into it. 

During T4 time, . a check for stack overflow is made and an 
interrupt generated if this condition ex ists. 

If this is the first time the W2-cycle has been used by the 
instruction, the repeat cycle flip-flop is set. 

During T7 time, logic is set up ready to perform an EO-cycle. 
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LAST CYCLE 

This cycle is used by all instructions and its main functions 
are to write into memory the MSB of any result obtained in the 
E2-cycle, to update the P- and S-registers (if necessary), and 
to test if an interrupt has occurred during the instruction. 

At TO time, the contents of the M-register can be written into 
memory. 

The first half of the cycle can be used to update the LSB of 
the P- or S-registers. At T2 time the updated address is 
gated into either the P- or S-register. If a new 
interrupt mask pattern is required, this can be gated into the 
register from the B¢U lines. 

The second half of the cycle can be used to update the MSB of 
the P- or S-registers, the gating signal occurring at T6 time. 

Also a t T6 time a check is made to see if the 
int e rrupt-generated flip-flop needs setting. 

During T7 time, logic is set up to perform either an F1-, 
INT-, AF1- or RL1-cycle. 
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1.11 INT-CYCLE 

The main function of this cycle is to set up logic ready to 
perform the interrupt routine. Part of the routine is 
done by hardware and part by software. 

During the first half of the cycle at T2 time, address J2 
(start address of software routine) is gated into the 
SAR-register, the contents of the D-gates are gated into 
both halves of the K-register, and the interrupt-in-progress 
flip-flop is set. 

During T6 time the contents of the SAR-register and B-lines 
are gated into the S-register. The fact that the contents 
of the B-lines, as well as the SAR-register, are J2 does not 
affect the loading of the S-register because only the 4 LSBs 
of the B-lines are connected to the 4 MSBs of the 3-register. 

During T7 time logic is set up ready to perform a n El-cycle. 
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1.12 DISPLAY CYCLES 

Although these cycles are called display cycles they are also 
used when the system is first initiated, and after a power 
failure when the automatic restart feature is available. 

They are used directly to display the contents of the 
SP-registers or condition register. 

1.12.1 AF1-CYCLE 

This cycle operates on the LSB of a word when used for display 
purposes. 

During the first half of the cycle the selected register 
address is set up. 

At T5 time the contents of the register or the CR register are 
gated on to the B-lines via the E-register. 

At T6 time the contents of the B-lines are gated into the 
BUR-register and are available on B¢U lines 08 to 15. In 
display mode the B¢U lines are connected to the indicator 
lamps on the control panel. 

During T7 time logic is set up ready to perform an AF2-cycle. 
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AF2-CYCLE 

This cycle operates on the MSB of the register to be displayed; 
it is also used by the automatic restart option. 

During the first half of the cycle the selected register 
address is set up. 

At T2 time the automatic restart flip-flop can be set. 

At TJ time a timing signal is available which can be used if 
the start button is pushed. 

At T5 time the contents of the selected register or the CR­
register are gated on to the B-lines via the E-register. 

At T6 time the contents of the B-lines are gated into the 
BUL-register and are available on B¢U lines 00 to 07. 

During T7 time logic is set up ready to perform either an 
RL1-, AF1-, Fl- or INT-cycle. 



MANUAL READ/ LOAD CYCLES 

These four cycles allow data either to be loaded into or read 
out of memory and to load the SP-registers from the control 
panel. The first two cycfes operate on the LSB of the word 
and the last two cycles operate on the MSB of the word. 

1.13.1 RL1-CYCLE 

This cycle operates on the LSB of a memory location or register. 

During load memory operations, the first half-cycle is used; 
it gates the contents of the BINR lines via the B~lines into 
the M-register. 

During read memory and load register operations, the second 
half-cycle is used; it either gates the contents of the 
M-register to B¢U lines 08 to 15 via the AU, B-lines and BUR­
register, or gates the contents of the BINR lines into the 
selected register. 

Note: The memory address of the required location must first 
be loaded into register O (P-register) before a 
read/ load operation takes place. 

During T? time logic is set up ready to perform an RL2-cycle. 
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RL2-CYCLE 

This cycle operates on the LSB of a word during load operations. 

At TO time the contents of the M-register are gated into the 
memory. 

At T6 time the read/ write flip-flop can be updated. 

During T7 time logic is set up ready to perform an RLJ-cycle. 
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RL)-CYCLE 

This cycle operates on the MSB of the word. 

During load memory operations, the first half of the cycle is 
used; it gates the contents of BINL in to the M-register via 
the B-lines. 

During read memory or load register operations, the second 
half of the cycle is used; it either gates the contents of 
the M-register on to the B¢U lines 00 to 07 via the AU, 
B-lines and BUL-register or loads the contents of the BINL 
lines into the selected register. 

During T7 time logic is set up ready to perform an RL4-cycle. 
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RL4-CYCLE 

This cycle is used for load memory operations and to update the 
P- and ~-registers. 

At TO time the contents of the M-register are loaded into 
memory. 

During the first half of the cycle the LSBs of the P-register 
are updated and the updated address is gated into the LSB of 
the P-regi~ter and the SAR-register. 

During the second ha~f of the cycle, the MSBs of the P-register 
are updated and the updated address is gated into the 
P-register and, together with the contents of the SAR-register, 
Qated into the S-register. 

At T6 time the RUN and HALT flip-flops are reset to zero and 
the read/ write flip-flop can be updated. 

During T7 time logic is set up to perform an AF1-cycle. 
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SEQUENCE OF CYCLES 

The sequence in which the cycles are us~d depends upon the 
type of instruction, the addressing mode and whether the 
result is stored in the memory or in a register. In the 
followingtable, the sequence of cycles is given for all 
instructions. The assembly language mnemonic, as well as 
the logic mnemonic, is given to assist in the identification 
of the individual instruct ions. {See Figure 1. 2, page 1-46.) 

load 

store 

load 

store 

load 

assembly 
mnemonic 

TW 
register (MR) 

TW 
register (MR) 

TW 
(register/ register) 

TW 
(register/ register) 

TW 
(constant) 

logic 
mnemonic 

LD 

ST 

LDR 

STR 

LDK 

AB ABI 
absolute branch (MR) 

AB ABR 
(register/ register) 

AB 
(constant) 

AD 
(MR) 

AD 
(register/ register) 

AD 
(constant) 

IM 
(MR) 

IM 
(register/ register) 

AB 

AD 

ADS 

ADR 
ADRS 

ADK 

IM 

IMR 

sequence of cycles 

F1➔F2-[x1➔x2-I1➔I2]-E1 
➔E2-L 

F1-F2-[x1-x2-I1➔I2]-E1 
-w1,..E2➔L 

F1-F2➔[x1-x2-I1➔I2 El 
- E2 " - L 

F1-F2-[x1➔x2-I1-I2]-E1 
➔E2➔L 

F1-F2[-x1➔x2-I1➔I2] ➔E1 

➔w1-E2-L 

F1-F2-E1➔E2➔L 

F1-F2-E1-w1➔E2-L 

F1➔F2[-x1-x2-I1-I2]-E1 
-w1-E2-L 
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assembly logic 
sequence of cycles 

mnemonic mnemonic 

SU SU F1➔F2[➔x1➔x2➔11➔12] ➔E1 

(MR) ➔E2➔L 

SUS F1➔F2[➔x1➔X2➔11➔12]➔E1 

➔w1➔E2➔L 

SU SUR F1➔F2➔E1➔E2➔L 

(register/ register) SURS F1➔F2➔E1➔w1➔E2➔L 

SU SUK F1-F2➔E1-E2--+L 

(constant) 

CZ CZ F1-F2[-x1-x2~11➔12] -E1 
(MR) ➔w1-E2--+L 

CR CZR F1➔F2-E1--+Wi--+E2--+L 

(register/ register) 

I AN F1➔F2 [-x1-x2-11-12J ➔E1 
(MR) --+E2--+L 

ANS F1➔F2[-x1-x2➔11-12]➔E1 
-w1➔E2➔L 

I ANR F1➔F2-E1--+E2--+L 

(register/ register) ANRS F1-F2➔E1--+Wi--+E2--+L 

I ANK Fi--+F2➔E1--+E2--+L 

( con st ant) 

IH INH Fi--+F2--+Ei--+E2--+L 

HT HLT Fi--+F2--+Ei➔E2➔L 

RI RIT F1➔F2➔E1➔E2➔L 

u ¢R F1➔F2[-x1➔x2-11-12] ➔E1 

(MR) --+E2--+L 
¢RS F1-F2[➔x1➔x2-11-12] ➔E1 

-w1-E2➔L 

u ¢RR F1➔F2--+Ei--+E2➔L 

(register / register) ¢RRS F1➔F2-E1-w1➔K2➔L 

u ¢RK F1- F2-Ei--+E2--+L 
(constant) 

EN ENB Fi--+F2--+Ei--+E2--+L 
LM LKM F1➔F2➔E1➔E2➔L 

X XR F1➔F2[➔x1-x2➔11➔12] ➔E1 

( MR) ➔E2➔L 

XRS F1➔F2[➔x1➔x2➔11➔12] -E1 

-w1➔E2➔L 
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assembly 
mnemonic 

X 
(register/ register) 

(constant) 
X 

LA 
RA 
LL 
RC 
CT 

¢T 
WM 
IN 
TS 
ss 
RL 
RF 
RB 
EC 

(register/ register) 

TC 
(MR) 

TC 
(register/ register) 

TC • 
(constant) 

CW 
(MR) 

CW 
(register/ register) 

CF 
(MR) 

CF 
(register/ register) 

CF 
(constant) 

RT 

logic 
mnemonic 

XRR 
XRRS 

XRK 

SLA1 
SRA1 
SLL1 
SRC1 
CI¢ 

¢TR 
WIM 
INR 
TST 
SST 
RIL 
RF 
RB 

ECR 

LC 

SC 

LCR 
SCR 
LCK 

cw 

CWR 

CFI 

CFR 

CF 

RTN 

sequence of cycles 

F1➔F2➔E1➔E2➔L 

F1➔F2➔E1➔w1➔E2➔L 

F1➔F2➔E1-+E2➔L 

F1➔F2-+E1 ..... E2-+L 
F1➔F2--+E1--+E2➔L 

F1➔F2--+E1--+E2--+L 

F1➔F2--+E1➔E2--+L 

F1➔F2--+E1--+E2-+L 

F1➔F2--+E1➔E2--+L 

F1--+F2--+E1--+E2--+L 
F1-+F2 ..... E1--+E2➔L 
F1➔F2➔E1➔E2➔L 

F1--+F2--+E1-+E2-+L 
F1 ..... F2[--+E1--+E2]-+L 
F 1--+F2 [ --+E 1--+E2 ]--+L 
F1➔F2--+E1--+E2--+L 

F1➔F2[➔x1➔x2➔r1-r2J ➔E1 
...... E2- L 

F1➔F2[➔x1➔x2➔r1➔r2J ➔E1 
-+W1--+E2➔L 

F1➔F2--+E1 ..... E2-+L 
F1➔F2-+E1➔w1➔E2--+L 

F 1 ➔F2-+E 1 ➔E2-+L 

F1➔F2[ ...... x1➔X2➔r1➔r2J ➔E1 
--+E2 --+L 

F1 ..... F2[➔x1➔x2➔r1➔r2J ➔E1 
➔E2 ..... Eo➔w1➔w2➔Eo➔w1-w2 

--+L 

F1➔F2➔E1➔E2-+Eo➔w1➔w2 

➔Eo ..... w1➔w2➔L 

F1➔F2➔E1➔E2➔Eo➔w1➔w2 

➔ Eo➔w1-w2➔L 

F1--+F2-+EQ-+Ei--+E2-+EQ-+E1 
-+E2➔L 
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assembly logic 
sequence of cycles 

mnemonic mnemonic 

C1 C1 F1-F2[-x1-x2-I1-I2]-E1 
(MR) -E2-L 

c1s F1-F2[-x1-x2-I1-I2]-E1 
-w1-E2-L 

C1 C1R F1-F2-E1-E2-L 
(register/ register) C1RS F1-F2-E1➔w1-E2-L 

Note: 

TM F1-F2-E1➔E2➔L 

TNM F1-F2-E1-E2-L 
CWK F1-F2-E1➔E2➔L 

L¢DI F1-F2➔EO➔E1➔E2-L 

The cycles inside the[] may or may not be used 
depending on the addressing mode or, in the case of 
branch instruction, whether the branch is executed. 

The following flowchart shows all the cycles and from it can 
be traced the sequence of the individual instructions. 

1.15 INTERRUPT SYSTEM 

The interrupt system is used to service both internal and 
external interrupts. Internal interrupts can occur for 
power failure, control panel, real-time clock, link to monitor 
and stack overflow events and indicate their presence by 
setting one of the bits in the GF-register. External 
interrupts are generated by the device cont ol units and are 
used to request either a data transfer or to indicate that the 
device has a certain status. 

With the basic P850 system there is only one interrupt signal 
line but this can be increased to either eight or sixteen by 
including the optionally-available interrupt lines. When 
these lines are included, they are used in conjunction with a 
16-bit interrupt mask. This mask can be set to inhibit or 
enable the individual signal lines by the programmer. 

Both internal and external interrupts are serviced by a single 
priority level system that uses automatic stack handling 
techniques. 
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STACK HANDLING 

The automatic stack handling technique is a system which, when 
an interrupt occurs, stores information needed to return to an 
interrupted program after an interrupt has been serviced. 
Location 128 is used to detect stack overflow and stored in 
this location is an instruction that generates an interrupt if 
the stack tries to write beyond this location. The size 
and starting address of the stack is determined by the 
programmer and full details for this is given in the P850 
User Manual, parts 1 and 2. 

Part of the stack handling is done by hardware and part by a 
software routine and both hardware and software can access the 
stack. The operation of the stack handling and the 
sequence of cycles used is given below; Figure 1.3 shows a 
flowchart of the operation. 

During the L-cycle, a test is made to see if an interrupt has 
been generated whilst executing the current instruction; if 
so the logic is set up ready to perform the INT-cycle at the 
end of the T7 pulse of the L-cycle. 

INT-cycle - this will load the instruction call function into 
the K-register and will set up address J2 
(address J2 contains the address of the first 
instruction in the software routine) in the 
S-register. It then sets up logic ready to 
perform the hardware routine. 

1.16.1 HARDWARE ROUTINE 

This routine first reads the . contents of address J2 into the 
BU-register ready to perform an indirect branch to the 
software routine as soon as the hardware routine has been 
completed. It then proceeds to load the contents of the 
Program Status Word (PSW) (in actual practice this will be the 
state of the condition register) and the P-register into the 
stack updating the stack pointer so that it points to the next 
free location in the stack. 

E1-cycle - the contents of the LSB of address J2 are read out 
of memory and loaded into BUR (the LSB of the 
BU-register). It then sets up the logic to 
perform the E2-cycle. 

E2-cycle - the contents of the MSB of address J2 are read out 
of memory and loaded into BUL (the MSB of the 
BU-register). It then sets up the logic to 
perform the EO-cycle. 
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The remaining part of this routine deals with updating the 
stack pointer and loading the contents of the PSW and 
P-register into the stack. An unusual method of execution 
has been adopted so as to reduce the overall execution time of 
the routine; therefore, to make clear the operation of the 
routine, a series of block diagrams (showing the state of the 
stack pointer, S-register and the stack) are included in the 
description of the cycles which show the changes as they occur. 
The memory location addresses shown are all fictitious - the 
actual addresses will depend on the program being used. 

EO-cycle - this cycle is used only during the excution of 
instructions which have a memory address contained 
in register 15. The memory address contained in 
register 15 is the first free location in the stack 
a rea. This address is always decremented during 
a call function and incremented during a return 
from function. In this way it always points to 
the next location in the stack which is to be used. 

S-register contains 32 

register 15 contains 150 

32 

33 

148 

150 

151 

152 

/l/ll//1///II/I 
1/////////////// 

1/ tpp of stack// 
I////////////// / 
I////// / / /////// 
I/////////////// 

From TO to T6 time the decremented contents of register 15 are 
loaded into the S-register. During T6 time the LSBs of the 
PSW are loaded into the M-register (the contents of the 
M-register will be 0) ready for loading into the memory during 
the Wt-cycle. 
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S-register contains 149 

register 15 contains 150 

148 

150 

151 

152 

top _of stack 

During T7 time the logic is set up ready to perform 
a W1-cycle. 

W1-cycle - this cycle loads the LSB of the PSW into the stack 
and updates the LSB of the stack pointer. 

At TO time the contents of the M-register (LSB of 
PSW) are loaded into the least significant half 
word of address 149. 

From TO to the end of T2 time the LSBs of the stack 
pointer are decremented. 

From T4 to T6 time the MSB of the PSW (contents of 
the condition register) are loaded into the 
M-register ready for loading into memory during the 
W2-cycle. 

S-register contains 149 

register 15 in process 
of being updated 

148 

149 //LSB of PSW/// 

150 -------~ 

During T7 time logic is set up ready to perform a 
W2-cycle. 
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W2-cycle - this cycle loads the MSB of the PSW into the stack 
and loads the MSB of the stack pointer address into 
register 15. 

At TO time the contents of the M-register (MSB of 
PSW) are loaded into the most significant half 
word of address 149. 

From TO to the end of T2 time the MSB of the stack 
pointer has a new value loaded into it. 

During T4 time a check is made for stack overflow 
and an interrupt is generated if this condition 
exists. Because thi s is the first time the 
W2-cycle has been used, it will set up the logic 
ready to repeat the EO-, W1- and W2-cycles . 

S-register contains 149 

register 15 contains 149 150 

151 

152 

/ / LSB of PSW/// 
//MSB of PSW/// 

/ top of stack// 
I //I/////////// 
/////////////// 
V///1//// / ///// 

During T? time the logic is set up ready to perform 
an EO-cycle. 

EO-cycle - during this cycle the contents of the S-register are 
incremented ready to load the contents of the 
P-register into the stack during the W1- and 
W2-cycles . 

1- 5 4 

From TO to T6 time the contents of register 15 are 
incremented and loaded into the S-reg ister . 
During T6 time the LSBs of the P-register are loaded 
into the M-register ready for loading into memory 
during the W1-cycle. 



register 15 contains 149 

S-register contains 150 

148 

150 

151 

152 

//LSB of PSW/// 
1/MSB of PSW/// 

/ top of stack// 
!////////////// 
/ ////////////// 
!////////////// 

During T7 time the logic is set up ready to perform 
a W1-cycle. 

W1-cycle - this cycle loads the LSB of the P-register into the 
stack area and updates the LSB of the stack pointer 
address. 

At TO time the contents of the M-register (LSB of 
the P-register) are loaded into memory. 

From TO to the end of T2 time the LSBs of the stack 
pointer address are decremented. 

From T4 to end of T6 time the MSBs of the P-register 
are loaded into the M-register ready for loading 
into memory during the W2-cycle. 

,A~ 

register 15 /e- rr 

S-register contains 150 150 

151 

152 

1//LSB of PSW/// 
//MSB of PSW/// 
LSB of P-regist 

/top of stack// 
VIII/I///////// 
///I///II/ ///// 
///////II////// 

During T7 time logic is set up ready to perform a 
W2-cycle. 
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W2-cycle - this cycle loads the MSB of the P-register into the 
stack, loads a new value in the MSB of the stack 
pointer and resets the repeat cycles flip-flop. 

At TO time the contents of the M-register (MSB of 
the P-register) are loaded into memory. 

From TO to the end of T2 time the MSB of the stack 
pointer has a new value loaded into it. 

At T4 time the repeat cycles flip-flop is reset. 

register 15 contains 148 

S-register contains 150 

148 

150 

151 

152 

//LSB of PSW//; 
//MSB of PSW/// 
LSB of P-regist 
MSB of P-regist 
ll//l/////////1 
I///////////// / 
l// /////////// 1 
/I/Ill/I / I/II/! 

During T7 time logic is set up ready to perform the 
L-cycle. 

L-cycle - this cycle loads the contents of the BU-register 
into the S- and P-registers and sets the interrupt 

1-5 6 

in treatment flip-flop. The contents of the 
BU-register are the starting address of the 
software routine and were loaded into the 
BU-register during the E1- and E2-cycles. 

From TO to the end of T2 time the contents of the 
BUR are loaded into the SAR-register and the LSB of 
the P-register. 

From T4 to the end of T6 time the contents of the 
BUL are loaded into the MSB of the P-register and 
they are also loaded, together with the contents of 
the SAR-register, into the S-register. 



1. 16. 2 

register 15 contains 148 

S-register contains the 
contents of BU~register 

P-register contains the 
contents of BU-register 

148 

150 

151 

152 
/I/I/Ill/I 

At T6 time the interrupt in treatment flip-flop is 
set to stop any new interrupt being serviced until 
the essential part of the software routine has been 
completed. 

During T7 time logic is set to enter the F1-cycle 
of the software routine. 

SOFTWARE ROUTINE 

The exact sequence of cycles for the software routine will 
depend on the type ~f instruction completed before the 
interrupt was serviced but, in general, it will follow the 
sequence given below. 

( 1) 

(2) 

F1 and F2 will fetch the instructions starting at the 
address which was contained in location J2. 

-----­The E- and W-cycles will be used as necessary to store 
the contents of any required registers and the mask 
register. 

,,,,._ 

(J) The E-cycles are also used to test the interrupt signal 
lines to find out which one caused the interrupt and to 
reset the interrupting signal line. 

(4) If more than one interrupt is expected, a new mask 
pattern will be loaded into the mask during the 
operation of one of the L-cycles and the enable 
interrupt flip-flop will be set. 
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INTERRUPT SERVICING 

The routine 
processed. 
the type of 

for servicing the actual interrupt can now be 
What the sequence of cycles is will depend on 

interrupt being serviced. Once this is known 
the sequence can be traced from the operation timing diagrams. 
However, the last instructions of the routine will always be 
the same. The contents of the registers and the old mask 
reg i ster contents will be reinstated and logic will be set up 
to execute a return from function instruction. 

RETURN FROM FUNCTION 

The return from function instruction operates in exactly the 
opposite way to the call function. The contents of the 
stack pointer (register 15) are incremented and the contents 
of the P- a nd CR-registers are reinstated. The following 
sequence of cycles takes place. 

EO-cycle - this cycle increments the contents of the S-register 
and register 15. The contents of these registers 
will now be the address of the location that holds 
the contents of the PSW. 

During T7 time logic is set up to perform an 
El-cycle. 

Et-cycle - this is a 'do nothing' cycle for the P85O but is 
still included in the sequence for compatibility 
with the l a rger P8OO central processors. 

Its only function is to set up logic for an 
E2-cycle during T7 time. 

E2-cycle - this will load the contents of the stack location 
into the CR-register and during T7 time will set up 
logic to perform another EO-cycle. 

EO-cycle - this cycle increments the contents of the S-register 
and register 15. The contents of these registers 
will now be the address of the location that holds 
the old contents of the P-register. 

During T7 time logic is set up ready to perform an 
Et-cycle. 

El-cycle - this will load the LSB of the program address from 
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the stack into the LSB of the P-register. It 
will also set up the logic ready to perform an 
E2-cycle. 



E2-cycle - this will load the MSB of the program address from 
the stack into the MSB of the P-register and will 
set up the logic ready to perform an L-cycle. 

L-cycle - this will load the contents of the P-register into 
the S-register and will set up the logic ready to 
perform a fetch cycle. 

If an interrupt occurs during the operation of the interrupt 
servicing routine or return from function, the whole 
procedure is started again for the new interrupt. If no 
new interrupt has occurred, the next program instruction will 
be performed. 
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Ha lt 

Wr ite new 
Ma s k pattern 

Set Enabl e 
I nterrupt 
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Hardware s tops program or 
routine; s tores contents o 
P and CR regi~ters into 
s t ack ; sets Inh ibit 
I n t e rru pt flip-flop. 

Indirect branch to addres s 
32 to s tart s oftware 
routine . 

Software routine s tores 
accumulator s , Ma s k registe 
and parameter s into s tack. 

Test Interru t Lines 

yes 

Interrupt processing; 
routine first instruction 

ye s 

Next ~uction of routine 

no yes 

Fig ure 1. 3 Stack handl i ng oper a tion 

Reload old content 
of accumul a t ors 
and Mask reg i ste r 
from stack. 

Indirect branch to 
hardware routine 
for Return in s t. 

Reload old content 
of P and CR from 
stack. 

Set Enable 
Interrupt 

Return to pro gram 



2 Logic diagrams 

The logic for the basic processor is contained on four 
circuit cards. These four cards have been drawn full size 
and are to be found in the pocket on the back cover of this 
book. To simplify servicing and fault finding, these 
large diagrams have been broken down into individual circuits 
and descriptions. 

In the following diagrams, the circuit card logic has the 
letters T, M, A and C prefixing individual diagram numbers. 
These letters correspond to circuit boards TIBA, MEI, AUR and 
CONT in the Boolean book. 

To assist in using these diagrams, a list of signal names and 
abbreviations will be found in Part 5 of this book. 
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LOGIC DIAGRAMS 

Basic timing 

Timing pulse gating 

Sequence timing 

X and W timing pulses 

AF1 and AF2 timing pulses 

EO, E1 and E2 timing pulses 

AU control pulses 

AU carry input and BU-register clock pulse 

B-gate control pulses 

Control panel timing sequence 

Interrupt logic 

F1 and F2 signals 

Memory to M-register C- and D-gates 

M-register 

Memory and KR-registers to AU- and AR-gates 

KR-register and BAD line drivers 

KL-register 

K-register decoding 

K-register decoding 

S-register bits 04 to 07 

S-register bits 08 to 15 and SAR-register 

Scratch pad address lines 

BIN lines to data bus BIN and B-gates 

BU-register to AU 

Condition register gating 

E-register 

E-register to data bus B-gate 

Scratch pad 

Scratch pad to AU and carry logic 

Scratch pad to AU 

2-2 

T1 

T2 

T3 

T4 

TS 

T6 

T7 

TB 

T9 

T10 

T11 

T12 

M1 

M2 

M3 

M4 

MS 

M6 

M7 

MB 

M9 

M10 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

AB 



Logic diagrams (continued) 

OPC decoding 

AU function coding 

AR-gate control 

BU-register to AU, AL control and carry input 

C-gate control 

M-register clock pulse 

Condition register clock pulse 

Condition register set 

S-register bit 15 and S-register clock pulse 

Scratch pad address gating 

Scratch pad chip select 

Scratch pad to AU right shift (AL-gate) pulse 

Scratch pad to AU (AL-gate) pulse 

Scratch pad write enable 
Control panel logic switches 

Control panel logic connections 

Cl 

C2 

C3 

C4 

cs 
C6 

C7 

CB 

C9 

ClO 

C11 

C12 

C13 

C14 

CP2 

CP1 
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OSC­

RTO 

RTi 

RT2. 

RT3 

TO 

Ti 

T2 

T.3 

T4-
T5 

Ti 

_F"7...__ __ __,;R_T_O....:...._R_T....;;;i.~---~n-__________ _ 

_ __.nL-____ R.:..;.T..:..1s....=....• R:...:.T..:....=2. ___ __.n.__ ________ _ 
---~n RT2. RT3 n~------
_____ ........ n._ ___ _..;..R'--"T._3_.__,;R_iU"---__ ___,n._ _____ _ 

LJ RTO+RT1 LJ 

--------~n RTI.RT2. n ---
Tb _____ ____Jn fil2.RD n..._ _ 
Tl _J LJ RTo+RT3 L 

T105 T1.T5 LJ L_j L_j 

12PTb 1 n~=--~n~--t1-
RT 2. RT.3 + RT3. ITT2. 

Ho = RTO 
Hi = RTO 

I TD I T.1 IT2 I 13 I 11 l 15 I Tb 1171 To Iii IT2 li3l14 IT.5 ITb ID I 
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F~u~ Ti BASlC TIMING-

The basic timing circuit consists of a 4-bit ring counter clocked by the 

oscillator signal (OSC) and reset by the master clear (MCLTl). 

Outputs from the counter are decoded to give the timing signals. The 

equation deriving each signal is given on the timing diagram. 



m 
T2PT6 

RT2 

RT3 
T7 

7 c.· . 

RTJ 

RT3 L . 

H4 16 
1 

RT2 T5 

m 
Q 

l 
74 

RTO 
H4 

RTO 
-12 7 3 

RT3 

Q 5 6 
·: 2 _...,_ 

HS R·; 2 

1 RT3 ,2 

R": 2 
~ 

Q T t 

HS 10 

-12 C ,,,, _,,, 

6 HO 
..,,;, ~ 
Q) u .,, 0 
Q) - . 
'-. 6 u 8 

RTO 
<l H . 

G4 G7 

R13 L HIE 1 
+s·v 

El 
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+SY 
MCL osc 

Figure T2 BAS iC TIM:N G 



SEQUENCE T I MI NG T J 

osc 
T7 

T65 

SEQ SEQ 

osc 05 06 

T65 

T6 
TFP TF 

s ici ~al 
osc 

j"ro j n [ n I T:i I: T, j TS I Ti, I Ti I To I T1 j H "r 5 I T-41 rs I T6 I T7 

T65Z1 

T675Z1 

AT6.0SC n...._ ______________ ___.n __ _ 
T7.0SC n.._ _ _ ______ _____ ~r,__ 

T65 

TFP}-----------------
TF T6-5 +OSC LJ 

The f li p-f l o p ma d e of OR g a te s SEQO 1 a nd SEQO2 i s s et a nd 
r ese t by c lo c k s ign a l s T6 / a nd T7 / g a ted by OSC/ a nd th e 
fl i p -flo p ou tp ut i s in tur n g a ted by OSC/ . The output s 
TFP / a n d TF / give . a positive-go i ng tr a n s ition between T7 a nd 
TO wh ich i s u sed t o clock th e in s truc tion s equ e nce flip-fl ops . 
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X AND W TIMING PULSES 

xec. __ .... 
F ______ ......,.xoa 

~----11-___,, 

ffp ____ ~ ___ ..,_........,. 
MC~T.,_ ____ .....,. _____ ...,. ...... _.__~ 

X C -

"-----1 (c) 

;=rp ---1---1----........ --t~-+-,.__--l----t----+_.. 
MCLTt---1-_,._ ___ __.__~~-1--""--'----'-----J 

SKSD 

.WI, ___ E1RESK 
RESids 

TFP------ -------U u,-------u,-------u---
F2 _____ __,J 

X1 ____________ _r------
KR09-XECcondition ---------

X2 --------------------1 
w 1 (E1.RESM.STR)+(EQ.CF=J1,-------

..__ ______________ _ 
W2 -------------' STK+STO 

L 
(Page T12) 

· FLAB 
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Flip-flops X01 and X02 clocked by TFP/ give the first and 
second index cycles following the fetch cycles. W1 and W2 
are first and second write cycles. Wl may follow the EO 
or E1 cycles. W2 may follow only the W1 cycle. 
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cRi.. 
iNT 

Fl 

T6 

-STNO 

AF/l 

T > 

AF1 AND AF2 TIMING PULSES 

--------------Al="I 

bll--AF2. 

1"" ---------~--------~ ---------

TFP--------- ~--------

AF1 ;:::::.:.:_:_:_:_:_:_:_:_-_-_-:_-:,.------------
AF 2 -----------------J 

FRUN 

AF1, AF2 gi ve a d e l ay of two oper a tion cyc l es t i me d b y TFP / 
a f LP r lh 0 mac hin e i s s t a rt e d b e for e FR U goe s high. Th e 
FR Ui\ fli µ -flop, AFOJ / AF04 i .s s e t b y AF 2.T(, . FR IJ', se t i ,,; 
i n hihi t£, d b y a p ow e r f a ilur e c ond i t i on if t h e p owe r f ai lu re' 
o p tio n is fjtt e d a nd by th e S TART fl ip -flo p , AF0 9 / AF10, in 
lhP r ese t co ndit i on . ]n ma nu a l ope r a t i on s , AF1 a nd AF2 

a r P u se d as op e r a tion cyc l e s . 
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T 6 

EO , E1 , AND E2 TIMI NG PULSES 

X 

E04 £03 

E02, 

J)f 14Q 

C Ga.---+---

-TFP 
MCLT,l..... __ ___,JL----1,---1--..,_--+---'--tH----t----~-• 

KRIO~ EO -EO 
£2 EI 

p-olr1!r2lr31T4~slr61T?~olr1 lr21Tilr41Tslr6~7lro~1 lr2lnlHlrslr6IT71rolr1 jr2ln~4jrslr6~71To~1 lr2I 

TFP------ u u u u 
;r, 

EO -------' 
F2.RLI+W2~FLA+E2 .FLACR ~, 

E1 ------==----..,...:=.;... - ;> __. .------
·j 

EO.C F + X 2 .KR10 + 12+ I NT+( F2. KR09. KR10+XEC. RL I) 

E2----------~E~1~•~R~E~S~K~B~+~W:..:....:..1~-~S~K~S~D:._----..J~i ------------
L ---------------------~E~2:...:,•~F.=;LA~C~R~-_--:_:•~:.)----

~1 a nd E2 a r e the fir s t a nd second exec u te cycles . EO i s 
1 i H' e x Pc u L c CF o r RT c y c 1 e • 



T 7 

AU CONTROL PULSES 

L - Fl 1 
SH CRL4 Eo T1 1 

tNTNO 
TO /NTNC 

FCES 

FAF07 

FCAPY 
oe 

FCAPY 
01 

07 

FCA03 

fCP06 

FCPOI 
/02 

x,.AND 

FCtSP7 FCAPYFP FCAYFC FNuYNU FCP FCP 

FCESP7 i s used by shift right instruction s . It i s u se d as 
a n in p ut to a n AD g a t e on di a gr a m A? wh ic h is ass o c i a t e d with 
th e AUOJ fli p -flop . On the timing di u gr a m E1 it i s 
r ep re sent e d .:t s l e v e l FC which i s pr ese nt from TO to T 7 tim e . 

FCAPYFP i s us e d wh e n th e progr a m c ount e r i s upd a t e d a nd during 
AU o pe r a tion s whi c h ma y produ c e a c a rr y bit . lt o cc ur s a t 

T l t im e during th e F1, E1, E2, EO, W1, L a nd RLli cyc l es :!lld a t 
T5 tim e during th e Xi cycle, a nd c lock s flip-flo p AlJOli. 

FCAYF C i s u se d b y s hift in s tru c tion to c lock fli p -flop AUOJ. 
Jt. o cc ur s a t TS tim e duri n g th e El cyc l e a nd a t Tl duri ng thP 

F:2 cyc l e . 

F "i l l Y !\U i s u se d t o c lo c k th e CR1 7, flip - flop on di a gr ;1m A J . 
I t i s µ redu ce d a t TS t im e during th e E1 cyc l e :11: d i 11 d ica l. es 
th n l th e r es ult of th e AU op e ration i s NLJL ( A : B) . 

FCP i s p rodu ce d wh e n th e l NT button on th e c ontrol p a 11e l i s 

p u s h e d . 
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OSG 

______ _.Tb ------- Ti! ______ _. Tb 

Fi 

F2. -n ..... ~ .fo,-.. ~ 1u.a. 
~ ~ .. --~ r--, 

l?,ULL'\/BL ________ ----.; ___ . • 

51.\LRYBR 

BuRL'H~1L _J7~ ________________________ r---.... ____ _ 
BU~~"f8R 
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CINEFP reads the carry signal (FCAP diagram A7) into the arithmetic 

unit carry input. 

BULLYBL and BURRYBR are clock inputs to the 16-bit BU register to load 

either BU right or BU left from the 8-bit data bus. The signals are 

strobed by OSC at T2 and T6 in the Fl and F2 cycles and at T6 in manual 

operation. 



E3 D2 

C !NEFP 

I 
I 
I 
I 
I 

D5 

,tA26 --- --

BUlL YBL 
BULRYBR 

L-------

3 1 13 -1 

·., : ·~ 
B01J rd 

7 
f 
I 
I 
I 

BURLYBL I 
BURRY BR I _______ _j 

·\ IJ c ·-. RR -, :N PUT ,\ l': D Bll RE :- _STER CON TROL 
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B GATE CONTROL PULSES 

-FLAB vl.1AF2 CS)S~L 
p 

AF1 Ht 

FAF/. Be.illl 
08 

BES01 BE5o3 

sos 

J.3£STL 
BEBI.NL BE.BJNA 

UEB I R g a t. 0;; Hl N lin es 08 to 1 5 on to th e d a t a bu s during HO 
lin1 e an d BEBJ NL gal e s RI N lin es 00 to 07 on to the d a la bu s 
during Hl lim e of th e E2 cyc l e in a r e gister input routine . 

HESTL g a l es the conditio n regist e r conte nt s on to the d ata 
h 11 .-; during 111 tim e in thf' W1 cyc l e . 

HES TR g a te~ Uw c o11trol flip-flop c ontents o : to the d ata bu s 
i11 man u,, J o p erat ion al H1.AF1. 

BEE gat rs th e E r e gister on to the d a ta bus except when onp 

T 9 

of th e oth e r g a ting signals ( BEBI NR etc) is active or wh en l NT 
'" t tiv c during c1 11 int e rrupt routin e . 
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CO NTROL PANEL TIMING SEQUENCE 

T6A citBT KR!e FRlll c MJ 

RL07 CRLIO 

CRL05 
/06 

xffNID 

CT6RL4 

s L AFfl ct.QI> 

AFl4 

CRL08 

L04 
CRLO't 

C LI CRLIA 

CRLI 

I 
I 

1 

CALiRl3 

CRL2 0 Q-~ 
CRLt4 

CRL3 

T 10 

Q 

CRL3A CRL4 
CR 

m ---------,u-------u-------ur--------,u--
L ------

C RL 1 _____ ___, 

CRL2--------------1 

CRL3------------------_____,J 

CRL4----------------------------1 
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CRL1 and CRLJ are used to gate the control panel inputs on to 
the dat a bus during manual operation. CRL1 gates keys 
00 to 07 and CRLJ gates keys 08 to 15. CRL4 is combined 
with T6 and OSC to clock the S register thus loading the 
S register at T6 in CRL4 cycle (see logic on diagram c9). 
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INTERRUPT LOGIC T 11 

,-.-------- ----
1- - - - -

I I --
90000 L. 1 K~ E1 PJ'N SET nA JJ VC 1F O Ki IOA £0 x'I -xe rsnoil 

I 
T,!t w1r I _ Rf ....,_....,_I rt 8 Ext; X ~ 

ILIO 7· LP,0 l Le I Il/1 

I 

I 

I -
y, 

I I 
I_ - I IL/'t 

. __ ...._ ................. I 't :~11/_Jo/: _......, 
!Ll7 

I _ IL08 I - t -I MASK I -..... 

I rwq I 

11 y ILO~D I 
HOR 

I ---- D 1 
'--......... 

1- - - - - - .... - I 

'\/ II1 FS"" 
IJT 

r1 
I ILo3 

~ IL04 

y ( 

7C 

I I!Aa 

.......::, IL/4 o 
/15 

- D ~ 
TL/3 

- C. ~ \1/ y CT~ 

FENlf 
( to Jo.ti,. ~S) 

-
:IR 

-

I 102 
I 

' I 
• 
' ' • ___ ____..::. Q t-

i 
I 
I 

' ' 
·ID ~ 

I03 

--I1 

' ------~ ~ t-.--+----. 

IL11 

I __,_......_ 
F~iJJ I fNOl~EC.T 

I 
::.'II 

fAf£0 

I 
I -,_ - - - - - - - - -- - -

.. rL:l.4} .D ~ 
IL~.3 

~o/ -C Q 

""--,_ 

rAfo1 

--TNT _._!!{T 
XI 

DEMDL PEF7 
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IT6 IT1ITolT1 IT2IT3jT4lrslr6lr7lrolT1lr2lnlr4 ~slr61T71rolr1 lr2~3 ~4 lrs~6 ~7lro~1 IT2~3 ~4lrslT6IT7lro11 ·1 

rF P "7.Jr-------.....--..,u ... --------u .... --------u ... ---------.t._r-

x1 

X2------------
I1 KR 1Q--.,._l ________ _ 

!2-----------------------------, 
L------------.. 

XI 

lndirect ad d ress cycles, 1 1, 12 , follow X2 when KR10 = 1. 
12 js the 11 follow e d by EL 

The mas k flj p - flop ( NOR gates IL06 E1nd ILO?) is u se d in 
co11j u 11 ct i on wjth mas k flip - flops in t h e a ddition a l interrupt 
an d mas k option . E ac h flip -fl op i s se t or reset by a B¢U 
lin e ( in this case B¢UOO) followed b y a Write Interr u pt MASK 
j11 s tr uct jo11 , The instruction code , WIM, is gated with T2A 
,ind L in I L 10 and with 13¢1 JOO / in IL08 a nd IL09 to set an d 
rP se t the mas k flip - flop . In terrupt J ine 1S00/ i s gat e d b y 
th e fli p - flo p outp u t in 1L04. 

IL1 f1/ 1 S is th e function f li p -f lop that, when r es et, inhibit s 
al l interr up ts a nd provides the co d e on the d ata bus whic h, 
wh e n l oaded ir1to the S -register , addresses me mory loc at ion J2. 
TL14 / 1 S is set by the EMABCR I NTERRUPT i n struction at E1 
(KR09 .E1. SET) g ate d in IL18 an d IL 1 6 , or by t h e RET URN F U CT IO N 
i 11str u ction at E1 (E1.RT N) g ated in IL 1 7 , Th e flip - flop i s 
n ~set b y I NHlBJT I NTE RR UPT at El (KRQ9.E1.RES) a nd by illV when 
an interr u pt h as been accep t e d from flip-flop IL2J. 

IL1J i s set at T6 following a n interrupt r eq u est if IL04 a nd 
IL02 a re e n ab l ed by t h e mas k flip-flop and IL14 / 1 5 , 
lL23 i s th e n set when EXlMST enables IL24 a nd when cloc k e d b y 
TFP/ th u s setting 1L14 / 1 '5, inhibiting IL02, so IL 13 is r eset 
at T6 . TFP/ the r1 clocks IL2J to e nd th e interrupt cyc le. 
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Fl, F2 SIGNALS 

---UN CFII. fv1CLTI - T, I L - v IR 
F. I 

FN1' 

F03 
~Fl8 FAF/Cf 

F02. 
KP.YJ> KLYD 

Q 

EXINST Fl F 
Fl 

xlc 
~ 

/..03 

FLACR 

LOB" L04 

Loa 

D Q 
LOj 

C Q 

[ L 

T 12 

lrolr1 jr2jnjr4 lrsjn,jT?jrojT1jr2!-r3lr 4jrsl-r61-r7'rolr1 lr2l-r3jr4trs/-n,l-r7/ro/r1/r2/r3~(/rs~6/T71rolr1 lr2/r3I 

-m- --------.ur--------... ur---------ur--------w,--=----

L -_-_- _-_-_-_-_-_-_-_-_-·:_: _________________ 1,XEC condition 

AF 2 ----------, L_ __________________ ,,__ 

FRU"-l-------

f ' 1 ,1 n d F 2 e n ;i b 1 c t. h e f j r s t an d s e c o 1 1 d f e t c h c y c l e s • F 1 i s 

c I oc-ked b y ITT "·h en AF2 i s h igh ( fi r·s t cycle a ft e 1- S TA HT ) or 
1-. h e; 1 Li s h i g h I I , is l ast cycle oft. h e previo u s ope1- atio11) . 
L <• 11 ;11J l e.s the l ;i :--;t cyc le o f ev e ry op e ration a nd may folio,, 
F2 . W2 0 1- F: 2 . 'depen ding upon the type of operation and 
determi ned by th e co ndition of gat es LOJ, L05 and L0 4. 



,ea 

MEMORY TOM REGISTER C and D GATES 

~OLO HII.Jt 

r\3 

M l 

/10L7 

M6 

DEF ? i s pr·oduced 011 di a g r~a m T 1 1 a nd is used during inter r- u p t s 
l" o for c P ! 1 ex a d e c i ma J v ,1 1 u e F I i n to the K - r· e g i st er vi a t hf' 
D-g ,t1Ps , 

DEMOL i s ,ilso p r·oduc e d on di a gram T1 1 and is u se d dur·i n g 
n orm n l rr a d - out o p er a tions from the me mory . 

CEH .is p roduced on di a gram C5 a nd i s u se d to enable the 
contents of th e C- g ~.! t es .into the M- register . Th e i. 11 p ut .-.: 

to the C - g ,,tes will he fro m eithe r· th e D- g a tes or the H- l i :.es , 

2 - 2 l 



i1Yc 

M REGISTER 

coo COi co, - - - - - - - - - - - - - co, 

- - --
rf'AOQ oMI M4• 

0 I 
Q ---~-----

ARO ARI 

MEMORY INPUT LINES 

MYC J::; p rodu ce d 0 11 di a gram C6 and is u se d to c lo c k the con t en t s 
of t h e M-r e gi ste r into the memory during load oper a tions . 

2-22 

M 2 

co1 



AREM 

MEMORY and KR REGISTERS TO ARITHJIETIC UNIT 
AR GATE 

ARElW> 
KRIO 

H 
KRtl f(Rl-1 I( IJ 

M3 N4 ,-. 

82 83 s, BJ. 
ARITHMETIC UNIT 

AHEM is produced on di a gr a m CJ . When t h is si g na l is 
present it al low s l h e contents of the M- reg i s ter to be g a ted 
i nto the AU via the AND and ~OR e lemen t s . It is 
~vnilab l e fro m T4 to T? time . 

ARET WO is n l so produced on diagram CJ a nd is us ed du ri ng 
updating to increme nt or de c r e ment the contents o f t h e P - or 
st a c k pointer registe r s . · r t is ava ilable f ro m TO to T J 
t i me . 

AREKR is prod uce d when a s hort constant (8 - bit constants) 
i1 1slructio n is being performed . It is avai l ab l e fro m T4 
to Ti time a nd a llow s the constant to b e g ate d into the AU. 
Th e origin of the input si gnals to NOR element AREKR will b 0 

fou n d 011 di a grams T2 a nd MS . 

2 - 2J 

M ) 

KRIS 

AR7 

80 



M 4 
KR REGISTER and BAD LINE DRIVERS 

KRM 

KRD9 

D • 
l<RIO 

p Gl 
l<Jlll 

B¢F01 a nd B¢F02 are the least si gnificant bits of the fun ction 
code (used during I / ¢ transfers) . 

BADOO to BAD05 a re the bits used to specify the peripheral 
a ddr ess during 1/ ¢ transfers. 

K10A15B i8 u sed during RIL instructions. 

2-21, 
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Kl.00 

LOO 

-

KLOI 

U08 

~ RR 
IRJo 

KL REGISTER 

Kl.02 

M > 

D07 

)(L03 k'l.05 KL06 

RU07 

RR 1s produced when the indirect addressing mod e is requir e d 
by the instruction , 

B¢FOO is the mo st signifir ,-, "'t hit of thP f un ction c ode (used 
duri ng t / ¢ tr a n s fers to signify the type of transfer). 

OR1 ,is p r·oduc e d when register 15 is specified in the 
instruction wo rd. 

2 - 2'"j 

KL07 
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1& .aa 
10 11 

II s 

3 lo 

K REGISTER DECOPING 

CV is produced Ly Lrcmch inst ru c:·ion s an d i r is u se . o n di a . .::irn..- C l to 

inhibit the branch when the state of the condition register is 111. 

M REF is produced by memory reference instructions. 

STD is produced when the W2 cycle is to be used. 

BOT is used by the bootstrap logic. 

CF is produced as a result of STK.ORl for the not CALL FUNCTION 

(see Figure M7) 

Mt. 

9 

RTN i s produced as a result of STK.ORl for the RETURN FROM FUNCT iO~-~ 

(see Figure M7) 



Mei. -------.!!:t-~ , 
RES 
KRIJ--...,.. 
Ei 

I 
to 

!="._,u,e M7Q K RE~ISTER DECODE 

F LK is produced when an invalid code has been decoded. I ts detection 

will result in an interrupt being generated. 

I LONG is produced when an instruction is contained in two words and is 

used to update the P and S registers during the L-cycle. 
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itTN IS 2, 

HI a 

wr 
1AO! 

F/F n H8 

'cF 
iA01 

llO& 
1l u°' 

tfl ~ 

REPEAT CYCLES L0Qf(; 

CF -NotCALL FUNCTION produced as a result of STK.ORl (see Figure M6) 

RTN -Not RETURN FROM FUNCTION produced as c result of ORl • .STK 

lse~ Figure M6) 

FLACR and FLA - Signals used .to repeat some of the cycle required by the 

CALL and RETURN functions. Conditons are: 

CALL FUNCTION 

FLA. W2 = repeat E0 cycle etc. 

FLAB. W2 = start L cycle next. 

RETURN FROM FUNCTION 

FLACR. E2 = repeat E0 cycle etc. 

FLACR. E2 = start L cycle next. 

m, 
tAlo 

F&rA 
1AJI 
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•l'v 
I 

•l'v 
·CO 
0 
;;:,c 
,m 

< 

to-i:7 
C 
~ 
f' 

> .._J 
~ 

;:o 
ni 
~ 
~ 
n 
~ 
~ 
{J) 

r 
C) 
.('\ -
() 

W2 

RThl 

T4 

H9c 

FLA 

. £2 

er=-

H9, 

~LA 

~nn~nnn~n~~~~Tunn REP£Aic1l 
C'(C,LES n~nmnnTu~TottTzn~~~n L 

U,\ov ---------

LJ LJ u u 

-.1>1r,;rev~ IS - ) j "; ~IIIJ'" £0 I '-Aff"C~ (WI..F=".LA· . 
----------- ~e'f'QS(FU.wa): 

F1~ST wz. C'ICLE S~C.ONO wa C'/GL~ 

CALL r;=UNC..TIOV 

RE~A~D 
C. "K.J.E!o 

1..ow --- --~h_ 

~ ~E"O ___________ ....J l'JS'l'TC'lu.6(J:'i.ACC.'2} 

Ee. C'/ ~L-E 

RETI.lR.N FROM. r:-uNcnoN 

·~ nL __ _ 
1,-.. ~ evt.1.4 1.1.- ) 

~('J\.A.CJ: 

SeCON o · E t C..'1CJ-E 

3 
'-.j 
~ 



S REGIS~ER BITS 0~ - 07 

ADDRESS BUS 

M 8 

SOT 

C q 
s7il 

MEMORY ADDRE SS LIN ES 

The mo st significant b its o f the S - re g ister a r e g a t e d by 
si gn a l SYBSAR. Th is enables bits 04 to 0 7 to be g ated into 
bits 0 4 to 07 of the S register . Gatin g for t h e LSB of 
this register is s h own o n di a gr a m M9. 

2-2 9 



I 
80 

s 8 

S REGISTER BITS 08 - 15 and SAR REGISTER 

DATA BUS 

I -81 g 

p 
~ 

SAltte 

MEMORY ADDRESS LINES 

SARYB, SYBSAR, SCLYSCD a nd S ISD a r e produ c ed on di a gr a m C9 a nd 
a r e u se d to upd a t e th e S-register . 

MCLM i s produ ce d a n di a gram M8 wh e n the mas ter c l ea r si gn a l i s 
r e qui r·e d. I t I s u se d to c l e ar th e S- r e gist e r . 

2 -)0 

M 9 



SCRATCH PAD ADDRESS LINES M 10 

CRCPI 
3 

7 

SPAER2 ---1--._,._~.,___,._-+-+--+-.....-t~-+---+-. 

SPAER1 ___ ...__...,_...., _ _._--1~-t--+--+---+-. 

SPA3 

SCRATCH PAD ADDRESS LINES 

SPAERl is p rodu ce d on diagram C10 a nd is used to e n ab l e the 
se l ecti on of the address lines of the first op e rand (Rl) . 

SPAER2 is also produced on diagram C10 a nd is used to 
enable th e se lection of the addre ss lines of the sec ond 
o p e r an d ( R2) . 

SPAERCP js p roduc e d on diagram T10 and is used when the 
sc r atc h pad a ddre ss lines are selected by the switc h es on the 
cont rol panel . 
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BIN LINES TO DATA BUS BIN AND B GATES 
A 1 

J< 00 l<EY09 KEYOI I(. ~ KE'(O~ KE'/07 l<EYIS 

CRL3 ----+-----+----t---,---+---~---- __________ ----
C RL.1 -----+-+---+----+--+--+--------~- _ _ _ _ _ _ _ _ 

8J/tl07A. 8/N/SA 

81:BINR ---i----.-~----+----+---+--- - - --- -- ---+----8£8/Nl- __,,_ _________________ - - - - - - - -

2-J2 

80 BJ B2 

DATA BUS 

RL1 

RL3---------

E2 ----------------~ 

CRL1 ---

CRL5----------

BEBINR--­

BEBINL----------

87 



Other B-gate inputs from the E-register and condition and 
control flip-flops are shown on diagram A5. 

Data to the B-lines are controlled by BEBINR and BEBINL. 
When data come the control panel keys, signals CRLJ and 
CRL1 are used to select the appropriate key's data for gating. 
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A 2 

BU REGISTER TO AU 

~ "116 ~I 841,t 94f1J 9'/l/f. r,utf" 
--~- _L_ -- L _ - _,_ - - J - - _L ---·----

80 08110,. 8' 
0svo1 t 

BVALYBL t i e BVRP._Yf c. 

---------- --

80 

8ULLY8L c.. ' i f3(/ Llf,'B R Q 

L.£8UR 

LE8UL 

- -- - - - - - - - - - - - - - _,_ __ _ 

----+---+----t---+--- - - - - - - - - -

ALO ALI 

A3 A.1 Al AO A3 A2 /ii 

ARITHMETIC UNIT 

LEBI JR ,,nd LEBl lL are the two signals that contro l the g a tjng of 
the• B1 1-rpgiste r contents into th e A U, These si gnal s a rP 
p roducod 011 diagram C4 a nd are used during the ca ll function 
in,;tructions . 

AL7 

P.O 



FNlfYNU 

D q 
c:«17 

C 

CONDITION REGISTER GATING 

iii -ALO 

ao 

CR.O 

Th e condition rc~gistf'r i s set as a r es ult of ei ther an AU 

A 

opf'r at ion or an I / ¢ instruction . lt i s clock ed by CRYCRD 
a nd can be set by CRZJ or re s Pt by CR l ZO or CROZO 

Durillg J / ¢ instructions , th e s t a t e of th e register h as th0 
following meaning : 

CR ➔ 0 comma nd accepted (or device is in ready state). 

CR 

CR 

1 

3 

c om ma nd not accepted (or d e vice bu s y) 

devi ce addres s unknown 

2-3 5 
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For other types of instruqtion it represents one of eight 
conditions. These conditions are usually associated with 
branch instructions and are: 

condition CR contents 

0 = 0 

1 = 1 

2 2 

3 = 3 

4 I 0 

5 I 1 

6 I 3 

7 unconditional 

2-36 



A 4 
E REGISTER 

ARITHMETIC UNIT 

TO DATA BUS 

osc __ ....., ____ _r--.... 
TI05 RYAIIL e>---fLYAUC. 

a---------lRYAU~ 

T j m i n g s j g n al s , T 10 5 a nd O S C , a r e prod u c e d o n d i a gr a m T 1. 

The contents of th e AI J are g a t ed into th e All at T l and T, 
ti me of eve ry cycle ; whether this inform ation is gat<:d to 
t.hP data bus depends upon signal BEE whi c h j s produ C<'d 0 11 

d i_ : 1 g r a m AS • 

£07 



A 5 

E REGISTER TO DATA BUS B GATE 

Eoo £01 F-06 

IL;.3 IL 14 FCl'Ot,. 
/05 

Ft.KOO CRJ:J. 
/15" RF/J.T /01 

Q (om,14) ?:~NPHf 

4-v BE5TR 
AK 

8~)( 

BEE 

BO .B I 84- 85 

DATA BUS 

IL2J 1s se t b y interrupt logi c (T 11 ) and pl ace d on bus for 
lo ,1di11g i.nto S -register to address memory location 32. 

B6 

Oth(•r H-gat e inputs from BIN lines and contro l p a n e l are shown 
on di;:igr a rn Al. 

Ga L_i ng .sign;.il s BESTR and BEE ar e produc e d ard .;0scrired on 
di a gr·,1 m T9. 

2 - JB 

G 

£07 

CR~4-

~ 
Q 

c~• 

B7 



SCRATCH PAD 

CHIP 
SfLE~ 

vPA4 

PATA 
91/S 

A 6 

__ ...,,.. ___ , 
WAITf !NA8LE (SP '(B) 

ftDVRE~5 Ao 
At 

LINES Aa 
A3 

04 os o, 07 

l R 
0 I ~ 314 5 b 7 0 I 2 314- 5 6 7 

cs cs cs cs 

Th e si g na l SPA4 i s produced on diagram C11 . This signHl 
l eve l :i s u se d to select the c h i p requir e d by the instructio11 
cycles . When present it enables the LSB s to be used an d 
wh e n not pt·esent it enabl es the MSBs to be used . 

The norm a l order is LSB fir s t and MSB s econd but, in 
s hift right in s truction s , this order is reversed during tt1 e 
El cycle . 

Signal SPYB is produced on diagr a m C 14. 
u se d to enabl e the writ e d a t a logic. 

This signal is 

2-J g 



SC RATCH PAD TO AU AND CARRY LOGIC 

7 

E2----+-----1 

CINEFP _fr>~----­
CINEFC< _eJ--+------

CD 

SCRATCH PAD 

LOESPO 
(C) 

" Q 
AUD3 

C 

[OEC 
(C) 

C ~-----L~ 

fC '(FC 

('r) --

CIH 

ARITHMETIC UNIT 

F"O,P 

At.OX 

ALO 

A3 

0 

ALl 

A2 

FCESP7 Ls produced on diagram T7 and is also described on 
di.igram C12 . 

A 7 

Cl ~E1 is p roduced on diagram C4 an d is u sed in conjunction with 
CI EFP a nd Cl\EFC during normal ca rry fur.ct ion s . 

C I \ EFP is prod uc ed on diagram TB and is u sed for carry 
fun c tions when u p dating the P - register . 

CI r--E FC i :-; p rodt1c0d on diagram C4 and is used for carr y 
function s other th ctn P-register upd ati ng. 

Oth e r uses of thP carry logi c a r e des cribed on diagram C12 . 

~- 40 



0 

SCRATCH PAD TO AU 

SCRATCH PAD 

1 2 3 5 

Al- I AL3 AL5 AL6 

A J AO A3 Al 

ARITHMETIC UNIT 

During s hift right in s tru c tion s , L17EP6 ;:i nd the shift rigllt 
ca rry logic control th e g ;-i t i11g of data from the scr a tch pad 
into the AU. 

F or oth e r in s tructions th P. g a ting is controlled by L17EP7 
( whi c h c ontrol s bit s 01 to 07) ,ci 11d LOESPO (bit 00) . 

2-4 1 
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C 1 

OPERATION CODE DECODING 

KL 
12)4 INSTRUCTION 

0 0000 LOD Load 

KLOl A) 1 0001 ACB Absolute conditional branch 
2 0010 ADD Add 

KL02 A2 ) 0011 SUB Subtract 

4 0100 AND Logical AND 

KLO) 
OPCOl 

5 Al 0101 IOR Logical OR 

6 0110 XOR Exclusive OR 

KL04 AO 7 0111 SH Shift 

8 1000 OU'r Output from register 

9 1001 IN Input to register 

~ 
~ 

A) 2 1010 RFC: Relative forward branch 

- A2 ) 1011 R3C Relative backward branch 

-
SH 

KRO'lA 

- Al 

AO 

4 
OPC02 

5 
6 

7 

1100 CH Transfer character 
1101 COM Compare word 
1110 STK Stack 
1111 CPl Ones complement 

ClZ~LOD 
&RC ~ 

(BRANClf ._ _______ ... o,crn 

~----~USLA 

:u---/4>SLA 

Op e r ~ t i on c od e h e ld in KL01 to KL04 i s d e cod e d in two type 9JOl, 
one of t e n d ecod e r s , conne c t e d as s hown with inverte~ OPCJ to 
giv e on e of s ixt ee n d e coding . 

.xc 
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C 2 
AU FUNCTION CO DING 

I 

\7 
............. ..... __._t-t-t1,.-ir:..---t-r-t-t-1-t--t-.=j.=_:trt-t-:t::1-

_...._\,110IIOCJ/ ~ 010 011 

ooq 

003 

'-,,I 

I 

ooa 

y 
ooy 

so 

10s 

103 

101 

S1 

-
-- .., V.........,....,r- y 

108 107 

lio....l ....._ ..... - __ ..... I ■ 

106 110 111 203 ZOI 

y 

kllS' 
y iii I 

IUbl 

.. 
1 

-
y 

.---+:~.,__---1.I 
201 301 

S2 --CE 
2-43 
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Outp uts SO to SJ are function inputs to the arithmetic unit. 

Inputs to the coding logic are ta~en from the OPC decoding 
networks an d gated with the timing signals. 

NO SIG NAL 
X¢R.H1. (E1+E2) 

CPI. Hi. ( E1+E2) 

¢UT.Hi. (E1+E2) 
RESM. L¢D. ( E 1+E2) 
MREF.CH.KR15.(E1+E2) 

I¢R. H 1. (E1+E2) 

FLA.CFE¢.W1PW2.HO 

AND.H\(E1+E2) 

ADD+(M1+KR15 .MREF). 

- so.s1.s2.s3.~ - A plus B 
- SO.S1.S2.SJ.CE - A(!) B 

"-
- so.s1.S2.SJ.CE - B 

- SO • S1. S2. SJ • CE - A 
- SO.S1.S2.S3.CE - A 
- SO.S1.S2.SJ.CE - A 

~ so.s1.s2.SJ.CE ~ A+ B -- SO.S1.S2.SJ.CE - A minus B minus 1 

- so.s1.s2.s3.cE - AB 

(SUB+RBC+C¢M).H1(E1+E2) - SO.S1.S2.SJ.CE - A minus B minus 1 

SHKIOB.[H1(E1+E2)+E2HO ] 

CH.MREF.KR15A.H1(E1+E2) 
ACB.H1(E1+E2) 
STK.H1(E1+E2) 
(KR15+MREF)LOD.H1(E1+E2) 

2-44 

- so.s1.S2.SJ.CE - A p lus A 

- SO.S1.S2.SJ.CE - AB 
- so.s1.s2.S3.CE - AB 
- ~.si.s2.s3.c'E - AB 
- so.si.s2.s3.CE - AB 



AR GATE CONTROL 

CMSEL 
KLOO_ XI CRL3A 

EO F1 IL NG E2 
HO E1 H1 CRL1A 

W2D E1 XEC L 

02 

CFHL CRL.4 

AREM 
1 

AREM 
( M-rcg~tcr to AU gating) 

ARE 
TV\/() 
01 

ARETWO 

(Add two gating) 

Add two fun c tio n i s u se d a t th e AR g a t e to a dd two t o a n 
a ddr ess in me mory r c fpr e n ce in s tru c tion s , thus giving th e 
n ext 16-bit memory loc a tion . 

HO. ( W2D ~lLO NG . XEC. L • F1 1- EO •-El) 

AREM fu11 c tio n i s u se d to o pe n th e AR g a t es a nd a llow th e 
c ont e n ts of th e M-r e gist e r in t o th e AU. 

Both th e a bov e s ig na l s a r e u se d on diagr a m MJ. 

C3 
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C4 

LEBUR and LEBUL are used during a call function instruction to load the 

contents of location 32 (start address of software routine) into the 

$-register. 

During the El-cycle of the hardware routine the LSBs of location 32 are 

read out of memory into BUR and during the E2 cycle the MSBs of 

location 32 are read out of memory into BUL. 

The BU register now contains the start address of the software routine and 

it is held in the BU register until the L-cycle of the hardware routine. 

During the L-cycle, at TO time, the contents of BUR are enabled to the 

AU with the signal LEBUR. 

They are then gated via the AU, E-register and B-lines to the SAR-register 

and LSBs of the P-register. 

At T4 time the contents of BUL are enabled to the AU with signal LEBUL 

and are then gated via the AU, E-register and B-lines to the MSBs of the 

S and P-registers. 

ECR and ACR are used to enable various scratch pad logic circuits during 

chara.cter handling instruction. They are used on diagrams Cl 0, Cl l, 

Cl3andC14. 

C F E O i s produced du r i n g the E O - c y c I e of a ca 11 fun ct i on and i s used on 

diagram C2 by the AU function coding logic. 

CINEl can be produced during an El-cycle if the AU operation produced 

a carry. It is used on di a gram A7 as an input to gate AU09. 

CINEFC can be produced during each E2-cycle and is also used on 

diagram A7 as an input to gate AU 11. 



C4 

~r,ju,~ C 4- BU RECa\~ltR TO AU CONTROL 
AND CARR1 \N?UT 
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F4-
u 

C,f8 

,---r--, 
I It /1' /,!:/~ I 
I .,.___..,10 .......... I 
I F~ 68 I 
LI~ . _J 

Uk) 
2. ,._...., 

" 

I=i~ure C.5b C GATE CONTROL 

CEB is used on diagram Ml to enable the AND gate inputs to the 

M-register. The inputs will be either from the 8-lines or D-gates 

est-

depending upon the type of instruction being performed. The actual 

clocking of the C gates into the M-register is accomplished by the 

signal MYC which is produced on diagram C6. 
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C5o.. 

Hi 

wi _____ __. 

we ____________ _, 

l 

Ei 

(t 

CEB Hi. (E2.+£i) ---------nL---______. L 
~EC,U.l\; C',(CJ.£5 

~o 

CRL3A 

CRL1A 

C,£8 I 
Ho.K C.RL~+ CR1A). c.1-0A[) J 

MANUAL tNPlA7S 

'HO 

Ee 
CE"5 RR. ( Et+ HO) 

RE'C415TER TO REql5TER IN~T. 

F2 ____________ _. 

KR09 _ !::o....,; ___________________________ _ 

CEB ____________ _, 

INDE)(E() AND tND1R.ECT ADDRESS/~q 
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C 6 

M REGISTER CLOCK PULSE 

0 

Thi s c lo c k p uls e i s produc e d eith e r a t T2 or T6 time depe nding 
on th P ty pe of cy cle being perform e d. It i s used on 
di ~gr a m M2 to trigg e r th e M-register fli p -flops . 
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-IOR_ 
O 1 

SET 

CONDITION REGISTER CLOCK PULSE 

~ CPi 
IOR c!oi1 

RES 

O& 

C 7 

CRYCRJ> ~ CLOCK) 

CRYCRD i s u se d to cloc k the condition register (diagram AJ ) 
when v a riou s eve nts occur . Dur ing an E1-cycle it occurs 
at T5 tim e to set the condition regist e r to J if the 
instruction i s a d ata input type . 

During an E2-cycle, if the instru c tion is data output type, 
the s ign a l occur s a t TO time a nd sets the condition regi s ter 
to '3 . .L t a 1 so o cc u rs at T 6 t i me , e it h e r to set t he 
co11 ditjon r e gi ste r ac'cording to the result of perform in g an 
j ns lru c tion, or to update the condition regist er if the 
jn st ruction i s a n input/ output t ype . 
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SET and RES are produced during logical instruction and are 
used on diagram C14 as part of the scratch pad enable logic, 
on diagram T11 as part of the interrupt logic and diagram M7 
as part of the K-register decoding logic. 

KR15A is produced during memory reference instructions and is 
used on diagram C2 as part of the AU function coding logic. 
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T. 

J) 

FAR 
tr) 

Q 

T6E2 

CO NDITION REGISTER SET 

CNlO 

-:IN 

T5 TO U 
£1 

cR:il w,M 

C 8 

(l,J,.;,u INfERt.l.trT 

MI\SK l 
TnE2 is u se d on diagram C14 as on e input to AND g ate 28 . 

CROZO is used on diagram AJ on t h e r ese t side of flip - flop 
CR24 ( c ondition register) . 

CR1ZO is a lso u se d on diagram AJ on the reset side of flip - flop 
CR22 (condit1on regist e r) . 

CRZJ i s u se d on diagr a m AJ on the se t side of fl ip -fl op s 
CR24 and CR22 ( c ondition register) . 

R]L i s p rodu ce d during a Read Interrupt L ines instruction . 

V 



WIM (Write Interrupt Mask) is produced when this instruction 
is performed. It is used as one input to the AND gate 
IL10 in the mask logic. 

DAV is produced during I/¢ transfers if the device address is 
recognized. 
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C 9 

S REGISTER BIT 15 ANDS REGISTER CLOCK PULSES 

E1 M F K8lf STI< 

E1RESI< 

s,so, 

-SIS"D 

F2 

X1&I1 --------

X2&I2 _____________ _ 

E01 L,lNT&RL4 

SY8SAR SA B 
(S ltif1sr•t tL04) 

L 
SARYB __ nL,... ________ n ________ __.n .... ____ _ 
SYBSAR------nL,... _____________ n ..... _______ n.__ __ 

SCLYSCD _____ ....... n ..... ____ ____,n ..... ______ n n __ _ 



S15D is used to select the MSB (bits 00 to 08) of a 16-bit word 
stored in the memory. It is input to terminal D of flip-flop 
S15 on diagram M9. When the MSBs are required, the 
flip-flop is clocked by SCLYSCD. 

SARYB is used to clock the contents of the B-lines into the 
SAR-register (diagram M9). 

BYBSAR is used to clock the contents of the B-lines and the 
SAR-register into the S-register (diagram M9). 

SCLYSCD is used to clock flip-flop S15 on diagram M9. 
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C 10 

SCRATCH PAD ADDRESS GATING 

HO W _ E HLECI 
ffi w.J RI Qi El W1 

FAfU OT 

12 oa 

Ht E1 

SPAER2 SPAERI 
RR {SCIAffH ~P AIJPRIESSED 

BY KR) 
(SCRncH PADAl>DRESSEt> 8Y KL) 

EtH1 

SPAER1 i s u sed to en a ble the scratch pad address lines 
(d ia gr a m M10) for the first oper a nd (RI); the address i s 
c ont a jn e d in bit s 05 to 08 of the K-register. 

SPAER2 i s u sed t o e nable the scratch pad addre ss lin es 
(di ag r ~m M10) for t h e s econd operand (R2); the addre ss i s 
co nt a in ed i1 1 bit s 11 to 14 of the K-regi s ter. 

E1H1 is u se d as a n input to the SPAER1 logic on this pag e . 

RR is u se d on d iagr a m C5 a s an input to the C-gate c ontrol 
l ogic . 
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SPA4 is the level that allows the LSB of the registers to be selected. 

When this level is not present the MSBs of the registers are selected. 

The above timing diagram shows cycles and times at which it is used. 

Note: During shift right instructions the chip selection order is reserved. 

The MSBs are selected during the El cycle and then the LSBs and 

MSBs during the E2 cycle. This allows the carry logic to be 

used for shifting the rightmost bit into the leftmost bit position 

without using extra cycles. 



LOECA 

SCRATCH PAD TO AU RIGHT SHIFT (AL GATE) PULSE 

LIJEPI, 

Et.Ht LOECAP 

SRA 

C 12 

E%HO (sclA1Cfl PAP,,, Av f/lt;Hr Sff1Fr) 

I T 2 I T 3 I T' I T 5 I T 6 I T 7 I TO I T 1 I T2 I T 3 I T 4 I T 5 I T 6 l T 71 T O I 
Entry From! 

E1 F2-T3 

E2-------------
L.,_ __ H_1 _____ ! HO H1 HO & H1 

L 17EP6 n'--__ __.n'------
FCESP7 

FCAYFC n ...... __ 
FCAPYFP 

NOTE: signals FCAYFC and FCAPYFP will never be negative as shown 

on this diagram1 they arc only shown this way to indicate 

the ti m c at which the contents of the Flip - flop!. arc gated 

into the Most signi Fi cant bit of the AU, 



L17EP6 is the signal that controls the scratch pad input to 
the AU during shift right instructions. It is used 
(diagram AB) to gate bits 00 to 06 of the scratch pad into 
bits 00 to 07 of the AU. 

During the shift right circular instruction, both the FCA and 
FCP flip-flops are used to hold the least significant bit of 
each half-word until the appropriate time for gating into the 
most significant bit of the AU. 

The shift right instructions are performed in the following 
way. During the E1 cycle, the state of bit 07 of the most 
significant half-word of the register is forced into the FCA 
flip-flop by signals FCESP7 and FCAYFC. At TO time in the 
E2 cycle, the contents of this flip-flop are gated into the 
most significant bit position of the AU at the same time that 
bits 00 to 06 of the least significant half-word of the 
register are gated into bits 01 to 07 of the AU. 

At Ti time, the state of bit 07 of the least significant 
half-word of the register is gated into the FCAP flip-flop 
by signal FCAPYFC. 

At T4 time of the E2 cycle, bits 00 to 06 of the most 
significant half-word of the register are gated into bits 
01 to 07 of the AU. If the instruction is shift right 
circular, the state of the FCAP flip-flop is gated into the 
most significant bit of the AU but, for shift right arithmetic 
instructions, the state of FCAP is ignored by the shift logic. 
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C13 

Ll7EP7 controls the gating of bits 01 to 07 of the scratch pad register to 

bits 01 to 07 of the AU. 

LOESPO controls the gating of bit 00 of the scratch pad register to bit 00 

of the AU. In shift right instructions, the signal inhibits bit 00 from being 

being gated into bit 00 of the AU. 
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C 14 

-CF 
L EO 
rtm 



CONTROL PANEL 

A - 16 indicators: used to display any functiona~ register. 

B - Register selector: selects the register to be displayed or loaded . 

C - File register selector: when the B selector is in 'R I position these switches 

may be used to select one of the 16 multipurpose registers. 

D - Start button/ Run indicator: used to start any panel operations. An 

indicator in the button is light when the computer is running. 

E - Mode selector: used to select one of the following modes: 

RUN 

INST 

READ 

LOAD: 

PRES : 

Normal opercting mode 

Instruction by instruction mode 

Read data from memory 

Write data into memory 

Stop on preset address (not available on ALPHA model) . 

F - Master Clear push button. 

- Program interrupt push button 

J - Control panel key lock used to switch the Power ON or OFF and to 

disable the other switches (lock position) 

K - l 6 data switches. 
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J Option card logic 

The three hardware options available for the P850 are all 
contained on one card called OPTI. These options are: 

additional interrupt lines 
power fail/automatic restart 
real-time clock 

and one, two or all three options may be included on the card. 

The logic for each option is described and illustrated in the 
following sections. 
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J MAK08 JMAK10 J MAK12 J MAK14 

Figure J.1 Mas k register logic 



3.1 INTERRUPT LOGIC 

A single interrupt line is fitted as standard to all P850 
processors and the logic for this line will be found on 
diagram T11 in Part 2 of this book. 

The logic for the additional interrupt lines can be added as 
two separte groups. The first contains logic for 7 
additional lines and the logic elements can be identified by 
the letter I. If this group is added to the standard 
interrupt line, a total of 8 interrupt lines can be serviced. 
When more than 8 interrupt lines are needed, logic for a 
group of 8 more interrupt lines can be added giving a maximum 
of 16 interrupt lines. The logic elements of this second 
group can be identified by the letter J. 

The standard interrupt line cannot be masked, but all the 
addtional lines can be masked by bi-stable latches shown on 
Figure 3.1 using the WIM instruction. 

This instruction loads the contents of a register (which has 
previously had the required mask pattern loaded into it) on 
to the B¢U lines. The register into which the mask 
pattern has been loaded will have a 1 in the bit positions of 
the lines which are to be masked and a O in the bit positions 
of the lines which are to be enabled. 

From the B¢U lines the mask pattern is gated through inventors 
to the D side of the bi-stable latches and is clocked by T2LW/ 
(which is produced on diagram T11). 

The output levels from the bi-stable latches are used as input 
to the N¢R elements on Figures 3.2 and -3.3. 
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I01 102 IOJ 
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l 13 
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lMAK07 

IO? 

1 11 

Figure J.2 Optional interrupt logic (f i rst 7 additional lines ) 



The logic on both Figures J.2 and J.J functions in the same 
way. 

Levels from the mask bi-stables and from the interrupt lines 
are gated through N¢R elements to ~wo 4 input NAND gates, 112 
and J1J. Any one of these inputs going low will result in 
levels IIUB/ and JIVC/ being produced. These two levels 
are used by the interrupt logic on diagram T11 in part 2 of 
this book. 



3.6 
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Figure J.J Optional interrupt logic (second 8 additional lines) 
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F igure J.4 Read interrupt lines logic 



The logic on this diagram is used by the RIL instruction. 
This instruction allows the state of the interrupt lines to 
be loaded into a register. 

The interrupt lines are connected to one side of 2 input NAND 
gates. These gates are enabled by the level RIL which is 
produced on diagram C8 in part 2 of this book. 

The outputs from these gates are connected to the BIN lines 
and are gated into the selected register during the El and E2 
cycles of the instruction. 

Active and not masked interrupt lines are indicated by a 1 in 
the corresponding bit positions. 

Inactive or masked lines are indicated by a O. 
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Figur e J. 5 Power fail / automatic restart logic 



3.2 POWER FAIL 

When this option is included on the card, the output from the 
PFAIL01 flip~flop must be connected to the standard interrupt 
line INOO which is not maskable. 

When the power supply(ies) 
PFAILOJ are high (1). 
of this gate high and this 
PFAIL08 and PFAIL01. 

is (are) operating, the inputs to 
A power failure sends the output 
high is used to trigger flip-flo ps 

PFPF/ is used to generate an interrupt and this interrupt 
carryies out a routine to store information, relevant to the 
current instruction, in the memory. The interrupt will 
occur 1 millisecond before the d.c; supplies fall below the 
normal operating level. 

PFAURE/ is used (on diagram T5) for the automatic restart 
routine to enable the FRUN flip-flop. 

This routine will operate only if the key-lock is in the LOCK 
position . One of the things this routine does is to 
generate MCL to clear all the control flip-flops (inc luding 
the power/ fail flip-flops). 

NOTE: A break in mains voltage of less than 20 milliseconds 
will not be detected. 
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Figure J.6 Real- time c lock logic 
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3.3 REAL TIME CLOCK 

The real-time clock can be turned ON or OFF by a CI¢ 
instruction. It is programmed in the same way as a 
peripheral device and it has a fixed address of 63. 

When this option is addressed by program, the BAD and 
B¢F lines activate the logic on Vigure 3.6 producing 
levels RCI¢ARE/ , ACC/ and ARE/ which are used on 
Figure 3.7. 
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The internal timer is synchronised by the frequency of 
the mains voltage supply to which the CPU is connected. 
It produces 20 millisecond pulses (RCL¢CK) and these 
are used to trigger flip-flop RTC07. The output from 
this flip-flop (RFRT) generates an interrupt which is 
used on the ¢AUR ca'rd. · 

The clock is turned ON or OFF by flip-flop RTC10. 

3.15 



4 Pin connections 

This part is divided into J sections. The first sectioQ 
contains the ICM diagrams that show the pin connections of 
each individual integrated circuit module. 

The second section contains the diagrams of each individual 
card for the basic processor. These show the types of 
module and their relative position on the card, and the pin 
connections for each card. 

The last section contains diagrams that show all other pin 
and cable connections. 
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5 Definitions 

The signal, control or instruction names used in 
the logic and timing diagrams are made up of one or a 
combination of abbreviations or mnemonics. To assist in 
recognizing the meaning of these names, the following list of 
abbreviations has been compiled and placed in alphabetical 
order. The following example shows how to use the list: 

BULYB: this breaks down into three components, i.e. 

BUL, Y and B 

BUL means BU register left 
Y means read the contents of 
B means the internal bus lines (B-lines) 

therefore the meaning of BULYB is: the contents of the 
B-lines are read into the BUL register. 

At the end of the list ~f abbreviations there is a list of 
logic drawing interconnections which will assist in finding 
the various signals used in the logic diagrams in Part 2. 
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name 

ACB 

ACC 

ADD 

AL 

AND 

ARETW¢ 

AR 

AU 

B 

BAD 

BIN 

B¢ 

B¢F 

BRC 

BSAR 

BUL 

BUR 

C 

C2 

CA 

CF 

C-gates 

CH 

CIN 

c¢ 

C¢M 

CR 

CV 

DAV 

DEF7 

D-gates 

E, EX or 
Exec 

5-2 

Definition of abbreviations 

meaning 

absolute conditional branch (instruction mnemonic) 

accept command (used during I / ¢ transfers) 

add function 

arithmetic left 

logical AND (instruction mnemonic) 

signal used to update the P- and S-registers 

arithmetic right 

arithmetic unit 

bus or B-lines 

bus address lines (used during I / ¢ transfers) 

bus input lines (I / ¢ bus) 

bootstrap 

bus operation function (used in I / ¢ transfers) 

branch on condition 

contents of B-lines and SAR-register 

most significant 8 bits of the BU-register 

least significant 8 bits of the BU-register 

clock 

two's complement (mnemonic) 

carry 

call function (mnemonic) 

gate s that enable the input lines to the M-register 

character 

carry into AU 

carry out from AU 

complement 

condition register 

condition verified 

device address valid (used during I / ¢ transfers) 

logic signal that forces hexadecimal value F7 into 
the K-register during a call function 

gates that enable the M¢L contents to be read into 
either the K-register or the C-gates 

execute 



name 

F 

FAR 

FAURE 

FCE 

FENB 

FLA 

FLK 

FPF 

FRT 

HL 

IG 

IL¢NG 

IM 

IN 

INT 

I¢ or 

KEY 

KL 

KR 

L 

LCL 

L¢AD 

L¢D 

L¢G 

M 

MREF 

NU 

¢ 

¢sc 

¢UT 

¢VF 

I / ¢ 

meaning 

flip-flop or fetch 

address recognized flip-flop (used during I / ¢ 
transfers) 

automatic restart flip-flop 

force 

enable interrupt flip-flop 

signal used to perform some cycles twice during 
call, return and load increment instructions 

link to monitor (instruction mnemonic) 

power fail flip-flop 

real-time clock flip-flop 

halt 

interrupt generated 

an instruction with the address or constant 
contained in the second word 

interrupt mask register 

input 

interrupt 

input / output 

key lock on control panel 

K-register left bits 00 to 07 

K-register right bits 08 to 15 

last or left or load 

clear-write (LCL/ ) or read-restore (LCL) 

load from control panel 

load 

logical 

memory or M-register 

memory reference 

null 

output 

oscillator 

output · 

overflow 
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name 

p 

PFAURE 

PST 

RCP 

RES 

RESET 

RESM 

RIL 

RR 

RSEL 

RTN 

RUN 

s 

SAR 

SET 

SH 

SLA 

SLL 

SP 

SPA 

SPA4-

SRA 

SRC 

STA 

STD 

STK 

STNC 

STN¢ 

STR 

STSEL 

SUB 

T 

w 

WIM 

X 

y 

5-4 

meaning 

P-register or program counter 

power fail / automatic restart 

start pulse 

read control panel switches 

result 

reset flip-flop 

result in memory 

read interrupt lines (instruction mnemonic) 

register-to-register instruction 

register selected from control panel 

return from function (instruction mnemonic) 

run mode 

selection or select 

buffer register used during the updating of the 
S-register 

set flip-flop 

shift 

shift left arithmetic 

shift left logical 

scratch pad registers 

scratch pad address 

signal that selects the appropriate SP chip 

shift right arithmetic 

shift right circular 

start 

standard 

stack 

start button normally closed contact 

start button normally open contact 

start routine 

status selected from control panel 

subtract 

timing 

write 

write interrupt mask (instruction mnemonic) 

indexing 

reads 



signal 

ACB/ 

ACC/ 

ADD/ 

ADSLA 

AF1 

AF1/ 

AF2 

AF2/ 

ALO/ 

AND/ 

ARE/ 

AREM 

ARETWjl} 

ARO 

AUO/ 

BADOO/ 

BAD01/ 

BAD02/ 

BAD0,3/ 

BAD04/ 

BAD05/ 

BEBINR 

BEBINL 

BEE 

BESTL 

BESTR 

BINOO to 15/ 

Bjl}/ 

Bjl}FO1/ 

Bjl}FO2/ 

Bjl}FOO/ 

Bjl}UOO 

BRC 

BULLYBL 

BULRYBR 

Logic drawing interconnection list 

from 

Ct 

C1 

A,3 

T5 

T5 

T5 

T5 

A2 

Ct 

C,3 

c.3 

M,3 

A4 

M4 

M4 

M4 

M4 

M4 

M4 

T9 

T9 

T9 

T9 

T9 

M4 

M4 

M4 

C1 

TB 

TB 

C2 

CB 

A.3,c2,c7,c1.3 

Ct 

TB,T9,T1O 

C11 

T9,T1O,C9,T12 

TB,T10 

A,3 

c2,c7,c14 

CB 

M,3 

M,3 

A,3 

A,3 

T6,C1 

Al 

Al 

A5 

A5 

A5 

Al 

A2 

T11 

C1O 

A2 

A2 

to 
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signal 

BURLYBL 

BURRYBR 

BUOO to 15 

B¢T 

BO/ 

Bl/ 

B2/ 

BJ/ 

B4/ 

B4A 

B5/ 

B5A 

B6/ 

B6A 

B7/ 

B7A 

CE/ 

CEB 

CFA 

CF 

CF/ 

CFBEO/ 

CFEO/ 

CFHL 

CH/ 

CINEFC 

CINEFP 

CINE1/ 

CINST/ 

CMSEL/ 

C¢M 

CFRUNZ¢ 

CL¢AD 

C¢M/ 

CPI / 

CRCP1 

5-6 

from 

T8 

T8 

M6 

A1,A5 

A1,A5 

A1,A5 

A1,A5 

A1,A5 

M8 

A1,A5 

M8 

A1,A5 

M8 

A1,A5 

M8 

C2 

C5 

c4 

M7 

M6 

T6 

c4 

T10 

Cl 

c4 

T8 

c4 

c14 

T10 

Cl 

Cl 

A2 

A2 

A2 

M9 

M9 

M9 

M9 

M8,M9 

M6 

M8,M9 

M6 

M8,M9 

M6 

M8,M9 

M6 

c4 

Ml 

C10 

T6 

M7,T4,C1J,C14 

C2 

to 

T12 

c2,c4,c10,c11,c14 

A7 

A7 

A7 

T10 

T8 

AJ 

T10,C5,C14 

c2,c7,c4,c14 

c2,c7 

M10 



signal from to 

CRCP2 M10 

CRCP4 M10 

CRCP8 M10 

CREAD T10 

CRELO/ T10 T12 

CRL1 T10 A1,T9,C9 

CRL1/ T10 T5,C11 

CRL1A T10 T8,CJ,C5,C6 

CRL1RLJ T10 

CRLJ T10 A1,T9 

CRLJA T10 TB,c3,c5,c6,c14 

CRL4 T10 C9 

CRL4/ T10 TB,T7,c11,c13,c14 

CRO AJ A5 

CRO/ AJ M6 

CR1 AJ A5 

CR1/ AJ M6 

CROE1A AJ AJ 

CROZ¢/ CB AJ 

CR1Z¢/ C8 AJ 

CRZJ C8 AJ 
CRYCRD C7 AJ 

CRSEL/ c14 

CSTSEL/ T9 

CV/ M6 C1 

DAV/ CB 

DEF? T11 M1 

DEMOL T11 M1 

ECR c4 c10,c14,c11 

ECR/ c4 c10,c13,c14 

EXINST T12 T11 

EO T6 T7,T11,c3,c4,c6,c9,c10,c11,c1J,c14 

EO/ T6 TB,T4 

E1 T6 M7,T4,T6,TB,CJ,C4,c8,c9,c11,c13,T2 

E1/ T6 T7,T11,T12,C2,CJ,C5,C6,c11,c14 
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signal from to 

E1Hi CiO C10 

EiRESK T4 C9 

E2 T6 A7,T7,T8,T9,c4,c5,c7,c8,ci2,ciJ,ci4, 
Ti2 

E2/ T6 M7,T8,T9,c2,c3,c5,ci4 

E2HO Ci2 c2,c10,ci1 

E2H1 C12,CiJ C10 

EOO A4 A5 

EOi A4 A5 

E02 A4 A5 

EOJ A4 A5 

E04 A4 A5 

E05 A4 A5 

E06 A4 AJ,A5 

E07 A4 AJ,A5 

FCAYFC T7 A7 

FCESP7 T7 A7 

FCAPYFP T7 A7 

FCP T7 A5 

FCP/ T7 

FENB Ti1 A5 

FLA M7 T6,c2,c4,c6,c7 

FLAB/ T6 T9,Ti2 
FLACR M7 T6,Ti2 
FLK M7 A5 
FNUYNU T7 AJ 
FRUN T5 T5,Ti0,Ti2 

Fi T12 T5,T7,T8,CJ,CiJ,Ci4 

Fi/ Ti2 C11 

F2 Ti2 T4,T6,T8,c6,c9,cii,C1J 

HO Ti,T2 T8,T9,c2,c3,c4,c5,cio,c1i,Ci2 

H1 Ti,T2 T8,T9,c2,c3~c4,c5,cio,c1i,Ci2,ciJ 

HiE1 T2 MJ 

IIVB T11 

IL¢NG M7 CJ,Ci4 

IM/ C2 c4 

IN/ Ci T9,c8,CiO,ci1,ci4 
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signal from to 

INT T11 A5,T9,C9,C14 

INT/ T11 T5,T6,T12 

INTNC/ T7 

INTN¢/ T7 

I¢R/ C1 c2,c7,c14 

IR/ TU T12 

ISOO/ T11 

I2 T11 T6,C9 

I1/ TU C9 

JIVC T11 

KEYOO to 15 A1 
KLYD/ T12 M5 
KLOO M5 MJ,M6,M1O,CJ 

KLO1 M5 C1 

KLO2 M5 C1 

KLOJ M5 C1 

KLO4 M5 C1 

KLO5 M5 M6,M7,M1O 

KLO6 M5 M6,M7,M1O 

KLO7 M5 M6,M7,M1O 

KRYD/ T12 M4 

KROB M4 MJ,M5,M7,M1O,T1O 

KROB / M4 C4,C12 

KRO9 M4 MJ,M5,M6,T4,T11 

KRO9A/ T11 T6,C1 

KR1O M4 MJ}M5,M6 

KR1O/ M4 T7,cB,c12,c13 _ 

KR1OA T6 T7,T11 

KR11 M4 M7,M6,M1O 

KR12 M4 MJ,M6,M7,M1O 

KR1J M4 MJ,M6,M7,M1O 

KR14 M4 MJ,M6,M7,M1O 

KR15 M4 MJ,M6,T4,c2,c9,c13,c14 

KR15 / M4 c7,cB 

KR15A/ c7 C2 

K10A15B M4 CB 

5-9 



signal from to 

L T12 T7,T8,T10,T11,T12,CJ,C4,c8,c9,c11, 
C1J,C14 

LEBUL c4 A2 

LEBUR c4 A2 

L¢D C1 M6,c2,c7 

L¢ECA C12 A7 

L¢ECAP C12 A7 

L¢ESPO C1J A7 

L17EP6 C12 A8 

L17EP7 C1J A8 

MCL M8 

MCL/ M8 

MCLM/ M8 M9 

MCLT1/ M8 T5,T10,T12 

MCLT2 M8 T4,T6 

MREF M6 T4,T6,c2,c7,c9,c13,c14 

MYC/ c6 M2 

M0-7 M2 MJ 

NU A4 AJ 

¢R1/ MS M6,c2,c7,c13 

¢R2 M4 C8 

¢R2/ M4 M7,C1J 

¢sc/ A4,T1,T6,c6,c7,c9,c13,TJ 

¢UT/ C1 c2,c8 

PFAURE/ TS 

RBC/ C1 C2,C4 

RES C7 T7,T11,C14,R10 

RESET1 M8 

RESET2 M8 

RESKB/ T4 T6 

RESM T4 C2 

RESM/ T4 C2 

RFRT AS 

RIL c8 

RLI M6 T6 
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signal from to 

RR C10 C4,C5 

RR/ M5 M5,c4,c7,c10 

RTN/ M6 M7 

RTN M7 T11,C7 

RTO T1 T2 

RT1 T1 T2 

RT2 T1 T2 

RTJ T1 T2 

so C2 A4 

St C2 A4 

S2 C2 A4 

SJ C2 A4 

S04/ MB M7 

so5/ MB M7 

S06/ MB M7 

so7 / MB M7 

SOB / MB M7 

so9/ MB M7 

S10/ MB M7 

s11/ MB M7 

s12/ MB M7 

SlJ/ MB M7 

s14/ MB M7 

S15D/ C9 M9 

SARYB C9 M9 

SAROB M9 M6 

SAR09 M9 M6 

SAR15 M9 C14 

SCLYSCD C9 M9 

SET C7 M7,T11,C14 

SH C1 T7,TB,C12 

SH/ Cl c4, C7, C10, C11, c12', C1J, c14 

SHK10B Cl C2 

SKSD T4 T6 

SPAERCP T10 M10 

SPAER1 C10 M10 
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signal from to 

SPAER2 C10 M10 

SPAO/ M10 M10 

SPA1/ M10 M10 

SPA2/ M10 M10 

SPAJ / M10 M10 

SPYB/ C14 A6 

SPA4 C11 A6 

SRA C12 C1J 

STD/ M6 M7,T4,T9,C10 

STK/ C1 M7,AJ,T4,c2,c9 

SUB/ C1 AJ,C2,C4,c7,c13 

STN¢/ T5 

STNC/ T5 

SUSLA C1 AJ 

SYBSAR/ C9 M8,M9 

TF/ TJ T10 

TFP / TJ T4,T5,T6,l11,T12 

TO T1/ T2 T7,C8 

T1 T1/ T2 T7 

T2 T1/ T2 c6,c14 

TJ T1/ T2 T6 

T4/ T1/ T2 M7,C8 

T5 T1/ T2 T7,C8 

T6 T1/ T2 T5,T10,c6,c7,c8,c9,c14 

T6/ T2 C9 

T7 T1/ T2 TJ 

T2A T2 M7,T5,T8,T11,T12,C9 

T2PT6 T1/ T2 c14 

T6A T2 T8, T 10 , T 11, C 9 

T6E2 c8 C14 

T105 / T1/ T2 A4 

T2LW/ T11 

WIM CB T11 

W1 T4 T6,T7,T9,C4,c10,c11,c14 

W1/ T4 c5,c6,c10 

W2 
1

T4 M7,T6,T8,T12,c11,c14 
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signal from to 

W2/ T4 c5,c6,c10 

W2D T4 CJ 

W1PW2 T4 C2 

XEC T4 T6,CJ 

XEC/ C1 T4,T12 

XI / T11 CJ,C6 

X¢R/ C1 c2,c7,c14 

X1 T4 T7,C11 

X1/ T4 T 11, C 10 , C 1J , C 9 

X2 T4 T6,T11,C9 

X2/ T4 TB , T 11, C 10 , C 1J 
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SECTION VI 

POWER SUPPLY 

The power supply unit provides + and - 5 volts d. c. (for up to lK of memory 

the logic cards of the CPU and the control units cards), the 12 volts a. c. 

supply for the indicator lamps, and plus and minus 12 volts d. c. used by the 

logic of the power supply unit. In addition it provides power fail and re set 

signals used by logic in the CPU. 

When more tha~ wer supply is used, two additional signals are used to 

ensure that the correct switching sequence is maintained during power 

ON/ OFF ope rations . 

6. 1 LAYOUT 

Figure 6. 1 shows the layout of the unit. The power transistors and 

thyristors for the + and - 5 volts d. c. supplies are mounted on heat sinks 

RD 1 and RD2. The HI 1 card contains the power fail and re set line logic and 

the + and - 12 volts d. c. supplies used by this unit. Card HI2 contains the 

control logic for both voltage and current and the power ON/OFF sequencing 

logic for the + and - 5 volts d. c. supplies. 

The mains input fuse (F 1) is mounted on the backpanel of the unit, the two d. c. 

fuses (F2 and F3) are mounted on the heat sink inside the unit. 

6. 2 OPERATION 

The power supply is of the series regulated type and has outputs sequenced 

such that data stored in the memory is not disturbed when the mains is switched 

ON or OFF. The timing of the switching sequence is shown in Figure 6. 2, 

together with the timing of the power fail and re set signals. 

Figure 6. 3 shows a general electrical scheme of the power supply. When the 

mains supply is switched on, via the key-lock switch, the two rectified and 

smoothed 5 volts d. c. outputs will appear on the collectors of the series power 

6. 1 
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transistors. At this time the transistors are cut off so the output is prevented 

from appearing on the output terminals. When the outputs have stabilised, 

the delay logic (on the HI2 card) switches the transistors on and the output 

becomes available on the output terminals. 

When the mains supply is switched off, or there is a power failure , a trigger 

pulse is sent from the security card (Hll) to the thyristor of the - 5 volts d. c. 

supply. This cuts off the - 5 volts from the output terminals, and the loss 

of the - 5 volts activates the undervoltage logic which in turn cuts off the 

+ 5 volts from the output terminals. 

6. 3 SECURITY CARD (Hll) 

(see figures 6.4 and 6. 5) 

The stabilised + and - 12 volts d. c. is used by logic both on this card and on 

the HI2 card. The mains input to the line detector circuit is also taken from 

the same transformer winding. 

POWER FAIL LOGIC The power fail detection is done by the Q 1 networks, 

R 1 having been set to detect breaks greater than 5 milliseconds (all 

adjustment procedures have been carried out by the manufacturer and the 

variable re sis tors, shown on Figures 6. 5 and 6. 7, replaced by fixed 

resistors). During normal operation the output from Q7 is high. When 

the mains is switched off a power failure occurs, a signal from Q 1 drives 

the output of Q7 low and this low signal activates the power fail logic of the 

CPU. The output from Q 1 also drives Q 10 and Q2 producing FL 1 and FL2. 

DELAY LOGIC 

Hl, Q5 and Q6. 

The output from Q2 is also used to drive the delay network of 

This network can also be activated by a failure of the - 5 volts 

during normal operation. When the delay time has expired, the output from 

Q6 is used to drive the thyristor trigger circuit. 

TRIGGER CIRCUIT The output from Q6 causes Q3 to trigger the thyristor half 

of the two cross-coupled nand gates in H2. The output from H2 drives 09 and 

the output from this transistor is used as the crowbar trigger on the HI2 card. 

This circuit will also be activated if the + 5 volts fails during normal operation. 

~ 
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RESET LINE LOGIC This circuit is activated by a signal from the - 5 volts 

undervoltage circuit, on the HI2 card, shortly after the - 5 volts is available 

on the output terminals. The signal drives Q4 whose output triggers the reset 

half of the cross-coupled nand gates in H2. The output from H2 drives Q8 and 

the output from Q8 will be high during normal oper a tion of the power supply. When 

the mains is switched off or there is a power failure , the output of Q8 will be 

driven low due to the action of the cross coupled nand gates, in H2, when the 

trigger circuit operates. 

6. 4 AMPLIFIER CARD (HI2) 

(see figures 6. 6 and 6. 7) 

The circuit can be divided into two and both halves operate in a similar way. 

The - 5 volts half has two extra input to it, (one in the gating circuit and the 

other from the crowbar trigger) and the delay times are slightly different; to 

therefore to avoid repeta tive descriptions, both h a lves of the circuit will be 

explained together. Where differences occur, both circuits will be de scribed. 

OPERATIONAL AMPLIFIERS H 1 and H3 These modules perform the function 

of the current amplifier, current limiting and voltage amplifier. 

The outputs from the modules controls the operation of the series pow e r 

transistors and, when the mains power has just been switched on, the power-on 

sequence of the + and - 5 volts d. c. via the undervoltage, delay and gating 

circuits. 

OPERATIONAL AMPLIFIERS H2 and H4 These modules function as 

undervoltage circuits. The outputs from them are used as inputs to the delay 

circuits, the security card and to the other power supply when two units are 

used in the CPU. 

OVERVOLTAGE CIRCUITS These are the Q4 and QS and the Q9 and Ql0 

networks. The voltage to the bases of Q5 and Q 10 is set so that until the 

output voltage (of the power supply) rises above 5. 5 volts, Q5 and Ql0 will 

conduct and their outputs will drive Q4 and Q9. The output from these 

transistors will trigger the appropriate thyristor cutting off the supply to the 

output terminals. The base of Ql0 can also be driven by the Growbar trigger 

output from the security card. 
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DELAY CIRCUITS These are the Q 1 and Q2 and the Q7 and Q 11 networks. 

The delay is achieved by the CR networks CS and R53 and C7 and R59. 

During the switch on period, these circuits delay the applicat~on of the supply 

outputs to the output terminals until all the circuits have stabilised. The 

outputs from Q 1 and Q7 then activates the gating circuits which in turn permit 

the H 1 and H3 modules to switch the supplies to the output terminals. When a 

power failure is detected, the delay circuits are inhibited by a signal from the 

security card. 

GA TING CIRCUITS These are the Q3 and the Q6 and Q8 networks. They are 

driven by the output signal from the delay circuits and the outputs from Q3 and 

Q8 will cause the Hl and H3 modules to cut off the supply from the output 

terminals. They will be activated by an undervoltage condition either during 

normal operation or during a switch-off sequence. The -5 volt circuit has an 

extra input to the gate from Q6. This input will be activate when an undervoltage 

condition exists in the second power supply (when two supplies are used by the 

CPU). 

6. 5 OTHER COMPONENTS 

These are the components not already described in previous sections (see 

figure 6. 3. ) 

VRl: This is a spark gap device which will suppress spikes on the incoming 

a. c. mains. 

S 1: This a thermal operated switch which will operate if the internal 

temperature becomes excessive. 

VOLTAGE SENSE RESISTORS These are resistors Rl0, Rll, Rl2 and Rl4. 

These resistors prevent damage to power supply if it is switched on without the 

external load being connected. 

6. 6 OUTPUT TERMINALS 

Figure 6. 8 shows the terminals to which the various outputs are connected. 

The configuration will be the same when more than one power supply is used, 
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but in this case J2/8 (U. V. 3) will be connected to Jl/2 (U. V. 2) of the second 

power supply and J2/8 (U. V. 3) of the second power supply will be connected 

to J 1/2 (U. V. 2) of the fir st power supply. 

6. 7 CONTROL OF TWO POWER SUPPLIES 

The interconnection of two power supplies has already been detailed in the 

previous section. Figure 6. 9 shows the power on/off sequence and power 

fail and re set line timing for two power supplies. The re set logic in the CPU 

will only be activated when both re set line outputs are high. On the other 

hand either of the power fail outputs going low will activate the power fail logic 

in the CPU. 

• 
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SECTION VII 

INSTRUCTIONS FOR REMOVAL AND REPLACEMENT OF SUBASSEMBLIES 

This section contains the instructions for the removal and 

replacement of the subassemblies of the CPU. A separate 

section is devoted to each type of CPU and the engineer has 

only to refer to the section relevant to the CPU he is 

servicing. The other sections may be needed later when the 

customer either extends his existing system or changes from 

a Table-Top to rack mounting version or visa-versa. 
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7. 2 INSTRUCTIONS FOR REMOVING AND REPLACING SUBASSEMBLIES 

The subassemblies of the P850 rack-mounting CPU can be removed and 
replacing using the following instructions. 

7. 3 REMOVAL FROM THE RACK 

( 1) Switch OFF the CPU at the control panel and remove the mains plug 
from the mains socket. 

(2) Remove the screws holding the CPU to the rack. 

(3) Remove the CPU from the rack by pulling the unit towards you, 
making sure that the cables at the rear of the unit are not damaged. 

The subassemblies can now be accessed. 

7. 4 CONTROL PANEL 

The top of the control panel is attached to the chassis by two hinges. 
Access to the switches, indicator etc, can be made using the following 
routine: 

( 1) Remove the two metal fixing strips (at the top and bottom of the 
panel) by pulling them towards you. These strips are held in 
place by spring clips (two to each strip) and are quite easily 
detached. 

(2) The engraved plexiglass panel can now be removed. 

(3) Remove the six countersunk screws that hold the metal panel to 
the mounting. 

CAUTION: take care not to damage the connectors or wiring 
when carrying out the next two steps. 

(4) The panel will now hinge upwards. 

(5) Carefully unplug the two connectors (linking the panel to the chassis) 
by pulling the connectors straight out without exerting any side pull. 

Replace the control panel by carrying out the above instructions in the 
reverse order. 

7. 5 REMOVAL OF THE CONTROL PANEL CIRCUIT BOARD 

( 1) Ensure that the machine is switched OFF at the control panel 

(2) Remove the four fixing screws and withdraw the circuit board. 

7. 3 



This allows access to switches and indicator lamps. 

Care should be taken that the board does not come into contact with the 
mains switch contacts whilst taking measurements with the power 

switched ON. 

The board is replaced by carrying out the above in the reverse order. 

7. 6 REMOVAL AND REPLACEMENT OF THE POWER SUPPLY 

Figure · ?. 3 

position o f nower 
sc.pplv r e taining screws 

En.sure that the mains plug has been disconnected. 

7. 7 Al POWER SUPPLY REMOVAL 

( 1) Remove the mains cable clamp 

(2) Remove the eight retaining screws (see Figure 7 .. 3) four on each side. 

(3) Very carefully withdraw the power supply from the back of chassis, 
taking care not to damage the cable. 

This operation will allow access to the logic and CU cards of the CPU and 
memory unit(s) n ° 1 and 2. 
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7. 8 REPLACING THE POWER SUPPLY 

The power supply should be replaced by reversing the order of the 
steps used for its removal. Take care when replacing the supply not 
to trap or damage the cable. 

7. 9 REMOVAL AND REPLACEMENT OF CIRCUIT CARDS 

The machine must be switched off at the control panel before either 
removing or replacing a card. Before a control unit card can be 
removed, the input/ output socket that connects the peripheral to the 
card must be carefully removed. 

The circuit cards should be removed by pulling straight out without 
exerting any lateral pressure on the card. For this reason it is 
advisable to use both hands when either removing or replacing a card. 

When replacing a card, care should be taken to ensure that it engages 
correctly in location slots on each side of the chassis. No excessive 
pres sure must be used when replacing a card otherwise the card or 
circuits may be damaged. 

7. 10 REMOVAL AND REPLACEMENT OF THE MEMORY UNIT(S) 

Switch off the machine at the control panel before removing or 
replacing a memory unit. 

To remove the memory unit, pull down on the RED lever (top center 
of the unit) to release the retaining latch and withdraw the unit. 

When replacing a memory unit, make sure that the RED retaining 
latch is properly engaged in its socket. 

7. 11 TAKING MEASUREMENTS 

CONTROL PANEL CIRCUIT BOARD 

When taking measurements on this board, the probe must not be 
connected directly to the pins. The probe should be attached 
firmly to some fixed point and a single flexible wire should be 
connected to the probe. At the other end of the wire should be 
a single pin socket which is then inserted in the appropriate circuit 
board pin. This method prevents any undue tension being exerted 
on the pins causing pin Hexion or short-circuit with neighbouring 
pins. 
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LOGIC CARD MEASUREMENTS 

Before measurements can take place, the card must first be 
removed and replaced by an extension card. The card to be 
tested is then inserted in the extension card sockets. A probe 
with a fine point should be used because of the high density of 
printed circuit tracks. 

Measurements to individual integrated circuit modules must be 
made using the clip specially designed for this purpose. 

NOTES: 

( 1) The removal of one or more of the logic cards for the purpose 
of making special measurements will not adversely affect the 
operation of the remaining cards. 

(2) Whilst making tests on a disassembled machine, care should be 
taken that the mains leads of the switch do not come into contact 
with any metal object. 

A check should also be made that the blower fans operate 
normally and that any mains connections are properly isolated. 
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7.12 INSTRUCTIONS FOR REMOVING AND REPLACING SUBASSEMBLIES 

The subassemblies of ' the P85O rack-mounting CPU can be removed 
and replaced using the following instructions. 

7.lJ REMOVAL FROM THE RACK 

(1) Switch OFF the CPU at the control panel and remove the 
mains plug from the mains socket. 

(2) Remove the screws holding the CPU to the rack. 

(J) Remove the CPU from the rack by pulling the unit 
towards you, making sure that the cables at the 
rear of the unit are not damaged. 

The subassemblies can now be accessed. 

7.14 CONTROL PANEL 

The top of the control panel is attached to the chassis by two 
hingeso Access to the switches, indicator, etc, can be made 
using the following routine: 

(1) Remove the two metal fixing strips (at the top 
of the panel) by pulling them towards you. 
are held in place by spring clips (two to each 
and are quite easily detached. 

and bottom 
These strips 
strip) 

(2) The engraved plexiglass panel can now be removed. 

(J) Remove the six countersunk screws that hold the metal 
panel to the mounting. 

CAUTION: take care not to damage the connectors or wiring 
when carrying out the next two steps. 

(4) The panel will now hinge upwards 

(5) Carefully unplug the two connectors (linking the panel 
to the chassis) by pulling the connectors straight out 
without exerting any side pull. 

Replace the control panel by carrying out the above 
instructions in the reverse order. 
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7.15 REMOVAL OF THE CONTROL PANEL CIRCUIT BOARD 

(1) Ensure that the machine is switched OFF at the control 
panel. 

(2) Remove the four fixing screws and withdraw the circuit 
board. 

This allows access to the switches and indicator lamps. 

Care should be taken that the board does not come into 
contact with the mains switch contacts whilst taking 
measurements with the power switched ON. 

The board is replaced by carrying out the above in the 
reverse order. 

7.16 REMOVING THE BOTTOM FRONT PANEL 

This panel is attached to the chassis by two hinges 
on the bottom edge. 

Remove the six fixing screws and carefully pull the 
panel downwards. 

Replace using the reverse order. 

7.17 REMOVAL AND REPLACEMENT OF THE POWER SUPPLIES 

Figure 7.4 

position of power 
supply retaining screws 

Ensure that the mains plug has been disconnected. 
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7.18 Al POWER SUPPLY REMOVAL 

(1) Remov e the mains cable clamp. 

(2) Remove the eight retaining screws (see Figure 7o4) 
four on each side. 

(J) Very carefully withdraw the power supply from the 
back of the chassis, taking care not to damage the 
cable. 

This operation will allow access to the logic cards of the 
CPU and memory unit(s) n°1 and 2 in the top chassis. 

7.19 A2 POWER SUPPLY REMOVAL 

(1) Remove the mains cabl e clamp. 

(2) Remove the power supply retaining screws (see figure 7.4) 
and withdraw the power supply in the sam e way as for 
power supply A 1 o 

This operation will allow access to the CU cards and memory 
unit(s) n° J and 4. 

7.20 REPLACING THE POWER SUPPLIES 

The power supplies s hould be replaced by reversing the order 
of the steps used for their removal. Take care when 
replacing the supplies not to trap or damage the cable. 

7.21 REMOVAL AND REPLACEMENT OF CIRCUIT CARDS 

The machine must be switched off at the control panel before 
either removing or replacing a card. Before a control unit 
card can be removed, the input / output socket that connects 
the peripheral to the card must be car e fully removed. 

The circuit cards should be removed by pulling straight out 
without exerting any lateral pressure on the card. For this 
reason it is advisable to use both hands when either removing 
or replacing a card. 

When replacing a card, care should be taken to ensure that it 
engages correctly in location slots on each side of the chassis. 
No excessive pressure must be used when replacing a card 
otherwise the card or circuits may be damaged. 

7.22 REMOVAL AND REPLACEMENT OF THE MEMORY UNIT(S) 

Switch off the machine at the control panel before removing 
or replacing a memory unito 
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To remove the memory unit, pull down on the RED lever (top 
centre of the unit) to release the retaining latch and 
withdraw the unit. 

When replacing a memory unit, make sure that the RED 
retaining latch is properly engaged in its socket. 

7o2J TAKING MEASUREMENTS 

CONTROL PANEL CIRCUIT BOARD 

When taking measurements on this board, the probe must not 
be connected directly to the pinso The probe should be 
attached firmly to some fixed point and a single flexible 
wire should be connected to the probe. At the other end 
of the wire should be a single pin socket which is then 
inserted in the appropriate circuit board pin. This 
method ~revents any undue tension being exerted on the pins 
causing pin flexion or short-circuits with neighbouring pins. 

LOGIC CARD MEASUREMENTS 

Before measurements can take place, the card must first be 
removed and replaced by an extension cardo The card to 
be tested is then inserted in the extension card sockets. 
A probe with a fine point should be used because of the 
high density of printed circuit tracks. 

Measurements to individual integrated circuit modules must 
be made using the clip specially designed for this purposeo 

NOTES : 

(1) The removal of one or more of the logic cards for the 
purpose of making special measurements will not 
adversely affect the operation of the remaining cards. 

(2) Whilst making tests on a disassembled machine, care 
should be taken that the mains leads of the switch do 
not come into contact with any metal object. 

A check should also be made that the blower fans operate 
normally and that any mains connections are properly 
isolatedo 
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INSTRUCTIONS FOR REMOVAL AND REPLACEMENT OF SUBASSEMBLIES 

P850 Table-Top 4K 

Figure 7. 5 4K Table-Top 
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7. 24 INSTRUCTIONS FOR REMOVING AND REPLACING SUBASSEMBLIES 

The P850 computer is produced as a table-top model complete with cover . 
Thi s cover is removable to allow easy access to the various components 
of the computer. 

7. 25 REMOVAL OF THE COVER 

The following routine must be used for removing the cover: 

( 1) Switch off the computer at the control panel and remove the mains 
plug. 

(2) Remove the back grid. 

(3) Remove the front grid. 

(4) Remove the two side panels. These items simply lift off and are 
replaced by pres sing back into position. 

(5) Remove the top of the cabinet. This is done by removing the four 
retaining screws holding the cabinet to the mounting. 

These steps will allow access to the subassemblies and cards in the top 
chassis. To gain access to the subassemblies and cards in the bottom 
cha ssis the control panel and the bottom half of the cabinet must first be 
removed. This can be done using the following routine: 

(6) Using the correct tool, remove the four screws that secure the 
control panel to the mountings. 

CAUTION: Take care not to damage the connectors or wiring 
when carrying out the next step. 

(7) Carefully unplug the two connectors (linking the panel to the panel 
to the chassis) by pulling the connectors straight out without 
exerting any side pull. 

(8) Remove the cable clamp that secures the main cable to the chassis. 

(9) Remove the eight retaining screws (four on each side) and withdraw 
the cha ssis from the bottom half of the cabinet. 
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7. 2 6 REMOVAL AND REPLACEMENT OF THE POWER SUPPLIES 

position of p o wer 
s upply retaining screws 

Figure 7.6 Retaining Scr ews 

E nsur e that the m a ins plug has been disconnected. 

7. 27 A l POWER SUPPLY REMOVAL 

( 1 ) Remove the top member of the mounting frame. 

(2) Remove the mains cable clamp. 

(3) Remove the eight r e taining screws (see Figure 7. 6) four on each 
side. 

(4) Very carefully withdraw the power supply from the back of the 
chassis, taking c are not to d a mage the cable. 

This operation will a llow access to the logic cards of the CPU and 
memoryunit(s) n ° 1 and 2 inthetopchassis 

7. 28 AZ POWER SUPPLY REMOVAL 

Before this supply can be removed, the control panel and the bottom h a lf 
of the cabinet must be removed as de scribed above. 

7. 14 



( 1) Remove the mains cable clamp. 

(2) Remove the power supply retaining screws (see Figure 7. 6) 
withdraw the power supply in the same way as for powe,r supply A 1. 

This ·operation will allow access to the CU cards and memory unit(s) 
n ° 3 And 4. 

7. 29 REPLACING THE POWER SUPPLIES 

The power supplies should be replaced by reversing the order of the 
steps used for their removal. Take care when replacing the supplies 
not to trap or damage the cable. 

7. 30 REMOVAL AND REPLACEMENT OF CIRCUIT CARDS 

The machine must be switched off at the control panel before either 
removing or replacing a card. Before a control unit card can be 
removed, the input/ output socket that connects the peripheral to the 
card must be carefully removed. 

The circuit cards should be removed by pulling straight out without 
exerting any lateral pres sure on the card. For this reason it is 
advisable to use both hands when either removing or replacing a card. 

When replacing a card, care should be taken to ensure that it engages 
correctly in location slots on each side of the chassis. No excessive 
pressure must be used when replacing a card otherwise the card or 
circuits may be damaged. 

7. 31 REMOVAL AND REPLACEMENT OF THE MEMORY UNIT(S) 

Switch off the machine at the control panel before removing or replacing 
a memory unit. 

To remove the memory unit, pull down on the RED lever (top centre of 
the unit) to release the retaining latch and withdraw the unit. 

When replacing a memory unit, make sure that the RED retaining latch 
is properly engaged in its socket. 

7. 32 REMOVAL OF THE CONTROL PANEL CIRCUIT BOARD. 

Switch off the machine at the control panel before removing or replacing 
the circuit board. 

Remove the four fixing screws and withdraw the circuit board. This will 
allow access to the switches and indicator lamps. Care should be taken 
that the board does not come into contact with the mains switch contacts 
whilst taking measurements with the power switched on. 
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7. 33 TAKING MEASUREMENTS 

CONTROL PANEL CIRCUIT BOARD 

When taking measurements on this board, the probe must not be 
connected directly to the pins. The probe should be attached firmly 
to some fixed point and a single flexible wire should be connected 
to the probe. At the other end of the wire should be a single pin 
socket which is then inserted in the appropriate circuit board pin. 
This method prevents any undue tension being exerted on the pins 
causing pin Hexion or short-circuits with neighbouring pins. 

LOGIC CARD MEASUREMENTS 

Before measurements can take place, the card must first be 
removed and replaced by an extension card. The card to be 
tested is then inserted in the extension card sockets. A probe 
with a fine point should be ,used because of the high density of 
printed circuit tracks. 

Measuremen ts to individual integrated circuit module's must be 
made using the clip specially designed for this purpose. 

NOTES: 

( 1) The removal of one or more of the logic cards for the purpose of 
making special measurements will not adversely afffect the 
operation of the remaining cards. 

(2) Whilst making tests on a disassembled machine, care should be 
taken that the mains leads of the switch do not come into contact 
with any metal object. 

A check should also be made that the blower fans operate normally 
and that any mains connections are properly isolated. 
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