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CHAPTER 1
GENERAL INFORMATION

1.1 INTRODUCTION

The MX10 Memory Data Multiplexor, manufactured by Digital Equipment Corporation, is
offered as an option for use in PDP-10 computer systems. Utilization of the MX10 allows the use of up
to eight peripheral type processors, such as the DF10 Data Channel with the memory system.

The MX10 is normally installed in a DF10 Data Channel cabinet, where it occupies two
logic panel locations. Figure 1-1 shows the front and back layouts of the MX10. There are no opera-
ting controls; all power is supplied and controlled by the associated DF10.

Granting of priorities for DF10 access to the multiplexor (thereby gaining access to a memory
unit) is governed by logic contained within the MX10. Eight ports are provided for MPX control
cables. In the event of simultaneous memory access requests, the processor whose control cable is
terminated in the port designated PO enjoys highest priority, while the processor associated with P7
has lowest priority of access.

A DF10 gains access to the multiplexor by sending a request signal over its MPX control
cable. The multiplexor responds with an acknowledgment signal which enables the processor to gate
out address information. Because of the necessity for this signal (required only in PDP-10 systems
utilizing a multiplexor), arithmetical central processors of the KA10 type cannot be connected to the
multiplexor bus.

After transmission of the acknowledgment signal over the MPX control line to the DF10
which has requested access, the MX10 "looks" exactly like the memory bus to the DF10 and the ad-
dress information is fransmitted directly to the memory unit over the MPX bus and the memory bus.

The MX10 logic contains a BUSY flag which precludes sampling of request signals while it is
raised, thereby locking out any further requests while the multiplexor is being controlled by a specific
channel. Other requests received simultaneously with that associated with the port granted access,
remain true on the lines and are sampled for priority at the completion of the memory cycle in progress,
when BUSY will be reset.

Detailed functional descriptions of the logic contained within the MX10 are presented in
Chapter 5, Principles of Operation.

For information concerning the PDP-10 system see Section 1.3.
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1.2 SPECIFICATIONS

Power Requirements +10V and -15V (furnished by the DF10)
Power Consumption 85w

Number of Ports 8

Size Height 10-7/16 in.

Depth 7-1/4 in.
Width 19-1/8 in.

Delay 20 ns
Temperature 15.6°C to 37.8°C
Humidity 20% to 80%

1.3 REFERENCE MATERIAL

The documents listed in this section contain information essential to an understanding of the
PDP-10 system and which, in some instances, supplements the material contained in this manual.
These documents are available from Digital Equipment Corporation, 146 Main Street, Maynard,
Massachusetts 01754 or from the nearest DEC District Office.

PDP-10 Interface Manual

PDP-10 System Reference Manual

MAT0 - Core Memory, Maintenance Manual
DF10 ~ Data Channel, Maintenance Manual



CHAPTER 2
INSTALLATION

The MX10 is normally installed in place of the lower two blank panels in the DF10 Data
Channel cabinet. All power is supplied and controlled by the DF10. Since the MX10 is installed in
the DF10 cabinet, all installation requirements pertaining to site selection, environment, etc., are

dictated by the DF10 and may be found in the PDP-10 Installation Manual .

2.1 INTERCONNECTIONS

Interconnection between the MX10 and DF10s is accomplished over the multiplexor bus which
consists of two coaxial cable sets identical to the memory bus and a set of multiplexor control cables,
one to each DF10, which carry the Request and Clear signals from a DF10 to the multiplexor and the
Acknowledge signals in return. The multiplexor bus, like the memory bus, must be wired through each
peripheral processor. Within each DF10, from incoming to outgoing connector, through sources and
loads, twisted-pair wiring must be used. Each multiplexor control cable connects between a particular
peripheral processor and the multiplexor and must terminate in 100Q *10% resistance at both ends.

The maximum length of the multiplexor bus is nominally 100 ft which includes the lengths of
wire run through each memory and processor and a 30-ns delay (20 ft) through the MX10. Actual
length of the bus is dependent upon the MX10's location in the system with respect to the memory unit
and multiplexor bus. For additional information refer to Chapter 7 of the PDP-10 Interface Manual .

Figure 2-1 is a block diagram of a hypothetical memory bus arrangerhenf.

KAIO MAIO MAIO MAIO DFI0
#*) #2 #*3 >
ol23 ol23 o123 5
MEM BUS #2
MEM BUS # 1
6 7
MXI0
0123
Hl DKl
CONTROL 1, :i CABLES
e e i Mm-—=—--=-——=-==—==-=-7
1 I | -
1 | MPX BUS | :
i , y : ]
: : ; i
DF10 DFIO DFIO DF10
> #* ”» »
! 2 3 4q

t0-00I5

Figure 2-1 Hypothetical Memory Bus Arrangement
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Pin assignments for the MPX control cable are illustrated in Table 2-1

system interconnection diagram.

Table 2-1
Pin Assignments

L X T m @
>
(2]
x
z

wm—e O

DIRECTION

—& TO MULTIPLEXER
@—— TO PROCESSOR

Notes: Pins C, F, J, L, N, R, and V must be grounded.

@ The -15V connection and the clamped load at pin M should be supplied at the
processor end to facilitate operation of the processor without the multiplexer.

Table 2-2

Cable Interconnection Locations

. Table 2-2 is a

Function MX10 MA10 DF10
In Out In Out In Out

MEMORY CABLE #2 | A,B 13,14 | A,B 1,2 $,T19,20 | 5,T17,18
MEMORY CABLE #1"| ¢,D 21,22 | C,D 19,20| S,T 39,40 | S,T 37,38
MPX CABLE #2 c,D1,2 |c,D13,14 K,L 1,2 |K,L9,10
MPX CABLE #1 c,b 29,30 | C,D 31,32 E,F1,2 |E,F 31,32
MPX CONTROL* PO CI5 L22

Pl Cl16 L22

P2 C17 L22

P3 CI8 L22

P4 DI15 L22

P5 DI6 L22

P6 D17 L22

P7 DI8 L22

*One MPX Control Cable is required for each DF10 installed (maximum of eight).
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CHAPTER 3
OPERATION

Operation of the MX10 is completely dependent upon the DF10 in which it is installed.
The MX10 is provided with no controls of its own. Power potentials are provided to the MX10 logic

when the associated DF10 is energized.

3.1 INDICATOR PANEL

Several indicator lamps are provided as shown in Figure 1-1. These indicators, which in
normal operation change too rapidly to be meaningful, are provided os maintenance aids. The follow-

ing table describes the meaning of a lamp when lit.

Indicator Meaning

Channel 0 through 7 Indicates that the DF10 associated with a multiplexor
port, O through 7, has requested control of the multi-
plexor and that one or more of the CHN storage flip~flops
are setf.

READ Indicates that the multiplexor is in the READ mode and
that RDWR1 and RDWR2 are in their O states.

WRITE Indicates that the multiplexor is in the WRITE mode
and that RDWRT and RDWR2 are in their 1 states.

BUSY Indicates that a memory cycle is in progress. This
lamp is lighted by BUSY DY (1) and extinguished by
FIN DY.
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CHAPTER 4
PRINCIPLES OF OPERATION

This section describes the operations which take place within the MX10 logic during Power
Up, Request, Read, Write, and Read-Modify=Write conditions. Reference is made to the noun titles
of the Engineering Drawings contained in Chapter 7 of this manual. Locations given refer to the

Engineering Drawings and not fo MX10 logic panels.

4.1 POWER-ON CONDITION

This discussion refers to Sheet 2 of the Control drawings. The delay associated with the
R303 One Shot at location 7B is adjusted so that it exceeds the time required for the +10V and =15V
pote'nﬁals to reach 90% of their final values at power turn=on; this condition causes the multivibrator
to go initially to its 1 state. Upon expiration of the 1-s delay, the positive-going transition of the output
level is applied to the input of a B611 Pulse Amplifier whose output is inverted through a B611 NAND
gate. This positive pulse, designated CLEAR, is applied to another B611 Power Amplifier at location
4D where the FIN pulse is generated, and, after further amplification and a 65-ns delay associated
with the B311 also at location 4D, positive and negative FIN DY pulses are developed. In location
3D, the positive assertion of FIN DY resets BUSY (the B212 in location 3D) whose O state causes the
B212 at location 2D (BUSY DY) to be cleared also.

Generation of these pulses causes the MX10 to be placed in a ready condition wherein it can
respond to memory access requests from a processor. The BUSY flag has been lowered indicating that a
memory cycle is not in progress, while the same pulse which caused clearing of BUSY, FIN DY
also direct sets the B212 flip-flops, RDWR1 and RDWR2 (location 3-4B). The RDWR1(1) and RDWR2(1)
levels are the qualifying conditions for enabling the gates associated with the data transceivers (sheet
1 of the Data Transceiver drawings) which will allow transfers of data from the multiplexor bus to the
memory bus.

FIN (which was generated 65 ns before FIN DY), referring to sheet 1 of the Control draw-
ings, causes each of the eight B214 Request Storage flip-flops, in locations 2B-7B, to be direct cleared.

4.2 REQUEST OPERATIONS

A processor requesting access to the memory system will place a negative level on its REQ
control line.

The REQ N level or levels, if more than one processor is simultaneously requesting access,
are NANDed in eight identical B133 gates in the Control logic (sheet 1, locations 2B to 8B) where at

each gate BUSY (0), the remaining level required for enabling becomes true during the Power-On
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phase. The positive levels of the enabled gates will collector set the associated B214 flip~flops

(CHNO through CHN7). It is therefore possible to load more than one of the eight CHN request stor-
age flip-flops during the time BUSY (0). BUSY is set through its delayed-set input by any REQ N
ANDed with BUSY (0) ot the B133 and B141 gates (located at 3C of sheet 2 of the Control drawing).
Because of this, the MX10 logic must now assign priorities to each of the eight access ports to preclude
more than one processor from gaining access to memory. Priorities are assigned in descending order from
0 to 7, where the processor associated with port 0 enjoys highest priority .

Across the top of the Control drawing sheet 1 are eight bus drivers, each with its associated
gated input circuitry. Negative assertion of the PRCRBR level from the processor must be present at
each RO01 gate to allow an output from any of the bus drivers. ACK N levels therefore will not be
placed on the MPX lines while the processor is in an abnormal power condition. The following dis-
cussion will proceed on the assumption that PRCRBR is negatively asserted.

The only condition for the generation of ACK 0 is CHN 0 (1) and BUSY DY (1) asserted at
the B134 AND gate at location 7D. BUSY DY (1) is set by BUSY DY (0) which is ANDed with BUSY (1)
in a B133 gate (at location 1D of sheet 2 of the Control drawing).

If CHN 1 (1) is true simultaneously with the CHN 0 (1) condition, and examination of the
input gating associated with the generation of ACK 1 (the B134 and B167 gates at 7C of sheet 1 of the
Control drawing), shows that a condition for enabling the B167 AND gate is CHN 0 (0), ACK 1 can
never be generated if CHN O (1) is true. First priority has been assigned by the logic to the processor
associated with PO. Each of the remaining six gates are disqualified by assertion of a CHN (1) of
lower designation in the same manner that generation of ACK 1 was inhibited by the assertion of CHN
0 (1). In one instance, for simplification, a HI ACK level is generated in a B137 AND gate at 4C.
This level, dependent upon the CHN 0 through 3 (0) condition, is an enabling requirement for genera~
tion of ACK 4 through ACK 7.

4.3 MEMORY READ CYCLE

The ACK level associated with the processor having conirol is placed on the appropriate
MPX control line. The DF10 now responds with a REQX CYC signal and the memory address word
including the type of request (i.e., Read, Write or Read-Modify=Write) over the MPX bus which fer-
minates in the B683 Bus Drivers (as illustrated on the Bus Drivers and Control drawing). These levels
exit the bus drivers over the memory bus to the memory system, where a particular memory unit will be
selected.

When a memory unit has allowed access, it brings up ADDR ACK on an MAI line which is
applied to a W102 Bus Driver (at location 2B of the Bus Drivers and Control drawing). This pulse exits
the bus driver over the multiplexor bus to the DF10 as ADDRACKX.
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This is to be a READ operation, therefore MCRD is asserted and ANDed with ADDRACK (at a
B133 gate at location 5B of sheet 2 of the Control drawing) which resets the RDWR1 and RDWR2 flip-
flops.

The memory now simultaneously asserts RDRS, through a bus driver (location B2 of the bus
drivers and control logic), and places the data from the addressed memory location (36 bits) on the
memory bus. RDRSX at this time also clears CHN 0 through 7 in the same manner as the assertion of
FIN during Power-On.

Since RDWRT and RDWR2 are both in the O state (refer to the Data Transceiver Drawing),
one condition required for enabling the input gate associated with each W102 Bus Driver has been ful-
filled. The remaining condition is the state (0 or 1) of each bit in the addressed memory location as it
is strobed into the memory buffer. All 1s placed on the memory bus enable the gates and bring up the
MPX lines associated with the bit. In this manner the selected data is read into the DF10 over the
MPX bus.

This completes the memory cycle for the multiplexor and the data channel, although addi-
tional operations are necessary within the addressed memory unit before it is again ready for access.
The MX10 must now prepare to receive and process the next request to be made.

On the Control drawing (Sheet 1, location 6C), it is shown that the assertion of RDRS
causes generation of RDRS DY after completion of the 65-ns delay associated with the B311 Delay
Line. RDRS DY ANDed with WR BUF (0) (frue when ADDRACK and ~MCWR are asserted) produces
CLEAR which, in turn, sets up the MX10 for the next cycle request in the same manner as previously

described in Section 4.1.

4.4 MEMORY WRITE OPERATION

Prior to commencement of the WRITE operation, the MX10 must be in the ready condition as
at the termination of READ or Power Up. Selection of a DF10 through the priority logic takes place as
described in Section 4.2,

The memory address word is accompanied by a WRITE RQ level (MXCWR on the MPX bus and
MCWR on the memory bus). This level is transmitted through a B483 Bus Driver at location 6C of the
Bus Drivers and Control drawing. MCWR causes generation of ~MCWR at a B133 gate shown on sheet
2 of the Control drawing where, in location 6B, ~MCWR causes the WR BUF (1) condition. ADDRACKX
ANDed with MCWR in the control logic clears CHN 0 through 7.

RDWRT and RDWR2 are on s, since they were set by FIN DY 65-ns after the last CLEAR.
This is the condition required in the data transceiver (sheet 1) for transfer of data from the multiplexor

bus to the memory bus.



At generation of ADDRACK, a memory unit has been selected, has acknowledged the receipt
of a legal address, and is awaiting data and a write restart (WRRS) pulse.

The DF10 upon receipt of ADDRACK, generates WRRS and simultaneously places the data to
be written on the multiplexor bus where it is transmitted through the bus drivers, onto the memory bus,
and into the memory unit's buffer.

Assertion of WRRS, after a 65-ns delay, generates WRRS DY and CLEAR in the conirol logic;

once again readying the MX10 for the next memory cycle.

4.5 READ-MODIFY-WRITE

Operation during the READ-MODIFY-WRITE cycle is similar to that for a READ or WRITE
except that the CLEAR pulse is inhibited following the READ portion of the cycle, thereby preventing
the MX10 from disconnecting, and lowering the BUSY flag.

Since both MCRD and MCWR are asserted for the READ~MODIFY-WRITE cycle, WR BUF (1)
is generated by ADDRACK which clears RDWR1 and RDWR2 (MCRD being true). The READ portion of
the cycle progresses as before, due to tHe states of RDWR1 and RDWR2. CLEAR is not generated by
RDRS DY at the completion of the READ cycle because of the WR BUF (0) inhibiting level at the B311
gate (located at 5C of sheet 1 of the Conirol drawing). RDRS DY sets RDWR1 and RDWR2 to their
WRITE state. The multiplexor therefore remains connected until a WRRS is asserted by the DF10 and
data is placed on the multiplexor bus for writing as in a normal WRITE cycle. The cycle then continues

as described in Section 4.4.

4.6 NONEXISTENT MEMORY OPERATION

When a nonexistent memory situation is detected by the processor, the processor places a
clear signal CLR 0-7 on the MPX control cable with which it is associated. These pulses are ORed
together in the control logic and cause generation of CLEAR within the logic, causing the disconnec-

tion of the MX10 from the processor and a return to the ready condition.



CHAPTER 5
MAINTENANCE

General preventive and corrective maintenance procedures for the MX10 are contained in
the Maintenance Section, Chapter 4 of the DF10 Data Channel maintenance manual. Specific test
procedures are completely dependent upon and integrated with those for the DF 10 except for those

contained in Section 5.3.

5.1 TEST PROCEDURE (DISK)

The following equipment configuration is required for accomplishment of the Disk Test pro-

cedure:
DF10 Data Channel
MX10 Multiplexor (installed in DF10 cabinet)
RCI10 Synchronizer
RD10 Disk

With the MX10 installed in the above configuration, accomplishment of the "Disk System
Acceptance Test Procedure and Specifications"”, drawing A=SP-RC10-0-9, will constitute the accept-

ance test for the MX10.

5.2 TEST PROCEDURE (OFF-LINE)

Accomplishment of this test procedure requires that the MX10 be installed within the DF10
cabinet with the MPX bus and control cables connected. The DF10 (off-line) test, drawing DF-10-0-7,
will be run with the following additional steps.

a. Remove the W990 module from location L22 of the DF10.

b. The channel tester is connected fo the DF10 via the channel bus and to the MX10 via
the memory bus.

c. The MPX control cable is connected to port 0 in the MX10.

d. During step A,2 of the DF10 Off-Line Control test, verify that RDRS delay time
(defined as RDRS to FIN) is within the limits of 85 ns £ 6 ns and that the FIN delay time (defined as
FIN to FIN DY) is within the limits of 76 ns £ 5 ns.

e. Sync (=) on REQ 0 and verify that BUSY, CHN 0, and ACK 0 go true at this time.
Also, verify that FIN DY clears BUSY .

f. Relocate the MPX control cable to port 1 and repeat (e) above. Continue to shift the
control cable and repeat (e) until all ports have been checked.

g. During accomplishment of steps 2 and 4 of the DF10 Data Test, the total cycle time
will be increased by two multiplexor delays or 40 ns.
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h. Also during step 4 of the DF10 Data Test, with WRITE on a 1, verify the WRRS delay
time (defined as WRRS to FIN) which should be within the limits of 85 ns + 6 ns.

i. During step A,5 of the DF10 Termination Test, with NO MEM on a 1, verify that
CLRN clears BUSY. This procedure should be repeated for the remaining seven ports.

5.3 TEST PROCEDURE (Using MX10T OFF LINE TESTER)
5.3.1 General

Off-line test procedures may also be carried out using the MX10T Off-Line Tester. This
procedure has an additional advantage in that it may be used in special systems where no DF10 is
installed and the DF10 Diagnostic Programs are not applicable.

Within the MX10T, circuitry is provided to initiate REQ N on any two multiplexor ports and
to confirm that an ACK N from only the higher priority port is generated in response. Other conditions
such as: no ACK; ACK from a lower priority port; or ACK always true, result in an error indication.
The MX10T also generates the following signals necessary to cycle the MX10 for trouble=shooting pur-
poses in simulated memory READ, WRITE, and READ-MODIFY-WRITE cycles:

ADDRACK
RDRS
WRRSX
MCXRD
MCXWR

5.3.2 Test Configuration

The MX10T is mounted in the same cabinet as the MX10 and is connected as shown in Figure

5-1. Test cables must not be connected while the MX10 is running on-line.

. MX10
All Test Cable 1 (low port) .| (Any two of the
MXTOT 15y Test Cable 2 (high porf) sight ports)
TEST‘ER A10 Test Cable 3
D11

Figure 5-1 Test Configuration (MX10T Off Line)



5.3.3 Priority Network Check

a. Connect test cables 1 and 2 to the ports selected to be checked. Test cable 1 connects
to the lower numbered port (higher priority).

b. Turn the READ and WRITE switches OFF and the TEST MODE switch ON.

c. Cycle the tester by pressing the START button. This causes REQ N to be transmitted
to both ports. Only ACK from the port with lowest priority should be asserted by the MX10. If no
ACK is generated, or if an ACK from the port associated with the higher priority is sensed, ERROR will
set. Upon completion of the priority checks, the MX10 is cleared by CLR N. ERROR will also set if
ACK N fails to go false after the CLEAR.

d. The tester recycles automatically but will stop if ERROR sets and the ERROR STOP
switch is ON. In this case, the MX10 is not cleared.

5.3.4 Memory Cycle Simulation

This procedure is used to cycle the MX10 for troubleshooting purposes.
a. Connections are as shown in Figure 5-1.

b. Set the READ and WRITE switches for the type of simulated memory cycle desired:

READ = 1 READ Cycle
WRITE = 1 WRITE Cycle
READ = 1
READ-MODIFY-WRITE Cycle
WRITE = 1

Put the TEST MODE switch ON.

c. Cycle the tester by pressing the START button. A priority network check is made as in
Section 5.3.3, except that CLR N is not generated. The priority network check is followed by genera-
tion of the appropriate memory and MPX bus signals over test cable 3 simulating the selected memory
cycle type. The following are the signals generated for the various switch settings:

READ ADDRACK, RDRS
WRITE ADDRACK, WRRSX
READ, WRITE ADDRACK, RDRS, WRRSX

d. ERROR will set in the event of a priority network failure or if the MX10 fails to clear
during a tester cycle.

5.4 MARGIN TESTS

The frequency of voltage margin testing is dependent upon conditions at the site; monthly
testing is suggested. These tests are accomplished while the Diagnostic Program, 5CA FLOAT, is in
progress. Table 5-1 lists the voltage margin specifications. The second figure shown for Panels A and B,
under +10V Low, is due to the B684 Bus Drivers and will be true for Panel A when ports 0, 1, 4, 5, 6,

or 7 are used and for Panel B when ports 2 or 3 are used.



Table 5-1
Voltage Margin Specifications

+10V -15v

Mounting Panel Low High Low High
A 2.5 (5.5) 17.5 -18 -12
B 2.5 (5.5) 17.5 -18 -12
C 2.5 17.5 -18 -12
D 2.5 17.5 -18 , -12




CHAPTER 6
SPARE PARTS

This section contains a listing of the modules used in the MX10 with suggested quantities of

each type to be stocked by the user at his site.

Table 6-1
Spare Parts
DI\EIEm.L);ee Description Recg;;‘:“ded
Quantity

MODULES
B133 Diode Gate 1
B134 Diode Gate 1
B137 Diode Gate 1
B141 Diode Gate 1
B167 Adder Gate 1
B168 Diode Gate 1
B212 Flip-Flop 1
B214 Quadruple Flip-Flop 1
B311 Delay Line 1
B611 Pulse Amplifier 1
B683 Bus Driver 2
B684 Bus Driver 1
ROO1 Diode Network 1
R303 Integrating One Shot 1
w102 Bus Driver 1

TRANSISTORS

15-03099 DEC 2894-3B-S 4
15-01742 2N2904 4
15-63100 DEC 3009B-S 2
15-02151 2N3605 2




Table 6~1 (Cont)

Spare Parts
DEC Type Descrint Rec;mmended
Number escription pare
Quantity
15-02762-02 DEC 3639-D
15-05321 2N4258
DIODES
11-00113 D662 10
11-00114 D664 10
11-02161 D668 6
MISCELLANEOUS
12-02116 Indicator Lamps 10




CHAPTER 7
ENGINEERING DRAWINGS

This chapter contains reduced copies of DEC block schematics, circuit schematics, and
other engineering drawings necessary for understanding and maintaining this equipment. Only those
drawings which are essential or are not available in the referenced pertinent documents are included.
Should any discrepancy exist between the drawings in this chapter and those supplied with the equip-

ment, assume that the latter drawings are correct.

7.1 DRAWING TERMINOLOGY

7.1.1 Drawing Numbers

DEC engineering drawing numbers contain five groups of information, separated by hyphens.
A drawing number such as BS=D-9999-1~5 consists of the following information reading from left to
right: a 2- or 3-letter code specifying the type of drawing (BS); a 1-letter code specifying the size of
the original drawing (D); the type number of the equipment (9999); the manufacturing series of the

equipment (1); and the drawing number within a particular series (5). The drawing type codes are:

BS, block schemdtic or logic diagram PW, power wiring
CD, cable diagram RS, replacement schematic
CL, cable list UML, utilization module list
CS, circuit schematic WD, wiring diagram
FD, flow diagram WL, wiring list

7.1.2 Circuit Symbols

Block schematic engineering drawings of DEC equipment indicate signal flow, logical
functions, circuit type and physical location, wiring, and other pertinent information. Individual
circuits are shown in block or semiblock form, using symbols that define the circuit operation. These
symbols are similar to those appearing in both the FLIP CHIP Modules Catalog and the System Modules
Catalog but are often simplified. Figure 7-1 illustrates some of the symbols used in DEC engineering

drawings .

7.1.3 Logic Signal Symbols

DEC standard logic signal symbols are shown at the input of most circuits to specify the
enabling conditions required fo produce a desired output. These symbols represent either standard DEC

logic levels, standard DEC pulses, standard FLIP CHIP pulses, or level transitions.
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NON-STANDARD SIGNAL

POSITIVE PULSE OR LEADING EDGE

S —
OF A POSITIVE LEVEL
» NEGATIVE PULSE OR LEADING EDGE
i OF A NEGATIVE LEVEL
_— POSITIVE LEVEL
—_— NEGATIVE LEVEL
_— e TRIGGERING ON THE TRAILING EDGE

OF A NEGATIVE LEVEL

—15V LOAD RESISTOR CLAMPED AT -3V

POSITIVE NAND, NEGATIVE NOR DIODE GATE

— —
VA OR VvV
% POSITIVE NOR, NEGATIVE NAND DIODE GATE
—
A | oor v
—e —
3
DIODE-CAPACITOR-DIODE GATE, POSITIVE
OR NEGATIVE INDICATED BY POLARITY OF
1 THE INPUTS.
1. PULSE INPUT
2. CONDITIONING LEVEL INPUT
. 3. PULSE OUTPUT
56 56
FLIP-FLOP {MOST FLIP-FLOPS HAVE ONLY
SOME OF THE FOLLOWING.)
0 [} 1. DIRECT-CLEAR INPUT
2. GATED-CLEAR INPUT
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Figure 7=1 DEC Symbols



7.1.4 Logic Levels

The standard DEC logic level is either at ground (0 to -0.3V) or at =3V (=2.5 to =3.5V).
Logic signals generally have mnemonic names which indicate the assertion condition of the signal. An
open diamond (—<) indicates that the signal is a DEC logic level and that ground represents assertion;
a solid diamond (—«@) indicates that the signal is also a DEC logic level and that -3V represents
assertion. All logic signals at the conditioning level inputs of diode-capacitor-diode gates must be
present for a specified length of time (depending on the module used) before an input pulse will trigger

operation of the gate.

7.1.5 Standard Pulses

DEC standard pulses are 2.5V in amplitude with reference to either ground or -3V, depend-
ing upon the type of module used. The width of a standard pulse is either 40, 70, or 400 ns as required
for specific circuit configurations. The standard 2.5V negative pulse (2.3 to -3.5V) is indicated by

a solid triangle (— ) and is always referenced with respect to ground, as shown in Figure 7-2.

Figure 7-2 Standard Negative Pulse
The standard positive pulse is the inverse of the negative pulse and is indicated by an open triangle
(—= ). The positive pulse goes either from -3V to ground or goes from ground to +2.5V (+2.3 to

+3.0V).

7.1.6 FLIP CHIP Standard Pulses

FLIP CHIP circuit operation utilizes two types of pulses, R- and S-series, and B-series.
The pulse produced by R~ and S-series modules starts at -3V, goes to ground (~0.2V) for 100 ns, then

returns fo =3V. This pulse is shown in Figure 7-3.



Figure 7-3 FLIP CHIP R~ and S-Series Pulses

The B-series negative pulse is 2.5V in amplitude and 40 ns in duration and is similar fo the
one shown in Figure 7-2. If this pulse arrives at the base of an inverter, the inverter output will be a
narrow pulse, similar in shape to the R-series standard pulse. The B-series positive pulse, which goes

from ground fo +2.5V, is the inverse of the B-series negative pulse.

7.1.7 Level Transitions

Occasionally, the transition of a level is used at an input where a standard pulse is other=
wise expected and a composite symbol (—@> ) indicates this fact. The triangle is drawn open or
solid depending, respectively, on whether the positive (=3V to ground) or the negative (ground to -3V)
transition triggers circuit action. The shading of the diamond either is the same as that of the triangle
to indicate triggering on the leading edge of a level or is opposite that of the triangle to indicate
triggering on the trailing edge. An arrowhead (——=>) pointing in the direction of signal flow indicates

nonstandard signals (power supply outputs, analog signals, etc.).

7.2 MX10 DRAWINGS

Drawing No. | Title Rev. Page
D-BS-MX10-0-1 Control (2 Sheets) B 7-7
D-BS-MX10-0-2 Data Transceiver (2 Sheets) - 7-11
D-BS-MX10-0-3 Bus Drivers and Control B 7-15
D-BD-MX10-0-4 Master Block Diagram | - 7-17
D-FD~MX10~0-5 Flow Chart and Diagram B 7-19
D-MU-MX10-0-6 Module Utilization C 7-21
C-AD-7005509-0-0 Wired Assembly : -- 7-23
B-CS-B133-0-1 Diode Gate B 7-24



Drawing No.

B-CS-B134-0-1
B-CS-B137-0-1
B-CS-B141-0-1
B-CS-B167-0-1
B-CS-B168-0-1
C-CS-B212-0-1
B-CS-B214-0-1
B-CS-B311-0-1
B-CS-B611-0-1
B-CS-B683-0-1
C-CS-B684~0-1
B-CS-R001-0-1
B-CS-R303-0-1
B-CS-W102-0-1

Title

Diode Gate

Diode Gate

Diode Gate

Adder Gate

Diode Gate
Flip=Flop
Quadruple Flip-Flop
Delay Line

Pulse Amplifier

Bus Driver

Bus Driver

Diode Network
Integrating One Shot

Pulsed Bus Transceiver

Rev. Page
B 7-24
B 7-25
A 7-25
C 7-26
B 7-26
D 7-27
- 7-28
B 7-28

7-29
A 7-29
J 7-30
- 7-30
K 7-31
M 7-31



ACK @ ACK | ACK2 ACK 3 ACK 4 ACK S ACKG ACKT
D N D N D N D ’ N
8D 8D BD BD BD BD BD BD
- |Bees R |BEB4 ¢ |BGe4 R BG4 - |Bee4f = |Bes4 F |BG84 5 |BGB4
A2l Azl B2! B2! ; AB9 Ag9 AlD AlD
SR TP [L]x Fo—x H Lju J K [L]x L m Lju D E [L]x F H [ty J oK K LK Lo A M [Ljv D
R@B! R@ @I RZI REG | ROG | Ro@I R@P) R@@t
B2e B22 B22 Bz2 A@B A8 A ARS8
% ? ? %
l» <
H <H <M S
D F J [u N R T [v D F J L N R T v
CHNG (1) —<Jr O A CHN} (1) _f)NA CcHN2()) —<f 0 A CHN3 (1) —f~O A HIACK —{~u A CHN5(1)7<>:\)/\ CHN G —<]ru A CHNG @) —AJo A
BI34 BI34 BI34 1R)34 Bi34 BI34 BI34 HN YBi34
BUSY DY (1)—-< Sop __,__—<> Yy CHN 1 (@) —< = CHN2@ —<F 3551 BUSY DY(1) —< 3% _1__<>,Am CHN 5@ —<1 B34 CHN 5(2) 7113
*
L
s
F H J o [F D E F
oA ~A oA CHN4(|)~EON\/ oA A
BlG7 BIGT BIG7 —EaiB133 BIGB BI68 BIGS
m A2e r |A2@ v lA2e AlG 5 |Ae7 w [A%7 u LA
*PO\/ ——OV ’ —-—OV ______ _Lo\/ —Cv —Ov
CHNG @ < T Vol 18133 a caNe@) N J C
N v v 1A®3 l ! v Y v
BUSY DY (1)) —<] < < t p: ! HIAC K —U<> = "
‘v - HIACKBUSYDY(I)—-O <
N
5 CHN 3@ oo A
L — @ BI37
CHNI(@) —< 7o CHN 2(@) — B3]
BIG7 CRN | @) —* H
Az CHN @ (@) —® C
o J
v CHN 70) —AJ v &
e KB133
1™ AlG
D [ ] J [ ] N [" ] T v D F J [= ] N [R] T V]
REQ @& —&{~u A REQ 1 — @G A REQ 2 — @O A REQ3 —@®FO A REQ4 — U A REQ S — @fcu A REQG —ofry A REQ7 —@fO A
_E o{BI33 BI33 B133 BI33 @ B33 @] Bi33 B33 I
BUSY (2) Ald Arq AiG Aiq A@3 | AG3 AG3 Bes
wWa2g W2, :
ARA4 C :,- i A L ”E )524( : S ,P, ™)
S S R 3 P :5]' :»R v
FE F||E KJ K|[J MmVvec PN P|IN TS Tiis FE F||E KJ K| |4 mv PN Pl |N Ts T[S
#0s 9 ] Li—' 4 O (3 ] [4
214 8214 B2l4 B214 B214 B214 B2l4 B2i4
? gig ! ®giq | = ?Bigq ! @Brq | ?® Ags | @ Aga ! = ? Azg ! @ Aza !
D E’ CHN @ CHN I CHN 2 CHN 3 D CHN4 CHNS CHNG CHNY B
9 s
EH s
o v
T [v G J L Py B33
FIN —#[GA] RORSX—L2 RS A]  ADDRACKX—=-8r0 A B23
Velrias _Eg{BI33 Mcwr—K el BIZ3
823 B23 B23
A
8 7 6 5 1 4 3 2 1

D-BS-MX10-0-1 Control (Sheet 1)

7-7



6 4 3 2 |
wg@z2as
Cye De%
3f
o [ b CLEAR FIN DY ED ED PN PN
CLR 8 — Moy * ? J82129; Ezgaol
_EyBI3s > < i
cLR Al 2H FiN DY ] L | Busy BUSY DY
$—® —MCWR v c BUSY(®@) 5
D
MCWR——@f G A —&{OA
BI33 B3I
A7 Bic
g L N R r v
CLR2 —Heuy/ f M REQ @ ——;Or\;/\ BUSY m@)—uo oA
B34 > BI33 BI133
CLR3 —¥ S b3 BUSY (@) 1k BUSY (1) -———OA]_,
v v =
WR BUF (1) ——————— @ G\ w2zl wgal
B3li cis 015
- | BIS D N )
D GSNS oV
CLR 4 Ny B3N TP WRRS DY Bi41 E E
N (Bv:av BIS . [Az2 ~—® REQ & @ REQ 4
CLRS Al2 - L K J REQ | 'jv— H H
WRRS = N s Oo— ACK @ [ @— ACK A4
W
K K
g REQ 2 7oA o—»CcLRY “—>» CLR 4
‘)
$ gl
. REG 3
T v U v LA ~ O
CLRGe — MoV WR BUF () —o[ ~0 A Vg weel Wg 2l
clr 7 —2s|BI3% N Je31 REQ4 —— &, cle DIG
Ale Bis oo ~
REQS —1 @
R £ E
RORS bv/\ o eREQ | & REQ S
REQ G —F @ | H H
L o sl o—ACK I ¢®&— ACK S5
U]
K K
REQ 7 oA e »CLR I o> cLr s
J H A ERT ~ -
A w2l wael
_KelBG1I ci7 Di7
Bl F —~ PN
D E o . .
¢<>E§|520’ o ereq 2 o @ REGG
L | rRowRrl |k H H
A * slo—ACK 2 olo— ACKoe
N K K
. MCcRD “B\fafg ? o »CLR 2 el » clrG
ADDR ACK —#/BI3 $s
! Y L, T o weel A
H @ WR BUF (¢) M » @ WR BUF()) o v gl’afg s We 2l
F L A {E 3000 AlG ple
WR BUF (1) D o o A ~ A - M M
€ : B33 BI33 —l—M = E E
BI2 BIZ L’,—W"V s = & REQ 3 & REQ7
® H . H
N %Jm/t\ *l0— ACK 3 o 0— ACKT
iz K K
o—»CcLR 3 o cLr7
R v .
ADDR ACK —Nuof 7oA LN vy D asns " el U, U
MCWR —FPg BIS3 -MCWR —Ug{ BI33
BI2 Bi2
RORS DY =
]
PRI S
7 6 5 1 4 3 2

D-BS-MX10-0-1

7-9

Control (Sheet 2)



7 6 5 ! 4 3 2 1
MEM @ MEM | MEM 2 MEM 3 MEM 4 MEM § MEM G MEM 7 MEM 8 D
w
- ¢ AD AE AR AK AM AP AS AT AV ) AS;',
8
( AD AE AR AR AM AP s AT A ) \:“’a,;‘
H L H L :l_j L H L H
80 80 80 [ 8D [~ a0 80 80 80 [ 80
Wi@2 wig2 Wig2 wip2 Wig2 wig2 Wig2 wig2| Wig2
BIg Big B@8 8¢8 BgG6 Bdoe B@4 B@4 B@3
M J J J
MPX @ (o] MPX (o] MPX 2 v MPx 3 ] MPXx 4 ¥ mPxs MPX G MPX 7 MPx B <oy
ROWRI(1) @A A A A A N
MEM 4 MEM 1@ MEM MEM | 2 MEM |3 MEM 14 MEM 15 MEM IG MEM 17 wes
i
( BD BE BH BK BM [E 8S BT BV) aegi
C BD BE BH BK BM BF Bs BT 5 o
H L H L H L H L L
80 |— 80 80 |- 80 [ 80 I 80 [ 80 | 80 | s C
wzg)z wtq?g wige wig2 wige wig2 wgz wig2 wig2
c@q [-5] co7 cp7 cps [ cP3 Cp3 8
MPX 9 J MPX i@ M MPX 1 = mpx 12 MPX 13 MPX 14 MPX15 MPX 1@ M MPX\T
ROWR 2(1) —% N
ROWR (1)
MEM 18 MEM 19 MEM 28 MEM 21 MEM 22 MEM 23 MEM 24 MEM 25 MEM 26
C eAD AE QAN AR AN AP AS » AT AN \;\V:;:E le—
( $§AD AE AH AR AN AP AS b AT AV ) Xvselj'
P
=)
MPX 18
RDWR 1 (1)
MEM 27 MEM 28 MEM 29 MEM 3@ MEM 31 MEM 32 MEM 33 MEM 34 MEM 3§
C BD BE BH BK BM BP BS BT Bv ) Xg;’a
W13 B
( BD BE BH BK 8™ BP BS = BY ) B4
T
80 |
wig2 |
BB3
MPX 27
RDWR 2 (1)
RDWR 1| (1)
A
7 6 5 i 4 3 2 1

D-BS-MX10-0-2 Data Transceiver (Sheet 1)

7-1



8 7 6 5 ] 4 3 2 ]
MPX & MPX 1 MPX 2 MPX 3 MPX 4 MPX 5§ MPX G MPX 7 MPX8
wes! D
C cD CE CH CK cMm cP cs cT cv )com
et VT
AN . .. N wasi
( CD CE CH cH cw™m CP cs CT cvV )CDI3
H L H L H L iT L| H
8D [— BD [ 8D [ B8O _[— [2) 8D 80 8D o
wWig2 wig2 W12 wWig2 Wig2| wige Wig2 wWig2 Wig2
BII Bl B@9 B9 B@7 Bg7 BOS B@S Cil
™M J J M J
MEM 8 o] MEM | ] MEM2 MEM 3 ] MEM4 7 MEM § N MEM G ¥} MEM 7 MEM 8 — i
ROWR | (#) A A A A A A -
RDWR 2(@)
MPX 9 MPX i@ MPX 11 MPX 12 MPX 13 MPX 14 MPX |5 MPX |6 rAPX 17
( DD DE OH DK DM DP DS 40T oV \2/0805;
( DD DE OH DK DM oP DS oT DV )VCVDSI?;'
H L H L H L H L L
80 [ BD [— 80 [— 80 [— 80 [— BD 80 [ BO 80 @
wi@ge wi@ga2 wi@ge wig2 wiga wige wi@ge wiga wig@ge
cl@ Cl@ ces co8 C P06 CBGe 24 C B4 cii
M
MEM @ MEM I MEM 11 V) MEM 12 MEM I3 MEM 14 MEM |5 MEM i6 MEM 17—
RDWR 2 (@) A A N 7AY A A A
MPX 18 MPX 19 MPX 2@ MPX 21 MPX 22 MPX 23 MPX 24 MPX 25 1APX26
C cD CE CH cK c™m cP cs cT D) nga?a le—
C <D 3 Th T Y P s T T~ )\évoslf"
; T P T : Rif G T -
80 [ 80 a8p [ 8D [ 80 [ 80D ap BD 80
WIg2 wig2 WIg2 wig2 wgaa wig2 wig2 wige wWige
Bl Bil 889 Bgq BT BE7 BgS B@5 cil
R R R R
MEM 8 MEM 19 MEM 20 —#~0) MEM 21 MEM 22 (o] MEM 23 ™| MEM 24 — ¥ MEM 25 NS MEM 26—
RDWR 1 (#) —&A A A A A A
ROWR 2(®)
MPX 27 MPX 28 MPX 29 MPX 3¢ MPX 31 MPX 32 MPX 33 MPX 34 1APX 35
wWa8s5) NOTE ¢
P L
( P 0D DE O §0oK oM D DS oT oY ) coge2 G788 TERMINATOR BOARDS ARE USED IN
851 SPACES A!3, Ai4, BI3,814,C13,C14 DI3 DI4 B
( DD DE DH DK DM DP DS DT ov ) Zvom t;/:lILDESSSPi)éT-ESNSION CAB_ES FILL
P T [ T P T [ .ZT f =
8D BD 80 [ BD [ 80 [— BD [— 80 80 80
wi@ge wig2 wgpa wig2 wige wig2 wi@g2 wig2 wige -
CI® cig [4-£:] C@8 (13 [X13 c@4 CP4 Cit
R v
MEM 27 —#f0) MEM 28 MEM 29 MEM 30 MEM 31 MEM 32 ] MEM 33 3 ] MEM 34 MEM 35
RDWR 2(@) A A A o\ .
A
8 7 6 5 1 4 3 2 1

D-BS-MX10-0-2 Data Transceiver (Sheet 2)

7-13



7 6 5 ! 4 3 2 | 1
was: wssi W85 Wasi W8Sl wWs8si w85t W8S$5 w8sl  w8as! W8Sl Ws8si
CD32 CB3g CcD22 CD2¢g CcD3! ¢peg cp21  CDia cD31 cbaa cba2l cDi9
Y M) M M aue MY M) A N M (M 2N a
col [ o _foof |oof o _|pol oo o sl fes
CD! ol g =D o MAT 22 DD oo} e s MAL 3! DD oo| € so [ ® |-MAT 19 cs cs| g =D ——4 MATL 18
AT X 22 8683 MAIX 31 [ - Slncer ~MALX19 | ® Aaes3 MAIX18 lacss
c24 c27 D26 D25 D
L fee cE L [|og] [oE L _JpE DE L cTl [T
czl kel o B0 - MAL 23 ol logl 4 [[BoO MAL 32 oef [oEl 3 o0 M MAI 26 cl f¢1 v [ eo —< ~MALIB
MALIX 23 ®IRce)| MAIX 32 ®Bce3 MAIX 28 <nes3 ~MAIX I8 <Ines3
ce4 c27 D26 D25
v kA CH (V2 ] DH v DH DH v VY 8%
4| Jes| s o H—& MAT 24 ou| ot s [aoD MAL 33 il [ov] s [Bo ~MATI 26 v [ s [eao <3+ MAT (9
MAIX 24 8683 MAIX 33 | & - BG83 ~MAIX 2@ 8683 MAIX 19 <8683
ce4 ce? D2 D25
o x| e o Pl Jox o v fox o | fed
CK cH| g BD MAI 25 DK DKl g ao MAL 34 DK OH g 8D —< MATI 21 M kMl & BaD REQ CYC
MAIX 25 8683 MAIX 34 8683 MAIX 21 <laces REQx Cve | e BG83
ces ce D27 D28
L cm) ™ L v om) L oM OM| U =3 c Pl
Ic™) M g =Y} g MAT 26 OM) oMl 4 50 MAI 35 DM oM B0 F—< ~-MAI 2| CP) Pl s B0 & —MAI 22
MALX 26 ®nce3 MAIX 38 ®lpco)| -MAIX 21 <ges3 ~MAIX 22 | @ g BG83
cas ] ce28 D27 c2
-/ -/ -/ s c
v Pl [cP L DP DP) % DV
cp cPl s [BD MAL 27 oP Pl 4 [ a0 F—o MCRD oV [ -FMC SELECT
MAIX 27 Bea3 MCXRD BG83 . L
ces D28 =
ADDRACKX RORSX
W8S
o Jes| les o _pps| [os o [ e ( €D CE) Cos
sl S| e | mp MAI 28 os| S| s [ o MCWR 0Pl Pl & | g < INT 35
MAIX 28 . 8683 MCXWR - 883 INTX 35 <acs3 was
C26 D28 Die ( cb CE) co2a
H L le—
L - cT L DS DS — o
cal letl y B0 MAT 29 os| [ps] 4 [eo ~INT 3§ w851 wasi 2 wiae
FAAT Y 29 o ~—@ncss ~INTX 3§ <lncs3 cblq cbal D24 D24
[of={") Dl2 M
0] [CD| Jd M
ADDRACK |e ) N
v Cv V| (V] DV V| v DT OT| A A
vl kvl s [ a0 - MAL 38 Dv ov[ s [eaD INT 21 DT ol s [BD ~FMC SELECT ce| |ce
MALX 3% Be83 INTX 2 [=1Y:X] _*—'43683 RLRS
cee D27 J U D2 ) U \_
oUW / U [ < U wes MC PAR MXC PAP WRRS LGNX PAR PULSE
W8S wWas! w8sh wes) ' wWa8s! MR wWest
cp32 CD3% co22 CD2¢ cpia <k ) C co3i colq i) ( OT ) cosz
NOTES : wa8st WBSsI wasl was|
l. ¥ NO INPUT CONNECTION NEED BE cozr, G cn ) ( ck)paa ozt <) ( °1) cosg
MADE TO THIS BOARD. H H P T
2. G7¢@ TERMINATOR BOARDS ARE 80 [ 80 W8Sl W8s| 80 ™ 80
D USED IN SPACES (21,22 D2l,D22, Wig2 wig2 cO31 CD29 wige wiga B
c ¢31,C32,03I, D32 UNLESS ces D23 D4 De4
| EXTENSION CABLES FILL v v
Hl i g Y . SALD SPACES. MXC PAR MC PAR WIRRSX
K P 3. UNUSED WI02 TRANSMITTER INPUT RDWR 2(1) = RDWR | (@ S
“—p RORSTOGOT g GATES IN C23 AND D23 ARE 5
M,_’ WRRSXH Reyopr, g GROUNDED. (PINS M, R, AND U) IGN. PARITY PULSE U
4. TEST CABLE SLOT USED WITH
MXiC OFF-LINE TESTER W85| W8s|
w021 Co2p cpa22
_ DIl
(SEE NOTE 4)
A
1
7 | 6 5 4 3 2 1

D-BS-MX10-0-3 Bus Drivers and Control

7-15



7 6 5 4 3 2 1
MEM BUS MPXR BUS
R 37 LINES MEM@—» MEM 35, MC PAR . E/“\'/AR N 37 LINES MPX & —# MPX 35 , MXC PAR P b
» 4+—» xc » <
wig2a
ROWT ~RDWT
I5 LINES  MAT 22(1) — MAT 35(), INT 21 BUS I5 LINES MALX 22— MAIX 35, INTX 21
DRIVERS
BG83
C
1@ LINES MAT I8 — MAT 21, — MAL|8—»-MALZI 1@ LINES MALXI8 —% MALX 21, ~MALX |8—» — MAIX2Z1
INT 35, —INT 3§ - INTX35, ~INTX3S
REQ CYC REQX CYC
— PR
MXCR
MCRD ~ CONTROL XCRD ]
MCRW DRIVERS MXCWR
- BG83
WRRS wiga " W R RSX
ADDR ACK ADDR ACKX
—
RD RS RD RSX
. »
8 LINES ACK® —»ACK /
FMC
SEL B
o S— RDWT + FIN REQ/ ACK
FIN
8 LINES REQ @ —w REQ 7
MPX CLR
A
7 6 5 4 - 3 2 1

D-BD-MX10-0-4 Master Block Diagram

7-17



- 1.TO 8 REQUEST
REQ (M) ! LEVELS ON REQ @-7

BUSY £8)

STORE D
REQUESTS

THESE FF'S ALL SET
BY LEVEL CHANGES
30 NS DELAYS ARE

INHIBLT IN B2i2 FF'S.

REQUESTS

~NIB NS

DEFINE MPX
AS BUSY

ACK (M) =MIN(T) (REGQ (M) J

3@ NS

. ENABLE
RETURN |-+ BusyY DY | ACK (M)

ACK(M) TO
CHANNEL (M) N *
, . SELECTS
ACK (M) = CHN(T) (VY CuN (i) [=1 MIN ( CHN (M)
-l m=g-7
. CHANNEL SELECTS
READ OR WRITE
CHANNEL READ WRITE | READ“WRITE ¢
‘ . SELECTS READ MCRD =1 |MCWR = 1 | MCRD = |
READ OR WRITE OPERATION. MCWR=0 | MCRD =0 | MaCWR = |
MEMORY ACKNOWLEDGES g
ADDRESS —_— MEMORY ACKNOWLEDGES TonR Ack et 5 ‘f‘*‘c“"mﬁg’a MEMORY ACKS
ADDRESS _ e R, BOE ADDRESS
| | |
~MCRD | —=WR BUF MCRD —MC WR
@— CAN (M)
DATA XFER ' DATA XFER ACKONY =@ i
—_— RD——» RDWR | O —=WR BUF

—WRITE

DATA XTER

WRITE = - .
@ e CHNCT
ACK(D=8
v s
r a3

WR BUFQ)

i | '
’ DATA XFER S Ne MEM
—_— | conmion WR BUF(D "RDRS DY
UROMN=1 | -
LR =1 ' % CNCn=g B

i
o
I
P!
Zi
z |
ul
m

|

|

ACK (M) WILL BE AN EIGHT BIT BINARY NUMBER WITH
WR . BUF(®) SEVEN ZEROS AND ONE ONE, THE ONE WILL APPEAR

e )N THE POSITION CORRESPONDING TO THE LOWEST
_NUMBER OF REQ LEVEL RECEIVED.

SET TO WRITE
DEFINE MPX
AS NOT BUSY

G—HCHN(M)
O 65NS O 65NS
@ WR—RDWR
¢ A

W R— RDWR
| @t BUSY

. @ —»BUSY DY

7 6 5 1 4 3 2 1

D-FD-MX10-0-5 Flow Chart and Diagram

7-19



8 7 6 5 | 4 3 2 1
| 2,3,4,5,6 7,8 92,1011, 12,13,14,15,16 17,18 ,19,20,21 22,23 ,24,25,26,27,28,29 30,31 ,32,33,34,35,36,37,38,39,40,4|1 42,43 44
[Wesi | wesi [ BIZ3 | B214 [ B137 6134 | BIEG | RAAT | B684 | w5 B6I1 | Bi3s | Was1 | Wes1 | B212 | B133 | B33 [B212 | 8133 | Bi67 | B684 | Bi4l | 3 | Wo%y
CHN 4 ACK 4 AcCK 4 rowr|CEAR ACK 4 |-NCWR R
CHN 4
ACK S 1 ek 5 ACK 7 |-MCWR
1 Aok | ACK 4 CK 5| ack 4| ack 6 ROWR . BUSY ACK 8 D
1
MEM MEM CHN 5 ACK § ACK 6 CLEAR | MEM MEM ACK 7 |RDWR 1 CHN 1 CHN £
INITIA
0 | To |Wi Ack ACK'S |ACK 6 | ACK 7 L ROWR 1| BUSY ACK 1 BUSY | STaTE| CHN 3 A
NEM | MEM MEM | MEM ns
8 | 2 ROWR 1
8| 26 | oun 6| gy s ACK & CLEAR ROWR 1] BUSY wl ROWR 2
ACK
AcK 5| Ack 7 RDWR.. BUSY I ACK 1
ACK 6 ROWR 1)8USY DY D | S [ L AlY
ACK 7 2
CHN 7 o ACK 3
CHN 7 ACK 7 CLEAR ROWR 1| BUSYID CHN 3
Wig2 | WigZ | WigZ | Wiz | WipZ [ WigZ | WigZ | WidZ | WiiZ |BIs3 B3TT | 6311 [ B611 | B3l1 | 6214 | B134 | 6664 | RPAT | G133 | WA28
WR AN
BUF ew | ACK 9 ACK 8 E,_R
MEW 8 | MEN 6 |MPX 6 |MEM 4 (MPX 4 | MEM 2 | MPX 2 [MEM § | WPX g CHN B 2 P|A NI ET L
WR CHN
BUF ACK § ACK 1 | CLR
R Fn o | k2 [N o e
wew | Mew | wew 17 vem 7 [wex 7 [wEM s [Mex 5 | wEM 3 [wPx 3 [WEW 1 | MPX 1| BUF | wew | wew ’ CHN 1 CLR |G 4
8 2 WR s 21 | WRRS | FIN RO RS N & B
T0 0 BUF 0 T0 oty | ouy Ly | —Ack 3 HN 7
MEW | MEM BUSY
MES | MEM | \ew 2g) Mew 24| MPX 24| MEW 22 WX 22 | WEW 29 WX 20 uEW 18|wex 18] VR CHN 2 | ACK 2 can | oy c
17 35 1| 3 - CLR
ACK 3
NEM 35 MEM 25| MPX 25|Mew 2a3[WPx 23| Mem 21 uPX 21| MEN T8|MPX 18| WR CHN 3 T ,
ACK 3
BUF CLR
| 2,3,4,5,6 (7,8, 92/10/1l (12,13,14 15,16 (17,1819 ,20,21 22 ,23,24,25,26,27,28,29,30,31 32,33,34,35,36,37,38,39,40 41 42,43, 44
[ WeS( | West [ wip2 |Wigz | Wip2 [WZ | WIBZ [ Wipz |Wig7 [Wig2 | Wig2 | BSIV | Weo( |Wesi | Weel | Wzl | We2l [Wezi | Wesi| Wesi | wgsi | wesi |Wip7_[Bees [mes3 | Besd | pA3 | Besd [Wes1 | Wasl | Weni | Wael -
N P
MEM 15{MPX 15 |MEM 13|MPX 13 MEM 11 |MPX t1[MEM 8 |WPX o |uPX 8 Rea | mea | Rea | Rea | ADDR ADDR ¥ Iwa D owm | owar | owar | war | aoor ADDR l—
P) 1 2 3 | ACK Ack 22 25 | 28 31| ag | ACKX ACKX 4
RD RS RD RS RORSX RDRSX e
WRRS WRRS WRRSX WRRSX ’
WPX | MPX |MEM 16|MPX 16|MEM 14WPX 14 MEM 12{WPX 12{MEM 15 |MPX 15 |WPX 17 Wex | mPx S YR B S S WKC L x| WS e //
[ 18 ROWR| & 18 | ack | ack | ack | ack | REQ 22 | peg 22 wa | owar | owar | omar | owar | REOX 22 | pegx 2
T0 T0 70 0| g ) 2 5 | o T0 | CYe T0 2 % | 29 o R T 10 | CYe ™ ya C
wx | uex WPX | WPX WAL\ wal | WAL | o -MALX | MAIX | -MAIX | MANX .
8 o6 | MEW 33(MPX 33 ME 31|MPX 31 | MEM 23| MPX 29|MEM 27 [WPX 27 |MPX 2 8 2% 2 | gy | 22 | 4 2| | 22| g
WAl WA AIX WAL
18 18 18 18
—HAI WAl -MAIX —MAIX
| CR | ClR | ClR | CWR 18 ! WAL L omar [ owar | omar | wal 18 i )
NEM 34| MPX 34 |MEM 32 [WPX 32 | MEM 38| MPX 38|MEM 28 |MPX 28 |MPX 35 . ) ] 3 | A 2 0 | 3 | as |l g y
19 19 19 19
721 | 8683 [wez | W] Tm_‘ A] WigZ | Wipe | 8683 | 8683 | B683 | 5683 | —
%
TEST
-MAL L ML | -Mal | wal | wxc | aooR —MAIX | MALX | WA
CABLE| 1 REQ | REQ | REQ | REQ f | M| Mo | M| PR [ Aoke | W | o [we | o | M TR
(SEEE) 35 4 5 6 7 | vl To| wal | TO ] 19 | 210 [ove | wax | To| wmax| To
NOT 20 | MAI 28 | MAI 28 | MAIX 20 | MALX B
WAL T3S | AL |3 walx |35 | ualx | e
T Y| R e L e
WRK
10 T0 SINT | g 10 | Aok | Aok | ack [acx | _yag WAl [ {w | ax s D
3 4 5 6 | 7 21 | 16N 20 | 16N 18 | 28 | 21 21 | 16NX 21 | 16Ny -
WPX L2 MPX MPX PARITY PARITY PARITY PARITY
17 35 17 35 INT [PULSE | INT [PULSE INT [PULSE | INT [PULSE
35 35 WRRS 35 35
SINT LN | SINTLIND SN
35 | 21
~FNC CLR CLR | CLR | CLR |-pyc ZENC I8NX | AL | -MAI | INT WOHR
SELECT 4 s 8 7 |seLEcT SELECT PAR 19| 28 | 22 )
PULSE g
¥ NOTE.: THIS SLOT USELD
TEST CABLE. WHICH
CONNECTS T MXIO OFF- A
ONE. TESTER.
8 7 6 5 1 4 3 i 2 1

D-MU-MX10-0-6 Module Utilization
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C-AD-7005509-0-0 Wired Assembly




O AHOVIA)
O8-15v

R7
7,500

DI3 04
D-662 D-862

C aND

| STRATE
UNLESS OTHERWISE INDICATED: [ st |

RESISTORS ARE 1/4W; 5%
TRANSISTORS ARE 2N4258

DIODES ARE D-664

B-CS-B133-0-1 Diode Gate

R6 R8 RIO RI3
68,000 68,000 68,000 68,000
10% 10% 10%

STRATE |
[ |

UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 5%
DIODES ARE D662
TRANSISTORS ARE 2N4258 g e

B-CS-B134-0-1 Diode Gate
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—QA+ 10V

OB- 18V
RI R2
7,500 68,000
5%
(1]
Loa | c2
E T1~0l T .0
MFD MFD
F
" L
J ot Q2
D7 D8 2N4258 2N4258
D-662 D-662
[3
OC GND
dowo
™M
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 10%
DIODES ARE D-664
B-CS-B137-0~1 Diode Gate
A
> > 9 > * O +10v
R2 R4 R6 R8 RIO RI2 RI4
100,000 100,000 100,000 100,000 100,000 100,000 100,000
c
4—O GND
Qi Q2
D4 08
D662 D662
D3 D7
D662 D662
g -O0
D2 D6
€Ol H K
ol D5 D9 DI3 DI7 D2t D25
F J L N R v
RI R3 RS R7 R9 Rl RI3
% 7,500 7,500 7,500 7,500 7,500 7,500 7,500
B
* < O -15v

UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W,5%
DIODES ARE D664
TRANSISTORS ARE 2N4258

B-CS-B141-0-1
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R RS RIO Ri4
0% 10% 10% 10%
68,000 < 68,000 68,000 68,000
| - . ? " - o oc eno
Q2 09 Q3 Q4 D18 039 Woa3
De64 D664
I c2
Yoo I3 Yorr p22 o yo36 o4zl
RS R6 %RII RI2 MFD | MFD
Yo7 32200 éz,zoo pi2 DI6 32,200 éz'zoo p21 Yo37 Yosu
4 S
R28 D36 YD40
R3 R7 R9 RI3 1,500 Yoy
7,500 7,500 7,500 7,500 b
—OB ~i5V
ko5 Aos b0 ZAon | Apis Apis DIS 020 026 Z D27 L 4
pec4 Moesa pees Mpess 0664 M pees pees Mpocecs| Moees Mpees P
i Je ] 0662] D662
o o s S o & o
" P T HOR v iU
RIS
10%
68,000
030
UNLESS OTHERWISE INDICATED: Dee4
TRANSISTORS ARE 2N4258
RESISTORS ARE I/4W, 5%
DIODES ARE D662
R2I
1,500
p o
031 2 R23
0664 S 4 700
PARTS LIST A-PL-BI67-0-0
B-CS-B167-0-1 Adder Gate
A
- . o . . . . -
RI R3S RS RS gmo € Ri2 RIS RIT Ems Hov
68,000 68,000 68,000 68,000 68,000 68,000 68,000 68,000 66,000
10% 0% ° 10% 10% Siow  © 10% 10% 0%  © 10% ¢
GND
Y Q2 Q3 a4 a5 s Q7 Qs Q9
4 ! < ! ! ! <
29
iossz Let
=]
028
D662 MFD
e RI3
D24 | 5600
RII
seo00 & 027
B
. o)
15V
UNLESS OTHERWISE INDICATED:
RESISTORS ARE I/4W; 5%
DIODES ARE D664
TRANSISTORS ARE 2N4258
.
B-CS-B168~0-1 Diode Gate
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D13 "1" 0" Die p27 ¢ [ Al
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e IS Rz | &o y w2t R33 29
:r?,.ﬂ :b? ook Ao Y
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Flip-Flop



E

4 0
‘E"‘ 6 SRl RI3 SRI8  SR20 R25 2R27 R32
;,sspoo 68,000 368,000 S 68,000 $68,0003 68,000 68,0008 68,000 68,000
C,M,V
Q3 Q4 Qs Q7 a8 pai Q9 GND
cl )
o1 Y 040
D13 6 D3 034 ure pas
I o] ]
H JoL sy : 03° 043
Di2 015 D30 D33 D38
RI RS R22
D42
1500 1,500 o 1,500 obes
bl
T * "‘N—‘ 1 i P 037 5
| on DI7 020 D29 D35
Ll 05 o0 Di4 D27 4AD28 D32 D36
Deea| D664 | “Tpeeq | DE64 Dss4¥>564 D684 | Tpeeq | DEE4 D664 [ “Ipeea | OE64 ose4¥ss4 D664 | Tpeea | 0664 | Tpees [ D8E4
o -3V P
3Rz SR3 QRS QR7 SR QRIO SRI2  SRI4 SRI6E QRI7 QRIS SR2! R23  SR24 SR26  SR28 SR20 QR30 SR
$1,800 $5,600 $5,600 $1,800 $1800 $5,600 %5,600 $1,800 $1,800 is,soo $5,600 $1,800 1,800 is,soo $5,600 $1,800 $1,500 :»7.500 izsoo
0
B
-8V
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W, 5%
DIODES ARE D662
TRANSISTORS ARE 2N4258
.
B-CS-B214-0-1 Quadruple Flip-Flop
- O A
ca
-L,o. RS R9 RI3 +lov
MFD S1,800 100 €8,000
sov |8% % )
DI cs <
GND
_ch lca D664 r7 10 Q2
68 oo ZBB., | 820 DEC Di2
6 5% 30098
I VvV
D2
RE oIl
= o
K O 4
oo
Q4
D9
¢l aQl
= .0l DEC2904
NFD — NO-
sov
Qs
o8
Dee4
vo—¢ ¢4
R4 RE RIO RII RI2 RI4 RIS
330 4,700 S 4,700 51,500 7,500 1,500 $1,500
172w 5% 5% 5% 5%
ey ]
-5V
UNLESS OTHERWISE INDICATED:
RESISTORS ARE I/4W, 10%
CAPACITORS ARE MMFD
DIODES ARE D662
TRANSISTORS ARE DEC36398
DEI IS A DEC I6-05529 DELAY
LINE WITH 25NS TAPS OR EQUIVALENT
PARTS LIST A-PL-B311-0-0
B-CS-B311-0-1 Delay Line

7-28



o A

UNLESS OTHERWISE INDICATED:
RESISTORS ARE 174W; 5%
DIODES ARE D664

B-CS-B683-0-1

Bus Driver
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1,500 %g% 560)
5% .
> R26 ca R27 R20 R28 R23 OR24 UR25
3750 on:f 750 %Looo %750 :f T 820 %azo 820
5% : 5% 5% 5% - 5% £5% 5% 8
. —O-15v
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7.0l Q4 T:0
MFD
MFD | " [eN42se s MFD
D2 D662 DI3 ogc
30098
D662 on
¥ pee2
DI
oto
IN780A
a7V —i¢—o. Leca
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134 6 Qs MFD
+—i4—o« DEC29044 DEC
29044
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L < < < < £
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< 2w
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> > S
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I
Rl - /s
(] o3
P O—
D7 D8 D9
"o — e
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C-CS-B684-0-1 Bus Driver

o7
D-664
D O—————P}——0E
D6
D-664
FO————P}——on
s
D-664
JOo———Pp———0K
D4
D-664
L
03
D-664
N P
D2
D-664

RO———Pp}——0s

DI
D-664

B-CS-R001-0-1 Diode Network

7-30



I P & o
%N i I gnn RI4 gnzo A lovia)
100,000 | 001 18,000 4,700 4,700
5% 5%
DI D6 DI5
Allcs  AD%ed Po-cea Q3 024 poze | COND
uo—se -Lcs D27
T 0022 _ ¥
¥%eq
- 13
2 04 | D8 o RI7 RI9 29 io
D-664 D-664 |D-664 3,000 680 026
PP 5%
Q4 (1] R22 r26 _ cio
o 2N 2N3605) % 3,000 2 3,006T100 D25
T 120 3605 Y 5% 5% | MMFD
i ¢ g ol R5%
0l T3
MMFD 1ov
o3 & | .07 Diz Qe8] a7 DI7 D20 @
D-664 D-664 D-664 f D-664
3 ib D24
RI RI RIS R32 18 19
26820 seg 3p00| 15,000, 5% D664 664 D23
5% YV
1,500, 5% *DZ?
D9 R9
D-664 20,000 ?DZ'
4
RI R2 R3 R6 BOURNS R2 R24 R25 ¢ R28 R29 2R30
15,000 3 15, 15,000 1,500 oR des _lc7 —lcsa =lco 7,600 1,500 7,500 < 1,500 680 3680
5% 5% 5% 5% WESTON TN.027 39 [T39 139 5% 5% 5% | 5%
-0
B- ISV
év J) o o o <.L o o 0 o o i
UNLESS OTHERWISE INDICATED: CAPS. ARE MFD R s P 3 L " N J o H E F
RESISTORS ARE /4W ,10% RS IS A 275P y
DIODES ARE D-662,
TRANSISTORS ARE DEC 3639B PARTS LIST A-PL-R303-0-0
.
B-CS~R303-0-1 Infegrating One Shot
~OAa+i0V
OB-15V
OC GND
D30
T D-662
04 029
D-662
R26
P) > 22
OV
RIS > R24 R2S d2ey
3 8,200 R22 3 8,200 Shco  T&s
B = |k
Qlo D26 Ul
DEC3009
8| _Ta
T-2044
=
59}
D51 %3
D52
29
053 =30
2RI RI9 054 R21
3220 220 5% 390
% 5%

UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 10%
DIODES ARE D-664

PARTS LIST A-PL-WI02-0-0

B-CS-W102-0-1
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ACK 0-7
(Acknowledge)

ADDRACK

(Address Acknowledge)

ADDRACKX

(Address Acknowledge MPX

Bus)

BUSY

BUSY DY
(Busy Delayed)

CHN O -7 (1)
(Channel)

CLRO -7
(Clear)

FIN
(Finish)

FIN DY
(Finish Delayed)

HIACK
(High Acknowledge)

IGN PARITY PULSE
(Ignore Parity Pulse)

APPENDIX A
GLOSSARY

MNEMONICS - LEVELS - PULSES

This level is placed on an MPX Control Line by the MX10
to signify to the Data Channel associated with that line
that it has been granted access to the MX10.

This pulse is developed in a memory unit and transmitted
to the MX10 over the Memory Bus to signify that the
memory address has been valid and that the memory unit
is commencing its cycle.

This pulse is generated in the Bus Drivers and Control
logic by ADDRACK and transmitted to the Data Channel
being serviced, over the MPX Bus, to signify that the
selected Data Channel has gained access to the memory
unit and that the memory cycle is in progress.

This flip=flop, located in the Control logic, when set,
designates the MX10 BUSY state and, when cleared,
designates the completion of a memory cycle.

This flip~-flop, located in the Control logic, when set,
fulfills one requirement for generation of an ACK level,
thereby granting MX10 access to a requesting Data
Channel.

These levels are generated by setting the associated

flip=flops CHN 0-7 located in the Control logic, and

are tested in the priority selection network to deter-
mine which Data Channel will be granted access.
Each flip-flop is set by a Data Channel requesting
access while BUSY(0) is true.

A pulse generated in the selected Data Channel when
a non-existent memory situation is detected.

This pulse is generated in the Control logic by CLEAR
and initiates the operations which place the MX10 in
the ready condition.

This pulse is derived from FIN (delayed 65 ns) and
clears BUSY signifying the completion of a memory
cycle.

This level is generated in the priority selection net-
work of the Control logic and is an enabling condition
for generation of ACK 4 - 7.

This pulse is generated in a memory unit which does
not have provisions for storing a parity bit and is
transmitted to the MX10 over the Memory Bus.



IGNX PARITY PULSE

(Ignore Parity Pulse MPX Bus)

MCRD
(Memory Cable READ)

MCWR
(Memory Cable WRITE)

MCXRD

(Memory Cable MPX READ)

MCXWR
(Memory Cable MPX
WRITE)

RDRS
(READ~Restart)

RDRS DY
(READ-Restart Delayed)

RDRSX
(READ-Restart MPX Bus)

RDWR1 and RDWR2
(READ - WRITE)

REQO -7
(Request)

REQ CYC
(Request Cycle)

REQX CYC
(Request Cycle MPX Bus)

This pulse is generated in the Bus Drivers and Control
logic when IGN PARITY PULSE is asserted. Trans—
mitted to the selected Data Channel over the MPX
Bus, it causes the Data Channel INOR PAR indicator
lamp to light and disables the parity checking network.

This is the READ request level, developed in the Bus
Drivers and Control logic from MCXRD. MCRD is
transmitted to the memory unit over the Memory Bus.

This is the WRITE request level, developed in the
Bus Drivers and Control logic from MCXWR. MCWR
is transmitted to the memory unit over the memory Bus.

This is the READ request level developed in the
selected Data Channe! and transmitted to the MX10
over the MPX Bus.

This is the WRITE request level developed in the
selected Data Channel and transmitted to the MX10
over the MPX Bus.

This pulse is generated in the memory unit and placed
on the Memory Bus simultaneously with the data word
read from core.

This pulse is derived from RDRS and delayed 65 ns in
the Control logic. RDRS DY causes RDWR1 and
RDWR2 to be set to their 1 states thereby allowing
MPX Bus to Memory Bus data transfers. '

This is the pulse, triggered by RDRS, generated in
the Bus Drivers and Control Logic that is transmitted
to the selected Data Channel over the MPX Bus
simultaneously with the data word read from core.

These are the flip=flops, located in the Control
logic, which, when in their 1 states, allow MPX
Bus to Memory Bus data transfers, and, when in
their O states, allow Memory Bus to MPX Bus data
transfers.

Each Data Channel requesting MX10 access places its
associated REQ level on its REQ MPX Control Line.

This is the level, triggered by REQX CYC in the Bus
Drivers and Control logic which is placed on the
Memory Bus simultaneously with the memory address
word and which remains true until ADDRACK is
generated by the memory unit.

This is the level generated in the selected Data
Channel after reception of the appropriate ACK

level from the MX10. REQX CYC is placed on the
MPX Bus simultaneously with the memory address word.
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WR BUS (0)
(WRITE Buffer)

WR BUF (1)
(WRITE Buffer)

WRRS
(WRITE=Restart)

WRRS DY
(WRITE=Restart Delayed)

WRRSX
(WRITE-Restart MPX Bus)

This level is ANDed with RDRS DY in the Control logic
to generate CLEAR af the completion of a memory READ
cycle and, when false during a READ~-MODIFY-WRITE

cycle, prevents MX10 termination at the completion of
memory READ.

This level is ANDed with WRRS DY in the Control
logic to generate CLEAR af the completion of a
memory WRITE cycle.

This is the pulse triggered by WRRSX in the Bus
Drivers and Control logic which is transmitted to the
selected memory unit over the Memory Bus simultane=
ously with the data word to be written into core.

This is the lese derived from WRRS and delayed 65 ns
which, when ANDed with WR BUF (1) in the Control
logic, causes generation of CLEAR.

This is the pulse generated in the selected Data
Channel which is placed on the MPX Bus simultane=
ously with the data word to be written into core.
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