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Figure 7-6. MAS Block Diagram.

4052/54 & 4052A/54A TECH. DATA REV, NOV 1982

170
BOARD

MCP
BOARD

I70 BACK
BOARD| |PACKS



ALU, MCP, MAS, AND I/O

Data Bus

The Data Bus provides the data path between the internal
data registers and the internal (system ROM and RAM) or
external (I/0 Board or backpack) memory space. Data direc-
tion 1is controlled by the READ-1 line. When READ-1 is low
(memory write) the data is transferred from the MBO through
MB15 to the EDBO through EDB15 and ODBO through ODB15 lines.

WHen READ-1 is high (read memory) the data goes in the other
direction.

The memory spaces are divided into even and odd addressing
of data bytes. Data transfer between the MAS Board and the
MCP Board is two bytes or one byte (Figure 7-7). When one
byte 1is transferred, MBO thru MB7 is active with EDBO thru
EDB7 (U195) for even addresses and with ODBO thru ODBT
(U165) for odd addresses. External one-byte data transfers
are between EXDO thru EXD7 and EDBO thru EDB7 (U495) for
both even and odd external addresses (EDBO thru EDB7 is
active with MBO thru MB7). During an odd address or an
external (even and odd addresses read only, write to exter-
nal is one-byte only) two-byte data transfer, MBO thru MB7
is active with EDBO thru EDB7 (U185); MB8 thru MB15 is
active with ODBO thru ODB7 (U170). The first external byte
(EXDO thru EXDT7) is latched in U160 and output to ODBO thru
ODB7. The second external byte is transfered from EXDO thru
EXD7 to EDBO thru EDB7 (U495). When two bytes of data at an
even address are transferred, MBO thru MB7 is active with
ODBO thru ODB7 (U165) and MB8 thru MB15 is active with EDBO
thru EDB7 (U185). The MBENO thru MBEN3 control lines control
these data transfers.

The ODBO thru ODB7 lines are buffered to the odd RAM and ROM
(ORBO thru ORB7) by U270. The EDBO thru EDB7 lines are
buffered to the even RAM and ROM (ERBO thru ERB7) by U395.
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ALU, MCP, AND MAS

ODD ADDRESS—16 BIT DATA OF MEMORY SPACE

MCP BOARD
16 BIT DATA BUS LOW BYTE (MBO-MB7) (MB8-MB15) HIGH BYTE

MAS BOARD

28 BIT DATA BUSSES EVEN BYTE (EDB0O-EDB7) ODD BYTE (ODB0-ODB7)
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16 BIT DATA BUS | LOW BYTE (MBO-MB7) (MB8-MB15) HIGH BYTE
MAS BOARD
E . -ODB7
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2840-29

Figure 7-7. Data Byte Transfer.
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ALU, MCP, MAS, AND I/O

Address Bus

The Address Bus latches the address from the MCP Board,
buffers the destination of the address, and supplies the
address counting for dynamic RAM refresh. The address from
the MBO through MB15 lines is latched (via U180 and U190)
and supplied to the OABO through OAB15 lines.

Internal memory (both ROM and RAM is arranged into two
banks, an 0dd Bank and and Even Bank. These two banks are
addressed by the lines EAB1 through EAB15 (Even Address Bank
1-15) and OAB1 through OAB15 (0dd Address Bank 1-15). An
adder consisting of U385, U390, and U480 increments the EABO
through EAB15 1lines for odd word addresses and two-byte
external addresses. The input to the adder is from OABO
through OAB15 and the output of the adder is sent to lines
EABO through EAB15.

Single Byte Operations

During single byte operations, the addresses present on the
EAB1-15 lines and the addresses present on the OAB1-15 lines
are 1identical. Selection of the odd or even memory bank is
done by line OAB-O0.

Word (Two-byte) Operations

During word or two-byte operations, both banks are addressed
regardless of the state of OAB-0. When the first byte of a
two-byte operation is 1located at an even address (on MBO-
15), the addresses on the two banks will be the same.
However, when the first byte of the two-byte operation is
located at an odd address, the EAB1-15 address is the OAB1-

15 address incremented by the adder (the value of OAB1-15 +
1)-

External Addressing

A two-byte external address is sent to the External Address
Buffer on the EABO0-15 lines in two memory cycles. During the
first cycle, the address from the latches (U180 and U190) is
placed onto the bus and also into the adder. During the
second memory cycle, the adder increments the address by one
(INCADD-1 goes high).
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ALU, MCP, MAS, AND I/O

RAM Refresh Addressing

The dynamic RAM memory is refreshed by periodically cycling
through the O0ABO-7 1lines. A counter (U295) is incremented
whenever the 1line RFSHLATE-1 goes high. The output of the
counter 1is buffered by U290, and whenever RFSHEARLY-0 goes
low, the buffered address is placed on the OABO-7 lines.

Dynamic RAM Addressing

The dynamic RAMs are addressed through buffers U460 and U465
from 1lines OAB1-14 to 1lines ORAB1-7 and buffers U430 and
U435 from lines EAB1-14 to lines ERAB1-T7.

External Address Decode

The External Address Decode enables the external space for
access. The MEXT-0 1line is 1low for RAM space address
(MSPACE-1 is high) X'FF00' to X'FFFF' and for ROM space
address (MSPACE-1 is low) X'0000' to X'3FFF'. The RAM space
of external is wused for the 1I/0 Board addressing. The ROM

space of external 1is wused for the switchable backpack
address (16K).

External Address Buffer

The External Address Buffer 1is enabled at all times. The
input to the buffers (U485 and U490) is from the EABO thru
EAB15 lines. The output is to the AEAO thru AEA15 lines. The
AEAO thru AEA15 1lines address the I/0 Board and the back-
packs.
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ALU, MCP, MAS, AND I/O

Parity Generating and Checking

The Parity Generating and Checking consists of two parity
generating intergrated circuits, one for even RAM space
(U285) and one for odd RAM space (U260). The data is from
the ODBO thru ODB7 (odd RAM space) and EDBO thru EDB7 (even
RAM space). During a RAM space write, the generators create
an even parity output to OPDIN-1 and EPDIN-1 for storage in
RAM space. During a read of data, the generators input the
data with the parity stored during write and create an

output. If there 1is an error OPARITY-1 or EPARITY-1 goes
high.

Pariﬁy Error Latch

The Parity Error Latch is wused to generate a HWDFAIL-0
interrupt. The conditions required for the interrupt are a
read operation of the RAM Array (U345A-3 is high) and either
"an odd parity error (OPARITY-1 is high) or an even parity
error (EPARITY-1 is high). During one-byte memory read, only
the RAM space addressed parity is active (odd or even). The
LED, DS15, is turned on by a parity error.

RAM Control

The RAM Control does the decoding for one or two-byte
access, read/write control, row addressing (RAS) control,
and column addressing (CAS) control. WORD-0 controls the one
and two-byte memory access. When WORD-0 is low, both even
and odd RAM arrays are active (two-byte read/write). When
WORD-0 is high, OABO-1 selects the active RAM array (one-
byte read/write). WRITE-1 controls the reading and writing
of both RAM arrays. WRITE-1 high is a write operation. Each
RAM bank (even and odd) is divided into two 16K-byte
sections. EAB15-1 selects the active 16K section of the Even
RAM Array. OAB15-1 selects the active 16K section of the 0dd
RAM Array. Row address select (RAS) is activated for refresh
by RFRSHEARLY-0 going low and for memory access by EAB15-1
and OAB15-1. RFRSHEARLY-0 activates all four 16K sections of
RAM. Column address select (CASCLK-1) goes high to select
the RAMs for read/write addressing.
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ALU, MCP, MAS, AND I/O

RAM Arrays (0dd and Even)

The Even RAM Array and the 0dd RAM Array functions exactly
the same; therefore, only one is described here. Each RAM
array is divided into two 16K by 9 bit sections. Eight bits
ard used for data, and the ninth bit is used for storing the
parity. The control and selection is from the RAM Control.
The address is supplied in two 7-bit parts from the ERAB1
thru ERAB7 1lines. The row address (RAS) input is used for
refresh of memory and data access addressing. The row
address 1is latched into the RAMs, and then the column
address (CAS) is supplied to the RAMs. Column address is not
used for the RAM refresh.

ROM Control

The ROM Control selects the ROMs addressed by the computer
system.  These may be the 0Odd ROM array, the Even ROM Array,
or in the case of the older boards, the Patch ROMs.

The address decoders, U420 and U470, select the active ROM.
The address decoders are enabled by SPACER-1, OBYTE-1, and
EBYTE-1 when ROMCLK-0 goes 1low. CONSTROM-0 selects the
constant ROMs.

On the older boards using FPLAs and Patch ROMs, the FPLAs
are used to detect patch addresses. The flag outputs (U863-
19 and U845-19) are wused to disable the address decoders
when the FPLAs detect a patch address. The FPLAs supply the
byte or bytes at the trap memory address. The FPLAs' flag
output also disables the constant ROMs (U810 and U893) to
allow patching of constants.

On the newer boards, the ROM Control can be disabled by
placing a strap at J419.
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ALU, MCP, MAS, AND I/0

The Even ROM Array and Even Patch FPLA, and the Odd ROM
Array and 0dd Patch FPLA are functionally the same;
therefore, only one is described here. The Patch FPLA looks
at all addresses. When a memory patch address has been
received, the flag output (pin 19) goes 1low. The FPLA
outputs a data byte to the data bus instead of the ROMs. In
each ROM array there are four 8K by 8-bit ROMs. Three ROMs
are used for firmware instructions, and one is used for
constant data. The constant ROM has an address in the lower
8K of RAM space. The patch ROMs are either 512 by 8-bit ROMs
or 256 by 8-bit ROMs. The patch ROMs are used for patching
large sections of memory and are accessed by instructions
executed from the FPLAs.

Internal Timing Control

The Internal Timing Control develops the RAM and ROM timing
signals needed for memory access, and provides timing for
system handshake signals needed four internal memory opera-
tions. The timing is developed by a series of flip-flops. At
the beginning of a memory operation, each flip-flop in the
series 1is <clocked, in succession, to a logical 1. Then the
series 1is sequentially clocked to a logical 0 until all
flip-flops have been zeroed. Combination of the flip-flop's
outputs supplies the MAS Board with the signals used to
control the Data and Address Busses, the RAM and ROM clocks,
and the system handshake signals.

External Timing Control

The External Timing Control supplies the timing signals when
an external access is required. When high, the WORD-1 signal
sets wup the timing for two-byte external access by setting
U102A. When U102A is set, it forces the I/0 board to
complete two <cycles by placing the external timing control
into a mode which requires two DAX-0 pulses before EXTREQ-0
is removed.
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ALU, MCP, MAS, AND I/0

Address Decode and Data Control

The Address Decode and Data Control supplies the selection
of memory space (RAM, ROM, constant ROM, or external), the
read/write control 1lines (for the MAS Board and the I/0
Board), and the Data Bus buffer selection. The memory select
control 1lines are SPACER-1, RAMADDR-O, CONSTROM-0, and EXT-
0. The read/write control lines are R-1/W-0, WRITE-1, and
READ-1. The Data Bus buffer lines (MBENO thru MBEN3) are
supplied from a ROM (U250).

Memory Request Sequencer

The Memory Request Sequencer starts the memory access and
controls the dynamic RAM refresh cycles. The MAS Board
starts a memory access when ADDRVALID-O goes low, MINDRECT-0
goes 1low, or there 1is a refresh request from U120B-9.
ADDRVALID-0 is the control line used for address from the
MCP Board. MINDIRECT-0 is used during an extended addressing
mode (the data out of the MAS Board is the address of the
next memory access). The control lines used for refresh are
RFRSHEARLY (-1 and -0) and RFRSHLATE (-1 and -0).

Status Control

The Status Control latches information to perform the memory
accesses. The following information 1is 1latched in U225:
read/write (MREAD-1 is high for read operations); one or
two-byte data (MWORD-1 1is high for two bytes); RAM or ROM
space (MSPACE-1 is high for RAM space); and external access
(MEXT-0 is low for an external access).
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ALU, MCP, MAS, AND I/O

External Bank Select (New Board Only)

The External Bank Select is a single bit addressed register
which 1is written to in parallel with the ROM Pack Bank
Select Register. When bit six is high, U380B is set. This
disables external memory accesses in ROM space and enables
EPROMs U863 and U845. When U380B is cleared, normal external
memory accesses are again enabled.

I/0 BOARD
The I/0 Board contains the following functional areas:

I/0 Control, Address Decode, and Clocking
Magnetic Tape Interface Logic

Keyboard Interface Logic

Display Interface Logic

GPIB Interface

O 0000

Two versions of the I1/0 Board exist for the 4052/4052A and
two for the the 4054/4054A. They differ in that the newer

board has the GPIB control performed by a single integrated
eiremit.

General interfacing is done through PIAs and discrete logic
located on the 1I/0 Board. You should be familiar with the
Manufacturer's Data sheets before attempting to diagnose or

repair problems involving PIAs or the GPIB Interface cir-
guit.
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