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1. PROCESSOR

The processor used 1n the PMU B80-3 is the high speed Zilog Z80. All information
concerning this chip can be found in the data sheets. However, for the purpose
of these descriptions, two important points should be noted:

(1) The processor is operating in interrupt mode two. .
(ii) The Non-Maskable interrupt 1s not used owing to limitations in the
software.

The signals NMRQ (Memory Request), NIORQ (Input/Outputwgequest). NRD (Read) and
NWR _ (Write), are gated (at D5F6) to create the four standard control lines of
the “EMM Bus. these are:

NMRCU 7 - Memory Read Command Local
NMWCL ; - Memory Write Command Local
NIORCL;- Input/Output Read Command Local
NIOWCL! - Input/Output Write Command Local

Thes? 519n§13 and the signals BACKL (Bus Acknowledge Local), NIORQL, and NMRQL
are only valid when the disabling signal COMDIS (Command Disable), for the
drivers D5E4 and HOF3 1is inactive (low).

2. SYSTEM TIMING

The timing for the system is based on a crystal (G4F9) of frequency 12 MHz.

The crystal is connected to a Voltage Controlled Oscillator located at G2F5.
The facilities for controlling the range and frequency of the oscillator are
not wused. Therefore, both controlling inputs (pins 2 and 3) are connected to
2.5V.

The waveform on the output of the VCO ({0SC - Oscillator), has the same
frequency as the crystal. It is supplied to a divider (G2E6) which outputs two
signals which are connected to pin 1 and 3 of the strap W1 (G3F4).

Strap between:

AR

f.and. 2 PRCLK (Processor Clock)

780 ‘MHZ {Normal operation)
3 and 2 PRCLK IM

Hz {for Test Purpose)

" ll

PRCLK 1is fed to TS (testpoxnt 5), and is inverted at F6D4, to create the sxgnal
NBCLK (Bus Clock). The sxgnal NBCLK can. be supplled to the EMM Bus, using the™
strap W3l (F1D1).

The circuit g;ound the gate, at F6D4 is used to correct the edges of PRCLK.
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3. SERIAL INTERFACE

The SCC (Serial Communications Controller) controls the channel A and B inter-
faces.
Channel A: V24-interface
Channel B: short distance interface
Channel B can be strapped as either a DCE interface or as a DTE
interface.

Before these interfaces <can operate, the chip must be programmed by the
processor. Programming 1is achieved by the processor writing a string of command
bytes to the command registers of each channel. The command registers are
assigned to the following I0 addresses:

Channel A - 02
Channel B - 03

A command byte, present on the data bus DATL7-0, 1is written into the command
register hen NCSSCC (Chip Select SCC) is activated. The command byte 1is
written inhp'the command register specified by the level of the address line
ADRLO, i.e.

ADRLO
ADRLO

0 selects Channel A
1 selects Channel B

The level of ADRL1 specifies whether the contents of DATL?—D, is a command or
data byte, i.e.

ADRL1 0 data

1 command

Once programmed, the SCC is ready to transmit or receive data.

After a data byte 1is received or send, the line NINT is activated. The
interrupt acknowledge circuit replies with an interrupt acknowledge (NINTACK).
An interrupt vector is released by the SCC, and the Interrupt Service Routine
(ISR) will cause the data to be read or write from the appropriate register.
The data registers are assigned to the following addresses:

Channel A - 00
Channel B8 - 01

Data is received at a rate determined by the SCC clock inputs.

For Channel B, TCLK (Transmit Clock) is connected to RTxC8 (Receive Transmit
Clack). TCLK is an output from a divider located at G2ES.

TCLK. ¢can strapped for:

strap_ between _
1 and 27 TCLK = 3,072"MHz (normal operation)
2 and 3 TCLK = 1,536 MHZz {test purposes)

The Voltage Controlled Oscillator at G2E5 supplies the clock at a frequency of
6,114 MHz to the divider.

For Channel B, there are two possibilities:

U SN e . PETE o Mt gt T I

(i) The signal TCLK is connected to RTxCB when strap W23 2 and 3 is in place.
(ii) If the strap is placed on 1 and 2, the clock from the interface will be



used.

The output of gate BBDé4 (éIYEUit 109 ored with 125) can be strapped (W20 1 and
2f to form the DQDA?(Data Carrier Detect) for channel A.’

The signal NDSRA (Data Set Ready), circuit 107, is fed to the buffer at B8F3
where it forms the signal NOLI (On Line In). NOLI is fed to connector 5.

With a switch on connector 5§, NOLI 1s connected to NOLS (On Line Switch).

With the signal NDSRA active low, NOLS is activated. The signal ODTR (Data
Terminal Ready) output of gate B8D4 1s disabled. With removing the switch, or
switch off, DTR is enabled.

The signals TxDA and TxDB are disabled at gate E7D4 and B4A3 with the signals
NRTSA (Request to send) and NRTSB inactive.

k. REMOTE POWER CONTROL

The purpose of this circuit is to provide a remote device with the ability to
switch the@gystem power supply on or off.

The line KFBW’(Remote Power On) is output to the power supply via the EMM Bus.
A high level on this line switches the power supply on, while a low level
switches it off. This line can be driven high in four ways, by:
Tif A high level on the line A125 (Ring Indicator), with strap W21 1 and 2
in place. (A8F0) T
A high level on the line A109 (Data Carrier Detect), with strap W21 3 and
, 2 in place,
(§§T§ A high level on the line B109 (Data Carrier Detect), with strap Wi4 1 and
2 in place. (DTE mode) o
A high level on the line B108 (Data Terminal Ready), with strap W14 2 and
3 in place. (A306) (DCE mode) o

The 1lines A125 and A109 originate from the V.24 interface, but the lines B108
and B109 originate from the auxilliary V.24 interface.

The line NPWOFF (Power Off) is strapped at C361 Lg]gz for:
strap between
1 and 2 interrupt power off via CT 108 (DCE)
2 and 3 interrupt power off via CT 109 (DOTE)

This line is normally high when the terminal is switched on.

5. LINE TRANSMITTERS AND RECEIVERS

The control line of the V.24 and auxiliary V.24 interfaces are input to, or
output from, the PMUB0-3 via the Line Receiver and Transmitters respectively.

The circuit consist of two different types of gates (75189 and 75188) which
function as follows:

- 75189, changes (and inverts) the V24 level (12V) to TTL level (5V).
- 15188, changes {and inverts) the TLL level to V24 level.
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6. DATA BUS CONTROL

The function of this circuit is to control the times at which the processor's.
data lines, DATPO-7 are connected to the Local data bus DATLO-7. Connection 1is
achieved via the tranceiver at HOE2.

The transceiver 15 enabled if the signal ADRD (Address disable) is 1inactive
(low). The direction of data flow is controlled by the signal NDATPD

(Data Processor Direction). When NDATPD 1s low data flow from the data bus
to the processor, and when NDATPD is high data flow is from the processor to
the data bus.

The decoding of the signal NDATPD 1i1s performed by the PLA circuit (G4C0) as
follows:

NDATPD is low (active) when:

- BACKL

- NIORCL
or

- BACKL

- NINTACK
or

- BACKL

- NMRCL

- NROME

I0 Read

"
[ =T =]

won k"
3

0o -

Interrupt Acknowledge

Memory Read (Except the Rom)

1]
-0 0

7. INTERRUPT CONTROL

The Interrupt Control Logic contains:

a. 28536-CI0 (H7E3) (Counter/timer and Parrallel I/0 Unit) which is capable of
handling eight different interrupts lines, and the Real Time Clock.

b. Interrupt acknowledge circuit (808B7,16D5).

The 28536-CI0 contains three I/0 ports and three counter/timers

ADDRESS
I/0 Port A: Input port for eight different interrupt lines. 23
1/0 Port B: Input port (Discussed by Local I/0 Port) 20
I/0 Port C: Reserved 21
C/T 1 : Reserved
C/IT 2 : Real Time Clock Generation
C/T 3 : Reserved

4

For a detailed description of the operation of this chip reference should be
made to the data sheets. However several aspects of the chip are now explained.
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Port A is capable of handling upto eight different interrupts, but at the
moment only six are used. The various lines are allocated as follows:

NIRO - Power Failure (PWFNI) Highest Priority
NIR1 - Interrupt Fifo (INTFIFO)

NIR2 - Master Slave Interrupt (NIRCMD)

NIR3 - Power Off (NPWOFF)

NIR4 - SASI Port

NIRS - Reserved

NIR6 - Reserved

NIR7 - Flexible Disk Controller Lowest Priority

The line PWFNP (Power Failure Supply) 1is an output from the power supply. If
a power failure occurs this line goes low.

The 1lines INTFIFO and NIRCMD (Interrupt Command) are outputs from the MASTER
SLAVE COMMUNICATION. They will be activated when the master processor (on the
master PMUBO0-3), wants to interrupt the slave.

/
NPWOFF (Pﬁqer Off) is an output from the V24 interface connector. If the
terminal is switched off, this line is activated.

Note: The lines NIR4-7 are buffered at (HOF3). Reserved for master.

All the lines at the input of Port A will be programmed as level triggered,
active zero inputs.

If an interrupt occurs on any of the input lines, then the line NINT
(Interrupt) is activated.

Bit 7 has the highest priority, bit 0 the lowest. The interrupt vector 1is
allowed to include status information (indicates the highest priority bit,
which causes the interrupt).

So, an unique interrupt vector is released when the interrupt acknowledge
signal is activated.

The remaining lines of the CIQ0 have the following functions:

NCSCIO0 (Chip Select CIO)
When active this signal permits the CIO to be read or written.

IEOS (Interrupt Enable OQut SCC)

The 28536-CI0 and Z8530-SCC are connected in a daisy chain, which gives the
Z8530-SCC the highest interrupt priority. When IEOS is high, it indicates that
no other device with a higher priority is requesting an interrupt.

ADRL1, NADRLO
These lines. are used to select the I/0 Ports and the internal Control register.

The signal M1 is gated (at H702) with NCOMDIS to create the enabling signal for
the interrupt acknowledge control (at BOB7,16D5).
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Interrupt Acknowledge sequence. (fig. 1.}

After the line NINT 1s activated, the processor will response with.

a. A special NM1 cycle

b. NMRQ will stay 1inactive high.

c. INTACK (output 5 of flip flop BOBS) 1s activated on the rising edge of
NPRCLK .

d. T2 (output 8 of flip flop BOB7 )} 1s activated

With T2 active high, NINTACK 1s activated.

f. At the fourth clockpulse of TCLK, NIORPE (output of gate H7D2 pin 11) 1s
activated, as well as NCIORD. At this moment the CI0O puts his interrupt vector
on the data bus.

g. At the fifth clockpulse of TCLK NXACKL becomes active low. As a result of
this, on the rising edge of NPRCLK the processor deactivates NM!.

o

LML
iy g 1T

\
|
INTACK |
T2
N INTACK [ 9

D |

’JI

.....1-—-—/
)\V‘
S

\

j -
L
—
L.

tigure 1.
Remark:The CIO is reset by activating NCIOWR and NCIORD at the same time.
Real Time Clock Generation shall be performed by Counter/Timer 2.
It consits of a presettable 16 bit down counter, a 16 bit time constant

reg;ster, an 8 bit current counter register, an 8 bit mode specification
register and an 8 bit command status register.

All this registers are accessable by the CPU performing 1/0 commands to the
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appropriate 1/0 addresses.

8. LOCAL [0 DECODER

The decoding 1s performed by the PROM on Location E6C5. The Prom 1s enabled
when the signal NIOL (Input/Output Local), from the PLA circuit F2C0, goes low.
This signal is activated under the following conditions: .

ADRLSE = 0
ADRLT = O
BACKL = 0

This results in a local I0 address range of 00 - 3F.

After it has been selected, the PROM decodes the address lines ADRL2-6, to the
following addresses:

LINE ADDRESS
NCSSCC (;hip Select SCC) 00 - 03
NCSIOP (Ggip Select I0 Port) 20
NCSCIO {Chip Select CIO) 20 - 23
NCSMMU {Chip Select Memory Map Unit) 24
NMSCP (Master Slave Communication Port) 28
NCSFIFOL (Chip Select Fifo Local) 2C

All of these chip select lines are active when low.

Q. MEMORY MAPPING

TN AR R gt S Ay

The mgmggx%mgpg;gﬁécircuit is used to extend the number of processor addres

line from sixteen to twenty, so that instead of being able to address only 64K
of memory, the processor is able to address gggghlgfﬁ

Memory accesses can take four basic forms (see below). To fully explain the
operation of this circuit, each type of memory access 1is explained. However,
before proceeding with the explanation, the following important points should
be noted:

a. The signals EXMAC (External Memory Access), and MAPEN (Map Enable), are
set or reset by the "on board” processor, via OUTPUT PORT 20

b Throughout the following description reference 1is made to the ZSEG
Buffer, and the MMU Port. These are the components located at G6E2 and G202,
respectively.

c. The logical address, refers to address output of the processor.

d The physical address, refers to address of the memory location in the
physical memory map.

e. The signal NMMUEN, when active, enables the MMU Port.

NMMUEN is active (Low) when:

- ADRP13-15 = 0 (System Memory or IPL Rom Access)
-~ BACKL =0 (Logical addres 1000-1FFF)

- ADRL12 = 1

- MAPEN = 1

Note: BACKL Bus Acknowledge Local
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The circuit operates as follows:
(i) Access to TEST ROM.{Figure 2}

With EXMAC and MAPEN both 0 (after power on) and the logical address
between 000 and FFF, the 2SEG Buffer and MMU Port are disabled. When the
2SEG Buffer 1s disabled the address lines ADRL19-12 are. all high.
Therefore, a logical address in the range O000-FFF is translated into a
physical address in the range FF000-FFFFF. A hardware test program 1is
located between these addresses.

Note: The ZSEG Buffer is disabled when the signal NZSEGDIS or the signal
NADRD (Address Disable) is active (low), i.e. when:

- ADRP12-15 = 0 Test Rom access

- EXMAC =0 (logical address 000-FFF)
- MAPEN = 0

- BACKL = 0

(ii) Acceé@uto IPL ROM. (Figure 3)

The test program 1is executed upto logical address OFFF. During this
program, the processor writes an "address adjuster” byte with the value

FE into the MMU Port. At the end of the inside test an instruction which
sets MAPEN to 1| is executed.

The next logical address output by the processor is 1000. With EXMAC=0,
MAPEN=1 and a logical address in the range 1000-1FFF, the MMU Port is
enabled and translated into a physical address of FEQ00. A logical address
in the range 1000-1FFF is translated into a physical address in the range
FEOOO-FEFFF. The IPL routine is located between these addresses.

Note: The 2SEG Buffer is disabled when NZSEGDIS is active (low), i.e. when:

- ADRP13-15 = 0 (IPL ROM access)

- EXMAC = 0 (logical address 1000-1FFF)
- BACKL =0

- ADRP12 = 1

- MAPEN = 1

{iii) Access to Local Ram. (Figure &)

With the lines EXMAC=1 and MAPEN=0, the ZSEG Buffer is enabled and the
MMU Port is disabled. The upper four address lines (ADRL19-16) are set to
0, while ADRLO-15 take up the value of the lines ADRPO-15. A logical
address in the range 0000-FFFF will be translated into a physical address
of 00000-O0FFFF. This represents the RAM area of the PMUB0-3.
(iv) AE?bss‘to System Ram (DC node PHUGD Z3 or master PMUBG-3 only) (Figure
5)

With EXMAC=1 and MAPEN=1, and a logical address in the range 1000-1FFF,

the 2SEG Buffer is disabled and the MMU Port is enabled. The “address

adjuster” byte written into the MMU Port by the processor (and hence

present on ADRL19-12) has two functions.

a. ADRL19-16 <carries the number (0-15) of the slave PMU80-3, the
processor is accessing.

b. ADRL15-12 carried the page number (0-15) of the slaves memory.



(-

D

(D

EXMAC
MAPEN
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Note: The 64K of Ram on each slave is divided 1into 16, 4K pages, numbered 0-15.
The 2SEG Buffer 1s disabled when NZSEGDIS 1is active (low), l.e. when:

- ADRP13-15 = 0 (System Memory Access)

- BACKL = 0 ({logical address between 1000-1FFF)
- ADRP12 = 1

- EXMAC = 1

- MAPEN = 1

The address lines ADRL11-0, <carry the address of the memory location
within the 4K page (with 12 address lines it 1s possible to access &K).

\0. ADDRESS BUS CONTROL

With the bustranceivers ETE4 and DSE4 the addresslines ADRP11-0 are connected
to the addresslines ADRL11-0. This is only in the case of ADRD [(Address
Disable) 1inactive (low).

L
o
1l. MASTER SLAVE COMMUNICATION

Each PMUBO0-3 has some facilities to support the interprocessor communication.
These are: Master Slave Control Port

Networking FIFO
Both can be used alternatively. FIFO0 processing is only used if all PMU boards
are able to perform FIFO processing.
1 qfﬁﬁﬁﬂuJboard .the following comparison must be made.
The 1nputs to the comparator (H6C0) are formed by the signals (SLLO-3)
(Special Logic Lines), and NADR1-4 (Address Lines 1-4), both of which are
lines from the EMM Bus. The levels of the lines SLLO-3 depend on the slot
position of the various PMU cards within the system cabinet. The address lines
(ADR1-4) are activated by the master when it wishes to acces a slave. The lines
are compared in the comparator in the following manner:

NADR?1 - SLLO
NADR2 - SLL1
NADR3 - SLL2
NADR4 - SLL3

If the comparison between all of these lines is successful, the the line CS 1is
activated (high).

(i) Master Slﬁve Control Port
The Master Slave Control Port is an input for a slave.

Data is clocked into the register on the rising edge of NCTRPSTB.
NCTRPSTB is active low, when:

NADRO = 1 Master 10 Write to an address in the range 40-SF
NADRS = 1

NADR7 = 1 41 - file master

NDACK1 = 1 43 - slave 1

CS = 1 45 - slave 2

NADRG = 0 till

NIOWC = 0 SF - slave 15

12
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Note: NDACK1 = DMA Acknowledge 1. (Not used) The address lines are inverted
at the EMM bus.

The inputs of the register are connected to the EMM data lines (NDATO0-7).
At the moment, only three lines have a function:

NDATO0 - Master Reset (active high)
NDAT1 - IPL Request Reset (active high)
NDAT2 - Master-Slave Interrupt (active low)

The Master-Slave Interrupt line (NDAT2), 1s in fact unimportant on the output
of the register. It is sent, in parallel, to a D flip flop (IBF4), where it 1is
clocked in on the rising edge of the signal NCTRPSTB.

If NDAT2 is low (active), the interrupt line (NIRCMD), to the INTERRUPT CONTROL
circuit, is activated. {active low) :

During the Master-Slave Interrupt Service Routine, the Slave can reset the
NIRCMD 1line by generating an [0 Write Command (NIOWCL) to the Master Slave
Control Po[t.(ZBH) The active address of the control port causes the signal
NHSCP(Hasté; Slave Control Port) to be activated by the LOCAL I/0 DECODER.
NIOWCL and NMSCP (DODS5), active together, reset the D flip flop, and hence
NIRCMD. A Master reset (NMR) also resets the flip flop.

When the data on the lines NDATO0-7 is clocked into the register I2C8, the
transfer acknowledge signal NXACK is generated and sent back to th acessing
device.

(ii) Networking FIFO

The 28060 First-In First-Out (FIFO) is an input for the master. The FIFO (K0OCO) on
master can only be written by a slave. On the Local Bus the FIF0O is only
readable. Data transfers in the FIFO are only from port A (NDAT7-0) to port B
(DATL?7-0).

Before data can be written in the FIF0O, the signal NFIFOSCS (FIFO ) )
must be activated. With NFIFOSCS is low, the shiftregister at KOF2 is enabled.
NFIFOSCS is active low, when:

NADRS = 1 I1/0 write to an address in the range &0H-5FH.
NADRT? = 1 .

NDACK1 = 1 40 - file master

CcS = 1 41

NADRO = 0 43 - slave 2

NADRE = 0 b4

NIOWC = 0

P

With the signals RFD (Ready For Data), output of the FIFO, active high and
NDACK1 inactive (high) ,the shiftregister clocks in a "1" at the rising

edge of NBCLKI. On the next clockpulses always a “1° is clocked in.

At the third clockpulse NACKA (Acknowledge Port A) is activated (low), which
means for the FIFO that the input data (NDAT7-0) is valid.

The interrupt line INTFIFO ,to the INTERRUPT CONTROLLER, is now activated.

After the fifth clockpulse the transfer acknowledge NXACK is generated and

sent back to the accessing device.
The shiftregister is reset when NFIFOSCS is deactivated.

13
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With the signal NCSFIFOL (Chip Select FIFO) 1is active low, the contents of the
FIFO (Byte by byte) can be read when NIORCL 1s activated. The interrupt line
INTFIFO is activated as long as the FIFO 1s not empty.

NXACK 1is also generated after a write or read of the master 1in the slave
memory. NMACK (Memory Acknowledge) (KOE4) is activated by the MEMORY TIMING
during a read or write cycle. .

12. WAIT STATE GENERATOR

This circuit 1is used to force the processor into “"wait mode” if the speed of
the processor is too fast with regard to the accessed device. Device accesses
can take two forms, either a memeory access (system or local), or an I/0 acces
(system or local). At the start of a memory access, the signal NMRQL goes low,
and at the start of an I/0 access the signal NIORGL.

With no device access ocurring (NMRGQL and NIORQL both high) the REQ line 1is
low. This causes the counter I2F5 continually loaded with the value 13H on the
inputs. T@erefore he never counts out. At the same moment the counter I2E7
stays in the reset mode. The transfer acknowledge local signal (NXACKL)}, at
this time will be inactive (high).

NXACKL 1is input to the PLA circuit at G4CO and affects the condition of the
NRDY (Ready) line, as follows:

NRDY is active (low) when:

- NXACKL = 0 Local Access
- BACKL = 0

or

- NXACK =10 System Access
- BACKL =0

- BUSCON = 1

With NWAIT low, the processor is in "wait mode”, and will remain so until

- NROY =0
or

- NMACK = 0
- ADRD =0

1. Memory Access (see figure 6)

a. NMRGL is activated.

NMRQL active, puts REQ active.

- When REQ is low, the counter (I2F3) is continuously loaded with the value on
his pre-set inputs (inputs 3-6), and the counter I2E7 is in reset state.
When REQ goes high, the counters start their counting action.

c. RIOTOUT goes high on the second rising edge of PRCLK.

d. At the third count of PRCLK, and then after each sixteenth count of PRCLK
the counter I2E7 is incremented by one until it reaches the value 128.

. TOUT becomes active after 1028 clock cycles of PRCLK.
- TOUT activates both NXACKL and NRDY.

2. Input/Qutput Access (see figure 7) (Not by a INTACK sequence)
f. NIORQL (and hence IOLREQ ), is activated.

NIORQL active, puts REQ active.
RIOTOUT goes high on the second rising edge of PRCLK.

S
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™ 3. ROM Access (see figure 8)

. NMRQL is activated

. NMRQL active, puts REQ active.

RIOTOUT goes high on the second rising edge of PRCLK.

RIOTOUT and ROME (both high) .both active, activate NXACKL and NRDY.

I~ X W

Another kind of device access that can put the processor into “"wait mode”,

1s when a processor, acting as a master, accesses a slaves control port, FIFO,
or memory.

During this type of action the NRDY line can be activated when the accessed

PCB activates the NXACK line.
1
NPACLK g-J—LJ_

. NMRGL 5, Ok \ 46
REG __@ \ o
RIOTOUT © (5
©] L
@ ‘ ‘ D4

. 18 cound ey cles

The MEMORY TIMING generates the signal NMACK.

PRCLK L1

TouT ¢ 1028 clodk C)"-“if@T
Figure 6.
& PRCLK | |
T NPRCLK
NIORG&L I
REG \ —
RIOTOUT ®
(OLREG \j %_—J—\:_:
NXackl
| Figure 7.

e
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13. RESET REFRESH LOGIC

The Reset Refresh Logic is used to perform the reset of the system at power-off
or power down, and the RAM refresh cycles during normal processing and power
down periods.

puring normal processing the signals RSLN (Reset Line, from the power supply)
and NMRS (Master Reset) are both inactive (high). NRES (Reset) therefore, 1is
also high. As a result of this, both flip flops (B8B7) have a high level on
their inputs. This 1s clocked in on the rising edge of RCLK (Refresh Clock),
or the rising edge of NPRREF (Processor Refresh). v

NMRI and STBMUX (Strobe Multiplexer) become high. ( With STBMUX high,

the RAS signals to the memory are supplied by the memory timing.)

At the same time the level of the reset line (NMR) (B487) is ipactive (high).
The signal RCLK is fed to a gate at B4A3 (pin 2), where it is blocked while
NMRI is high. STBREF therefore, stays low all the time.

NPRREF (Processor Refresh) is active when the signal NRADRE (Refresh Address Enable
is inactive high. '

NPRREF is gated (B4A3 pin 8 ) with MR to produce the signal PRREF.

This signé%udirectly generates the signal COUNT (B4B7 pin 12) which is fed to
the REFRESH COUNTER in the ADDRESS MULTIPLEXER circuit as the synchronised

RAM refresh clock. :
With NRADRE (Refresh Address Enable) is active low, NREFSHA (pin 9 of flip flop
p8C6) is activated at the rising edge of NPRCLK. The signal MUXRM (C2C6) fed to
the ADDRESSMULTIPLEXER is low, which means that there is a new refresh address
available.

NPRREF (pin 6 of flip flop DB8C6) is activated. NPRREF causes in the MEMORY
TIMING a RAS signal.

When NPRREF returns to his inactive state, the REFRESH COUNTER is incremented.

The signal NRADRE is active low, when:

NPACC
NM1
NCONT1
NRASD
NRADRE
or

NPACC
NM1
NRASD
BACKL
NCONT1

Refresh internal access

Hon on.on
-e—-0 00

Rom or external access

now onon
- o000 o

If one or bogh, of the lines RSLN , NMRS go low, then NRES goes low as

well. As a.result of this, the flip flop output line NMRI also goes low.
NPRREF therefore 1s blocked by the high condition of the line MR.

The signal COUNT is output to the REFRESH COUNTER at the frequency of RCLK via
gate B4A3.,

When PONRES (genereated by the circuit around BOA9) is active low, then RCLK
is fed to the refresh counter as well.

During “power on”, the circuit tests the supply

voltage and keeps the output PONRES active low, as long as the supply voltage
has not reached his nominal value.

Also when the supply voltage drops under the nominal value PONRES is active.
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14. MEMORY TIMING

The purpose of this circuit is to control the times at which the PMUBO-3
memory is accessed. Memory accesses can take the following forms:

(1) Local RAM access: where the processor 1s accessing its on-board RAM.
{ii) System Ram access: where a master processor i1s accessing a slave memory
(iii) Local RAM access: for refresh purposes.

(iv) ROM access: where the processor 1s accessing its on-board ROH

Memory access timing for the PMU8B0-3 is performed by a PAL circuit, F1A8.

The output signals from the PAL, NCONT1, NCONT2, and NEXACC (Externally Access)
are the main signals to achieve correct address timing.

The signals NRASD (Row Address Strobe Disable) and NRADRE (Refresh Address
Enable) are important for the refresh cycle.

Note: The signal NCONT1 is an internal feed back.

The first signal that must be generated is the signal RAS (Row Address Strobe),
output of gate D&4C6 pin 8.
RAS is disapled when the signal NRASD (Row Address Disable) is active.

NRASD is active during:

ADRP12
ADRP13
ADRP14
ADRP15
BACKL
EXMAC
MAPEN
or
ADRP12
ADRP13
ADRP14
ADRP1S
BACKL
EXMAC
MAPEN
or
ADRP12
ADRP13
ADRP14
ADRP1S
BACKL
EXMAC
MAPEN
or .
NCONT2 = 0
or
BACKL

Test ROM Access

uon
OO0 00 00O

IPL ROM Access

[ LI U LR | B )

-_-00 000 -

"

System Memory Access

"o uwon

F 1
-—_ee DO OO -

"
-

Memory accessed External

18
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RAS 1s active:

(1) During a local R/W. NMRQL input of gate E7C4 activates NMRW (Memory Read
which activates RAS.

Write)
(i1i) During
NEXACC

NEXACC

BACK

NCONT2

RDWR

(iii) During

L

a

system R/W. The signal NEXACC (External Access) activates RASf

is active (low) when:

is active when:

a

1 Memory accessed externally

local Opcode fetch. The signal NPRREF {(Processor Refresh) 1is

activated during the refresh part of the NM1 cycle.
During a

"power down" situation NPRREF also activates RAS.

NCONT1 (internal feed back into PAL) is active when:

BACKL
NPACC *
NRASD
NCONT2

or
NEXACC
BACKL
NCONT2

or
BACKL
NPACC
NRASD
NM1

or
BACKL
NPACC
NRASD
NM1
NCONT1

NCONT2 is

NCONT1
NEXACC
. RDWR
BACKL
or
NCONT1
NPACC
NRASD
or
NCONT2
ROWR
BACKL
or
NCONT2
NPACC
NRASD

w wn

an ou uoun

0
0
1
1

-

o0 oo

= T = T — B = i - ]

Internal Access

Accessed External

Refresh

Hold

active when:

non oui

"wow

-0 o

P OO

o

Accessed External

Internal Access

Hold. Accessed External
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RAS is fed to a multiplexer C2B6. During normal operation the signal STBMUX
(Strobe Multiplexer) from the RESET/REFRESH LOGIC 1is low which means

that RAS is connected to RAS! and RAS2. These signals are sent to the RAM BANK.
In the case of a power down situation STBMUX 1s actived, which means that
STBREF (Strobe Refresh), output by the RESET REFRESH LOGIC is connected to RAS!
and RAS2.

puring a refresh cycle, only the signals RAS?1 and RAS2 need to be supplied to
the RAM BANK.

RAMACC (Ram Access) and RAS are activated at the same time. The lower
addressbyte is clocked into the RAM. After a delay of several ns, RAMAC! (B6CH)
is activated.

With both RAMACt1 and RAS active, MUXM (Multiplex Memory) output of gate C2C6 1is
active. With MUXM active, the high order addressbyte is available on the RAM.

RAMAC2 is activated, when RAMAC1 already is active., RAMAC2 is fed to two gates
{C6C6) where it 1is, depending on the signals A and B, connected via the
multiplexer with the signals CASL (Colomn Address Strobe Low) or CASH to the
RAM BANK. On CASL or CASH active, the high order addressbyte is strobed into
the RAM.
CASL is aégive when B (output of ROM ETB4) is active.

B is active high when: ADRL15 = 0

CASH 1is active when A is active.
A is active high when: ADRL15 = 1
Other signals generated by the ROM are:

NOUTEN?! (Out Enable 1)

NMRCL = 0 Memory R/W. 0dd addresses
ADRLO = |

or
NMRQL = 0 Memory R/W. Even addresses
ADRLO =0 {Only with NBHEN active)
NBHEN = 0

NOUTEN2 {(Out Enable 2)

NMRCL
ADRLO

0 Memory R/W. Even Addresses
0

The signals WRENH (Write Enable High) and WRENL are active with NMRCL (Memory
Read Command) is inactive.
WRENH is active when:

NMRCL

ADRLO

RAMACC
or

NBHEN

NMRCL

RAMACC

R Accessing 0dd addresses
1
1

L

1)
o

Accessing Odd/Even addresses

" "
- -
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WRENL is active when:

ADRLO
NMRCL
RAMACC

0 Accessing Even adsresses
1
1

All these signals are fed to the RAM BANK.
NBUSE (Bus Enable) fed to the SYSTEM BUS CONTROL 1s active with NBHEN = 1

Besides the memory timing signals another signal is generated by the PAL.

This signal NMACK (Memory Acknowledge) 1s sent to the local processor, during

a local RAM acces, to indicate that the memory is ready to accept the command.
puring a system RAM acces it is sent (via the MASTER SLAVE COMMUNICATION) to
the accessing device, for the same reason.

NMACK is active when:

NPACC
BACKL
NM1
NRASD
or
NPACC
BACKL
NCONT1
NM1
NRASD
or
NCONT2
BACKL
RDWR
or
NPACC
BACKL
NMACK

R/W cycle

"W

- .-, O

Opcode Fetch

-0 00O

Accessed External

won
o

n
-

0 Hold

n ou n
oo

15. RAM BANK

The RAM BANK consits of eight 16k# .memory chips with each time two“chxps in
parallel to form an 8 bit data output. We will call thls ‘a palr
The Ram_Bank is in such a way organized, that there are two parts’o¥ 32k.
EARTTT This part is selected QX odd,addresse! (with NBHEN = 0 also by even
T~ addresses which we will discuss later).
This part is formed by two pairs. We call them:
P1LP (Part 1 Lower Pair,chips D4A3,D8A3) addressable between 0000-7FFF
odd /leven) addresses
P1HP (Part 1 Higher Pair,chips E2A3,E6A3) addressable between B8000-FFFF
odd /(even) addresses
With NOUTEN1 (Out Enable 1) is inactive high, the output buffers DATLS-
15 will stay in the high impedance state.
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PART2% This part is selected by Eb-‘w\!,i?l’!,“.a.cldresses. and also formed by two pairs

which we will call: o

P2LP (Part 2 Lower Pair,chips B8A3,C2A3) addressable between 0000-7FFF
even addresses.

P2HP (Part 2 Higher Pair,chips C6A3,D0A3) addressable between 8000-FFFF
even addresses.

With NOUTENZ2 1s 1nactive high, the output buffers DATLO-7 will stay in

the high 1impedance state.

In normal operation NBHEN 1s 1nactive high. At this moment during Ram access,
when an odd address 1s on the address bus, the lines DATL8-15 are connected to
DATLO-7 in the circuit. With NBHEN is active low a 16 bit master PMU can access
the memory (seen as 32K words) with data on the lines DATLO-15.

PART!1 and PART2 are then 1n parrallel, and only addressable on even addresses.

Although the addressing capability is 16K, only eight address 1lines are
available on each chip. The fourteen bit address (to address 16K} must be
supplied to the memory in two parts. Hence, one need for the ADDRESS
MULTIPLEXER.
The eight low order address bits are placed on the addrees bus MADRO-MADR7,
and clockéq,into the chips on the falling edge of the signal RAS1 (Row Address
Strobe) for"PART1, and RAS2 for PART2. RAS! and RAS2 are supplied at the same
time.
Then the six high order bits are placed on the address bus. There are two
situations:
(i) An address between 0000-7FFF,
The address is clocked in on the falling edge of CASLP. (Colomn Address
Strobe Lower Pairs).
{ii) An address between B000-FFFF,
The address is clocked in on the falling edge of CASHP. (Colomn Address
Strobe Higher Pairs).

The signals NWEL (Write Enable Low) for PART2, and NWEH (Write Enable High) for
PART1 are used to indicate whether a read or write action is required. With
NWEL or NWEH, high, indicating a read action, and low indicating a write action.

All these controll signals are supplied by the MEMORY TIMING circuit.

Because the memory chips are dynamic, refresh cycles must be performed at
least once every 2ms (milliseconds). During refresh, the address is strobed
into the memory on the falling edge of the signal RAS1 and RAS2. Only a eight
bit address (representing 256 row addresses) 1s necessary, because the complete
64K can be refreshed in 256 cycles,

16. ADDRESS MULTIPLEXER

The address multiplexer consists about five multiplexers, and 2 counters.
Four Multiplexers (C686,0086,0486,0886) are of the type:dual 4 line to 1 line
multiplexer.

There can be made a selection between, Refresh address, low order addressbyte
and high order addressbyte.

Selection is achieved using the signals:

MUXRM MUXM

0 0 Refresh Address

0 1 Refresh Address

1 0 Lower addressbyte
1 1 Higher addressbyte
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MUXRM selects between Refresh Address and Memory Address
MUXM selects between Low and High order addressbyte.

The multiplexer used at E2C5 1s used to solve some timing problems. With ADRD
(Address Disable) 1s active high, ADRP11-0 is disconnected from ADRL11-0 1in
the ADDRESS BUS CONTROL. Even so ADRP14-12 must be disconnected from the local
processor. Normally it was done in the MEMORY MAPPING circuit, but with the
gate at F1D4 it i1s delayed with several ns.

To prevent this, ADRP14-12 is directly disconnected with the multlplexer F2CS5.

The purpose of the refresh counter (DOCB) is to supply an incrementing refesh
address to the multiplexer. The counter is incremented by the signal COUNT (an
output from the RESET REFRESCH LOGIC).

The refresh counter counts from 0-255, with the second half of the counter
clocked by the signal REFA4. It should be noted that the complete 64K can be
refreshed in 256 refresh cycles.

17. DATA HIGH/LOW CONNECTION

This c1rcu;t is used to transfer DATL15-8 to DATLT-0. NMRCL determines -the
direction of DATA.

This bus tranciever is enabled, with NBUFOE (Buffer Qut Enable), under the
following conditions:

NBUFOQOE 1is active low when:
ADRLO

RAMACC
NBHEN

1 ”Hemory seen as TH4K bytes

1 AT eiaitps i Wil 12

1

During Local processing (ADRD is inactive low) NBHEN is inactive.
When the memory is accessed by another PMU, in the case of a 16 bit PMU, this

e T g

memory can accessed as 32K by 16.bits_ (word) NBHEN is then active low.

18. ROM}

[T

The ROM wused on the PMUBO0-3 is a single 8K chip_ contalnlng an TIPL” (Initial
Programm Loader) routine, and a hardware test program The test program 1is
located in the first 4K (address 000- FFF), and the IPL routine in the second

4K (1000-1FFF). The "in- system” memory address for the ROM is FEOOO-FFFFF.

To enable the ROM, the signal NROME (ROM Enable) must be active {low). It is

active low when: NZSEGDIS = 0
EXMAC = 0
NMRCL = 0

..

19. LOCAL 1/0 PORT

All PMU's have an 1/0 Port. By reading the input port the processor can
determine the state of several status lines. And by writing the output port the
processor can activate several condition lines.

The input port, (Port B8 of the 28536 located at H7E3) is selected when the
signal NCSCIO (Chip Select CIO) is activated.

The output port (C2E4) is selected when the signals NCSIOP (Chip Select CIO)
and ADRL1 active low. With the output of KOD5 going active low the contents of
the databus is clocked into the port.
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INPUT PORT (ADDRESS. 20)....

a)
a)
a)
b)
c)
d)
e)

Bit 7 6 5 4 3 2 1t 0

Data Set Ready (V.24 Interface)...... 1

Test Indicate (V.24 Interface).......... 1

Set Process active (Channel B)............. 1

Master Identification............ccoveveennnns 1

Remote Power On from serial Interface............ 1
Memory Not Maintained..............ciiiiiinnenennns 1

No IPL requested...... e ettt et e et e 1

The data path polarity into the CI0 is programmed as inverting.

a)

b)
c)
d)

e)

OUTPUT PORT..(ADDRESS 201

a)
a)

b)
b)
c)
d)

a)
a)

b)

NDSRA (Data Set Ready Channel A)

NTIA (Test Indicater Channel)

NPWOFF (Power Off)

NMAST (Master) Indicates that the PMU80-3 acts as a master.

NOCDA (Data Carrier Detected Channel A)

BARE (fBattery was off Automatic Restart Enable)

Indicates that the memory was not powered up during the last system
time.

IPLRQ (IPL Request)

Master/Slave Control Port bit, indicating that an IPL has not
requested.

P A0 Baloot St 1emy
¥
1

Test LED Off. ... .t innnnnnnns 0

Remote Loop Back V.24 Interface......... 1

Local Loop Back V.24 Interface............. 1

c.f.e

System Memory Access enable............ooiinvnrnn 1

Memory Mapping Unit enable..........coiiitirenrennnnn 1

POWET Off . . ittt ittt ittt ittt esesereneeennns 1
reset 'Remote Power On'................ ettt e 1

REML (Remote Loop)

LOCL (Local Loop)

These are control lines off the V.24 Interface.
EXMAC (External Memory Access)

MAPEN (Map Enable)

off

been

The combination of these two bits determine several modes of memory access as

follows:
. EXMAC MAPEN ACCESS
(Bit &) {Bit 3)
0 0 Inside Test ROM
0 1 IPL ROM
1 0 Local RAM
1 1 System RAM
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c) NRPON (Remote Power On) This line when active, tells the system power
supply to switch off.
d) RRPO (Reset Remote Power On) not used.

20. LOCAL BUS ARBITRATION

This circuit (PLA at F6CO0), located at a slave, decides at which moment a
master can access the slaves memory. .
If a device wants to perform a system memory action, then on the selected slave
happens follow:
a. The signal NLBRQI (Local Bus Request Intern) 1in the SYSTEM BUS CONTROL 1is
activated.
b. With NLBRQI low, NLBRGX (Local Bus Regquest) 1s activated on the rising
edge of PRCLK.
c. With NLBRQGX active, NLBUSY is activated on the rising edge of PRCLK (in the
case of the local processor is busy).
NLBUSY (internal feed back in the PLA) 1is active when:

NLBRQX = 0 Internal Opcode Fetch
NMRQ 2 0
NRFSH “g.0
NSBRQI = 1
or
NLBRGX = 0 Memory R/W
NMRQ = 0
NM1 = 1
or
NLBRGX = 0 Internal 1/0
NIORG =0
NM1 = 1
or
NLBRQGX = 0 Hold
LBSY = 0
or
NLBRQX = 0
NMRQ = 0
NM1 = 0
NSBRQI = 0

d. After finishing action of local processor, NCOMST is activated.

NCOMST is active when:

LBSY = 0 R/W
NMRQ = 1
NIORG = 1
or
LBSY = 0 Hold
NCOMDIS= 0
or
NADRD = 1 Hold
or
LBSY = 0 External Access
NSBRQI = 0

e. With NCOMST activated, COMDIS (Command Disable) is activated at the rising
edge of PRCLK.
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f. After COMDIS is active NADRD (Address Disable) is activated.
NADRD 1s active when:

LBSY =0
NCOMDIS= O
g. The SYSTEM ADDRESS DRIVERS are enabled. .
h. At the rising edge of PRCLK NSYSCEN (System Commands Enable) 1s activated.

Note: The signal NLBUSY is active as long as NLBRQX is active.
With COMDIS actice, BACKL (Bus Acknowledge Local) 1s inactive high.
The WAIT STATE GENERATER inserts wait cycles into the last instruction
of the local processor.

21. SYSTEM BUS ARBITRATION

The Arbitration Logic is used by the master PMUB0-3 to decide which device can
have bus control when it is requested. 1In the slave PMUB0O-3's its only purpose
is to supd@y the bus priority “"daisy chain”.

When the processor wants bus control, the line SBRQX (System Bus Request)
gated at H7D2 with NCBRQ (Common Bus Request) becomes active high.
NSBRQX is an output of the PLA G8CO0 and 1s active low when:

NSBRQI = 0 (System Bus Request)

If another device did already a bus reguest a low condition on the "J" input
(NCBRQ is active low) at the flip flop D904 ignores the request for bus control.
In the case of NCBRQ is inactive, the SBRQX is granted at the falling edge of
NBCLKI.

Normally the master PMU80-3 will have bus control. This condition 1is indicated
by the NBUSY signal (output to other devices, e.g. SESCO) in the active state
{low).

The lines NINJ and NINK (outputs of the PLA G8CO) are inputs of the "JK" flip
flop D9D4.

NINJ is active when:

NSBRQX
NBPRI
NBUSY
CBRGX
or
NMAST
NBPRI
NBUSY
NCBRQ

Set Buscontrol
(At the moment another device gives the bus free,if
in use.)

"

w o on on
- 00

"o

1]

- - o o

NINK is active when:

NCBRQ
NSBRGX

]
1

n

When NINJ becomes active low, then at the falling edge of NBCLKI, BUSCON (Bus
Connected) 1s active high.
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The line BUSCON 1is used (when active) to place the master commands on the EMM
Bus.

If the SESCO (for instance) wants buscontrol, 1t puts the signal NBPRI (Bus
Priority In) high. NBPRI is input to the PLA G8CO. NINJ 1s deactevated.

Is for example the master performing a system action, NINK 1s inactive (high},
the "JK" signals on the flip flop are both zero, so the outputs of the flip
flop remain stable. o

Therefore, if no system action is in progress, NINK 1s activated.

A high condition on the "K" input of the FF, wlll cause the lines BUSCON and
NBUSCON to be deactivated on the next falling edge of NBCLKI. BUSCON inactive
(low), releases NBUSY and the requesting can take bus control.

At the rising edge of BCLKI the signal NCDMEN (Command Enable), a signal of PLA
G8CO0 is active low. This signal is fed through the SYSTEM BUS CONTROL to the
SYSTEM BUS DRIVERS where 1t enables the drivers for the four command lines.
NCOMEN is active when:

NSBRAX "y =

0

NSBRQI = 0

BUSCON = 1
One gate, E3D4 (output pin 6), 1is present on every PMUB0-3 to maintain the

NBPRI “daisy chain” to other devices. If a device of higher priority requests
bus control then the line NBPRI goes high. NBPRI going high, it puts the line
NBPRO (Bus Priority Out) also high.

If the master wants to perform a system bus action, with the lines CBRQX and
SBRQX both high, 1t also puts NBPRO high.

22. SYSTEM BUS CONTROL

The identification, whether a PMU80-3 is a file master or slave, is achieved
using a gate (I12C0), which has the lines SLLO-3 as input. In the case of the
file master PMUB0-3, all of these lines will be high. NMAST is in that case
low.

For the file master or DC Node to access the system memory, the signal NSYSMEN
(System Memory Enable )from the PLA circuit F2C0, must be active.
NSYSMEN is active when:

ADRP13-1§'? 0 (System Memory Enable)
BACKL = 0 (Logical address 1000-1FFF)
ADRP12 = 1

MAPEN = 1

EXMAC = 1

For an access to the system 10 area, the signal NSYSIO (on the file master),
from the same PLA circuit must be active.
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NSYSIO 1s active (low) when:

NMAST = 0 System I0 - Filemaster only
BACKL =0
ADRLGE = 1
or
NMAST =0 System I0 - Filemaster only
BACKL = 0
ADRLT =1
or
ADRLS = 0 System I0 - Slave only
ADRL?T =10
ADRLE = 1
NMAST = 1

These two signals are connected to the PLA G4C0, where the signal NSBRQI
(System Bus Request Internal) goes active low when the master wants to perform
a system action.

NSBRQI is‘gctive when:

NSYSIO = 0 Master: Write to system I0 area
BACKL =0
NIOWCL = 0

or
NSYSIO = 0 Master: Read from system 10 area
BACKL =0
NIORCL = 0

or
NSYSMEN= 0 Master: Memory write to slave
BACKL =0
NMWCL = 0

or
NSYSMEN= 0 Master: Memory read from slave
BACKL =0
NMRCL = 0

With NSBRQI active low, the flip flop at D5D5 is enabled. So with NCDMEN is
active low, the output on pin 9 is activated (active low) on the rising edge
of NBCLKI, which means that the signal NSCOME {output 3 of H7D2) is also
active low. This signal is fed to the SYSTEM BUS DRIVERS where it enables the
driver for the command signals.

During a system memory access by the file master or DC node, all of the slave
PMUBO-3's will check wether the address on the EMM Bus is meant for them. This
check is made“by the comparator H2C0. It compares the slot position (On the

EMM Bus) of the slave (lines SLLO-3) with the memory address (NADR16-NADR19).
If the comparison is true, the signal LMS (Local Memory Select) is activated
(high).

If this PMU is not accessing another device, the signal NLBRQI (Local Bus
Request In) is activated.
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NLBRQI is active low, when:

PMUBO-3 Action
BUSCON = 0 Slave: Master writing to system (slave) memory
NMWC = 0
LMS =1
or
BUSCON = 0 Slave: Master reading system (slave) memory
NMRC = 0
LMS = 1
or
BUSCON = 0 Slave: The signal NSLOCK (System Lock), a signal from
NLBRQI = O the EMM Bus, when active low, keeps the signal
NSLOCK = 0 NLBRQI active low.

With NLBRQI is low, the flip flop at D505 1is enabled. At the rising edge of
PRCLK the signal NLBRQX (Local Bus Request) at pin 6 is active low.

The direction 1in which data must be transferred is determined by the level of
the signal NDATDIR (Data Direction). This 1s an output from the PLA (GOCO) and
an input tlg the SYSTEM BUS ORIVERS.

When this line is low, data direction is from the EMM Bus to the PMUB0-3, and

when it is high, data direction is from the PMUB0-3 to the EMM Bus.

NDATDIR is active (low) when:

PMU Action:
BUSCON = 0. Master writing to system (slave) memory.
NMWC = 0
LMS =1
or
NMWC = 0 Master reading from system (slave) memory.
BUSCON = 1
or
NIORC =0 Master reads system I0 area.
NADRS = 0
BUSCON = 1
NADR? = 1
or
NIORC =0 Master reads system I0 area.
NADR7? = 0
BUSCON = 1

The following signals generated by the PAL (FG6C0) are active low when:
NSYSCEN (Syst®&m Command Enable) is active low, when:

0
0

NLBSY
NADRD

This signal gated at E3D4 with NLBRGX, both low, enables the driver for the
command lines.

NSYSADE (System Address Drivers Enable) is active low, when:

NSBRQI
BUSCON

0 PMU acts as a master.
1
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or
NADRD
NLBRQX

PMU 1s accessed by a master.

"non
o

NDHBEN (Data High Bus Enable) 1s active (low) when:

NBUSE = 0 PMU 1is accessed by a master
NADRD = 0 memory acess with DATL15-0
NSYSCEN= 0

NLBRQ@X = 0

23. SYSTEM BUS DRIVERS

The drivers 1n this circuit form the interface to the EMM Bus. An interface
which congdyts of:

- & command' lines

- 20 address lines

- 16 data lines

24. COMMAND LINES

The command bus driver GOA8 is enabled when the line NSCOME (System Command
Enable) is active (low).

The direction of the commands is set by the line BUSCON. If BUSCON is low, the
direction is from the EMM Bus to the PMUBO0O-3.

25. ADDRESS LINES

The driver G6A8 controls the direction of the high order address lines ADRL16-
ADRL19. If the line NBUSCON is active (low), the address lines are from the
PMUB0O-3 to the EMM Bus.

If the line NADRD is active (low), the address lines are driven low.(the driver
inputs are inverted)

The low order address lines (ADRLO-ADRL15) are enabled when the signal NSYSADE
(System Addresss Drivers Enable) is active (low).

The address line direction is controlled by the signal BUSCON.

26. DATA LINES

The data lines are controlled by the drivers (I11A8,16A8).

The direction of data transfer is controlled by the signal NDATDIR. A low level
on this line enables transfer from the EMM Bus to the PMUBO-3.

With NSYSADE active low, DATL7-0 can connected to the EMM Bus.
With NDHBEN active low, DATL15-8 can connected to the EMM Bus.

30



K,vu‘ oG wmaacy

r(’ ( \Z (
. N . ¢ ‘
: P MR
: T ) e T ]
L. MCSFFO PlR0 RSLN (Eren RESET MO — 2
=1 REFRESH [moen MSSE of cepiAL
LOGIC
NADRT-0 (EFH) ) :figgn A — e HEARE o HONL o NNTACK :’;EE;‘FA[E [ i
mowce g | COMMUNI-  PEXAK o
wasc CATION Lo o B
o5,
NOATT-0 (€M) )
POk o oeaL conpis
|_NXACK NSORGI . 4BUS o
nBrox _ |ARBITRATION|-ACRD o
| Imu__. | upus .. MERGX_ |
ADRL | HRADRG..
ros ] v M0k fSYSTEM _—
;‘1’::0 - | NwWEH/L : NpeRt  {BUS NBPRD
—__——RESI!E INTERRUPT BAS NCBRQ ARBITRATION NBUSY
NPWOEE CONTROLLER | NOUTEN |
NRL _(EMM) (CIO PORT A) s
Q NRS__{EMM) NXACK DATA NSBRQI MWL NMWC
NR§ _(EMM) . HUXM HIGH/LOW Bt GygTEM fe
INLBRGX | W NIOW(
NED (gt o] COUPLER NBUSE e L T
HAPEN ] BUSCON DRIVER
'ELEAL—— NSCOME
) ADDRESS :@ BACKL gESTEM
MULTIPLEXER - ::>
NADR19-16 CONTROL
NINT 7 si3-0 ) LAMAST
Z BUSCON
7 iz Z ADRP1S-127/, 7 sy e cysTEm
Z TR NDATOIR
0 NOHBEN BUS
DRIVER NADRTS
OIS MWL <:
QW] - ADDRESS
[NORCL /] BUS : LOGICAL TADRLY-0 3]
NMROL [NORD o CONTROL ln/EomeG [ NCscio o
ORQL NMt NCIOR] HOWCL
WAL} GENERATOR IS, NSO
%‘%E)K__ % :Déﬂ!‘..,. NCSIOP Lep
PROCESSOR 7 NOCOA | BEML o
280 ADRPYS-0 7777777/, L ADRPS-2777777 MIAST ] g‘g’;{; oUTPUT Jton
NCSHMU PORT
PEN ) {cio S
£ xeuc] MEMORY ROM PORT B) | exac
NADRD MAPPING 8Ke MAPEN
] | J e —*1 SYSTEM
B \;g ;1 NPROLK : BUS .
aCang n DATPO-7 oATLY-0} DRIVER <:@
.4 SYSTEM DATA 4
} B33 | TIMING BUS Q
N CONTROL
2l gl I =
i ;%!E .\ E 3 05477
I B RR AR e OATPO-T S b e
P ) .

T
—
Bisot scharen Moo
SVERLA'
[

e
o sarn_lacr
a3



( () ( (

K R
uw
wy
") s

1 — — — — — — b S— CE—  — C—— W Sw— —— ¢ S— So— b a———t —. O S e - | —— . o— —_ — —t —— —— — . c—_ o—_ " S_— —— — — S > —b o— &
I INTERRUPT CONTROL _] l PHU WAITESTATE GENERATOR |
. ax " O | TENCUUPET SR i 16221
.-—‘ ’—- v
! MIB L, ¢ . A“DL ¥ s A
L i o NXACKL L] I

¢ s 1R ] CTCHEET IEPY oY
. H suscon d LT3
I ':_ £ { Fre 3| !

n PALWLA

i [ 2 [ 2 xag.
‘ 40 usn

=

H
.
H
!
SHe.
o |
s, M
w G 78S
| g-we TGy aes
v [}
. H . =
I l I sy \:’ Iusud p woraovie dn
¥ 0 n t o am + e + amfs] « s ¢ - ¢ — — o—
. . . Poand e B JouT
s «3y_3] ; i . it I
s I ' o * HLS)Y’“ .
b : H I.__........_..._._..._....____.__l
| - 1| Pttt bt el ettt
- ! - GIO H LOCAL BUS ARBITRATION
by l P el - o o ¢ .+ o+ o— o—
s MR " yn wovd Y11 < L o I . ' ADDRESS BUS CONTROL
s w3 T “ o BESITICHNE-S NUUSE— » ey . !
s NROME I e wes {8 NCOPDIS
- (" 0ATLS 1 Qwe b sy PACLK . !
. U 1 n 1 N1 2
- WXACK . QAT Jr e . \ e _conas l . A wdee U
e T VTP I— s fu oo | | 4o g o
h g nioes fJn e/ B H sy gl aas
i~ HAPEN . QAlLY o sanala e 4 0 BRI I H AQRP! 2
sws  —LXUAC SALLS s g P I l | a0ap 1) 0 acd
aomy DATLY . i e . TSI 1 a0 g
SHL ;Z\.: i- l‘ll 13 B “ ’1 / i ADRP4 ‘ ! § ADALS_ A
Sne
[T [ 5 SR _.__._..._..,..___..._...____J o oo+ et + e + et + ] ! [ sgses
2 < I
s DATP 0.7
sHies el
I ¢ ¢ ¢ i + ¢ e ¢ e & .+ e & s ¢ s ¢ amms + oo« e ¢ e ¢ s 5 v« o 3 w—— ¢ S ¢ c— —
= SYSTEN THWG o 1 r PROCESSOR o 1
x AR . [ 1 Jon s
(X "r) l
(741 O3-221 oeY- 2. e
G ol " q 0 b .
FC | l ) PERCTYCY
- K f ] e r HEMORY MAPPING
osvigsct | l Ly [T RRGHRTEESH] = — " .
eviosc) " 25€60:5 1
1803420, . . . 4 I » ::; 723
.
! ! ! ;;z. I “’:}“‘ W A0mw
—] P
I I % H N N AT/
! 4 I A s L
: T — Y
-] ' 2 b YL L2 ADRP 1] 204 AR, 1
» — cn—  — b — — ws—| o hagsey | S) . ... 18 NISEGONS N_AQRE1} 13| 0
. . ! AQRP 4 "‘é"{ P | CGaowen ) :1 DR, 2
' | (apaesy 2. CSiT i pyle e H
PRV RIS USRI | S e BT
INTR 1 H N T mapgn itned
T y 7 SR
| T Pl oazapys contaoe - b | M it i
: s . ¥ ' '
| | : I ATPD Te ma I . . |
; .
REaNn . " “: . I l PALILL/L
. l e Aty :..sm:?'.—. " .
! r | 1 (AL 'S . .
N E . 1 (X n gate 1 g
N ' M;!,l 0A1P; gar} 15 H
WAOrE L) AT 04 —— — .
¥ . L I |
A
gates ¥ o L oatm o i
¥ I i QATPY I e ' ? i
. ] (e l
ly paTR? ! 04 ! -J
o5
- 1t = Nmyg
| | .
i SHEET 1




{RESET/REFRESH LOGIC

ovemar

e — =

L.

NOTE ® « POWERED BY Svp

Dolay
20ntek

L [
o ﬂ e

O NS S O ML O I 0 G S NN O G % Gm— o wmm— e G —— 8 G— 0 C——C G w— e w—— o w—

" s ¢ D o . @ MBS ¢ GEmEE © GE—— o . & E— . eumn ¢ — e m— .

SHEET 2

J

05468

.
e < l
=
. B TUR M :
- J ) I -
LS .
. I
| !
¢ ETY
| i I
L3
er azadwe o STaREE .
: ABAS-WnF s oursurf R oK 1]
l HICUY . |
VOLTAGE
a3 SV N
X - , o R
OISCHARGE o™ R ... L1 N '
[ o % b 3 stemux
4 L{ronmes N4, .
. 5 _omet Lo | .
AsAd- 301 ASAY-A2 SV L 2 I
———h b
I W et o m
. .
° vy
| u-- I
w5 .
N ot s L] I
) l L] s
ot oot
| e wna AY 3 -~ AT
. o o Pamn u‘-"‘a;‘ N AT s
I‘"‘" . i L !m:l" su)
L O R SR Y AN N I R o0
|- e . w—. m—— = . e e - s e o a— | o | em— e - — —- . — w—— e— — . . cwamn o mmm o m—— W::,
s wassmenlt ]
L NRACK Py
{ 4
T e e Yo e s e s o e ¢ e e e [ [ = — ._....__.._.__.._.._l
T yon
BLLITETII AR TR Ll w
B winbniddineihii 1.5 Y N i
* . LRI _ Tonnudun I [CHUENpw,
MEFORY TIMING R BdneRinknniin T. 0w ]
L ES—. . L] i Bl akika .0 M w
RBoniulAuedDALIDIIR . m | [ P
ey |y wust | \NEETITITI
(o) 3 wuTEnt [ ... LAY
o S5 e o R |
ha_wioam__ d
[ _wxacc WY .
W wCowT2 T
:- 1) w Iy l




Nere

( o — — —— G G———" S— C——— — G— -‘-—.-—.-—---—-..—_.——-—-.—--—--—-u—-—_.—.—( -—.‘
| ADDRESSMULTIPLEXER * 8K
B e l . SO A PR .
| atta v l I
. l H .
' I aorLo w [ o '
b ' . ADRLY M
(—anay 28
! ADR7_ 0 | |
ADRLY
M . ADRLL & M
. . [ —a0me 8 .
| NISEGWS 1 AMS b Jfparee
H TLI Aot ¢} afroare
. . ADALY 3 Ul OATR2 .
[ aont 3 [o_oatez
IO MY CRT)
g o855t H AT W N ORI
. 1_MADRY MADRY  aomito 2 o' o |_oaves A\
[YIIXTINE] o ‘W 0ATPS.
- [soun
. somn 1§, Afn_oater
. I AT M i .
8785-15¢ 079515 I . l
I 2 wom naDas . | T @ | waomE wAONE i‘. v !
I | | sv ] l
H e
I . e T
| : | |
. 0a1P0.1
o¥2-2¢ L
. . i WL l
o W 8 " il o "X M -
M xRN ‘4 . L] 1,}40‘“ l AR [N R S N P ———————
I [N Sl LTy 4] .
5 o
195 4-15E o
amy o] 3 maomy ot sy o} ) maoms O | ot
Y H I ADRPY ) - . L
- i P DATLD.Y
LTI I A
i 0 Py g | I——--——.___._.-_..;I._.Gmmu.u_.— o
- s 1 - DATA HIGH/ Ul '
e 1, 1 naoRy D‘m‘ st IR ) aomen soms gh 9 g SN
I n_of) aomin b ) =1 TN - . - . .
T W [ ADRPYL W W amrw w . I I
s UXRN M o ADRLY% 13 : - ov. MIORCE '
T N 1] . [ Tqen f .
2 H l PR L NAUEOE I
M TERS
. 43500 DATLES ATLY .
ws o} I ‘ ————ﬁL_AD 34 [
JLTE I, ¥
o : | DATLK ) e oatLe I
MACC Lt A
S Y . oAt ) \i >
o TN l oay m DATLL I
S A e e+ e+ e+ e ¢ e ¢ e ¢ o e+ i + e+ e + ] [+ e ¢ .+ e+ e+ e < 2+ e« e+ o+ e+ e ¢ e ¢ e ann 5 OAILY
s s ot} 2 . 0ATLY W WA
sms 2mil ! oata W 1 vy §
SH It L J
ATLE-T
NS o + e+ s + ot + i + i+ e ¢ o o+
P NIUE T | s + e + ¢ — 1 o— o—+ o — O— . T— {—— S— ¢ {— — — + o—" —— 1 T— — b Y— S * —_— * o o~ i+ oo + o + i ¢ i + e + i + ] ¢ )
nasy RAH BANK '|
sn2 !
sy RAS
o asr N * . P . P I
s
:::Z '———/wu [ more_ wl, In\nhu e la%mm .
oy tn VAT HADRY :) ' va] @ TYTTIT) AL |
v MM 1 oL tIRY) :‘”" S '
s RS 3 v 000 o v L
L oA . vy 71 |
v
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>