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C.P. U Board
I nt roducti on

The C.P.U. board contains the main system processor, a startup nonitor
in EPROM two serial ports and two parallel ports, 1K bytes of scratch
ram and the interface circuits required to operate an S-100 Bus sytem

sheet 1
Cl ock Generation

Ul and X1 forma crystal controlled oscillator with a basic 16MHz or
12MHz out put on 4MHz and 6MHz boards respectivly.ln a 4VMHz system the
16Mhz out put is divided by four through U2 to produce the 01 cl ock on pin
6 for the Z80A. In a 6MHz system the clock is dived by two only. This
6MHz cl ock is buffered further by U44 and a 220 ohmresi stor before being
applied to pin 6 on the Z80B. A phase generating circuit made up of a
section of U3 and Ul conbines clock output signals fromU2 (4MHz) or U2
and Ul (6MHz) to produce the S-100 bus 01 clock pin-25. Additional
inverters in Ul serve to buffer the 02 clock to the S100 bus pin 24.

C.P.U. Support Circuits

U6 is the Z80 C. P.U The S-100 system control signals from the
C.P.U are generated by gates and flip-flops to produce the signals SINP
SMEMR, SOUT, SINTA, SML, SHLTA, PWRT*, PMREQ*, RFC*, PSYNC, PWAIT, PDBI N,
and PHLDA etc. (Refer to the appendix for signal definitions). The bus
address lines are buffered and controlled as follows:

U7 buffers the upper address byte , U8 buffers the |ower address
byt e.

The data bus is split into an input and output bus via Ul2 (input)
and Ul3 (output). When RD* on the Z80 is true (pin 21 low Ul2 wll be
enabled at pins 1 & 19 to input data to the C. P.U.

U4 conmbined with U46 produces the signals which synchronize the Z80
with any wait states detected by PRDY or XRDY. A detected wait state is
cl ocked through U46-5&6 to hold the Z80 and produce PWAIT on the S-100
bus pin-27. The second half of U46 produces the PSYNC signal for bus
cycle start identification.

The incom ng control signals ADDDSB*, STDSB*, SSDSB*, CCDSB*, DODSB*
and PHOLD* are generated by external devices to gain control of the
system bus and perform Direct Menory Access or Miulti-Processing etc. In
addition PINT* and NM* allow for maskabl e and non-naskabl e interrupts
to be detected.



C.P. U Board (cont)
ROM RAM and Board Initialization

VWhen power is applied to the system C31 charges up and thus the
one-shot U22 is triggered. The output at pin 6 is used to reset the board
UARTS ( page 2). The output from pin 6 clocks Flip-Flop U23-3 which
produces a | ow out of pin 6. This | ow propagates through U26-5 and U32-3
to bus pin 53 where it is used to disable the input buffer Ul2 via U5-5
from reading data on the system bus.In addition the |ow propagates
t hrough U5-13 so when the C. P.U. MEMR signal goes true on the first
op-code fetch the output of U5-8 selects the System Monitor ROM U28. The
C.P.U reads the contents of the data bus which will be the first
| ocation in the sel ected ROM and executes the instruction decoded there.
The instructionis ajunp to the next instructioninthe ROMitself, thus
the CP.U wll be directed to the systemnonitor on power-up. One of the
first few instructions in the nmonitor is an output to port OEH, which
clears the output of flip-flop U23. By this action the Monitor ROMis
shaddowed out of the first 1K of system address space. From now on al
on- board ROM and RAM decoding is via the U24 and U25 chip decoders. U30
& U31 provide 1K bytes of RAM used for stack space and scratch area for
t he system nonitor.

ROM RAM Shadow Circuit

In order to allow a conplete 64K RAM board to be used after booting
in the systemthe on-board ROM and RAM nmust be switched out (shadowed).
This is acconplished by hol ding U25-12 high. Initially on power up U23-9
is lowto enable the on-board nmenory because it is cleared via POC* gated
t hrough U4-6. This output from U23-9 enabl es NOR GATE Ul5-8 so that any
menory referance signal at Ul5-9 is gated through, then inverted by U32-2
to enabl e decoder U25. When the system boots it sends a WRI TE PORT OA
signal to U23-11 which clocks a high to pin 9 and thus turns off the NOR
GATE to the Menory Decoder. If it is desired to turn the decoder back on,
a WRI TE PORT OB signal can be sent to U4-5, which propagates through to
cl ear U23.

Sheet 2
Port Contr ol

Si xteen on-board ports are decoded via port decoders Ul8 (port
reads) and Ul9 (port wites). Ul7 is used to select which one of 16 port
groups i s decoded. The output of Ul7 is selected such that it enables Ul8
& Ul9 for the first 16 ports. Thus ports 00 to OF can be decoded.

UART Secti on
U33 takes the basic UART Clock and divides it further for input to

U34 such that the baud rates from 19. 2K down to 150 are generated for
board use.



C. P. U Board (cont)

The UARTS U35 & U36 receive and transmt serial data via U40 & U41 from
RS- 232 sources. UART pins 26 to 33 accept output data fromthe C. P.U. for
transm ssion while pins 5 to 12 provide received data for C. P. U input.
A section of U32, U4 and U27 conbine to provide serial printer busy
testing for U36 when it is used as a printer port.

Parall el Printer Ports

U39 | atches data fromthe C.P.U. for a printer when the correct port
number has triggered the | atching AND GATE U4-11. This data is presented
to the parallel printer cable along with a del ayed strobe pul se via U38-9
(port 7) or U39-9 (port 6). The status of the printer(s) is read by
enabl i ng27 and readi ng the condition of the printer status |ine (BUSY in
Centronics ternms).



Menory Board
I nt roducti on

The nmenory board consists of 64K to 256K bytes of dynami c RAMinto
which is | oaded the Operating System and user progranms for execution of
various applications

Power On Initialization Circuit

When power is applied to the RAM board the initialization circuit
made up of Ul8-3 to 6 applies the system POC* reset pulse to Ul3-1 to
select BANK 0 and Ul7-11 & U6-13 to clear the Wait State Counter U73 &
internal refresh pulse flip-flop U6. The nmenory board is now ready to
accept CPU "reads" and "writes".

Address and Data |/0O

A MEMR or MEMW signal at U3-2 or 13 will produce a high output to
clock the Menory Cycle Flip-Flop U6. The Q output will switch high and
enabl e the RAS decoder gates in Ul. The address to the RAMS is avail able
first via Address Buffer U23 which supplies the | ower eight address bits
required by the RAM address registers. U23 is enabled at first via a | ow
in Ul7-3 . This address byte is strobed into the selected bank as
determ ned via the decoded bank on U660 and this strobes in the RAS* data
on RAM pin 4. 15 nanoseconds later this signal switches U10-8 | ow, thus
enabling the upper Address Buffer U24 to apply address bits to the RAMS.
After anot her 30 nanoseconds t he CAS* signal propagates through to ULO-2
& 3 to pin 15 on the RAMS. The address is now set up and data can be read
or witten to the selected location. If a read operation is in progress
the valid data is presented to the Read Latch Ul19 for Bank 0O or U20 for
Banks 1-3 and the data is latched in place . The | atching occurs when the
250 (150) nanosecond delay |ine output drives Ul0O-5 high which then
clears U6 so that 50 (30) nanoseconds | ater the | ow on Ul0-10 propagates
to Ull-4 as a high , and then to Ul19 & U20-11 as a latched low. This
| atched data is read by the CPU when MEMR* and inverted PDBIN signals on
U7-5 & 6 conbine with the valid block selected signal on U4-8 to produce
an enabl e out put on U19 or U20-1. If the nenory cycle is a Wite then the
i nput data from the Data Buffer U25 is witten into the RAMS via the
del ayed MEMW signal propagating through U12-13 & 12 , U18-1 & 2 and
U3-3,4,5, &6 or U74 3,4,5 & 6 to pin 3 on the RAM chi ps.



Menmory Board (cont)
Refresh Cycle

In the normal systemstate the RAMS are refreshed when a RFSH* pul se
is detected on Ul2-5 & 6. This pulse switches U7-10 ow which in turn
sets up the RAS gates in U5 .1t also activates the Menory Cycle Flip-Flop
U6 via U3-1 & 12 , selects the refresh counter output by enabling Ul4-1
& 19 ,holds CAS* inactive via Ul0-1 & 3 and disables the address bus
buffers via U10-9 & 8 and Ul7-1 & 3 . The Q output of U5 propagates
t hrough the conmmon i nput on Ul to generate the RAS* refresh pul se on the
RAMS. When RFSH* goes high the Refresh Counter is advanced via Ul8-8 &
9 and the cycle ends. In the case of a systemwait state the Wait State
Counter U73 is enabled via the wait state propagating through U22-1 & 2
, & Ul7-12 & 11. Systemcl ock pul ses buffered via U22-11,10,5 & 6 drive
the counter until the term nal count at pin 15 switches Ul7-8 | ow which
in turn presets U6-9 high thus producing a RFSH* pulse in U7-8 . This

pulse will last until the next clock count, and refreshing will appear
the same as with a standard refresh cycle. When the wait state ends the
counter will be cleared and the refresh stopped.

Board Control Options

Switch S2 and Decoder U60 allow the Menory Board to be configured
as one of two boards in a system It also allows individual 64K banks of
menory to be enabled or disabled as required in sone system
configurations. In operation the board may be sel ected or de-sel ected by
sendi ng a board select code to port FFH This port address is detected
by Ull & U21 and conbined with SOUT & AO via U67-1,2,13 & 12 through Ul7
4,5 & 6 to latch a bank select code into Ul3 which in turn is decoded via
U60. When the code is set, the nenory bank will be enabled and it wl
occupy the system programmbl e nmenory space. For operating systens such
as MP/ M additional circuits function as follows. U58 & U59 decode the
conmon- base menory address on a page decode basis. Any nenory address at
or above the selected page always switches in bank 0. This is
acconplished via sections of U8, Ul2, U74 & U775 which detect the decoded
page address and enabl e bank 0 output buffer Ul9 for nenory reads. Switch
SWb is used to set the bank conmobnbase page.



Pl O Di sk Controll er

I nt roducti on

The floppy disk controller interfaces the system processor wth
flexible magnetic media. This media is used to maintain the a copy of
O. S., application prograns and user data and all ow random access to any
record on its' surfaces.

CPU Interface

The disk controller occupies port addresses 60H to 67H. The
addresses are decoded using address bits A3 to A7 via Ul6-1,2,4,5 & 6
combined with U15-9 & 8 and U23-8,9 &10 . These integrated circuits
provide the basic port decode for any address from 60H to 67H. This
signal is conmbined with U27-17 & 13 and Ul7-5 & 6 , through U23-11 & 13
for ports 60H to 63H. When conbined with U27-17 & 3 at U21-9 & 10 ports
64H to 67H are decoded. U27-8 & 12 and U27-6 & 14 buffer the addresses
to Ul0-6 & 5 for accessing the registers in the FDCC . The output of
U21-8 activates Ul0-3 to select the FDCC for the range of 64H to 67H .
U24-9, 10,11 & 8 provides flip-flop U25-2 with a | ogic high for 64Hto 66H

Al'l of these gates conbine with other CPU signals to produce properly
decoded read and wite signals on the controller board. For reads the bus
signals SINP and PDBIN are used , while for wites SOUT and PWR* are
used. During a disk data transfere to or fromthe system PRDY is used to
all owthe controller to shift each byte fromto the disk. POC* resets the
controller and system clock 02 is used to tinme PRDY states . Direct
control of disk and side select functions , wait state enabling , density
sel ect and 5" or 8" selection is via Control Latch U31 . The state of
this latch my be read via buffer U30 .

Di sk Interface

Qut put signals to the disk drives are via gates U32 for drive and
side sel ect and gates U3 for wite data and functional control. Data from
the disks is via gates in U7, U9 , and Ul5 for read data , index pul ses
and drive status. The wite data circuit consistes of gates in U23, U8
and pre-settabl e counter U2 and buffer U8 which process signals WD, LATE
, EARLY and GT43 to produce proper preconpensated wite data . Data read
back fromthe disk is shaped by single-shot U7 for presentation to the
Disk Controller. To conpensate for bit-shift in the read data stream a
V.F.O. is used to generate the data clock w ndow. U7 provides pulses to
the V.F.O. whose width is dependent upon the disk size and density
selected . This pulse width is set fromlatched conditions on the input
of gates in Ul4 which provide a range of resistance values for the
singl e-shot timng .



PI O Di sk Controller (cont)

The out put of the single-shot then controls U6 which also is controlled
along with part of U34 by U5-7 . This circuit processes the data stream
and V. F. O. output to produce the punp up/down signals for the operati onal
anplifier U3 which forms an active | owpass filter.

The output from U3 controls the frequency of Ul3 , a V.C.O. circuit
Ul3's output is divided by U4 and sel ected by each half of U5 according
to the disk size and density selected . U5-9 provides the final read
cl ock for the FDCC .

Di sk Controller Port Summary

63H controls U31 for direct drive select , side & size select ,density
select & wait state enabling

64H FDCC conmand & status port

65H FDCC current track port

66H FDCC sector port

67H FDCC data |I/O port and new track address register

Di sk Controller Chip

The FDCC integrated circuit Ul0 is a dedicated m croprocessor which
handl es the follow ng functions:

di sk head positioning

di sk head | oad/ unl oad

di sk status checks

sector read and wite with verification

si ngl e/ doubl e density operation with 5" or 8" disks
automatic wite current reduction

track formatting

Al'l of these functions are carried out under programcontrol with m ni num
system sof t ware over head

Di sk Read and Wite Operations

A disk READ operation proceeds in the follow ng manner. The
controller is first accessed for selection of the proper disk , disk size
, disk side , and density via port 63H. The desired track and sector are
then entered into the FDCC and the command is issued to seek the track

The Di sk Controller checks its current position , conpares it with the
desired track and steps in or out as needed to reach the track . \Wen the
system finds the controller ready, it enables the wait state generator
via Ul6 and issues a read command . The WAIT EN signal on Ul6-9 & 10
renoves the preset on U25-4 so that U25-2 provides clockable data . The
FDCC begins its search for the correct sector and the system outputs a
port 67H read command to accept the data .



PI O Di sk Controller (cont)

The read signal SINP switches U23-4 via 5 and in turn it is inverted
by Ul7-9 & 8 to clock a high out of U25-6 . This becones data for U34-2
and this is clocked through to U32-11 & 10 on the next rising edge of
system clock 02 . The |ow signal produced on U32-10 puts the CPU in a
wait state so that input data is not read until the controller signals
that it is valid . Once the controller has found the desired data field
it shifts it in to produce a byte of data and then sets its DRQ signa

high. This signal is inverted by Ul4-3 & 4 thus bringing the output of
Ul6 | ow and presetting U25-4 so that the Q output goes high. This H
combined with a H on U26-4 & 5 produces a RE* pul se on Ul0-4 . The zero
on U34-2 is clocked throug to disable the wait state and the CPU is then
able to input the data . This continues until the sector has been read
at which tinme the CPU then checks the status register for any errors that
may have occured during the operation . A disk WRITE operation uses the
sanme circuits but with U26-1,2,13 & 12 used for wite pul se generation

10



Vi deo Board

I nt roducti on

The video board provides the system with a neans of visual
comruni cation to the outside world.

Board Initialization

The Z80 executes the programstored in the Video PROM Ul6 (a 1K byte
EPROM ) which provides the instructions for a) initializing the CRT
controller and the system bus and keyboard interface , b) interpreting
conmands sent to the board and c) controlling the type and | ocation of
screen attribute fields . When the system powers up the Z80 is reset by
t he power-on circuit consisting of U32-3 & 4, U36-2 & 3 ,Cl13 , R8, and
CR2 which applies a reset pulse to the Z80 Ul7-26 . This pulse also
resets the Character Field Control Latch U25 The Z80 then begins
execution of the programin Ul6 which directs it to clear the Interrupt
and Keyboard Ready Flip-Flops (U37-6 & 8), then it initializes the CRT
controller by setting the scan frequency , the nunber of scan |ines per
field , the nunber of characters per line ,the nunber of rows per screen
, the type of scanning to be used , the starting position of the first
character row , and the type of scrolling used. Fromthis point the Z80
next clears the screen sets interrupt mbde 1 ,sets the carry flag ,
enabl es interrupts and goes to a halt until further processing is needed.

I/ O and Conmand Processing

A keyboard character enters via connector Ul3 and is latched into
the Data Latch U35 when the keyboard strobe switches to a one thus
clocking a high out of U37-9 which in turn clocks the Data Latch The
character ready status on U37-8 is inverted and buffered to the bus via
tristate gate U36-14 & 13 . The CPU nmay poll the state of this Keyboard
Ready Buffer by reading port OH . When this is done, the port decoder
made up of U33 and U32-8 & 9 puts a high on U31-3 , while address AO puts
a low on U31-13 . At the sane time SINP inverted through U32-13 & 12
enabl es U31 and PDBIN inverted through U32-11 & 10 provides the data to
be decoded on U31-11. The data is routed through as a |ow on U36-15 ,
thus enabling the outputs to be read for a status check . Wen the
Keyboard Ready Buffer is high the systemis signaled that a character is
avai l able for inputing from the keyboard. This input routine does not
requi re any response fromthe Z80 on the Video Board . Wen the system
checks status to output a character to the video board it reads the state
of U36-11 . A high on this gate indicates that the Z80 is ready to
service interrupts so that a character may be sent to the video board.

11



Vi deo Board (cont)

The CPU then wites a character to the video port 1H . The PWR*
signal buffered and inverted by U32-1 & 2 places a high on U31-1 , while
the SOUT signal inverted by U32-5 & 6 puts a | ow on U31-2. This conbi nes
with U31-3 & 13 switched to a high to route a low to U31-4 which via
U27-3 & 4 allows the data into U34 . When the wite cycle ends U31l-4
switches high thus holding the data in U-34 and setting the Keyboard
Ready Flip-Flop U37-6 to a |ow which interrupts the Z80. Upon receiving
the interrupt the Z80 junps to |ocation 38H and begi ns executing the
processing program . It checks for a conpleted service routine then
inputs the latched character from U34 while clearing the Interrupt
Flip-Flop . The character is checked to see if it is a control character.
If not is is put in the next screen location ,the cursor position is
updat ed and any necessary scrolling is done before returning to a halt

If the character is a control type it is checked against a table and
t he appropriate control function is executed before returning to a halt
condition .

The CRT controller , Ul8, is accessed by the Z80 for 1/0O functions
at the follow ng ports :

80H horizontal |ine count

81H interlace node , horizontal sync wi dth and del ay
82H scans/data row , characters/data row

83H skew bits , data rows/franme

84H scan lines/frane

85H vertical data start

86H | ast displayed data row

88H read cursor line address
89H read cursor character address
8AH reset

8BH upward scrol

8CH | oad cursor character address
8DH | oad cursor |ine address

8EH start timng chain

Once the controller has been initialized it carries out the
functions of providing video scan signals , and character data for the
screen by controlling the display of characters fromthe video RAM. To
do this the controller shares the internal data bus with the Z80 by using
t he BUSRQ* and BUSAK* |ines on the Z80. Ul9-1,2 & 3 control the manner
in which the Z80 gives or takes control of the bus. On power up the
power-on circuit clears all port 10H outputs | ow so that U19-2 gives the
Z80 control of the bus. This allows the Z80 to initialize the CRT
controller and enter the mmin program sequence . \When a clear screen
conmand is given this gate is again used to allow a rapid cl ear sequence
and in addition U25-9 is set high to blank the screen during this
operation to keep clutter off the screen.

12



Vi deo Board (cont)

After initialization U25-16 sets Ul9-2 high so that the CRT controller
takes command of the bus via BUSRQ*. If the Z80 needs the bus to process
an interrupt it may only have it during screen bl anking pul ses so that
no interferance is noted on the screen. The BUSAK* signal al so selects
t he address source of the RAMvia U7, U3 & U9-1. When these pins are | ow
the CRT controller has the RAM

Attribute Field Control

U25 and bit 7 in the RAM detern ne the nodifications to the display
such as reverse field , underlining , half intensity etc. The contro
character is checked for attribute type and the appropriate bit is set
on the U25 latch. The characters associated with that field are flagged
by bit 7 (high) so that during character shift-out fromin U24 the flag
bit sets U30-5 high , thus enabling the gates to pass the field
Blinking fields receive an on/off signal from Ul2 which divides the V
SYNC signal from U23-6 to a slower rate.

Charcter Generation

As the CRT controller scans the screen it accesses the character for
each location fromvideo RAMS U3, U4, U5, and U6. The character is put
on the bus and clocked through Ul5 to address lines on the Character
Generator Ul4. Each character dot row pattern is accessed by the
controller with its RO to R2 outputs. This selects the output data which
is loaded into the shift register U24 and then serially shifted out to
the mxing circuits. These circuits conbine the characters with attribute
functions , screen bl anking and a conposite output to provide final data
for the CRT screen.

Cl ock Generation

Gates U2-10 & 12 with conponents C3,C4 ,R3,R4 and the 14.4 NMHz
crystaL Y1 make up the basic clock circuit. This signal is buffered
through U2-1 & 2 for the character dot clock on U24-2. Divider Ul next
divides this clock to produce the character load clock fron pin 11 and
the Z80 clock frompin 13.

13



Vi deo Serial Board
I nt roducti on

The serial board enables the standard system video controller board
to operate as an ascii termnal. It may also drive a slave printer from
an optional connector.

Basi ¢ communi cations is via EIA receiver U2-3 into the board and ElI A
driver Ul-3 out of the board. This I/O traffic flows through UART US3.
Keyboard data nay enter from one of two socket types (SKT 2A & 2B) into
pins 26 to 33 of the UART. The keyboard strobe toggles U3-23 so that
keyboard data is witten into the UART transmt register. This data is
converted to a serial stream and sent to the systemvia Ul-3. |nconm ng
data is converted to parallel formand shiffted into the 64 byte FIFO
US & U6 via U3-19 being clocked by U8-5. U8-8 next resets U3-9 via a | ow
to U3-18. Data quickly propagates to the end of the FIFO where the
signals OR from U5-14, SCRN RDY from J1-41, and Ul5-8 indicate that the
C.R T. board is ready to accept data. This condition sets a logic zero
at U7-12. The next clock on U7-11 sets U7-8 hi and thus address AO is set
to a one. The next clock pulse at U7-3 sets SOUT hi and PWR* |ow. This
wites the data into the C. R T. data register, so that it may be
processed and witten to the screen. In the case of a "bell' charcater
bei ng received, the C.R T. board strobes J1-21 so that singl e-shot output
Ul6- 6 provi des about 4 volts input to the bell transducer for .5 seconds.

Baud rates for the UART are sel ected via a BCD encodei ng t hunb wheel
switch connected to SK4. The BCD value at Ul13-9,10 & 11 gates one of
ei ght clock rates out pin 5 to the UART clock pins 17 & 40. A 3MHz cl ock
fromthe C.R T. board enters at J1-25 to provide board control clocks and
a basic timng reference fo the baud rate divider circuits. U9A & U9B
provi de cl ock outputs of 19.2K baud and 9600 baud. UlO further divides
the 9600 baud clock for rates from 4800 baud down to 300 baud. Ull and
Ul2 are used to generate a 110 baud cl ock.

Data for a parallel printer is buffered through Ul4. The data into
the printer is controlled by enabling or disabling the strobe circuit
Ul6. Ul6-11 is controlled by the CCR T. board at J1-64. When this bit is
hi the printer receives a strobe signal. For serial operation J1-64 is
inverted by Ul5-6. This enables the tri-state buffer Ul7 so that al
recei ved data from U2-3 is switched through EIA | evel generator Ul-6.

14



Multi Port Board Il and I
I nt roducti on

The MPB consists of seven serial communications ICs to enable
operation of renote consoles and printers.

The MPB interfaces to the system at the processor level. It does
this via a 40 pin mal e header that plugs into the C.P.U. 40 pin expansion
socket. This socket has all signals wired in parallel with the Z80. In
addition J3 is connected to the C.P.U. board in order to draw +5, +12 &
-12 volts d.c., and provide a signal EXT*. EXT* sinply indicates to the
C. P.U. board that a UART on the MPB has been selected for a read or wite
operation, and therefore data buffers on the system bus are di sabl ed.

U24 is used to decode two groups of sixteen ports for addressing the
MPB circuits. Ul3 & Ul4 are used to read/wite one group and Ul5 & Ul6
are used to read/wite the second group. U8 provides buffering for the
| ower four address bits to the port decoders Ul3 to Ul6. Ull-1,2 & 3
provide port read strobes, and Ull-4,5 & 6 provide port wite strobes.
Ul2-1,2 & 3 conmbines port read/wite pulses with Ul1-9 & 13 group decoder
pul ses so that U33-1,2,3,4 & 6 generate a valid EXT* signal for all
possi bl e ports decoded on the MPB. U35-12,13,11,1,2 & 3 and Spare-4,5, &
6 enable U34 for reading the status port of any UART. Ul12-12,13 & 11 and
U35-9,10 & 8 and U29-13,12 & Spare-9,10 & 8 enable Ul for reading the
data fromany UART. Each UART has three port address strobes assigned to
it. The even strobe (eg: 12RD) is used to access the status register of
the sel ected UART and determne if it is ready to transmt data or if it
has received data. The two odd strobes (eg: 13W& 13R) are used to wite
data to the UART or to read received data fromthe UART. Serial /0O data
is sent/received via an EIA driver or receiver at pins 25 and 20 on each
UART. In addition MPB Ills have a BUST* handshake |ine which is ANDED
with the TBE (Transmt Buffer Enpty) status so that a slave printer nmay
be connected to the renote consol e wi thout | oss of data during formfeeds
etc.

U30, U31 & U32 provide baud rate clock generation for rates from 150
baud to 19. 2K baud. The desired rate is selected by a junper wire from
t he UART cl ock inputs to the clock source. In addition U9-5 & 6 provide
a selected baud rate and/or 300 baud to U23 by gating clocks from UlO-3
or 6.

Connections to renote consoles are via a 50 conductor cable
connected to J1. This cable usually connects to an I/ O board contai ning
up to 10 DB25 pin connectors. Provision for two parallel printer
connections are found on the standard 1/0O board as well (P5 & P10).
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Communi cati ons C. P. U.
I nt roducti on

The communi cations C. P.U. board consists of a standard C. P.U. card
with two i nput and two output 8-bit |atches on the systembus. Internally
t he board nay operate in a polled of interrupt node.

Buss Interface

Ul is used to buffer one byte of data to be read by the system processor
(data received froma renote site). U3-13 & 11 and U4 provide 8 bits of
status information for the systemprocessor. U5 holds data witten by the
system processor ( data to be sent to a renote site). U7 hol ds commands
written to the Com Board for subsequent execution. U8 provides 4 decoded
ports ( 2 read & 2 wite ports) for the system processor to send/receive
data as well as status & commands to the Com Board. U9 decodes 8 ports
for internal use on the Com Board. U3-5,7 & 9 buffer the state of
flip-flops U2 & U6 so that the Com Board can determ ne when a bus I1/0O
request i s pending or conpleted.

C. P. U. Mods

U35 along with U40 & U41 provide the serial link to alocal nodem U39-18
is used to latch a Request to Send bit out to the nodem interface via
U32-10 and RS 232 driver U41-8. Data for transm ssion is flagged valid
when TBE on U35 is true along with Clear to Send and Data Set Ready from
the nodem This state is buffered by U27-6 and may be tested by reading
port 4. A block of data buffered by the Com Board may then be strobed
into U35 by witing to port 5. The data is converted to serial form and
sent out via U35-25 to W41-3. Data received fromthe nodemis input to
U40-1 and converted to TTL levels at U40-3 for serial input to U35-20.
U25 and U24 provide the nenory address decoding required to access the
Com Board PROM and Read/ Wite nmenory.

Operation

The control programin promruns in a |oop checking for a command
sent from the system processor. Wen a conmand is witten into the
command register it clocks U6-3 and sets output 6. This is read by the
control programwhen it reads U3-5. The control programthen checks the
command |ist to determ ne the action requested by the system |If data is
to be sent to the nodemthe control programnext |oops to read data bytes
written into U5 as indicated by U3-7 each time a wite to that latch sets
U2-8. Each byte read is placed in a buffer in the Com Board RAM wuntil
an End OF Block byte is read in. At that point the control programsets
Request To Send true and waits for the nodemto respond. \Wen the nodem
is ready the entire block of data is transmtted out. If data is to be
read fromthe nodemthe control program!| oops on the nodem data received
port and reads in each byte as it is received.
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Communi cations C. P.U. (cont)

The nodem data is placed in a separate input buffer until an EOB
character is received. The control programthen sets the Message Recei ved
bit true in U4 and goes back to the command check | oop. When the system
requests the data be sent to the system bus the control program wites
it into UL a byte at a tinme until the EOB character has been sent out.
The control programthen goes back to the command test | oop. During al
phases of data I/ O the control programchecks for an unconditional abort
conmand fromthe system This enables the systemto gain control of the
Com Board at any time and bring to a stop any operation that may
ot herwi se hang the board in a | oop.
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Keyboard |

I nt roducti on

The keyboard enpl oys a highly devel oped capacitive contact encodi ng
system which reduces to a nmininmumthe chance of errors or downtine for
the part of the system which receives the direct "human-entered"
i nstruction.

Operation

The heart of the keyboard is a keyboard controller chip U7. This
circuit transmts key scanning codes on outputs X0 to X14. These pul ses
apply a voltage to the keyboard colum pads | ocated on the circuit board
under each key. Qutputs YA to YC select the keyboard row sensors
connected to Ul2 . When a key is depressed it will be detected when the
proper scan code and sel ect code produces an output on Ul2-3. Ull shapes
the detected pul se and delays the sensing of the next one in order to
provi de keyboard debouncing. The output of Ull-2 informs the controller
that a key has been detected so that the controller may construct the
proper ASCI| code on output D1 to D8 and generate a strobe pul se on the
STB/ AKD pin. U6 which clocks bit six out of its Q output is used to
generate the control character codes when STB/ AKD cl ocks pin 3 at the
control character-set time. Two special keys produce nodifications to the
keyboard controller ASCI|I code. TTY LOCK (indicated by the controller
out put ALI which turns on a LED) when activated will suppress | ower case
output from the keyboard. The shift l|ock key (indicated by SLI for
turning on its LED) will hold the keyboard output in shifted character
node while it is active. The ASCII output and strobe pul ses are buffered
and al so duplicated again but in inverted formby gates in Ul, U2, and
U3. This provides both active high and active |low data to suit varios
i nterface needs. The actual strobe pulse is shaped by one half of U10.
If the key is held depressed U7-39 will stay low and this will enable U8
once the Hal f-Second single-shot ULO times out. After tinme out CR3 wil
be held high by U9-2 , thus enabling the timng elenents in U8. When
enabled U8 will send out a stream of pulses which activates the Strobe
One- Shot every tenth of a second. The translate ROM Ul4 and special key
circuit U5 are not used in the standard system
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Keyboard 11
I nt roducti on

Thi s keyboard consists of a single chip MPU, a control programin EPROM
and a few interface chips for decoding a spring switch keyboard.

Operation

U5 receives a clock fromthe crystal controlled oscillator Ul which
is divided and made two-phase by flip-flop U9. U7 buffers and | atches the
program address for EPROM U8. The programinstructs the MPU to activate
and scan the keyboard matrix. U2 and U3 each provide matrix drive for 8
keyboard lines. P11l to pl7 on U5 read the 16 lines driven by U2 and U3.
When a depressed key is detected the MPU will use the scanned matri x
val ue and fetch the corresponding ASCII code fromcontrol prom U8. This
acsii code is then witten into U6. P24 on U5 generates a keyboard strobe
bit so that external |ogic can aquire the keyboard data.
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CRT Monitor |
I nt roducti on

The Cathode Ray Tube Monitor (CRT) includes the circuits that
provi de the di splay tube raster and the video tube itself. In the System

a conposite signal is wused to provide the deflection and video
i nformation on one signal |ine.
Operati on

A single +12 volt input provides all the power for the Monitor P.C
Board. Conmposite video is input on J1-8 and fed to the input of U2-17.
This integrated circuit separates the horizontal, vertical and video
pul ses and sends them to other circuits for further processing. The
hori zontal pulse goes to W4-2 where it is used to | ock the free-running
hori zontal oscillator inside this package. U3 acts as a feedback
anplifier in this circuit to maintain frequency |ocking. The hori zontal
output on pin 16 is fed to 4 where it is anplified and fed to the
flyback circuit via T2 and (@.

The flyback transfornmer generates the high voltage needed by the CRT
anode for electron beam defl ection and al so other voltages used for the
accel erator and focus grids in the neck of the tube. The output at point
11 goes to the horizontal deflection coil in order to control the sweep
of the beam across the face of the screen.

The vertical signal is fed to Ul-8 where it is anplified for driving
the vertical deflection coil connected to points 8 and 9. This circuit
al so includes potentioneters R18 and R22 for nmking adjustnments to the
vertical size and linearity. The video data, that is the characters to
be di spl ayed on the screen, is buffered and anplified by Q2 and fed to
the CRT nmodul ation grid. It conmes fromthe Video P.C. Board via points
3 and 4.
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C.RT. Mnitor 11
I nt roducti on

This video monitor is driven by TTL signals to produce a raster
display fromthe C.R T. controller.

Oper ati on

Operation is very simlar to the first unit. Vertical drive at
P100-9 is processed by U201. This one circuit controlls vertical size,
linearity and hold as well as providing anplification of the signal in
order to drive the vertical yoke. Horizontal drive at P100-1 is shaped
by Q103 and applied to U301 which determ nes the horizontal position of
the scan field on the screen. U302 buffers the horizontal pulse and
drives the high voltage drive transistor Q302. This driver activates the
flyback transformer T301 and provides horizontal deflection for the
Hori zontal yoke. The hi gh-voltage side of the flyback provides the 11.4K
volts needed for anode potential. Also voltages are generated to control
the focus and video |evel on the phosphor. Video at P100-8 is shapped
by by QL01 & Q102 and sent to the C.R T. gun.
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Power Supply
I nt roducti on

The i near power supply is a conpact unit with the electronics built
on one printed circuit board. It wuses a conbination of fixed and
adj ustable integrated circuit voltage regulators to control the current
and voltage supplies for the system | ogic boards and disc drives.

Operati on

Power Transfornmer T1 has a dual primary which allows operation from
115 or 230 VAC supply lines. The outputs fromT1l supply the necessary AC
voltage levels required by the various rectifiers and regulators to
produce the followi ng DC out put voltages:

+5V to all logic boards and fl oppy disc drives
-5V to fl oppy disc drives

+12V to all logic boards

-12Vv to all | ogic boards

+24V to the floppy disc stepper circuits

+18V UR to the CRT +12V regulator circuit

BR1, BR2, and D13 & D14 provide rectification for each of the
secondary wi ndings with the associ ated capacitor network for BR1 and C8,
Cl10, C11, Cl12 and Cl14 providing the initial filtering for input to the
regul ators. Ul regulates the +24V output with QL acting as a current
anplifier. R1L provides current output information for Ul-3 so that the
maxi mum current |evel set by R11, and R14 will not be exceeded. Cl and
X4 provide frequency conpensation which along with D16 provides
protection fromthe typical inductive | oad of a stepper notor. U2 and U3
are arranged in simlar circuit configurations to that of Ul for control
of the +12 and +5 volt supplies. U4 and U5 are three- term nal regul ator
circuits which provide -12 and -5 volts for system use.

Overvol tage protection is provided by D6 and @ for the +5V and D4
and @ for the +12V. If the output voltage exceedes the sensing zener
voltage in each circuit a voltage drop appears across the associated
resistor and this in turn triggers the SCR which shunts the output to
gr ound.
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nanme

+5v
+12v
XRDY
NM *
NM *
PWR FL*
STAT DSB*
CCDSsB*
ADD DSB*
DO DSB*
02

01
PHLDA
A5

A4

A3

Al5
Al2

A9

DO1
DOO
alo
DO4
D05
DO6
DI 2
Dl 3
DI 7
SML
SOUT
SI NP
SMVEMR
SHLTA
CL OCK*
GN\D

+5
-12v
RFC*
PHAN*
MARI TE
RDY

Pl NT*
HOLD*
RESET*
PSYNC
PVR*

System Bus Signal s

function

ttl logic supply
| ogi c supply

wait state # 1

z80 non-maskabl e interrupt
al ternate connection for

opti onal

di sabl e 8 status signals
di sabl e 5 conmand/ contr ol
di sabl e 16 address

di sabl e 8 data out

cpu clock 2

cpu clock 1

cpu transfers bus control

addr ess
addr ess
addr ess
addr ess
addr ess
addr ess
data out
data out
addr ess
dat a out
data out
data out

power

bi t
bi t
bit
bi t
bi t
bi t

bi t

5
4
3
15
12
9
1

bit O

bi t

10

bit 4

bi t
bi t

5
6

data in bit 2
data in bit 3

data in

bit

7

op-code fetch

data to output device
data from an i nput device
data from nenory

show a halt condition
2mhz cl ock

r return

ttl logic supply

| ogi c supply

z80 refresh signa

opti onal
bus powe

phant om contr ol
data to nenory
wait state

primary interrupt
bus conmand contr ol
reset system signal
new cpu cycle start
valid wite data
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System Bus Signals (cont)

pin # name function

78 PDBI N data i nput request
79 A0 address O

80 Al address bit 1

81 A2 address bit 2

82 A6 address bit 6

83 A7 address bit 7

84 A8 address bit 8

85 Al3 address bit 13
86 Al4 address bit 14
87 All address bit 11
88 DO2 data out bit 2
89 DG3 data out bit 3
90 DO7 data out bit 7
91 Dl 4 data in bit 4

92 DI 5 data in bit 5

93 DI 6 data in bit 6

94 Dl 1 data in bit 1

95 DI O data in bit O

96 SI NTA strobe interrupt device
99 POC* power on clear ( reset system)
100 GND bus power return
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