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INTRODUCTION

This theory of operation is designed to help you use Micro Cor-
nucopia’s KayPro schematic and to help you better understand the
system. We assume you have a basic understanding of digital circuits,
but we also do our hest to define all of the abbreviated symbols
(alphabet soup) for those of you whose command of computerese is a
bit weak, '

The theory of operation begins with a diagram of the entire system.
The blocks in this diagram are sized according to their relative impor-
tance in the section they appear. The diagram has the same basic
layout as the schematic.

We've divided the KayPro into three sections—CPU (central pro-

cessing unit), video, and 1/O (input/outpur). Each section begins with
its own block diagram.

The block diagrams show major subdivisions in the section as
separate blocks. The perimeter of each block surrounds the approx-
imate area that the circuit occupies on the schematic. The blocks are
arranged so their grid coordinates correspond to the coordinates of the
related circuitry. »

The text that follows the block diagram describes the parts and
signals responsible for the each circuit’s function.

Where the circuits have been modified since the KayPro was in-
troduced, both circuit forms are described.

Following the section description is a list of all integrated circuits
used in that section.

A star following a signal label indicates that the signal is active low.
For example, MREQ* is active low, but DRQ is active high. On the
schematic, we use the usual form for active low (a line above the
signal name).

The schematic was drawn to show all gates as positive logic. All ac-
tive low inputs and outputs are designated with a bubble at the chip
connection,

© 1983 Micro Cornucopia



CIRCUIT
OVERVIEW

The KayPro design includes:

(1) CPU section with 64K of dynamic RAM and a system monitor
in ROM. This section contains the data processing (CPU), fast access
memory (RAM), the system elock (provides basic system timing), and
the monitor ROM which contains the basic start-up and control
routines. .

This section oversees operation of the entire system, telling the
video circuit what to display on the screen and commanding the 1/O
when to send or fetch data.

(2) Discrete video generator circuit. The CPU section sends
characters along with information on where they should be displayed
to this section. The video section then creates the video signal which
locates those characters in their proper places on the video screen.

(3) /O section. This portion of the system handles communications
with the outside world. These communications include: the keyboard
input, output/input of data to and from the floppy disk, parallel
printer output, and input/output via the serial port.

CPU SECTION

The central processing unit of the KayPro Il is a 2.5 MHz Z80 us-
ing 64K of RAM for main memory. User programs and CP/M reside in
this 64K of RAM (called bank 0). The monitor (contained in the
EPROM U47) and video RAM lie in a separate bank of memory call-
ed bank 1. Only the lower 16K of main memory (bank 0) is switched
out when bank 1 is accessed.

All input/output operations are interrupt driven.

MASTER CLOCK—BS8,C8,D8—

The master clock is responsibleifor providing the 2.5 MHz system
clock, the 1 MHz floppy disk controller clock, and the 4 MHz double
density timing clock. All of these frequencies are derived from a single
oscillator running at 20 MHz. Video frequencies are produced by a
separate 13.9776 MHz oscillator.

Master Oscillator—B8—

The master oscillator frequency is generated by a 20 MHz crystal,
Y2. Inverter U67 drives the crystal.

C7, C8, and C9 help shape the waveform. A second inverter
isolates the oscillator and tumns the sine wave output into a square
wave.

2.5 MHz Clock—C8—
. 20 MHz from the master oscillator goes to the A input (pin 10) of
U86 (a flip-flop). The 10 MHz output of this flip-flop (QA pin 9)
becomes the input for three series connecred flip-flops.

Each flip-flop divides the frequency by two. So, § MHz is available
at QB pin 5, 2.5 MHz is available at QC pin 4 (used as the system
clock), and QD pin 8 outputs 1.25 MHz.
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2.5 MHz Waveshaping—B8—
Early models of the KayPro II used Q1 and C6 to shorten signal rise
time, but this has been omitted on later models.

FLOPPY CONTROLLER CLOCK—CS8,D8—

4 MHz is generated by dividing the 20 MHz from the master
oscillator by 5. Half of the dual decade counter, U87, accomplishes
this division. The resulting square wave is not symmetrical and has a
40/60 duty cycle (high/low).

The first units shipped derived the 1 MHz controller clock different-
ly. This was done by using the A flip-flop in U87 to divide the original
20 MHz by 2 and then using the other counter in the package to
divide the resulting 10 MHz by 10.

Now the 1 MHz is derived as shown on the schematic. They feed 4
MHz to flip-flop A in U87, creating 2 MHz. The 2 MHzsignal is then
fed to flip-flop A in the other half of U87, which again divides the fre-
quency by two. This gives you a 1 MHz signal that is synchronized
with the 4 MHz.

RESET PULSE GENERATION—B8—

The power-on reset is a simple RC circuit. The way the circuit is
designed, there is no way to guarantee that the contents of the system
memory will be unchanged when the system is reset.

C20 must charge through the 10K resistor R32. Thus, the reset
(RST*) signal will not go high until the power supply has had time to
stabilize.

RST* is ORed with M1 to provide the I/O chips with an M1 reset
(MIR*),

2

© 1983 Micro Cornucopia



INTERRUPT DECODE—A8—

The floppy disk controller controls the non-maskable interrupt line
(NMI*). DRQ and IRQ outputs from the 1793 are ORed by U61. The
output from this gate is inverted by U73 and negative ANDed with
the HALT* output from the processor. Its output is connected to the
Z80’s NMI* input.

" The /O chips interrupt the processor via INT*(U63 pin 16), the
maskable interrupt line.

RAM TIMING AND ADDRESS
DECODING—D6—

The main memory is made up of eight 64K by 1 dynamic RAMs
(random access memories).

These 4164 (or equivalent) RAM chips receive their 16-bit ad-
dresses in two chunks, eight bits at a time.

This is accomplished by multiplexing the 16 bit address bus into 8
bits. The signal responsible for timing this multiplex is the MUX
signal. There are two other signals that are necessary for timing the
addressing. CAS (column address strobe) and RAS (row address
strobe) tell the RAM when the addresses are valid.

Timing—D7—

CAS and MUX signals are generated by shift register U66. The
register is clocked by the 20 MHz clock. MREQ* or RFSH* will clear
the shift register. MREQ*does this to synchronize the generation of
CAS and MUX to the pending memory access. RFSH* does this to
prevent generation of CAS and MUX during a memory refresh.

The CAS signal is buffered through two inverters from U48. The
resulting CAS* is fed to all the dynamic RAM chips.

The MUX signal goes to the SELECT inputs of the two-to-one
multiplexers U33 and U34. A low on MUX selects the 'A’ inputs and
a high selects the 'B’ inputs.

MEMORY CHIP SELECT—A6—
RAS Generation—A6—

RAS* (row address select) is developed by decoding A14 and Al5
with BANK and RFSH* and gating it with MREQ*.

Bank Select Decode—A6—
The monitor ROM and the video memory are selected by the 3 to 8
line decoder, U60. Address lines 11-13 are the inputs for U60.
This decoder requires three different conditions. Bank 1 must be
selected, A14 and A5 must both be low, and MREQ* must be ac-
tive. Under these conditions, the monitor ROM occupies addresses

O0O00H-07FFH and the video RAM is located from 3000H-3BFFH.

MONITOR ROM—B6—
The monitor ROM is a 2716 (2K x 8) EPROM. It contains all the
1/O routines, including disk operations.

ADDRESS BUS BUFFER—C7—

The lower 8 address lines are buffered through U49 which is always
enabled. Only the 1793 floppy disk controller receives any unbuffered
address signals.

The upper 8 address lines are latched by U59. This latch is needed
because the Z80 processor does not keep the data stable on the address
lines throughout the MREQ cycle. The MREQ¥* line controls the
latch.

DATA BUS BUFFER—B7—

The data bus is buffered through two 4 bit tranceivers U64 and
U65. In order for data to be directed to the processor, both MREQ*
and RD* must be low. This prevents contention on the unbuffered

1/O and the RAM.

CONTROL BUS BUFFER—A7—

Five of the buffers in U62 are used to buffer system control lines.
These buffers are always enabled.

U# Device Location Description

Y2 CRYSTAL B8 20 MHz crystal

U20-27  MCM6665 Dé 64K x 1 Dynamic RAM

u33 74LS157 D6 8 to 4 line decoder

U34 74LS157 D7 8 to 4 line decoder

u3s 8216 Cé6 4 bit tranceiver

u3s 8216 B6 4 bit tranceiver

U36 74LS20 Ab Dual 4 input positive NAND

U3? 74LS02 A6 Quad 2 input positive NOR

U39 74LS00 A6 Quad 2 input positive NAND

U47 2716 B6 2K x 8 EPROM containing
monitor

U48 74LS04 A6,D7  Hex inverters

U49 74LS241 B? Octal buffers/line drivers

Us6 74LS02 A6,D7  Quad 2 input positive NOR

U59 74LS373 Cc1 Octal D-latches/flip flops

(8] 74LS138 A6 3 to 8 line decoder

8/} 74LS32 A8,A6 Quad 2 input positive OR

ué62 14LS241 Al Octal buffers/line drivers

ué63 3880 A7-C7 780 microprocessor

U64 74LS243 B7 Quad bus tranceivers

uU65 74LS243 B7 Quad bus tranceivers

U66 74164 D7 8 bit parallel out shift register

uU67 74HCO04 B8 Hex inverters

u73 74LS04 A8 Hex inverters -

uso 74LS08 A7,A5  Quad 2 input positive AND

(8121 74LS293 C8 Decade counter

us? 74LS390 C8-D8  Dual decade counter

POWER
CONNECTIONS

Power supply connections are not shown on the schematic. For the
most part, the chips only need +5V and ground. When looking at an
integrated circuit with pin —1 at the top, the +5V will be at the pin
in the upper right corner (the highest numbered pin) on and ground
will be at the lower left corner (half the highest numbered pin). So, on
a 14 pin package, pin 14 is tied to +5V and pin 7 is grounded.

U68, (contains the RS-232 line drivers), requires +/—12 volts in
order to provide RS-232 level outputs. +12V is supplied to the chip at
pin 14 and —12V at pin 1. Five volts is not supplied to this chip.

Power is brought to the KayPro circuit board by connector J5. The
connector pins are used as follows.

PIN USE

1 no connection
-12 volts

+12 volts
ground

key

+5 volts

AV W
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VIDEO SECTION

The video section on the KayPro delivers separate video and sync
to the CRT circuit board. It employs software scrolling rather than an
external scroll register. The routines responsible for the CRT display
reside in the monitor ROM.

All clocks are derived from a master oscillator running at 13.9776
MHz. This frequency is used to develop the dot count. A character
count is developed by dividing the master oscillator frequency by 7.
The character counter is then divided by 128 to form the scan count.
The scan counter is divided by 10 to drive the line counter which is
divided by 26 to provide the frame clock.

The video sync signals are timed by decoding these counters. The
horizontal sync is timed by decoding the eightieth count of the
character clock. The vertical sync is timed by decoding line count
twenty four.

All of the signals used by the CRT circuit board are available at
solder pads E1-E6.

VIDEO OSCILLATOR—AS5—

This oscillator (or clock) is the same design as the master oscillator
in the CPU section but uses a 13.9776 MHz crystal as its frequency
source. The clock is used to generate all video frequencies. The 2.5
MH:z system clock is not found anywhere in the video section.
Because of the clock differences between these two sections, the
MREQ*, RD*, and WR¥* are used to synchronize data transfers.

DOT CLOCK GENERATION—AS5—

The 13.9776 MHz from the video oscillator clocks a 4-bit binary
counter, U1. This counter can count from O to 15, but it is pre-loaded
with a 9 at the 15 count to accomplish a divide-by-7 function. This is
done by a hard-wired binary 9 on the counter’s inputs.

This 9 is parallel loaded into the counter when LD* (pin 9) is active.
LD* is pulled active by the inverted ripple carry (RC) output from the
same counter. The same signal is also used as the DCTC (device con-
trol timing clock) for other devices in the 'video section. The DCTC is
a 1.9968 MHz clock. The binary count from Ul is used by the
demultiplexer, U41, to clock out the dot information provided by the
character ROM as a serial video signal.

CPU ACCESS DETECTOR—A5—

This circuit provides a display blanking request whenever the CPU
is accessing video RAM. The D flipflops in UI2 assure that the
blanking is synchronized to the DCTC.

The output signal of this circuit is DCI. It is decoded along with
other conditions by the character ROM deselection circuit.

CHARACTER COUNTER—B5—

DCTC is used to clock the character counter U6. Both of the
binary counters in this chip are used to count to 128. The outputs feed
the video RAM address multiplexers to provide character addresses.
In addition, character clocks CC4, CCS5, and CC6 are decoded to
generate horizontal blanking.

SCAN COUNTER—D5—

Character clock CC6, which is DCTC divided by 128, is used to
clock the scan counter. The scan count provides the character ROM
with its 3 least significant address bits. These bits point at the horizon-
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VIDEO SECTION BLOCK DIAGRAM

tal line-of dots in the character matrix that is to be displayed for a
given scan line. SC3 is used to time blanking during the 9th and 10th
horizontal dot lines of each character.

LINE COUNTER—C5—

The line counter is clocked by SC3 after SC3 has been divided by 2
by U14. The line counter provides the address multiplexers with the
binary count needed to complete the video RAM address bus. The
line clock LC4 is used to clock a shift register for use as the cursor
blinking clock.

FRAME CLOCK—D5—

The line count is decoded to provide frame timing. This is used for
vertical retrace blanking and vertical sync. The frame clock also resets
the line counter after 24 lines.

VIDEO ADDRESS
MULTIPLEXING—B5,C5—

U17, U18, and U19 create the video address bus for the video
RAM. When CRTCE* is inactive, the addresses are derived from the
character and line counters. When CRTCE* is active, the addresses
are gated to the video RAM from the system address bus. U16 maps
the addresses in the video memory array.

VIDEO RAM—C4—

2114 (1K x 4) static RAM chips are used for the video memory.
Read and write signals are decoded from system control signals—RD*,
WR*, and MREQ*. The information stored in the video RAM is
ASCII data, which selects (by addressing the character ROM) the dot
pattern for the character it represents. Bit 7 (the high bit) is not used
in ASCII code; so it is available as a character attribute bit. When bit
7 is set the character blinks.

4
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DATA BUS TRANCEIVERS—B4—

The system data bus is buffered through 4-bit tranceivers U44 and
U45. The direction of data transfer is decoded by U58. The decoder is
enabled by an active level on MREQ and CRTCE. When U58 is
enabled, data may be read from or written to the video RAM by the
CPU. If MREQ*, RD*, and WR* arc all inactive, feedback from out-
put 7 of U58 will disable the chip.

HORIZONTAL SYNC—D4—

Horizontal sync is timed by the decoding of the 80th character
count by gates in U9 and U10. This timing pulse is fed into D flip-flop
U32. When this flipflop is clocked by dot clock DCB, it provides a
horizontal sync pulse at its Q output. The Q* output of the same flip-
flop is used to present a logic O at A10 of the character ROM (thus
selecting the lower half of the character ROM). Since the lower half
of the ROM is empty, this procedure blanks the display during
horizontal retrace.

ROM DESELECT—D4—

All other display blanking is accomplished by disabling the
‘character ROM. The gates in this block blank the display in response
to three different conditions. U9 will blank the display for one
character position if bit 7 is set (for that character) and there is a logic
1 on U9’s other input. Since the signal to that input is connected to
the cursor blinking clock, that character will blink.

The output of U9 is ORed by U10 with the output of the CPU ac-
cess detector. The output of U10 is ORed with scan clock SC3, which
blanks the display during the 9th and 10th horizontal scans of each
line. This provides a space of two horizontal scans between the
descenders of one line of characters and the highest points in the
following line.

CHARACTER ROM—D3—

A 2716 (2K x 8) EPROM is used to store the dot information for
every character displayed. Each character is set in an array of dots, 8
rows and 8 columns. Only 5 of the the columns are used for each
character. '

Eight bytes are used for each character, one for each row. Seven of
the rows are used for the character body and the bottom row is used
for descenders. The 0 bits are displayed as lighted dots.

The ASCII data in the video RAM points to the character and the
scan clock adds the low order three bits to select which of the eight
rows (0-7) of that character will be displayed.

Since only 5 columns are used, D5-D7 have no connections from

the ROM.

CHARACTER TO VIDEO
CONVERSION—D3—

As each row of dots is addressed, the hex D flip-flop U42, samples
the byte as it is clocked in by DCTC. U4l then multiplexes the
parallel dot pattern out to the video driver one dot at a time. While it
is doing this, U42 is getting the dot pattern for the next character.

U#¥ Device Location Description

Yi CRYSTAL A5 13.9776 MHz crystal

Ul 74LS161 AS Parallel loading binary
counter

u2 74HCO04 AS Hex inverters

U3 74LS290 D5 Decade counter

U4 74LS10 A4,C5 Triple three input
positive: NAND

Ué 74LS393 B5 Dual 4 bit binary
counters

0} 741.508 C5,D2,D4 Quad 2 input positive
AND

ul10 74LS32 D4 Quad 2 input positive
OR
U1l 74LS393 C5,D5 Dual 4 bit binary
counters
ul12 74LS74 A5 Dual D-type flip-flops
u14 74LS74 C5,D5 Dual D-type flip-flops
uls 74LS00 C4,D2 Quad 2 input positive
NAND
ulé 74LS157 C5 2 to 1 line multiplexer
u17 74LS157 B5 2 to 1 line multiplexer
[S)1:] 74LS157 Cs 2 to 1 line multiplexer
ul19 74LS157 B5 2 to 1 line multiplexer
u28 2114 C5 IK x 4 static RAM
U229 2114 C5 1K x 4 static RAM
U30 2114 C5 1K x 4 static RAM
U3l 2114 C5 1K x 4 static RAM
U32 74LS74 D4 Dual D-type flip-flops
U4l 74LS151 D3 1 of 8 data multiplexer
u42 74LS174 D3 Hex D-type flip-flops
U43 2716 D4 2K x 8 EPROM contain-
ing character set
U44 74LS243 B4 Quad bus transceivers
U45 74LS243 B4 Quad bus tranceivers
uUsé 74LS02 B4 Quad 2 input positive
NOR
uUs8 74LS138 B4 3 to 8 line decoder

/O SECTION

The KayPro 11 uses 280 programmable /O chips for its ports.
There are two parallel 1/O chips (PIO) and one serial 1/O chip (SIO).
Each of these chips contains two individually addressable ports.

Both serial ports are used by the KayPro. One is the keyboard port
and the other is an RS-232 port. The RS-232 port is connected to the
DB-25 connector J4, and is considered to be TTY by the monitor.

One of'the parallel ports is used by the system for control and selec-
tion purposes. Another is dedicated to the Centronics connector J2.
The two parallel ports remaining are not used but their data connec-
tions are available at labeled solder pads.

The floppy disk controller uses 4 ports for communicating with the
processor. These ports do not go through an 1/O chip but are managed
by the controller chip itself.

The following table describes the port assignments for all of the
ports on the KayPro Il.

Z80 I/O PORTS

PORT TYPE CNTL. DATA USE

A - serial 06H 04H R.S-232 (J4)
B serial 07H O5H Keyboard (J3)

gplA parallel O9H 08H
gp/B parallel OBH 0OAH
sys/lA parallel  IDH ICH

Centronics (J2)

Not used (E7-E14)

System bit port

bit O-disk drive A select
bit 1-disk drive B select
bit 2-not used

bit 3-centronics ready flag
bit 4-centronics data strobe
bit 5-double density enable
bit 6-disk drive motors

bit 7-bank select

sys/B parallel  1IFH 1EH 8 bits unused (E29-E34)
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DISK DRIVE CONTROLLER PORTS

ADDR. IN ouT
10H status command
11H track track
12H sector sector

13H data data

INTERRUPTS

The /O ports in the KayPro are assigned priority by hardware
design. The floppy disk controller has the highest priority so it con-
trols processor’'s NMI input. The other 1/O ports are daisy-chained
together using the Z80 1/O IEO (interrupt enable out) and IEI (inter-
rupt enable in) pins.

The highest priority chip has its IEI tied to 5 volts. The IEO from
this chip goes to the IEI of the next highest priority chip. This con-
tinues for all the chips in the priority chain with the IEO of the last
chip left unconnected. This way all the I/O chips use the INT* input

to the processor with the interrupt priority resolution taken care of by -

the 1/O devices themselves. The priority chain is as follows:

1. Floppy disk controller ports

2. Serial 1/O ports

3. System parallel /O (bitport)

4. General purpose parallel 1/O (centronics)

1/0 SELECT/DECODE—A3—

Each chip in the I/O (input/output) section, the 2 P1Os (parallel in-
put/output), the SIO (serial input/output), and the FDC (floppy disk
controller), decodes two address lines, AQ and Al. These two address
lines tell each I/O chip which control or data register the processor
wants to read from, or. write to,

U57, a 3 to 8 decoder selects which chip is enabled. Address line
A7 enables U57, so all port addresses lie between OOH and 7FH.

All 1/O dara is transferred over the unbuffered data bus. This sets
the priority on I/O higher than for memory accesses. So the FDC can
assert a non-maskable interrupt and gain quick access to the data bus
in the earliest possible M1 cycle.

The use for the decoder’s outputs is shown below.

OUTPUT # USE
Set baud A strobe
SIO chip enable
GP PIO chip enable
Set baud B strobe
FDC chip select
not used
not used

SYS PIO ¢hip enable

BAUD RATE GENERATION—A2—

U78 is a programmable baud rate generator. All that it requires to
provide software selectable baud rates for the SIO is a 5.0688 MH:
crystal and access to the data bus. Only the lower nibble (4 bits) of the
data bus is used, and these 4 bits set the baud rate for either-port A or
port B. :

The address bus is decoded by U57 to provide the baud rate set
strobe. When U78 sees a strobe on one of its STBX inputs, it ex-
amines D0-D3 and generates the selected frequency at the FX output.
The baud rates are listed below.

~N O WNMAE WN -0

BAUD DO-D3 BAUD DO.D3
50 00H 1800  08H
75 OIH 2000  O9H
110 02H 2400  OAH
134 03H 3600  OBH
150 04H 4800  OCH
300 05H 7200  ODH
600 06H 9600  OEH
1200 07H 19200  OFH
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SERIAL I/O—B2—

The Z80 SIO, U170, has the highest interrupt priority of the 1/O
chips. The baud rate clock is provided by U78. The remaining serial
communication operations are performed by this chip.

As an introduction to the SIO, the following list provides the func-
tion of some of the SIO pins.

B/A* Selects between channel A and channel B

CID* ‘Selects port use as control (C) or data (D)

CE* Enables the internal data bus tranceivers

M1* and IORQ* Interpreted by the SIO as an interrupt acknowledge

RST* Disables RCVR and XMTR functions and clears all .
control registers

Transmitter clocks

Receiver clocks

TxCA and TxCB
RxCA and RxCB

In the KayPro the transmitter and receiver clocks are tied together
so that the baud rate must be the same in both directions.

Channel B is dedicated to the keyboard. The keyboard for the
KayPro outputs serial data at 300 baud. Only two of the SIO’s pins are
used for the keyboard, transmit data and receive data.

The transmit data line is used bnly for the keyboard bell. The
system monitor sets the baud for channel B to 300 baud on initializa-
tion. All handshaking lines are ignored.

Channel A is used for an RS-232 port. This port is referred to by
software as ‘TTY'. This port is initially setup to handle 8
bits/character, 1 stop bit, no parity. The configuration program that
comes with the KayPro only sets the baud rate. It doesn't let you set
the number of bits/character, the number of stop bits, or parity.

Channel A uses nearly all of the RS-232 handshake lines. Following
is a list of the DB-25 (J4) pin usage.
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DB-25 pin Mnemonic Description

1 Frame ground

2 TxD Transmit data

3 RxD Receive data

4 RTS Request to send

5 CTS Clear to send

6 DSR Data set ready

1 Signal ground

8 DCD Data carrier detect
20 DTR Data terminal ready

On the KayPro, frame and signal ground are tied together and to
the ground bus. Pin 6 (DSR) is tied to 5 volts so it is high as long as
the system is powered up. The other pins connect through line drivers
to the SIO chip. U68 contains line drivers which output +12V and
—12V RS-232 line levels for the RTS, DTR, and TxD lines. U69 con-
tains RS-232 line receivers. It changes RS-232 signal levels to TTL
signals for the SIO.

Software control of the SIO

The SIO is actually a more complex chip than the Z80. Programm-
ing it is not a trivial project, and I recommend that you find someone
local who has done it a few times (preferably successfully) to help you
get started. You'll save yourself a lot of time and frustration this way.

There are manuals on the SIO put out by the chip’s manufacturers.
Zilog’s manual is complete, but it is no more readable than any of the
others.

‘Basically, you need to send a string of bytes to the SIO control port
(also called the status port) for side A. (Remember that side B of the
SIO is dedicated to the keyboard so don’t mess with that unless you
don't plan to use your keyboard.)

SIO port A control is called port 06 in the KayPro. If you want to

output new control information to that port, you would do something

like:

LD A,18H  ; (18H will reset the SIO)
ouT 06,A ; (send the 18H to the SIO’s register 0)
LD A 0lH  ; (OIH will tell the SIO you want register 1)
ouT 06,A ; (output the O1H to the SIO control port)
LD A,00H ; (OOH in register 1 puts SIO in no-interrupt mode)
ouT 06,A ; (send the O0H to register 1)
LD A 04H ; (04H will tell the SIO you want register 4)
; (output the 04H to the SIO control poit)

ouT 06,A

. (see below for complete example)

If you want to reconfigure the SIO, you first need to write to the
control register which steers the following byte to the correct destina-
tion. This is control register WRO. When you output a byte of data to
KayPro port 06, the data goes directly to the SIO’s control register O.

When you output a byte to control register 0, you can either use
that byte as a direct command for the SIO, or you can use the byte to
select another register (1-7).

You can use bits D0-D2 ito indicate the target register for the next
byte or you can use bits D3-D5 to specify a direct command to control
register 0.

Register 0 command codes.

D3 D4 D5 COMMAND

0 0 0 select register with DO-D2

0 0 | transmit abort (for SDLC mode)

0 1 0 reset status interrupts

0 1 1 reset one channel (the selected channel)
1 0 0 enable interrupt on next char. received
1 0 1 reset transmitter interrupt pending

1 1 0 reset error latches (18H in line 1 above)
1 I 1 return from interrupt (channel A only)

For most purposes, only 000 is used. Bits D6-D7 reset the CR¢
checkers and generators and are usually left at 00 also. The followin
table illustrates the pointer to each control register and its use.

WRI1 interrupt mode select

WR2 interrupt vector

WR3 receiver parameters

WR4 parity/clock multiplier/stop bits
WR5 transmit parameters

WR6 for synchronous use

WR7 for synchronous use

Common Configurations for KayPro communications

REGISTER BITS FUNCTION
WR3 D7 D6 Receiver Bits/Character
0 0 5 bits/char
1 0 6 bits/char
0 1 7 bits/char
1 1 8 bits/char
DO  Receive Enable (when set to 1)
DS  Auto enable on CTS (when set to 1)
WR4 D3 D2  Stop Bits
0 0 none (synchronous)
0 1 one stop bit (most common)
1 0 one and a half stop bits (least common)
1 1 two stop bits
D1 DO Parity
0 0 no parity
0 1 odd parity
1 1 even parity
D6 16X clock (should be always set to 1)
WRS D7 Assert DTR (when set to 1)
D6 D5 Transmit Bits/character
0 0 5 bits/char
1 0 6 bits/char
0 1 7 bits/char
1 1 8 bits/char

D3 Transmit Enable (when set to 1)

The following examples describe the commands required to set th
SIO for some common operating modes.

7 BITS/CHARACTER, ODD PARITY, ONE STOP BIT

BIT(S) SIGNIFICANCE

D7-D6  clock multiplier 40H
D5-D4  synchronous mode 00H
D3-D2 1 stop bit 04H
D1 odd parity O00H
DO enable parity OlH
Output to register 04H 45H
D7-D6  RCV 7 bits per character 40H
D5 if 1, DCD and CTS enable RCV and XMIT O00H
D4-D1 used for synchronous mode 00H
DO RCV cnable OIH
Output to register 03H 41H
D7 assert DTR 80H
D6-D5  XMIT 7 bits per char 20H
D4 send break 00H
D3 XMIT enable 08H
D2 used for synch. mode O00H
D1 controls RTS*in synch. mode O00H
DO enable XMIT CRG O00H

Output to register 0SH
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So, let’s look at a complete initialization of the SIO (a completed
version of the above example).

LD A,I18H ; (18H will reset the SIQ) .
ouT 06,A ; (send the 18H to the SIO’s register 0)
LD A 0IH ; (OIH will tell the SIO you want register 1)
ouT 06,A ; (output the O1H to the SIO control port)
LD A,00H ; (OOH in register 1 puts SIO in no-interrupt mode)
ouT 06,A ; (send the OOH to register 1)
LD A,04H ; (04H will tell the SIO you want register 4)
ouT 06,A ; (output the 04H to the SIO control port)
LD A,45H  ; (45H in register 4 means 16X clock, | stop bit, odd
parity)
ouT 06,A ; (send the OOH to register 1)
LD A03H  ; (03H will tell the SIO you want register 3)
ouT 06,A ; (output the 03H to the SIO control port)
LD A41H  ; (41H in register 3 means 7 bits/RCV character,
; non-synchronous, receiver enabled)
ouT 06,A ; (send the 41H to register 3)
LD A 05H ; (O5H will tell the SIO you want register 5)
ouT 06,A ; (output the O5H to the SIO control port)
LD A,A8H ; (A8H in register 5 means DTR asserted,
7 bits/XMIT
; character, transmitter enabled)
ouT 06,A ; (send the A8H to register 5)
; (set up baud rate generator)
LD A 0TH  ; (OTH will set the baud rate generator to 1200 baud)
ouT 00,A ; (send the OTH to the baud rate generator)

For 7 bits/character, even parity, D1 of WR4 must be sct to 1.
For 8 bits/character, no parity, set DO of WR4 to 0. Set D7 and D6 of WR3
both to 1 and set D5 and D6 of WRS also both to one.

PARALLEL I/O—B3-C3—

The Z80 PIOs are used for a system bitport (SYS PIO) and a Cen-
tronics printer port (GP PIO). The system bitport usage was outlined
in the introduction of this section.

A Z80 PIO can be programmed to work in 4 different modes.

MODE 1 Output Port

MODE 2 Input Port

MODE 3 Bidirectional Port
MODE 4 Control Port (bitport)

The operation mode is set by sending the chip a byte when the C/D
input is high. The lower nibble must be 1111 to instruct the.chip that
this is a operation mode command. Bits 6 and 7 are decoded by the
PIO to determine which mode is to be set.

MODE D7 D6
0 0 0
1 0 1
2 1 0
3 1 1

A mode 3 command must be followed by another byte which will
indicate what direction each bit will be sent. A 1 in a given bit posi-
tion indicates that the position will be an input bit, while a 0 in-
dicates an output bit. In mode 3 the data strobe is ignored and the
ready output is held low.

Interrupt control is also programmable. The low nibble is used to in-
dicate that this is an interrupt command, and it must be 0111. The
high nibble indicates the interrupt mode as follows.

BIT SIGNIFICANCE
D7 ENABLE INTERRUPTS (must be 1 to enable)
D6 ANDI/OR This selects the logical function

to be performed on the unmasked bits in

order to allow interrupt enable (1 is AND)

D5 HIGH/LOW This indicates the active polarity
of the bits operated on above (1 is HIGH)
D4 MASK FOLLOWS This indicates that the next

byte is the interrupt mask
are only used for mode 3 operation

Dé6-D4

The interrupt enable Hlug can be set or reset without affect,
the other bits in the registers. To do this, the lower nibble \
0011. D7 will then be examined by the PIO to determine how
the interrupt flag. A O will disable interrupts.

To load an interrupt vector, DO must be a 0. This informs the Pl
that the remaining bits (D1-D7) are an interrupt vector. The PIO
then loads the vector into its. vector register exactly as it appears.

The KayPro can use the unused PIO ports in any configuration.
The system bitport must be used as it is set by the monitor. The Cen-
tronics port could be changed, but it is buffered to the connector by
unidirectional line drivers.

FLOPPY DISK CONTROLLER—C2-D2—

The KayPro Il uses a 1793 floppy disk controller, U83. The 1793
only needs two external chips. It requires a 1 Mhz clock to operate. It
uses four signals from the floppy disk drives—Track 0, Write Protect,
Index, and the Raw Data from the read head. The controller provides
the floppy disk drives with some control signals and the rest are pro-
vided by the system bit port. The signals originating from the con-
troller are Write Gate, Step, and Direction. The write data and
precompensation information are fed to one of the extemal chips
which provides the properly timed write data.

DATA SEPARATION—D1—

The data stream frorh the floppy disk is made up of two com-
ponents, clock and data. The 1793 is not capable of separating these
two components, so U88 is used to remove the clock pulses from the
data stream. U88 provides the separate data and clock signals to the

1793.
WRITE PRECOMPENSATION—C1—

U84, a shift register, is used for write precompensation. It uses early
and late signals from the 1793 to determine the direction of shift. If
both early and late are low, the shift register is loaded through the B
input. An early signal causes the data to be shifted early, which means
it will arrive at the write head sooner.

Precompensation makes up for the difference in head to disk speed
between the inner and outer tracks. The shift register is loaded by the
Write Data output of the 1793 and clocked by the 4 Mhz clock. 185
is used to change the active high Write Data pulse into an active low
Load pulse.

U# Device Grid Loc. Description

5.0688 Mhz crystal

Octal buffers/line drivers

280 programmable parallel 1/0

3 to 8 line decoders

Octal buffers/line drivers

High voltage inverting line drivers
High voltage inverting line receivers

Y3 CRYSTAL A2
Us2 74LS241 C2
U54 3881 C3
Us? 74LS138 A3
ue6z 74LS241 DI
u68 MCl1488 Bl
u69 MC1489 Bl

U170 3884 B2 280 programmable serial 1/O

U171 74S04 Bl Hex inverters

u72 3881 B3 280 programmable parallel 1/O
U3 74LS04 C1,C2,A2 Hex inverters

U176 Dl 1K x 7 SIP resistors

uis 8116 A2 Programmable baud clock generator
usl1 7406 Cl1,C2 Hex inverters

us2 1793/7 C2-D2 Floppy disk controller

4 bit parallel access shift register
Quad 2 input positive NOR
External data separator

Us4 74LS195 Cl1
uss 74LS02 Cl
uss 9216 D1

errata

Though (almost) every attempt was made to verify and double
check the schematic, something was missed before the schematic
went to print. The inverter (U73) in grid A2 is labled 74LS14. It
should have been labled 74LS04.

© 1983 Micro Cornucopia



oy
iy
Py
T
iy
Sy

oxLN(5)
£33 (2

N (E

R
MERLY SO

0 VORG24l

80y ¥ ALBORS)

0 VEveln

BANSC 2.0 B0

[ =T By M

[L O PR LS )

=
1{VHYO03NI
Mw.wm_mmomm

1 H.im ] w.s "o WOV VY
o ASSV ASSY]  ASSY “ASSY
1vZ-19 979¢0i{d N LON] T4 LoN S
. o 10 3o | ITS . 1
H I O4IAVY T R
| S - . - 80
H 31v0 35¥313y. ars BOLIPL — [ H
! FrwIW ONY (o) el 13 L) e T.wu..: soviz 2]
A2 I W3] snowy | swaoae “
h EE %O SINVEINL
~ . Yoo AT WY 130 3 79-51-9] Ta zx“..S SIHIWI N1 JYY SWOSAIMG Ama 155 - |
TN SWILSAS ¥VINITNON T e ;o iS5y _
150 Siave BV W ——m e e e -
RS e RIg T o~ DwiAgiINIOl | 003 WY et e . o H
Pt o 22 tirionimon | ¥0 1¥ve [N Wi 282 :
.VVVVV > > 2 N (8'v) atan] ¢
R = st -
$13:%323 X22ZZZI2 (rev) 22w
- Ce g FIrsmSEE IN goatr @s'v)  Em
i | o (I'V) 9unw
2 2SI
2 < v (v) ———
” i 8351529
. o H i1
e u,,w\% [ 290 — RS S
5 aia 1 . SN )
) 208 220 _ . & e
363 {) a5 : T : )
L
G'v) .
05 0
- . iy
P R i 1 i
> = 950 L $
2 I 873 =
d agn{v i
4 P o N ae “ T v fo
g am L I
> 810 (v) wew 3 calnlo rlsinin i
s o [$353 8883 =
* T > o
e %2 oI %uq
o o iEw e [ sev sovly
L 9CIAW (v) iV =07
s2v 9 by
] HSII V) g5V 20 dMM: 2502 ggy
l— 920 (v) 1 r s Wl
< ) ovy ™ mw< I dwni L2 gwy
Jd Ja sy wow3 BT
] A0LINOW ¢
k— 8n ) Ly
mVﬂ,,_ Len B8VEy L Sy I3T
) S6¥ iz 1 G 7
P I Q) il e ) : ©
7 v 9 [ € oy
¥ T
< 14 [
N[y 650 [T 5
<l 1Y 3
[ B 1
1< A BEswe = |
- v o 890 (V) s
FAN TR s
= sereatwe2-®n e
LIOWIW » @) @esis — g nls 21w
1 —zq° sopr—— Ewg
3 —5ds  vopy—— v
: @©-od S8 —qr )
T ‘ 8 (M) 39 —ydr LSA
4~v X$>.» 31 SMJ OL GIL I<w Tnw 7 [y P ® Ma,n.t [ |Am” 3 A 9y
OIRAUIT AN SN MG
s~v 1TIVT WO F 990 TIUMIa Jadm (L-wd) XIS —oq y—— §v
AN ITELTRUR VTR ) 2 (5%} g ||ml..oc Y so
| _£oe joesd PVC.2) 2rva s Sva lvmomTy [} BEISIPL
AR 1 3i¥3 | WOUSIAIO 153493 [uni[3woz
SNOISIAZS

i

;

(s) 2vwW e

@ w2

@) Bt

Y yag CF

YOSL

"

3N —0 Ax
reLr

oS

caw !
TAN_ 5_~Ie Hsax \v)

sni? .
—SGRN )

6—13



. ‘AD MOLLYINdd Y
| SZuws i T T oY
iv7-18 ONOMO a 4 LON] Ty prel]
7 om 1333 s0c0| 37V . UOHR.00.207) OXATY
¥/IL OAdAVN Tvuwm T . vossiesad Y
B £ Ll {9) 2124 ] G MW 0
uva uuahwu O um: _H N:vw inoypm ivethnod-
2377041N00 XSIQ OW  O/T «12“ £1 [ Mol max | el 2 Rl - . 1 voutnuedio
remoa™> W 20 X S ) W e (63 o—d wia ag— 10 g
ONI SWILSAS NYINMINON o) S Teeman vy ] 623 0y e mf— 20 w._snieu.s .E
1307 S1¥vd — 823 Oyl tae ™ €q v -
AR E HOUM¥E I O DWUJLINIO! | CO3N €3 O0——51 e W »
i uows | am O 33UVIONINON ¥O Luvé A0 053 MM s o 0 ZO-F(S&O&Z_
€3 o—r Y1 nEe— N
mo—glm  eh—a ARVI314404d
mom T
vE 9f o
ww ; N T v aw
® e — r X AT R 201 Per— 90201
ﬂ“. .!m -Nn = » V3aAg S..:._ g 3 " [ Unﬂl p:(0'8
m ) v w W
ooz v B3AIMO 21-97, rosve - o U
. ' 9 2P S
S up 03015 ¢ 11355 ! \ ot I
2| 2 “ T30S ¢ 0-13% 3N | TISS TE-I, W v &P J
R - * Lk S
o v asAe w-er, w P
g 014545 L,J.._
s ._mlw X .pumww | 30US 42— s 199€ w
Mlllw 1 ' = .
o mbr— 2w e s ooun o i 2
@pr— (0 Meoeio == : - e
us P ONQ_AW %-9r — [ SR e -
vora v Py AL [t 3 r oe-ar  Sed z .
ofs fr—— 31 W) INvg e L uva vy WIX2LNC
o vt e 512
* ' ' e
wop " « %0
L 2 w
0 2 A
vy w© Mﬂ £ V) 1Mt ET,]
W) N
jod 14 I~ 22l ez [ 204 (9)
el MM 031 =N 131
“
= wl 19 . To—jjusu o
id T ®30—3) 1o =
«3 ! P e !
[rICH vams (v) H3o—7sl 034 - " "
€130—=7 184 i
v Bove (V) ow ¥ ) a5 \aal=3 A2
4 N a3 Cilin - DIINI
Vil "3 5 £8¢ I37vavd ] om 5 N
. o—o . !
ors PP oy R Gl B
w3 vsec ZUW €870'S a2 01 _ [ 93 oy a Um Y ¥
own J0ASs Mg U i3 i
T ys 3dwar qur o, V23 3o 01 Pye— B2A0L ]
vaa lq PR - vy Siv |
,_———— 130 3| sy ap— Qv
: i w,— [~ j u3o—p 1o ggc %
vau W or-a'un oLl s )
; , oV 2 —g T " wpg—
; . R 1 ™ w0l 10
j N = 2
AN M) b —— I A7 ] ™ T
i v 4400y SO T sHOP DT o R 4 o x n
. d
ity N 4_ A. T“m R NEVT YR IR N . o
0/1 ™133s voSW L T 5 v e se
esriw 68N "9 8 < gl ™ - °«0
_rlwén IoL_ m ]« e a ]
or
T EEWL] Yy 0 s T3 CITIVT QM S W TET - 1v2ST0L
S/ KR4 5.Y'CICAIAII G1S N4 WO S.338vT Q
71T R 054 CNT 030GV QTG Sve
S 73 0027 s3owe P C3IEE3 ON Ow v nu SHY k)
IR LER L32i5.21) 2107 NS W weragdz ]
UG oedy | 31v0 WY Les3a 193473 (41| 3v07
N SnOISiATY

6—14




T2 woam] 3V <o WOV a4 Y
T 1SSV ASSY,  ASSY “Ass¥.
1y2-13 9T9¢0|a waid N Tewd 10N
- “on 48301 3003 § 3715 | I
~/IL_O3JAVA sy L1
34v0 35V3INY e
SNOTLIOVES
N -] ) 2 P Py
TCAANDT LX) * WIIHI|  SITONY SIYNO3C
TEsiel T [RmvaC “NO SIONVEI0L
<.:nu\)«m “ﬂmﬂwJ o @ 19569 ] RMYBE oo Jae Sarema )
TN SARLSA ¥

on
wne> [ 35503 s maini ST )
1S1) siuve ' - St — S
o - 3 | 35T ] WOILAI¥D5 30 O N30l [ 603y 2 LS1STvL ) ¥ oLSiSL
-

nL L "lel! wem ¥3 J¥NLVIONINON w0 1uvd

1

™

100 5
R SR ) '
MO BE A, |

oov

o

L

oosv

EL

[EEON)
ML R
b

24

5 o

A §£30- N

h_
|

530 ()

!
T IR
| AUYL3I4G0N: ey

[TTTTI

vz ] oz o

otn

(4114
en

iz
«en

€N ()
8EY (V)
233 ()
<2y (v)
1322 ()
v )
N O
sev (v

' 80570
o—i- N
2,

[TITTITTIT]

TITITITTITTT

I

90 10 70 T} (@10 W @ % 1820 W] {89 16 ITC 10
4 fELin AL A ta el

~
<

vmll 235 (3) £r25TL

135 ()
H— 935 () T

€350)

8

T i mﬁ;
o] v [ 840 v)

T geg]
Ch2SHL

uxo

T
$X 9sn
S
20SIML

$655m
€35 () 0

[RhNe)] < viIsL  § W ILLE'D 1A

t
> £73 lirse  Gak ) 1w ova fweven] Taf I € w\\n

JETC LAY 155 [wi|iwer
TRoI8IAIY

€25

6—15



