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MOS HANDLING RECOMMENDATIONS

Caution must be exercised to avoid any electrostatic or high-voltage-charge from coming
in contact with the MOS gate elements. The gate oxide is approximately 1000 to 1200
Angstroms thick and can be ruptured by static potentials as small as 80 volts. Most MOS
circuits employ various protective schemes. However, an electrostatic charge may still
cause damage to the gate oxide during the finite time required for the protective device
to turn on.

The following handling precautions are recommended for MOS circuits:

1) All MOS devices should be stored or transported in conductive material so all ex-
posed leads are shorted together. MOS devices must not be inserted into conven-
tional plastic foam or plastic trays of the type used for the storage and transporta-
tion of other semiconductor devices.

2) All MOS devices should be placed on a grounded bench surface and the operators
should ground themselves prior to handling devices. This is done most effectively
by having the operator wear a grounded conductive wrist strap.

3) Silk or Nylon clothing should not be worn while handling MOS circuits.

4) Do not insert or remove MOS devices from test sockets with power applied.

5) Check all power supplies to be used for testing MOS devices to be certain no
voltage transients are present.

6) When lead straightening or hand soldering is necessary, provide ground straps for
the apparatus used.

7) Do not exceed the maximum electrical voltage ratings specified by the manufac-
turer.

8) Double check test equipment setup for proper polarity of voltage before conduc-
ting parametric or functional testing.

9) Cold chambers using CO02 for cooling should be equipped with baffles, and
devices must be contained on or in conductive material.

10) All unused device inputs should be connected to Vpp or VSS.

11) All power should be turned off in a system before printed circuit boards containing
MOS devices are inserted or removed.

12) All printed circuit boards containing MOS devices should be provided with shor-
ting straps across the edge connector when being carried or transported.

When inserting CMOS devices, it is recommended that a low wattage soldering iron with

a grounded tip be used. This will prevent damaging the part. Another alternative would be
using sockets for the parts.

Xi



CHAPTER 1
INTRODUCTION

The information contained in this document allows the construction of a computer
system with color graphic capabilities. Object code (machine language) programs may
be entered from the keyboard or loaded from audio cassette tapes. The program can be
dumped to audio cassette tape for permanent storage. An unmodified television receiver
is used as the output device. Techniques for increasing the hardware and software
capabilities of the system are outlined.

In a continuing effort to provide support for the users of MC6800s and M6800 family
peripherals, Motorola has introduced two new integrated circuits — the MC6847 Video
Display Generator and the MC1372 RF Modulator, which simplify the task of interfacing
to a standard television receiver. When used with a color television receiver, up to 8 col-
ors may be displayed. These colors, compatible with the NTSC standards, are
represented by three luminance levels. These luminance levels provide three gray levels
for black and white television sets. System cost is further minimized by using a single 5V
supply. A low cost microcomputer based game or home computer could be constructed
using less than 20 ICs.

From the introduction of the MC6847 Video Display Generator it was obvious that home
video systems could be manufactured with great capabilities and still retain a relatively
low cost. These home video systems could range anywhere from arcade type games to a
full blown computer. Until this time, most computers have used costly types of 1/0 units,
whether it be a “dumb terminal” or a hard copy printout. What better timing for the VDG
which can use any standard television set (color or black and white) for display!

In keeping with its tradition of providing the microcomputer buyer/user with a method of
evaluating the hardware capabilities of a new part, Motorola has developed TVBUG® .
TVBUG is similar to many of the already existing bugs that Motorola has developed such
as MIKBUG® , MINIBUG® , etc., in that is has the capability of being expanded into a
powerful development system.

An evaluation type of printed circuit card has been developed which includes the follow-
ing hardware features:

VDG — MC1372 — RF interface to standard color television set
6K Display RAM — for full color graphics capability

8K User RAM — for development and program running

Kansas City Standard Tape Interface — for saving user programs
MC6808 Processor with clock

Standard ASCII Keyboard Input (Parallel)

Massive wire-wrap area for hardware development

Full expansion capabilities for external RAM, peripherals

Dual 43-pin Edge Connector (EXORciser compatible)

1-1



By examining these hardware features, it can be seen that the “Micro Chroma 68 kit has
the capabilities of becoming a very inexpensive system (in comparison to other units of
equivalent capabilities). Uses of TVBUG can include, but of course are not limited to, the
following areas: hardware development, software development, system prototyping,
dumb terminal applications, color graphics for games, educational displays, and more.

To match the hardware capabilities of the VDG, a software monitor had to be written
which would exploit these capabilities. This is TVBUG. TVBUG resides in a MC6846P3
ROM, I/O, Timer, commonly known as a RIOT.

The software commands are summarized below:
1) G — Go to user program
2) L — Load tape (KCSTD — Kansas City Standard Format)
3) P — Punch tape (KCSTD)
4) V — Verify tape (KCSTD)

5) M — Memory examine/change

6) E — Examine a block of memory
7) Q — Quick load of hex data

8) F — Fill a block of memory

9) O — Calculate offsets

)

)

)

)

)

)

)

0) R — Display contents of MPU registers
11) Z — Clear screen

12) S — Set a breakpoint

13) U — Unset a breakpoint

14) D — Delete all breakpoints

15) B — Display all breakpoints

16) N — Trace the next instruction
17) C — Continue execution

18) T — Trace “N” instructions

19) !, “, # — User defined functions

The Micro Chroma 68 kit (P/N CHROMA®8) contains all of the LSI devices — MC6808,

MC6847, MC6846P3, MC6820/21, MC6850, and MC1372 — and a double-sided printed cir-
cuit board which will allow use of all the features previously mentioned.

1-2



CHAPTER 2
MICRO CHROMA 68 KIT PARTS

A block diagram of Micro Chroma 68 system is shown in Figure 2.1. This +5 V only
system includes the MC6808 microprocessor (MPU), the MC6847 Video Display
Generator (VDG), the MC1372 Radio Frequency (RF) Modulator, the MC6846P3 ROM, |/O,
Timer (RIOT) with the TVBUG monitor, the MC6820/21 Parallel Interface Adapter (PIA) and
the MC6850 Asynchronous Interface Adapter (ACIA). The PIA is used as a keyboard inter-
face while the ACIA is used to implement a Kansas City Standard 300 baud cassette tape
interface. The printed circuit board (PCB) is designed to allow the user maximum flexibili-
ty with the system, as a wire wrap area has been provided to allow prototyping of addi-
tional circuitry.

2.1 THE MC6808 MICROPROCESOR WITH CLOCK

The MC6808 is a monolithic 8-bit microprocessor that contains all the registers and ac-
cumulators of the present MC6800 plus an internal clock oscillator and driver on the
same chip.

Functional Block Diagram — MPU-VDG-Color TV
Low Cost Color Monitor Computer System
(TV-Bug Monitor in ROM)

Micro Chroma 68

Channe! 3 (or 4)

Digital Analog
Input Output Frequency
Signals Levels Generator

MC6808 Address | Address MC1372
MPU Display MC6847 (Red S|gnal)
+ Data RAM Data Video ¢B Modu 60 MHz
CLK Display |[(Blue lator Modulated
Extal Control | Generator Slgnal) } 3.58 by
MC6846P3 Y (Luminance) l Color 3.58 MHz
ROM L) Burst
W/TV-Bug CrystaK7
Monitor
170
Timer .
[ ]
Ke board<: MC6821 i .
y PIA MC6850 C/:::;ge =
ACIA ==
Recorder
3.58 MHz Standard Color
or B&W

Television Receiver
AD0093

Figure 2.1 Micro Chroma 68 Block Diagram
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MC6808 features:
On-chip clock circuit

Software-compatible with the MC6800

Expandable to 64K words

Standard TTL-compatible inputs and outputs

8-bit word size
16-bit memory addressing
Interrupt capability

The MC6808 is completely software-compatible with the MC6800 as well as the entire
M6800 family of parts. Hence the MC6808 is expandabie to 64K words. The on-chip circuit
utilizes the buffered 3.58 MHz clock from the MC1372 RF Modulator. Detailed programm-
ing information is contained in the MC6800 Programming Reference Manual (not includ-
ed). An integral divide-by-4 counter provides an effective bus speed of 894 kHz. A 4.0 MHz
parallel resonant crystal could be used to provide a bus speed of 1.0 MHz as shown in

Figure 2.2

39

= w3 MC6808

I. 381 EXTAL

27 pF—L
T

Figure 2.2 Crystal Connection

ADO0S4

2.2 THE MC6847 VIDEO DISPLAY GENERATOR AND MC1372 RF VIDEO MODULATOR

The VDG and RF Modulator allow digital data to be displayed on an unmodified television
receiver. A block diagram is shown in Figure 2.3.

+5V

1

3.58 MHz

Display :
Data
< MC6847
Display
Address
: Interface :

I D I +STV
Standard

RF Out
(Composite Video)

LC
Tank

Video
Information J_

Control {\ _l_

e

Mode Control

Circuit
(Diode)

NOTE: The MC1372 can provide composite video as well as RF.

ADO0092

Figure 2.3 MC6847 VDG and MC1372 RF Modulator
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2.2.1 The MC6847 VDG (Video Display Generator)

The MC6847 Video Display Generator provides a means of interfacing the M6800
microprocessor family (or similar products) to a commercially available color or black
and white television receiver. Applications of the VDG include video games, bioengineer-
ing displays, education, communications, and any place graphics are required.

The VDG reads data from memory and produces a composite video signal which will
allow the generation of alphanumeric or graphic displays. The generated composite
video may be up modulated to either Channel 3 or 4 by using the compatible MC1372 (TV
Chroma and Video Modulator). The up modulated signal is suitable for application to the
antenna of a color TV. A typical TV game is indicated in Figure 2.4.

The MC6847 Video Display Generator (VDG) addresses the display memory and converts
the data to obtain the proper Chroma Bias, R-Y and B-Y signals to the MC1372 RF
Modulator. The mode control lines of the VDG allow 12 modes of operation. These
modes — 2 alphanumeric modes, 2 semigraphic modes, and 8 full graphic modes — are
shown in Table 2.1. These display modes may be mixed. The VDG generates 13 address
lines in order to directly access the required display RAM (up to 6K bytes).

In the internal alphanumeric mode the VDG scans 512 bytes of display RAM. The display
data runs through an internal character ROM to generate 6-bit ASCII. The characters are
displayed as a 5 x 7 character matrix in an 8 x 12 dot matrix. The Color Set Select (CSS)
pin is used to select one of two color sets, Green and Black or Orange and Black.

Since 6-bit ASCIl is used, the two most significant bits (B7, B6) may be used for additional
features. B6 could be tied to the Invert (INV) pin allowing character by character inversion
of data and background. The resultant character set is shown in Figure 2.5.

hannel 3 (or 4)

. . Cl
Functional Block Diagram — Digital Analog _1 } Frequency
MPU-VDG-Color TV Input Output _|‘|_,-J_L_ M_‘ Generator

Signals ‘Levels oA
MCB802 Address Address (Red Signal) MC1372
MPU Display MC6847 ¢B RF
+ RAM Data RAM Data Video  |(Blue Signal) Modu- 60 MHz
s OLK Display lator Modulated
\ Cont Generator |y (| yminance by
EXTAL ntrol ( ) 3.58 3.58 MHz
I Color
> MC6846 * vl
oee Crystal
| wo Y
Timer l«<—User input

lllleee

o D

Standard Color
or B&W

Television Receiver
ADO091

Figure 2.4 Typical TV Game
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Figure able in MC6847

B7 may be connected to the Alpha/Semigraphic (A/S) pin to allow mixing alphanumeric
data and Semigraphics-4 on a character by character basis. In Semigraphics-4 the data
word is used as two parts. The most significant bit (B7) selects the Semigraphics-4 mode.
B4-B6 select one of eight colors as shown in Table 2.1. BO-B3 determine which elements
are illuminated as shown in Table 2.1.

The external alphanumerics mode allows the user to specify his own character set which
is displayed on a 8 x 12 dot matrix. If so desired, the VDG character ROM can be mask
programmed for the user’s own character set. Color Set Select allows the user to select
Green and Black or Orange and Black.

Semigraphics-6 is similar to Semigraphics-4 except the 8 x 12 dot matrix is divided into 6
areas, LO-L5, and only one of four colors may be selected. The CSS pin allows the choice
of 2 sets of four colors and may be used on a character by character basis.

To use the Semigraphics-6 mode, the Printed Circuit Board must be modified as shown
in Figure 2.6.

The traces must be cut in four places, signified by X's in Figure 2.6. Then connections
must be made as shown to form the logical equivalent of an OR gate.

The 8 graphic modes may be subdivided into 4 two-color graphic modes and 4 four-color
graphic modes. These graphic modes are selected by GM0, GM1, GM2. Two possible col-
or sets are available and may be selected through use of the Color Set Select (CSS) pin.

The 2 color graphic modes use the most RAM, and require 1 bit of RAM per dot while the

four-color graphic modes use 2 bits of RAM per dot. These graphic modes allow displays
ranging in density from 64 x 64 to 256 x 192 while requiring from 1K to 6K of RAM.
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Iinterfacing is quite simple as a minimal system could be constructed by adding a
PROM(s) on the VDG data and address bus to display fixed messages such as a set of
advertising slides. The VDG is easily interfaced to a microprocessor system as shown in
Figure 2.1. Three-state bus extenders should be used to isolate the MPU buses from the
VDG buses. The MPU can poll the VDG to detect HS and FS before writing to the display
RAM. This technique allows the MPU to write during blankipng periods and prevents
flicker in the display. The MS input is tied to the enable lines of the bus extenders and is
used to drive the VDG data bus and address bus into high impedance.



2.2.2 The MC1372 RF Video Modulator

The MC1372 allows direct connection to a television set through the antenna terminals.
An LC tank circuit resonating at the proper carrier frequency (61.25 MHz or 67.25 MHz) is
also required. Current FCC regulations (Part 15, Subpart H) govern the use of the MC1372
as a Class | TV device when used to generate an RF signal. These regulations also re-
quire a Vestigal Sideband Filter and a DPDT 60 dB RF switch to isolate the TV antenna
from the RF modulator. A 4.5 MHz FM audio signal may be added to the chrominance in-
put of the MC1372 to provide a sound. '

2.3 THE MC6846P3 ROM, I/O, TIMER

The MC6846P3 consists of 2048 bytes of mask-programmed ROM, an 8-bit bidirectional
data port with control lines, and a 16-bit programmable timer-counter.

The Programmable Internal Timer-Counter is not used by the monitor and may be pro-
grammed as required. The 8-bit bidirectional data port is not used by the Monitor, but is
configured on the PC Board to control the VDG modes.

2.4 The MC6820/21 PERIPHERAL INTERFACE ADAPTER (PIA)

The functional configuration of the PIA is programmed by the MPU during system in-
itialization. Each of the peripheral data lines can be programmed to act as an input or
output, and each of the four control/interrupt lines may be programmed for one of several
control modes. This allows a high degree of flexibility in the over-all operation of the in-
terface.

The A side of the MC6821 PiA is configured to receive key closures from a standard ASCII
keyboard. The negative going strobe must be at least a duration of 100 ms due to the type
of polling used to scan for a keyboard input. Perhaps a more conventional way to poll the
keyboard would have been through the use of the PIA’s IRQ line, but by dedicating the
IRQ vector to a keyboard input routine, the capability of using this line for a user function
would have been lost.

The active high cursor control keys (home, up, down, left, right) are brought into the ‘B’
side of the PIA. The cursor control keys should be pulled down with 10K pull-down
resistors. Horizontal and vertical sync pulses from the VDG are fed into two pins of the
PIA, to allow screen writing during retrace periods.

2.5 THE MC6850 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER (ACIA)

The MC6850 Asynchronous Communications Interface Adapter provides the data format-
ting and control to interface serial asynchronous data comunications information to bus
organized systems such as the MC6800 Microprocessor Unit. The parallel data of the bus
system is serially transmitted and received by the asynchronous data interface, with
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proper formatting and error checking. The functional configuration of the ACIA is pro-
grammed via the data bus during system initialization. A programmable Control Register
provides variable word lengths, clock division ratios, transmit control, receive control,
and interrupt control. For peripheral or modem operation three control lines are provided.
These lines allow the ACIA to interface directly with the MC6860 0-600 bps digital
modem.

Although the ACIA in this system is dedicated to a Kansas City Standard tape interface

unit, the inputs and outputs could be switched to allow a different use for the Serial I/O
port.
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CHAPTER 3
MICRO CHROMA 68 HARDWARE

3.1 HARDWARE OPERATION

The TVBUG system schematic is shown in Appendix A. The MC6808 (Microprocessor
with clock) is used as the microprocessor and is coupled with the MC6846P3 (ROM, |/O,
Timer) for a permanent monitor system. The MC6846P3 (TVBUG 1.2) has been pro-
grammed to “talk’” to the MC6847 VDG display RAM as an output port, and a standard
ASCII keyboard is connected to the MC6821 PIA for data input. The actual hookup of the
MPU is standard to almost any dedicated system with a few exceptions. MCM2114s were
used in this project because of the ability to be added in 1K blocks, thereby reducing the
initial cost of the project and allowing expansion in 1K blocks. For a minimum system 3K
of RAM is required: 1K of user (U33 and U48), 1K of display RAM (U44 and U59) and the
stack (U35 and U50). The MCM2114s cannot have the R/W pulse applied to them during
the normal MC680X write cycle, as any data which is on the bus will be written to the
RAM. To solve the problem, the combination of $2 with R/W will provide a delayed RIW
pulse within the MCM2114 specifications. Table 3.1 shows the address decoding and
Figure 3.1 shows the memory map. All address decoding for the 8K bytes of user RAM
and all ROM has been done on board by use of the 74LS128 three to eight line decoder.
With the decoder scheme shown, up to 8K bytes of the user RAM can be placed on the
bus without further decoding, and decoding for every 1K block of memory from $D000 to
$FFFF has also been provided. This latter decoding will provide the user with an option of
including up to an additional 5K of bytes of display RAM to utilize the full 256 x 192 ele-
‘ment graphic mode of the MC6847. One note of caution though, no additional decoding
(i.e., 74LS138s) can be supported by the higher order address bus lines without using the
traditional 8797 bus extenders.

The “Break” key on the board provides the NMI (Non Maskable Interrupt) input with a de-
bounced key closure through the use of cross coupled NAND gates. Within the TVBUG
Monitor, the NMI vector causes the current contents of the registers within the MPU to be
displayed on the TV screen.

The RESET switch is a normally open switch which does not need to be debounced due
to the RC time constant of the 3.3 k@2 and 100 xF capacitor, and connected to the Schmitt
trigger reset input of the MC6808.

Although the ACIA in this system is dedicated to a Kansas City Standard tape interface
unit, the inputs and outputs could be switched to provide the user with a different use for
the Serial I1/O port; see Section 5.5.
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Table 3.1. TVBUG 1.2 Address Map

Device Address A5 | A14| A13| A12 {A11 | A10| A9 | AB | A7 | A6 | AS | AAd | A3 | A2 | A1 | A0
ROM $F800-$FFFF 1 1 1 1 1 X X X X X X X X X X X
1/0 Timer $F440 1 1 1 1 0 1 1 0 0 0 X X X
PIA $F404 1 1 1 1 0 1 0 1 X X
ACIA $F408 1 1 1 1 0 1 0 1 X
RAM $0000-$03FF 0 o] 0 0 0 0 X X X X X X X X X X
RAM $0400-$07FF 0 0] 0 0 0 1 X X X X X X X X X X
RAM $0800-$0BFF 0 0 0 0 1 0 X X X X X X ("X X X X
RAM $0C00-$0FFF 0 0 0] 0 1 1 X X X X X X X X X X
RAM $1000-$13FF 0 0 0 1 0 0 X X X X X X X X X X
RAM $1400-$17FF 0 0 0 1 0 1 X X X X X X X X X X
RAM $1800-$1BFF 0 0 0 1 1 0 X X X X X X X X X X
RAM $1C00-$1FFF 0 0 0 1 1 1 X X X X X X X X X X
RAM $D000-$D3FF 1 1 0 1 0 0 X X X X X X X X X X
RAM $D400-$D7FF 1 1 0 1 0 1 X X X X X X X X X X
RAM $D800-$DBFF 1 1 0 1 1 0 X X X X X X X X X X
RAM $DCO00-$DFFF 1 1 0 1 1 1 X X X X X X X X X X
RAM $EQ00-$E3FF 1 1 1 0 0 0 X X X X X X X X X X
RAM $E400-$E7FF 1 1 1 0 0 1 X X X X X X X X X X
RAM $FO000-$F3FF 1 1 1 1 0 0 X X X X X X X X X X
X = decoded by device address.

$FFFF
TVBUG
$F800
$F7FF
170
$F400
$F3FF
STACK
$F000
$EFFF
User Defined
$E800
$E7FF
Display RAM
$D000
$CFFF
User Defined
$0000 NOTE: All addresses are in hexadecimal.
ADO088

Figure 3.1 Hardware Configuration Memory Map

Iin the transmit mode, the clock for the ACIA and tone for the Kansas City Standard, is
provided by an MC1455. This 4800 Hz signal is fed into the transmit circuitry, and when
combined with the TX (transmit) data, provides the traditional 2400 Hz for a Mark (1) and
1200 Hz for Space (0) required by the Kansas City Standard. This output data is not the
S$1-S9 data format as used by some other systems, but a binary format which is both
faster, and compatible with the many Motorola MEK6800D2 kits now in use. The speaker
audio is brought onto the board and fed into the input of an MC14584B. This hex Schmitt
trigger provides about 0.5 V of hysteresis when operated at 5 volts, and does an excellent
job of squaring up the incoming audio tones. Following this squaring of the tones, the
data is processed and fed into the RX (receive) data pin on the ACIA. Connected to this is
a leading edge detector which is used to reset the binary counter which feeds the RX



clock signal. By doing the clock recovery in this manner, the binary counter is assured to
be in synchronization with the data and provide the proper clock pulse to the ACIA at the
correct time. As a debugging aid, waveforms are shown at different points of the
cassette load circuitry in Figures 3.2 through 3.14

The cassette interface provided in this documentation has proven to be a very effective
and reliable method for generating and recovering data from audio tapes, while using on-
ly six CMOS packages.

The MC6847 VDG operates like a microprocessor. It accesses its own RAM by putting out
the specific addresses on the bus. Because of this, the VDG address bus must be
separate from the MPU’s address bus, but both must have the ability to address the com-
mon display RAM. By using the 8T97 three-state buffers on the address lines, whenever
the “A’ signal goes low, signifying that the MPU is talking to the display RAM, the VDG is
turned off. In addition, the bidirectional data bus buffers must have the same type of con-
trol. The other inverters and NAND gates (U19-A, B and U16-A, B, C) provide the display
MCM2114s with the correct R/W signal. The VDG directly generates the chrominance and
luminance analog (R-Y, B-Y, Y) output levels to be fed to the MC1372 Radio Frequency
(RF) modulator.

The MC1372 Modulator contains a chroma subcarrier oscillator (3.579 MHz to be used as
a system clock), and all other circuitry necessary to support direct RF modulation to any
standard color television set. As shown in the schematic, the MC1372 clock is buffered
by U10A and fed directly to the MC6847 and MC6808 EXTAL inputs where it is used as a
system clock. This provides an internal system clock of 894 kHz (¢2).

The Tank L-C values shown (56 pF and 0.1 xH) will provide a center frequency of 67.25
MHz (channel 4). The component values required for channel 3 operations are 75 pF and
0.1 uxH). This provides a center frequency of 61.25 MHz. The 75 ohm output may be fed
directly to the set, or through a 75 ohm to 300 ohm matching transformer available
wherever televisions or electronic components are sold. Either method MUST include a
60 dB switch and vestigial sideband (VSB) filter to minimize RF radiation problems (TVI).
This assures that the antenna is disconnected while using TVBUG.

3.2 CONSTRUCTION HINTS

1) Before soldering any parts onto the printed circuit board, examine it carefully for
any runs which might be shorting to adjacent runs. This is a highly unlikely oc-
curance, but a few minutes in the beginning may save many hours of debugging
later.

2) When soldering the sockets onto the board, solder only enough RAM to get the
system going (U44, U59, U50, U35). By doing it in this manner, chances of solder
shorts in the highly dense RAM area can be minimized.

3) Put all pots (cassette and duty cycle) to their midrange position. The duty cycle
pot is especially critical, as this controls the actual oscillator of the MC1372. If it
is too far one way, it just won’t oscillate.
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After installing all the parts on the board (minimum RAM), and before you plug it in, look
over the board very carefully for solder shorts. In our experience in putting these kits
together, over 90% of non-functional boards have problems which can be directly at-
tributed to solder “Blobs” in places they shouldn’t be.

Now, apply power. Be sure that + 5 volts goes to the appropriate terminals, as NMOS and
TTL do not like their power reversed. If it works, your job is almost finished; but if it
doesn’t, go to the debug secion,

There are several devices on the schematic which require adjustment; these include C5,
L1, R1, and R2. The following is a “tune-up” procedure for these. Y1's frequency adjust-
ment trimmer, C5, should be set for 3.57954 MHz with a frequency counter, or adjusted
until the television set responds with the correct colors.

The value of L1 determines the frequency of operation, in other words, which channel you
are on. This coil can be bought as a 0.1 yH tuneable coil, or fabricated on almost any type
of coil which uses a ferrite slug for tuning. The prototypes were made on forms 1/8 inch in
diameter with 3 1/2 turns #30 gauge wire wrap wire. After the coil has been made and
placed in the circuit, turn the television on to the desired channel (3 or 4), and turn the
slug until a picture is presented on the screen. If all that is seen on the set is “confetti,”
the coil could possibly be resonating at the wrong frequency. Change the channels until
a picture is seen. Turning the slug down into the coil lowers the frequency (and channel),
and unscrewing it produces the opposite effect. If the picture is seen at a channel which
is not desired, adding more turns (one or two) will lower the frequency.

The duty cycle adjustment potentiometer varies the actual duty cycle of the 3.58 MHz
clock. This is an optional part, as the MC1372 is internally set for a 50% duty cycle. Ad-
justment should be made while observing a picture, and tuning R2 until the best picture
is obtained.

The audio cassette standard has an adjustment, R1, which should be tuned for best data
at pin 2 of the ACIA. This adjusts a time constant, and some chopping of the waveform
will be noticed until this adjustment has been made.

3.2.1 Micro Chroma 68 Level 1 Debug

After you have looked over the board again for solder shorts and it still doesn’t work, it’s
time for some serious debugging.

If, after you have tried this, and it still doesn’t work it is time to break out the
oscilloscope.

Check Restart:
1) Hold down the reset button, or jumper the two connections.

2) Use a voltmeter or oscilloscope to determine the state of address lines. All lines
with the exception of AO should be logic one, or somewhere above 2.4 volts. A0
should be a logic 0. This signifies that a processor is doing a RESET and is ad-
dressing the ROM.
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1) Turn power off.
2) Lift Pin 6 of U24 and clip lead to +5 V (this replaces VMA, and enables the

decoder).

Check FIRST byte of ROM (start address)

3) Make sure reset is still shorted together.
4) Turn power off.
5) Examine data bus — it should be a $FA or 11111010 binary. This is the first byte of
ROM and is the MSB of the starting address of TVBUG.
6) If this data is not present on the lines, either the ROM is not being selected, or the
ROM itself is bad.

Figure 3.15 Flowchart for System Debug (No Oscilloscope)
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3.2.2 Micro Chroma 68 Level 2 Debug

Since the operation of a microprocessor is very difficult to ascertain from looking at the

buses without a bus analyzer, some simpler steps must be accomplished.
If after you have checked for shorts in the display RAM area, and checked the
restart vector, the system still doesn’t work, one last check can be performed.
This involves forcing the processor to continually step through memory. The
basic theory is to make the data bus (MPU) an $01 (hardwired). When the MPU
goes to get the restart vector, it will get an address of $0101, and start executing
NOPs ($01) from there. This will continue, and every location in memory will be
accessed. Because of this trait, by using an oscilloscope on the MPU address
lines, the AO line will be toggling continually, and every address line (A1 through
A15) will be the previous one divided by two. By looking at them, shorts and
opens are easily traced throughout the address bus.

Decoders and chip selects are aiso easily traced. Here are two different methods of do-
ing the NOP trick:
1) Bend all of the data bus pins up out of the socket and tie to an 01 (all lines except
DO are 0’s). Don’t try this on a ceramic chip (use #2).
2) Take a wire wrap socket and cut about 1/2 inch off of the data bus pins (26-33), wire
wrap these to a $01 and plug the WW socket into the PCB, and the 6808 into the
WW socket.

If, after doing all of these checks and the problem has not been found, give the board to
someone else to look over for solder problems or incorrect chip placement. Remember
the old saying about the forest and the trees?



CHAPTER 4
TVBUG SOFTWARE

The TVBUG software monitor is provided in the MC6846P3 RIOT along with an 8-bit
parallel interface and a programmable timer. It is designed to implement the MC6847 and
MC1372 in a MC6800/01/03/08* based system. Micro Chroma 68 provides the user with an
operating/debug system, parallel interface to an ASCII keyboard, a Kansas City Standard
for an audio cassette interface, and an interface to an unmodified color TV receiver.

4.1 TVBUG OPERATING SYSTEM

The operating procedure for each command is given in the following paragraphs. All of
these commands assume that the system is under TVBUG firmware control and the last
data displayed on the screen was “TVBUG” followed by a carriage return-line feed
(CRLF), and a blinking cursor.

The RESET function is used when power is first applied, anytime TVBUG firmware loses
program control, and before a PUNCH, LOAD, or VERIFY command is used. To use this
function:

Press the reset switch. TVBUG firmware will gain program control and generate
the display shown in Figure 4.1 followed by a blinking cursor. The TVBUG
monitor is ready for an input.

VDG DEBUG SYSTEM TV-BUG VER 1.2
MOTOROLA — AUSTIN, TEXAS

TVBUG
ADOO73

Figure 4.1. TVBUG Display after Reset

The following are TVBUG commands. Each command is one letter followed by an op-
tional modifier (address or data). The monitor is always hexadecimal with leading zeros
assumed. The modifying field is terminated with a non-hex entry (e.g., space bar). The
modifier will be either two or four hexcharacters depending on the command mode.
When entering hexadecimal data, i.e., memory examine function, the data entered is
right-hand justified. For example: A desired address $015F is to be entered in the memory
examine function. All that need be entered is $15F. If an error is entered ($15E) just type
$015F following the previously entered three digits. The TVBUG firmware may be used to
debug and evaluate a user program and to perform the following functions:

1) G — Go to Address “N” (User Program)
2) L — Load Kansas City Standard Tape (JBUG® Format)

*MC6809 is not object code compatible.



3) P — Punch/dump Kansas City Standard (JBUG Format)
4) V — Verify Kansas City Tape
5) M — Memory change
6) E — Examine a block of memory
7) Q — Quick load of Hex Data
8) F — Fill a block of memory
9) O — Offset calculation
10) R — Display contents of MPU registers
11) Z — Clear screen and initialize 1/O
12) S — Set a breakpoint with address “N”
13) U — Unset breakpoint with address “N”’
14) D — Delete all breakpoints
15) B — Print out all breakpoints
16) N — Trace the next instruction
17) C — Continue execution from the current location
18) T — Trace “N” instructions
19) !, ““, # — User defined functions

4.1.1 G — Go to User Program Function

This function allows the user to execute a USER program. To use this function type a
“G”, starting address, and return. The firmware will execute a USER program.

4.1.2 L — Load Tape Function (Kansas City Standard)

This function allows the user t0 load a Kansas City Standard formatted audio cassette
tape. This includes tapes punched using Motoroia’s JBUG® and CRTBUG® monitor. To
use this function:

1) Press Reset.

2) Type “L”. The firmware will CRLF and ask for an offset (16 bits, Hexadecimal, with
lead zeros assumed).

3) Enter the offset. The offset must be the difference between the existing start ad-
dress and the desired start address; if none, type a space.

4) Type ‘“‘return’. Start the tape by pressing “play’ on the cassette recorder. Ensure
that the recorder “ear” is connected to P.C. board “in”’ (P3).

5) After approximately 40 seconds of leader, the firmware will print a name, if any;
and a “B” for each 256 bytes and a “B” for the remainder, if any. If the data was
not stored into memory correctly, the “B” is followed by the message, “MEMORY
BAD” and the firmware will return to TVBUG program control.



4.1.3 P — Punch Tape Function (Kansas City Standard)

This function allows the user to store data from memory on audio cassette tape using the
Kansas City Standard. To use this function:

1) Press Reset.

2) Type “P”. The firmware will CRLF and ask for a beginning address.

3) Enter beginning address and type a space. The firmware will ask for an ending ad-
dress.

4) Enter ending address. The firmware will CRLF and ask for a name.

5) Enter the name. The name may be up to 32 (31 + CR) characters long. If tape must
be read by a JBUG monitor, do not use “B” or “G”’ in the name as these characters
are interpreted by the JBUG firmware as control characters.

6) Connect the tape recorder “mike” to the P.C. board “out” (P4) and start recording.

7) Type return. The firmware will print 40 seconds of leaders (F’s) followed by an 80
(Start Char.), Name (ASCII Code), Byte counter, Starting Address, and 42" (ASCII
“B") followed by data. A short leader terminated with “42” (ASCII “B”) will be
printed for each 256 bytes.

4.1.4 V — Verity Tape Function (Kansas City Standard)

This function is used to verify a PUNCH or LOAD operation. To use this function:

1) Press Reset.

2) Enter a “V”. The firmware will CRLF and ask for an offset.

3) Enter the offset. The offset must be the difference between the existing start ad-
dress and the desired start address; if none, type a space.

4) Set up the tape recorder as shown in the load function.

5) The firmware will print file name, CRLF, and print a “B” for each 256 bytes. If the
data on the tape and the contents of the memory do not agree, the firmware will
print “MEMORY BAD” and return to TVBUG program control.

4.1.5 M — Memory Change Function

The function will examine a location in memory, change the contents if desired, and
return the contents to memory in that order. To use the MEMORY CHANGE function:
1) Enter an “M”.
2) Enter the address to be changed and press line feed. TVBUG firmware will CRLF
and print the address followed by data.
3) Enter new data if desired. Line feed will then return data to memory and open the
next location. Up arrow (1) will return data to memory and open the previous loca-
tion. To return to TVBUG control program, press the carriage return key.

TVBUG
MO

0000 XX 00
0001 XX 00
TVBUG



4.1.6 E — Block Memory Examine Function

This function allows the user to display a block of memory on the screen. To use this
function:

1) Enter an “E".

2) Enter the beginning address of the block to be examined and type a space. The
firmware will ask for ending address.

3) Enter an address and type a space.

4) The firmware will CRLF and print the beginning address and contents of the first
eight memory locations. Underneath the contents of each location is a period. If
the data at that location is an ASCIl character, the character will be printed under
the data. Each time a space is entered, the next 8 locations will be printed until it
reaches the ending address; at which time the firmware will return to the TVBUG
control program.

TVBUG
E
BEG ADR?0 END ADR?F

0000 54 56 20 42 55 47 XX XX
T V B U G

0008 XX XX XX XX XX XX XX XX

TVBUG

4.1.7 Q — Quick Load Function

This function allows the user to enter blocks of hex data. To use this function:
1) Type “Q”. The firmware will CRLF and ask for the beginning address.
2) Enter beginning address and type a space. The firmware will ask for the ending ad-
dress. '
3) Enter ending address and type return. The firmware will CRLF, print the beginning
address and wait for data.

4) Enter hex data followed by a space. The firmware will CRLF on the 8th location,
print the address and wait for data. When the ending data has been entered, the
firmware will return to TVBUG control program.

Typical Display
TVBUG
Q
BEG ADR?0 END ADR?F
0000 XX XX XX XX XX XX XX XX
0008 XX XX XX XX XX XX XX XX
TVBUG



4.1.8 F — Memory Fill Function

This function allows the user to fill a block of memory with a character. To use this func-
tion:
1) Enter an “F”. The firmware will CRLF and ask for the beginning address.

2) Enter the beginning address and type a space. The firmware will ask for an ending
address.

3) Type a space. The firmware will CRLF and ask for a character.

4) Enter the desired character and type return. The firmware will write the character
into each of the defined memory locations and return to TVBUG program control.

Typical Display for MEMORY FILL function:
BDG ADR? XXXX END ADR? XXXX
CHAR? XX
TVBUG

4.1.9 O — Offset Calculation Function

This function allows the user to calculate 16-bit offsets. If the offset is outside the 8-bit
“branch” limits, the firmware will print the offset followed by the message “TOO FAR”.
This function simplifies the calculation of offsets for branch instructions. To use this
function:

1) Type an “O”. This firmware will CRLF and ask for the beginning address.

2) Enter the address of the branch op code and type a space. The firmware will CRLF
and ask for the ending address.

3) Enter the address of branch destination and type return. The firmware will CRLF,
print the offset and return to TVBUG control program. Offsets will be printed as a
16-bit word. The least significant 8 bits will be the offset.

Positive Offset:
0]
BEG ADR?0 END ADR?F
OFFSET = 000D
TVBUG

Negative Offset:

o

BEG ADR?F END ADR?0
OFFSET = FFEF

TVBUG

Offset Outside of an 8-bit Branch:
0]
BEG ADR?0 END ADR 782
OFFSET =0080 TOO FAR!
TVBUG
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4.1.10 R — Print Contents of MPU Registers

This function allows the user to examine the MPU registers by reading them from the
stack. To use this function type “R”. The firmware will place contents of the MPU
registers onto the stack RAM and then place them on the screen in the following format:

CC B A X P S
XX XX XX XXXX XXXX XXXX

Where:

CC = Condition Code Register
B =8 Accumulator

A=A Accumulator

X =Index Register

P = Program Counter

S = Stack Pointer

4.1.11 Z — Clear Screen Function

To use this function type “Z”. The firmware will fill the display memory block with a
space character, clear the screen, initialize the system /O ports, and return to TVBUG
program control.

4.1.12 Breakpoint Functions

There are 7 TVBUG commands dealing with breakpoints.
1) S — Set breakpoint with address “N”
2) U — Unset breakpoint with address “N”
3) D — Delete all breakpoints
4) N — Next instruction
5) T — Trace “N” instructions
6) C — Continue execution from current location
7) B — Print out ali breakpoints

41.12.1 S — SET A BREAKPOINT WITH ADDRESS “N”
To set a breakpoint type an “S” followed by the address, then type return. The firmware
will print the breakpoint address with up to 7 additional breakpoints that might be set,

and return to TVBUG program controi.

NOTE: Breakpoint $0000 is illegal.
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TVBUG Typical Display for Setting Breakpoints:
TVBUG

S 10

0010

TVBUG

S 20

0010 0020
TVBUG

S 30

0010 0020 0030
TVBUG

4.1.12.2 U — UNSET A BREAKPOINT WITH ADDRESS “N”

To unset a breakpoint type a “U” followed by the address, then return. The firmware will
remove the breakpoint and return to TVBUG control program.

Typical Display for Unsetting Breakpoints:
TVBUG
U 10
TVBUG
U 20
TVBUG

4.1.12.3 D — REMOVE ALL BREAKPOINTS

To remove all breakpoints, type a “D”. The firmware will remove the breakpoints and
return to TVBUG program control.

4.1.12.4 B — PRINT OUT ALL BREAKPOINTS

To examine breakpoints type a “B’”. The firmware will print all breakpoints and return to
TVBUG control.

NOTE: The following commands assume that a program has been executed and
halted at a Breakpoint.

4.1.125 N — TRACE THE NEXT INSTRUCTION

This command allows the user to single step through a series of instructions. To use this
command, type an “N”. The firmware will execute the NEXT instruction and print the con-
tents of the MPU registers. It will then return to TVBUG program control.

Typical Display for NEXT instruction:
XX XX XX XXXX 0300 XXXX
TVBUG
N
XX XX XX XXXX 0032 XXXX
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4.1.12.6 C — CONTINUE

The Continue command is used to step the program from breakpoint to breakpoint. To
use this command, type a “C’”’. The firmware will execute the user program from the cur-
rent location to the next breakpoint, and print out the contents of the stack.

Typical Display for CONTINUE Instructions:
(Breakpoints set at $0030, $0040, $0050)

XX XX XX XXXX 0030 XXXX
TVBUG

C

XX XX XX XXXX 0040 XXXX
TVBUG

C

XX XX XX XXXX 0050 XXXX
TVBUG

4.1.12.7 T — TRACE “N” INSTRUCTIONS

This command works exactly like the NEXT Command except that after entering “T"’, the
number of instructions to be traced should be entered. TVBUG will print out the contents
of the register after each instruction.

Typical display for TRACE Instructions:

TVBUG

XX XX XX XXXX 0030 XXXX
T3

XX XX XX XXXX 0033 XXXX
XX XX XX XXXX 0036 XXXX
XX XX XX XXXX 0039 XXXX
TVBUG

4.1.13 User Defined Functions

TVBUG contains three user defined jumps that may be called from the keyboard and two
user defined jumps called by the monitor. All jumps are initialized with a RESET.
However, if the user wishes to prevent these vectors from being lost on RESET, the stack
RAM may be hardware deselected from $F390 to $F39F inclusive. A small ROM, contain-
ing the permanent vectors, is patched over these locations (see listing in Appendix B) as
shown in Figure 4.2. In lieu of using a ROM, a small program may be used to store
specific addresses in RAM locations shown below, e.g., see Section 4.1.14,

To use the keyboard jumps, type the appropriate character (!, “, #). Firmware will then ex-
ecute the program from the address stored in temporary RAM at the following locations:

Character Inst. ($7E) High Byte Low Byte

! $F396 $F397 $F398
“ $F399 $F39A $F29B
# $F39C $F39D $F39E
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Figure 4.2. Hardware Deselect of Stack RAM from $F390 to $F39F

4.1.14 User Input Function

This function flow charted in Figure 4.3 allows the user to insert a user routine into the
monitor input loop. Each time the monitor goes around its input loop it checks the user
input three byte vector. Since it is initialized to RTS, the monitor will ignore this vector un-
til the user changes it. The three temporary RAM locations reserved for the user input
vector are:

Inst. (7E) High Byte Low Byte

$F390 $F391 $F392
To use this function, first write the user vector into stack.

Example:
LDAA: User vector (High Byte)
STAA: $F391
LDAA: User Vector (Low Byte)
STAA: $F392
LDAA: #$7E
STAA: $F390
Initialization complete

If this vector is entered with the keyboard, the jump instruction (7E) must be entered last.

The USER INPUT routine must set the carry bit if there was a user input. If there was no
input it must clear the carry bit. All user I/O routines must end with RTS.
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Figure 4.3. Flowchart for User Input Function

4.1.15 User Output Function

This function flowcharted in Figure 4.4 allows the user to insert a user output routine into
the monitor output routine. Each time the monitor performs its OUTCH (output character)
routine it checks the three temporary RAM locations reserved for the user output vector.



Monitor
Output
Routine

RTS

y

Output To
Printer, Punch,
Modem, Etc.
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Figure 4.4. Flowchart for User Output Routine

Since these locations are initialized to RTS, the monitor will ignore them until they are
changed by the user.

Inst. (7E) High Byte Low Byte
$F393 $F394 $F395

To use this function, write the jump vector into temporary RAM. If the vector is left in tem-
porary RAM, 1/0 devices such as a printer or a modem may be controlled on the fly by
changing the instruction location ($F393) from the jump ($7E) to an RTS ($39). All user /O
routines must end with RTS.

4.2 SOFTWARE EXAMPLE

The following example program is suitable for gaining familiarity with the TVBUG
monitor features. The program adds the five values in locations $10 through $14 using
Accumulator A and stores the final result in location $15. The intermediate total is kept in
Accumulator A; Accumulator B is used as a counter to count down the loop. The Index
Register contains a “pointer” (i.e., X contains the address) of the next location to be add-
ed. The program, as follows, contains an error which will be used later to illustrate some
of TVBUG’s features.

In the following listing, the leftmost column contains the memory address where a byte
(8 bits) of the program will be stored. The next column contains the machine language op-
code and data for a particular microprocessor instruction. The next four columns contain
the mnemonic representation of the program in assembler format.



*

*Add 5 numbers at locations 10-14
*Put answer in location 15

*

0020
0021

0022
0023
0024
0025
0026
0027
0028
0029
002A
002B
002C
002D
002E
002F
0030
0031

A detailed procedure for entering and debugging this program is shown in the following
steps.

8E
00
FF
4F
Ccé
04
CE
00
10
AB
00
08
5A
26
FA
97
15
3F

STRT

LOOP

LDS
CLRA
LDAB

LDX

ADDA
INX
DECB
BNE
STAA

SWiI

$FF

#4

#$10

0, X

LOOP

$15

DEFINE STACK IN USER AREA
TOTAL=0
INITIALIZE COUNTER

POINT X TO LOCATION 10

ADD 1 LOCATION TO TOTAL
POINT X TO NEXT LOCATION
DONE ALL 5 LOCATIONS?
BRANCH IF NOT

SAVE ANSWER

GO TO TVBUG

1) Start up and enter the program in RAM

A) Turn power on. Push reset button on the card. TVBUG will respond as
shown in Figure 4.1.

B) Type M followed by 20CR. This displays the current contents of location
$0020.

C) Type 8E. This replaces the contents of $0020 with 8E which is the op-code
for the first instruction, LDS.

D) Type LF. This steps to the next location ($0021) and displays the contents.
E) Type 00.
Type LF.

G) Type next byte of op-code or operand (FF in this case).

H

)
)
F)
)
)
)

Repeat steps F and G for remaining instructions.
I) Type CR to close the memory change function.

2) Verify that the program was entered correctly

A) Type M 20 CR. Location 20 will be displayed.

B) Type LF. Next location will be displayed.

C) Repeat step B until done, visually verifying data entered in Step 1.

D) Type CR.



3) Enter Data in Locations 10-14

A) Same as 1 except type M 10 CR to start the sequence. Any data may be
entered; however, for purposes of this example 01, 02, 03, 04 and 05 should
be entered.

B) Type CR.

4) Verify Data

Repeat Step 2 except type M 10 CR to begin the sequence. Verify that the memory
contains the values 01, 02, 03, 04 and 05 in sequential order.

5) Run the Program
A) Type CR to ensure no other option is active.

B) Type G 20. The program will run down to the “SWI"” instruction at location
31 which will cause it to go to TVBUG and show the following display.

CC B A X P S
DO 00 0A 0014 0032 00F8
TVBUG

6) Check the Answer
Type M 15 CR. (The answer is stored in location 15). Note that it says $0A (decimal
10). The correct answer is $0F or decimal 15; therefore, there is a probiem in the
program as originally defined. The next steps should help isolate the problem and
correct it.

7) Breakpoint and Register Display

A) 1t might be helpful to see what the program was doing each time it went
through the loop. Therefore, set a breakpoint at the beginning of the loop,
location 0029. To do this type S 29 CR.

B) A breakpoint could also be set at location 002F to see the results. Type
S 2F CR.

C) TVBUG must be told where to begin, so type G 20. TVBUG will run to the
breakpoint and then display 0029 as the program counter. At this point the
program is suspended just before location $29 and is in TVBUG. On detect-
ing this breakpoint, TVBUG automatically displays the register contents.

D) Type C to return to the example program and resume executing. Since the
breakpoint at location $0029 is in a loop it will again be the next breakpoint.
At this point the register contents will be displayed again. If this was done
the A Register would appear to contain the partial sum and the B Register
would be decremented. The X Register would be incremented by one.

E) Type C (Proceed). Once again the register contents will be displayed.

F) Type C (Proceed). Same comment as D.

G) Type C (Proceed). Display will now show register contents as of breakpoint
at $2F. The program has now successfully completed the loop 4 times and
the A-Register contains the incorrect sum.

4-13



8) Correcting the Program

A) From the above, it is evident that although the program was supposed to
add five numbers, the loop was executed only four times. Therefore, the
LDAB #4 instruction at locations 24 and 25 should be initialized B to 5.

B) Type D. Clear existing breakpoints.
C) Typ M 25 CR. This display = 0025 04.

D) Type 05. The display =0025 0405. This will now permanently change the
LDAB #4 instruction to a LDAB #5 instruction.

E) Type CR.
F) Type G 20. Execute the program.
G) Type M15 Display =0015 OF, the expected answer; the program is fixed.

9) Trace Through the Program

A) In order to execute a trace, the program must first be stopped at a break-
point. To trace from the beginning do:

B) Type D. This clears the existing breakpoints.

C) Type S 20. This sets a breakpoint at the first instruction.

D) Type G 20 (go to user program). TVBUG will immediately get the breakpoint
and stop before executing the instruction at 20.

E) Type N. The program will execute one instruction and display all register
contents. To continue, type N.

F) To trace multiple instructions, type T followed by the hexadecimal number
of instruction to be traced. Register contents will be displayed after execu-
tion of each instruction.

G) All breakpoints should be deleted by typing D CR before hitting Reset, or
the program will be permanently altered.

10) Offset Calculation Including Register Modification

A) Assume the SWI instruction at location 31 is to be changed to a branch
always (BRA) to location 20. This will cause the program to remain in an in-
finite loop (i.e., the program has no end and will run continuously unless in-
terrupted by some outside stimuli). Type M31 to open the memory location.
The display = 0031 3F.

B) The op-code for a BRA is a 20, so type 20 LF. The display =0031 3F 20.

C) The second byte of the BRA instruction should be the two’s complement
negative offset to location 20. Type 0.

D) TVBUG will respond with “BEG ADR?”. Type in the address, 31 CR, of the

BRA op-code.
E) TVBUG will respond with “END ADR?". Type in the desired branch address,
20 C/R.

F) TVBUG will respond with “OFFSET = FFED".
G) Type M 32 CR.
H) Insert the branch offset by typing the last two hex digits, ED.
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11) Executing and Aborting

A) Type G 20. The program will begin executing and the TVBUG cursor will
disappear since the program now contains an infinite loop.

B) Hit the break switch. This interrupts the program, displays all registers, and
returns controi to TVBUG.

C) Type C. Program will again continue execution.
D) Repeat B and D as many times as you wish.
E) Reset may be used to halt the program, reinitialize the screen and the 1/O.

12) Punch Program to Cassette
A) Rewind the cassette.
B) Press RESET.
C) Type P.
D) Type 20 CR for the begin address.
E) Type 32 CR for the end address.
F) Type in an optional title up to 31 characters and CR.
G) Turn on the cassette player in the Record mode.
H) Wait for the prompt and cursor to reappear (approximately 60 seconds).

13) Load Program from Cassette

A) Turn off power. This will cause the program in memory to be lost. Turn
power back on.

B) RESET.
C) Rewind cassette.
D) Start cassette in playback mode.

E) Type L. Wait for the TVBUG prompt and an offset (0) followed by a CR. Each
‘B’ represents 256 bytes of data being loaded. Test the program by any of
the options described above.

14) Verify Program from Cassette
A) Push Reset button and get TVBUG prompt.
B) Rewind cassette.
C) Start cassette in playback mode.
D) Type V and an offset (0) followed by a CR.

E) Each “B” represents 256 bytes of data being verified. The TVBUG prompt
represents a complete verification of the cassette tape.



CHAPTER 5
SYSTEM EXPANSION AND APPLICATIONS

The wire wrap area may be used to implement several applicatiohs and expand the
system capabilities and usefulness.

5.1 INTERFACE EXORciser BUS

As packaged, TVBUG can fulfill a multiple of applications, but does lack one thing, and
this is the necessary components to expand. Uses of this expansion can be for additional
memory, ROMs, peripherals and the like.

Looking at Figure 5.1, the address lines are connected at 8T97 three-state buffers which
isolate the MPU bus from the edge connector/motherboard. Because the data bus is a
bidirectional bus, provision has been made to provide two-way buffering. The driver
enable signal for the 8T26s is provided by an 8-input NAND gate. This gate is necessary
because certain adresses must be excluded while in the READ mode. These include the
TVBUG ROM (F800-FFFF), Display RAM ($D000-$E3FF), F400-F7FF (1/O), $F000-F3FF
(Stack) and (E800-EFFF). This last 2K slot may be used for external routines in ROM and
RAM and, if desired, could be placed on an external card. Delete the two connections to
the gate if off-board operation is desired. If non-inverted data is desired, use 8T28s in
place of 8T26s. This design assumes that all user RAM will be external.

5.2 EXTRA ROM/PROM UTILIZATION

A 2K slot has been left in the memory map of TVBUG for the purpose of having common
routines in an EPROM. Figure 5.2 shows a typical interconnection for 2 MCM68708s or 1
MCM2716/TMS2716 device. In addition to these open chip select lines, there is an addi-
tional 4K block divided into 4 different 1K blocks, which are available. This other area is:
$C000-C3FF, $C400-$C7FF, $C800-$C8FF, $CCO00-$CFFF. In using these decoded areas,
caution must be exercised so bus loading characteristics are not exceeded.

5.3 COMPOSITE VIDEO FROM MC6847
Standard black and white composite video is available from the MC6847 by adding a two

transistor amplifier/buffer to the “Y”' line of the VDG. See Figure 5.3. No color information
is available from this pin, so no “blinking” cursor will appear on the monitor.
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Figure 5.1. TVBUG Expansion to an Outside World
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Figure 5.2 (b). Using 1 TMS2716 EPROM
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Figure 5.3. Composite B&W Video From TVBUG
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USE OF MC1372

By configuring the MC1372 as a composite video generator, its output can be fed through
coaxial cable to drive a remote MC1373 RF modulator. In some applications it is more ad-
vantageous to transmit a composite video signal down a line rather than an RF. See
Figure 5.4.

Composite Video from 1372

240

MC1373

—> RF

ADO063

Figure 5.4. Remote RF with MC1372

5.5 RS-232 DRIVERS FOR PRINTER

To implement a ‘““‘screen’’ printer for TVBUG, all that is required is to write driver software,
(Appendix C) and hook up either RS-232 or TTL drivers for a printer. See Figure 5.5.

NOTE: See Appendix C for Software Drivers

» KC Standard

u3
MC6850

» RS-232

MC1488
NOTE: See Appendix C for Software Drivers

ADO0B4

Figure 5.5. Use of On-Board ACIA for Hard Copy (Printer)
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By using the user output routine provided in TVBUG, a character may be sent to a
peripheral output device. Here’s how it works: Everytime TVBUG performs an output
character (OUTCH) routine, it checks three memory locations in the Stack RAM area.
Since these routines are initialized to RTS, the monitor will ignore them until changed by
the user. The program listing provided changes these locations to a JSR at the beginning
location of the program. At this time, the OUTCH routine cycles through this additional
subroutine and prints a character to whatever is connected to the on-board ACIA.

The on-board ACIA was used for the printer driver to save money, and to reduce the
number of additional components. The present ACIA configuration will allow a character
rate of 300 baud (from tape interface MC1455), but may be changed to allow any
character rate when provided with the appropriate clock frequency (divide by 16).
Because TVBUG only responds to carriage returns, a line-feed and 4 null characters are
sent to the printer during a carriage return operation. This allows a printer to return fully
to the left-hand most position before the continuation of printing.

It must be noted that printing will take place during punch and load operations, but will
not provide the necessary CR’s and null characters for proper printing. Although the use
of an input device (serial or parallel) is not shown, its operation would be similar to that of
the print routine. See User Input Routine for further details.

5.6 S1-S9 PUNCH/LOAD SOFTWARE

As purchased, TVBUG has the capability of loading and punching Kansas City Standard
formatted tapes which utilize the MEK6800D2 binary style. Many styles of format have
been used in the KC Standard; one of the most widely known is the format of
MIKBUG® /MINIBUG® /EXBUG® , or the S1-S9 format. A program has been written which
allows the TVBUG user to load and punch this type of tape format. See Appendix C. To
use the S1-S9 system, type G E803 CR. A prompt will ask whether to punch, load or verify.
If during a load or verify operation a bad memory location is found, its address will be
displayed. Each “S” displayed represents 19 characters dumped, loaded or verified.

5.7 DYNAMIC RAM ADDITION

Due to its high density and low relative cost, dynamic RAM has proven to be one of the
most economical routes when designing systems which must have access to large areas
of memory. TVBUG can be easily adapted to a full complement of user RAM 52K by the
construction of the memory board shown in this document.

4K or 16K Dynamic RAMs require a periodic “refreshing” to retain integrity of what is
stored there. There are several methods of providing this refresh which include cycle
stealing and transparent refresh. The board shown utilizes the transparent method and
appears static to the processor. It appears static because all refresh is on during ¢1 or E
low time. Fast RAMs must be used because a refresh and access cycle must be perform-
ed in one MPU clock cycle.
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The system shown uses the MC3480-MC3242A combination of RAM controllers with
delay lines providing the required ““t”’ times. One shots could be utilized in place of these
delay lines if they provide the correct amounts of delay. See MC3242A data sheet.
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Figure 5.6. Transparent Refresh Dynamic RAM Card
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The actual schematic and timing for the transparent refresh method is shown in Figures
5.8 through 5.11. Memory clock (unstretched E) is fed into both MC3480 and 74LS90. The
74LS90 is used to divide MC to give a 89 kHz pulse for the refresh clock. Although faster
than the minimum 64 kHz required, this does nothing more than refresh at a higher rate.
The other MC is fed into the MC3480 memory controller. Through the use of a flip flop and
delay lines, the different timing requirements are provided for the MC3480. Although
more expensive, the delay lines are far superior to using one shots whose external com-
ponents can drift considerably with temperature variations. The MC3480 provides the
RAM array with the necessary RAS and CAS signals, while the MC3242A provides the re-
quired addressing sequences. Chip enables come from the 74L.S138-74LS30 combination
and allow the user to have any or all 8K blocks of memory within the 6K memory map
selected. Bypass capacitors should be used liberally to limit noise on supply voltages.

4 X 10 kQ Pullups

i o

1 Yo 915 810/0 1
A13 —P——] e s20 o >
A4 2] g vz pld S3 50— 31 741530
~ Y4 p- =0 O
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16 Y6 og———-—slo/c 12
v7 bl 2B o—o0—1t 1
d 4x10kQ

L
T L

= 1 . 8 CE_
- 10 >° —
VMA —> 74L502

R/W —>» ML) N\ - 1 DE
> 11 R/W
| 12 D P 3
Switch ‘On’ 8K Array Selected
S1 $0000-1FFF
s2 $2000-3FFF
s3 $4000-5FFF
S4 $6000-7FFF
S5 $8000-9FFF
S6 $A000-BFFF
S7 $C000-DFFF
S8 $E00O-FFFF
NOTE: Any or all banks may be selected, and may be non-continuous.
ADO060

Figure 5.8. Chip Select Logic
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5.8 GRAPHIC MODE CONTROL

The Micro Chroma 68 printed circuit board has the capability of fully exploiting all VDG
graphic modes. The mode select pins of the VDG are connected to the peripheral data
port of the MC6846 RIOT. By writing the appropriate ‘“word” to the port, any of the
graphic modes may be selected. For example: to use the most dense (2 color) graphics
mode, do the following:
M F441 80 00 Resets Port

F442 00 FF Sets as all outputs

F443 — 39 Control word output

The word ‘39’ is the control word for the most dense graphic mode. For other control
words, see Figure 5.11. From this point on (initialization of the RIOT), any word placed in
location $F443 will be written to the VDG. Remember that a Reset will reset the 1/O port
and thus require re-initialization.
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HEX VALUE TO

Two Color Graphics DENSITY BACKGROUND | MC6846P31/0 | MEMORY REQUIRED

' 256 X 192 GRN $39 6K X 8

256 X 192 BUFF $38 6K X 8

Colors 128 X 192 GRN $29 3K X8

BUFF 128 X 192 BUFF $28 3K X 8

GREEN 128 X 96 GRN $19 2K X 8

128 X 96 BUFF $18 2K X 8

128 X 64 GRN $09 - 1K X 8

128 X 64 BUFF $08 1K X 8
Four Color Graphics DENSITY COLORS HEX VALUE | MEMORY REQUIRED

128 X 192 A $31 6K X 8

Colors 128 X 192 B $30 6K X 8

A 5 128 X 96 A $21 3K X 8

128 X 96 B $20 3K X 8

Green  Buff 128 X 64 A $11 2K X 8

Yellow  Cyan 128 X 64 B $10 2K X 8

Blue  Magenta 64 X 64 A $01 1K X 8

Red  Orange 64 X 64 B $00 1K X 8
Alpha/Semi-Graphics BACKGROUND HEX VALUE | MEMORY REQUIRED

Internal ROM GRN $47 512 X 8

ORG $46 512 X 8

External ROM GRN $43 512 X8

ORG $42 512 X 8

Actual Connections
MC6846 P3

PO| CSS

P1| INT/EXT

p2| AJ/G

P3 GMO

P4 GM1

P5 GM2

P6 INV

P7 N.C.

Figure 5.11. Graphic Mode Control
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5.9 CONVERSION OF A MICRO CHROMA BOARD TO A DUMB TERMINAL

With computer terminals ranging in price from $500 to $15Q0, it would be nice to have a
cheap, dumb terminal for everyday work with a microcomputer. The Micro Chroma has ali
the elements necessary for a minimum-function terminal: a parallel input port for the
keyboard, a serial interface, a display device (VDG) and the decoding for an EPROM to

hold the software drivers.
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With a few mods to the board (see Figure 5.12), an MC14040 counter for the baud rate
generator, a TTL-t0-RS-232 level shift circuit and an MCM2708 EPROM to hold the soft-
ware, the terminal will run from 150 to 9600 baud with selectable scrolling or paging.

To provide the baud rate clock at 16X frequency, use an oscillator made from an MC14049
inverter and a 2.4576 MHz crystal. The different baud rates are tapped off of the MC14040
outputs and applied to the transmit and receive clock inputs on the ACIA. If 110 baud
operation is required, a different crystal frequency must be used.

The RS-232 signals are taken from the DB-25 connector and run through level shifters —
MC1488 and MC1489 — then to the receive and transmit data pins of the ACIA.

The software to run the system should be straight forward. A character received by the
ACIA should be displayed at the cursor location and a character typed on the keyboard
should be sent to the ACIA and then, if the terminal is in half-duplex mode, it should also
be displayed on the screen. Some of the ASCI| control characters should also be decod-
ed and their functions implemented. Carriage return, line feed, form feed and backspace
are provided.

However, there is a problem with this scheme which is brought about by the need to do
the scrolling of the screen in software. This routine copies the entire screen up one line
to make room for the next at the bottom. The problem is that this routine takes about
13 ms to do this, and at 9600 baud, a character stream would send a character every
1.04 ms!

to U3 2 3
DB-25 MC1488 MC6850 MC14040 [1g
CONNECTOR +12 Pins3 & 4 4.7M
14 \V/ «
MC14049
2 <] To TXD MC6850-6 oBX___ Slg; 16 4 5
8 2 4800 3} 4 Veclb—0+ ¢
1 —o— 1
3 7 -12 2400 2| s 20 pF
O—-———
5 ' o o | ~—4}—j£gh;
MC1489 600 13| o7 RES 5 : z
6 1 V
3 (> To RXD MC6850-2 S0 12lng 7SS
150 4
8 2 O'——1 Q9 <
20 Could
use a
27K Dipswitch
1 3.3K
+5
> A
7 - J1-24 Break (New Switch
o 810—} reak (New Switch)

v M S
MC6821-16 O——@ Full/Half Bup.

S2
3.3K

+5
MC6821-15 %—0 Scroll/Page

S3
<

Only the following parts are required for the Dumb Terminal: U3-U5, U9-U11, U13-U15, U17, U18, U20, U23-U29, U35, U44, U50, US9, R2,
R10-R18, R22-R25, R28-R33, C4-C7, C10-C15, C20-C23, C26, C27, C33, C42, C47, C56, C58, Y1, L1.

ADO055

FIGURE 5.12 MICRO CHROMA DUMB TERMINAL MODS
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One solution is to page. When the cursor is on the last line and a line feed is received, the
screen is cleared, the cursor homed and the processing is continued. The other way to
handle the problem is to buffer the incoming characters. That way no characters are lost
. during a scroll and the buffer can be dumped after it is finished. Both methods are used
in this system. Paging or scrolling can be selected by the user with a software-read dip
switch connected to the PIA.

The software is shown in Appendix C.2. The system is interrupt driven; the ACIA brings
IRQ low when it has received a character from the computer and the PIA interrupts when
a key is depressed. The interrupt service routine (POLL) then determines which device in-
terrupted and enters the character in one of two circular queues, one for the PIA and one
for the ACIA.

The main routine is then reduced to checking the user input switches for half-duplex full-
duplex operation and the scroll/page mode selection, looking for a BREAK key depressed
and emptying the buffers.

In the character processing routine (PROCHR) the front and back pointers of the queues
are compared and if they are equal, the queue is empty, if not, the character is removed
from the queue and processed. The queues are circular and wrap around in memory
modulo 256. This was to simplify and speed up the coding and to provide enough buffer
room to prevent loss of data if 16 consecutive line feeds are used to clear the screen. If
more than 16 line feeds are given above 1200 baud, data will be lost.

A description of all the hardware mods that need to be made is detailed in Figure 5.12.
First make all the required cuts, then add the jumpers. Add the circuitry required to sup-
port the MCM2708 EPROM, see Figure 5.2a. Finally, wire wrap the additional circuitry
connecting the EPROM chip select, pin 20, to U24 pin 7.

Make the following cuts:
1) U9 (MC6821) — pins 9, 16 and 17, cut STROBE, HS and VS
2) U3 (MC6850) — pins 2, 3, 4 and 6, cut RxD, TxD and clocks

Add the following connections:
1) J1 pin 8 to U9 pin 40, STROBE to CA1 line on PIA
2) U25 (MC6808) pin 4 to U9 pins 37 and 38, IRQ to PIA, IRQA and IRQB
3) U25 pin 4 to U3 pin 7, IRQ on the ACIA
4) J1 pin 24 to U9 pin 17, BREAK to PB7
5) U24 pin 7 to pin 20 on MCM2708, chip select for added EPROM at $FCO00
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APPENDIX A

The Micro Chroma 68 Schematic, parts list, and assembly drawings and construction
hints are included for reference.
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UNLESS OTHERWISE NOTED
1) ALL RESISTORIS SHOWN ARE IN OHMS. W AND

+

2) ALL CAPACITOIRS SHOWN ARE IN MICROFARADS
10%. CERAMIC OR DISC

3) GROUND ALL IUNUSED GATES



MICROCHROMA 68 PARTS LIST

Capacitors
Quantity Ref Des Value
C1-C3, C7, C10, C13,
43 |15, G20-23, C26.57 0.1 4F
2 C4, C58 100 uF @ 16 V Electrolytic
1 C5 9-36 pF Variable
1 Cc6 50 pF
4 C8, C11, C14, C19 001, F
1 Cc9 0.002 uF
1 C12 56 pF
2 C16, C25 1000 pF
1 C17. 0.02 4F
1 c18 1500 pF
1 C24 2700 pF
Resistors (1/4 W)
1 R1 5 k Pot Linear Taper
1 R2 10 k Pot Linear Taper
1 R3 510
1 R4 22 k
6 RS5, R10-12, R29, R30 3.3k
1 R6 15k
1 R7 33k
2 R8, R13 56 k
1 R9 360
3 R14, R15, R18 240
1 R16 75
1 R17 750
2 R19, R34 10k
8 R20, R23-25, R28, R31-33| 100 k
1 R21 1k
2 R22, R27 2k
1 R26 20 k

Motorola Integrated Circuits

Quantity Ref Des PIN Description
1 U1 MC14584B CMOS Hex Schmitt Trigger
2 U2, U12 MC14013B CMOS Dual D Flip-Flop
1 u3 MC6850* NMOS Asynchronous Communications Interface
Adapter (ACIA)
1 U4 MC6847* NMOS Video Display Generator (VDG)
1 us MC1372* Linear Color TV Video Modulator Circuit
1 ué MC14070B CMOS Quad Exclusive-OR Gate
1 U7 MC14040B CMOS 12-Bit Binary Counter
1 us MC1455 Linear Timing Circuit
1 U9 MC6820/6821* NMOS Parallel Interface Adapter (PIA)
3 U10, U13, U15 | SN74L.S00 TTL Quad 2-Input NAND Gate
2 U11, U14 SN74LS04 TTL Hex Inverter
1 uU16 MC6846P3* ROM, /O, Timer (RIOT) w/TVBUG 1.2 Monitor
2 uU17, U18 MC6887/8T97 Linear Hex Three-State Buffers
4 U19, U22-24 | SN74LS138 TTL 3-0-8 Line Decoder
1 U20 SN74L821 TTL Dual 4-Input AND Gate
1 u21 MC14001B CMOS Quad 2-Input NOR Gate
1 u25 MC6808* NMOS Microprocessor (MPU) with Clock
2 u26, u27 MC6889/8728 Linear Quad Bus Transceiver
2 u2s, U29 SN74LS08 TTL Quad 2-Input AND Gate
30 U30-U59 MCM2114-45 NMOS 1K x 4 Static RAM

*Included in MicroChroma 68 Kits (Motorola P/N SCPROMOZ2 and Chroma 68)

A-5




MICROCHROMA 68 PARTS LIST (CONTINUED)

Miscelianeous Components

Quantity | Ref Des Description

1 S1 Momentary SPDT (Break)

1 82 Momentary SPST (Reset)

1 83 DPDT Switch (60 dB @ RF)

1 Y1 3.579545 MHz Crystal

1 (&) 2N2222A Transistor

1 — Cherry “Pro” Keyboard (Cherry PIN B70-05AB) or
equivalent with interface cable terminated with 24-
pin header compatible with J1

1 L1 0.1 xH adjustable Inductor

1 T1 750 to 30002 Matching Transformer

1 P2 Phono plug with compatible RF interconnect cable

1 P3, P4 |Phono plugs with compatible audio interconnect
cable

1 -_ Vestigal Sideband Filter tuned to pass desired
channel frequency

1 PCB* MicroChroma 68 Printed Circuit Board (Motorola
P/N SCPROMO2PCB)

2 D1, D2 | IN914 Diode

*Included in MicroChroma 68 Kits

MICROCHROMA 68 ASSEMBLY CHECK LIST

Capacitors

Ref (Des Value Ref [ Des Value
___|C1 J04uF __ |C30 |01 uF
___|C2 [0.1uF __ |C31 101 uF
___|C3 [0.1uF __ |C32 |0.1uF
____|C4 | 100 uF @ 16 V Electrolytic __ |C33 {01 uF
___|C5 | 9-35 pF Variable ___{C34 |01 uF
____|C6 | 50pF __|C35 |0.1xF
___|C7 |01uF __|C36 |0.14F
___|C8 |[0.01uF ____|C37 [01uF
___|C9 | 0.002.F __ |Cc38 j01uF
___|C10| 0.1 uF __|C39 ]0.14F
____{C11 ]| 0.014xF ___|C40 | 0.1 uF
____|C12 | 56 pF ___|C41 |01 uF
____|C13 [ 0.1 uF ____|C42 |01 uF
____|c14 | 0.01 uF __ | C43 |01 4F
___|Ci15| 0.1 uF ____|C44 {01 uF
___|c16 | 1000 pF __ |{C45 | 0.1 uF
___ |C17 | 0.02 wF | C46 | 0.1 uF
____ |C18 | 1500 pF ___|ca7 |01 4F
___|C19 | 0.01 4F ___|cCa8 |0.1,4F
___|C20} 0.1 uF ___{C49 | 0.1 4F
___|c21 |01 uF ____|C50 [0.1uF
___|C22 |01 uF ___|C51 |0.1uF
____[C23 | 01uF ____|C52 [0.1,F
____|C24 | 2700 pF ____|C53 [0.1uF
____|C25 | 1000 pF ____|C54 [0.14F
___|C26 | 0.1 uF ____1C55 [0.14F
____|C27 | 0.1 uF ___|C56 0.1 4F
____|C28| 0.1 uF ___|C57 [0.14F
____|C29 | 0.1 uF ____{C58 | 100 uF @ 16 V Electrolytic
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MICROCHROMA 68 ASSEMBLY CHECK LIST (CONTINUED)

Resistors (1/4W)

Ref | Des | Value (Ohms) Ref | Des | Value (Ohms)
___|R1 |5k Potentiometer* ___|R18 | 240
___|R2 |10k Potentiometer*; |___ |R19 [10 k
___|R3 |510 ____|R20 | 100 k
___|R4 |22k ___|R21 |1k
____{R5 |33k ___|R22 |2k
___|R6 |15k ___|R23 | 100 k
___|R7 |33k ____|R24 | 100 k
___|R8 |56k ___|R25 | 100 k
—_{R9 |360 _ (R26 |20k
__ |R10 {33k ___ _{R27 |2k
____|R11 |33k ___ _{R28 {100 k
_ |R12 |33k ____|R29 |33k
____|R13 |56k ___ _|R30 |33k
___ _|R14 {240 _ |R31 | 100 k
___|R15 (240 __1R32 {100 k
___|R16 {75 ___ |R33 {100k
____ | R17 | 750 ____|R34 |10k
*1 or 10 turn linear taper

Motorola Iintegrated Circuits

Ref | Des PIN Description

U1 |MC14584B

U2 |MC14013B

U3 |MC6850**

U4 |MC6847**

Us |MC1372**

U6 |MC14070B

U7 [MC14040B

U8 [MC1455

ug |MC6820/MC6821**
U10 | SN74LS00
U11 | SN74LS04
U12 | MC14013B
U13 | SN74LS00
U14 | SN74LS04
U15 | SN74LS00
U16 [ MC6846P3" "
U7 | MC6887/MC8T97
U18 | MC6887/MC8T97
U19 { SN74L5138
U20 [ SN74LS21
U21 | MC14001B
U22 | SN74LS138
U23 | SN74LS138
U24 | SN74LS138
U25 | MC6808* *
MC6889/MCBT28
U27 [ MCE809/MC8T28
U28 | SN74LS08
U29 | SN74LS08

CLLLEE LR

[
N
(=

CMOS Hex Schmitt Trigger

CMOS Dual D Flip-Fiop

NMOS Asynchronous Communications Interface Adaptor (ACIA)
NMOS Video Display Generator (VDG)
Linear Color TV Video Modulator Circuit
CMOS Quad Exclusive-OR Gate

CMOS 12-Bit Binary Counter

Linear Timing Circuit

NMOS Parallel interface Adapter (PIA)
TTL Quad 2-Input NAND Gate

TTL Hex Inverter

CMOS Dual D Flip-Flop

TTL Quad 2-Input NAND Gate

TTL Hex Inverter

TTL Quad 2-input NAND Gate

NMOS ROM, /O, Timer (RIOT) with TVBUG 1.2 Monitor Program
Linear Hex Three-State Buffers

Linear Hex Three-State Buffers

TTL 3-t0-8 Line Decoder

TTL Dual 4-input AND Gate

CMOS Quad 2-Input NOR Gate

TTL 3-t0-8 Line Decoder

TTL 3-t0-8 Line Decoder

TTL 3-to-8 Line Decoder

NMOS Microprocessor (MPU) with Clock
Linear Quad Bus Transceiver

Linear Quad Bus Transceiver

TTL Quad 2-Input AND Gate

TTL Quad 2-Input AND Gate

**Inctuded in MicroChroma 68 Kit Motorola P/N SCPROMO2 and Chroma 68
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MICROCHROMA 68 ASSEMBLY CHECK LIST (CONTINUED)

MCM2114-45 NMOS 1K x 4 Static RAMS

NERRRENN

U30 — U40 — Ub0***
U31 — us __ uUs
u32 —— U42 __ Ub2
u3a* . u4s _ Us3
u34 — U4grr- — Ub4
u3s*** —— U4s — Us5
u36 — U46 _ Us6
u37 . U4z _ Us7
u3s _ u4g*** _ Us8
U39 — L49 _ Usg***

***These memories are required for the minimal system.

Miscellaneous Components

Ref | Des Descriptlion
|3 Momentary SPDT (Break)
___ |82 | Momentary SPST (Reset)
—_|S3 | DPDT Switch (60 dB @ RF)
—mn 3.579545 MHz Crystal
| Q1 | 2N2222A Transistor
I Cherry “PRO” Keyboard (Cherry P/IN B70-05AB) or equivalent with
24 pin header compatibie with J1
—__|u 0.1 uH adjustable Inductor
_|T™ 750 to 30002 Matching Transformer
____| P2 | Phono plug with compatible RF interconnect cable
___1P3 | Phono plug with compatible audio interconnect cable
____ | P4 | Phono plug with compatible audio interconnect cable
I Vestigal Sideband Filter tuned to pass desired channel frequency
___ | PCB| MicroChroma 68 Printed Circuit Board (Motorola P/N
***1 SCPROMO2PCB)
___ | D1 | IN914 Signal Diode
____| D2 | i1N914 Signal Diode
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