A Description of the Bally Professional Arcade Video Hardware

Introduction

and Associated Coin-Operated Hardware

This description of how the B PA video hardware works was produced in an effort to dispel the rumor that a
Bally Professional Arcade (BPA) can display commercial resolution video. Entire contents Copyright © 2001 by

Anthony J. Miiller.

Sources of Information

In the preparation of this document | have mainly relied on four information sources:

The Nutting Manual

U.S. Patents 4,301,503
and 4,475172

Midway Mfg. SeawolflI

This paper borrows heavily from the Nutting Manual, and will indude referencesto certain
pages of it. The Nutting Manual was originally written by employees of Dave Nutting
Associates, aresearch and devel opment group for Midway Manufacturing, Inc., (asubsidiary
of Bally Manufacturing and the company which actually produced the Bally Arcade) as a
guide for internal and external BPA game developers. This group actually designed the
BPA, and programmed the majority of game cassettes offered.

Both patents cov er the chip set. | have read the former extensivdy, and looked at the | atter
enough to realize that itis are-issue of the former, with additional claims (which are totally
irrelevant to this document). Theinventor is listed as Jeff Frederiksen, and the assignee is
Bally Manufacturing.

Thisisthefirst Midway coin-operated game us ng the custom chips. Y ou can download the
schematic from:

http://www.hypertech.com/arcad e/manual s.asp
along with manual s and data schematics of several other Midway games using the chip set.

This schematic isthe easiestto follow, since everything is on one sheet of paper, unlike the
card rack system developed later.

The Bally Service Manual whichis avalable from:

http:/www.classi cgaming.com/bal lyalley/misc_docs/bally _service_manual.pdf

This manual containsthe schematic of the BPA

I have mad e every attempt to make this description as accurate as possible.

Dave Nutting Associates was purchased by Bally and became an internal development group. Dave Nutting
Associates consisted of four groups:
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Industrial Design:

Hardware Design:

Software Design:

PC Design:

Headed by Dave Nutting, who did the console and handgrip desgn. Dave wasalso
responsible for the design of the Excalibur kit automobile, for another company. Dave had
at least one other engineer working for him (Ken ...) , who was responsible for the
mechanical design of the BPA Add-on cabinet.

Headed by Jeff Frederiksen, who was Dave’s partner, Vice President of Engineering, and
Main Associate. Jeff was an Electrical Engineer, and along with Terrence Coleman, did the
design of the three custom chips used in the BPA. Coleman also designed the circuitry on
the BPA PC Board. | (Tony Miller) also worked in this group, and designed the early
version of the Add-on.

Headed by Jay (now Jamie) Fenton, whose primary responsibility was the implementation
of the operatingsystem, called HV GSY S (Home Video Game SY Stem) internally. | believe
Jay also did the Scribbling game. There were several peoplein the Software group, each was
responsible for a separate game cassette. The following individuals had primary
responsibility for the ‘bundled’ games:

Gunfight: Alan M cNeil
Checkmate: Lou ...
Calculator: Jeff Frederiksen

Headed by Jm Hemmer, who did the PC design for the BPA.

The design was sold to acom pany by the name of Astrovision, Inc., sometimein 1982. | believe tha thegame
sold under this name was identical to that sold as the Bally Professional Arcade.

Block Diagram

A block diagram of the BPA appears below. T his diagram is based on the one shown on page 108 of the
Nutting Manual (hereafter referred to as NM 108, etc).
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Figure 1: BPA Block Diagram

Other circuits which control the various blocks are not shown in the diagram above. Note, however, that the
Z80 Address and data busses are shown as separae busses connecting the 280, Sysem ROM, Cassette ROM, and
Expansion Connector. The Microcycler Block isused to combine the 16 bits of address and 8 bits of data from these
bussesinto atime-multiplexed M icrocycle bus, which then connectsto the three custom chips. This was done (NM 109)
to save pins on the custom chips.

The Address Chip is used to generate Screen Refresh, memory refresh, and Z80 Access address cycles to the
Screen RAM, which also doubles as ScratchPad memory for the system. This part also captures the screen refresh
address when alight pen signal is detected, to generate the Light Pen Interrupt to the Z80. What ismeant by the terms
Screen Refresh, Memory Refresh, and Z80 Access cycles will be described in a forthcoming paragraph.

The Data chip handles data functionsfor Z80 Screen and Scratch memory accesses, Magic Memory writes, and
Parallel to Serial formatting of screen data (in consumer mode) to be output to the video modulator. This chip also
handles color look-up table functionsto convert serial pixel datato color/brightness index data, and the generation of
Video, sync, and the color components (R-Y, B-Y) for the video modulator.

The 1/0 chip is responsible for the sound generation function, and control handle interface. It will not be
described in this artide.
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Screen M emory

FortheBPA, eight 4096 (4K) x 1 Dynamic Random Access Memories (DRAMSs) were used. Thisgivesatotal
of 4096 Bytes of Read/W rite memory, which was organized as a 160 pixel wide by 102 pixel tall frame buffer. Each
pixel occupied two bits for atotal of four smultaneous colors on the screen. Four pixels occupy one byte of screen
RAM. The Data chip implemented several featuresto make it appear as through there were many more simultaneous
colors available. How this was accomplished will be covered later in the D ata Chip section.

This was one of the first implementations of the frame buffer architecture in a consumer (or coin-operated, for
that matter) game. The contempor aneous A tari 2600 used very little memory - a line or two of pixelsin memory, and
required the microprocessor to generate video just ahead of it being displayed. The BPA frame buffer uses an entire
frame of pixel memory, which the processor can up date ahead of time for display.

The screen origin isthe upper left corner of the video screen, at Z80 address 0x4000. T here are actually four
pixels at this address. Pixel 3 (the left-most of thefour) occupies bits[7:6], pixel two bitg5:4], pixel one bits[3:2], and
pixel O (the rightmost of the four) occupies bitg[1:0]. T hisrelationship is used throughout the rest of the screen. The
figurefollowing is for the consumer game and is identical to the one on NM 86:

Therefore,

the first (left) pixel
% b e (n[mn} - — {P e 13 q:un:vap—-"|I on the second line
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thelast pixel (right)

on line 1 occupies

L 102 bits 1:0 of 0x404F,
Lhez  the first pixd on
line 100 occupies
bits 7:6 of 0x40A0
and the last pixel
on line 100 is in
bits 1:0 of 0x4FC7.
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I dFEF
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.
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Figure 2: Consumer Resolution Screen Map

The commercial version has a resolution of 320 by 204. See the following illustration, identical to the oneon
NM87:



Bally Professional Arcade Video Hardware Description 5

Here, the -

leftmost pixel of line
1 (i.e., the second .\—FIIEII:I(III[H:II) — —_— Pre 13 pr =t
Phel3 (DD Fhee 10 O[O}

line of video)
occupies bits[7:6] of
0x4050, the
rightmost pixel of
line 1 occupies
bits[1:0] of Ox 409F,
the leftmog pixel of -
line 202 occupies TR
bits[7:6] of 0x7F20,
and the rightmost
pixel of line 202
occupies bits[1:0] of
TF6F. Since the
commercial screen
resolutionis doubled
in each direction, the —I/'m Fio L L

amount of memory »
required is increased “ y i
by afactor of four, to 3 Fhelr, 30 Bytes

16,384 bytes. Dueto

the architecture of __
the system, this Figure 3: Commercial Resolution Screen Map

required the use of
32 4K x 1 DRA Ms, in four banks of eight each.

In consumer mode, each line is scanned twice per field (thesecond timeimmediately after thefirst), to give 204
activelinesof video. The remaining 58 ¥z lines of video (each NTSC field is 262 Y2 lines) is made up of blanking and
synclines. In commercial mode, each lineis scanned once per field, with 58 %2 blanking and sync lines. Both systems
output video at the same timing, conforming to N TSC specifications. Each frame consists of two fields, scanned in an
interlaced format, at 60 fields(or 30 frames) per second. NTSC stands for National Television Standards Committee,
which sets the standar ds for video broadcasting in this country, but some would say that it actually means Never Twice
the Same Color.

Dynamic RAMs

| believe the first DRAM (Dynamic Random Access Memory) to use the multiplexed address approach was
the 4K x 1 DRAM, used in the BPA. DRAM s have a magjor advantage over the SRAM or Static Random Access
Memory. That is, a memory cell can be made of a single transigor and capacitor. The capacitor is the actual memory
element. Depending upon design, a charged cgpacitor may signify alogical 1 and a discharged capacitor may signify
alogical 0, orvice-versa. The transistor is used to connect or isolate the capacitor from the rest of the circuitry. An
equivalent SRAM cell requires at least six trand stors so aDRAM uses about six timesless chip area than an equivalent-
sized SRAM . One of the main cost factorsin a memory is the amount of chip area used. The smaler the area, the
cheaper the chip, since more chips can fiton asingle wafer. The cost of processingawafer isroughly constant, so more
die (chips) on a wafer, the cheaper each chip is. Another factor affecting the cost of a chip isthe package. More pins
on a package means a larger package, and more connections between the die inside and the package pins. For these
reasons, a DRAM is chegper than the ssme-szed SRAM.

To save on package pins and to make it possible to get more memories on a board, the multiplexed address
technique was invented. T o address 4096 bits of memory, 12 address lines (2'2 = 4096) are required. Along with the
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required Chip Select (CS# w here # means active low), Write Enable (WE#), Dataln (DI), DataOut (DO) and the four
power supplies (+5 Volts, -5 Volts, +15 Volts, and ground), this means a 20 pin package. Atthetime, 14- and 16-pin
DIPs (Dual Inline Packages) were the cheapest, so the multiplex technique was used to get this memory into a 16-pin
package. Under this scheme, six pins are used for addressing. First, the most significant addresses (called the Row
Addresses) are applied, and the Row Address Strobe (or RAS#) is asserted to logical 0 to latch these addresses into an
internal register. Next, the least significant addresses (called the Column Addresses) are applied, and the Column
Address Strobe (or CAS#) is asserted to latch these addresses into another internal latch. If the CS# inputislogical 0
atthefalling edge of CAS#, the chip isselected for either awrite or aread, as determined by the gate of the WE# input.
If the WE# pinisatlogical 0 during this time, the operation is a write, and the data appearing on the DI line is saved
in the memory. Otherwise the operation is a read and the data at the addressed |ocation appears on the DO line. If the
CS#lineis a logical 1 during this process, the memory is not selected: No location will be written and no location will
be read, and the DO line will be off.

RAM Read, Write, and Refresh Timing

Typical Read, Write, and Refresh timing waveforms appear in the figure following:

RAS |

CAS

cS

MA[5:0] Row | Col Row | Col R ow

WE

o
o0

(a) Head () Write (c) Refresh

Figure 4: DRAM Read, Write, and Refresh Timing

DRA M shave some disadvantages as compared to SRAMs. They are slower, which means that it takes longer
to read or write them, primarily due to the multiplexed address scheme. They also need to be refreshed. Since the
storage element is a capacitor, the charge will dissipate over a period of time, usually measured in milliseconds. T his
means that the capacitor charge (or lack thereof) hasto be re-established periodically. Any read or write will cause the
capacitorto berecharged, so if the application regularly readsor writesALL row addresses, the memory will retain valid
data. Thisis a fairly ime-consuming process, since for this memory usually 64 rows have to be refreshed every 2
milliseconds, and the refresh process usually takes around a microsecond per row.
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All of the RAMs made by agiven supplier must conform to that supplier’s published specifications, otherwise,
they cannot be sold as premium product. One of thebiggest problems with theseearly RAMs was that they could net
meet the refresh specification. If, however, they were refreshed more often that all 64 rows every 2 milliseconds, they
would function perfectly normally. Asproductioncontinued, each RA M manufacturer gathered their refresh reject parts
in barrels on the factory floor. Periodically, they would sal vage these parts, since they containedsmall amounts of gold,
which could be recovered. Butthe BPA regularly reads from each row of each memory, since it must read the memory
many times each second to refresh the screen. This fact makes it possible to use these otherwise refresh-reject parts.
So, Midway was able to get large quantities of very cheap DRAMs, since they were dl officially reject parts. But they
were perfectly suited for use in the BPA frame buffer.

The normal DRAM refresh cycle shown aboveisnot used in the BPA, since CAS# runs all thetime and RAS#
and CS# are connected together. Therefore what passes as a memory refresh cycle for the BPA is actually a memory
read, withthe Row and Column addresses set to the same value, a value deter mined by the Z80 lower address bus bits
while the Z80 RFSH# output is asserted to logical 0. The pinout of atypical DRAM used in the BPA appears following:

Not.ice that for this generation of DRAM, three svpe [ “—’ 18 ] Ground
power supplies were used. The BPA usd a +15 VDC
supply for the RAMs, while the later coin-op games used o]z 15 [ CES
+12 VDC. Later BPAs may have used the +12 VDC WE 3 14 Do
supply, since the DRAM suppliers later moved over to a |: :l
fabricaion process which could use a +12 VDC supply. FES [ |4 13 ]C%
Later generations of DRA Ms eliminated both the positive
high voltage supply and the negative supply, soonly asingle a2 ]s 121 ]A3
+5VDC supply was required. The next generation16 K x s [ ]s 11 [ ] A4
1 DRAM replaced the CS# pin with a seventh address line
(A6). This line was used during both the RAS and CAS A7 10 a8
accesses, so that it, too, brought in two address lines. H2m15v0C [ 5 g [ ]+swnC

Figure 5: 4K x 1 DRAM Pinout
RAM Addressing

Astouched onabove, the DRAMsrequire amultiplexed Row/Column A ddress busto sel ect thecorrect memory
location. T hese addresses come from one of three sources, in order of priority:

Memory refresh: As detailed above, all 64 rows of the memory must be refreshed every 2 milliseconds. This
process has the highest priority, but only during blanking time (when the video signal is
blanked for retrace, at the end of each line and for alonger period at the end of each video
field).

Screen Refresh: In order to keep an image on the screen, the Screen memory must be continuously read out
and the data serialized for output to the RF modulator. Horizontal and vertical counters are
implemented in the Address chip, which keep track of the current position of the screen
address in the Screen memory. These are used to provide the memory address for each
Screen refreshcycle.

7.80/Magic Access: For the BPA, the Screen RAM isthe only RAM which exists, so Z80 Scratch memory also
resides in the Screen RAM. T he coin-op machines used separate memories for Scratch, so
the entire DRAM (except for the small portion left unused from Ox7FBF through Ox7FFF)
is available to display screen images Read or Write addresses are provided by the Z80,
through the Microcycler Bus.

The primary function of the A ddresschip isto generate the Screen Refresh address, gather together all addresses
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for Screen memory access, and multiplex them to generate the Row/ Col umn Addresses to the Screen RAM. In addition,
the Light Pen, Line interrupt, memory Read/Write control,and Z80 Wait# control are implemented n the Address chip.

Miorosyoler |, The Address Chip
—_
|:’_'r Pddress
Decoder g A block diagram of the Address chip is at
left. Eachblock will be described below.
E Microcycle Address Decoder
: : W0 Registers [ The Microcycle Address Decoder
m_ reconstructs the twelve least significant bits (i.e.,
A[11:0]) from the multiplexed Z80Address Bus. The
four most significant Address bits (A[15:12]) are
input to the chip directly, due to timing requirements.
As stated in the text (NM 111), they would arrive too
HORE DR, — o] late in the memory cycle if brought in through
S?:nid.:grss MXD[7:0]. The 12 Address L SBs are directly input
VERT BR. —— to MUX 1, and are also used to select the appropriate
1/0 register during an 1/O cycle. The sixL SBsof this
bus are also used in memory refresh cycles.
T rp—" L
T . mnr'} I/0 Registers
My e :
AFER . - WACTL Address chip registers are tabled below.
A I:: = LTHID  The column labeled 1/0 defines whether the register
is an input or anoutput of the Z80.
Irtermupt -
Genergtar = T
[GATFER —|
Figure 6: Address Chip Block Diagram
Address /O Name/Description

0x08 O Consumer/Commercial. The A ddress chip needs this bit to determine the address
organization of the memory, and how often to perform Screen Refresh memory acc esses.
This register is duplicated in the Data chip.

Ox0A (0] Vertical Blank. The Address chip needs this regiger to determine the scan line below
which Screen Refresh is no longer needed. T he Data chip must duplicate this register to
determine when to turn on the border color.

0x0C (0] Magic Register. The Address chip needs this register to determine what kind of M agic
Memory accessisin progress: Write, or Read/Modify/Write. The Data chip must
duplicate this register to control the data path for magic writes.
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Address 1/0 Name/Description

Ox0E 1/0 Interrupt Enable and Mode/Vertical Line Feedback. On write, this register enables the
two interrupts and determines the interrupt mode of each. On read, this register contains
the vertical line number that a Light Pen Interrupt was received on.

OxOF I1/0 Interrupt Line/Horizontal Address Feedback. On write, this register sets the scan line
number on which to generate a line interrupt back to the Z80. On read, this register
contains the horizontal address (i.e., position in the line) that a Light Pen Interrupt was
received on.

MUX |

MUX 1 is controlled by the Memory Cycle Generator, and determines which set of twelve addresseswill be
appliedtothe Screen Memory. DuringaZ80/Magic Memory access,the addresses comefrom the Microcycler Decoder.
During Screen Refresh memory reads, the addresses come from the Scan Address Generator.

MUX I

MUX 11 takes the output of MUX | and time division multiplexes the addresslinesfrom 12 lines down to 6,
to be output to the Screen Memory.

Scan Address Generator

This block contains the counters used for Screen Refresh Address generation. |t consists of a 12-bit counter
which isresetto 0x000 each time the Address chip input Ver Dr. is asserted to logical 1, at the beginning of a frame of
video. Starting afew clocksafter the Address chip input Hor Dr. is asserted to logical 1, this counter will increment to
point to the next memorylocation to read for Screen Refresh. The counter operatesdifferently whenthechip isoperating
in Commercial (hi-res) mode.

Consumer Mode: In Consumer Mode, each Screen Refresh cycle reads four pixels (one byte) at atime. Thus,
the counter will incrementeveryfourth PX (pixel) Clock,and a Screen Memory Refresh read
isperformed to access the next four pixels. Thismeansthatthe memory isunavailableto the
Z80 half the time when active video (i.e., when the screen isnot blanked and not in the
border color area). Signal PX runs at twice the rate of the Z80 clock ®. A Z80 access
consists of at least four (T1, T2, Tw, T3) and asmany as 5 (T1, T2, Tw, Tw, T3) ® clock
cycles. Sincethe Screen Refresh has higher priority, if the Z80 timing ends up such that the
Screen Refresh is currently using memory, an extrawait state will be generated to the Z80.
A Z80 access cycle to this memory always results in at least one wait state. The Scan
Address counter will increment forty times(bytes) per line. If thislineis the first of the two
lineduplicate display, the counter will reset to its current count minus 40 at the next Hor Dr.
Otherwise it will increment to the next address.

Consumer Mode: In Commercial Mode, each Screen Refresh cycle reads sixteen pixels (four bytes) at a time.
These pixels are loaded into an external shiftregister and shifted atthe 7M (7 MHZ) clock
rate into the Data chip Ser[1:0] inputs. Thus, the counter will increment every eighth PX
Clock (recall that pixels ae shifted at twicethe { consumer} PX clock rate), and a Screen
Memory accessread is performed to access the next sixteen pixels. In this case, the memory
isunavailable tothe Z80 only onefourth the time. The Scan Address counter will increment
twenty times per line. An external counter isused to calculate the correct time to load the
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shift register. This counter is synchronized by the Hor Dr. signal.

In order to facilitate Memory refresh using the internal Z80 refresh address counter, the | east-significant Z80
and Screen refresh counter addresses become Row addresses to the memory, and the most-significant addresses become
the column address. Thisis contrary to the ‘normal’ way DRAMs were connected. The fact that sixteen pixels are read
simultaneously in Commercial mode means that the memories are organized in a non-obvious manner. This will be
discussedin detail later. The Scan Generator counter contents are made available to the 1/0 Registers section and also
the Interrupt generator.

Interrupt Generator

The Interrupt Generator can be programmed to generate two interrupts, the line and Light Pen Interrupts. Bit
3 of the Interrupt Enable port (0XxOE) when set enables line interrupts, while bit 1 of the sameregister enables the Light
Pen interrupt. The Scan address counter contents are compared with the content of the Interrupt Line regiger. If the
lineinterrupt is enabled, an interruptto the Z80 will occur when the line portion of the counter contains the line number
stored in the Interrupt Line register. If the Light Pen Interrupt Address chip input is asserted to logical 1, the current
Scan Generator contents are latched into the Vertical Line and Horizontal Address registers, which can be read by the
280 following aLight Peninterrupt. The Z80 respondsto an interrupt by simultaneously asserting its |ORQ# and M 1#
outputs.

Memory Cycle Generator

This block is responsible for arbitrating between memory refresh, screen refresh, and Z80/Magic memory
accesses. It also controls the timing of the resulting memory access, along with the generation of the RAS and
Multiplexed Address (M A[5:0]) bits. Z80 inputs to this block include: MREQ#, RD# M 1# and RFSH#, along with the
four Most Significant Address busbits. Al input to this block is a signal originating in the Scan Address Generator
to request amemory access every four PX clock cyclesto refresh the screen in consumer mode. This block outputs the
four RAS signalsto memory, the row/column Memory AddressMultiplexer control signal, WAIT# to theZ80, and the
WRCTL # and LTCHDO control signals to theData chip. This circuit operates quite differently asdetermined by the
setting of the consumer/commercial bit.

In consumer mode, the screen organization is straightforward. There is only one bank of memory. Pixels 0
through 3 occupy the firg address of the Screen RA M, pixels4 through 7 occupy the second address, etc. FromtheZ80's
perspective, the screen is a contiguous set of addresses, starting from 0x4000 at the upper left corner and incrementing
as you go to the right across the screen. Once you reach the right side, increment again to move to the left side at the
second line. The table below maps the Z80 addresses into Screen addresses:

Memory Row Column

Address

RASH#/CS# Asserted when A[15:12] = 0x4
MAS5 A5 All
MA4 A4 A10
MA3 A2 A9
MA2 A2 A8
MA1l Al A7
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Memory Row Column
Address
MAO A0 A6

As can be seen, the maximum address (lower right corner of the screen, but bel ow the blanking line) is Ox4FFF.

In commercial mode, the screen is organized such that (starting from the left-most pixel of aline) pixels 0
through 3 come from the RAMs controlled by RASO, pixels 4 through 7 come from the RAMs controlled by RAS1,
pixels 8 through 11come fromthe RAM scontrolled by RAS2, and pixels 12 through 15 come from the RAMs controlled
by RAS3. For these 16 pixels, the row and column addressesapplied to all 32 RAMs areidentical. Pixel 16 garts over
again from RA SO, at the next greater address. Therefore the address applied to RAM sfor thesefirst 16 pixelsat upper
left corner of the screen is row = 000000, column = 000000, with RASO asserted to logical 1 for pixels 0 through 3,
RASLI for pixds 4 through 7, etc. But from the Z80's perspective, the lineis still a contiguous set of addresses, starting
from 0x4000 for the upper left corner and incrementing from there. So, how is the Z80 address mapped into Screen
RAM addresses? The table below shows the mapping for Commercial mode:

Memory Row Column
Address
RA SO# Asserted when A[15:14] = 0x1 and A[1:0] = 0x0
RAS1# Asserted when A[15:14] = 0x1 and A[1:0] = 0x1
RAS2# Asserted when A[15:14] = 0x1 and A[1:0] = 0x2
RAS3# Asserted when A[15:14] = 0x1 and A[1:0] = 0x3
MAS5 A7 A13
MA4 A6 Al12
MA3 A5 A1l
MA2 A4 A10
MA1 A3 A9
MAO A2 A8

Screen Refresh memory addressng is simpler, sinceall RAS#s are simultaneously asserted, and the address
counter outputssimply increment at one-fourth the rate of consumer mode.

Referring to the Seawolf |l schematic, all 32 DRAMSs are located at the upper right, in four columns of eight
DRAMseach. The 32 Data out (DO[7:0], D1[7:0], D2[7:0], and D3[7:0]) are connected to a set of four, 4/1 data
multiplexers (74L S253 at chip locations U41 through U 44). These parts are used to multiplex the read data from the
selected DRAM (via RASX where X is 0 to 3) onto an eght-bit bus so that it can be read by the Data chip. This path
IS NOT used for the screen refresh. A simultaneous read of 16 pixels (i.e., all 32 DRAMSs) is performed for screen
refresh, and the data islatched into the four eight-bit parallel-in/serial-out shift registers at the bottom right of the page.
These are 74L S166 shift registers. T he shifters are shown in screen pixel order, so odd-numbered D ata out lines (D07,
D05, D03, etc.,) connect to the left two shifters (U37 and U38) and even-numbered Data out lines connect to the two
right shifters (39 and U40). The rightmost shifter of each pair o(U 38 and U 40) outputs data on its Qh pin, which is
connected to the Sl pin of the leftmost shifter of the pair (U37 and U39). The Qh pin of the leftmost shifter is connected
to aD flip-flop (U26, type 74LS74) which delaysthe shifted data by a clock. The outputs of these flip-flopsconnect
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to the Ser[1] (D07, D05, etc.,) and Ser[0] (D06, D04, etc.,) inputs of theData chip. Thisishow commercid resolution
data is input to the Data chip, since the MDJ[ 7:0] data path of the data chip is not wide enough to handle all 32 bits
simultaneously. Note that these same pins (Serial 1/0) are connected to ground in the BPA. Because of this, the BPA
cannot display at commercial resolution without serious changes to the PC board. The shifters and D flip-flop are
clocked by the 7 MHZ clock, therefore commercid resolution datais shifted into the Data chip at twice the rate of the
consumer version. Thismakessense, since the horizontal resolutionof the commercial versionistwice that of consumer,
but the line timing is the same. The shifters are loaded with data whenever their S/L # pin is at logical 0, which occurs
onceevery 16 7MHZ clocks, asdetermined by U25, a 74L S161 hexadecimal counter. Otherwise, datais shifted to the
left, from A toward H. T hus, a screen refresh reads 16 horizontally adjacent pixels (2 bits per pixel from 32 D RAMSs)
simultaneously, loads this data into two 16-bit hift registers, and shiftsthis data into the Data chip Serl[1:0] pinsat a
7 MHz rate. Thismeansthat all four RAS signals are asserted simultaneously for a screen refresh. Sincethe Z80 treats
the sixteen pixels as occupying four successive addresses, it follows that RASO correspondsto A[1:0] = 0x0, RAS1
correspondsto A[1:0] = 0x1, etc. It follows,then, that if a sysem were to be designed for commercial resolution using
the Data chip, itwould require 32-bit wide RAMs, or a harrower but significantly faster RAM and additional hardware
to capture the successive screen refresh reads and serialize them for input to the D ata chip Ser[1:0] pins.

Memory Timing

The diagrams below detail the timing of read and write (with and without extra WAIT states) accesses. They
are based on the Nutting diagrams, with more waveforms included to (hopefully) clarify timing issues|eft uncertain by
the original timing diagrams.

™ VAU A Memory Reads
Px ULUUUUUUUULL. UL UIUULU UL The diagram at lef

730 State [T T2 | e T3 [T T2 ™0 | |13 | details both types of memory

zeo i) LML LML read accesses, using asingle
o Wait state (a) and using two
MREG — ] | Wait states (b):
RO L 7 | |—
Mo | [ similar to those on NM 126
and NM127, except that
mer [ [
----- several more waveforms of

W[ 7:0] arm [ T [ TN [ interest are included. These
waveforms show the

The illustration is

ANSH Of:0 o ZE0 AfSE O[:0 © 280 tionshio bet ook
_ @ . relationship between clocks
WAIT L I—I— 7™M, PX, and ®, and also
RAS 1. [ show the contents of the

_____ Microcycle bus (MX[7:0]) at

WA[S:0] LW AN each instant of the access

Fow col row = cal cycle. The important
RABICE L L] relationship between the RAS

_ output of the Address chip
A8 LML LML LM LML L LI LML and the RAS/CS# signal to
------ the DRAMs is also shown,

LTCHDO 1 [ along with the vital
relationship between

[y Read with extra Wait RAS/CS#, CAS#, MA[5:0],

and LTCHDO. Note that

Figure 7: Memory Read Cycle Timing Diagrams CAS# runs all the ime. This

ra) Readwithout extra
Wait
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adds to the power disdpated by the power supply regulaors, helping to keep the cabinet nice and warm. Since CAS#
isfree-running, memory accesses are required to be in gecific time slots asdetermined by the CAS# timing. A memory
accesstimeslot starts and endswith the falling edge of ®. The control signals MC[1:0] go from 0x0 to Ox1to 0x3 during
aread, connecting first the Z80 A[7:0] (whichwill become row addresses on MA[5:0] during the row time), followed
by 280 A[15:8] (which will become column addresseson MA[5:0] during the column time), and finally, the dataread
fromthe DRAMs. The DRAM read data becomes valid at the DO pin of each DRAM slightly ater the falling edge of
CAS#. Since DATEN# is logical 1 during thistime, the MD[7:0] bus buffer (BPA chip U23) is on, U1l inverts
DATEN#, applying alogical 0to U23), driving this data back toward the Datachip. Thisdatawill be valid on MX[7:0]
around halfway through the time when signal LTCHDO (LaTCH DataOut) isat logical 1, and will remain valid (since
itislatched in the Data chip) until the cycle endswhen MC[1:0] retumn to 0x0.The Data chip also |atches data read from
the DRA Ms for a possible forthcoming M agic write. Since in consumer mode, Screen Refresh cycles occur on every
other possible RAStimeslot, thereis a 50% chance tha an extra Wait state will be inserted forany Z80 Screen memory
access cycle during activevideo time.

Memory Writes

The diagram below details both types of memory read ac cesses, using asingle Wait state (a) and using two W ait
states (b):

Again, this illugration is

- (UL .. .. AT
similar to NM124 and NM125, M

with additional waveforms PR L | | 1 [
included. Close insgpection of the 780 State [T | T2 || T3 [T [T | ™o |™ | =

diagram will revead several =zaoclkiphh | l I oo
important differencesas compared WREQ -— .

to theread cycle. First,thewrite to

the DRAM soccursafull Z80 clock RD

cycle later. Second, the gates of Meo 1 7

the Microcycler are different. The

first and second statesare identicd MET L
in that the Z80 A[7:0] is applied M [7:0] ] ] & I S 1 P I
first followed by Z80 A[15:8]. But P L — P LT ——
now, the data from the Z80 appears TIET L] I
on the Microcycle bus, instead of

data to the Z80. The A ddress chip RAS 1 1
asserts signal WRCTL# tological O M A[5:0] NN AN

as shown. The Data chip responds pow b oa pow 4 oa
by sending data out onthe MD[7:0]

bus, and asserting its DATEN# Rasis L LI
output signal to logical O. Cas LML L LML
DATEN#atlogical OturnsthemD 77

bus buffer off. The inverted WRIC TL || ||
DATEN#is dsoapplied to NAND

gate U12 which combines this D.E.TT L L
signal with the inversion of CAS# WE L LI

to produce WE#, the write enable a1 Write without extra ) ) )
signal to the DRAMs. The data ( jWa'rt (h)Wirite with eadra WWait

appearing on MDJ[7:0] is written Fi
intothe DRAMson thefalling edge
of WE#.

gure 8: Memory Write Cycle Timing Diagrams
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Screen Refresh Reads

The timing of a Screen Refresh read isidentical to any other read. A M emory refresh cycleis identical to a
Screen Refresh read cycle, except that the data is discarded. There are several differences between Consumer and
Commercial Screen Refresh cycles, as shown in the timing diagram below:

o | 11 | | 1nrmm | This diagram is similar
to NM132, except that it shows

PX T JUUUUUUUUUUUUUUUUULL RaS/CS# to the DRAMS, and
zeoclkipn) M LML L] thewaveformsfor acommercia

resolution system. As can be

Har D, seen, the PX and @ clocks stall

“er Dr. J—| at the beginr'ling of each line, to
re-synchronize ® to make up for

RAS (Caons) [ L [ L I 1 the non-integer relationship
- between it and 7M. This
RASICS (Cans) L L] LT diagram, like NM132, shows
RAS[3:0] (Camm.) | | Hor Dr. and Ver Dr occurring
- simultaneously. This only
RASICS[3:0] (Tomm.) L] L[ happens once per field,sinceVer
Comrm. U288 ] Dr occurs only once per field.

Hor Dr and the clock stall occur

Comim. 18,3 at the beginning of every

Cornm. U258 [T IO  ofi2ontal line. Asyou can seen
' E CEDZ 168 ACEDZLEZACEDT the Consumer Screen Refresh
Comm Sik L] L] [ RAS occurs on every other @
clock. Screen refresh data for
the consumer system is latched
into an internal Data chip shift register, then shifted through the Datachip color lookup table at the PX clock rate.

Figure 9: Screen Refresh Cycle Timing Diagram

For the commercial system, the first Screen Refresh RAS occurs a the same time as the one for consumer, but
it occursonly half asoften, making three times as many RA S cyclesavailable for Z80 accesses. Each commercial Screen
Refresh access reads 16 pixels, and loads them into an extemal (to theData chip) shiftregister. For Seawolf Il, D flip-
flop U28 detects the PX clock stall at the beginning of the line. Pin 8 of this flip-flop goesto logical 1 at thistime as
shown above. The U28output is combined with PX#in NAND gate U18 to generate the logical 0 pulse (U18.3), which
loads hexadecimal counter U25 to value OxB. This counter isused to generate an S/L# pulse to the shift registers every
16 7M clocks, to load the data read from the DRAMs. The counter outputs a logical 1 pulse onits TC pin (not shown
above) which is inverted by U22 to form signd Comm S/L#. The numbers/lettersabove and below the Comm. U25
waveform are the hexadecimal values in the counter at each instant of time. Loading value OxB when Comm. U18.3is
at logical 0 will insurethat Comm. S/L# goesto 0 at the correct time, during the Screen Refresh RA S# cycle, when read
dataisvalid. The left-most pixel of the data read will be valid at the shift register output when S/L# returnsto logical
1, followed by the next pixel, etc., at each successive 7M positive edge. The serialized pixel datais delayed by one more
7M clock by D flip-flop U26 before being applied to the Ser{1:0] inputs of the data chip. This data isthen shifted
through the Data chip color lookup table likethe consumer version. Thedifference hereisthatthe datais shifted at twice
the rate (7M).

The Data Chip
The following is a block diagram of the Data chip. It issimilar to, but more detailed than theone on NM 116.

As can be seen, the Block Diagram is rearranged somewhat, which hopefully makes it much easier to
understand.
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Figure 10: Data Chip Block Diagram

Microcycle Address Decoder

Similartothe Address chip, the Microcycle Address Decoder reconstructstheZ80 addressfrom the multiplexed
Z80Address Bus. These addresses are used to select the appropriate I/O register during an 1/0 cyde.

I/0 Registers

Address chip registers are tabled below. The column labeled1/O defines whether the register isaninput or an
output (or both) of the Z80.
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Address

1I/0

Name/Description

0x00

O

Color Regiger 0. Thisregiger defines the color (bits [7:3]) and Brightness (bits [2:0]) of
pixelswhose content is0x0 and which are to the right of the color boundary as defined by
the register at 1/0 address0x09.

0x01

Color Register 1. Similar to Color Register 0, except that this register affects pixels
whose content isOx1.

0x02

Color Register 2. Similar to Color Register 0, except that this register affects pixels
whose content isOx2.

0x03

Color Register 3. Similar to Color Register 0, except that this register affects pixels
whose content isO0x3.

0x04

Color Register 4. Similar to Color Register 0, except that this register affects pixels
whose contents is 0x0 and are to the left of the color boundary as defined by the register at
I/0O address 0x09.

0x05

Color Register 5. Similar to Color Register 4, except that this register affects pixels
whose content isOx1.

0x06

Color Register 6. Similar to Color Register 4, except that this register affects pixels
whose content is0x2.

0x07

Color Register 7. Similar to Color Register 4, except that this register affects pixels
whose content is0x3.

0x08

Intercept Feedback. See text for definition.

0x08

Consumer/Commercial. The D ata chip needs this bit to determine how the Screen Refresh
Datais handled. Thisregister is duplicated in the Address chip. When written to 0x0, the
system is in consumer resolution. Writing this register to Ox1 puts the system into
commercial resolution mode, assuming there issufficient Screen memory and other
hardware (shift registers, multiplexers, etc.) to support this mode.

0x09

Background color (bits [7:6]), Horizontal color boundary (bits 5:0]). The color boundary
is byte (not pixel) addressed, and defines the byte immediately to the left of the boundary.
For Bytes 0 to (color boundary -1), Color registers 4 through 7 contents will be used. For
bytes color boundary to 0x27 (consumer) or Ox4F (commercial), Color registers 0 through
3 will beused. The Background color uses the same register definition as above for left
and right of the color boundary.

OxA

Line number below w hich the background color is displayed. This makesit possible to
use the underlying Screen RA M as Scratch. Thisregister is duplicated in the Address
chip.

0xB

A block transfer to thisregister will load Color registers 7 through O (in that order) with
the data written to this address.

0xC

Magic register. See text for explanation.

OxD

110

Interrupt feed back register. Upon I nterrupt Acknowledge by the Z80, the previously-
written contents of this register are driven back to the Z80 through the Microcycle bus.

0x19

Expand register. See text for explanation.




Bally Professional Arcade Video Hardware Description 17
MUX | and the Shift Register

In consumer mode, a Screen Refresh access ismade to Screen memory for one out of every two Z80 clocks
during active videotime. The data, input on the MD[7:0] bidirectional Data bus between the Data chip and the Screen
RAMs, is latched into the shift register, where itis shifted out, two bits at a time at the PX clock rate to one input pair
of MUX |. Bits[7:6] are shifted out first, followed by bits [5:4], etc. Just prior to the fourth pixel (bits [1:0]) shifted
out, another Screen Refresh Access occurs to reload the Shift Register. In commercial mode, the serialized pixels are
routed from input chip pins Ser[1:0] through MUX |. The output of MU X | is atwo bit pixel, applied to MUX II.

MUX I

MUX |l usesthe serialized pixel, the left/right boundary and blank signals coming from the Sync Generator to
determinewhich 8-bit pixel valueto output. These values come from the Color and Background registers as determined
by the table below:

In Border area of Left of Horizontal Border register Pixel contents Color register
Screen? Color Boundary? bits[7:6] [1:0] contents output
from MUX II

Yes Yes 0x0 don’t care 0x4
Yes Yes 0x1 don't care 0x5
Yes Yes 0x2 don't care 0x6
Yes Yes 0x3 don’t care 0ox7
Yes No 0x0 don’t care 0x0
Yes No 0x1 don’t care 0x1
Yes No 0x2 don't care 0x2
Yes No 0x3 don’t care 0x3
No Yes don’t care 0x0 0x4
No Yes don’t care 0x1 0x5
No Yes don't care 0x2 0x6
No Yes don’'t care 0x3 0x7
No Yes don’t care 0x0 0x0
No Yes don't care 0x1 0x1
No Yes don't care 0x2 0x2
No Yes don’t care 0x3 0x3

Video Generator

The output of MUX |l is an 8-bit pixel, with bits [7:3] defining one of 32 colors, and bits[2:0] defining 1 of
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8 intensities. This8-bit busis connected to the Video Generator, which combines these signal s with the Sync and Blank
signals output by the Sync Generator to generate the video output signals Video, R-Y, B-Y,and 2.5 V.

B-Y, R-Y and +2.5 V Outputs

A simplified schematic of theR-Y, B-Y, and 2.5V output generaion drcuitry gopearsin the following diagram:
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Figure 11: B-Y, R-Y, and 2.5 V output Circuitry

As can be seen, the five color bits output
fromMUX |1 connect to both decoders, along with
sync, blank, and burst flag inputs from the sync
generator. These last three inputs are used to force
the B-Y and R-Y to specific voltages during the
time when these signals are asserted, which is
during horizontal blanking. The sequence of syng
signal assertions are as follows:

End Active Video->Start Blank->Start Sync->End
Sync->Start Burst->End Burst->End Blank->Start
Active Video

B-Y and R-Y are forced to specific
voltagelevelsduring burst flag, to inform thevideo
modulator that color bura must beinserted into the
signal atthistime.

The color output circuitry is based on a
resistor ladder network, consisting of a series
connection of 16 resistors, between +5 Volts and
Ground. The resistors are not of equal value, but
aresymmetrical about the centerconnection, which
isat 2.5 VDC. This connectionis brought out of
the chip to act as areference voltage for the video
modulator. It isalso used as the center reference
for the Video output, which will be covered later.
The resigor values are weighted such that thereis
little voltage change going up from ground or
down from +5 V olts, and the voltage difference
increasesasyou approach the center of the network
from either end. The choice of resigor values
givesareasonable distribution of colors which can
be displayed on a typical TV set. Each decoder
will activate one and only one of itsoutp uts for any
combination of input values. The selected output
turns on the appropriate switch, connecting the
selected voltage from the resistor network to the
output pin.
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Video Output

As shown at right, the Video Output is similar to
the R-Y, B-Y outputs, but consists of only eight resistors.
It functions in a similar manner to that described for the B-
Y, R-Y, and +2.5 V outputs.

Sync Generator

The Sync Generator consists of countersand flip-
flops which generate standard NTSC composite sync and
blank waveforms These areused to force the outputs of the
Video Generator to specific voltageswhich can be decoded
by aTV setinto the correct horizontal and vertical scanning
waveforms required to display a picture. The Sync
Generator also outputsHor Dr and Ver Dr, which are used
to synchronize a similar counter running in the Address
chip. This latter counter is used to determine when to
perform Screen Refresh cycles, along with generating the
proper Screen RAM addresses to refresh the Screen from.
The Sync Generator circuitry also generates the correct
Load/Shift controls to the Data chip Shift Register, used to
shift pixels through MUX | and MUX Il in consumer
resolution mode, and to control which sets of color and
border registers are used in MUX |l in both reslution
modes.

Clock Generator

The Clock Generator takes the 7M, 7M # inputs
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and divides them by two to generate the PX clock output. Figure 12: Video Output Circuitry

7M and 7M# are againdivided by two to generate @G, the

clock tothe Z80. Both PX and @G are stalled for three cycles of 7M at the beginning of each horizontal line so that there

will be an integer number (113) of ®G clocks per horizontal line. PX is stalled to keep it synchronous with ®G.

Microcycle Generator

The Microcycle Generator isused to generate theM C[1:0] signals atthe correcttimesto control activity on the

Microcyclebus. The following truth table comes directly from NM 109 and NM 123:

RFSH# MC1 MCO MX]7:0] Contents
0 0 0 A[7:0] from Z80
0 0 1 A[7:0] from Z80
0 1 0 A[7:0] from Z80
0 1 1 A[7:0] from Z80
1 0 0 A[7:0] from 280
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RFSH# MC1 MCO MX][7:0] Contents
1 0 1 A[15:8] from Z80
1 1 0 D[7:0] from Z80
1 1 1 D[7:0] to Z80

Not documented inthetable aboveisa special cycle whichoccursinresponseto aZ80 Interrupt Acknowledge.
When the Z80 is acknowledging an interrupt, it simultaneously assertsits |ORQ# and M 1# outputs. This isdetected by
the data chip, whichresponds by asserting M C[1:0] to 0x3, and outputting the contents of its Interrupt Feedback Register
(1/0 address 0x0D) onto the Microcycle Bus. The control of MC[1:0] isdone internal to the Data chip, butthe additional
control provided by the Z80 RFSH# signal is implemented externally. The following schematic details the Z80-side
connections to the M icrocycle Bus.
The Microcycle bus was

= implemented to save on chip pins
P Fa .
. * * o fpr the three custom chips. !t
A . —, »un time-multiplexes the 16-bit
- _ = waen  gddress and 8-bit data bus down
n TolZig . . . . .
T e £ o P — into a bidirectional 8-bit
P herm a0 —— bt I multiplexed bus. What
CHin Camiin PN information the bus contains at

any instant of time is controlled

L
Lt
As o hom L [ LAk} ea

. s KD 0] it by the Datachip MC[1:0] outputs,
T R e e and the Z80 RFSH# signal, as
e o LI RPN detailed in the table above. The
f, " preceding illustration gives the
- e rav circuit details.
Al _BII _____
n w, O . T Two quad 2-1
i s el | multiplexers (BPA U8 and U9,
L i aainme e T whicharetype 74L S257) are used
a - = wnnembdaem to switchin the Z80 address bus.
2 - Each has eight datainputs (B[3:0]
ao EN ":2' - and A[3:0]) which are connected
= 2 to the Address bus, four data
f oo outputs (Y[3:0]) which are
v _:n _____ connected to the MX bus, and a
an ] pair of control inputs, En (Enable)
- I :f B and S (Select). Control input En,
when at logical 0 turnsthe outputs
on, so that they may drive the M X
AT khem e :; aoer x; bus from the selected address
S [ — input. The S input selects which
o i :: - set of inputs connect to the
S R M outputs. If Sis logical 0, inputs
oz 2z pg| o2 R A[3:0] are connected to outputs
£ L N N Y [3:0] (assuming Enislogical 0).
I e e =—— | wmmr  Otherwise with S at logical 1,
7 IJ|' o inputs B[3:0] are connected to
[l outputs Y [3:0], respectively.

Figure 13: Microcyle Bus Circuit Details
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The data connection between the Microcycle bus and the Z80 is provided by BPA U10 which originally was
type DP8304, and was replaced by the 74L S245, achip whichisfunctionally and pin-for-pin compatible. Thischip has
eight identical bi-directional drivers, which are controlled by the En (Enable) and Dir (Direction) inputs. Like the En
input of the 74LS257, thischip isenabled or ‘on” when Enislogical 0. When Enislogical 1, the chip will not drive data
in either direction. With En atlogical 0,the Dir pincontrolsthe direction of data flow. Whenboth Enand Dir are at
logical 0, datais driven from theB pinsto the A pins. WhenEnislogical 0 and Dir isat logical 1, datais drivenfrom
the A pinsto the B pins.

The three-input NAND gate U13 and inverter U6 combine M C[1:0] and RFSH# to control the action of the
Microcycle bus. When both MC1 and M CO are at logical 0, both NAND gate outputs are forced to logical 1. Inverters
U6 invert the signalsto apply logical 0 signalsto both U8and U9 Enand S pins. Therefore the multiplexersare on(En
is0) and the A[3:0] inputs connect to outputs Y[3:0]. Thus, Z80 Addressbusbits A[7:0] connectto M X[7:0]. N ote that
if RFSH# islogical 0, the identical conditions exist.

When MClisat logical 0and MCOisat logical 1, the multiplexersarestill enabled (U6 pin6isat logical 0and
U6 pin 8 is at logical 1), but the S inputs are now at logical 1. This connects the B[3:0] inputsto the Y[3:0] outputs.
Z80 Address bus bits A[15:8] now appear on M X[7:0].

With MC1 at logical 1and Z80 signal RFSH# at logical 1, U8 and U9 are disabled in that the En pin of each
isatlogical 1 (U6 pin 6isnow at logical 1). Under this condition, U10 may be enabled, too, since one of the inputsto
the lower gate of U13 (the 74LS10 whose output is connected to the En pin of U10) isat logical 1. Inorder for U10to
be on, all three inputs of the U13 gate w hose output ison pin 12 must be at logical 1. The gating shown at the top of the
drawing controls this, as does signal BU ZOFF#, which comes from the Expansion Connector. The gates at the top of
the illustration will be covered first.

NOR gates U11 and one gate of NAND gate U12 combine Z80 signalsA[15:14], MREQ# and RD# such that
pin 13 of NOR U 11 will go to logical 1 during a memory read when A[15:14] are 0x0. In other words, this output will
go high when the Z80 reads from Sygem or Cassette ROM. This signal is input to two gates of NAND U14. Other
inputs to these gates include Z80 A13 and A13# (frominverter U6 pin 10), SYSEN and CASEN from the Expansion
Connector. If A13islogical 0, A13#isatlogical 1. During a System memory read, U11 pin 1 will be 1 and A13# will
be 1. If nothing is connected to SY SEN, resistor R21 will pull the other input to U14 to logical 1 and U 13 pin 12 will
gotological 0, chip-selecting the System ROMs. TheRO Mswill now output the co ntents of the addr essed |ocation onto
the Z80 Data bus. SY SEN, if pulled to alogical 0, will prevent the System ROM contents from appearing on the Z80
Data bus. CASEN woks similarly, except that A13 must be logical 1, and Expansion Connector sgnal CASEN is used
to disablethe Cassete chip select. During normal operation this pin, like SYSEN, is left open and R20 provides the
logical 1 to permit the CS# to the Cassette ROMs to occur. Both chip selects are combinedin NAND gate U12 such
that pin 3 of this chip will go to logical 0 when either the System ROMs or the Cassette ROMs are selected. This input
to U13 prevents pin 12 from going to logical 0, keeping U10 off. With U10 off, the current M C[1:0] state isirrelevant
and the data read from ROM s will bot be disrupted by anything occurring on the Microcycle bus.

The final control signal which affects U10 Enable is the Expansion Connector signal BUZOFF#. This signal
was added late in the design when it was realized tha reads from the Expandon Connector address space had no way
of preventing Microcycle bus contents from disrupting the data coming from the Expansion Connector. Any time
BUZ OFF# is asserted to logical 0, D ata busto M icrocycle Bus buffer U10 is tumed off. When enabled, the direction
of dataflow for Ul10 isasfollows: whenM CO and RFSH# are both logical 1,datawill flow from theB pinsto the A pins,
from the Microcycle bus to the Z80 data bus. When MCO is logical 0, data flows from the Z80 data busto the custom
chips. Note: thisisall signal BUZOFF# does.

Memory Control and Bidirectional Buffer

The Memory Control block takes the input signals WRCTL# and LTCHD O generated by the Address chip and
uses them to control when data is latched internally or when the various buffers are enabled. The sgnal WRCTL#
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asserted to logical O indicates that the memory access is a write. If a standard memory write is in progress (i.e., the
address is between 0x4000 and Ox7FFF) the bidirectional buffer isenabled to drive datafrom the Microcycle busto the
memory data (MD[7:0]) bus. If a Magic memory write isin progress (i.e., the write address is between 0x0000 and
0x3FFF) the output of the Magic function generator isenabled on the MD bus. In either event, output DATEN# is
asserted to logical 0 to perform amemory write. If amemory readisin progress, LTCHDO will be asserted. Thiswill
enable the bidirectional buffer to drive datafrom the MD bus to the M icrocycle bus, so that it can be forwarded to the
Z80. The read data will also be latched in the Magic Function generator, if the Magic register bits were set for a
forthcoming OR or XOR function. Reads keep DAT EN# at logical 1 so that the MD bus buffer (U23) will be enabled
to drivememory databack toward the Data chip.

Magic Function Generator

The Magic Function Generator isused to perform the various manipulationsto the datagoing tomemory. Since
the memory from address 0x0000 through Ox 3FFF is Read-Only, memory writes to this address range writes data to the
equivalent Screen M emory address (Address written + 0x4000), but with the magic function applied. The Magic
Functiongenerator uses a par of registers, expand (1/0 Address 0x19), and the Magic register itself (1/0 Address 0xC).
This latter register only contains 7 bits, which are defined below:

Bit[7]: Not used

Bit[6]: Flop. If settological 1,thedatawrittento RAM will be flopped: Pixel 3 (bits[7:6]) will be swapped with Pixel
0 (bits[1:0]) and pixel 2 (bits[5:4]) will be swapped with pixel 1 (bits[3:2]).

Bit[5]: XOR. If settological 1, the data written to RAM will be the bitwise logical X OR of datajust read from this
memory location, and the data coming from the Z80. |f the pixel content in one of the currently addressed
pixels was non-zero (i.e., 0x1, 0x2, or 0x3) and the new pixel to bewritten isal non-zero, abit corresponding
to the pixel position inthe Intercept register will bewritten to logical 1.

Bit[4]: OR. If settological 1, the data written to RAM will be the bitwise logical OR of data just read from this
memory location, and thedatacoming from the Z80. An Intercept will begenerated under the conditions gated
above for XOR writes.

Bit[3]: Expand. If settological 1, an expand write will take place. This permits ROM savings by expanding single
bits of ROM storage into two-bit pixels. The expand function is assumed to consist of at |easttwo memory
writes, after the set-up write of the Magic register. T he first, third, etc., write will expand bits[7:4] of the
incoming byte, and the second, fourth, etc., write will expand bitd3:0] of theincoming byte. The set-up write
clears aflip-flop which is toggled be each successive M agic Addresswrite. Onthe first Magic A ddress write
following the set-up, bits[7:4] of the datawritten will be used as look-up v alues into the Expand register to
determine what the final MD bus content will befor the write. A bit in the incoming nybble at logical 1 will
result in bits contained inthe Expand register bits[3:2] gpearing in the equivalent pixel-position of the MD
bus. Bitsset to 0intheincoming nybble use bits[1:0] of the expand register. For the first and each subsequent
odd-numbered write, bit[4] of the incoming nybble maps to bits[1:0] of the data written, etc. For even-
numbered writes, bit[0] of the incoming nybble maps to bits[1:0], etc.

Bit[2]: Rotate. When set to logical 1,aprocessis enabled which will rotate the data written to memory by 90 degrees
inthe clockwise direction. It takes atotal of eight Z80 write cyclesto write 16 rotated pixels, and thisfunction
only works in commercial mode. T his function operates as follows:

1. Write the first byte to a location in M agic memory. This results in intermediate data written to
memory, but this will be over-written in the fourth cycle by the rotated data. The firg 4 of the 16
rotate registers internal to the Data chip are written with the properly-formatted data.
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Bits[1:0]

2.

Write the second byte to the first address + 80 (0x50). This, too results in intermediate data written
to memory which will be over-written in the fifth cycle. Now eight of the 16 rotate registers contain
the properly-formatted data.

Write the third byteto thefirst address + 160 (Ox A0). This, too resultsin the intermediate data write.
Now twelve of the 16 rotate registers contain the properly formatted data.

Write the fourth byte to the first address + 240 (0x FO). Intermediate data is again written to memory,
and all sixteen rotate registers now contan the correctly formatted data.

Write the fifth byte to the original address. The data written by the Z80 isignored, and the rotated
datais written to the Screen memory

Write the sixth byte to the first address + 80. The data written by the Z80 isignored, and the rotaed
data is written to the Screen memory.

Write the seventh byte to the original address + 160. The Z80 datais again ignored, and the rotated
data is written to the Screen memory.

Finally, write th eighth byte to the original address + 240. T he Z80 data is ignored, and therotated
data is written to the Screen memory.

The following shows pre-and post rotated data:

P3 P2 P PO P15 P11 P7 P3

P7 PG PS5 P4 P14 P10 FE P2

P11 P10 Fa P P13 P Ps P

P15 F14 P13 P12 P12 Pa P4 PO
Origina| Frotat edd

Figure 14: Before and After Rotated Data

Shift. Writing datawith bitd1:0] greater than 0x0 resultsin that data beingwritten to Screen RAM
but shifted to the right by one, two, or three pixels as determined by the contents of this field.
Successive shifted writes must follow at incremental addresses. The following shows examples of
shifted and flopped data:
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Evte 0 Eryte 1 Eryte 2
- -l -|s -
Fa Pz P Fil F7 Fii Ps P P Fi0 Fa P& | Original I ata
0 P Pz F Fi F7 PE PE P P11 PO PO | Shiftd
a0 a P Fz P4 PO P7 PE Fs P P14 Fi0 | Shitz
0 ] 0 Fa Fz F Pl F7 Fii Fs Fd F11 | Shits
Pl P P2 Pz P FS Pt F7 Fs Fa P10 F11  |Flapped

Figure 15: Examples of Shifter and Flopper Operation

When performing Magic functions, Shifting and Flopping cannot be enabl ed at the same time, nor can OR and
XOR be enabled at the same time.

The Intercept register (1/0 Address0x8) contains several flag bits which save the reault of previousOR or XOR
Magic Memory writes. If any of bits[3:0] are set, thisindicatesthat the previouswriteto the corresponding pixel (bif 3]
= pixd[3], etc.,) wrote anon-zero pixd with anon-zero value. Bits[3:0] track the last M agic memory write, while
bits[7:4] track any write to the corresponding pixel (bit[ 7] = pixel[3], etc.,) sincethe lagd time the | ntercept registerwas
read. Thus, once any of bits[7:4] are set to logical 1, they will remain that way until theregiger is read, at which time
these bits will be cleared to logical 0.

Summary of BPA Operation

In commercial mode, pixels read during Screen Refresh memory reads are latched into a shift register which
is external to the Data chip, and shifted into Data chip inputs Ser[1:0] at the 7M clock rate, for twice the horizontal
resolution of consumer mode. In the BPA , inputs Ser[1:0] are connected to ground (logical 0), and there is no external
shift register. Therefore, the BPA will never display commercial resolution graphics, without major changes to the
Printed Circuit board.

A Note about the Blue RAM Accessory

Several poststo the Bally Alley Astrocade Discussion Group have mentioned using the Perkins Engineering
Blue Ram Accessory to somehow magically display commercial resolution graphics onan otherwise normal BPA. The
schematics are available at:

http:/www.classi cgaming.com/allyalley/perkins/blue_ram_schematics pdf

These schematics are a bit difficult to follow, since they are split up into five pages, and the outputs of certain
gates are shown connected to a three-bit bus, but nothing indicates what gate output drives what bit. The Blue Ram
seemsto bea 16K or 32K RAM/PROM Add-onwhich uses theBPA Expansion connector. This accessory also has a
ZIF (Zero-Insertion-Force) socketinto which anoptional keyboard or other accessory can be connected, and achip which
implements a pair of eight-bit I/O ports to which other devices can be attached. Once loaded, it appears as though the
expansion memory can be write-protected. There are sveral connections (or lack thereof) to the Arcade Expanson
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connector which will be covered below:

Video In/Video Out:

7 M, PX CIlk, Vert Dr,

Hor Dr

BUSREQ#, BUSACK

CASEN, SYSEN,
BUZOFF#

theseare NOT CONNECTED (NC, as called out on the schematic) to anything on the Blue
Ram board. Therefore there is no video generaed by thisboard. Note that the Expanson
connector pins Video In and Video Out connect to opposite ends of BPA R33, which
connects between the Video output of the Data chip and the video input of the RF modul ator.
This pin only has video brightness information, and contains NO COLOR DATA. This
means that anything connected to these pins cannot generate color video, and could
conceivably damage the Data chip if an incorrect level were applied to the Video Out pin.

thesearealso NOT CON NECTED to anything on the Blue Ram board. T hese signals would
be necessary to generate any video on this boad, since any video generated must be
synchronizedto that generated by the BPA in order to overlay any BPA video. It should now
be obvious that this board does not generate any video.

these are also NOT CONNECTED, which meansthat nothing in theBlue Ram can take over
control of the Z80 bus.

these are connected to 74L S09 gates. A 74LS09 is an open-collector AND gate. The text
above discusses how all threeinputs work, but I'll repeat it here. A logical 0on CASEN will
stop any Cassette ROM from driving data onto the Z80 databus. A logical 0on SY SEN will
stop a Sysem ROM from driving data onto the Z80 databus. A logical 0 on BUZOFF# will
turn off BPA U10, preventing it from driving data onto the Z80databus, or anything from
driving data onto the M icrocycle bus.

No amount of magic (software or otherwise) on the Blue Ram board will result in a BPA display commercial

resolution graphics.

A Note about the R & L 64K RAM Accessory

This accessory functions similarly to the Blue Ram. Differencesare thatthere is no 1/0 chip, and all 64 K of
Z80 address space canbe populated withRAMsor PROMs. The signals CASEN, SY SEN, and BUZOFF# are driven
in a similar manner to the Blue RAM, except that since there are more sockets for memories, wider (i.e., more inputs)
gates are used to generae the control signals and a 74125 tri-stae buffer actually drives the signals back to the BPA.
Therefore, the R & L 64K RA M will not get the BPA to display commercial resolution video, either.



