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MP900 CPU Theory of Operation
1. Intreduction

Marinchip Systems has developed a CPU board which allows the Texas
Instruments #HS??OO processor to be used on the enurmnuslg gupular 5-100
bus. This board, the MP900 CPU, replaces the 8080 or Z-80 CPU board in an
5—-100 mainframe, and uses the existing memnra and peripherals, or almost
any 35-100 compatible board. The TMS5990 is an extremely powerful
processor, whic features hardware multiply and divide instructions,
multiple sets of 16 general purpose registers, addressing modes includin

direct, indirect, indexed, and avto-increment, and a context switc

mechanism that allows both rapid interrugt_response and user extension of
the hardware instruction_set. The TMS9900 is a szngle chip processor that
is comparable to the PDP-11 in most respects, and exceeds it in several
important waus, notably the provision of 16 re isters instead of 8 and the
fact that the user can have as many independen Tregister sets as he wants,
and need not be limited to hardware registers within the CPU.

This manval explores the problems of interfacing a fully parallel 16 bit

rocessor to the S-100 bus, concentrating on the peculiarities of the
—100 bus structure and the solutions that were developed to surmount
them. The performance tradeoffs and compromises made in the design will

be discussed, and Finall? some rTecommendations Tregarding standards for
certain 5-100 signals will be presented.

Since this manual discusses signals generated by both the B0B0 and the
TM89900 processors, as well as S-100 bus signals, some conventions have
been adopted to 1lessen confusion. Signals generated by either CPU chi
are referred to by the name given them by the chip manufacturer. ‘Whic
chiﬁ is being rteferred to should be clear from context. $5-100 signals
will always be suffixed bg their pin number in_ parentheses. Active low
signals will be identified by a minus sign following the signal name.

=2, TME-99200 Bus Structure

The task of interFacin% one rocessar to a bus designed for another
involves designing logic that will transform the signals generated by one
processor into the corresponding signals of the other processor. The fact
that the processors have different word lengths increases the complexity
of the solution, but introduces few conceptual problems. First, let us
look at the signals used by the TMS9900 processor. The TMS9900 is one of
the simplest “microprocessors to interface, largely because there is no
multiplexing of information on package pins. Each in has one clearly
defined function, so  the external decoders and latches required in many
other systems may be eliminated. The price paid for this simplicity 1is
the &4 gin package required to accomodate all the independent signals.
The signals which are relevant to memcrg accesses are the address bus,
data us: and control bus, The address bus consists of 15 lines
representing bits 1 through 15 of the address being referenced. Since the
TMS9200 uses 16 bit wide memory, the 15 address bits permit addressin% of
&4k bytes of memory. (Byte addressing is handled by masking data within
the processor, and is of no concern in interFacinE 1t.) The data bus is a
l6 bit bidirectional bus which behaves exactly like the data bus of an
8080, excegt that it is twice as wide. The control bus consists of the
signals that control the external memor%. These signals all appear on
g2imr own dedicated pins, so no status latching is required as for the
8080. The signal MEMEN- is a low-true signal which indicates a memor
access 1s in progress, When it aE?ears, a valid memory address is presen
on the address bus. The signal DBIN indicates the direction of the memoTy
data transtfer. When DBIN is high, the output drivers on the 1& data bus
lines have been disabled to allow the memory to place data on the lines in
Tesponse to a memoTy Tead. MEMEN- and DBIN simu?taneousl active indicate
a memorTy read, while MEMEN- active and DBIN inactive indicate a memory
write. The TMS9900 generates a write enable signal, WE-, which goes
active during a write cycle after the address and data have been present
for sufficient time to satisfy the setup time requirements of most static
memoTies. Fhis signal allows easg interfacing of memories to the
TOCEesSsSamr, but is not used in the MP900 CPU becauze the memory cycle must
@ csegmented into two independent 8 bit accesses. The READY and WAIT
lines permit the processor to delay to accomodate slow memories. After
the address has been presented to the memoTy bus and MEMEN- goes active,
READY is sampled. I+ high, the memory cycle will complete on the next
clock cycle. If READY is low, the WAIT signal is brought active and the
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Tocessor will dela one cycle, at which time it will test READY again.
gnd either proceed orgdelaq again dependinﬂ on its state. In the 59?00
CPU_  the READY line 1is used to cause the processor to wait for the two
cycles on the S—100 bus to be completed. The WAIT line is not used, since
the M900 must generate the S~-100 wait signal in response to a wait state
encountered on either (or both) of the 8 bit accesses. The above signals
comprise the comglete memory interface of the TME9900, and seem to be the
minimum orthogonal set of signals allowing control of variable speed
memoTies wit no external decoding. The TMS9900 has no complex timing
Telationships between signals. Every signal generated by the processor is
related to one of the four <clock phases, and there 1is a uniform
prnpa?ation delay, tupically 20 nanoseconds:; from the clock edge to the
signal. .

3. 8080 Bus Structure

The memory bus of the B80B0 is similar in concept to that of the 9900, but
more complicated in practice because the control signals relevant to
memory are divided into command and control signals which apﬁear directly
en processor pins and status signals which are output on the data _bus
during the first state of each machine cycle. A memory cucle in the 8080
consists of three or more machine states. During the first state, the 8
bit data bus outputs the status bits which indicate_what type of cycle is
being performed. The processor generates a8 signal, SYNC, which identifies
the first state of the cycle an mag be veed To latch the status bits for
use later in the cycle. he status bits, pr0p9r1¥ decoded, identify the
tgga of cycle. The ones televant to memeory and 1/0 cycles are MEMR, WO-,
INP, and OUT. The MEMR bit identifies & memory read cycle (except when it
comes on during a halt cycle, which will be ignored henceforth). The INP
and OUT bits identify I/0 read and write cycles, respectively. The WO-
signal is active when a write is being done to either memory or an I/0
device: external logic must generate the write strobes for 1/0 and memor

based upon the OUT bit. The rest of the status bits are vsed to implemen

the BOBO interrupt scheme, to indicate when the machine is halted, to flag
accesses to the stack, and to indicate when an instruction byte is bein

fetched. The command and control signals are almost identical to those o

the TMSE9200 in name and function. The DBIN signal indicates that the data
bus is in input mode to receive data, WR— is the delayed output data
strobe, READY is +the 1line that may be used to stretch the length of a
memory or I/0 cycle, and_ WAIT 1is the signal that confirms that the
Tocessor is waiting. The address bus on the 8080 is 14 bits wide, since
he 8080 uses byte—addressable memoréa and the data bue 1is an B8 bit
bidirectional bus. I1/0 on_ the 080 provides 256 ports. An IN or OUT
instruction referencing one of these ports causes a bus cycle identical to
a memora cycle, except that it is identified as I/0 by the presence of the
INP or OUT bits on the status bus. In an 1/0 cycle, the 8 bit ort
address is presented on BOTH the high and low 8 bits of the address bus

(This "address mirror" feature 1is intended to reduce bus 1loading by
dividing devices between the high and low bytes of the address lines in
system without address buffering.) The timing relationships of the BOBO
signals are quite complicated. The BOBO is driven with a two phase clock.
The two phases must not overlap, and have different widths. he command
and control signals may be delayed as much as 120 nanoseconds from their
controlling clock edge, and the address and data may not be stable for as
much as 220 nanoseconds after the clock edge.

4 5—100 Bus Structure

The S-100 bus is largely the result of simplg buffering the signals
enerated by the B0B0 and directly presenting them to the bus. It will
s

Eelp to break wup the bus ignals into groups and discuss them
independently. :

4. 1. Clocks

There are three clock signals on the 5-100 bus. The first +two are the
Phase 1 and Phase 2 processor clocks, presented as TTL levels, PH1(24) and
PH2(25). The third signal is named CLOCK~(49), and is an inverted Phase 2
clack, delayed about &0 nanoseconds {(an artifact of the original Altair
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desiagn). Both PH2(25) and CLOCK—(49) are commonly wuwsed as timing
references by peripheral boards.

4. 2. Address Lines

The 16 address lines agﬁear on the bus, buffered directly from the
ﬁracesscr address lines. e line ADDR DSBL-(22) will cause the address
ines to go to high impedance when pulled low.

4. 3. Data Lines

The B8 bit bidirectional processor data bus is split by logic on the CPU
board into an 8 bit data in bus and an 8 bit data out bus on the S-100

bus. Whether the data in bus is applied to the processor data bus is
controlled by the DBIN signal From the processor. ince the data out
lines are gedicated to ocutput, their drivers are alwsys on, except if

disabled by pulling the line DO DSBL~(23) low.

4. 4, Command and Control Lines

The direct control lines from the processor_ appear on the command and
control G5-100 lines. The signal PSYNC(7&) is the SYNC signal from the
processor that identifies the firTst state of each machine cucle. PWR~{77)

is the processor delayed write strobe. PDBIN(78) ic the DBIN signal from

the preocessar. Most (but not all) S-100 boards only drive the data in bus
when PDBIN(73) is high. PINTE(28) is the signal from the processor (INTE)
which indicates that the processor has interrupts enabled. PWAIT(27) is

the WAIT signal that indicates the processor is waiting for the READY

iEnal from a periﬁheral. PHLDA(26) is ghe HLDA processor siBnal which
cknowledges a DMA request. (Refer to the section below on DMA control
ignals for more information on the PHLDA(26) signal.) The six command

an control lines may be forced to high impedance by pulling the line CC
DSBL-(19) low.

-3
a
=

4.5, Status Lines

When the status signals appear on the processor data bus during the first
state of a cycle, they are latched and presented on a separate set of
status lines on the 5-100 bus. The status us Temains stable for the
duration of the machine «cycle. The SM1(44) line indicates the current
cycle is fetching the first bgte of an instruction. The S0OUT(45) bit
identifies an_ output cycle (initiated by <the OUT instruction). The
SINP(446) pin  identifies an input (IN instruction) cycle. SMEMR (47)
indicates a memory read cycle, and SHLTA(48) indicates that the processor
1s halted. The SWO-(97) signal indicates a write-t pe operation: if SOUT
is low, it is a memory write. If high, it is an 1/5 write. The SINTA(96)
signal identifies the special 8080 cycle that responds to an interrupt by
re$uest1n an instruction to be " executed b% the processor, and the
S8TACK(98) signal flags the current memoTy c%c e as reFerring to the
stack. The status bus signals may be forced to high impedance by pulling
the STAT DSBL-(18) line low.

4. 4. Memory Control Lines

These lines are a collection of signals relating to memory and I/0 cycles.
The PRDY(72) line is applied hrough a buffer to the READY pin on the
8080, and is used by slow memory and perigherals to stretch @ cycle that
references them. The MWRITE{&48) signal is a copy of the PWR={77) write
strobe that only goes low on memory writes (e.g., when SOUT{(45) is low)

This is the most commonly used write control signal in memory boards. I%

isg also quite confusing in that mang 5—-100 machines do not generate it on
the CPU board. The Altair and IMSAI, +for example, generate this signal on
the front panel board, with the result that memories which Tequire this
signal will not rTun if the front &anel is removed. To compensate for
this, many of the "reset and go" PROM/RAM boards contain logic to generate
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this signal, since they are replacing the front panel in a system. This
signal is logically a CPU signal, and rmeally as no business being
enerated anywhere else, but the weight of history is great, so for the
ime being confusion will reign. The UNPROT(20)}, PROT(70D), and PS5—-(&%9)
signals respectively clear, set, and contain the status of the memory
protect flip-flop eon the currently addressed memory board. Since memorTy
rotect is little wused, they will not be discussed further. The
HANTOM—-(&7) signal is used by many systems and boards to allow an
autematic power—on start from a “nonzero address. The memory board at

address zero is strapped to be deselected regardless of the address on the
bus when PHANTOM—-(&7) is low. A PROM board then can, when triggered by a
reset signal, disable the memory at address zero, enable itself, and cause
the CPU to execute instructions from the PROM even though the CPU "thinks"
it is executing from address zero. The PHANTOM—-(&7) line is normally
turned off once the processor has jumped into the PROM itself. The memory
at address zero may then be referenced normally.

4. 7. Interrupt Signals

The lines VIO-(4) through VI7-(11) are the vectored interrupt requests.
Fulling one of these linmes low will cause an interrupt -at the
corresponding level, assuming that interrupts are enabled and the
processor is not servicing & higher Erioritg interrupt. V10-(4) causes an
interrupt which is not distinguishable from a Teset of the processor. and
hence should be wused with discretion. Since the early 5-100 processors
did not provide vectored interrupts on the CPU board, the signal PINT—-(73)
was defined to permit a ceparate vectored interrupt controller board to
request an interrugt from the processor. In such a system;» the wvectored
interrupt controller board received the 8 vectored interrupt lines, chose
the highest priority, then requested an interrupt using the PINT-(73) line
and supplied the rocessor with an interrupt instruction when the
SINTA(?4) line went high. Because of the way the 8080 CPU interrupt
structure worked, systems without a vectored interrupt board could provide
a single level interrupt simply by pulling the PINT—(73) line low.

4. 8. Front Panel Signals

he following signals provide the interface between the front panel and
he boards on the bus. Since some systems have complex front panels and
thers have only a reset switch, most of these signals may be absent in a
particular system. The onlE signals in the front panel gruug present in
all 5-100 mainframes are PRESET-(75) and POC-(99). RESET=(75) is pulled
low when the reset switch on the front panel is activated. The CPU board
narmall? responds to PRESET-(75) by resetting the processor and pulling
POC—4{99 low. ~POC—-(99) is also driven by logic that keeps it low on a
power—up operation until the su glg voltages have stabilized. Thus, if
peripheral boards use POC—(9 as their clear si%n31; they will be
groperlg reset both_by initial application of power to the system and by
he reset switch. The following signals are present only in those systems
with elaborate front panels. The RUN(71) signal is used to indicate that
the front panel RUN/STOP switch is in the RUN position. The SSW DSBL-(53)
signal is used by some front anels to implement data input to the
rocessor  from the front panel switches. The EXT CLR-(54) signal resets
/0 devices independent of the processor. What it does and when it is
activated depends upon the peripheral and mainframe being examined. The
55(21) signal is used by certain front panels to implement a sinagle step
function. It allows the front panel +to place data direct on the
rocessor data_bus (this requires a connection from the front panel to the
PU card). ~ The XRDY(3) 'signal allows the front panel to stop the
processor without interfering with the PRDY(72) signal used by memory and
peripherals. The typical CPU ANDs XRDY and PRDY to develop the READY
signal for the B8080.

T
t
a]

4.9, DMA Control Signals

Direct Memory Access (DMA) can be implemented on the S-100 bus through use
of the PHOLD-(74) signal. When this signal is pulled lows the processor
suspends execution at the end of the current instruction, and raises the
HLDA line, which appears on the bus as PHLDA(2&). Once the requesting
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eripheral sees this signalf it can pull the lines STAT DSBL-(18), CC
BSBLn(i?); ADDR DSBL-(22), and DO DSBL-(23) low and assume control of the
bus itself. It should be noted that pulling the CC DSBL-(19) line low
forces the PHLDA(2&) signal itself to high impedance. If this signal is
being used as a direct enable by the DMA board, its Float:nﬁ may lead to
havoc, especially because line 25 right next door is the Phase 1 2MHZ
clock, which puts'a lot of noise aon the floating line. Pulling u
FHLDA(26) to +35 with a resistor neatly solves this problem, but few CP
boards do this.

4. 10. Power and Ground Lines

Power to the 5-100 bus is unrequlated, since each board regulates the rauw
sugplg to its desired 1logic levels. Pins 1 and 51 supply a nominal +8
vo

ts. Pin 2 supplies +16 volts, and pin 52 supglies =16 volts, There
are no specifications and few conventions about the voltages actually
found on these pins. SgeciFicallu; some verg high wvoltages occur in
certain mainframes. f the +B line goes to 12 volts, the dissi ation in
the on board re?ulators may exceed the capacity of their hea sinks,
forcing therma shutdown of the regulator and malfunction of the board.

One might point out as an aside that since these supplies are unregulated
they contain ripple, and at least one CFU board counts on this! The
Tipple is amplified with an op—amp and used to provide a line frequenc
real time clock. Pins 50 and 100 are the common ground return for al
supplies, and the logic ground reference. Whether or not this is tied to
safety (green wire) %round depends upon the mainframe. Fin 55 is defined
as chassis ground, but very few mainframes actually connect this pin.

The reader might have noticed that it took a lot more words, explanations,
and hedging " to explain the S-100 bus than to explain the 8080 processor

signals themselves. This is the case because one of the many different
. _boards or “compatible" 1/0 boards gives lie to Jjust about an%
definitive statement regardin? the bus one might choose to “make (excep

possibly that it has 100 pins

9. Interfacing to the 5-100 Bus

The gJyob of interFacinﬁ the TMS9%900 to the S-100 bus fell largelg into
three phases: mapping the signals from the 9900 bus to the 5-100 bus,
defining the subsystems that would make up the CPU card, and logic design
and debug. First of all, the memory cycles of the TM59900 and the 8050
were drawn out side by side, and a mapping was defined between the twa.
1t was found that everg_si%nal corresponded in both directions claosel

enough that once 16 bit TMS9900 bus was multiplexed onto the 8 bit 5-10

bus, all the other signals could be translated. In this phase of the
design, it was decided to implement S-100 I/0 by providing memory mapged
I/0 in a ﬁage of the TMS?900 addressing space, This was done because h

un13ue TMS?900 1/0 scheme did not lend itself to adaptation to existing
5-100 peripherals, and because the memory bus interface that had to be
designed for the THMSI900 already contained all the logic required to
implement the I/0 cycle. Once it became <clear that the Toblem  was

gnFyabée, the following subsystems that made up the TMS9900 CPU board were
erined.

5. 1. Clock GCenerator

This subsgstem contains the generator for the four phase clock required by
the TMS?900 and the logic that transforms the 9500 clock pulses into a
synchronized replica of an 8080 clock. A properly delayed inverted signal
1s generated for the CLOCK-(49) signal.

5. 2. Address Bus Driver

This subsystem takes the address bus of the 9900 and drives the address
lines on the 5-100 bus. Depending uBnn whether the address on the address
bus is within the memoTy mapped I/0 region, this logic either drives the
address directly onto the bus (for norma memory accesses) or places the
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low 8 bits of the 9900 address bus on both the high and low B8 bits of the

5-100 address lines (for I/0 accesses). For norma memnrg references, the
upper 15 address bits on the bus are supplied by the 9900 chip, and the
low nger bit is generated by the memory us controller subsystem (see
below).

5.3 Data Bus Driver

This subsystem contains the drivers that route data to and from the data
in and data out lines. The data out lines are driven by two sets of
drivers that can route either the high or the low byte of the 9900 16 bit
data bus to the data out lines. The data in lines are received by two 8
bit latches that save the data appearing on the data in lines for parallel
presentation to the 9900 as a 146 bit data word. In addition, extra
drivers provide the data gaths necessara to use the data in and data out
lines as a 16 bit parallel bidirectional data bus for use with special
Marincgi ?igh—perFormance memories (see the description of "Sixteen bit
mode" below).

5. 4. iMemory Bus Controller

This subsystem is_the heart of the MP7200 CPU. When a memor access is
initiated by the TMS59900, the memory bus controller is started. Dependlng
upan whether the address presented by the 9900 is within the memur% mappe

I/0 region or not, the controller generates an I/0 or two 8 bif memory
cycles. While the controller is operating, the READY line of the 9900 is
held low to force it to wait for the data to be transferred on the S-100
bus. The memory bus controller is a random logic implementation_ of the
8080 memory tim1ng logic, which generates PSYNL(76):, PWR-(77): MWRITE(&B),
PDBIN(78), and PWAIT(27) as if an 8080 were directlg connected to the bus.

PRDY(72) is honored with the same timing as the BOBO expects. The memory
bus controller alsoc generates the signals to the data bus drive subsuystem
that route data to and from the S-100 bus and the 9900 data bus, and the
strobes that latch data from the 5—100 bus at the same time an B0B0O would
have sampled it. When the memory bus controller gets the PRDY(72) for the
final byte of a transfer, it raises READY to the 9900, allowing it to
proceed with its execution. By anticipating ready it is possible to
complete the 14 bit memory cycle in the same time an 8080 would have taken
to fetch two bytes (six machine states). 1/0 cycles take three machine
states. The PINTE(28) signal, which indicates that interrupts are enabled
in the 8080, is alwa¥5 igh. since the 9900 does not provide this status
on an external pin. he HLDA(26) signal, which acknowledges a DMA
re?uest is simply the HOLDA pin of the 9900 buffered to the bus. A
U

l—ug resistor is provided on this_line to prevent the "floating
HLDA(24)" problem mentioned above. The DMA request line, PHDLD(74), is
latched before being passed to the HOLD- line on the 9900. While this

signal i1s internally latched in the 9900, the internal latching is done at
a different time in the 9900 and the 8080, so the external 1latch
accomodates any device that counts on the BOBO’s timing. This may be
paranoid, but better to be over compatible than to discover the CPU
doesn’t work with somebody’s "sloppy disc" controller.

3. 5. Status Bus Generator

Logic decodes signals from the 9900 and the memory bus controller to
generate the status bus signals. SWO-(97), SHLTA(48), SOUT(45), SINP(44),
and GSMEMR{(47) are generated compatibly with the B080. Since SSTACK(98)
represents a concept not applicable to the 9900, it is always low. The
SINTA(R4) signal, also not applicable to the 9900, is used to identify a
cycle as I/0 as upgosed to memory. This signal is used to simplify %he

design of specia 16 bit wide memories, which may optionally be used b
the M?200 CPU. On an 8080 system, the status bus signals may also be reaa
from the data bus when PSYNC(74) is high (an artifact of the way the 8080
supplies these signals). The M?900 CPU does not include logic to place
hese signals on the data bus, since it was felt that no board designer
would count on this quirk of the S8080. Few do.
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o9 & Reset and Load Generator

The reset and load generation subsystem generates the two nonmaskable
interrupts for the 9900. The subsystem is designed so_that the rTeset
switch on the S-100 mainframe may generate either signal. The 9900 reset
traps to address zero, while the load causes a trap to address FFFC, so b
strapping the CPU board properly, the user may vrun with ROM at either en

of memoTry. The reset and 1lpad subsystem also decodes the 9900
instructions that force a reset or load operation, and generate signals
equivalent <to performing the actions via the external switches. )
power—up reset circuit cauvses the CPU to start avtomatically at the
selected address after power 1is stable. The power on clear signal,

POC—-(99), is generated.
5.7, Interrupt Controller

The 2900 features 1& level priority interrupts within the chip, so enly a
latch to stabilize the eight interrupt requests on the 5-100 bus and a

Prioritg encoder are required to provide 8 level interrupts. The other B8
7700 interrupts were not used, and the 8080 trick of Tequesting an
interrupt via the PINT—(73) line was not implemented. The user can easily

enough strap PINT-(73) to one of the vectored interrupt lines if this is
Trequired.

b. 5-100 Bus Ambiguities

In the process of designing the MP%00 CPU and getting it to work with a
wide wvariety of S5-100 evices, several problems cropped up re eatedla.
These problems resulted from amhi%uities in the definition of the S-100
bus being interpreted differen ly ba various peripheral designers. The
most serious of these ambiguities are discussed below.

- 7 Wait State Timing Reference

In peripherals that stretch the bus cycle with the PRDY(72) signal, there
is no convention regarding which pin defines the start of a memory or 1/0
cycle. Some boards use PSYNC(76), others use the status bus signals or
MWRITE(48). The M9900 CPU originally generated the status bue signals
immediately at the start of the memorTy cycle rather than  waiting 200
nanoseconds 1like the 8080, and this caused some boards to miss their wait
states because they were starting one-shots to time the wait state -when
the status bus signals changed. The early status signals from the M9900
caused the one-shot to expire before the processar sampled PRDY(72). The
final M%900 design delays the status bus signals for compatibility. Since
there are many ways to decide what kind of cycle is being performed from
the signals "on "the bus, there are correspondingly man% ways to time the
cycle. It seems unreasonable to exﬁect ever% processor to Teproduce all
the B0BO signal +timing relationships exac ly, so0 a simple definition of
what is to be used would be a great oon to CPU and peripheral board
designers both. It would e nice if we decided to make MWRITE(&8)
universal. Then we could count on SINP(4&), S0OUT(45), SMEMR (47), and
MWRITE(&8) as four simple signals that identify the current cycle.

6. 2. DMA Protocol

The whole area of DMA ﬁrotncnl on the S-100 bus is very loosely defined.
The statement that the DMA device must keep PHOLD-(74 low until the
processor responds with PHLDA(26) would ease one ares of confusion. The
existence of separate disable lines for each of the buses is too ingrained
in ingenious bootstrap schemes to do away with at this late date, however,
some statement such as "The disable lines will never be activated wunless
the PHLDA(26) line is active" would be a step in the right direction
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6. 3. Utility Clocks

An BOBO on the 5-100 bus provides EerFectlg good 2 Mhz clocks on three
separate pins. DBoards which need a clock for general +timing such as
generating communications baud rates or implementing a real time clock
have no particular reason toc choose one over the other. This is a problem
when trying to use a processor that tuns at a speed other than 2 Mhz. We
should define PH1(24) and PH2(25) as CPU clocks which run at the processor
clock rate and to which memorE timing is relative. CLOCK-(49) should be
defined as a 2 Mhz utility clock signal which bears no specific timing
relationship to the CPU clock.

7, Unique Features of the Design

The M%900 CPU has succeeded in interfacing the TM59900 to the 5-100 bus.
The CPU is a single board system that will Tun with most existing S-100

peripherals and memories. It is, in fact, more compatible with 8080
peripherals than many Z-80 boards, particularly in interfacing to dynamic
memories, The major innovation in 5-100 bus architecture introduced by

the M?P900 CPU is its ability to use the S-100 bus for 1& bit parallel data
transfers.

7 . Sixteen Bit Mode

Obviously, forcing a 16 bit parallel processor to do all of its memory
accesses in byte—-sized chunks reduces its performance compared to a Fulla
parallel system. In most applications, the increased power of the TMS990
“instruction set results in such a performance gain that the overhead
introduced bﬁ the extra memnr% accesses 1is overcome. For those
aﬁpllcat1ons which require the greatest CPU power, the M%900 CPU allows
the wuse of 16 bit parallel memory in _the S-100 chassis. The key to this
oﬁtion is the signal that Marinchip Systems has designated GSXTN-(60).
Whnen a memory cycle starts, if this signal is pulled low by the addressed
memorTy board within 1295 nanoceconds: the SYNC cycle will be aborted, and
the memory transfer will be performed 146 bits paralliel, using the S-100
data out bus for the high byte and the S-100 data in bus for the low byte.
A memory cycle performed in 16 bit mode will complete in one microsecond
(assuming no wait states), compared to three microseconds if conventional
S5—-100 memories are used. This can result in performance gains approaching
three—to—-one. Since the memory itself informs the processor if it is
capable of 16 bit operation, it is possible to mix conventional 8 bit and
16 bit memory in the same chassis. Obviously, a 16 bit memoTy is a rather
special beast, especially so if it is capable of operating in 38 bit mode
for DMA transfers. None the less, the design of such a memory is a
straightforward task beside the design of the MP900 CPU itself.

7. 2. CRU I/0 Signals

Little has been said about the TMS9900’s wunique bit-addressable I1/0
scheme, the Communications Register Unit (CRU). This mechanism performs
bit-serial transfers from the processor to external devices within a 4094
bit address space. This approach permits peripheral chips to be built
with few costly pins and no external logic. For example, the UART for the
7700 family is an 18 pin device, compared with the 28 to 40 pins required
with other microprocessors. Since the CRU I/0 was not used in interfacing
to the S5-100 bus, it was simply brought to the bus on three unused pins.

Fut%re 7700 peripherals may be built to take advantage of this unique I1/0
system.

8. Board Operation Details

This section of the manual discusses the specific design and operation of
the M9900 CPU board. The reader should refer to tﬁe Texas Instruments
TMS?900 data manual for details on the internal operation of the
microprocessor, and to the M?900 CPU schematic drawings (furnished with
the kit or assembled unit) for specifics of the circuits described herein.
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Throughout this section and the MP900 CPU schematics, a siﬁnal name ending
in the digit "1" is an active—high signal, while a name which ends in "0
denotes a signal which is asserted when 1low.

8. 1. Power

Power is supplied via self-contained regulator circuits in the §-100 bus
tradition. 8ultages generated on the board are +5, -5, and +12.

3. 2. Clocks

Timing for the logic on the board, the 9900 processor circuit, and the
driven signals of the 5-100 bus are generated by means of a 74L8362 clock
generator circuit. This includes @ 32 MHz crgstal controlled oscillator
and logic which provides a four phase non—overlagplng clock rTepeating at
#MHz. The four high voltage outputs contro the 9900 microprocessor,
while four TTL compatible outputs and their inversions are used for timing
the remainder of +the luﬁic on the board. Notice that phase two of the
7900 internal cycle is synchronized with the §-100 bus phase one clock
signal; this skemina of the four CLK signals Ernvides a stable address
during the entire PSYNC and the remainder o the 5-100 cycles. Regarding
nomenclature here, CLK10 is a TTL clock signal which is low during phase
one clock time and high otherwise; this is he 9900’s phase twe time.
CLK11 is the inverted. high—active clock one. Notice that it directly
produces the S—-100 bus clac one signal PHL1. CLK20 and CLK21 are
similarly the low— and high-active clocks of the second guarter_cgcle and
correspond to 9900 phase three; CLK30 and CLK31, the third, during phase
four; and CLK40 and CLK41, the fourth, during 2900 phase one.

8. 3. Memory Read Cycles

Memory tead cycles are initiated bg the logic in response to the active
(low) MEMEN uutﬁgt of the 9900 at CLKZ2 time (%900 phase three) with DBIN
1

alsoc active ( b 2 Two S5-100 memory cgcles are generated for each 9900
memory access. The address drivers copy fifteen bits from the 9900 to the
S-1i00 address lines. The least si%anicant address bit is derived from
the flipflop FSTHLF, which remains se only during the first of two S-100
ht it memory accesses and thus addresses the even (and later the odd)
byte of the 9900 memoTy access. The leading edge of CLK2 sets flipflo
RUN, Bus signal PSYNC %oes active (and remains active until the nex
CLKZ2). As CLLK3 concludes, lipflop XSYNC is set, and immediatel signal

XRUN1 goes active which enables the bus signal SMEMR. At the leaaing edge
of CLKZ flipflop ENDSYNC is set and this turns off PSYNC. This alsop
activates bus signal PDBIN.

The next CLK1 sets flipflop TWT3, which remains active during those 5-100
ycles known as TW and T23. The cirtcuitry of flipflops "WAITING and
(which directly generate S-100 bus signal PWAIT) now stall the logic
bus signal PRDY is high at a CLK3 trailing edge, at which time
lo WALITING clears. At the next CLK1 the gata 1s latched by signal
8HIGH1 for later presentation to the 9900 high byte data inputs, and
is cleared. FllpFng XSYNC is cleared with the next CLK4 and signal
1 goes low which disables SMEMR. CLK1 clears TWT3 indicating "~ the
conclusion of the first half of the cycle

With XSYNC off at CLK2 time, ENDSYNC goes off for a full clock cycle,
Eenerat;ng a second PSYNC on the S-100 bus, During this second cycle
STHLF is off and the address is correct for the second byte of the memor
access. The logic is then again interlocked by WAITING "and_ PWAIT, bu
this time the READY input to the 9900 is at last activated. The remainin
eight bits are latched for the 7900 low byte data inputs with signa
CLAINIL. CLK3 turns off_the signal RUN, and ENDSYNC, XEYNC and XRUN1 go
inactive in succession. The 9900 consumes the sixteen bits of data " at
CLK4 time, 9900 phase one. This is the final clock phase of a complete
cycle; the 9900 wil turn off MEMEN with the next clock unless it Tequires
ancther memor? cycle in immediate succession. CLKI turns off TWT3 and the

logic is completely idle until MEMEN is again active at CLK2.

Other S-100 bus signals are simulated in a straightforward manner.
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8. 4. Memory Write Cycles’

Memory write cycles function in a similar manner, except that data is
%ated from the 9900 to the eight S-100 data out buses, half at a time. and
wo write cycles are simulated. Bus signal PWR 1is active (low) in

response to flipflop TWT3 as is required.
8.9 Input / Output

Input/output with S-100 devices 1is accomplished by using two %ages of
memoTy magped I1/0 implemented by logic _on the MP900 CPU board. he 256
sixteen it memory locations between FOOO and FIFE hexadecimal are mapped
into the 256 input port addresses on the 8080, and the 254 word addresses
from F200 to F3FE are mapped into the 8080 outgut ports. A move from the
input area (FO0QOQ to FIlFE) will generate an S5-100 bus «cycle identical to
that generated by an BO0BO IN instruction. A move to the output area (F200
to FSEE) will generate a bus cycle identical to an 8080 OUT instruction.
Note that the 8080 I/0 port number is doubled and then added to the base
address of the properT memory magped area to compute the I/0 address. For
example, port 1& hex on the 80BO would be read by moving from address FO2C
and written by moving to address F22C. The byte sent to the port on a
write is taken from the low-order B8 bits of the word sent to the I/0

address. On input, the upper 8 bits of the word transferred are pulled to
zero by diodes, and the input byte agﬁears in the low byte. The status
bus generator will correctly generate SINP or SOUT for I/ cycles. The

reason for providin% two separate areas for input and output ' lies in the
fact that the MOV instruction reads the destination before storing the
data there. If a simple memory—-mapped approach were taken, it would be
impossible to support full-duplex operation on the I/0 ports because

sendinﬂ data to 'a port would cause data to be read from that port and
discarded.

8. &. Reset and l.oad Generation

RESET and LOAD features of the 9900 are incorporated in this design. Two
flipflops form a timer which drives the RESET input of the 9900 and also
the 5-100 bus POC. When power is turned on, capacitor C2 charges and
eventualli sets the 74L.5342 flipflop releasing RESET. If 8-100 bus PRESET
is activated or a RSET instruction is decoded, a #flipflop is set which
discharges C2 and initiates a RESET cycle just as at power on time. When
a LOAD instruction is decoded a flipflop is set to activate the LOAD input
of the 9900. (This causes a software context switch through the vector at
memory location X'FFFC’. ) With an wired option on the board, the PRESET
line and power on sequence can also set the 99200‘s LOAD input, so that an
initial context switch is defined by the memory contents at X‘FFFC’
instead of by the RESET context pointer at X’0000°.

8.7. Interrupts

Interrupts can be presented to_ the processor from the S-100 bus. The
eight interrupt request lines are latched and the most significant of
those which are active is encoded and presented to the 9900 on lines ICO
through IC3. The 9900 interrupt request line, INTREQ, is activated. When
the 700 sees the request, and if that priority interrupt is allowed, a
context switch is performed, and that priority of interrupt is then locked
out, as are interrupts of lower priority. A higher priority interrupt
will be latched, however, and will cause another context switch. Bus
51gna1 SINTA is used by the M9900 CPU for a signal relevant to sixteen bit
mo

e mgmorg accesses, Hence:, it cannot be wused to reset an interrupt
request. .

8. 8. Halt

The idle state as indicated by bus SHLTA is derived from the 9900 IDLE
instruction. This is decoded in & manner similar to the RSET and LOAD
instructions and sets a flipflop. The flipflop remains set until a memoTy

11
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cycle occurs, whereupon signal XSYNCO resets it.

8. 9. Status Bus

ocessor’‘s IAQ

TopT
tch cycle.
1

The op-code fetch bus SM1 is a direct cugg of the mi
ire

p
signal and remains active through the en sixteen bi e

cro
t f
Signal SINTA has been assigned a new meaning (since i;a old meaning does

not apply). SINTA is high during I/0 operations and ow during memoTy
operations. Its value is not defined at other times.

8. 10. Sixteen Bit Mode

Sixteen bit mode is an extension of the S—-100 bus definition which enables
sixteen bit transfers to be performed in two machine cycles with special
memory and 1/0 devices, even intermixed with conventional eiﬂht bit memory
and I/0 boards, This is accomplished with a new signal on the bus, SXTNO,
which if pulled low by the memorg or I/0 board enables the sixteen bit
data path. The feature is more fully described in documentation for
Marinchig Systems sixteen bit equipment. A timing diagram is available
for the truly eager.

2. Summary

The MP900 CPU is a happy marriage of the advanced 1& bit architecture of
the TMS59900 and the widely accepted 5-100 bus. The interfacing of the
7900 revealed several characteristics and problems of the S-100 bus that
deserve to be standardized. The design of the M?900 CPU took a very
conservative approach to the S-100 bus, and tried to generate wvirtually
all the signals provided by an 8080, with the same timing relationships.

Careful work bg a standards group would have permitte a much more
straightforuwar design, and will greatly ease the task of others who wish
to interface foreign processors to the bus. The extensions to the S-100

bus made b% Marinchip Systems were to provide the unique performance and
features of the 9900 within the existing bus architecture.
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