































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PIN 33 IORQ*—I/0 request (3-state, active-low).
IORQ* originates from the current master and indicates
an /O read or write or a special operation. It is used on
the I/0 cards and is gated with either RD* or WR* to
designate |/O operations. For some processors, IORQ*
is gated with other processor signals to indicate a spe-
cial operation, IORQ* with STATUS 1* (M1*) indicates
interrupt acknowledge for the Z80.

PIN 34 MEMRQ*—Memory request (3-state, ac-
tive-low). MEMRQ* originates from the current master
and indicates memory read or memory write operations
or a special operation. It is used on memory cards and
is gated with either RD* or WR* to designate memory
operations. For some processors, MEMRQ" is gated
with other processor signals to indicate a special oper-
ation, MEMRQ* with STATUS 1* (DT/R*) and STATUS
0* (SS0*) indicates Passive for the 8088.

PIN 35 IOEXP—I/O expansion (high expand,
low enable). IOEXP may originate from any source
and should be used to expand or enable 1/O port
addressing. An active-low shall enable primary /0O
operations. I/0 slaves shall decode IOEXP.

PIN 36 MEMEX—Memory expansion (high ex-
pand, low enable). MEMEX may originate from any
source and should be used to expand or enable
memory addressing. An active-low shall enable the
primary system memory. MEMEX may be used to allow
memory overlay such as in bootstrap operations. A
control card may switch out the primary system mem-
ory to make use of an alternate memory. Memory
slaves shall decode MEMEX.

Peripheral Timing Control Lines provide control
signals that enable the use of the STD BUS with
microprocessors that service their own peripheral devi-
ces. The STD BUS is intended to service any 8-bit
microprocessor. Most peripheral devices work only
with the microprocessor they are designed for. Four
control lines of the bus are designated for peripheral
timing. They are defined specifically for each type of
microprocessor, so that it can best serve its own peri-
pheral devices. In this way, the bus is not limited to only
one processor.

PIN 37 REFRESH*—(3-state, active-low). RE-
FRESH* may originate from the current master or from
a separate control card and should be used to refresh
dynamic memory. The nature and timing of the signal
may be a function of the memory device or of the pro-
cessor. In systems without refresh, this signal can be
any specialized memory control signal. Systems with
static memory may disregard REFRESH.*
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PIN 38 MCSYNC*—Machine cycle sync (3-state,
active-low). MCSYNC™* shall originate from the current
master. This signal should occur once during each
machine cycle of the processor. MCSYNC* defines the
beginning of the machine cycle. The exact nature and
timing of this signal are processor-dependent. MC-
SYNC* keeps specialized peripheral devices synchron-
ized with the processor’s operation. It can also be used
for controlling a bus analyzer, which can analyze bus
operations cycle-by-cycle.

MCSYNC* should be used to de-multiplex extended
addressing on the data bus.

PIN 39 STATUS 1*—Status control line 1 (3-
state, active-low). STATUS 1* shaill originate from the
current master to provide secondary timing for peri-
pheral devices. When available, STATUS 1* should be
used as a signal for identifying instruction fetch.

PIN 40 STATUS 0*—Status control line 0 (3-
state, active-low). STATUS 0* shall originate from the
current master to provide additional timing for peri-
pheral devices.

| REFRESH® | MCSYNC' | STATUS1* | STATUSO®

PROCESSOR| b 37 Pin 38 Pin 39 Pin 40
8080 _ SYNC Ve _
8085 - ALE® st 0
NSC800 | REFRESH* ALE* st 0
8088 - ALE* DT/R" $S0°

280 REFRESH* | (RD*WR+

INTAK)" M1 -

6800 - o VMA* R/W*

6809 - EOUT* (e2*) - R/W*

6809E - EOUT* (2" Lict R/W"

6502 - @ SYNC* R/W

“Low-level active

— Not used

R/W* Read high, write low

DT/R* Data transmit high, receive low

Figure 1-5. Peripheral Timing-Control Lines
for Various 8-Bit Microprocessors

Interrupt and bus control lines allow the imple-
mentation of such bus control schemes as direct
memory access, multiprocessing, single stepping, slow
memory, power-fail-restart, and a variety of interrupt
methods. Priority for multiple interrupts or bus requests
can be supported by either serial or parallel priority
schemes.



PIN 41 BUSAK*—Bus acknowledge (active-low).
BUSAK?* originates from the permanent master and is
used to indicate that the bus is available for use by a
temporary master. The permanent master shall respond
to a BUSRQ* by releasing the bus and giving an
acknowledge signal on the BUSAK* line. BUSAK*
should occur at the completion of the current machine
cycle. The signal should be combined with a priority
signal if multiple controllers need bus access.

PIN 42 BUSRQ*—Bus request (active-low, open
collector/drain). BUSRQ* originates from a temporary
master and causes the permanent master to suspend
operations on the bus by releasing all 3-state bus lines.
The bus should be released when the current machine
cycle has been completed. BUSRQ* shall be used in
applications requiring direct memory access (DMA).
This signal can be an input, or an output, or it can be
bidirectional, depending on the supporting hardware.

PIN 43 INTAK*—Interrupt acknowledge (active-
low). INTAK* originates from the permanent master to
indicate to the interrupting device that it is ready to
respond to the interrupt. For vectored interrupts, the
interrupting device shall place the vector address on
the data bus during INTAK.* This signal can be com-
bined with a priority signal, if multiple controllers need
access to the permanent master. INTAK* is used in
vectored interrupt schemes.

PIN 44 INTRQ*—Interrupt request (active-iow,
open-collector/drain. INTRQ* originates from any
slave function to interrupt the processor on the per-
manent master. It should be masked and ignored by the
processor, unless deliberately enabled by a program instruc-
tion. If the processor accepts the interrupt, it should
acknowledge by asserting INTAK* (pin 43). Other ac-
tions depend on the specific type of processor, the
interrupt-related program instructions, and the hard-
ware support of the interrupt mechanism.

PIN 45 WAITRQ*—Wait request (active-low, open-
collector/drain). WAITRQ* may originate from any
master or slave and shall cause the current master to
suspend operations as long as it remains low. The cur-
rent master should hold in a state that maintains a valid
address on the address bus. WAITRQ* can be used to
insert wait states in the processor cycle. Examples of
its use include slow-memory operations and single
stepping.

PIN 46 NMIRQ*—Nonmaskable interrupt (active-
low, open-collector/drain). NMIRQ* may originate
from any master or slave and shall be used as an inter-
rupt input of the highest priority to the permanent mas-
ter. It should be used for critical processor signaling,
e.g., power-fail indications.

Clock and reset lines provide the bus with basic
clock timing and reset capability.

PIN 47 SYSRESET*—System reset (active-low,
open-collector/drain). SYSRESET* originates from
any system reset circuit, which may be triggered by
power-on detection, or by the pushbutton reset. All
cards with circuits requiring initialization should decode
SYSRESET.*

PIN 48 PBRESET* — Pushbutton reset (active-
low, open-collector/drain). PBRESET* may originate
from any card as an input to the system reset circuit.

PIN 49 CLOCK*—Clock from processor. CLOCK*
originates from the permanent master and is a buffered,
processor clock signal, for use in system synchroniza-
tion or as a general clock source.

PIN 50 CNTRL*—Control. CNTRL* may originate
from any card as an auxiliary circuit for special clock
timing. It may be a multiple of the processor clock sig-
nal, a real-time clock signal, or an external input to the
processor.

Priority chain lines are provided for serial interrupt
or bus control. Two bus pins are allocated to the chain,
which requires logic on the card to implement the serial
priority function. Cards not needing the chain shall
jumper PCI to PCO on the card.

PIN 51 PCO-Priority chain out (active-high).
PCO originates from every card as a signal sent to the
PCl input of the next lower card in priority. A card that
needs priority shall hold PCO low.

PIN 52 PCl—Priority chain in (active-high). PCI
originates directly from the PCO of the next higher card
in priority. A high level on PCI gives priority to the card
sensing the PCI input.
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Timing Specifications

Signal Time Sequence. The bus signal sequences
are given for memory and 1/0, read and write opera-
tions. The signal sequences are defined at the bus to
guarantee card compatibility.

Address Selection Signal Sequences. The expan-
sion signals, the address bus signals, and the request
signals are used to select the data location for memory
and 1/0, read and write operations. These signals are
referred to as the address selection signals.

® The expansion signal (MEMEX, IOEXP) is intended
for selection of alternate memory or I/O address
space.

® The address bus signals (A0-A23) are used to
uniquely identify a data location within the memory
or 1/0 space.

® The request signals (MEMRQ*, IORQ*) provide the
selection between memory and |/O operations.

® The address selection signals may occur in any
sequence. The last signal to become active and the
first signal to become inactive determine the signal
timing.

® The address selection signals shall all be stable
prior to memory and |/O read and write operations.

(MEMEX)
EXPANSION (I0EXP)
ADDRESS BUS
(MEMRQ*)
REQUEST (I0RQ*)

ADDRESS SELECTION

Figure 1-6. Address Selection Signal Sequence

Read Signal Sequences. The read sequence
shown in figure 1-7 is controlled from the current mas-
ter except for the data bus signals which are a response
from the memory or 1/0 card.

The read signal causes a read operation to occur at
the selected memory or /O location. The read signal
should change state within the address selection signal

ADDRESS SELECTION

but may change at the same time. The trailing edge of
the read signal shall indicate that the data has been
transferred. The read signal shall hold the data bus
active until the master accepts the data.

The data bus signals contain the data byte to be
transferred to the master. These signals shall
remain stable until the read signal is removed.

—
/
e U

READ (RD*)

N\

o4
N
6
u

DATA BUS

Figure 1-7. Read Signal Sequences
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Write Signal Sequences. The write sequence
shown in figure 1-8 is controlled from the current mas-
ter. The address selection, data and write signals all
originate from the current master.

ADDRESS SELECTION

The data bus signals contain the data byte to be
transferred to memory or 1/0O. The data may occur
before or after the leading edge of the write signal. The
write signal shall change state within the address
selection signal.

94

)

N
/S//7

DATA BUS

7>

\ AN

S~

WRITE (WR")

Figure 1-8. Preferred Write Signal Sequence

Signal Time Durations. Signal time durations are
defined which will enable users to determine card
compatibility for memory or |/O, read and write opera-
tions.

Read Timing. Critical read timing is shared between
the current master and the memory or |/0O card. The

current master controls the read data access time
(tARD) and has a requirement of a read data set-up
time (tSRD). The memory or 1/O device has a read
access time (tAR) requirement. These timing relation-
ships are shown in figure 1-9.

ADDRESS SELECTION

READ

DATABUS |

[e——tAR t

tSRD —————

tARD

Figure 1-9. Critical Read Timing

Card compatibility for read operations shall be
determined by comparing the specified required read
access time of a memory or /O card against the avail-
able read access time of a master card. Master card
tAR shall be greater than or equal to Memory or |/O
card tAR.

Master cards shall specify:
® tAR, maximum available Read Access time where
tAR equals tARD minimum less tSRD minimum.
Memory or 1/0 cards shall specify:

® tAR, maximum required Read Access time. Since
address selection may occur at the same time as
Read, tAR must specify the worst case access time.
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Write Timing. Critical write timing for compatibility
is limited to the write data set-up time (tSWD) and write
data hold time (tHWD) required by the memory or 1/0
card as shown in figure 1-10.

Card compatibility for write operations shall be
determined by comparing the specified required write
data set-up and hold times of a memory or |/0O card
against the available write data set-up and hold times
of a master card.

® Master tSWD shall be greater than or equal to
Memory or I/0 tSWD.

® Master tHWD shall be greater than or equal to
Memory or I/0 tHWD.

Master cards shall specify:
® tSWD, minimum available write data set-up time.
® tHWD, minimum available write data hold time.
Memory or I/0O cards shall specify:
® tSWD, minimum required write data set-up time.
o tHWD, minimum required write data hold time.

ADDRESS SELECTION

€ DATA BUS

WRITE (WR*)

tSWD

{  la—tHWD

Figure 1-10. Critical Write Timing

Electrical Specifications

Maximum Ratings. The maximum ratings given in
figure 1-11 for the bus card edge connector pins shall
not be exceeded. These ratings are not recommended
operating conditions as damage to card components is
possible above these values.

Power Bus Voltage Tolerances. STD BUS cards
require +5V for logic operations. Other operating vol-
tages may be needed, according to individual card
function and device types. The power signals mea-
sured at the card pins, not at the backplane traces,
shall meet the voltage requirements given in figure 1-
12.

PARAMETER LMIT REFERENCE

Positive voltage applied to logic CARD SIGNAL sUPPLvEI

input or disabled 3-state output | +Vcc + 05V PIN NAME  |VOLTAGE| TOLERANCE REFERENCE
GND pins 3,4 12 TTL Vee +5V 025V GND pins 34

Negative DC voltage fa‘pplied to 1,2 CMOS Vce +5V +0.50V GND pins 34

a TTL logic input or disabled 3- s VBB #1 "y 025V GND pins 34

state output -0.4v . GND pins 3.4

Negative DC voltage applied to s VBAT § - pfns N

a CMOS logic input or disabled 6 VBB #2 -sv 025V GND pins 3.4

3-state output -0.5v 55 AUX +V +12v 05V AUX GND pins 53,54

55 AUX -V~ -12v +0.5V AUX GND pins 53, 54

Figure 1-11. Maximum Voltage Ratings
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*VBAT may range from +3.5V to Vec

Figure 1-12. Power Bus Voltage Ratings



Logic Signal Characteristics. The STD BUS is
designed for compatibility with industry-standard TTL
or high-speed CMOS logic levels. All logic signals shall
meet the voltage requirements given in figure 1-13.

TTL BUS CARD PARAMETER TEST CONDITIONS MIN MAX UNITS

VOH (high-state output voltage) Vce = MIN [oH=-3 mA 24 — \"
VoL (low-state output voltage) Vcc = MIN loL=24 mA — 0.5 \
ViH (high-state input voltage) 20 — Vv
VL (low-state input voltage) - 0.8 \
TEST CONDITIONS
CMOS BUS CARD PARAMETER (-40° to 85°C) MIN. MAX. UNITS

VoH (high-state output voltage) Vee = MIN |oH=-6 mA 3.76 — v
VoL (low-state output voltage) Vece = MIN or MAX |oL=6 mA - 0.37 )
ViH (high-state input voltage) Vee = MIN? 3.15 — "

Vee = MAX 385 — \
VIL (low-state input voltage) Vce = MIN — 0.9 \

1The worst case ViH occurs at Vcc = MAX.

Figure 1-13. Logic Signal Voltage Ratings

Bus Drive and Load Characteristics. Each card
should present only one load per bus signal. Bus driv-
ers should meet the |OL current sink requirements
indicated in figure 1-13.

Mechanical Specifications

Card Dimensions. The circuit card shall meet the
dimensions given in figures 1-14, 1-17,1-18, 1-19 and
1-20. The dimensions exclude the card ejector and |/O
interface connections.

Cards not meeting the minimum spacing of figure
1-14 shall specify actual spacing requirements.

INCHES MILLIMETERS
CARD DIMENSIONS NOMINAL TOLERANCE NOMINAL TOLERANCE
Card Length 6.500 10.025 165.10 +0.64
Card Height 4.500 +0.005,-0.025 114.30 +0.13,-0.64
Plated Board Thickness 0.062 +0.007,-0.003 1.58 +0.18,-0.08
Card Spacing 0.500 MIN 12.70 MIN

Figure 1-14. Card Dimensions
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Card Profile Dimensions. Minimum card spacing
requires a consideration for component height, lead
protrusion, and card clearance, in addition to board
thickness. Cards designed for minimum spacing shali
meet the requirements of figure 1-15.

RECOMMENDED DIMENSIONS INCHES MILLIMETERS

FOR MINIMUM CARD SPACING MAXIMUM MINIMUM MAXIMUM MINIMUM
Component Height 0.375 — 9.52 —
Component Lead Protrusion 0.040 - 1.02 —
Adjacent Card Clearance — 0.010 — 0.25

Figure 1-15. Card Profile Dimensions for Minimum Spacing

Bus Connector. Bus connections shall be made
via a printed circuit board card edge connector. The
mating connector shall be a 56-pin (dual 28) card edge
connector on 0.125 inch (3.18 mm) centers.

Card Ejector. Each card should use a single card
ejector mounted on the top right corner as shown in
figures 1-17 and 1-19.
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Card Keying. Cards should be polarity keyed to
prevent upside-down card insertion. Cards keyed for
polarity shall have a single, offset keyslot located
between pins 25 (26) and 27 (28) as shown in figure
1-16.

Cards keyed for position shall not use the slot
between pins 27 (28) and 29(30), as this would invali-
date the polarity keying.



— 0.050 £0.005
(1.27 £13 mm)

25 (26) EVEN
27 (28) PINS ON
29 (30) OPPOSITE SIDE

KEY SLOT

> | 0.390 "
(9.9 mm)

Figure 1-16. Key Slot Placement and Dimensions for Card Polarity Keying

COMPONENT SIDE
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.| OPTIONAL
6.500 + .025
.015 x 45° 0 CARD EJECTOR
2 PLACES — l'~.40 .250
| raa
""""""""""""""""""""""""""""""""" (] [}
| 1 :
f 100 i 1
Hh
Hh
445 Hp
4500 ¢ U
+005 |
-.025 :
STD BUS
CARD EDGE
CONNECTOR
USER !
1
P.C. EDGE CONNECTOR TR e :
1
]
.06 R. MAX :
i 2 PLACES l L. i
d w J
TOLERANCES: .XX = £.03 . XXX = £.010 INCHES
16 x 45° 3 PLACES Shaded area must be kept free of components. ‘10(:)62 +.007 —o]
’ -.003

Figure 1-17. Bus Card Outline—Inches

<*+—PIN1

COMPONENT SIDE
3.610 t.003

REF v
!

| _{-.125 +.002
¥y =

wol ‘4—.300 MINIMUM

~aC 0.15 x 45°, 2 PLACES

Figure 1-18. Bus Edge Card Finger Design—Iinches
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165.10 £ .64 mm- - OPTIONAL

40 mm x 45° CARD EJECTOR
2 PLACES —=| |[*—10.2mm
-~ )
2.54 B ||
mm |
11.30 mm [ |
114300mm | ¢
+13mm
-64mm |
]
]
|
i
STD BUS INTERgi(EJE :
CARD EDGE P.C. EDGE CONNECTOR EDGE '
CONNECTOR :
91.70 mm :
1.5 mm R. MAX 2.54
l = /— 2 PLACES mm i
[ .
\Z ,,,",ﬁf”,,,,..u.,.m—:— J 1
/ TOLERANCES: .x = + .8 mm, . XX = £ .25 mm.
3.8 mm x 45° Shaded area must be kept free of components. 1.5g 0.18 | |-
3 PLACES -0.08
Figure 1-19. Bus Card Outline—Metric
3 b -+— PIN 1
COMPONENT SIDE
1.58
+.08
91.70 mm REF v
85.70 f
+.05 mm

—{— 3.18 £ .05 mm

1!

.

)
2.97 £ .25 mm —j ’l

‘4—7.60 mm MINIMUM
g& mm x 45°, 2 PLACES

Figure 1-20. Bus Edge Card Finger Design—Metric
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The industry-based STD Manufacturers Group has
resolved the following recommended practices for the
design of STD BUS cards. The STD Practice is sup-
plemental to the STD specification and is to be applied
at the discretion of the user. The current STD Practice
relates to:

Compatiblity Designation Practice

Bus Timing Practice

Interrupt Priority Practice

Bus Priority Practice

Memory Expansion Practice

Backplane Practice

Open-Collector/Drain Bus-Signal Practice
® CMOS Load Capacitance Practice

® CMOS User Edge Input Practice

® CMOS Pull-Up Resistor Practice

Compatibility Designation Practice

STD BUS cards that use peripheral chips usually
depend on specific timing signals from the processor.
This dependency prevents peripheral cards from being
used interchangeably with cards from other families.

The STD Practice for designating compatibility is to
label cards that are processor-timing-dependent, with
reference to the CPU device: STD-Z80/CMOS Z80,
STD-8085/80C85A, STD-6800, etc.

SECTION 2
STD BUS Practice

Bus Timing Practice

Card designers require bus timing definitions to
insure compatibility. The recommended STD Practice
for cards that source the bus control signals is for each
card to specify the waveforms and timing information.
Bus timing is further defined in the family timing specifi-
cations. :

® STD-65/68XX

® STD-8085/80C85A
® STD-Z80/CMOS Z80
e STD-8088/80C88

® STD-NSC800

Interrupt Priority Practice

The STD BUS provides signal lines for interrupt
requests. In systems with only a single interrupting
device, these lines are sufficient to allow direct imple-
mentation. In systems with multiple interrupting devi-
ces, a priority scheme is necessary. This practice
explains a serial priority scheme and defines a request
signal for the user interface which allows implemen-
tation of a parallel priority scheme for interrupts.
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Serial Priority for Interrupts. The STD BUS in-
cludes a priority-chain bus signal for serial priority
schemes. Serial priority, using PCI and PCO signals,
requires that each peripheral needing priority must

have logic on the card to service the request, as shown
in figure 2-1. This scheme is practical with peripheral
devices designed to service a serial priority chain such
as the Z80 family of devices.

PROCESSOR PERIPHERAL PERIPHERAL PERIPHERAL
# #2 #3
IRQ IRQ IRQ
PCI PRIORITY R PRIORITY R PRIORITY PCO
> LOGIC > LOGIC > LOGIC >
N 3 Nug @ “uf 2
[+ o«
INTAK* S g. S
[} O [&]
g o s <
INTRQ*

<

€

DATA BUS
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Figure 2-1. Serial Scheme for Interrupt Priority



Parallel Priority for Interrupts. A parallel priority
scheme for interrupts can be implemented on the STD
BUS, so that the priority logic rides on a separate card
and not on each peripheral card. The parallel priority
card is a modular function that can be tailored to
individual processor requirements. This scheme allows

peripheral cards to be processor-independent. It re-
quires that the individual requests be made from the
user edge of the card, as shown in figure 2-2. The
parallel priority encoder could be included on the

processor card.

PROCESSOR

PARALLEL
PRIORITY
ENCODER

o

. e

INTAK o

w

>

INTRQ*

IRQ*

PERIPHERAL
#1

IRQ*

PERIPHERAL
#2

DATA BUS

N\

Figure 2-2. Parallel Scheme for Interrupt Priority

_\/\_
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User Interface Signal for Parallel Priority. This
practice defines a signal for the user interface which
allows implementation of the parallel priority scheme as
shown in figure 2-2.

IRQ* — Internal Interrupt Request. This signal
indicates that the card is requesting an interrupt. IRQ*
is passed separately by each card to a priority resolver
card via the user interface. The priority resolver shall
control INTRQ* and respond to INTAK*.

Interrupt — Parallel Priority Interface Practice.
Cards designed to work with the parallel priority
scheme require circuit connections at the user inter-
face edge of the card. The STD Practice for compati-
bility is: :

Mechanical:

® Two connections for each request channel: a
request signal and a ground signal.

® Connector layout for priority encoder cards is as
shown in figure 2-3. The ground pins are the top
row and the request pins are the bottom row.

® Connector pins are 0.025-in. square posts or equiv-
alent.

® Requesting cards provide the cable and mating
connector. This practice does not define the method
for fastening the cable to the requesting card. The
cable end at the requesting card may be perman-
ently wired or connected via any desired connector
means.

oDD

EVEN

® Mating cables can be twisted pairs or flat cable.

©® Mating connectors are two pins per channel, in any -

size from single channel (2-pin) to multiple channel.

Electrical:
® Low-level active signal.
® LSTTL or high speed CMOS logic levels.

® Drive sink capability of 16 mA at 0.4V minimum for
TTL or 6 mA at 0.37V minimum for CMOS.

® Open-collector/drain driver with 10K pull-up mini-
mum.

® Load on encoder input: 4 LSTTL or CMOS loads in

parallel with 4.7K (TTL) or 10K (CMOS) pull-up _

resistor.

Pull-up resistors on the encoder card inputs are
recommended to disable the request if no connection
is made. Open-collector/drain drivers on requesting
cards are recommended, to allow wire-ORing of multi-
ple requests on a single channel. This scheme is useful
to low-level requests and requires the processor to poll
to identify the requester.

GROUND ROW

SIGNAL ROW

TOP VIEW
s 1 ] —cmounorow " T T 7
obD(-—--0 O O O O o= |
HOLE PATTERN
WENTTTO e 0 0 g & [ sionaLrow !
AN RN
J EDGE VIEW ] SIDE VIEW

Figure 2-3. Recommended Connector Arrangement for Priority Encoder Cards
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Bus-Priority Practice

The STD BUS provides signal lines for servicing bus
requests. In systems with only a single alternate con-
troller, these lines are sufficient to allow direct imple-
mentation. In systems with multiple bus controllers, a
priority scheme is necessary. This practice defines
three signals for the user interface which allow imple-
mentation of either a serial or parallel scheme for bus

priority.

Serial Priority Bus Control. The STD BUS in-
cludes a priority-chain for serial priority schemes, how-
ever, this chain is generally used for interrupt priority.
This practice defines a separate alternate chain for
BUS-priority via the user interface as shown in figure
2-4. Serial priority requires that each peripheral need-
ing priority must have logic on the card. This scheme is
practical with devices designed to service a serial
priority chain such as the Z80 family of devices.

E BAI BAO

PROCESSOR PERIPHERAL

#1

BRQ*

2

PRIORITY
LOGIC

BUSAK*

i

BAI BAO BAI BAO
PERIPHERAL PERIPHERAL
#2 #3
BRQ* BRQ*
PRIORITY PRIORITY
LOGIC LOGIC

2\
| BUSRQ* v

2 STD BUS

I

Figure 2-4. Serial Scheme for Bus Priority

User Interface Signals for Serial Priority Bus
Control. This practice defines three signals for the
user interface which allow implementation of the serial
priority scheme shown in figure 2-4. The three signals
are:

® BRQ* - Internal Bus Request
® BAI - Bus Acknowledge In
® BAO - Bus Acknowledge Out

BRQ* — Internal Bus Request (active low). This
signal indicates that the card is requesting bus control.
BRQ* drives BUSRQ* on the bus. BRQ* shall not
originate if BUSAK* is low. When BRQ* and BUSAK*
are low and BAI is high, bus control is given to this card.

BAI — Bus Acknowledge In (active high, 1K
ohm (TTL) or 10K ohm (CMOS) pull-up). In serial
priority if BAl is high and BRQ* and BUSAK* are low,
bus control is given to this card.

BAO — Bus Acknowledge Out (active high). In
serial priority BAO is high during a BUSAK* cycle if
BRQ* is high. BAO is connected to BAI of the next
lowest priority controller.

Serial Priority Signal Sequence. The signal se-
quence for serial priority is shown in figure 2-5.
® BRQ"* shall not occur if BUSAK* is low.
® BUSRQ* occurs in response to BRQ*.

® BUSAK* occurs in response to BUSRQ* (see STD
specification).

10
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® BAI occurs in response to BUSAK*. require circuit connections at the user interface edge of

® BAO occurs in response to BAI and BUSAK®. the controller cards. The STD Practice for compatibility

is defined for each controller.
Serial Priority, Interface Practice. Cards designed

to work with multiple bus requests using serial priority

STD-BUSRQ* —
) 4
// /
STD-BUSAK* ——€F
= bl
N /
BAI l (\;\———
b — — _ _NosmRQ” _ _ __ _ _ -
N>
BAO BRG"
Figure 2-5. Serial Priority Signal Sequence
Mechanical: Electrical:
® Connector layout for controller cards is as shown in ® LSTTL or high speed CMOS logic levels.
figure 2-6. The ground pins are the top row and the ® Connector pin assignments:
signal pins are the bottom row. )
. . o . Pins 1,3,5 Ground
® Connector with a minimum of six pins: three signal Pin 2 BAI
lines and three ground lines. Pin 4 BAO
® Connector pins are 0.025-in. square posts or equiv- Pin 6 BRQ*
alent.
® Mating cables are twisted pairs.
GROUND ROW
SIGNAL ROW
TOP VIEW
GROUND ROW N,
5 3 1
obt---0 0 0 0 O o~ |
HOLE PATTERN |
EVEN}-—-O O O O O Osl]
6 4 2 | T—siGNALROW—
NN \§
BRQ" BAO BAI SIDE VIEW
EDGE VIEW

Figure 2-6. Recommended Connector Arrangement for Bus Controller Cards Using Serial Priority
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Parallel Priority Bus Control. A parallel scheme
for bus priority can be implemented on the STD BUS,
so that the priority logic rides on a separate card and
not on each peripheral card. The parallel priority card is
a modular function that can be tailored to individual

processor requirements. This scheme allows periph-
eral cards to be processor-independent. it requires that
individual requests and acknowledges be made from
the user edge of the card, as shown in figure 2-7. The
parallel priority encoder could be included on the
processor card.

o

PARALLEL
PRIORITY
ENCODER

PROCESSOR

T BUSAK*

BUSRQ*

B U |

BRQ* BAI* BRQ* BAI"

PERIPHERAL PERIPHERAL
#1 #2

2 STD BUS

Figure 2-7. Parallel Scheme for Bus Priority

User interface Signals: for Parallel Priority Bus
Control. This practice defines two signals for the user
interface which allow implementation of the parallel
priority scheme shown in figure 2-7. The two signals
are:

® BRQ* — Internal Bus Request
® BAI* — Bus Acknowledge In

BRQ" — Internal Bus Request (active iow). This
signal indicates that the card is requesting bus control.
BRQ* is passed separately by each controller card to a
priority resolver card via the user interface. The priority
resolver shall control BUSRQ* and respond to BUSAK*
on the STD BUS.

BAI* — Bus Acknowledge In (active low, 1K
ohm (TTL) or 10K ohm (CMOS) pull-up). BAI* is
passed separately from the priority resolver card to
each controller card via the user interface. Bus control
is given to the controller card that senses BAI* low.
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Parallel Priority, Interface Practice. Cards de- Electrical:
signed to work with multiple bus requests using parallel . .
priority require circuit connectons at the user interface : Iéi.;:le' ;:):1 'QI: :z:ie iggﬂn?ss logic levels.
edge of the card. The STD practice for compatibility is: P 9 '

Pins1,3 57 911 —— —,— Two ground pins
Mechanical: for each channel.
e Connector layout for priority resol\{ed cards is as Pin 2 6 10 _ — One BAI signal
shown in figure 2-8. The ground pins are the top for each channel.
i i ttom row. :
row and the signal pins are the bo Pn 4 8 12 _ — One BRQ" signal
® Four connections for each request channel: two for each channel.
signal lines and two ground lines.
® Connector pins are 0.025-in. square posts or equiv-
alent.
® Mating female connectors are four pins per chan-
nel, in any size from single channel (4-pin) to
multiple channel.
® Mating cables can be twisted pairs or flat cable.
GROUND ROW
SIGNAL ROW
| °o 7 5 3 1 GROUND ROW re ="
obi---0 0 0 0 o o~ T~ |
HOLE PATTERN
EVEN}—-—-O O O O O O
10 8 6 4 2‘7@ SIGNAL ROW — I

' 1

‘ L BAI* | HIGHEST PRIORITY SIDE VIEW
BRQ* ) CHANNEL
BAI* ] NEXT HIGHEST

BRQ* ) PRIORITY CHANNEL
EDGE VIEW

Figure 2-8. Recommended Connector Arrangement for Priority Resolver Cards for Parallel Priority Bus Control
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Memory Expansion Practice

The STD BUS supports a primary memory space of
64K. Expansion of memory to 128K is supported by the
MEMEX line on the bus. This practice discusses using
the MEMEX line for expansion and suggests other
methods.

MEMEX Memory Bank Selection. The MEMEX
line is one of the signals for controlling fundamental
memory operations. MEMEX must be included in the
memory selection decoders for the STD compatible
memory cards. When MEMEX is low the primary system
memory is enabled. MEMEX may be used to enable an
alternate 64K memory bank if the memory cards can
be strapped for either high or low level enable by the
MEMEX signal.

MEMEX
ENABLE
»36 MEMORY PRIMARY
MEMORY
CARD E
SELECT
DECODER
STD
BUS| _ _ o
- NABLE
36 —©° © : ALTERNATE
MEMORY LTERNAT
CARD
SELECT
DECODER

Figure 2-9. MEMEX Memory Bank Selection
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Output Port Memory Bank Selection. Multiple
banks of 64K memory may be selected by using an
output port to enable individual banks. Various schemes
are possible. The use of output port decoding to
expand memory requires additional support logic on
the memory cards.

On-Board Port Memory Selection. The on-board
port scheme of memory expansion suggests using port

address FF to decode and latch a strappable memory
enable signal on each memory card. This scheme is
represented in figure 2-10. Port address FF is decoded
to enable latching the card select from the data bus.
The latch outputs are jumper selectable to allow bank
assignment for individual cards. System reset forces
selection of memory bank 1 for compatibility with
existing software.

BANK 8
D7 - 00— — 00—
D6 BANK —-0— — O0—=@
D5 SELECT ——o0— —0—9
Da - 66— — 00—
D3 L — 00— —0—— ¢
D2 - o0— —0— ¢
D1 L 56— —o0———¢  BANK
oo 5 SELECT
A BANK 1
A7
A6
As.___—_.____‘
A4——-——————DDJRT FF* A
Aa———-——-——
A2 ]
A1
A0
e

IOEXP q )
IORQ*

Q

Figure 2-10. On-Board Port Memory Selection
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Off-Board Port Memory Selection. The off-board
port scheme of memory expansion suggests using a
standard output port and wiring to special memory

cards via the user interface. The memory cards require
a user interface connection into the memory selection
decoder on the card as shown in figure 2-11.

USER
INTERFACE
* L Y
Eo; Y ﬁ;; 2
PORT CARD MEMORY CARD MEMORY CARD
OuTPUT MEMORY MEMORY
PORT BANK BANK
MEMORY SELECT
SELECT
DECOOE DECODE
Q__| @

STD BUS INTERFACE

>

Figure 2-11. Off-Board Port Memory Selection

Muitiplexed Memory Addressing. Processors on
the STD BUS with more than 16 address lines can be
accommodated by multiplexing up to 8 additional ad-
dress lines on the data bus. This scheme assumes the
processor timing can accommodate multiplexed ad-
dressing.

Multiplexed addressing requires special memory
cards capable of demuitiplexing and decoding the
upper address lines.

The STD BUS pins are defined as shown in figure
2-12 for multiplexed data bus operation.

l

BUS SIGNAL
PIN NAME SIGNAL DESCRIPTION
8 D7/A23 High order data/adr-segment.
10 D6/A22
12 D5/A21
14 D4/A20
7 D3/A19
9 D2/A18
1 D1/A17
13 DO/A16 Low order data/adr segment.

Figure 2-12. Multipiexed Data Bus Pin Definitions




Backplane Practice

Extending the STD BUS Off the Backplane. The
STD BUS backplane is sensitive to layout, length and
loading and is subject to speed limitations. The bus is
confined to the backplane so that its characteristics
can be predicted and controlled. The backplanes are
engineered to be reliable with properly buffered STD
cards. Because of the critical nature of the BUS,
extension of the bus off the backplane is not recom-
mended.

Functions can be extended away from the back-
plane when properly buffered.

Backplane Bus Design Considerations. The phys-
icai nature of the bus with its ordered layout of parallel
signal traces causes the bus to act as a controlled
transmission line. Transmission lines of this nature
have the undesirable signal properties of crosstalk and
line reflections. The ordered bus layout allows these
properties to be predicted and controlled.

Crosstalk on a printed circuit bus backplane cannot
be eliminated, ‘however some element of control is
possible with proper layout considerations. Uniform track
spacing and the use of ground planes or ground track
shielding are some techniques that should be con-
sidered. A uniform distribution of signal track to ground
capacitance will provide some rise time control which
will act to reduce crosstalk.

Backplane Terminations. The reflection character-
istics of the bus signal lines can and should be con-

+5V

% 1K PULL-UP

trolled by proper termination. Ideal termination requires
terminating each signal in its theoretical characteristic
impedance. The backplane bus impedance by itself is
predictable, however as cards are introduced into
various slots along the bus the impedance can only be
estimated.

There are various methods of providing physical
termination. An example using passive AC termination
for TTL is shown in figure 2-13. This circuit does not
affect the DC drive and loading of the bus signal;
however, high frequency ringing is effectively termin-
ated to the characteristic impendance of the bus line.

Termination networks can be optimally located if
the exact bus loading configuration is known and fixed.
Since loading changes with the number and location of
cards on the bus optimal termination location is impos-
sible. Considering only first order effects, termination
networks can be located either on the backplane
motherboard or on a separate terminator card.

Signal Pull-Ups. Bus driving devices for LSTTL do
not pull the bus signals to the full 5 volt high level. Full §
volt logic swings can be achieved by the addition of
pull-up resistors to the bus signals. Pull-ups may be
located on the backplane motherboard or on a separ-
ate card.

A 1K ohm resistor is recommended for the LSTTL
STD BUS as shown in figure 2-13.

SIGNAL LINE

470pF 100Q

—H | AAA/

_LTERMINATION

Figure 2-13. Passive AC Termination and Signal Pull-Up

Typical practice in a CMOS STD BUS system is to
use the bus without termination. Any termination that is
used should not exceed the rated load capacitance.
The power drawn by termination should also be al-
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lowed for, since some termination schemes can draw a
significant portion of system power. The need for
termination is related to bus length and processor
speed, as well as other factors.



Open-Collector/Drain Bus-Signal Practice

Bus control inputs to the processor card are often
wire-OR connected, which requires open-collector/
drain drivers. It is recommended, as STD Practice, that
the following signals be open-collector/drain on any
source card and pulled up on any destination card:

® BUSRQ* — Pin 42

® INTRQ* — Pin 44

® WAITRQ* — Pin 45

® NMIRQ* — Pin 46

® SYSRESET* — Pin 47
® PBRESET* — Pin 48

Also, it is recommended that these lines be speci-
fied as follows:

® Low-Level active signal.
® LSTTL or high speed CMOS logic levels.

® Driver sink capability of 16 mA at 0.4V for TTL or 6
mA at 0.37V for CMOS.

@ Open-collector/drain driver with 10K pull-up.

® Destination load pull-up of 4.7K (TTL) or 10K
(CMOS).

CMOS Load Capacitance Practice

The maximum load capacitance seen by any card
should not exceed 150 pF. This load capacitance
includes bus capacitance and input capacitance of all
other cards in the system. Input capacitance for each
card should not exceed 10 pF.

CMOS User Edge Input Practice

Typical practice is to have no protection circuitry at
the user edge of the STD card. However, if voltage
transients are expected on the inputs, protective cir-
cuitry can be used to prevent latch-up and possible
chip damage. Typically, the protective circuit is a
current-limiting series resistor, or voltage-clamping
diodes.

CMOS Pull-Up Resistor Practice

Since CMOS gates draw the most power when
inputs are floating, pull-up resistors are sometimes
required. It is recomended that these pull-ups be on the
interior of the STD card whenever possible. Floating
STD BUS lines are the responsibility of the current bus
master. In the event of the transfer of bus control, the
requester is responsible for floating STD BUS fines.
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STD BUS SPECIFICATION

16-Bit Data Transfers

I. INTRODUCTION

This document lists the changes and additions to the
STD-80 rev 2.3 Bus Specification to support 16-bit
data transfers for memory and I/O cards and ex-
pands memory addressing from 20- to 24-bits. These
changes provide the foundation for more powerful 16
and 16/32-bit processor families such as the 680X0
and 80X86. The key design goal is downward com-
patibility with all existing STD Bus I/O mapped
cards while supporting full 16-bit data transfers.

Assumptions

The following assumptions are made for 16-bit trans-
fers:

* The card dimensions, bus connector, electri-
cal requirements, and power supply voltage
definitions remain the same as defined in the
STD Bus Specification.

* CPU cards that support 16-bit transfers must
be compatible with existing 8-bit I/O cards.

New 16-bit memory cards may be required
for CPU cards that support 16-bit transfers.

* MEMEX?* is used (in conjunction with AQ)
to control 16-bit transfers.

* Interrupts are supported as in the STD
Bus Recommended Practice.

* Supports CMOS and TTL STD Bus.
This specification allows new memory, I/0, and CPU

cards to use a full 16-bit data path on the STD Bus,
with data transferred as a low byte, high byte, or full

word. New CPU cards must also switch between 8-
and 16-bit data transfer modes in order to maintain
compatibility with existing I/O cards, which always
assume a low byte transfer.

II. FUNCTIONAL DESCRIPTION

16-Bit Bus Pinout

The Bus Connector Pin Assignment in Figure 1
shows the organization and pin-out. Signal flow
direction is referenced to the current master. De-
scriptions of the signals that are redefined by this
specification from the STD Bus 8088 rev 2.3 Specifi-
cation are listed below.

16-Bit Signal Definitions

Data Bus (Pins 7-14, 16, 18, 20, 22, 24, 26, 28, 30).
(16-bit, bidirectional, 3-state, active-high). Data
Bus direction is controlled by the current master and
is affected by such signals as read (RD*), write
(WR*), and interrupt acknowledge (INTAK?*).

All cards should release the data bus to a high-
impedance state when not in use. The permanent
master shall release the data bus in response to bus
request (BUSRQ*) input from a temporary master,
as in DMA transfers.

All data bus lines are multiplexed with 16 or the 24
bits of the address bus for address space expansion.
The pin assignments for address expansion shall be
as shown in Figure 2, the Bus Connector Pin Assign-
ment table.
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COMPONENT SID CIRCUIT SID
SIGNAL SIGNAL
PIN |MNEMONIC | FLOW DESCRIPTION PIN | MNEMONIC | FLOW | DESCRIPTION
LogIC 1| +5vDC In Logic Power 2 |+svpe In Logic Power
;%‘;’ER 3| GND In Logic Ground 4 |GND In Logic Ground
5 | VBATT In Battery Power 6 |DCPWRDWN* In DC Power Down
7 | D3(A19) |In/Out(Out) | Low-Order ) D7(A23) |In/Out(Ow) High Order
DATA 9 | D2(Al18) In/Out (Our) Low-Order 10 D6(A22) |In/Out (Out) High Order
BUS 11 | D1(A17) |bwOu(Out) | Low-Order 12 D5 (A21) |In/Out (Owt) High Order
13 | DO(A16) |In/Out (Out) | Low-Order 14 D4 (A20) |In/Out (Ow)| High Order
15 A7 Out Low-Order 16 Al5 (D15) |Out(In/Out) High Order
17 A6 Out Low-Order 18 Al4 (D14) |Out(In/Out] High Order
ADDRESS 19 AS Out Low-Order 20 A13(D13) |Out(In/Out} High Order
BUS 21 A4 Out Low-Order 2 A12(D12) |Out(In/Out) High Order
23 A3 Out Low-Order 24 Al1(D11) [Out(In/Out) High Order
25 A2 Out Low-Order 2% A10 (D10) |Out(In/Out} High Order
bal Al Out Low-Order 2 A9 (D9) |Out(in/Out) High Order
2 AD Ou Low-Order 30 A8 (D8) [|Out(In/Outy High Order
31 | WR* Out 'Write Mem or I/O 32 RD* Out Read Mem or /O
33 | IORQ* Out /O Address Select 34 | MEMRQ* Out  |Mem Address Select
35 | 1I0EXP Out /O Expansion k'3 MEMEX Out Memory Expansion
. 37 | INTRQI* In Interrupt Req 1 38 | MCSYNC* Out  |CPU Mach Cycle Sync
INTRQ! 39 .| STATUS1* Out CPU Status 1 40 | STATUSO* Out  |CPU Staws0
CONTRO | 41 | BUSAK* Out Bus Acknowledge | 42 | BuUsrQe In Bus Request
L 43 | INTAK® Out  {ImAcknowledge 4 | INTRQ* In Interrupt Request
BUS 45 | WAITRQ* In Wail Request 4% | NMIRQ* In Nonmaskable Int
47 | SYSRESET* Out Sysiem Reset 48 PBRESET* In Push-button Reset
49 | CLOCK* Out Processor Clock 50 CNTRL* InfOut |AUX Timing
51 | PCO Out Priority Chain Out 52 PCI In Priority Chain In
AUXILIARY | 53 | AUXGND In AUX Ground s4 | AUXGND In AUX Ground
POWER (bussed) (bussed)
55 | AUX+V In AUX Positive 56 | AUX-V In AUX Negaiive
BUS (+12V DC) 12V DC)

* Low-Jevel active indicator

NOTE: Address lines A16-A19 are multiplexed on data lines DO-D3 on each address cycle. Typically PCO and

PClI are not

used on peripheral cards and should be connected together.
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Address Bus (Pins 7-30). (24-bit, 3-state, active-
high). The address originates at the current master.
The permanent master shall release the address bus
in response to a BUSRQ* input from a temporary
master. The address bus provides 24-address lines
for decoding by either memory or I/O. Memory
request (MEMRQ*) and I/O request (IORQ*)
control lines distinguish between the two operations.

PIN 36 MEMEX?* - Byte high enable (3-state
active-low). MEMEX* may originate from the
current master and should be used to designate
upper byte of full word transfers.

PIN 38 MCSYNC* - Machine Cycle Sync (3-state,
active-low). This signal occurs once during each
machine cycle of the processor. (Machine cycle is
defined as the sequence that involves addressing, data
transfer, and execution.) MCSYNC* keeps any
peripheral device synchronized with the processor’s
operation. All STD Bus masters must provide
MCSYNC* that meets the STD Bus Timing Specifi-
cation.

This rising edge of this signal is used to latch the
upper 8 address lines (A16-A23) on the low-to-high
transition. On 16-bit memory and 1/O cards, the
rising edge is also used to latch address lines A8-A15.

16-Bit Data Transfers

The 16-bit data transfers are supported both for
memory and I/O operations. Sixteen bit transfers
consist of two simultaneous 8-bit transfers. A word is
defined as two contiguous 8-bit bytes that begin on
even address boundaries. Two signals on the STD
Bus, A0 and MEMEX, uniquely specify the type of
data transfer characteristic as either low byte, high
byte or full word transfer. AQ, the least significant bit
of the Address Bus, specifies even or odd byte.
MEMEX, the STD Bus memory expansion signal,
defines upper byte or full word transfers. The truth
table for data transfers to 16-bit cards is:

MEMEX A0 CHARACTERISTIC

0 0 Whole word transfer
(A8-15,D0-7)

0 ] Upper byte transfer
(A8-15)

1 0 Lower byte transfer
(D0-7)

] 1 None

The 80X86 family of processors generates the
MEMEX and AO signals directly through the use of
the CPU control lines AQ and BHE* (byte high ena-
ble). The 68000 family uses the upper data strobe
(UDS*) and lower data strobe (LDS*) to generate
these control lines.

The MCSYNC* control signal is also generated by
the 80X86 and 68000 family of processors as well.
The relation of these control lines to the STD Bus is
as follows:

STD BUS 80X86 68000
MCSYNC* ALE AS*
MEMEX BHE* UDS*
A0 A0 LDS*
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Figure 2 diagrams both the 16-bit data transfer and
24-bit memory address relationships. The STD Bus
Address and Data signals are divided into three
groups: Low Address, Middle Address/High Data
Bus, and Upper Address/Lower Data. The lower 8
address bits are latched and presented to the STD
Bus on signal lines A0-A7. The upper 8 data bits,
D8-D15 are multiplexed on the middle 8 address bits
on the STD Bus A8-A1S5 signal lines. The upper
eight bits of memory address (A16-A23) are multi-
plexed onto the data bus (D0-D7) respectively and
are latched by memory cards on the rising edge (low-
to-high transition) of MCSYNC*.

The relative timing for 16-bit data transfers is shown
in Figure 2. Detailed timing is in Section 3.

1/0 card, the CPU card must route the data to or
from D0-D7 on the STD Bus vendor’s and user’s 8-
bit I/O cards. Since MEMEX?* is not decoded by
most existing 8-bit I/O cards, then the MEMEX*
signal becomes a don’t care status during these data
transfers to 8-bit cards.

24-Bit Memory Addressing

The 16-bit specification expands the memory range of
the STD Bus from 20 to 24-bits to allow up to 16
megabytes of direct addressing. In the STD-80 rev.
2.3 Specification, 20-bit memory addressing is sup-
ported by multiplexing address and data at the begin-
ning of each STD Bus cycle. The same decoding
concept used in the 20-bit standard is valid for 24-bit
memory addressing by defining four extra address
lines, A20-A23, to be multiplexed on the data lines
D4-D7 respectively.

A0-7 x A0-7 ><
III. ELECTRICAL SPECIFICATIONS
AB-15
m The Bus Write and Bus Read Timing from
DATA the STD-80 revision 2.3 specification is reproduced
BUS on the following pages with the addition of the ad-
dress and data timing for 16-bit data transfers.
MCSYNC’
] ] Data Transfer
RD"® or
WR* I l The Read and Write timing for 16-bit data transfers

Figure 2. 16-Bit Data Multiplexing.

For full 16-bit data on the STD Bus, it simply re-
quires multiplexing the high order data bits D8-D15
with the high order address bits A8-A15. Mapping is
one-to-one so that D8-D15 is multiplexed on A8-
A15, respectively. The combination of an active
MEMEX (low) with the active edge of RD* or WR*
shall latch the upper data byte. Timing requirements
are the same as with the STD-80 rev. 2.3 specification
so that D8-D135 shall be stable to meet the set-up and
hold times required for proper transfers with respect
to the Read (RD*) or Write (WR*) signals.

To remain compatible with existing 8-bit memory
and I/O cards, buffer swap logic must be placed on
16-bit CPU cards to correctly route the data during
I/O operations to 8-bit cards. When a high (odd)

byte I/0 read or write is issued to an 8-bit STD Bus
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is shown in Figures 3 and 4. The timing is quite
simple. It only requires specifications for set up and
hold times to multiplex the data onto the bus. For
full 16-bit data on the STD Bus, it simply requires
multiplexing the high order data bits D8-D15 with the
high order address bits A8-A15. The high order bits
are latched into the card by RD* or WR*.

Addressing

Setup and hold timing for signals associated with the
MCSYNC* and A16-A23 for latching the upper 8
address bits during 24-bit memory addressing are the
same as defined in the STD-80 specification for latch-
ing A16-A23 for 20-bit addressing.

IV. MECHANICAL SPECIFICATIONS

No changes are required to the physical and mechan-
ical specifications as detailed in Chapter 4 of the
STD-80 rev 2.3 specification.



T, T, Ty/Tw T —
CLOCK® 7 /“‘
——4 tD1 -n—'wl 102
—— 4——-
MCSYNC® 7/
——103—--{ tH4 I
A0-A7 -
IOEXP >( VALID
MEMEX ' f
tH
1S1 8
D13 — tH10
 — 1 | L,
/ As-a15 i
. VALID D8-D15
AB-ALS '\ VAUD oz
7/
s A
1] i
DATA _{ A6An VALID DO-D7 >—
\ VAUD Yy
7 /
D14 W6
—e| =115
WR*
-
}-—tHﬂ
50 MHz 8.0 MHZ
SYmBOL PARAMETER WIN, | MAX NN WAX
1D1 Delay from CLOCK® to MCSYNC" low (1) 0 98 4 60
D2 Delay from CLOCK" to MCSYNC" high 3 8s 3 50
03 Delay from CLOCK" to Address O- 7, MEMEX, IOEXP 130 75
109 Delay from CLOCK" to Address 8-23 0 125 0 73
D13 Delay from CLOCK" to Data valid 122 97
D14 Delay from CLOCK" ‘to Advanced WR" low 0 92 8 86
D15 Delay from CLOCK" to Advanced WR" high 0 90 8 71
tH4 Address 0- 7 MEMEX, IOEXP hold after CLOCK® 0 0
tH8 Address 8-23 hold after MCSYNC® 20 10
tH10 WR® Data hold after CLOCK* 0 0
tH10 Data hold after Advanced WR" high 58 24
1S1 Address 8-23 setup to MCSYNC® 15 - 15
W4 MCSYNC" pulse width 59 43
W6 Advanced WR" pulsg width 335 210
AS times given In nancseconds

(1) When the CPU inserts an VO wak siale, the MCSYNC" timing for SMH2 may be changed as foliows: 1D1 min. 0; maz. 170. Ahouph this aliowance was not part of the original Bus
Specification, & allows some manutacturers 10 generate MCSYNC' in a ditferent manner. However, aince & may not be compaibie with some WAITRQ" implementations, caution is
agvised. .

16-Bit Bus Write Timing. 1 O
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T' Tz T)/Tw T4
CLOCK' 7 L -
D1 tD2
MCSYNC" Yy
D3 ! 107 — u-ul-——-
)
ACQ-A7 v
I0EXP >< ><
MEMEX vy
——— [=.— tS1 {08
S ——
D9 l-- tH8 1S2[ e }-u tH9
AB-A15 % ABAS » #— D8D15
1H9
DATA : A\}ZJ‘;B :ﬁ -~ DO-D7
——-l D10 e D12 ; -—-l I--tDﬂ
RD*
/
7/
L W5 -l
] 1
SYMBOL PARAMETER T T T
D1 Delay from CLOCK" to MCSYNC" low (1) 0 98 4 60
tD2 Delay from CLOCK" to MCSYNC® high 3 85 3 50
tD3 Delay from CLOCK" to Address 0- 7 130 75
tD7 Delay from Address 0- 7 MEMEX, IOEXP to data valid 415 255
tD8 Delay from Address 8-23 to data valid 415 255
tD9 Delay from CLOCK® to Address 8-23 0 125 0 73
tD10 Delay from CLOCK* to RD" low 3 95 3 80
D11 Delay from CLOCK" to RD* high 3 87 3 75
tD12 Delay from RD" to Data valid 260 140
tH4 Address 0- 7 MEMEX, IOEXP hold after CLOCK"® 0 0
tH8 Address 8-23 hold after MCSYNC* 20 10
tH9 RD" Data hold after CLOCK"* 6 6
tS1 Address g.23 setup to MCSYNC® 15 15
tS2 Data setup to CLOCK" 55 45
tWa MCSYNC® pulse width 59 43
WS RD* pulse width 340 200
Al times given in nancseconds

(1) When the CPU inserts an V'O wal state, the MCSYNC® timing for SMHz may be changed as follows: tD1 min, 0; max. 170. Although this allowance was not pan of the original Bus
Mmlaﬂmmmmﬂmmwwnouﬁfu@h-dmmmm. However, since it may not be compatbie with some WAITRQ® Implementations, caution is

advised.
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V. BUS PRACTICE

I/O Addressing - Because data is multiplexed on
address lines A8-A15 during 16-bit-data 1/O trans-
fers, 16-bit-data I/O cards must latch A8-A15 on-
card with MCSYNC* ( as is done with memory
addressing).

Most current 8-bit-data I/O cards decode at least 10
bits of I1/O address (A0-A9) plus I/O expand
(IOEXP), but do not latch any of the address lines.
Since data is multiplexed on the upper address lines
during 16-bit-data I/O transfers, some method must
be used to prevent these cards from being incorrectly
selected during a 16-bit I/O cycle, as these upper
address lines will change when data is present during
the 1/0 read or write cycle.

One method would be to use IOEXP as an enable for
non-latching 8-bit-data I/O cards. IOEXP inactive
(low) is currently used as an enable for I/O cards
that decode only 8 address lines (A0-A7), and is
driven low only for accesses to one block of 256 I/0
ports (usually 0100-01FFh). I/O cards that decode a
10-bit I/O address and support IOEXP could also be
mapped into this block of ports.

Another approach would be to leave possible con-
flicting I/O addresses vacant. For example, if a 16-
bit-data I/O card were mapped at 01FOh, no current
(non-latching) 8-bit-data card would be mapped at
OFOh, 2FCh, or 3F0h. Address lines A8 and A9 could
then change during accesses to the 16-bit-data card
without selecting an 8-bit-data card. In PC-compati-
ble systems, port address ranges x50h-x5Fh and
xEOh-XEFh can be used for 16-bit-data I/O ports
without conflicting with any of the PC’s reserved
8-bit-data ports.

1t is recommended that 16-bit-data I/O cards decode
the full 16-bit I/O address to make use of redundant
addresses. It is also recommended that new 8-bit-
data I/O cards latch A8-15, to avoid addressing
problems in 16-bit systems.

8-bit Memory and I/O Compatibility: Compatibili-
ty with older 8-bit memory and 1/O cards is possible
with a number of different techniques. No specific
technique is required by this specification.

One method allocates space in the memory and 1/O
maps which is defined for 8-bit data transfers only.
For accesses to these areas, the master CPU is forced
into 8-bit data transfers without regard for the in-
struction being executed. All data is routed to D0-D7

for transfers within this memory and I/O space, and
word transfer operations are converted into two
successive STD Bus byte operations for compatibility
with existing 8-bit memory and I/O cards. Other
memory and I/O areas are defined as 16-bit data,
and have data routed over D0-D7 and/or D8-D15 as
required.

Another technique, referred to as automatic bus
sizing, lets the master CPU sample a status line
driven by the memory or 1/O card and decide wheth-
er that card will support 16-bit data transfers. If the
response indicates an 8-bit boards, the CPU will
automatically switch to 8-bit data transfers with all
data routed to DO-D7. If the response indicates a 16-
bit card, data is routed over D0-D7 and/or D8-D15
as required.

Automatic bus sizing is an option that can be imple-
mented in both 16-bit CPU and I/O card designs.
No STD Bus signals are allocated for use as 16-bit
memory or 16-bit I/O status lines. If implemented,
the practice for compatibility of these two 16-bit
status lines is defined as:

Mechanical:

* Two connections for each 16-bit status line,
with one being the status line and the other a
ground.

Connector pins are 0.025-in. square posts or
equivalent

* This practice does not define the method for
fastening the cable to the requesting card.

Mating cables can be twisted pairs or flat

cable.
Electrical:
* Low-level active signal

* LSTTL or high speed CMOS logic levels
* Drive sink capability of 20 mA at 0.4V

Open collector/drain drive with 330 ohm
pull-up resistor minimum.
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16-bit Data Transfers - Word-wide data transfers to
16-bit memory and I/O card are handled in the same
manner. MEMEX = 0 and A0 = 0 indicate a 16-bit
data transfer on the STD Bus. All 16-bit data trans-
fers must be on even word boundaries: A0 must
always equal 0. The data is transferred in parallel on
both the high and low data bytes of the STD Bus,
D0 - D15.

8-bit Data Transfers to 16-bit Cards - Byte read and
write operations are supported to 16-bit cards.
MEMEX and A0 indicate whether the high or low
byte of the 16-bits is being transferred. For both
memory and I/O operations, an 8-bit low byte
(A0 = 0, MEMEX = 1) is transferred on the STD

10 - 38

Bus low data bits DO - D7, and an 8-bit high byte
(A0 = 1, MEMEX = 1) is transferred on the STD
Bus high data bits, D8 - D15.

Some 16-bit data cards designed prior to the release
of this specification use DO - D7 for 8-bit high byte
data transfers. These cards can be used as 16-bit
data cards in systems designed to this specification if
8-bit high byte data transfers are not used. Full 16-
bit data transfers and low byte transfers are identical.
Data transfers to 8-bit only I/O cards are not affect-
ed. CPU instructions that access these cards should
be restricted to those that perform word or low byte
access only. Manufacturers of these cards should
note this in their literature.
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STD80/MPX
STD-80 SERIES MULTIPROCESSOR EXTENSION ADDENDUM

Version 1.0

1.0 INTRODUCTION

The STD-80 Series Specification created by
the STD BUS Manufacturers’ Group has been a
firm foundation that has allowed both
manufacturers and customers to create
reliable, cost effective systems. With the
ever increasing integration of LSI
circuits, STD BUS processor cards can now
be entire computer subsystems on a single
card. There is no physical limitation on
having a number of complete computer
subsystems residing in the same STD BUS
cardrack. However, there has been no
standardized protocol for such multiple
processor systems to transfer control of
the STD BUS backplane between them.

STD80/MPX adds a well-documented, reliable
method for providing multiprocessing within
standard STD BUS cardracks. By conforming
to this Addendum, manufacturers can assure
that their multiprocessor products will
perform reliably in multi-vendor systems.

2.0 SCOPE

This STD80/MPX Addendum to the STD-80
Series Bus Specification and Designer’'s
Guide published by the STD Manufacturers’
Group (STDMG) specifies an arbitration
protocol that MUST be followed for
STD80/MPX compatibility.

Section 5 is the actual STD80/MPX
"Standard”. It gives timing and state
diagrams required to transfer control of
the STD BUS from one processor to another,
and to resolve priorities on multiple
simultaneous requests.

Section 6 includes the "Practice" topics of
STD80/MPX, including a discussion of some
of the design considerations when
implementing STD80/MPX.

STD80/MPX designers have a range of choices
concerning when to allow requests for the
STD BUS. For instance, the designer may
include arbitration for the STD BUS in
order to receive off-board interrupt
vectors. This Addendum does not

BUSLOCK.
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standardize these features. Optional
features will sometimes require additions
to the "Standard" state machines. In all
cases, the state transistions and timings
specified in this Addendum can be
supplemented, but they must not be altered.

Because the STD Series 80 specification is
targeted for Intel architecture processors,
this Addendum has been developed and tested
with the Intel architecture. However, this
does not preclude the use of STD80/MPX with
other processor architectures if sufficient
consideration is given to the various
design constraints.

3.0 DEFINITIONS

Arbiter. The circuitry that resolves the
priority of multiple STD BUS requests and
performs the transfer of control from one
processor to the next.

A mode of operation where a
processor prevents all other processors
from accessing the STD BUS by ignoring any
requests for the bus. This mode is entered
by the processor by setting the PORTLOCK
bit in an I/O port and gaining control of
the STD BUS.

CPU_Number. Each STD80/MPX processor is
assigned a unique CPU Number from 1 to 7,
inclusive. Each processor is numbered from
right (highest priority) to left, starting
with CPU Number 1. The rightmost processor
must be CPU 1, and is also given the title
HOST CPU. CPU Number also establishes the.
address to write to to cause an
interprocessor interrupt.

This specification does not dictate the CPU
number implementation method. On-board
switches, jumpers, traces, registers, or
CMOS/EEPROM memory are possible
implementations to establish CPU Number.

Global. Memory and I/0 resources that are
accessible over the STD BUS by any
processor. Global resources may physically
reside on an STD80/MPX processor card, or
they may reside on cards plugged into the
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STD BUS cardrack.

HOST CPU. The highest priority processor.
The HOST CPU is the rightmost processor,
and is always CPU Number 1. The HOST CPU
always acquires control of the STD BUS upon
system reset. The HOST CPU ignores its PCI
input so that no processors of higher
priority can exist.

Interprocessor Interrupts. The ability of

the processor that currently has control of
the STD BUS to interrupt a selected other
processor by writing to a special global
1/0 port. The specific port is based upon
the CPU Number of the processor that is to
be interrupted.

Local. Memory and I/0 resources that can
be used during periods when the processor
does not have control of the STD BUS.

Lock. The processor that currently control
the STD BUS has the bus "locked" as long as
it ignores requests by another processor to
release the bus. A processor locks the bus
a) during any global STD BUS cycle, b)
between byte cycles created from word-
operand transfers, c) between cycles
automatically locked by the CPU, d) between
cycles locked by the software LOCK prefix,
and e) while the PORTLOCK bit is set.

Multiple Bus Master. A type of

multiprocessor system where each processor
can obtain control of the backplane
address, data, and control lines. An
arbitration method must be used to ensure
that one and only one processor can drive
the backplane at any one time. STD-80/MPX
is a Multiple Bus Master system.

Multiprocessor. A generic term for a
system where multiple processors operate in
the same system. Can be implemented with
single bus master and I/0 or memory mapped
slaves, with networks, or with multiple bus
master schemes.

PORTLOCK. A control bit in an I/O port
that, when set, causes the processor to
arbitrate for control of the STD BUS. Once
acquired, all other processors are
prevented from gaining access until the
PORTLOCK bit is cleared. PORTLOCK is
always set by system reset. The PORTLOCK
bit is to be on the processor’s local bus
so that access to the STD BUS is not needed
to read or write to it.

Processor. An STD BUS CPU card with, in

the context of this Addendum, STD80/MPX
arbitration logic on-board.

STD BUS. A modular board-level
microcomputer system, as defined in IEEE
961 and the STD-80 Series Bus Specification
and Designer’s Guide published by the STD
BUS Manufacturers’ Group.

4.0 TECHNICAL OVERVIRW

The STD80/MPX protocol uses the following
STD BUS backplane signals to arbitrate
multiprocessor access to the STD BUS:

Signal Usage

BUSRQ* Bus Request. Used by a
processor to request STD BUS
access to global STD BUS
resources.

BUSAK* Bus Acknowledge. Used to
indicate that a processor
currently has control of the
STD BUS.

PCI Priority Chain In. Signifies
during arbitration that no
processor of higher priority is
currently requesting access to
the STD BUS.

PCO Priority Chain Out. Notifies
processors of lower priority
whether or not they may get STD
BUS control at end of current
arbitration cycle.

CNTRL* Control. Fixed timing signal
used by the arbitration
circuitry on all processors to
synchronize priority resolution
and granting of control of the
STD BUS between processors.

Not to exceed 8MHz.

STD80/MPX implements a "latching" bus grant
scheme. That is, whenever a processor is
granted control of the STD BUS, it keeps
control indefinitely, driving address,
data, and control lines. A processor will
only release control of the STD BUS when
another processor requests access to the
bus. This can often result in a single
arbitration cycle followed by a number of
STD BUS read/write cycles.

Methods for "locking" the STD BUS are
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provided so that a processor, upon gaining
control of the STD BUS, can assure that
critical global operations can be performed
without intervening arbitration cycles and
loss of the STD BUS.

STD80/MPX uses a serial priority chain for
resolution of STD BUS requests that arrive
within the same CNTRL* clock cycle. The
PCI-PCO priority chain is implemented such
that the rightmost processor card in the
STD BUS cardrack is the highest priority.
Each processor successively installed to
the left is of decreasing priority.

The rightmost processor has special
significance in STD80/MPX, and is termed
the "HOST CPU". The HOST CPU will always
gain control of the STD BUS upon system
reset. Other processors cannot get access
to the STD BUS until the HOST CPU first
initializes the system, then unlocks its
own arbiter so that other processors can be
granted control of the STD BUS.

STD80/MPX supports interprocessor
interrupts. Any processor, upon gaining
contral of the STD BUS, can generate a
hardware interrupt at any of the other
processors. Global I/0 port addresses that
are unique for each processor are used for
interprocessor interrupts.

The STD80/MPX arbitration process takes
three CNTRL* clock cycles. Synchronization

between a processor card’s CPU logic and
the arbiter requires additional time, and
can be specified by each STD80/MPX design.

The physical installation of processor
cards under STD80/MPX is shown in Figure 1.

4.1 BUS ARBITRATION

The heart of the STD80/MPX standard is the
arbitration logic onboard each processor
card. The bus arbitration logic ensures
that only one processor has control of the
STD BUS at any one time. The STD BUS
signals PCI and PCO (the priority chain),
BUSRQ*, and BUSAK* are used for the
arbitration process. CNTRL* (the STD BUS
auxiliary clock signal) is used to
synchronize the arbitration logic on all
processor cards in the system.

When a processor is executing programs from
its own onboard local memory, or accessing
onboard local I/O resources, it does not
need control of the STD BUS. Control of
the bus is only required to access global
STD BUS memory or I/O cards. Only one
processor can have control of the STD BUS
at any one time to access these global
resources.

When a processor needs to access global
resources, and it did not have control of

Alt CPUs to the left
Peripherals
1

— Host CPU #1 (Right Most)
1o CTrd Slots

1

T
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L CPU#2 !
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CPU#4
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CPU#7

Figure 1.

STD80/MPX Card Installation
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the STD BUS during the last machine cycle,
its bus arbiter initiates an arbitration
cycle to gain control of the STD BUS. The
CPU will be placed in a wait state until
the arbiter signals that it can now control
the STD BUS.

Two methods of wait states can be
implemented by STD80/MPX processors. The
first is a hardware wait generated by
bringing the CPU "ready" line inactive
until the arbiter signals that the STD BUS
is available. The other is a software wait
where the program loops on the arbiter
status port until the STD BUS is

available. See Section 7 for comparisons
of the two methods.

Figure 2 shows STD BUS control being passed
between three STD80/MPX processors.

The case of simultaneous requests for
control of the STD BUS must be handled by
the bus arbiters themselves during the bus
arbitration cycle, using the PCI-PCO
priority chain. Each processor (starting
with the rightmost, highest priority
processor) gains control of the STD BUS for
its requested memory or I/0 cycle plus the
processor’s release time. It then releases
the bus and there is another bus
arbitration cycle, after which control of
the STD BUS is granted to the next lower
priority processor. All processors that
activated BUSRQ* during the same CNTRL*

clock period will be granted the bus before
any other processors can add their BUSRQ*
to the queue of waiting processors.

If ’‘n’ processors request the STD BUS
simultaneously, the lowest priority
processor will have to wait ’‘n’ bus
arbitration cycles (three CNTRL* clocks
each), plus the time each of the n-1 higher
priority processors uses the bus, plus the
release time of each of the n-1 higher
priority processors. See Sections 7 and 8
for the implications of this wait.

The STD-80/MPX system is designed for a
high degree of "fairness" in relation to
bus access. Low priority processors cannot
be denied access to the bus by highly
active higher priority processors. All
processors have nearly equal access to the
bus.

Control of the STD BUS remains "latched" to
the last processor that had control of the
bus and is given up only when another
processor tries to access the STD BUS.

This latched feature allows a processor to
arbitrate for the bus once and then
continually access the bus as desired
without arbitration as long as no other
processor requests access to the STD BUS.
Arbitration is only needed when a processor
tries to access global resources and does
not at that time have control of the STD
BUS, that is, another processor has
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Figure 2. STD80/MPX Arbitration
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arbitrated for and accessed global
resources since the last bus access of this
processor.

The bus arbitration cycle does not affect
processors that are not trying to gain
control of the STD BUS. They continue
accessing their local memory and I/O
without any impact from the backplane
arbitrations in process.

4.2 BUS ILOCK

Bus "locking" can be performed by STD80/MPX
processors for single instructions, or for
blocks of instructions. The assembly
language LOCK prefix provided by most CPU'’s
is used by the arbiters to ensure that
critical read-modify-write operations are
not interrupted. Exchange and increment
operations on global memory are examples of
this type of operation.

For blocks of instructions, a hardware
method is implemented. By setting the
PORTLOCK bit in an I/0O port, a processor
can request and be granted exclusive
control of the STD BUS. This action has
latency issues for access by other
processors, and its use must be carefully
considered in system design. PORTLOCK is
always used on system initialization to

insure proper system start-up.

4.3 PRIORITY CHAIN

The PCI-PCO priority chain is used to
resolve STD BUS access priorities whenever
multiple processors request the bus
simultaneously. The STD BUS specification
calls for the PCO output from each card
slot to be connected to the PCI input of
the next card to the left (viewed from the
plug-in side of the backplane). This
wiring can be found on all STD BUS
cardracks.

During arbitration cycles, a processor can,
by lowering its PCO output, disallow
processors to the left from gaining access
to the bus. The rightmost processor card
plugged into the cardrack is therefore the
highest priority, and is called the HOST
CPU.

Because the PCI-PCO chain can be used by
I/0 cards for other purposes such as
interrupt prioritization, the HOST CPU does
not use its PCI input. Therefore, there
can be no higher priority processor ever
requesting the STD BUS. This breaks the
PCI-PCO chain into two distinct sections,
the I/0 card section and the STD80/MPX
priority section.
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5.0 STD80/MPX TECHNICAL SPECIFICATION
This section presents definitions, state
diagrams, timing diagrams, and design
considerations for proper design of
STD80/MPX systems.

5.1 STD80/MPX ARBITRATION LOGIC

Figure 3 shows a block diagram of the major
components of the STD80/MPX arbitration
logic. The arbitration logic is divided
into two sections, the ARBITER section and
the ARBITER-CPU SYNC section.

The ARBITER section is further subdivided
into the CPU REQUEST section and the BUS
ACCESS section. The BUS ACCESS section is
composed of two state machines and STD BUS
interface logic. The BUS ACCESS section
operates synchronously with all other BUS
ACCESS sections on other processors to
actually transfer STD BUS control from one
processor to another. The CPU REQUEST
section interfaces the needs of the local
CPU into the BUS ACCESS controller.

The ARBITER-CPU SYNC section handles
synchonization issues between different
synchronous systems, and also handles all
aspects of bus locking.

5.2 BUS ACCESS CONTROLLER STATE MACHINE

The BUS ACCESS CONTROLLER (BAC) State
Machine must be present on all STD80/MPX
processor cards.

BAC handles BUSRQ*, BUSAK*, PCI, and PCO
signals, and is clocked by the falling edge
of the CNTRL* clock distributed to all
arbiters on STD BUS backplane pin 50. All
BAC state transitions are synchronous.
Figure 4 shows the state transition diagram
for BAC.

Upon RESET, BAC enters the BUSRQ state.

When the local processor needs to access
STD BUS resident resources, signified by
the REQUEST input, BAC enters the BUSRQ
state if the BUSRQ* signal on the backplane
is inactive (i.e. no arbitration cycle is
currently underway). During the BUSRQ
state, BAC lowers PCO, and asserts BUSRQ*

onto the backplane. If PCI is active (no
higher priority requester) and BUSAK* is

inactive (previous bus controller off of

bus), BAC generates the GRANT signal.

When in the BUSRQ state, BAC advances to
the GRANT state when PCI is active and
BUSAK* is inactive. The GRANT state
signifies that the local processor can now
use the STD BUS. While in the GRANT state,
BAC propagates PCI to PCO, and asserts
GRANT and BUSAK*.

When in the GRANT state, a RELEASE input
causes a return to the IDLE state. 1In the
IDLE state, BAC propagates PCI to PCO.

5.3 CPU_REQUEST CONTROLLER STATE MACHINE

The CPU REQUEST CONTROLLER (CPURQC) State
Machine must be present on all STD80/MPX
processor cards.

CPURQC controls the interaction of local
processor requests for offboard resources
with the Bus Access Controller State
Machine (BAC). CPURQC generates the
REQUEST signal to BAC when access is
needed, and handles the GRANT signal from
BAC when control of the STD BUS is
acquired. 1In addition, CPURQC generates
the RELEASE signal to BAC. CPURQC is
clocked by the falling edge of CNTRL* from
the backplane. CPURQC state transitions
are synchronous with CNTRL* except where
noted. Figure 5 shows the state transition
diagram for CPURQC.

When in the LOCAL state, CPURQC asserts no
outputs, and the local processor is
accessing local resources. When local
circuitry detects a need for STD BUS
control, it asserts STDCYCLE. This may be
merely an address decode. After
deglitching and synchronization,
SYNCSTDCYCLE is issued, which causes CPURQC
to asynchronously enter the REQUEST state.

When in the REQUEST state, CPURQC asserts
the REQUEST signal to BAC. CPURQC remains
in the REQUEST state until BAC returns the
GRANT signal, signifying that STD BUS
control is now with the local card. Upon
receiving GRANT, CPURQC advances to the STD
state.

When in the STD state, CPURQC asserts
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BUSAKEN to enable the BUSAK* signal
offboard signifying acceptance of STD BUS
control. The STD state also asserts the
HAVESTD signal to onboard logic to indicate
that the STD BUS is now available for use.
HAVESTD is synchronized to the CPU timing.

CPURQC remains in the STD state until an
UNLOCKEDBRQ input is received, indicating
that a synchronized, request from another
STD80/MPX processor has been detected, and
the local processor does not have the STD
BUS locked. UNLOCKEDBRQ causes CPURQC to
asynchronously enter the RELEASE state.

When in the RELEASE state, CPURQC asserts
the RELEASE signal to BAC. BUSAKEN is
still held asserted so that the local
BUSAK* signal remains driven on the STD
BUS. CPURQC remains in the RELEASE state
until the GRANT signal from BAC is
deasserted, indicating that the STD BUS
control has been lost. CPURQC then returns
to the LOCAL state.

CPUQRC enters the REQUEST state upon RESET.

RESET

SYNCSTDCYCLE

GRANT

RELEASE
RELEASE = 1

BUSAKEN = 1

Figure 5.

UNLOCKEDBRQ

REQUEST

REQUEST = 1

STD
HAVESTD = 1

BUSAKEN = 1

CPU Request Controller State Machine
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5.4 BUSRQ ENABLE STATE MACEINE

The BUSRQ Enable (BRQEN) State Machine must
be present on all STD80/MPX processor
cards.

BRQEN controls the enabling of the local
BUSRQ signal onto the STD BUS BUSRQ* signal
line. BRQEN is an asynchronous state
machine. Figure 6 shows the state
transition diagram for BRQEN.

Upon RESET, BRQEN enters the IDLE state,
and no outputs are asserted. When the Bus
Access Controller (BAC) is in its BUSRQ

PCl +
(BAC STATE GRANT *
BUSRQ)

Figure 6.

state, BUSRQ* is not asserted on the
backplane, and PCI input is asserted, BRQEN
enters the BRQEN state.

When in the BRQEN state, the BUSRQEN signal
is asserted to allow the local BUSRQ signal
to drive the STD BUS BUSRQ* line. BRQEN
remains in the BRQEN state until either PCI
input is lost, or BAC is in the GRANT state
and the STD BUS BUSRQ* signal is
deasserted. Upon either of these

conditions, BRQEN returns to the IDLE
state.

RESET

BAC STATE BUSRQ*
BUSRQ * PCI

BUSRQ Enable State Machine
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5.5 STDS8O/MPX ARBITRATION TIMING to the REQUEST state asynchronously, this
decode must be deglitched before being

Figure 7 shows timing for the following presented to CPURQC.

situation: CPU 1 (highest priority, or HOST

CPU) has control of the STD BUS. CPU 2 and The deglitched signal SYNCSTDCYCLE can be
CPU 3 both determine they need STD BUS set with the trailing edge of a signal
accesses within the same CNTRL* clock signifying stable addresses, such as ALE.
period. CPU 2 and CPU 3 both enter BAC Once set, SYNCSTDCYCLE can be cleared when
state REQUEST. PCI-PCO priority chain READY is returned to the CPU, as this can
settling before the next CNTRL* edge grants only happen after STD BUS access has been
access to CPU 2. gained, and the transfer completed.

After CPU 2 releases the STD BUS, CPU 3

gains control. No other STD80/MPX 5.7 STD BUS GRANT SYNCHRONIZATION
processor card is allowed to assert BUSRQ*
while CPU 3 already has it asserted. The HAVESTD signal from the CPU Request

Controller (CPURQC) is synchronous with
CNTRL*. It should be resynchronized with

5.6 STD CYCLE REQUEST SYNCHRONIZATION the CPU clock, or a clock associated with

backplane cycles (i.e. BUSCLK) before it is
When onboard logic decodes an offboard used to continue a CPU cycle held up in
access, it generates STDCYCLE. Because the wait states.

CPU Request Controller (CPURQC) transitions

L
H
—

CNTRL
CPU#I RELEASE | |
CPU #1 BUSAK* |

CPU #1 BUSAKEN -
CPU #2 REQUEST  __|

CPU#3 REQUEST  __|

CPU #2 PCI

CPU #2 BUSRQ" | l
CPU#2BUSRQEN _____|

CPU #3 PCI

CPU #3 BUSRQ"
CPU #3 BUSRQEN
CPU #2 BUSAK" L
CPU #2 BUSAKEN |

.

Figure 7. STD80/MPX Arbitration Timing
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5.8 UNLOCKEDBRQ GENERATION

The proper generation of UNLOCKEDBRQ is
critical for a "clean" release of the STD
BUS. BUSRQ* signals from other processors
attemting to gain control of the STD BUS
must be delayed until the local processor
is in a state where the STD BUS can be
given up. This is done through the LOCK
signal, which is composed of a number of
different types of locks.

The STD80/MPX arbiter is running on its own
clock, and is capable of giving up control
cof the STD BUS at any time, including just
at the beginning of an STD BUS cycle, or
even in the middle of one. In the case of
single STD BUS cycles, it is imperative
that control of the STD BUS is not lost
until the entire machine cycle has been
completed. Therefore, a signal must be
generated that locks the arbiter from the
instant an STDCYCLE is sensed until that
cycle is completed.

Attention must also be paid to CPU word
operations that external circuitry divides
into a number of sequential transfers of
smaller size (i.e. bus converstion cycles
in ISA and EISA chipsets). A lock signal
must be generated across the entire set of
transfers so that the processor does not
lose the STD BUS in the middle of an
instruction execution and hang until
control of the STD BUS can be regained.

Word accesses to odd addresses are a
special case. STD80/MPX does not require
lock to cover the multiple accesses in this
case. See section 7.5.2 for a discussion
of this case.

The LOCK signal from the CPU must also be
handled so that instructions which the
processor (automatically) or the programmer
(with the LOCK prefix) indicate as locked
cannot be interrupted by loss of the STD
BUS.

Finally, the PORTLOCK control bit from an
I/0 port must lock the bus.

In order to release the bus cleanly, all
lock signals should be synchronized to the
CPU clock, or an associated bus clock.
UNLOCKEDBRQ will cause CPURQC to exit the
STD state asynchronously, so it does not
need to be synchronized to CNTRL*.

UNLOCKEDBRQ should be asserted
synchronously with the CPU related clock,
and should only be allowed to be asserted
if CPURQC is currently in the STD state.

5.9 LOCAL CPU WAIT STATES

If the local CPU initiates a transfer to a
global resource while it does not have STD
BUS control, the processor must be placed
into wait states. The wait states will
continue until the DRIVESTD signal is
received. DRIVESTD is synchronous with a
CPU related clock, and can be used to
initiate the release of the wait state.

Note that it may be necessary to recreate
the earlier portion of the machine cycle
that executed prior to entering the wait
state.

As outlined in Section 7.1, PORTLOCK can be
used to request control of the STD BUS
without entering CPU wait states.

5.10 INTERPOCESSOR INTERRUPTS

STD80/MPX supports interprocessor
interrupts with a single I/O write cycle to
a global I/0 port address. The CPU Number
setting on each processor determines the
port address that it will cause it to
recognize and interprocessor interrupts.

Note that there is no information content
in the actual interprocessor interrupt
itself. It is merely an "event" that one
processor causes in another. System
software will need to react to the event in
an appropriate manner.

To interrupt a particular processor, an I/0
write to the following address is
performed:

CPU _# I/0O Write to Port #

1330h
2330h
3330h
4330h
5330h
6330h
7330h

N Ue W
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7.0 LATENCIES

When an STD-80/MPX processor executes a
machine cycle that accesses the STD BUS,
the machine cycle will execute full speed
if the processor is currently in control of
the bus. However, if the processor must
arbitrate for the bus, the machine cycle
will be extended.

There are a number of components that make
up the total delay time that a requesting
processor might experience.

If the processor currently in control of
the bus does not have any locks active,
i.e. it is currently doing local on-board
accesses and does not have PORTLOCK set,
the bus access time will be a) the amount
of time required by the releasing
processor’s UNLOCKEDBRQ logic to
synchronize to the BAC state machine, and
b) the three CNTRL* clock cycles required
for bus control changeover. This is the
best case, where a requesting processor
will receive control of the STD BUS at the
earliest possible time.

Worst case access times are calculated by
the following:

1) If any processor has PORTLOCK set,
thereby locking out other
processors, the requesting CPU will
have to wait until PORTLOCK is
released. This is application
dependent.

2) If other higher priority processors
requested the bus by asserting
BUSRQ* in the same CNTRL* clock,
each of these processors will obtain
the bus and execute at least one STD
BUS cycle before the requesting
processor is granted the bus.

In 2) above, each processor will complete
one STD BUS cycle, assuming that PORTLOCK
is not set. The worst case time of this
cycle can be calculated from the
processor’s speed, the longest instruction
execution possible, and the releasing
processor’s UNLOCKEDBRQ synchronization
timing.

Worst case timing may be caused if each
higher priority CPU is executing a locked
32-bit access to an odd address. In this
case, up to 36 STD BUS CLOCK* cycles may be
needed by each CPU for data transfer,
followed by the UNLOCKEDBRQ synchronization
time for each processor.

This latency in receiving STD BUS control
may be significant to the lowest priority
processor. It should be considered from a
system level perspective. Although not
required by the STD-80/MPX specification,
an abort timer may be beneficial to abort
an STD BUS access that is delayed beyond a
specified time limit.
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7.0 STD8O/MPX PRACTICE

This section contains further discussions
on features not covered in the STD80/MPX
standard, and how they may affect STD80/MPX
design. Also, further discussions on
interfacing STD80/MPX arbitration logic
into specific designs are included.

7.1 ELIMINATING CPU WAITS TH PORTLOCK

The PORTLOCK I/O control bit can be set by
the programmer to request control of the
STD BUS. Software can then poll the
DRIVESTD status input to determine when to
access the global resource. After transfer
to the global resource, PORTLOCK can be
released. This method, while it incurs
additional execution time overhead,
eliminates CPU wait states until control of
the STD BUS is gained.

During wait states, the local CPU is in
many cases unable to honor any request
except reset. No interrupts, DMA, or, in
some cases, refresh of dynamic RAM can take
place. Because of the possible bus access
latencies discussed in Section 7, the worst
case bus access time may not be acceptable
in some applications. Use of PORTLOCK in
these situations is advised.

7.2 _S8TD BUS INTERRUPTS

The INTRQ*, INTRQl*, and NMIRQ* lines on
the STD BUS provide interrupt inputs to
processor cards. STD80/MPX systems must be
designed such that a single processor
responds to each of these signals. These
signals should only be enabled and unmasked
on the one STD80/MPX processor card that is
assigned to handle each specific interrupt.

If external interrupting I/O cards are
expected to provide interrupt vectors on
the STD BUS during interrupt acknowledge
cycles, and the responding processor does
not have control of the bus, logic on the
processor card must arbitrate for the STD
BUS before performing interrupt acknowledge
cycles in response to INTRQ* or INTRQ1*.
Consideration must be given to possible
latencies in responding to the interrupting
device due to this arbitration cycle.

If on-board vectors are generated, control
of the STD BUS is not an issue during

interrupt acknowledge cycles, and no
arbitration is necessary at that point.
However, when the Interrupt Service Routine
(ISR) attached to this offboard interrupt
is run, any access to the interrupting I/0
card will automatically cause normal
arbitration cycles if the interrupted
processor card did not have control of the
STD BUS. This can cause the ISR to take
longer to execute.

NMIRQ* does not require interrupt
acknowledge cycles. The only issue in
STD80/MPX system design with NMIRQ* is to
assign its handling to none, one, or
multiple processors by enabling or
disabling it on each processor.

7.3 TRADITIONAL STD BUS DMA

The STD-80/MPX standard uses BUSRQ* and
BUSAK* for uses different that STD-80 DMA
usage. These two usages are incompatible.

In some cases, it may be desirable to
support existing DMA-based I/O cards in an
STD-80/MPX system. In these cases, the
designer may opt to include DMA lock
capabilities on the HOST CPU.

DMALOCK can be implemented when the HOST
CPU sets PORTLOCK. In this state, all
SLAVE CPU’s will be locked off of the STD
BUS for extended periods, so the system
must be able to accomodate this. While in
DMALOCK, the HOST CPU can honor BUSRQ* with
BUSAK* in the standard STD-80 manner. This
allows, for instance, a DMA-based floppy
disk card on the STD BUS to be used to read
and write to floppy disks using DMA
transfers. The HOST CPU can release
PORTLOCK, thereby exiting DMALOCK mode,
upon completion of the disk transfers.

Implementation details of DMALOCK mode are
outside the scope of this standard.

7.4 SIGNAL TERMINATION

Signal termination on STD-80/MPX systems
may be required on one or both ends of the
STD BUS backplane. Termination in STD-
80/MPX systems is left as a system-level
consideration.

Care should be taken, in multiple processor
systems, to insure that the addition of
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processors does not significantly affect
termination values. For example, signals
should not be terminated on all CPU’s, as
this would reduce impedances and change DC
current levels.

1.5 SOFTWARE CONSIDERATIONS

Software in STD-80/MPX systems is
application dependent, and not under the
scope of this standard. However, there are
a number of software considerations that
merit discussion.

7.5.1 INITIALIZATION

Upon powerup, all STD-80/MPX processors
resident in the cardrack request access to
the STD BUS. This is because the BAC and
CPURQ state machines initialize in a
request state. In addition, PORTLOCK is
initialized in the on state. This
guarantees that each processor will obtain
the bus for initialization, and not be
interrupted during initialization.

STD-80/MPX processors may have widely
varying reset startup times. Processors
with standard BIOS firmware may require
seconds before multiprocessor
initialization code executes. Processors
programmed directly in dedicated
applications may arrive at multiprocessor
initalization code much earlier after power
on or reset than other processors. The STD-
80/MPX arbitration method guarantees a
systematic system startup if the following
procedure is used.

The HOST CPU, which is guaranteed to gain
STD BUS control on reset, should perform
any multiprocessor global initialization
necessary, then release PORTLOCK. This
action will allow PCI to go high on the
second processor. The second processor
will be granted control of the STD BUS in
three CNTRL* clock cycles, even if the
processor is not yet executing
multiprocessor initialization code.
Because PORTLOCK is set on the second
processor, it will keep control of the STD
BUS until it is fully operational and has
performed its multiprocessing
initialization. It can then release
PORTLOCK.

This sequence will propagate down the PCI-
PCO chain until every processor in the
system, in priority order, has performed
its multiprocessing initialization.

The HOST CPU will not be able to regain
control of the STD BUS until all SLAVE
CPU’s have had control of the bus.
Therefore, the HOST CPU can, immediately
after releasing PORTLOCK, verify that it no
longer has the bus, then set PORTLOCK again
to request the bus. When the HOST CPU
again regains bus control, it is guaranteed
to be after all SLAVE CPU’s have executed
their initialization routines.

7.5.2 UNLOCKED ODD WORD ACCESSES

An artifact of the Intel 80X86 architecture
can create undesirable results in any
multiple processor system. Whenever a word-
wide transfer is made to an odd address,

the CPU automatically performs two
independent, back-to-back machine cycles to
effect the transfer. A high byte transfer
is followed by a low byte transfer.

Whenever an odd address word-wide transfer
is made, logic external to the CPU has no
way of differentiating this "indivisible
pair" of transfers from truly independent,
divisible byte transfer instructions. If
the LOCK prefix is used during assembly
language programming, external logic can
use this to ensure that control of the STD
BUS is not given up between the two
transfer cycles. However, when programming
in a higher level language, control over
the LOCK prefix may not be possible.

Therefore, it is strongly suggested that
whenever designing STD-80/MPX global data
structures, that all items be word aligned,
or that alternative approaches be taken.

If control of the STD BUS were lost between
these two cycles, the CPU would be locked
in the middle of a single instruction for
an indeterminate amount of time (until
control of the bus was re-granted).

Note that this is not unique to STD-80/MPX,
but is instead an artifact of the operation
of Intel processors.
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Abstract - The STD Bus is often referred to as the "Blue Collar Bus" due to its popularity
for use in disguised and embedded OEM applications. Its small format, low cost, and
wealth of I/O cards coupled with ease of design of special purpose interface make it a
natural for machine control, factory automation, test and medical instrumentation. The
STD Bus differs significantly from other industrial bus structures even though it may not be
obvious from a macro view.

Market Overview

The best way to visualize the STD Bus in relation to other bus structures is to view the
industrial bus board market as a three-tiered pyramid, with three distinct characteristics:
Cost, Performance, and Installed base.

The top level of this pyramid is the super minicomputer such as offered from such manu-
facturers as DEC and IBM. The product cost is high as well as the processor performance.
The high performance 16- to 32-bit microcomputers offered by the VMEBus, Multibus II,
and NuBus is the second tier. The base of the pyramid is dominated by the standard per-
formance processors offered by the STD Bus and PC Bus. These buses are the lowest cost
solutions offering satisfactory performance from 8-bit processors like the 8088 through to
the 80486.

Notice that the product cost is directly proportional to performance and inversely propor-
tional to the installation base of product. Contrary to the diagram, the lines are not distinct
between bus architectures and levels but rather "fuzzy" because of the range of processors
and their performance in each group.

Often referred to as the "Blue Collar Bus", the STD Bus was designed for the factory and
industrial environment. Developed in 1978 as an 8-bit industrial microcomputer bus, the
STD Bus is a much different bus structure than what was originally designed. With the
ever increasing demands for more data, improved efficiency, and higher productivity in the
factory, the STD Bus has evolved to meet the customers’ changing needs. Designated as
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the IEEE standard 961, it is available as a full 16-bit wide bus. Currently the STD Bus
Manufacturers Group (STDMG) is exploring ways of implementing a 32-bit wide structure
as well.

The STD Bus has used up to 80486DX processors combined with highly integrated sup-
ported chip sets and BIOS to allow full wealth of I/O cards available for industrial applica-
tions. The prime factor was an upward migration path for existing cards to assure orderly,
progressive growth. The result is a lasting standard for industrial applications not threat-
ened by obsolescence or abandonment every S years. Its’ popularity, due to the open archi-
tecture, rugged industrial design, small size, low cost, and ease of I/O interfaces, is well
documented with over a half million STD Bus systems presently installed.

Comparison of the Styles

The STD Bus processor utilizes advance technology; although it is not always on the cutting
edge with RISC/CISC, SPARC and other processor types. The bus retains a moderate
profile focusing on finding solutions to real world problems, not thriving on winning the
MIPS race. The STD Bus can be compared to a mid-size family car. It offers the customer
a solid, stable mode of transportation rather than the lavish luxury of an expensive Ameri-
can sedan or the high-speed performance of an European import.

However, don’t forget there is a wealth of advanced technology available on today’s STD
Bus products. These include full PC and AT equivalents, 80486 processors, DSPs, video
frame grabbers, networks, speech synthesizers, servo controllers, multiprocessor systems
and extended temperature (-40°C to +85°C) CMOS STD Bus cards to name just a few.

Systems Design Methodology

System design has reversed itself over the past 10 years. Previously hardware architectural
issues were the major concern because of cost and maintenance, with software being much
less of a issue. Today the selection criteria has reversed with software as the driving factor.
What has evolved is a standard "Software Bus" built upon a MS-DOS environment assum-
ing a 80X86 PC-AT class machine. AT-compatible machines now exist on the industry
standard buses such as STD Bus, Multibus, VMEBus, and others which make the software
bus a reality. Now, after the application software direction is set, the optimum hardware
can be selected depending upon packaging, form factor, cost, survivability in harsh envi-
ronments, and industrial interface board selection/availability.

One key factor is that BIOS compatible 8088/80286/80386/80486 PC-XT/AT systems
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architecture - NOT the PC, XT, or AT per se, is a defacto standard for an increasing
number of designs. MS-DOS, compatible applications programs and executives, and its
requisite hardware platform have created a "Software Bus". The reason for this is that
users want solutions to problems not just the latest technology. Plug-and-play software
transportable across various bus structures is becoming a reality. Now users can focus on
getting the software job done which is the real cost for systems integrators rather than
trying to create their own system from the ground up. The selection of a data bus for an
industrial design will depend upon the nature of the application as well as the engineer’s
ability to design and support the product.

With the advent of the "Seftware Bus" given to us from the pervasive PC, design engineers
andsystemsintegrators shouldreevaluate all alternatives. Users of bus boards choose the applica-
tions software first, then select a bus that fits the performance, environmental, packaging
and economic criteria. Given compatible software, a wealth of industrial I/O boards,
hardware compatibility with the development workstation, small form factor, and low cost,
the STD Bus is a very attractive alternative to the PC on the factory floor.

Decisions based on standards

A customer needs to decide upon standards not a company. The electronics industry has
seen numerous examples of companies introducing a product line and then abandoning it
later. Even a large company does not guarantee stability. Examples include Motorola
dropping the Exorbus for the VME, RCA dropping the Monoboards, Zilog dropping the Z-
bus, National dropping the CIM bus, and IBM dropping support of the XT/AT bus in favor
of the PS-2.

A lasting standard

One factor that the STDMG has not forgotten is the customer and the installed product
base. Upgrading to a higher performance processor simply requires replacing the proces-
sor/memory elements while all the existing I/O boards remain compatible. This means
that all existing STD Bus manufacturer’s products - and more importantly, the customers’
custom-design I/O boards - are not obsolete. The customer does not have to throw away
previous work and spend valuable time recreating a new design to work with a new genera-
tion processor. The customer needs only to buy the latest technology to solve the problem
while knowing that more processor horsepower is available, should it be required. This
gives the engineer a known, predictable, and cost-effective "migration path".
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The "New STD Bus"

The STD Bus was originally designed and
introduced in 1978 as a small-form factor
(4.5 in. x 6.5 in.), highly reliable, low-cost
industrial solution for embedded systems.
A wealth of I/O for nearly any industrial
interface, coupled with IEEE 961 recogni-
tion, has made it a well-known industrial
standard with over 500,000 installed sys-
tems worldwide. The STD Bus is known as
the "blue collar bus" because of its industri-
al orientation and because of its moderate
profile when compared to other high-pro-
file buses such as VME or PC Bus.

New STD Bus designs are based on 16- and
32-bit processor-based units such as the
8088, 80188, V40, 80186, 80286, 80386SX,
80486DX/SX and 68030. A new world of
applications has evolved with the availabili-
ty of software productivity tools, operating
systems and application programs. Al-
though previous 8-bit CPU designs based
on Z80, 6809 and 8085 microprocessors are
now maturing, the industrial marketplace
demands stability of supply. Consequently,
these older designs still are in volume
production.

Exciting new enhancements to the STD Bus
that include full PC/XT and PC/AT

ANO0102

compatibility, 16-bit data transfers, net-
working on ARCNET and Ethernet, very
low cost single board computers, all CMOS
extended temperature operation, intelli-
gent slave I/O cards, and high-speed graph-
ics have created a "NEW" STD Bus. This
"NEW" bus is alive, well, and very much in
a growth mode. A whole new world of
embedded operating systems, development
tools, utilities, and application software has
become available with the DOS compatibil-
ity to the extent that the "new" STD Bus is ‘
evolving to become the true industrial PC.

Major, dynamic new growth is a result of

these developments.

The STD Bus is an evolutionary, not revo-
lutionary bus. Rather than abandon its
customers as the Exorbus, Versabus,
Multibus I, and PC/XT/AT did, STD Bus
continues to support a migration path
philosophy to permit existing I/O cards
designed by vendors and customer alike to
coexist on the same bus structure. For
example, a 33MHz 80486DX CPU will
work well with the same industrial I/O
designed for the original 8085s. Thus, STD
Bus provides the user with a known, pre-
dictable, stable, and cost-effective migra-
tion path.
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STD Bus Applications

An incredibly diverse spectrum of embed-
ded and dedicated applications are candi-
dates for STD Bus technology. Some typi-
cal applications include:

Machine Control

Robotics

Medical Instruments

Military

Process Control

Printing

Telecommunications

Data acquisition
Weighing/inventory

Factory Automation
Inspection/Quality

Energy Management
Communications controllers
Test/Measurement Equipment
Semiconductor Manufacturing
Specialized Test fixtures

[2NEE TN R TN T I T N BN R R R

The STD Bus serves two markets. The first
market is for industrial OEMs embedding
low cost, non-DOS computers. This is the
traditional market that STD continues to
serve well.

A second newer market is for systems
integrators requiring PC-XT/AT compati-
bility using the STD Bus platform for reli-
ability and small size. These systems can be
embedded into a machine, process, or act
as a standalone computer.

WinSystems offers the STD-AT which
blends the industry proven STD Bus
hardware with MS/PC-DOS, the defacto
"Software Bus" for hosting operating sys-
tems, utilities, real time executives, devel-
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opment tools, networking, and application
specific programs.

The open architecture of the system allows
for 8 or 16-bit I/O expansion modules and
upgrades to meet new requirements while
operating under a DOS environment.
Since it is 100% DOS compatible, it can
support other operating systems or real-
time operating systemns. It runs the thou-
sands of software applications and utility
packages developed for the PC-XT/AT.
Additionally it will run the growing selec-
tion of DOS programs targeted at industrial
and commercial applications as well. The
STD-AT provides the core hardware
foundation for industrial control systems.

STD Bus Overview

Unlike other bus types, the STD Bus is
specifically designed for process control
and industrial applications. Its simple bus
interface contributes to lower overall cost
and high reliability (typical MTBF of 15 to
2S5 years, depending on card type).

I/0 interfaces are available for pressure
and temperature measurement, stepper
and large motor control, analog and digital
interface, networking, video graphics, and
so on. Users who need special I/O func-
tions can easily design and construct their
systems, since the STD Bus offers a larger
variety of interface cards than any other
bus. In fact, many special I/O interfaces
that must be custom made for other buses
are often off-the-shelf products with the
STD Bus. Currently over 150 manufactur-
ers worldwide produce more than 2000



different kinds of STD Bus boards.

The 16-bit STD Bus architecture is quite
similar in power and functionality to the
AT bus, yet designed specifically for the
rigors of industrial applications. The STD
Bus is well known for the wealth of real
world interface cards that links it to most
any industrial sensor. The STD Bus has an
active manufacturers group (STDMG) to
monitor standards, specifications, and new
technical developments to assure orderly
evolutionary growth. The PC-XT/AT Bus
has been abandoned by its developer while
the STD Bus has continued to evolve to
meet the new challenges of customer appli-
cations by adapting to newer technology for
higher performance and more cost-effec-
tive solutions. The result is a lasting stand-
ard for industrial applications not threat-
ened by obsolescence or abandonment
every 5 years.

CMOS STD Bus
A CMOS STD Bus is a design that offers

very low power, improved noise immunity,
and extended temperature operation. The

temperature range is wider than with an
NMOS equivalent and the power require-
ment is much less. Low power means low
system operating temperatures, reduced
internal heating, no fans, smaller power
supplies, and sealed enclosures.

Here today, Here tomorrow

The industry standard IEEE 961 STD Bus
hardware standard is very popular because
of its small size, rugged design, high quality,
and support from multiple vendors world-
wide. As an approved IEEE standard, it
provides a well documented scheme for
combining microprocessor and peripheral
devices. Nine out of every 10 major Ameri-
can manufacturers use the STD Bus be-
cause of its reliability, flexibility and cost
effectiveness. These users include large
and small OEMs who use the STD Bus to
bring their products to life. Other users
include chemical engineers, technicians and
scientists who build custom systems with
off-the-shelf convenience. Whether users
are skilled computer programmers or first-
time designers, they know they can rely on
the STD Bus for ease-of-use and long-term
support from manufacturers.
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Do you really need a 32-bit bus?

Much has been written concerning the power of 32-bit
processors; however the key factor driving industrial
applications is I/O rather than raw CPU power.

In the fast moving market of today, ven-
dors and users of instruments and industrial
control systems must be increasingly cost
and performance driven to survive. Both
must be ever alert to new technologies that
can increase the speed and capabilities of
control devices and systems, which ulti-
mately lead to improved productivity of
factories and plants.

One such technology is that of the 32-bit
processor. These devices offer levels of
performance previously seen only in expen-
sive mini and mainframe computers. As a
result, a move from 16-bit to 32-bit proces-
sors often is a wise decision. However, this
doesn’t mean that this move should be
accompanied by a switch from a 16-bit bus
to a 32-bit bus. Specifically for industrial
applications based upon the STD Bus, a
careful analysis of your individual product
or project requirements will show that a
8/16-bit bus is still that best route to take.

Processor bandwidth as opposed to I/O
bandwidth.

Processor bandwidth is the amount of
throughput afforded the processor(s) for
code execution and data manipulation,
without considering the source of the data
or code. For 32-bit single board computers

with large stores of local memory, this
throughput can be much greater than
needed bus bandwidth.

I/0 bandwidth is the communication
capability between remote devices and the
processor(s). These devices may include
other processors and internal subsystems.
In multiprocessor systems, bandwidth is
required not only for actual useful data, but
also for communication between tasks and
processes.

Smart I/O boards solve the bandwidth
problem.

Some classes of I/O will never require
moving beyond 8-bits such as serial, paral-
lel, modems, motor controllers, etc. De-
spite the migration to a STD Bus 16-bit
data path, very few I/O cards have ap-
peared other than memory cards and A/D
boards.

WinSystems’ research indicates that most
STD Bus users will continue to be served
adequately by the I/O performance of the 8
and 16-bit STD Bus for industrial and
embedded systems applications. Their
needs for greater overall system perform-
ance can be handled by increases in tightly
coupled on board CPU and memory per-
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formance and with distributed intelligent
I/0 boards.

If your system bandwidth assessment calls
for more power than what a single CPU can
supply, don’t immediately assume that you
must upgrade to a 32-bit bus. You may be
able to increase bus performance without
increasing bandwidth through an intelligent
I/O card.

An intelligent I/O card provides parallel
processing system with the CPU. The I/O
card performs the activity processing and
the CPU performs the information process-
ing. Consider the case for high speed
communications. A single smart I/O card
such as WinSystems’ MCM-SBC42 can
handle 4 high speed 19.2KB serial lines
easily with very little processor interven-
tion. A simple quad serial board connected
to a 386/486-based PC-AT would overrun
the processor with data, preventing it from
doing any additional work.

WinSystems and other STD Bus manufac-
turers have identified task intensive I/O
that require smart I/O and have begun
introducing cards to target this application
area. For example, WinSystems has the
MCM-ENET Ethernet card and MCM-
ANET ARCNET card for use with net-
works. A MCM-DSP32C board is available
for applications requiring the power of 32-
bit floating point Digital Signal Processor.
The MCM-SENSOR is a complete analog
subsystem on a single card that performs
control, linearization, and conversion for a
variety of up to 16 industrial sensors per
board. The MCM-SBC42 is a general
purpose intelligent I/O card that can
execute an number of tasks to off-load
processor intensive I/O from the host CPU.
An optional communications application
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program allows it to act as a 4 channel high
speed serial I/O or it can even run indus-
trial control applications under the ROM-
DOS embedded operating system. The
MCM-488 is an IEEE-488 talker/listener/
controller board.

The common feature with all these cards is
a standalone onboard CPU that runs
independently from the master CPU while
maintaining communications across the
STD Bus backplane. This approach offers
more performance, more control, more
modularity, and more system development
flexibility at less cost than by using a single
CPU with high data rates.

32-bit solutions for the STD Bus

STD32 has been presented as the only
solution for 32-bit processing on the STD
Bus. However the more popular alterna-
tive is the STD Bus using 32-bit CPUs and
either 8- or 16-bit I/O. Increased I/O
power (if required) is augmented with intel-
ligent I/O cards. 80386, 80486 and 68030-
based CPUs are available on the STD Bus
that have the main memory on the CPU
board with 16-bit data transfers of the CPU
card and down the backplane. This concept
is the same as used by the ISA bus and is
called the "Local" bus. This gives hardware
and software access to the powerful 32-bit
processors while remaining STD Bus
compatible with the I/O cards.

Reasons for considering a 32-bit data bus.

* Needed bandwidth. If large blocks of
data must be moved across the bus, and
there is no other efficient method of reach-
ing or processing this data, a 32-bit bus may



be imperative. With the growing move
toward graphical user interfaces comes the
need for creating, manipulating, and storing
the image data. The latter process can be a
voracious consumer of bus bandwidth.
Another use of massive data might be a
high speed data acquisition system, al-
though the use of DMA may alleviate the
need for a wider bus bandwidth. Clearly,
this is not the marketplace for the industrial
STD Bus.

¥ Image. There is understandably a certain
panache to the latest bus structure. This
can be seen as a marketing tool, even if the
capability is not truly needed.

Making the decision.

Most industrial embedded applications
simply don’t need the higher performance
offered by a 32-bit I/O bus. TheI/Oisa
constraint to system performance not the
time constraints presented by the CPU.
There are some applications, however, for
which I/O performance is critical. Trans-
action processing, formerly the exclusive
domain of multiuser minicomputers (but
now migrating over to high-end PCs), may
require 500 to 1000 percent more I/O bus
performance of todays machines. File
servers, multiuser databases, and vision
systems will also require more I/O band-
width as well.

Nonetheless, the industrial user, whether in
standalone mode or as a node on a net-
work, will not require much of an increase
in I/O performance. Industrial I/O based
systems simply do not need and cannot
accept 32-bits of data. Industrial I/O is 8-
and 16-bit oriented, not 32-bit. The bus is
not the performance bottleneck with this
hardware for these applications. How fast
does one need to turn a relay On and Off?
Why make STD Bus users pay additional
cost in interface complexity to go to STD-
32, when in fact you can get 32-bit perform-
ance on the CPU.

High-end 32-bit boards are suited for LAN
servers, high-speed graphics, large data
storage, and workstation applications.
Clearly, this is not the marketplace for the
industrial STD Bus.

Conclusion.

WinSystems and other STD Bus companies
believe that the very small benefit gained
by the 32-bit memory and I/O bus transfers
on a 32-bit STD Bus do not warrant the
complexity of the ensuing hardware design.
We are not opposed to 32-bit CPUs on the
STD Bus and in fact offer the MCM-386SX
and MCM-486DX/SX. We believe the
standard STD Bus architecture supports
both high CPU performance and 16-bit
industrial I/O at a much reduced cost.
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Important Questions about 32-bit
Processing on the STD Bus

What is the status of a 32-bit STD Bus?

A. WinSystems and other STD Bus
manufacturers have designed and are
shipping 32-bit 80386, 80486 and 680X0
based CPUs for the STD Bus. It is a natu-
ral technical evolution to higher CPU
performance because of the application
software, real-time operating systems,
development tools and high level language
support. Since 32-bit CPUs are available,
then the key to system performance is the
I/0.

Consider the STD Bus marketplace. It
serves the industrial embedded computer
applications with one of the broadest
ranges of industrial I/O functions. Few if
any peripherals or controllers need 32-bits.
The 32-bit bus wars are interesting but not
relevant to most industrial engineers
because of the nature of the applications.
The vast majority of I/O is only 8-bits with
16-bits appearing only recently. LANS,
video, A/D and D/A, keypad input, dis-
plays, relays, etc. neither can use nor do not
require 32-bit data transfers for I/O opera-
tions.

The STD Bus continues to evolve to meet
the requirements of the industrial market-
place. The best way to visualize the STD
Bus is to think of it as the industrial ISA
Bus. The market has clearly shown us that
ISA is here to stay. The same claim cannot

be made concerning EISA. EISA simply is
not being accepted for general purpose, low
cost computing applications.

The STD Bus Manufacturers Group
(STDMG) has defined and adopted a
specification to permit 8- and 16-bit memory
and I/O transfers on the backplane. There
is no specification for 32-bit transfers.

Do you need a 32-bit Bus for 32-bit CPUs?

A. No. New 32-bit CPU designs have all
the main memory on the processor card.
Putting all the computing power with its
associated memory on a single card rather
than on separate cards linked with a bus
makes the most sense. With system clocks
now at 33 MHz and continuing to increase,
the bus becomes a bottleneck rather than a
gateway because of the problems associat-
ed with high speed data transfers which
include increased susceptibility to noise
and reflection errors.

The latest trend in the market is to adopt a
"local bus" interface for high speed periph-
eral functions. Such an interface makes it
easier to attach high-speed peripheral chips
- such as VGA or XGA controllers, SCSI
controller, etc. - directly to the CPU bus
rather than to a much slower I/O bus. This
design trend is very apparent both in new
STD and ISA bus designs.
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The STD Bus is a "Blue Collar" Bus that
has evolved into a proven 16-bit bus for
I/0O control rather than a general purpose
interconnect scheme of computer architec-
ture. If an application really needs very fast
32-bit data transfers for server or graphics
support, then the VME Bus is a better
solution with more upside computing
power.

What is STD32? ..

A. STD32is an alternative form factor
EISA bus with 8-bit STD Bus I/O compati-
bility. Itis a more expensive, proprietary
bus interconnect scheme that has adopted
practices from both the STD Bus and
EISA. Both 16- and 32-bit STD32 data
transfers are non-standard and incompati-
ble with the STD Bus.

What is the status of the STD Bus?

A. The STD Bus is a very reliable, low
cost, ISA-like, industrial I/O channel. With
the advent of the high performance /high
integration CPUs, it has allowed the STD
Bus to evolve into an I/O expansion chan-
nel rather than a general purpose computer
architecture. As a 16-bit I/O channel, the
STD Bus provides one of the broadest
ranges of industrial I/O functions including
analog, digital, remote I/O subsystems,
motion control, networking and PLC
connectivity.

The STD Bus is a popular, worldwide
standard on a straight path continuing to
become the best I/O channel to support
integrated, advanced CPU/memory boards.
It offers the most cost effective migration
path from simple to complex computing
support designed specifically for the rigors
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of industrial applications. The resultisa
lasting standard not threatened by obsoles-
cence or abandonment every S years.

There is only one STD Bus. It is not
trademarked, copyrighted, patented and it
doesn’t have a number after it.

Does the STD Bus support multiprocess-
ing?

A. Yes. Since 1983, master/slave multi-
processing has been popular on the STD
Bus. In the master/slave scheme, loosely
coupled processor communicate through
dual-ported memory or I/O ports and can
never control the bus.

STDMG multiprocessing subcommittee
has finalized a scheme to allow up to seven
master CPUs on the same bus. Multimas-
ter systems consist of multiple CPU cards,
each capable of controlling the bus. Each
CPU operates with local onboard memory
and has the ability to access the STD Bus
for global memory and I/O. Any multimas-
ter CPU may also have local onboard I/O.
Data and control parameters are passed
between masters through global memory
on the bus. A full bus arbitration and prior-
ity scheme is implemented to allow this.
The bus arbitration is performed by the
hardware and does not affect the software.

Who should use the STD Bus?

A. For designers facing pressures of tight
budget constraints, lower system costs, and
an upward migration path for increased
performance while developing and bringing
their systems to market quickly, the STD
Bus is an excellent choice.
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WinSystems’ 3/4" Card Cages
Functional Considerations

WinSystems’ practice of designing extra
value into their products is evident in their
card cage and backplane design. Several
important features were incorporated to
lighten the task of the systems designer.

Signal integrity and processing speed.

New packaging/interconnect requirements
which are dictated by the solid structured
STD Bus have been answered by WinSys-
tems. Backplanes were carefully designed
for minimal crosstalk on signal lines.
Ground noise contribution was another
important consideration.

WinSystems selected the assembly side of
the backplane as the groundplane which
reduces noise and crosstalk of signal lines.
It also provides a constant characteristic
impedance necessary for good transmission
line design. The signal lines are narrow to
reduce adjacent channel coupling.

Each STD Bus 56-pin connectors has a
bypass capacitor for Vcc. Wide ground and
power traces are used to improve power
distribution. The motherboard has solder
pads on a 3 by 3 grid that will accept up to
#16 AWG wire for direct wiring or the
WinSystems’ cable assembly using a stand-
ard Molex 9-pin connector. In addition to
power and ground, an external battery
voltage (VBAT), DC power down signal
(DCPD*) inputs are supplied to the back-
plane through the power connector. Indi-

vidual backplanes are shipped with no
power cable for maximum configuration
flexibility.

WinSystems uses only UL-approved con-
nectors with gold-plated bifurcated bellows
contacts. They are superior to cantilever
beam connectors since they provide two
beam contacts with two independent spring
members and a constant spring tension on
the card edge. The contact design enables
the connector to have a lower insertion
force, a higher withdrawal force and a
higher, more consistent normal force. This
translates to higher reliability and a better
connection since it can absorb load deflec-
tion of a card while maintaining sufficient
contact force for good electrical connec-
tion. Maximum reliability of the bellows
connector is assured through superior
contact tolerance through environmental
stresses including shock, vibration, temper-
ature and humidity variations. Other
parameters such as insulation resistance,
contact resistance, durability and contact
separation force meet all of industry’s
specifications for reliability.

An optional jumper selectable powerfail
and brown-out detection circuit is offered
on all the backplanes and card cages. A
precision 4.5 volt band gap voltage compa-
rator circuit is used to accurately determine
the Vcc voltage statue. Upon detection of
an out-of-tolerance condition, a PBRE-
SET* is generated. This is critically impor-
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tant in detecting brown-out or powerfail
conditions in remote on unattended appli-
cations since a microprocessor will act
erratically before it shuts does. Also the
reset circuit ensures that the power is a
nominal 4.5 volts before executing a power-
on-reset.

System modularity and expandability.

Three mounting configurations are avail-
able: Rack mount (RM), Table mount
(SE), and Wall mount (WM). All cards
cages are supplied with a high performance
motherboard and a 6" male power plug.
The rack mount version uses standard 5.25
inch flanges on all models that allows the
card rack to be supported from the front.
The table top version allows card racks to
be supported be the bottom. The wall
mount units are designed to mount to the
rear vertical panel of an enclosure.

For distributed processing applications,
multiple backplanes can be mounted in a
singled card rack. This allows more than
one STD Bus controller to reside in a single
enclosure.

WinSystems will optionally supply MIL-C-
55302/57-type polarized connectors on the
backplane instead of card edge connectors.
This permits the card cages and backplanes
to be used with STD Bus cards that use the
pin-and-socket interconnect system. These
connectors are superior to DIN-type
connectors yet are compatible with WinSys-
tems’ XIM series STD Bus cards.

WinSystems will quote specially configured
card racks with power supplies. These
supplies will mount within the card and
generate DC-output voltages from the AC
mains.
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Rugged, Dependable Construction.

WinSystems’ card cages are made from
extruded anodized aluminum for the end
plates, guide rails and connector rails. This
offers both high strength and light weight.
The card guides are made from high grade
nylon and are self-lubricating, nonconduc-
tive, and provide isolation for cards and
their components from shock and vibration.
The guide tracks have integral card reten-
tion tabs to insure a secure fit.

The backplane is mounted to the card cage
by riveting the connectors to the metal
chassis. The connector housing accepts the
insertion and withdrawal forces rather than
the backplane PCB which adds reliability to
the system. An optional latching bar is
available to provide additional card re-
straint. It fastens at both ends of the card
cage and horizontally across the STD Bus
card’s ejector to hold the cards firmly in
place.

Factory Assembly Convenience.

WinSystems ships fully assembled
units...not kits. WinSystems’ manufacturing
expertise and aggressive quality control
have produced a respected line of STD Bus
products known for their reliability and
their tolerance of the rigors of industrial,
military and scientific applications. Win-
Systems demands the highest quality
workmanship standards in all of its
products. All elements of the product from
design, layout, fabrication, testing, and
inspection are carefully checked and
monitored for conformance to industrial
standards.
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Questions about the ROM-DOS
Embedded Operating System

What is ROM-DOS?

A ROM-DOS is an embedded operat-
ing system. The task of an operating system
is basically to supervise and direct the work
of the computer and its associated periph-
eral devices. ROM-DOS couples the famil-
iarity and wide range of high level lan-
guages and compilers of MS-DOS with
enhanced facilities for embedded systems
applications where the need is to control
real data and not just process data.

ROM-DOS is best described by compari-
sons with MS-DOS. MS-DOS appears to
be a single program but is actually a multi-
tude of programs that can be classified into
three major parts: Managing of devices,
Control of programs, and Command proc-
essing. ROM-DOS likewise handles these
same tasks. Management of devices in-
volves interaction with the mini-BIOS as
well as organizing the disk space, efficient
storage of data, and retrieval. Control of
programs involves the loading of programs,
setting up the system for program execu-
tion, and provision for DOS services. Final-
ly Command processing provides direct
user interaction with DOS.

ROM-DOS is focused on building DOS
functionality optimized for an embedded
system, and thus has eliminated many

portions of DOS which are "excess
baggage". Only the minimum necessary
BIOS is required. Among other functions,
ROM-DOS supports memory management,
MS-DOS compatible file support, time
functions, and installable device drivers.

Why Use ROM-DOS?

A.  ROM-DOS is designed especially
for programmers designing embedded
systems software to run on Intel family
CPUs that are not necessarily 100% PC
compatible. This allows the user to opti-
mize both hardware and software develop-
ment for the application.

ROM-DOS provides a DOS level environ-
ment that minimizes ROMing restrictions
of the application code. Programs can be
written in assembly, C, or high level lan-
guages such as Pascal or compiled BASIC.
It supports standard MS-DOS file struc-
tures that greatly simplify data storage and
retrieval. Since the programmer is familiar
with the PC operating environment, a
shorter learning curve will occur. All
development can be done on a PC and the
code debugged on either on a PC or the
target system which completes the project
in the shortest time. The application will
boot from ROM and run MS-DOS exe-
cutable (.EXE and .COM) files.
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Which applications need an Embedded
Operating System?

A.  ROM-DOS is suitable for a number
of rugged applications such as embedded
controllers, portable instruments, industrial
data acquisition and control, vehicle data
logging, security systems, and medical
instrumentation which require a diskless
operating system. The key features of
embedded applications are that they are
ROM based, require a standard software
interface for common compilers, are disk-
less (or at least no rotational media), don’t
require keyboard or video as input devices
and are memory efficient.

What hardware is required for ROM-DOS?

A ROM-DOS has been optimized to
run on WinSystems’ Single Board Comput-
ers (SBCs) and requires a minimum of
hardware which lowers system costs.
ROM-DOS uses a minimum amount of
memory which also reduce costs. Designed
to reside in ROM and use only the neces-
sary amount of RAM during operation,
ROM-DOS is frugal on memory space.
With all functions included, ROM-DOS
takes only 29 KB of ROM, and employs as
little as SKB of RAM when running. MS-
DOS would require more than 75KB of
ROM which must be loaded into 75KB of
RAM during the boot procedure. Memory
conservation saves both board space and
the cost of memory.
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Additionally, ROM-DOS does not require
a keyboard, video or rotational media to
function which is ideal for embedded
control applications. RAM/ROM disks are
supported for data storage with the stand-
ard DOS file structure.

ROM-DOS is ported to many of WinSys-
tems single boards computers some of
which are fully PC compatible and othets
that are not. ROM-DOS is designed to
communicate through a serial channel
rather than a standard keyboard and video
display. Programs should not attempt to
bypass ROM-DOS and manipulate the PC
style hardware directly. Embedded systems
typically do not have screens or PC style
keyboards and programs that do output by
writing directly to the screen memory (i.e.
QuickBASIC) will not function as desired.
This is not to say that the system hardware
cannot be manipulated by a custom appli-
cation program or driver, but only that
some canned programs or library routines
will not be cognizant of the actual hardware
present.

ROM-DOS is currently supported on
several WinSystems’ boards that are STD
Bus, CMOS STD Bus and non-bus based:
LPM-SBC40, LPM-SBC41, LPM-SBCS53,
LPM-286AT, LPM-386SX, MCM-SBC40,
MCM-SBC41, MCM-SBC53, MCM-
286AT, MCM-386SX, MCM-486DX/SX
and SBC-88.
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Why ARCNET on
the FACTORY FLOOR?

ARCNET, a 2.5 Megabit/sec token passing
network, was the first network in worldwide
use. In fact, ARCNET was used in com-
mercial service before Ethernet as we know
it was standardized. ARCNET is a defacto
standard with over 3 million nodes in-
stalled. Because of its reliability, ARCNET
is used extensively in hospitals and facto-
ries.

Long known for its ruggedness and flexibili-
ty as a network, ARCNET can make claims
that other networks cannot. For instance,
an ARCNET network can be physically cut
anywhere without destroying the network.
This will just make two fully functioning but
independent nets. An ARCNET network
can be subjected to short circuits and static
electricity and still stay up.

Because it is not a baseband like Ethernet
and is essentially a modulated carrier,
ARCNET does not suffer from ground
current problems. An ARCNET does not
become "fully loaded" since it equally dis-
tributes the available bandwidth among all
participants with efficiency increasing with
heavier loads!

Other key features include:
ARCNET response is predictable.

Factory floor automation applications
are often more concerned with the

worst-case response time than the data-
transmission rate. Because ARCNET
allows you to calculate the worst-case
response time of the network, you can
monitor and control critical machines
and processes within guaranteed times.
This is critical for command dependent
real-time environments that cannot
tolerate unknown and occasionally
lengthy delays.

ARCNET performs well under heavy
loads. As network traffic increases, the
token passing ARCNET protocol suf-
fers no performance degradation from
CSMA/CD type packet collisions (like
Ethernet). Problems with CSMA/CD
protocol arise when a network traffic
increases to the point where collisions
become common and network through-
put is drastically degraded due to
network contention problems. When
such a situation occurs, the data trans-
ferred per unit time can drop substan-
tially.

ARCNET is fast. Factory-floor network
communications are often dominated
by short messages - process monitoring
data, for instance, which consist of
several bytes and is sent at short, regu-
lar intervals. Because of this modest
packet size, efficient packet formatting,
and relatively simple design, numerous
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independent performance reviews have
concluded that ARCNETs throughput
is actually equal to (and for some appli-
cations, better than) Ethernet or Token
Ring networks.

ARCNET is inexpensive. Cabling costs
can amount to half the cost of a net-
work, and this is specially true in factory
floor applications where cabling runs
can be long. ARCNET networks
normally use RG-62/U coaxial cable,
which cost around $.30 per ft. which is
about a third the cost of standard
Ethernet cabling.

ARCNET is flexible. 1t allows either
star or bus topology configurations, and
can be run over coaxial cable, twisted
pair wiring or fiber optic cabling sys-
tems (fiber optic cable is particularly
attractive on the factory floor, because
of its immunity to electrical interference
around it).

ARCNET is simple and reliable. Most
of the sophisticated circuitry is con-
tained in a VLSI chip set.

ARCNET is easy to install and main-
tain. Troubleshooting can be accom-
plished by simply unplugging each
network node until the problem area is
isolated. In the event of a node failure
or damage to the cable itself, the system
will reconfigure around the problem
and keep on operating.

ARCNET is a mature and proven tech-
nology. ARCNET was first introduced
by Datapoint Corporation in 1977, and
has become a true "de facto" standard,
with over 3,000,000 nodes installed
worldwide.

ARCNET enjoys the backing by an
active support organization, the
ARCNET TRADE ASSOCIATION.
Current ATA activities include the
review and adoption of a universal
protocol standard, the enhancement of
ARCNETs structure to address "the
year 2000 and beyond" network needs
and a variety of educational and techni-
cal support programs for ARCNET
designers, integrators, installers, and
network users.
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What is MNP?

MNP is an acronym for Microcom Net-
working Protocol, which was devised to
provide a means for error detection and
correction of high speed modem transmis-
sion. Poor telephone line connections or
noisy lines can cause erroneous data, but
this protocol has the ability to detect and
correct these errors.

MNP has a number of different transmis-
sion schemes, each having certain levels of
error correction and most having the same
or higher throughput (actual data transmit-
ted) than a standard 2400 bps modem.

When a WinSystems’ MNP compatible
modem tries to initiate an MNP connec-
tion, it will transmit a link request contain-
ing information such as service class,
maximum user data size and maximum flow
control window size. If the receiving
modem responds with a link acknowledge-
ment, MNP will be established at the
highest class both modems are capable of
performing. If no link acknowledgment is
received, the modem will establish a non-
MNP (normal) connection when in auto
reliable mode.

Data packets are sent along with a 16 bit
Cyclic Redundancy Check (CRC) charac-
ter. If the received CRC bit doesn’t match
the locally computed one, a negative
acknowledgment is sent and the remote

modem will retransmit the packet. This
method not only allows for error detection,
but, with the retransmission of the data, will
actually correct the error.

MNP connections can only be obtained
with another modem capable of and set to
use MNP. All of the functions of MNP are
transparent to the user, once the parame-
ters for its use are setup using the "AT"
commands.

The WinSystems’ MCM-2400MNP incor-
porates all the standard and extended "AT"
commands, plus additional "AT" commands
for controlling the features of MNP.

MNP Service Classes:

Class 1: MNP Class 1 uses an asynchro-
nous, byte-oriented format. Standard byte
framing techniques are used (start and stop
bits) and transmission is half duplex.

*Class 2: MNP Class 2 uses an asynchro-
nous, byte-oriented format. Standard byte
framing techniques are used (start and stop
bits) and transmission is full duplex.

*Class 3: MNP Class uses a synchronous,
bit-oriented format. Standard byte framing
techniques are removed, thereby increasing
throughput by 20% (8 bits transmitted per
byte instead of 10).
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With a 20% reduction in actual bits trans-
mitted, overall throughput is increased to
approximately 2600 bps.

*Class 4: MNP Class 4 uses more efficient
framing techniques and allows for larger
data block transmission. Data block size is
adjusted larger for high quality connections
and smaller for poorer lines. This tech-
nique reduces the number of retransmis-
sions and maximizes transfer rate on vary-
ing quality lines.

The automatic adaptiveness of this class
can maximize data transmission at rates up
to 2900 bps.

*Class 5: MNP Class 5 includes the fea-
tures of Class 4, plus adds data compression
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techniques. Data is compressed using a
real-time adaptive algorithm. Both down-
loaded and interactive, real-time data is
compressed.

This class can realize up to a 200% increase
in throughput, producing an actual data
transfer rate of up to 4800 bps.

* Overall throughput greater than 2400 bps
can only be realized when the communica-
tion between the WinSystems’ MCM-
2400MNP modem and the terminal equip-
ment (DTE) is greater than 2400 bps (up to
a maximum speed of 9600 bps) and flow
control is used.,
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28/32 PIN JEDEC Footprint Standard for SRAMs

4AM BITS (512k x 8)

2M BITS (256k x 8)

TM BIT (128k x 8)

/‘— 512k BITS (64k x 8)

>

<«Ais| NC | NC o1 Oég]ny vﬁ‘gs 32p Vee >
< Ao d2 TOPVEW a1k A5 >
< As g3 28(30F Vee | Vee | A7 | —
< A2 o4 |2 27129 WR >
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< As g7 |5 24{26F2 Ao >
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EPROM Memory Socket Configuration

8M BITS (102k x 8)

AM BITS (512k x 8)

2M BITS (256k x 8)

TMBIT (128k x 8)

/——- 512k BITS (64k x 8)
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About the PC/104 A

Standard

THE NEED FOR AN EMBEDDED-PC STANDARD

Over the past decade, the PC architecture has become an accepted plat-
form for far more than desktop applications. Dedicated, rather than
"personal”, applications for PCs are everywhere! PCs are used as con-
trollers within vending machines, laboratory instruments, communications
devices, and medical equipment, to name a few examples.

By standardizing hardware and software around the broadly supported
PC architecture, embedded system designers can save substantial devel-
opment costs, risks, and time. This means faster time-to-market and
hitting critical market windows with timely product introductions. Anoth-
er important advantage of using the PC architecture is that its widely
available hardware and software are significantly more economical than
traditional bus architectures such as VME and Multibus. This means
lower product costs. '

For these reasons, companies that embed microcomputers as controllers
within their products seek ways to reap the benefits of using the PC archi-
tecture. However, the standard PC bus form-factor (12.4" x 4.8") and its
associated card cages and backplanes are too bulky (and expensive) for
most embedded control applications.

The only practical way to embed the PC architecture in space- and power-
sensitive applications has been to design a PC — chip-by-chip — directly
into the product. But this runs counter to the growing trend away from
"reinventing the wheel."” Wherever possible, top management now en-
courages out-sourcing of components and technologies, to reduce devel-
opment costs and accelerate product design cycles.

A need therefore arose for a more compact implementation of the PC
bus, satisfying the reduced space and power constraints of embedded
control applications. Yet these goals must be realized without sacrificing
full hardware and software compatibility with the popular PC bus stan-
dard. This would allow the PC's hardware, software, development tools,
and system design knowledge to be fully leveraged.
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PC/104 was developed in response to this need. It offers full architecture,
hardware, and software compatibility with the PC bus, but in ultra-
compact (3.6" x 3.8"), stackable modules. PC/104 is ideally suited to the
unique requirements of embedded control applications.

A PROPOSED EXTENSION TO IEEE-P996

PC/104 is being advanced as a proposed Appendix to the IEEE-P996
draft specification, with the title: "PC/104 — A Compact Embedded-PC
Standard." The name "PC/104" comes from the total number of bus
connector pins (64 pins on P1, plus 40 pins on P2).

Products compatible with the proposed PC/104 standard are already
offered by over a dozen companies. Like the IEEE-P996 PC bus specifi-
cation itself, PC104 is therefore an expression of an existing "de facto"
standard, rather than a theoretical bus developed by committee.

The major differences from the existing IEEE-P996 (PC bus) standard
are:

®  Extremely small form-factor. 3.6 by 3.8 inches (Figure 1).

®  Unique self-stacking bus. Eliminates the cost and bulk of back-
planes and card cages (Figure 2).

®  Relaxed bus drive requirement (6 mA). Lowers power consumption
(typically 1-2 Watts) and reduces component count.

TWO WAYS TO USE PC/104 MODULES

Although configuration and application possibilities with PC/104 modules
are practically limitless, there are two basic ways they tend to be used in
embedded system designs.

Standalone module stacks. As shown in Figure 2, PC/104 modules are
self-stacking. In this approach, the modules are used like ultra-compact
bus boards, but without the need for backplanes or card cages. Stacked
modules are spaced .6 inches apart when installed. The three-module
stack shown in Figure 2 measures just 3.6 by 3.8 by 2 inches. Companies
incorporating PC/104 module stacks within their products frequently
create one or more of their own "application-specific" PC/104 modules.
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Figure 1. Basic Mechanical Dimensions (8-bit Version) I

Figure 2. Standalone Module Stacks
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Component-like applications. Another common way to use PC/104
modules is illustrated in Figure 3. In this type of application, the modules
function as highly integrated components, plugged into custom carrier
boards which contain application-specific interfaces and logic. The
modules’ self-stacking capability can be useful for installing multiple
modules in one location. This facilitates future product upgrades or op-
tions, and allows temporary addition of modules during system debug or
test.

POWER
CONNECTOR REAR PANEL CONNECTORS
T e
PPOWER SUPPLY L1 pcrios Expansion TN
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| APPLICATION -
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i = =
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Figure 3. Component-like Applications

Reprinted with permission from the PC/104 Consortium.
PC/104is a trademark of the PC/104 Consortium.
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