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Figure 8-2. DMA Input Timing Diagram

DONE

Table 8-3. DMA Input Timing Table

DMA DMA
NUM |TIMING PARAMETER CONTROLLER REQUESTOR
1 DMAR release after DMACK 0

2a DMAR low after DTACK low for burst mode,with 65
Priority = 0

2b  |DMAR low after DTACK, with Priority = 1 1600
3 |BR/W low before DMACK low 15
4  |BR/W high after DMACK high 15
5 DMACK low to DMARDY low w/o bus error 2500
6  |BAS low to DTACK low w/o bus error 3000
7
8
9

Data setup before DMARDY low 15
Data hold after DMACK high 0 100
DMARDY release after DMACK high 0 50
10 |DMACK low to FOLD, DONE low -15 53
11 |DMACK high to FOLD, DONE high -15 53
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Note 1

Note 2

Note 3

Note 4

Note 5

Note 6

Note 7

Note 8

Note 9

Note 10

Note 11

The 1/0 card may keep DMAR low after its request is acknowledged, if it intends
to do multiple DMA cycles.

To request another DMA cycle, the I/O card must assert DMAR within the spec-
ified time after the memory device’s DTACK. After satisfying this requirement
(Specification 2 in Table 8-3), the HP 98625A disc interface card can set DMAR
high. Thus, during the next cycle, DMAR may still be high when DMACK goes
low.

BR/W must be setup this minimum amount of time at the DMA requestor before
DMACK is asserted by the DMA Controller.

The DMA Controller must hold BR/W true at the DMA requestor for this minimum
amount of time after DMACK is deasserted.

DMARDY must be low by this maximum amount of time after DMACK to guar-
antee that the cycle will end before a bus error will occur.

DTACK must be low within this maximum amount of time after BAS is asserted
to prevent a bus error.

Data must be set up this minimum amount of time at the RAM before DMARDY
is asserted.

Data must be held within the specified window to guarantee that the RAM has
time to take the data and to guarantee that no contention will occur on the next
bus cycle.

DMARDY must be released this maximum amount of time after DMACK is de-
asserted to guarantee that DMARDY is high by the beginning of the next cycle.

FOLD and DONE must be asserted within the specified window to guarantee that
the fold buffers and I/O card see the signals true on the correct cycle. FOLD and
DONE are only valid when DMACK is asserted.

FOLD and DONE must be deasserted within the specified window to guarantee
that the fold buffers and I/O card do not see the signals true on the incorrect cycle.
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DMA Speed Considerations

To optimize the speed of DMA transfers, the transfer (data read, data write) must be completed
during a single bus cycle. Also, the overhead time of the DMA Controller must be minimal and
the device connected to the I/O card must be able to provide or accept the data immediately.
The time for the existing DMA Controller (HP 98620) to synchronize the handshake signals is
similar to the response of the MC68000 and adds minimal overhead.

The following discussion is concerned with the HP 98620 Card and does not apply to the 1TQ4-
0401 chip operation.

To meet the desired performance, the DMA Controller must also minimize overhead time be-
tween bus cycles. The DMA Controller is designed to hold the bus continuously, providing that
the I/O card can generate another DMA request (DMARO) within a certain length of time after
DTACK. This time is either 65 nsec (DMA priority bit = 0) or 1.6 usec (DMA priority bit =
1). See note 2 in Figure 8-2 and Table 8-3. Burst mode requires a 65 nsec response. If the I/O
card does not assert DMAR within 65 nsec, the DMA Controller relinquishes the bus at the
end of the cycle. The next highest priority bus master then assumes control of the bus(typically
the master controller). The response to the 65 nsecs is not gauranteed, since it is based on the
original state machine of the HP 98620.

Because designing an I/O card to respond to DTACK with DMARQ within 65 nsec adds com-
plexity to the I/O card, the DMA Controller can be programmed for the 1.6 usec DTACK-
DMARQO response time (in the hope that it will generate another DMA request). As mentioned
above, selection of this time is done with the priority bit. This works as follows:

1. In burst mode, the priority bit is 0 and the I/O card must assert DMARO within 65 nsec
of DTACK. This ensures that the DMA Controller keeps control of the bus and provides
1.2 Mbytes/sec.

2. If the priority signal for the channel is 1, then the bus is not relinquished until 1.6 usec
after the last transfer is complete.

Terminating DMA Transfers

DMA transfers can be terminated in several ways:

1. The DMA Controller can be programmed to interrupt the master controller after the
transfer is complete and the bus relinquished.

2. The bus master can monitor the ARM bit in the DMA Controller between DMA cycles
(assuming that the bus is released between DMA cycles). When the ARM bit is 0 after
completion of the DMA transfer, the bus master can react accordingly.

3. The I/O card can use the DONE signal from the DMA Controller to interrupt the bus
master. The HP 98625 disc interface card uses this technique.

DMA Operation 8-11



Software Interface

The 1TQ4-0401 DMA chip appears to the CPU as a set of memory mapped registers that consist
of status and control operations. From the system perspective, the DMA chip is a 16-bit wide
peripheral. The chip contains the complete register set of the HP 98620B DMA Controller plus
an extended register set. Most registers must be accessed on even addresses. The exceptions
are HP 98620B status register and the 1TQ4-0401 status and control registers. These may be
byte addressed.

For DMA transfers to occur, the following two conditions must be met:

e A DMA channel must be set-up to transfer data.

e An I/O card must be set-up to do the DMA transfer on the channel.

Operating system or user-written code must provide the following coordination:
e Match the DMA channel useage and priority to I/O cards.
e Ensure that only one card per DMA channel is enabled to perform DMA transfers at any
given time.
Three sets of registers will be discussed in this section.
1. HP 98620B Compatible Registers.
2. General Status/Control Registers.
3. Channel Specific Registers.
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HP 98620B Compatible Registers

The 1TQ4-0401 DMA chip provides the complete HP 98620B interface for backwards compati-
bility, but has a full 32-bit physical address range in order to support both the DIO and DIO-IT
buses. The definition of these registers is identical to that of the HP 98620B register definition
and is provided here for reference.

Channel 0 control register base address is 00500000 (H).
Channel 1 control register base address is 00500008 (H).
RESET ARM and INTERRUPT Register
Characteristics:

o It has an offset address of 0.

e It is a READ only register.

e Byte operations are NOT allowed on the RESET ARM and INTERRUPT register.

e It has no data associated with it.

The function of this register is to:
e Clear a pending interrupt (when ARM is already cleared).
e Abort a DMA transfer. (ARM is set but no normal termination has been reached).

If a transfer is aborted, the ADDRESS and TRANSFER COUNT registers are not disturbed
so that the transfer may be resumed by simply re-arming the channel.

ADDRESS Register
Characteristics:

o Their offset addresses are 0 and 2 (High Address and Low Address respectively). The
High Address is bits 31 thru 16 while the Low Address is bits 15 thru 0.

e These are WRITE registers.

e Byte operations are NOT allowed with these registers.
The ADDRESS register is a 32-bit write-only register that increments and holds the DMA
memory address pointer. Although the DMA address cannot be obtained by reading the address
registers, it can be derived from the current transfer count and the buffer parameters. The

address register can be loaded with one “move long word” instruction (MOVEL.L), since the
high and low words of the address are in sequence.
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TRANSFER COUNT Register
Characteristics:

e It has an offset address of 4.

e It is a READ/WRITE register.

e Byte operations are NOT allowed on the TRANSFER COUNT register.
The TRANSFER COUNT register is a 16-bit read/write register that holds and decrements
the current number of transfers remaining in the transfer. The register is decremented once for
each transfer. Since the register is 16-bits wide, this permits continuous transfers of up to 64K

bytes in byte-mode and 128K bytes in word-mode without reseting the HP 98620B compatible
registers.

The transfer count register holds the COUNT—1. Upon normal termination, the register should
hold —1 (FFFF (H)).

The transfer count register may be read at any time to allow monitoring the progress of the
transfer. This register should only be accessed by WORD instructions.

CONTROL and ARM Register
Characteristics:
o It has an offset address of 6.
o It is a WRITE register.
e Byte operations are NOT allowed on this register.

The CONTROL and ARM register is a 7-bit wide write-only control register that enables DMA.
Any write to a Channel Control register arms the corresponding DMA channel.

The normal programming sequence to set up and arm either of the two DMA channels is:
1. Write ADDRESS.
2. Write COUNT.
3. Write CONTROL, and thereby ARM the channel.
DMA on the programmed and armed channel will commence when a DMA-capable I/O card

requests DMA transfer on that channel. The four control bits that control the actual transfer
are shown in Table 8-4.
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Table 8-4. CONTROL and ARM Register Bit Assignment

Control Bit Definition

INT (bit 0) If this bit is set, a normal or bus error termination will set the interrupt line and
the interrupt status bit. The DMA controller interrupts on a level determined by
bits 4 through 6 of this register, and must be polled to check interrupt status.

W/B (bit 1) If set, word transfers are executed and the address register is incremented by two
for each transfer. If cleared, byte transfers are done with memory packing. The
type of transfer must be coordinated to match the DMA transfer type supported
by the I/O card.

O/ (bit 2) This defines the direction of the DMA transfer relative to the I/O card. If set, data
is read from memory and OUTPUT to the card. If cleared, data is read from the
card and INPUT to memory.

PRI (bit 3) This controls the interaction between DMA channel 0 and DMA channel 1.

When the priority bit is SET, high bandwidth transfers are expected. The chip will
immediately set up for the next transfer upon completion of the current transfer. It
will wait 1.5 usec for an I/O card to handshake. The chip will terminate the DMA
cycle and give up the bus if the I/O card doesn’t handshake within this period.

When the priority bit is CLEAR, low bandwidth transfers are expected. The chip
will terminate the DMA cycle and give up the bus upon completion of the current
transfer.

The interaction between the two channels, as a function of priority bit setting, is
shown in Table 8-5.

INTERRUPT The interrupt level of the HP 98620B compatible chip is programmable between
LEVEL (bits 4-6) {levels 3 and 7. The default interrupt level is 3. The value stored in bits 4-6 are
added to the default interrupt level to yield the programmed interrupt level. Bit 6
is the most significant bit. The values required to achieve each of the programmable
interrupt levels are shown in Table 8-6.

Table 8-5. PRIORITY Bit Setting Versus Channel Operation

Channel 0 | Channel 1 Result

0 0 Priority will be allocated on a circular priority basis, so that neither channel will
be locked out. Low bandwidth (less than 200K transfers/second) are expected
on both channels.

1 0 High bandwidth requests are expected on channel 0 and low bandwidth re-
quests are expected on channel 1. Channel 1 cannot hinder channel 0, hence
channel 0 has priority over channel 1. Channel 1 gets any free bandwidth
available.

1 1 High bandwidth requests are expected on both channels. Priority will be allo-
cated on a circular basis so that neither channel will be locked out.
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Table 8-6. Interrupt Level Bits

Interrupt Level Bit 6 Bit 5 Bit 4
3 (default) 0 0 0
4 0 0 1
5 0 1 0
6 0 1 1
7 1 0 0

STATUS Register

Characteristics:
e It has an offset address of 6.
e It is a READ register.

e Byte operations are allowed on the Status register.

The STATUS register is a two-bit read-only register that contains the current status of the
channel. The status is not destroyed by reading, and it may be read at any time.

The two bits that indicate channel status are:

ARM (bit 0) If set, indicates that the channel is enabled to do DMA transfers. Any of four
conditions will clear the ARM bit:

e Normal DMA termination.

e Bus error termination.

e General system hardware reset.

e Software-controlled reset (RESET ARM and INT).

A bus error termination can be distinguished from a normal termination by
reading the contents of the TRANSFER COUNT register. The contents of the
TRANSFER COUNT register should always be —1 upon a normal termination.

INT (bit 1) If set, indicates that the DMA interface is interrupting on a level determined by
bits 4-6 of the CONTROL register. INT can only be set if all of the following
conditions are met:

e Bit 0 (interrupt control) is already set in the CONTROL register.
e A normal or bus error termination occurs.

The only way to reset the INT bit is to read the RESET ARM and INTER-
RUPT register. Note that since the DMA channels are independent, clearing the
interrupt bit for one channel has no effect upon that status of the other channel.
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General Control Register
General control register base address is 00500010 (H)

The 1TQ4-0401 DMA chip provides the complete interface to support both the DIO and DIO-
IT bus. The chip architecture is similar to the HP 98620B DMA Controller, but provides the
following additional features:

Read/write address, transfer count, control registers.

DIO-II 32-bit transfers (word.l).

e Programmable priority wait time.
e Programmable bus utilization percentage.

32-bit wide transfer count register (up to 4 Giga transfers without rearming).

The two general registers are:
e ID Register.
o General Control Register.
ID Register
Characteristics:
e It has offset addresses of 0 and 2.
e It is a READ register.

The register is actually one long word which uniquely identifies the chip. The four ID register
bytes of the long word (offset 0) are ASCII encoded and have the following meaning (Table 8-7).

Table 8-7. ID Register Byte Contents

Field Definition Location (Offset from 500010 (H))

General architecture type 0,1

Major revision letter

Minor revision number 3

As of this writing, the general architecture is HP 98620 (20 for short). The major revision letter
is C, and the minor revision number is 0. Hence, reading the long word at Address 00500010
(H) yields the following ascii ID:

20C0
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GENERAL CONTROL Register

Characteristics:

e It has an offset address of 4.

o It is a READ/WRITE register.

e Byte operations are allowed.

This register contains four valid fields. These are:

BR (bit 1 and 0)

BT (bit 3 and 2)

RESETO (bit 4)

RESET1 (bit 5)

Bandwidth Restriction. These bits set the upper limit for the amount
of DIO-II bus bandwidth that the DMA chip is allowed to have. The
restriction is defined according to the following table:

Table 8-8. Bandwidth

Bit 1 | Bit 0 | Bandwidth Limit (%)
0 0 100
0 1 50
1 0 25
1 1 12.5

Burst Wait Time. These bits set the upper limit for the time that the
DMA chip will wait for an I/O card to request a DMA transfer when the
priority bit is set for the channel. The restriction is defined according to
the following table:

Table 8-9. Burst Time

Bit 3 | Bit 2 Burst time (clocks)
0 0 4
0 1 8
1 0 16
1 1 32

When set (high), DMA channel 0 is reset. The chip automatically clears
this bit upon completion of the reset. Resetting the channel does not affect
the address or transfer count registers. However, resetting the channel does
set the software halt status bit, and clears the interrupt and arm status bits.

Setting this bit has the same effect as setting RESETO except the reset is
performed on channel 1 instead of channel 0.
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CHANNEL SPECIFIC Registers
Channel 0 control register base address is 00500100 (H)

Channel 1 control register base address is 00500200 (H)

ADDRESS Register
Characteristics:

e It has an offset address of 0
e It is a READ/WRITE register
e Byte operations are NOT allowed

The ADDRESS REGISTER is a 32-bit read/write register that increments and holds the DMA
memory address pointer. The address register can be loaded with one “move long word”
(MOVE.L) instruction, since the high and low words of the address are in sequence. Byte
operations are not allowed.

TRANSFER COUNT Register
Characteristics:
e [t has offset addresses of 4.
e It is a READ/WRITE register.
e Byte operations are NOT allowed.
The TRANSFER COUNT register is a 32-bit read /write register that holds and decrements the
current number of transfers remaining. The register is decremented once for each completed

transfer. Since the register is 32-bits wide, this permits continuous operation of up to 4 Giga
transfers.

The transfer count register holds COUNT-1. Upon normal termination, the register should hold
-1 (FFFFFFFF (H)).

The transfer count register may be read at any time to allow monitoring the progress of the
transfer. This register should only be accessed by word or long word (word.l) instructions. Byte
operations are not allowed.

CONTROL Register
Characteristics:
o It has an offset address of &
e It is a READ/WRITE register

e Byte operations are NOT allowed

DMA Operation 8-19



Valid fields for this register are:

INT (bit 0)

W/B (bit 1)

O/I (bit 2)

PRI (bit 3)

If this bit is set, a normal or bus error termination will set the interrupt line and
the interrupt status bit. The DMA controller interrupts on a level determined
by bits 4 through 6 of this register; and must be polled to check interrupt status.

If set, word transfers are executed and the address register is incremented by two
for each transfer. If cleared, byte transfers are done with memory packing. The
type of transfer must be coordinated to match the DMA transfer type supported
by the I/O card.

This defines the direction of the DMA transfer relative to the I/O card. If set,
data is read from memory and OUTPUT to the card. If cleared, data read from
the card and INPUT to memory.

This controls the interaction between DMA channel 0 and DMA channel 1.

When the priority bit is SET, high bandwidth transfers are expected. The chip
will immediately set up for the next transfer upon completion of the current
transfer. It will wait 1.5 usec for an I/O card to handshake. The chip will
terminate the DMA cycle and give up the bus if the I/O card does not handshake
within this period.

When the priority bit is CLEAR, low bandwidth transfers are expected. The
chip will terminate the DMA cycle and give up the bus upon completion of the
current transfer.

The interaction between the two channels as a function of priority bit setting is
as follows:

Table 8-10. Channel Priority Bit Operation

Channel 0 | Channel 1 Result

0

0 Priority will be allocated on a circular priority basis, so that neither channel
will be locked out. Low bandwidth (Less than 200K transfers/second) are
expected on both channels.

0 High bandwidth requests are expected on channel 0 and low bandwidth re-
quests are expected on channel 1. Channel 1 cannot hinder channel 0, there-
fore, channel 0 has priority over channel 1. Channel 1 gets any free bandwidth
available.

1 High bandwidth requests are expected on both channels. Priority will be allo-
cated on a circular basis so that neither channel will be locked out.
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INTERRUPT
LEVEL
(bits 6 thru 4)

LWORD
(bit 8)

START
(bit 15)

The interrupt level of the HP 98620B DMA Controller is programmable be-
tween levels 3 and 7. The default interrupt level is 3. The value stored in bits
4 thru 6 are added to the default interrupt level to yield the programmed in-
terrupt level. Bit 6 is the most significant bit. The values required to achieve
each of the programmable interrupt levels are:

Table 8-11. Interrupt Level

Interrupt Level Bit 6 Bit 5 Bit 4
3 (default) 0 0 0
4 0 0 1
5 0 1 0
6 0 1 1
7 1 0 0

LWORD is a single bit field which defines whether a 32-bit transfer will be
performed. The DMA chip will not allow 32-bit (word.l) DMA transfers to
memory locations which aren’t aligned to long word boundaries.

System software should take this into consideration when setting up the
buffers.

START. Writing a 1 to this bit does not actually set the START bit. Instead,
the status register arm bit is set, the channel is armed, and the error codes
in the channel status register are cleared.

The power-up state of both channel control registers is as follows:

Table 8-12. Power-Up of Channel Control Registers

Control Name Bit Line | Default Effect
INT 0 0 Do not interrupt on done or error.
W/B 1 0 Byte transfers.
0/1 2 0 DMA direction is IN.
PRI 3 0 Channel priority is 0 (lowest).
INT LVL 6 thru 4 0 Channel interrupt level is 3.
7
LWORD 8 0 Transfer size is partial (byte or word).
11
12
13
14
START 15 0 Do not arm DMA channel.
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CHANNEL STATUS Register

Characteristics:
e It has an offset address of “A”(H).
e It is a READ register.

e Byte operations are allowed.

The following fields are valid for the Channel Status register:

ARM {bit 0) If set, indicates that the channel is enabled to do DMA transfers. Any of four
conditions will clear the ARM bit:

e Normal DMA termination.

e Bus error termination.

e General system hardware reset.
e Software-controlled reset.

INT (bit 1) If set, indicates that the DMA interface is interrupting on a level determined
by bits 4 thru 6 of the channel control register. INT can only be set if the
following conditions are true:

¢ Bit 0 (interrupt control) is already set in the CONTROL register.
e A normal or error termination occurs.

The only way to reset the INT bit is to reset the channel. Note that since the
DMA channels are independent, clearing the interrupt bit for one channel has
no effect upon that status of the other channel.

ACC (bit 2) If set, indicates the channel specific control register was written to while the
channel was armed. Hence, the DMA control conditions changed before nor-
mal termination of the current DMA process.

HALT (bit 3)  If set, indicates the current DMA process was halted programmatically by a
writing to the channel reset bits in the General Control register.

BERR (bit 4) If set, indicates the current DMA process was halted as a result of some
outside party asserting the NBERR input to the chip for more than 2 full
clock periods. (Greater than 200 nanoseconds, assuming a 10 MHz clock).

ALIGN (bit 5) If set, indicates an attempt was made to perform DMA to non-aligned bound-
ries. That is, word-oriented DMA to an odd-byte boundry, or long word
(word.l) oriented DMA to a non long word aligned boundry.

ARO (bit 6) If set, indicated the DMA address counter rolled over from FFFFFFFF (H)
to 00000000 at some time during the just-ended DMA process.
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Software Performance

Use of Interrupts Versus Fast Handshake

A DMA transfer can be monitored by the processor of either the fast handshake method (con-
tinuously polling the DMA chip status register), or by setting the DMA chip (or I/O card) to
interrupt when the DMA process is complete.

There is a subtle difference in behavior of the 1TQ4-0401 DMA chip versus the HP 98620B card.:
This difference in behavior may affect the philosophy of how certain drivers are implemented.

The difference is related to the decision of whether to set the DMA channel priority bit. By
definition, if the bit is 0 then less than 200K transfers per second are expected. If the bit is 1,
then more than 200K transfers per second are expected (up to maximum bus bandwidth). The
DMA control state machine retains control of the bus for a predefined period while waiting for
a valid DMA request.

As a result of the above definition, the DMA chip always interleaves with the processor when
the following conditions are satisfied (by interleave we mean — releases ownership of the 1/O
bus, then immediately asserts the bus request):

e One DMA channel armed.

e Priority bit (control register bit 3) is not set.

In contrast, the HP 98620B DMA card retains ownership of the I/O bus if a valid DMA request
is seen by the state machine controlling the card - regardless of whether the channel priority bit
is set.

The differences between the 1TQ4-0401 DMA chip and the HP 98620B card may surface in
the HP 98625A /HP 98620B disc driver. The HP 98625A was designed to be highly tuned to
the timing of the HP 98620x DMA state machine. Therefore, the HP 98625A could request
additional DMA transfers such that the request would be seen, after synchronization, by the
DMA control state machine. The HP 98620B DMA card would retain ownership of the bus
and process the next DMA request - even if the priority bit is not set. Software drivers were
written to take advantage of this relationship and do not set the DMA channel priority bit, even
though the HP 98625A is a high-bandwidth device. Therefore, the performance of high-speed
disc transfers will probably degrade when using the DMA chip.

DMA Operation 8-23



Programmable BUS Bandwidth

The 1TQ4-0401 DMA architecture includes a general control register through which certain
global parameters for the chip may be set. Bits 3 and 0 of this register (address 00500014 H)
contains two 2 bit fields: BT (burst wait) and BR (bandwidth restriction) respectively.

On the active channel, when the priority bit is set, Burst wait time is the amount of time
expressed in number of DMA input clock periods (100 nsec each), that the DMA channel will
wait, following a completed DMA cycle, for DMA Request to become valid. The HP 98620B
burst wait time is always 16 clocks. The 1TQ4-0401 chip burst wait time is programmable to
4, 8, 16 or 32 clocks.

Bandwidth restriction is the maximum percentage of a specific period of time which the DMA
chip will be allowed to use the I/O bus. The HP 98620B bandwidth limit is 100%. The 1TQ4-
0401 chip bandwidth limit is programmable to 100%, 50%, 25%, or 12.5%.

The total time which the DMA may control the bus is the DMA period. The total time
gauranteed to other bus masters is the MPU period. The sum of the DMA period and the
MPU period is the total time allowed for one complete bus montoring period (TTL period).
The length of these periods is determined by the settings of the BT and BR fields and is shown
in the following table:

Table 8-13. Bandwidth Timing

Burst Bandwidth DMA Period MPU Period TTL Period
Time Percent (clocks) (clocks) (clocks)

4 100 all (na)

4 50 16

4 25 24 32

4 12.5 56 64

8 100 all 0 (na)

8 50 16 16 32

8 25 16 48 64

8 12.5 16 112 128

16 100 all 0 (na)

16 50 32 32 64

16 25 32 96 128

16 12.5 32 224 256

32 100 all 0 (na)

32 50 64 64 128

32 25 64 192 256

32 12.5 64 448 512
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DIO Bus Utilities

This chapter identifies and defines the signal lines which serve utility-type functions on the DIO
IT Bus. These utility lines supply initialization and diagnostic capability for the bus and consist
of the following signals:

e Bus Drive Disable (BDRV)

e RESET

® ﬁA_IJrI‘

e Function Codes (BFCO, BFC1, BFC2)

Bus Drive Disable

The 09826-66516, 09826-66517, 09816-66511 and all Series 300 processor boards respond to
the BDRYV signal (this signal is called BMON in the HP 9816). The HP 98206A Test Stimulus
Board generates BDRYV to disable the CPU board boot ROM and keep it from responding, while
replacing the boot ROM code with test stimulus code. This permits testing of the computer
without depending on a working boot ROM.

Because BDRV is primarily a diagnostic/development tool and is not used by I/O cards, detailed
information is not provided here.
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Reset Operation

In the HP 9826, and the HP 9836, RESET and HALT are asserted by the power supply at
power-on and remain true until 120 msec after +5V reaches 4.5 volts. In all other Series 200
and Series 300 computers, the RESET and HALT are asserted by the processor boards under
similar conditions. When RESET goes false, the 12V supply will have been within its 11.5V
limit for at least 55 msec. At power-down, RESET is re-asserted within 15 msec after 5V drops
to approximately 4 volts. Note that RESET comes too late to properly reset devices at power-
down (RESET would ideally be asserted before 5V reaches its TTL limit of 4.75). Refer to the
HP 9000 Series 200/300 Computers Accessory Development Guide for more information about
the power-on RESET.

In Series 200 and 300 computers, activating RESET on the DIO Bus does not reset the processor
board unless HALT is simultaneously asserted. Thus, RESET by itself only resets other bus
devices. When RESET and HALT are both asserted, the processor board is reset to its power-
on state. In response to RESET and HALT, certain processor boards refloat their RAM in
preparation for auto locate while others keep the address fixed.

In addition to responding to an external RESET, 68000-based processor boards can use the
RESET instruction to strobe RESET low on the DIO Bus.

Thus, in specifying RESET timing, there are 3 areas that need to be covered:

1. The duration of RESET at power-on to properly reset the processor. In new designs,
RESET and HALT should be low at power-on and remain low until all supplies have
stabilized within their operating limits for at least 150 ms. At power-down, RESET
should go low before any supply exceeds its operating limits.

2. The duration of RESET (and HALT) after power-on to reset the processor. RESET (and
HALT) should have a 50 usec minimum time duration.

3. The width of the RESET output pulse generated by the processor in executing the RESET
instruction. The minimum RESET pulse width is 8 usec.
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Halt Operation

HALT is asserted on the DIO II Bus at power-up in Series 200 and 300 computers with the
same timing as RESET. In addition, HALT can be asserted by a DIO II Bus device to halt the
CPU. HALT cannot be asserted on the DIO II Bus by existing pfocessor boards because there
is no output driver from the CPU to the HALT pin. However,there is a receiving buffer which
permits a DIO II Bus device to halt the processor.

Processor boards with MC68010 and MC68020 CPU’s support re-run if BERR and HALT are
asserted per the CPU re-run timing requirements. However, re-run has never been tested in
Series 200 or 300 computers so it is not known whether it functions correctly.

Function Code Signals

The Function Codes (FC0, FC1 and FC2) generated by the 68000 are buffered (BFC0, BFC1
and BFC2) and brought out on the bus for general purpose use and for future expandability. As
would be expected, the function code buffer is disabled when bus control is passed to another bus
master. However, this buffer is also disabled (on certain processor boards) during an interrupt
acknowledge cycle. This inhibits certain control signals which happen to share the same buffer.
Therefore, when FCO = FC1 = FC2 = 1 (interrupt acknowledge), the buffered function codes
on the bus will float (no pullups) and are undefined. To use function codes, these guidelines
should be followed:

1. When BAS occurs, the buffered function codes on the DIO Bus are valid. BAS is one of
the control signals disabled during an interrupt acknowledge cycle. However, since BAS
is pulled up by a pullup resistor, it does not float (in contrast to BFCO thru BFC2, which
do float).

2. During an interrupt acknowledge cycle, BFC0, BFC1 and BFC2 on the bus are undefined
and cannot be used.
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Electrical Specifications

This chapter defines the non-timing electrical specifications for the DIO and DIO II Bus. In-
cluded in this chapter are the power supply tolerances, the I/O card power dissipation specifi-
cations and signal loading recommendations. Pinouts of the DIO and DIO II Bus are discussed
in Chapter 11, Mechanical Specifications.

Note that all slots in the I/O backplane are identical in the Series 200 and Series 300 Models 310
and 320, while in the Series 300 Models 330 and 350, there are large (System) slots and smaller
(DIO) slots. There is no ordering or prioritizing of signal lines by location in the backplane.
That is, address lines, data lines and control signal lines do not have a specific order, nor
are interrupt lines prioritized by location. However, future products may have slot-dependent
features.

Power Distribution and Grounding

Power on the DIO II Bus is distributed on the backplane as regulated DC supplies. The supplies
are:

+5 Vdc  Main logic supply

+12 Vde  Provided for I/O circuitry requiring multiple voltages. Can also be used for analog
applications.

Note

There is a potential for noise on the +12 Vdc line as this supply is used
for the floppy drive motor in HP 9826A’s. Designers should be aware
of potential noise on the line.

-12 Vdc  Provided for I/O circuitry requiring multiple voltages. It can also be used for analog
applications.

The DIO II Bus provides several logic ground lines (GND — see Chapter 11, Mechanical Specifi-
cations for pinout information). On the DIO Bus, two lines are used for dirty ground (DGND).
They are to be used for future cards which generate excessive ground noise (such as, cards with
relays). In Series 200 products DGND lines run separately from the I/O backplane thru the
motherboard to the power supply. In Series 300 products DGND and GND are connected to-
gether at the connector. Therefore, care should be taken when applying noise signals to DGND
lines.
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Power Supply Tolerances

The supply performance specifications shown below allow for the effects of line regulation, load
regulation, cross regulation, initial accuracy, temperature stability and ripple. The tolerances
represent the worst-case tolerances for existing and planned DIO Bus devices.

Table 10-1. Power Supply Tolerance

SUPPLY TOLERANCE RANGE
+5 +5 and -4.3 % 4.78 t0 5.25
+12 +6 and -4 % +11.5 to +12.7
-12 +10 and -4 % -11.5 to -13.2

Current Requirements

The requirements for both DIO and DIO II cards were determined using current product designs. In
the future there may be more power available depending on product design changes. To guarantee
compatibility with all existing products, the requirements listed in Tables 10-2 or 10-3 should be met.

DIO Il Current Requirements
The current specification for each slot in the DIO II system is given in Table 10-2.

Table 10-2. DIO II Power and Current Requirements (per slot)

MAXIMUM POWER & CURRENT
MAX. MAXIMUM AVERAGE
PWR/BD DC AMPS
(WATTS) +5 +12 -12
Standard 39.1 5.0 0.9 0.275

e The “average” DC current represents the average current over some small period of time. Thus,
peak currents (such as might occur during a memory refresh) are not a concern.

e Maximum power and current data is listed for reference only. The designer should ensure that
these power and current specifications are not exceeded.

o If designers decide that current and power specifications must be exceded a configuration guide
will have to be made to show valid and invalid configurations.

e Expression of card power requirements in terms of a standard deviation about a mean is not
necessary as the hardware has demonstrated that the spread is very small.
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DIO 1/O Card Current Requirements

The current specification for each slot in the I/O cardcage is given below. Note that I/O cards that are
“double high” can consume twice this amount of power since they occupy two slots in the cardcage.

Table 10-3. DIO Power and Current Requirements (per slot)

TYPICAL POWER & CURRENT MAXIMUM POWER & CURRENT
TYP. TYPICAL AVERAGE MAX. | MAXIMUM AVERAGE
PWR/BD DC AMPS PWR/BD DC AMPS
(WATTS) | +5 +12 12 | (WATTS) | +5 +12 -12
Standard 44 8 096 | .064 5.3 96 120 | .080
High Pwr 7.6 1.4 166 | .110 9.2 168 | 207 | .138

e The “average” DC current represents the average current over some small period of time. Thus,
peak currents (such as might occur during a memory refresh) are not a concern.

o Maximum power and current data is listed for reference only. The designer should ensure that
typical power and current specifications are not exceeded.

e Any combination of currents may be used as long as current and power specifications are not
exceeded. For example, to stay within 4.4 watts for a low-power card, it is not possible to use the
typical currents on all supplies, which would dissipate 5.92 watts. If the typical current on +5V is
.8 amps, then .4 watts (4.4 - 5 X 0.8) can be drawn from +12V and -12V.

e Expression of I/O card power requirements in terms of a standard deviation about a mean is not
necessary because: (1) sampling of hardware in production demonstrated that the spread is very
small and (2) the power supply has sufficient capacity to handle heavier loads.

On-Card Fuse Specification

A UL/CSA/IEC requirement is that any device operating from a power supply capable of supplying more
than 8 amps must be fused. Because the +5V supply in Series 200 and Series 300 mainframes is capable
of supplying more than 8 amps, a fuse is required in series with the +5V supply on each plug-in board.
The suggested fuse is a 4 amp fuse, HP P/N 2110-0592, which is soldered into the circuit board. A
plug-in fuse is also available. The part number for the right-angle holder for this fuse is 2110-0691. The
part number for a 5 amp fuse to fit this holder is 2110-0520. Fuses with other current ratings are also
available.

In addition to fusing +5V, the Data Comm cards (HP 98628, HP 98629, and HP 98691) also have a fuse
on the +12V and -12V. This was done because these supplies appear on the I/O connector and are used
for powering external devices such as the HP 98629 (SRM Interface) card’s external pod.

However, FSD’s Product Regulation Department states that because of the possibility that I/O cards
can operate in mainframes with +12V and/or — 12V supplies capable of supplying more than 8 amps,
these power supply lines on the card should also be fused. Because the fuses are inexpensive to buy and
insert on the board, this is not seen as a serious disadvantage (fuses can be autoloaded).
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Signal Loading

Both DIO and DIO II signal loading is shown in Tables 10-4 and 10-5. Designers should design their
boards for the appropriate backplane.

DIO Il Signal Loading

Table 10-4 shows the receiver loading and recommended driver for each of the signals on the DIO II
backplane.

Table 10-4. DIO Signal Loading Table

SIGNAL NAME RECEIVE LOADING SIGNAL DRIVER

1 LS or ALS load max

BAS32, BAS24, BUDS,BLDS, SN74L5245 buffer

LWORD, BLK, and BR/W

DTACKI16, IACK32, BG, DONE,
RMC, DMACKO, DMACKI, BERR,
INTS3 - INT6, VECTORS32, BR,
DMARDY, DMARO, DMARI

1 LS or ALS load max Any 38/0C LS gate

DSACK32, DSACK16, ADACK Any ALS or LS load with

hyseresis

Any 3s/OC LS or ALS gate
capable of 25 mA.

BGACK, ENDT 1 LS or ALS load max Any 3 state LS gate
XBG3 - BG3 2 LS or ALS loads max. Any LS gate

BFCO - BFC2 2 LS or ALS loads max. SN74LS245
RESET 5 LS or ALS loads max. ALS1035 OC Buffer
HALT .8 ma TOTAL for cardcage Any 35/0C LS or ALS gate
BA1 - BA31 2 ALS or LS loads max. SN74LS245 or SN74ALS245

BDO - BD15, XD0-XD15

2 ALS or LS loads max.

Buffer

SN74L.S245 or SN74ALS245
Buffer
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DIO Signal Loading

Table 10-5 shows the receiver loading and recommended driver for each of the signals on the DIO back-

plane.

Table 10-5. DIO Signal Loading Table

SIGNAL NAME

RECEIVE LOADING

SIGNAL DRIVER

BAS, BR/W, BUDS, and BLDS
DTACK16, TACK, BG, DONE, BERR,
DMACKO, DMACKI1, INT3 - INT6,
VECTOR, BR, DMARDY, IMA,

DMARD, DMARI
BGACK, ENDT
BGI - BG3
BFCO - BFC2
RESET

HALT

BAO - BA23

BDO - BD15

1 LS load max

1 LS load max

1 LS load max

2 LS loads max.

2 LS loads max.

5 LS loads max.

.8 ma TOTAL for cardcage

1 LS load max.

SN74L.S245 Buffer

SN74LS245 buffer

Any 3S/0C LS gate

Any 3 state LS gate

Any LS gate

SN74LS245

ALS1035 OC Buffer

Any 3S/0C LS gate

SN74LS245 Buffer

SN741L.5245 Buffer

e 3S/0C = 3-State driver or Open Collector

e “Any 3S/0OC LS gate” was indicated as the signal driver for Bus Grant Acknowledge (BGACK) in
previous versions of the DIO document. However, problems were encountered with the slow rise
times of an open-collector driver on this line. Thus, the specification has been changed to require

a 3 state driver.

e ALS gates are acceptable as receiving devices. Also, Schmitt trigger input devices should be used

where possible as receivers.

e Until ALS drivers are characterized on the bus, only 741.5244/245 drivers should be used.
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Mechanical Specifications 1 1

Introduction

The information contained in this chapter should be sufficient so that DIO II PC boards (some-
times referred to as “system boards”), piggy-backed boards (boards that plug on to system
boards to extend the functionality), DIO I/O cards, and DIO non I/O cards (for use in Series
200 and Series 300 Models 310/320), can be built in a compatible configuration with current
product designs. The mechanical dimensions of cards designed for use with the DIO or DIO II
Bus must conform to the specifications in this chapter.

Since production of the Series 300 Models 330 and 350, there are two different board sizes
available for the HP Series 200/300 computers. They require two different card cages. The first
is the original DIO card cage (for use with Series 200 and Series 300 Models 310/320) which
holds DIO 1/0O cards and DIO non I/O cards such as DIO memory and DIO DMA. The larger
DIO II (system) cards cannot be used in this card cage.

The second card cage was developed for the DIO II and is the card cage which hold the larger
DIO II (System) boards. You can use DIO cards in the this card cage if you use an expander,
or an accessory to adapt the slot size and connector to the DIO Card.

The Series 300 Models 330/350 computers were the first to introduce the new size format for
system boards. The processor and video boards needed the larger format and a two piece
connector system. The original DIO cards use one 96 pin edge card connector and were based
on 1/6th of an 18 x 24 inch panel. The DIO II board is 1/4th of an 18 x 24 inch panel and
requires the use of the large board because of the addition of a 48 pin connector. This means
that the larger DIO II (System) boards can be DIO or DIO II systems boards as the 48-pin
connector is optional.

The three types of cards (DIO II System boards, DIO I/O cards, and DIO non I/O cards) and
two types of card cages are discussed in the next two sections. Following this information are
discussions covering the RFI, layout rules, and pin assignments.
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DIO Il Boards and DIO Card Specifications

The smaller DIO cards (I/O or non I/O) are very similar to each other and fit in the Series
200 (and Series 300 Models 310/320) DIO card cage. The DIO I/O card has an attached metal
backplate (cover) and is only allowed in every other slot. The DIO non I/O cards have no cover
plate and are notched to allow clearance for the I/O card connectors attached to the cover plate
on the I/O card in the slot directly below (see Figures 11-4 and 11-6).

The larger, DIO II (System) boards, which perform either DIO or DIO II functionality, may
have connectors and attached cover plates. If the system board has no I/O ports the card is not
required to have an attached cover plate. A cover plate with air circulating holes, 98561-04107,
will be installed behind this type of board for safety purposes and to provide protection to the
board. To prevent shorting of leads and for mechanical integrity a board support, 5041-2415,
should be installed on the cover plate.

A board connecting to the system bus will not follow these guidelines as the system bus boards
include a cover plates with a connector (see Figure 11-1).

DIO Il (System) Boards
The DIO II board specification has been reproduced in Figure 11-1 and 11-2.

Figures 11-1 and 11-2 shows all the requirements for making DIO II (System) boards whether
their functionality is DIO or DIO II. Figure 11-1 also shows the location of the system bus
connector. The DIO II and the system bus connectors are optional. As changes occur these
figures may not reflect the latest changes. Therefore, it is recommended that a design engineer
(before designing a new system board) contact Hewlett-Packard’s support personnel to confirm
that specifications in these figures are still current.

(Dimensions in Figure 11-1 are in inches)
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Figure 11-1. DIO II Ejector Lever Drawing
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There are several points that should be considered when designing a DIO II (System) board.

e DIO II (System) boards fit in any slot of the Series 300 Models 330/350 motherboard
(also known as the DIO II backplane) and are secured by a cover plate. As mentioned
previously the cover plate may be loose or physically attached to the board. The cover
plate has captive, retractable thumbscrews.

e The bottom surface of the DIO II (System) board is nominally 4.4 mm above the flange of
the cover plate. (A 6 mm standoff is often pressed into the bottom surface of the 1.6 mm
thick flange.) Care must be taken to insure that leads do not short out during vibration.
A board support, 5041-2415, may be used on the 98561-04107 cover plate or the board
can be fastened to the cover plate with M3 screws or fastened via I/O connectors. These
are the techniques used with current boards.

e DIO II (System) boards also have a “keep out” area along each side to keep components
and pop-thrus away from the cardguides. Solder can bead up through pop-thrus, causing
jamming in the cardguide. If the pop-thrus are covered with solder resist there will not
be a problem. Refer to Figure 11-2 for the dimensions. Also be aware that there are
strict height guidelines near the edges of the board due to the sheet metal chassis and its
fasteners.

e The spacing of system boards is 30 mm center to center. The maximum component height
is 19.7 mm which will allow components to slide underneath the DIO backplane if it is
present in the slot above. As mentioned previously other component heights are more
stringent, refer to Figure 11-2.

Piggy-backed boards may be mounted on top of system boards to extend their functionality.
Figure 11-3 gives the maximum permissible dimensions for such a board.

Piggy-backed boards cannot reside in the system slot directly below the 2 or 4 slot DIO card
cage unless the connector for the piggy-back is physically located in back of the DIO backplane.
Piggy-back boards currently mate component side to component side using the DIN family of
connectors with a surface to surface spacing of 16.67 mm. The pins on the circuit side of the
piggy-backed board will interfere with the DIO backplane, not allowing the board to be fully
inserted and perhaps damaging the board. (The Human Interface Board, 98562-66530, has its
connector in back of the backplane.)
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Figure 11-3. Piggy-Back Board Drawing
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DIO Cards

The drawings for I/O cards, non-I/0 cards and the metal cover plate are reproduced in Figures
11-4, 11-5, and 11-6 for your reference.
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(Dimensions in Figure 11-4 are in inches)
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(Dimensions in Figure 11-5 are in millimetres)
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Figure 11-5. I/0 Card Cover Plate

Figure 11-5 shows cutouts for 24, 36, 50 and 64 pin connectors. Note that connector openings are

always left justified to a fixed reference point. Cutouts are designed to accept these Amphenol
connectors:

Amphenol
Size Part Number
24 Pin 57-92245-12
36 Pin 57-92365-12
50 Pin 57-92505-12
64 Pin 57-92645-12
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The following are examples of cards used in the DIO Cardcage:

I/O card: System Interface Board 98561-26531
Non I/O card: RAM Board 98257-26524
DIO coverplate: 98561-04103

The main points for DIO cards are:

DIO I/O cards fit in every other slot of the DIO I/O backplane and are secured by
thumbscrews thru a metal backplate. The slots in between hold non-I/O cards such as
RAM and ROM cards.

Non-I/O cards have a recess at the rear to allow clearance for the connector of the next-
lower I/O card.

I/O cards have a “keep-out” area in the rear where traces and parts are not allowed, to
prevent them from shorting to the metal backplate.

I/O cards also have a “keep-out” area along each side to keep traces (specifically pop-
thrus) away from the cardguides. Solder can bead up through pop-thrus, causing jamming
with the I/O card guide.

For both types of cards, space must be left on either side of the board to prevent compo-
nents from interfering with the cardcage guides.

1/0O connectors are left-justified and extended to the right as needed for the size of the
connector.

Note that keying (to prevent inserting a card upside down) is provided by the 2 different
length notches on each side of the edge connector.
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Cardcage Specifications

As mentioned above there are two cardcages; one exclusively for DIO cards, and one for DIO
and/or DIO II (System) boards. The DIO card cage holds cards designed for the Series 200
(and Series 300 Models 310/320) machines. This allows them to be mechanically compatible
with future products. The two cages are discussed in detail below.

DIO Il (System) Cardcage Specifications

There is no single drawing showing the dimensions of the Series 300 Model 330/350 cardcage.
However, this manual contains board specifications in Figure 11-1, 11-2, and 11-3 suitable for
developing interface or systems boards for use in these computers. These boards are specific to
the Series 300 Models 330/350 and are created for the 5001-3696  chassis. The following points
are worth noting:

e While a component “keepout” area is specified on the cards, PC traces can (and do) run
inside of this area. Therefore, to prevent shorts, metal cardguides will not be used in any
future designs housing system boards.

e The center-to-center board spacing is 30 mm (1.181 inches).
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DIO Cardcage Specifications
In Figure 11-6, a sketch of the Series 200 Model 26/36 backplane is shown. '

(Dimensions in Figure 11-6 are in millimetres)
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Figure 11-6. DIO Cardcage (Shows Card Clearances)
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The following points are worth noting about the DIO cardcage:

While a component “keepout” area is specified for cards, PC traces can (and do) run
inside this area. Therefore, to prevent shorts, metal cardguides will not be used in any
future designs housing DIO cards.

Even though I/O cards only use every other connector on the backplane, new designs
should continue to load all connectors. In addition to providing slots for RAM cards,
ROM cards, etc., this scheme also supports “double-high” 1/O cards that require both
boards to connect to the bus.

The center-to-center board spacing is 15 mm (0.59 inches). (I/O boards can be spaced
30 mm center-to-center).

Minimizing RFI

To minimize EMI problems, the following rules should be followed:

PC boards should be a minimum of 4 layers, with planes 2 and 3 reserved for power and
ground, respectively. Boards greater than 4 layers should maintain power and ground on
the middle layers so that a good high frequency bypass capacitor is formed between the
power and ground planes. This minimizes the current loop area.

Even though it has been suggested by other sources, that power and ground layers should
be placed nearer the outer layers to act as shielding for inner layer traces, it has generally
been found that placing power and ground on the middle layers is more effective in
minimizing RFL

I/O cards must contain a sheet metal cover plate with thumbscrews to securely mount
the board in the computer and provide good electrical connection to safety ground.

Grounding of I/O cable housings or shields is done through the I/O cover plate to the
mainframe rear panel. Appropriate techniques must be used to ensure solid contact
between the connector housing and the cover plate. Also, the thumbscrews must provide
good contact between the cover plate and the rear panel. If the shield ground appears on
a pin of the connector (as with HP-IB), a generously-sized PC trace must go between the
connector pin to one of the screw pads which secure the cover plate to the PC board.
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PC

Layout Rules

The following PC layout rules should be met:

Each card must limit loading on the bus lines. Refer to Chapter 10, Electrical Specifica-
tions for clarification.

The PC board trace length for the bus lines should be as short as possible and no more
than 3 inches. Where possible, these signals should be isolated from the ground and
power planes to minimize capacitance. Therefore, for 6-8 layer boards containing power
and ground on the middle layers, the bus signals should be in the outer layers.

If the I/O cable connector contains a drain or shield wire, it should be connected by a
generously-sized trace to the screw which secures the I/O backplate to the PC board.
The connection to safety ground is then completed by the backplate, thumbscrew and
rear panel assembly. The drain or shield wire should not be connected to logic ground.

PC boards should be a minimum of four layers, with planes two and three being power
and ground, respectively. For greater than four layers, the middle layers should be power
and ground for a good RF bypass.

IC’s are mounted parallel to the connector with pin one of the IC oriented to the lower left
when viewing the board from the component side with connector pin one also oriented to
the lower left. NOTE: This is a recommendation since some devices (that is, the HP 98629
card) already violate this rule.

For DIO cards the maximum component height is 10 mm (0.39 inches) to prevent com-
ponents from shorting to the leads of the next higher board. As discussed previously,
the board center-to-center spacing for DIO cards is 15 mm (0.59 inches). The maximum
component height varies for system boards and Figure 11-2 should be referenced for exact
locations for component height restrictions.

The DIO PC edge connector is a standard S100 connector with 100 pins on 0.125” centers.
Furthermore, the edge connector finger width is 0.060”. This dimension was carefully
chosen and ensures that adjacent traces won’t short in the connector. The DIO II (System)
board connectors are of the DIN family of connectors. On the DIO II (system) board a 96
pin right angle male is the DIO connector and the system bus connector, a 48 pin right
angle female is used for DIO II specific signals. The DIO PC edge connector (system bus)
and DIO II connectors are optional.

DIO Il Pin Assignment

The pin assignments for the two boards (three connectors) are shown below. The connectors
are referenced with respect to which board they are mounted on.

DIO Il (System) Boards

There are two connectors on the DIO II boards that connect to the motherboard. Connector J1
is electrically connected to the DIO backplane (except for seven signals) and consists of signals
listed in Table 11-1. The J2 connector is only available to DIO II boards and is not available
for use on the DIO backplane. The J1 and J2 connectors are shown in Tables 11-1 and 11-2.
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Table 11-1 System Board Connector J1 Pinout

PIN NO. ROW
A B C

1 +12 GND -12V
2 +12 +5V GND
3 +5V BA23 BD15
4 HALT BA22 BD14
5 BUDS BA21 BD13
6 GND BA20 BD12
7 BLDS BA19 BD11
8 BAS24 BA18 BD10
9 GND GND BD9
10 BR/W BA17 BD8
11 ENDT BA16 +5V
12 GND BA15 BD7
13 DTACK16 BA14 BD6
14 BG1 BA13 BD5
15 GND BA12 BD4
16 DONE BA11 BD3
17 DMARDY BA10 BD2
18 GND +5V BD1
19 DMARI BA9 BDO
20 DMARO BAS BR
21 GND BA7 +5V
22 DMACK1 BA6 BG
23 DMACKO BA5 BGACK
24 GND BA4 FOLD
25 BERR BA3 BDRV
26 IR7 BA2 R6
27 GND BAl R5
28 PSPARE BFCO R4
29 SPARE 1 BFC1 1IR3
30 GND BFC2 R2
31 BG2 +5V IR1
32 RESET +5V PURESET
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Only the processor can use PSPARE.

The J2 connector is NOT electrically connected to the DIO backplane and consists of signals
defined only in the DIO II bus specifications.

Table 11-2 System Board Connector J2 Pinout

PIN NO. ROW
A B C
1 SPARE 6 XD15 SPARE 5
2 GND XD13 GND
3 BA31 XD11 SPARE 4
4 BA30 XD9 XD14
5 BA29 XD7 XD12
6 BA28 XD5 XD10
7 GND XD3 XD8
8 BA27 XD1 XD6
9 BA26 GND XD4
10 BA25 BLK XD2
11 BA24 BAS32 XD0
12 TACK32 XBG1 GND
13 VECTOR32 ADACK DSACK32
14 GND XBG2 DSACK16
15 LWORD GND GND
16 RMC XBG3 SPARE 3
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DIO Cards

Pin assignments for the DIO Bus backplane (Series 200 and Series 300 Models 310/320) are
shown in Table 11-3. Odd pins are on the component side, even pins on the circuit side.
Relative to viewing the board from the component side with the connector pointing down, the
pins are numbered from left to right. The following considerations are worth noting:

The 2 DGND lines run from the I/O backplane thru the motherboard (connecting to the
OEM slot) to the power supply. They are not bused to each connector on the 9826/36
motherboard. The OEM slot is an empty slot internal to the 9826/36 for potential use
by HP OEMSs. The Series 300 ties these lines directly to the ground plane.

In the Series 200 (and Series 300 Models 310/320), spare lines x0, x1 and x2 (pins 5, 27
and 28) are bused from the I/O backplane to the CPU, Disc Controller and Expansion
slots. Series 300 Models 330 and 350 do not bus these signals to the motherboard along
with four others: VECTOR, TACK, IMA or BG3.

The 2 spare lines which were formerly +15V and —15V (pins 97 and 98) are bused from
the I/O backplane connector to the DIO II backplane on the Series 300 models 330 and
350, and to the CPU OEM and Disc Controller slots in the Series 200 and Series 300
Models 310 and 320.

The signals IMA and FOLD (pins 41 and 42) are bused to all I/O slots on the DIO I/O
backplane in Series 200 products and Series 300 Models 310 and 320. However, they are
NOT connected to the DIO I/O backplane PC edge connector. The DIO I/O backplane
female edge connector mounted on the motherboard has pins 41 and 42 tied to +5V.

The internal OEM slot connector in the 9826/36 is the same as the I/O backplane connec-
tor except pins 41 and 42 are no-connects. Because the OEM slot does not have the FOLD
signal, neither the DMA Controller nor the Bus Expander card are electrically compatible
with the OEM slot. Mechanically, the OEM slot accepts a board that is larger than the
standard I/O board.

Spare pins MUST remain open until they are defined by Hewlett-Packard in future spec-
ification changes. They are NOT subject to designer definition.

The 9826 and 9836 reference Pin 29 as BDRV; the 9816 references it as BMON.

The DIO Bus pinouts are shown in Table 11-3. These are provided on the DIO I/O backplane
only. Connectors internal to the 9826/36 do NOT have the same pinouts.
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Table 11-3 DIO PC Edge Connector Pinout

PIN NO. ROW PIN NO. ROW
COMPONENT SIDE CIRCUIT SIDE
1 DMARO 2 DMARI1
3 DMACKO 4 DMACK
5 spare x0 6 IRT
7 1R2 8 IR1’
9 DMARDY 10 BG1
11 BG2 12 BG3
13 GND 14 GND
15 R4 16 IR3’
17 1R6 18 IR5’
19 VECTOR 20 TACK
21 GND 22 GND
23 BG 24 BR
25 DONE 26 BGACK
27 spare x1 28 spare x2
29 BDRV 30 ENDT
31 BFCO 32 BFC1
33 BFC2 34 DTACK16
35 GND 36 GND
37 RESET 38 BERR
39 GND 40 GND
41 IMA 42 FOLD
43 BLDS 44 BUDS
45 BR/W 46 BAS24
47 GND 48 GND
49 HALT 50 BAl
51 BA2 52 BA3
53 BA4 54 BA5
55 BA6 56 BA7

continued on the next page
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Table 11-3 DIO PC Edge Connector Pinout (Continued)

PIN NO. ROW PIN NO. ROW
COMPONENT SIDE CIRCUIT SIDE
57 BAS 58 BA9
59 BA10 60 BA11
61 GND 62 GND
63 BA12 64 BA13
65 BA14 66 BA15
67 BA16 68 BA17
69 BA18 70 BA19
71 BA20 72 BA21
73 BA22 74 BA23
75 GND 76 GND
77 BDO 78 BD1
79 BD2 80 BD3
81 BD4 82 BD5
83 BD6 84 BD7
85 +5V 86 +5V
87 BDS8 88 BD9
89 BD10 90 BD11
91 BD12 92 BD13
93 BD14 94 BD15
95 DGND 96 DGND
97 SPARE 1 98 PSPARE
99 -12V 100 +12V

spare XN — not connected to system board slot

pins 12,19,20,41- not connected to system board slot

Mechanical Specifications
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Operation In The HP 9888A
Bus Expander

The HP 9888A Bus Expander is produced for the Series 200 computers and works to a limited
extent with the Series 300 computers. Devices for the bus expander are required to meet the
DIO electrical and mechanical specifications, NOT those of the DIO II bus. The bus expander
employs delay lines and latches to ensure that all DIO Bus timing requirements are met (except
as noted in Operating Limatations in the Bus Expander in this chapter). This chapter discusses
features of the bus expander and several limitations affecting operation of DIO Bus devices in
the expander.

Note

In the Series 300 Models 310 and 320 computers, DIO RAM is not
allowed in the HP 9888 Expander. In the Series 300 Models 330 and
350, and future DIO II products, DIO I/O cards that support DMA
are not allowed in the expander. Specifically the HP 9888 Expander
does not allow any DMA transfers through it to DIO II machines.

Features Of The Bus Expander

The features of the bus expander are:

1.

The bus expander plugs into a DIO I/O slot in the computer. Up to 4 bus expanders can
be plugged into a computer. An expander may NOT be attached to another expander.

2. The bus expander is totally self-powered.

. The bus expander has 16 connectors which will support 8 DIO I/O cards and 8 DIO

accessory cards or 16 DIO accessory cards.

A 5.2 foot cable connects the bus expander to the computer. Signals are buffered at each
end of this cable (on the board that plugs into the computer and on the board in the
expander). The DIO IMA (I'M Addressed) signal is used to turn these buffers around if
the addressed card is in the expander.

. I/O cards that implement DMA (that is, the HP 98622A General Purpose I/O card) can

operate in the bus expander in the Series 200, and Series 300 Models 310 and 320. It can
NOT operate in the bus expander in DIO II products such as the Series 300 Models 330
and 350. If a Series 200 product is used with the expander and both the DIO memory
card and the I/O card involved in a DMA transaction are in the same expander, then the
expander itself performs any necessary data folding operation in response to the DMA
Controller’s FOLD signal (if the DMA Controller did the folding, signal delays would be
excessive).
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Operating Limitations In The Bus Expander

In designing DIO Bus devices, designers should be aware of certain limitations when operating
in the HP 9888A Bus Expander:

1.

Bus masters cannot operate in the bus expander. There is no provision for “turning
around” certain signals such as the address bus. Thus, the HP 98620 DMA Controller
must reside in the mainframe.

ROM boards are not guaranteed to work in the bus expander due to automatic data
transfer acknowledge (Auto DTACKing). With Auto DTACKing, ROM cards are re-
quired to have data present within a certain length of time. Because of signal delays
between the bus expander and the mainframe, data setup time prior to the Auto DTACK
is not guaranteed.

DIO RAM boards will operate in the bus expander in Series 200 products. However, DIO
RAM boards typically require 6 cycles to access data as opposed to 5-cycle accesses for
boards installed in the Series 200 mainframe. This is due to signal delays. Software being
executed from the bus expander will thus run proportionately slower and timing loops
will be altered.

. Interrupt cards which implement external vectored interrupts will not work in the bus

expander for 2 reasons:

a. The VECTOR signal from the interrupting card will not (worst-case) reach the
processor board in time to inhibit auto vectoring.

b. Even if the VECTOR signal reaches the processor board in time, the interrupt
vector cannot be read by the processor board. This is due to the fact that BAS is
not generated during an interrupt vector cycle. Without BAS, the card does not
generate IMA, so the bus expander’s data bus buffers do not “turn around”.

. The BDRYV signal discussed in the Chapter 9, DIO II Bus Utilities is not supported in

the bus expander. Cards which use BDRV must be installed in the mainframe.

The BERR signal is an input from the bus expander to the mainframe. A BERR signal
generated by the mainframe (that is, the CPU board) cannot be seen by an I/O card.

The 9826/36 Powerfail option (which is installed internally in the mainframe) is not
supported with the bus expander. The bus expander resets the computer when the power
fails and again when power returns. This will destroy any data or programs in memory.
For correct operation, the expander must be turned on before the computer is powered
up and not powered down while the computer is operating.
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Bus Slave Design Summary

Although many details covering Bus Slave design are covered in other chapters, the key require-
ments are summarized below. This chapter covers primarily External I/O cards (for example:
the GPIO interface). Example circuits are not provided and the reader is strongly encouraged
to review the design of existing cards before attempting a new design.

External I/O Card Design Guidelines

The following design guidelines are for external I/O cards only.

1.

I/O cards may be either 8 bit, 16 bit or 32-bit devices. 8 bit devices should reside on the
lower (odd) byte of the 16 bit data bus.

Designing 1/O cards that can perform DMA transfers is left to the option of the designer.
I/O cards that implement DMA can optionally use DONE from the DMA Controller to
determine when the last transfer is occurring.

While a card is enabled for DMA, it must still respond to normal bus cycles so Status
and Control registers can be accessed.

DIO I/0O cards must provide 5 Select Code switches to provide Select Codes up to 31.
DIO II cards have two option on switches depending on their address map location. Refer
to Chapter 3, DIO II Memory Map for more information.

DIO I/0 cards must implement Registers 1 and 3 as defined in Chapter 3, DIO II Memory
Map. DIO II devices in the “Uncached Space must implement Register 101. DIO II
devices that reside in the Cached Space (other than RAM) must reside in DIO space with
Registers 1 and 3 defined. They must also have a pointer to DIO II Uncached Space so
the software knows where to find the rest of the device. The pointer register should exist
at an offset of 8 from the base address. In DIO Space, Register 5 may be implemented if
an Extension ID is necessary. Additional registers and bits may be defined as needed.

Implementing interrupt capability is left to the option of the designer. However, it is
STRONGLY recommended that interrupt capability be included. An I/O card without
interrupts will not work well with UNIX. If the operating system has to poll an 1/O card
to determine its need for servicing, extended (for example: 1 second) dropouts may occur.
Because of the previously discussed problems with vectored interrupts, they should not
be used.

It is highly recommended that I/O cards provide switches to select interrupt levels 3 to
6. However, other options are possible. Such as:

a. Make the interrupt level programmable (for example: use undefined bits in the
card’s CONTROL REGISTER to permit programming of the interrupt level bits).
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b. Permit interrupt levels to be set (either via switches or software) over a broader level
than from 3 to 6 (such as, from 1 to 7). This is NOT recommended, however, since
special care is required in system configuration to avoid conflicts. For example:
the 09826-66562 floppy disc control board used in certain Series 200 products is
hardwired to interrupt level 2 and drives the interrupt signal with an LS04 (that
is: it is not an open collector device). An I/O card on interrupt level 2 would fight
with this LS04. Designers that want to implement interrupts outside of the range
from 3 to 6 should consult with Hewlett-Packard’s hardware and software support
personnel to evaluate potential problems.

8. If I/O cards are designed containing more than one interface (for example: an RS-232
card containing four channels), the card can be designed in two ways:

a. If it is desired that existing software work without modification, then the card must
appear exactly like multiple single-interface cards (that is, each interface should
occupy its own 64K address slot).

b. If the design goals do not permit the hardware to be identical with ex1stmg I/0
cards, then the software drivers will have to be re-written.

9. For testability reasons, it is advised that no write-only registers be implemented. All
registers should be read/write. Also, no read-then-clear registers should be used.

External DIO Il Design Example

Since all cards will be different in complexity and interfacing needs, design examples for DIO
IT cards are not given. It is recommended that designers get existing (recent) DIO II designs
for examples of interfacing techniques. For information on DIO design examples refer to the
HP 9000 Series 200/300 Computers Access Development Guide (Manual Reorder No. 09800-
90011).
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DIO Il and DIO Card Qualification 1 4

Note

Adequate test data must be available to demonstrate that a device
complies with regulations. Whenever a regulatory agencies or other
parties require it, the test data must be produced for inspection. This
includes test data demonstrating compliance with safety regulations.
It is the responsibility of the designer and manufacturer of the device
to ensure these regulations are met and the data is available.

Because many cards may be used with different mainframes, operating systems, etc. a thor-
ough card qualification program is absolutely necessary to ensure that all hardware, software
and safety issues are resolved. This is an area that is constantly changing as new hardware
and software is released, as regulatory requirements change, and as our interpretation of these
requirements change. Designers are responsible for ensuring that their products are properly
qualified according to the latest operating environments and regulations. It is also the responsi-
bility of the designer and manufacturer of cards and accessories to adequately test new designs
so customers are ensured of reliable and correct operation.

In this chapter information is presented concerning portions of Hewlett-Packard’s quality assur-
ance program, as examples of the card qualification process.
Qualification of new cards can be broken down into three areas:

o Software Qualification

e Hardware Qualification

o Safety Compliance
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Software Qualification

The key concern with software is its reliability. Sufficient testing should be performed to ensure
that the card operates with the different operating systems. When operating systems are revised,
new operating systems are released, or changes are made to any card which affects its operation,
additional software testing should be performed to ensure compatibility between software and
card.

Hardware Qualification
Hardware testing can be divided into 2 areas:
e Configuration Testing

e Environmental Testing

Configuration Testing involves testing the new cards with different mainframe configurations.
Environmental testing involves testing the card in different operating environments.

Configuration Testing

New cards must be tested with the mainframe configurations that the card will be used with.
Likewise, new mainframes must be tested to ensure I/O card configurations are compatible.
New cards should be tried in as many different mainframes as possible to determine if design
errors may be found under some unsupported configurations which may be used in the future.
As many different configurations should be tried as possible. This is not to say that a new card
should be tested with every possible combination, but a good matrix of testing should be set up
to reduce possible problems. It is up to the designer to determine what this matrix should be.

I/O cards should also be tested in the HP 9888A Bus Expander attached to a subset of main-
frames/CPU boards.

Environmental Testing

All new designs should be tested sufficiently to ensure that the card will operate reliably over its
entire operating range. It should also be tested for reliability under the most severe conditions
that can be expected during normal operation.

In performing environmental tests at Hewlett-Packard’s Fort Collins Systems Division, a subset
of possible configurations are selected for testing in the following areas:

e Test-Analyze-Fix (TAF) testing

e Stress-Life (STRIFE) testing

e Class B testing.
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TAF testing

This is the testing of a small sample of prototypes involving high levels of electrical, thermal,
and mechanical stress for short periods of time. Often these stresses are applied until failure
occurs to identify weak points in the design.

STRIFE Testing

STRIFE testing consists of applying many thermal and vibration tests to a large sample of
production devices. While these tests also involve forcing failures, the emphasis is on determining
failure modes and assessing margins.

All sample devices are subjected to extensive thermal cycling, beyond the normal specified
operating range, to ensure that an ample margin of safety exists. The duration of each cycle is
selected so that the units reach thermal equilibrium during the dwell portion of each cycle.

Vibration tests are performed with sufficient acceleration and duration to ensure that all com-
ponents can safely withstand any shock or vibration encountered during normal use.

Class B Testing
Class B testing includes RFT testing. The following guidelines for RFI testing of new I/O cards
are used by Hewlett-Packard at Fort Collins.

e VDE level B-2 and FCC Class B RFI specifications must be met.

e The new card must be qualified with each product (or groups of products) that may
include the card and is licensed separately. I/O cards must currently qualify with the
following Series 200/300 Computer Models.

e HP 9816A

e HP 9826A or HP 9836A or HP 9836C (all under one license)
e HP 9920A

e HP 9817

e HP 9837

e Series 300 Model 310

e Series 300 Model 320

e Series 300 Model 330

e Series 300 Model 350

e A system test is required. The system must consist of a mainframe, an input device (for
example: mass memory) and an output device (for example: a printer). Where it makes
sense, the new card may be used to interface to the input or output device.

o The system should actively exercise the new card during testing.

e Where a CRT is part of the system, an alternating pattern of dots on the CRT should be
displayed.
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Safety Compliance

I/O cards should be designed to meet the normal UL/CSA/IEC safety requirements. Additional
requirements may also apply, depending on which country has jurisdiction over the equipment.
In addition, the following guidelines have been developed within the Hewlett-Packard Fort
Collins Computer Group.

1. Ground current carrying capacity: The conductive path between the I/O cable shield and

the safety ground pin of the power receptacle should be capable of carrying 30 amps for
120 seconds. This can also be expressed in resistance for the following 2 cases:

a. For cables less than 4 meters, the DC resistance between the end of the cable and

the safety ground pin of the power receptacle should be less than 100 milliohms,
measured after 120 seconds.

. For cable lengths over 4 meters, the DC resistance between the I/O connector on

the card itself and the safety ground pin of the power receptacle should be less than
100 milliohms, measured after 120 seconds.

2. Additional clarification is needed for the above specifications:

a. Hewlett-Packard’s product assurance guidelines state that the mechanical connec-

tion between the connector shroud and the connector on the I/O coverplate cannot
be relied upon to carry this current. Therefore, the I/O connector pin(s) alone must
be capable of carrying this current. During testing, the connector shroud must be
isolated from the connector on the I/O coverplate. Since the safety ground path
from the 1/O card to the power receptacle is via the thumbscrews (and not the PC
edge connector), it is implied that the thumbscrew connection to the rear panel is
a reliable connection.

. Specifications that refer to measuring resistance between an I/O card and the power

receptacle are obviously mainframe dependent. To achieve a mainframe indepen-
dent specification for the designer, Hewlett-Packard’s product assurance guidelines
state that the designer may substitute “I/O coverplate at the thumbscrews” for
“safety ground pin of the power receptacle” in specifications la and 1b above,
while substituting 70 milliohms in lieu of 100 milliohms.

3. Because the +5V supply in the Series 200 and Series 300 computers has more than an
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8 amp fault current capability, a fuse is required on each board that connects to this
supply. Refer to Chapter 10, Electrical Specifications, On Card Fuse Specification section
for the recommended fuse. Even though current Series 200 and Series 300 mainframes
cannot supply 8 amps on the +12V and — 12V supply, fuses are still required on boards
that connect to these supplies. This ensures compliance for future mainframes that are
capable of supplying 8 amps.

CAUTION

An improperly fused card is considered to be a misuse of equipment
and may result in a hazard to operators and/or installers. It may also
cause equipment damage. Any accessory that does not meet fusing
requirements must not be installed in any computer system that is
supported by HP field support organizations.
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4. Accessory cover plates must be adequately secured to the computer chassis with thumb-
screws and any I/O connectors and cables must be adequately grounded to the coverplate.

WARNING

I/O cables that do not meet the above stated grounding requirements
presents a potential shock hazard to equipment installers and users.
They cannot be used in any system that is supported by HP field
support organizations.
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