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« Introduction

This publication contains additions and revisions to the information contained in the 1987
Semiconductor Databook Volume 1.

In order to properly reference the information in this publication, it is recommended that the
following pages in the 1987 Semiconductor Databook Volume 1 be marked to note that changes

exist.
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Part Identification Codes

The following identification codes are used with the devices in this databook.

780 Series

78xyz - XX - XX
0 = Processors = Controllers GA = Gullwing
1 = Coprocessor = Graphic devices FA = Straight

Bus interfaces
Communications devices
Reserved

I

3 = I/O devices
4 = Reserved

5
6
2 = Memories 7
8
9

PA = Pin grid array

DC Series
DCxyz

1 0 = Custom bipolar devices
1 = Custom bipolar devices

3 = MOS devices
5 = MOS devices

Cross-referencing of Semiconductor Products

Part Part ~ Purchase Description
Name Number  Number
DCO03 DCO003 19-12730-00 Dual-interrupt Circuit
DCO04  DC004 19-12729-00  Register Selector (Protocol) Logic
DCO05 DC005 19-13040-00  4-bit Transceiver
DC006  DCO06 19-14035-00  Word Count/Bus Address Logic
DC010 DC010 19-14038-00  Direct Memory Access
DCO013 DCO013 19-14438-00 UNIBUS Request Logic
DCO018 — 19-17043-00/1 Serializer/Deserializer
DCO021 DC021 19-19015-00 Octal Bus Transceiver
DC022 — 19-17871-00 16-Word by 4-bit Register File
DC024  — 19-20116-01  Encoder/Decoder Logic
DC028 78701 19-22110-01 VAXRBI Clock Driver
DC029 78702 19-22111-01 VAXBI Clock Receiver
DC102 — 19-13888-00  Equals Checker
DC301  — 21-12623-00  Dual Baud Rate Generator
DC309 — 21-15102-00 Reed Solomon Generator
DC310 DCT1 21-17311-01 DCT11 16-bit Microprocessor
DC319 DC319 21-17312-00 DLART
DC321 FPJ11 21-21858-00 FPJ11 Floating-point Accelerator
DC502 78680-GA  21-25011-01 Video Processor (VIPER)
DC323  78690-GA 21-21553-01  Video Control (ADDER)
DC324  78732-PA  21-21689-00  VAXBIBIIC
DC327 — 21:20852-AA V.11 ROM/RAM
DC328 — 21-20851-AA V-1 Instruction/Execution Logic
DC329 — 21-20850-AA  V-11 Memory Management Logic
DC330 — 21-20849-AA V-1l Floating-point Accelerator Logic
DC333 78032-GA 21-20887-01, MicroVAX 32-bit CPU

-04, -05, -06
— DCJ11-AC  57-19400-08 DCJ11 16-bit Microprocessor (15 MHz)
—_— DCJ11-AA  57-19400-09 DCJ11 16-bit Microprocessor (18 MHz)
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Part
Name
DC335
DC337

DC343
DC344

DC349
DC5003
DC358
DC503
DC506
ADVICE

Part
Number
DCJ1L
78132-GA
78743-PA
78733-PA
78808-GA
78584-GA
78532-GA
78610-GA
78516-GA
ADVICE

Purchase

Number

21-17679-00
21-22797-01
21-23838-01
21-23839.-01
21-23458-01
21-23864-01
21-24329-01
21-24941-01
21-24330-01

Description

DCJ11 16-bit Microprocessor

MicroVAX Floating-point Unit

VAXBI BCAI

VAXBIBCI3

Octal ART

Dynamic RAM Controller (DYRC)

MicroVAX Direct Memory Access (DMA)
Programmable Sprite Cursor

MicroVAX Vectored Interrupt Controller (VIC)
MicroVAX Incircuit Evaluation/Emulation Unit
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dlilaliltlall] Preliminary MicroVAX 78032

Recommended Operating Conditions

= Supply voltage (V;p): 4.75 Vw0 5.25V

= Active supply current: (I,p): 700 mA (maximum)
= Temperature (T,): 0°C to 70°C

« Relative humidity: 109 to 95% (noncondensing)

» Minimum airflow over chip: 250 linear feet/minute

Part Number Variations

Four variations of the MicroVAX 78032 are available. All variations operate at a maximum clock
(CLKI) rate of 40 MHz. The Digital part numbers assigned to these are

Part Number Package Leads
21-20887-01 formed
21-20887-04 unformed
21-20887-05 formed
21-20887-06 unformed

The functional restrictions of the 21-20887-01, and -04 versions are

—DMA requests that coincide with memory management activity or floating-point completion
polling, may cause the MicroVAX CPU to missequence. To prevent this, the assertion of DMR
signal should be synchronized with the deassertion of the &S signal to the chip.

—Interrupt requests that are asserted and then deasserted before being serviced (passive release)
by the MicroVAX CPU, may cause the CPU to missequence. To prevent this, the TRQ < 3:0> line
should remain asserted until the chip acknowledges the request with the interrupt acknowledge
cycle.

Clock Input Timing
Figure 38 shows the timing specifications for the CLKI input clock signal and Table 18 lists the
timing parameters indicated on the diagram.

tcip

tCIR

‘ClF——J tcIL

Figure 38 = MicroVAX 78032 CLK1 Timing Waveform
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dlilgliltlall Preliminary MicroVAX 78032

Table 18 « MicroVAX 78032 CLKI Timing Parameters

Timing Symbol Signal Definition Requirements (ns)
Min. Max.
tee Clock in fall time —_ 4.5
tem Clock in high 8 —_
ten. Clock in low 8 —_
tew ° Clock period 25 50
tem Clock in rise time —_ 4.5

CPU Read and Write Cycle Timing

Figure 39 shows the timing sequence for the CPU read cycle and Figure 40 shows the timing
sequence for the CPU write cycle. The parameters for the CPU read and write cycles are listed in
Table 19.
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tcot -i
DAL-31:00- >__.£ ADORESS } DATA | h
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ADY, SAMPLING
ERR WINDOW
tewe=|
———l
el s SAMPLING 7 Z 2 i SAMPLING 727 7 7 SAMPLING
TSI WINDOW “ 7 e WINDOW o

Figure 39 « MicroVAX 78032 CPU Read Cycle Timing Sequence
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Table 19 - MicroVAX 78032 CPU Read and Write Cycle Parameters

Timing Signal Definition Requirements (ns)

Symbol Min. Max.

tans Address set up time to AS assertion 2P-28 —

tasa Address hold time after AS assertion 2P-15 _

tassic AS rising through 2.0 V to CLKO rising through 0.8 V. P-23 —

tastc AS falling through 0.8 V to P-20 —
CLKO rising through 0.8 V

tason AS assertion to DBE and DS (read) assertion 3P-15 3P+20

tasor AS assertion to read data valid* — 11P-30+8PS

tasnso AS assertion to DS assertion (write) 5P-15 5P+20

taspz AS and DBE deassertion to data three-state — 2P-20

tasuw  AS deassertion width 3P —

tastw AS assertion width 12P-15 + 8PS

taswn AS assertion to beginning of — (6P-45)+8PS
RDY, ERR, and DMR sampling window?

taswe ?\:Sﬁsserti(_)_x_x_tg end of RDY, 6P+10+8PS —
ERR, and DMR sampling window’

tiswn  WR,BM<3:0>,CS<2:0> hold P-20 —
time from AS deassertion

tamas BM<3:0> set up time before AS assertion 2P-25 —

teas CLKO rising through 2.0 V to AS rising through 0.8 V. P-7 P+15

teast CLKO rising through 2.0 V to AS falling through 2.0V P-9 P+16

tenr CLKO rising through 2.0 V to read data valid — P-5

teno Wirite data hold time from CLKO rising through2.0V  P-15 -

ter CLKO fall time — 12,5

tor CLKO high 2P-25)x 5 —

teL CLKO low (2P-25)x.5 —

tep CLKO period 50 100

ter CLKO rise time —_ 12.51

tews T4 CLKO rising through 2.0 V to beginning of — 3P-45
RDY, ERR, and DMR sampling window?

tews T4 CLKO rising through 0.8 V to end of 3P+15 _—

RDY, ERR, and DMR sampling window’

Confidential and Proprietary
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Table 19 « MicroVAX 78032 CPU Read and Write Cycle Parameters (Cont.)

Timing Signal Definition Requirements (ns)
Symbol Min. Max.
L —— DBE assertion width 9P-20+8PS —
thoc Write data set-up time to CLKO rising through 0.8V 3P-42 —
tpobs Write data set-up time to DS assertion 3P-30 —_—
tosas DS deassertion to AS and DBE deassertion P-15 _—
thso Read data hold time after DS deassertion 0 —_—
tosor DS assertion to read data valid! —_ 8P-35+ 8PS
tnspo Write data hold time from DS deassertion 3P-20 —
tosnz DS deassertion to read data high impedence —_— 31-20
tpsnw DS deassertion width 6P —
tosuwr DS assertion width (read) 8P-20+8PS —
tpswwo DS assertion width (write) 6P-20+8PS —
F— Sampling window end to read data valid — 5P-25
twnas Wj{, CS < 2:0> set up time before 3P-35 —

AS assertion
Notes:

! Read data is valid early enough if tasp; OF tpsp; OF tepy is satisfied.

¢ Requirements for the beginning of the sampling window are satisfied if either tysys OF tews is
satisfied.
* Requirements for the end of the sampling window are satisfied if either tygyy; O teyy is satisfied.

* tew, tar, and tep parameters are minimum for this value.

1-52
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Table 20 « MicroVAX 78032 DMA Cycle Timing Parameters

Timing Signal Definition Requirements (ns)

Symbol Min. Max.

tasc AS and DBE deassertion to DMG assertion 4P-25 —_

teon CLKO rising through 2.0 V to P-7 P+16
DMG rising through 0.8 V

teor CLKO rising through 2.0 V to P-7 P+18
DMG falling through 2.0v

toMRe DMR to DMG latency 10P-25 60P+ 20+ 165

tomres DMR to DMG latency with 10P-25 28P+20+8PS
bus unlocked

tomzy ~ DMR hold with respect to 0 —

DMG assertion

tepaz ~ DMG deassertion to external —_— 4P-20
device three-state of DALS.

[ P— DMG assertion to DMR deassertion — 6P-45+
such that no more DMA cycles are (N-2) %< 8P)
requested

tone DMG rising through 2.0 V to P-25 —

CLKO rising through 0.8 V

tore DMG falling through 0.8 V to P-23 —
CLKO rising through 0.8 V

toLw DMG minimum assertion width 10P-25+ —

{(N-2)x 8P)!

tosz DMG assertion to three-state -10 0
of AS, DS, DBE, WR. CS<2:0>
and BM <3:0>

tez DMG deassertion to external — 3P-20?

device of three-state of AS, DS,
DBE, WR, CS<2:0> < 3:0>and BM <3:0>

Notes:

! The number of microcyles that occur during a DMA grant. A DMA grant is issued for a minimum
of two microcycles.

? At the conclusion of a DMA grant the external logic must deassert the AS, DS, and DBE signals
before the external bus drivers become a high impedance.

> If tomen parameter is not met (DMR is deasserted before DMG is asserted), then DMR must not be
reasserted for 2.5 microcycles (500 ns at maximum frequency).

External Processor Cycle Timing

Figure 42 shows the timing sequence for the external processor read and response timing and for

the external processor write command timing. Table 21 lists the timing parameters for the symbols

referenced on the diagrams.
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CS<C1:0>
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EPS
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Preliminary ' MicroVAX 78032
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Figure 42 « MicroVAX 78032 External Processor Cycle Timing Sequence
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Table 21 - MicroVAX 78032 External Processor Cycle Timing Parameters

Timing Signal Definition Requirements
Symbol Min. Max.
tegr CLKO falling through 0.8 V to EPS falling through 2.2 V P-5 P+19
tooepn  Write data valid set up time to EPS deassertion 2pP-35 —

[ — EPS assertion to external processor assertion of CS2 0 3P-40
tepesz EPS deassertion to CS2 high impedance by external processor 0 2P-20
tepot EPS assertion to read data valid —_ 4P-40
tepr EPS fall time from 2.2V t0 0.6 V 0 10
temoo  Write data hold time from EPS deassertion 2P-25 —

teprc EPS falling through 0.6 V to CLKO falling through 2.0 V p-25 —
tewn  EDPS assertion width (read) 4P-20 4P+20
temwo  EPS assertion width (write) 5P-20 5P+20
tepwr WR and CS < 1:0> hold time from EDS deassertion P-20 —

tepz EPS deassertion to read data high impedance — 3P-20
twree  WR and CS<1:0> set up time before EPS assertion. 2P-35 —
Reset Timing

Figure 43 shows the timing sequence for the reset function of the processor and Table 22 lists the
timing parameters for the symbols referenced on the diagram.

CLKQ

=
kil
E
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Figure 43 « MicroVAX 78032 Reset Timing Sequence
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Table 22 » MicroVAX 78032 Reset Timing Parameters

Timing - Signal Definition Requitements (ns)

Symbol Min. Max.

tres RESET deassertion to first CLKO pulse if RESET 3P+10 3P+85
is deasserted synchronously

taesc Number of CLKO periods from RESET deassertion 32 periods —
until first DAL activity

treson  RESET assertion to DMG, EDPS deassertion! — 150

tres RESET assertion to AS, DS, DBE, WR deassertion? — 1.0 s

tresw RESET assertion width after Vyp = 4.75V 3.0 ms —

tassws  RESET assertion width if Vi, has already been at 4.75 V 3.0us —

for 3 ms when RESET is asserted

teesz RESET assertion to DAL <31:00>, BM<3:0>, - 100
CS < 2:0> high impedence?

Notes:

1 When the RESET level is asserted, the DMG and EPS signals become high and remain high.

2 When RESET is asserted, AS, DS, DBE and WR outputs become a high impedance state and the
levels become high by low current internal pull-ups.

3 When the RESET level is asserted the BM<3:0> lines and CS<2:0> lines become high-

impedance.

Mechanical Specifications

The dimensions of the MicroVAX 78032 68-pin cerquad surface and socket mount packages are
shown Appendix E.
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Pin Signal Input/Output Definition/Function

57 TAKEON  output Interrupt acknowledge enable out N—An active
low pulldown output that connects together with
the TAKEOP output to the TAKEI input of the
next device in the daisychain or connects to the

ERR input of the CPU.

39 CSEL input Chip select—Enables read/write operations to
the internal registers.

31 RESET input Reset—Sets the VIC to a known initial state.

30 CLK input Clock—Used to generate the internal time states
of the VIC.

10,11,29,44,49,60 Vi input Voltage—5 V Power supply voltage.

12,32,48,58,59 Vg input Ground—Ground reference

33-38 NC — No Connection

MicroVAX Bus Interface Signals

Data/Address lines (DAL < 15:00>)—These lines are bidirectional and are used to transfer
address and data between the VIC and the CPU. During internal VIC register access cycles, when
the CSEL line is asserted, the DAL < 15:00> lines transfer data to and from the internal registers.
During the first part of an IACK cycle, the level of the pending interrupt being acknowledged is
decoded from the low-order information on the DAL. During the response part of the IACK cycle
when the pending interrupts on the IPL level being acknowledged are recognised and priority was
passed by asserting IAKEI, the VIC transfers information from an Interrupt Vector (IVEC) register
to DAL < 15:00> if bit 01 of the Interrupt Vector register is clear, When bit 01 is set, an external
vector must be made available from the interrupting device. Refer to the IVEC registers (0-15) for
additional information. The DALs are driven by the VIC only when IAKEI is asserted, IAKEON is
not asserted, and IVEC bit 0 is cleared. During all other conditions, the DALs are high-impedance
during the IACK cycles.

Address strobe (AS)—When asserted, this signal latches the information on the DAL < 06:00 >,
CS<2:0>, and the WR lines into the VIC. This information is used internally to latch the
PIRQ < 15:00> line information for the duration of a read or interrupt acknowledge bus cycle that
addresses the VIC.

Data strobe (DS)— This signal is used by the VIC for data timing during internal register access
cycles and interrupt acknowledge cycles. When writing to one of the internal registers, the
assertion of this signal strobes the DAL < 15:00 > line data into the selected register. When reading
an internal register, the assertion of this signal is used to transfer the contents of the selected
register onto the DAL < 15:00> lines. When responding to an interrupt acknowledge cycle, the
assertion of this signal is used to transfer the contents of the appropriate interrupt vestor register
onto the DAL < 15:00 > lines.

Write (WR)—This signal is used with the CS<2:0> information by the VIC during CPU read,
write, and interrupt acknowledge cycles to specify if the access to a VIC register is a read or write
operation. A CPU-to-VIC write cycle is indicated if CSEL is asserted when WR is asserted and a
write transaction is decoded from the CS lines.

Control status (CS < 2:0>)—These lines and the WR input are decoded to determine the presence
of a read, write, or interrupt acknowledge bus cycle. The bus cycle selections are listed in Table 2.
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Table 2 » MicroVAX 78516 Bus Cycle Decoding®

CS Line WR  CSEL BusCycle

2 1 0

H X X H L Read

H X H L L Write

L H H H X Interrupt acknowledge

*H =high level, L =low level, X =either high or low level.

Ready (RDY)— This signal is asserted by the VIC when its internal registers are accessed during a
read or write cycle or during an interrupt acknowledge (IACK) cycle when the VIC is providing an
interrupt vector. During IACK cycles, at least one ready slip will be generated to allow an interrupt
acknowledge enable signal (TAKEI, IAKEOP, or IAKEON) to propagate through the daisychain.
The total number of ready slips that occur depends on the length of the daisychain. This is an open
drain (pulldown) output capable of sinking 16 mA.

Interrupt Interface Signals

Peripheral interrupt request (PIRQ < 15:00>)—These input lines are used by peripheral circuits
to request an interrupt. When one or more of these lines are asserted and the interrupts are
enabled, the VIC will assert the appropriate IRQ line(s). Mapping between each PIRQ line and the
IRQ line is programmable by software though the IRQ Map registers. The interrupt request can be
sensed by a signal level or edge or by the signal polarity. The sensing is programmable by the user.
Unused PIRQ lines must be connected to a valid logic level.

Interrupt request (TRQ < 3:0>)—One or more of these lines will be asserted by the VIC when a
PIRQ line is asserted and the interrupts are enabled. The IRQ Map registers determine which IRQ
line is asserted for a particular PIRQ line. An IRQ line will be deasserted when all pending
interrupts mapped to that IRQ line have been serviced. These are open drain (pulldown) outputs
that require external pullup resistors.

Interrupt acknowledge (TACK)— This signal is a result of decoding the C$<2:0> and the WR
lines and will be asserted for all interrupt acknowledge cycles. The signal is not affected by the
interrupt acknowledge daisychain signals. It allows the external logic to disable the memory
transceivers during an interrupt acknowledge cycle.

External vector enable (XVEC)— This signal is used by external logic when the VIC is requesting
that the interrupting device transfer its vector to the CPU. During an interrupt acknowledge cycle
when the vector is being supplied by an external device, the hardware supplying the vector must
assert the RDY signal at the appropriate time. The assertion of the XVEC signal also indicates that
the VIC has placed the DALs in the high-impedance state.

Daisychain Interface Signals

Interrupt acknowledge enable in (TAKEI)—This input allows more than one VIC and other
peripheral chips to be connected together in a daisychain. When this input is asserted, the VIC can
respond to the current interrupt acknowledge bus cycle. This signal should be connected to a
ground reference if the VIC is the highest priority device in the daisychain.
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level. The CPU will respond with an interrupt acknowledge cycle that contains the priority level of
the interrupt being acknowledged. The VIC then decodes the IACK cycle and IPL line information
and if the VIC generated the interrupt and the TAKEI (daisychain input) signal is asserted, it selects
the vector of the next PIRQ to be serviced for that IPL level. It then places that vector on the
DAL< 15:00> lines. If the VIC did not request the interrupt, it asserts the TAKEON (daisychain
output) signal to allow the next devices in the daisy chain to be serviced. When the VIC is
responding to an interrupt, it holds the TAREON line from being asserted to prevent dev1ces in the
daisychain that have a lower priority from responding.

Registers

The VIC contains 16 interrupt vector registers and 9 interrupt control registers that allow each
request to be individually configured by software. The internal VIC registers, shown in Figure 3,
are accessible by the CPU and are used by software to configure the operation of the VIC. Each
register consists of 16-bits and is located on a longword boundary. The base address is determined
by external address decode logic. Direct access to the VIC registers is enabled when the CSEL signal
is asserted and the VIC decodes the address on the DAL < 06:00 > lines to select the register to be
accessed.

The Polarity, Level/Edge Interrupt Enable and Pending Summary registers are cleared by the
assertion of the RESET input. Therefore, the VIC is programmed for the falling edge of PIRQ
assertion and all interrupts are disabled. The IRQ Map and Interrupt Vector registers must be
programmed before the interrupts are enabled.

NOTE: Only word access to the lower 16-bits of the longword are a llowed to transfer data between
the CPU and the VIC. Byte accesses and longword accesses are not allowed. Longword
access may result in the CPU reading the incorrect data or lost data'during a write cvcle.

ADDRESS 15 ' 00
BASE POLARITY REGISTER
BASE+4 LEVEL/EDGE REGISTER
BASE+8 PENDING SUMMARY REGISTER
BASE+12 INTERRUPT ENABLE REGISTER
BASE+16 IRQ MAP REGISTER 0
BASE+20 {RQ MAP REGISTER 1
BASE+24 IRQ MAP REGISTER 2
BASE 28 , IRQ MAP REGISTER 3
BASE+32 ROUND ROBIN REGISTER
BASE+36 - ADDRESSES (BASE+36)
. TO (BASE+80) ARE
L BTy,
BASE+64 INTERRUPT VECTOR REGISTER 0
BASE+68
.
BASE+124 ' INTERRUPT VECTOR REGISTER 15

Figure 3 = MicroVAX 78516 Register Address and Descriptions
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Polarity register—The polarity (POL) is a read/write register that selects the polarity of the input
used to assert a PIRQ < 15:00> line. When a bit is set, the corresponding line is asserted by a low-
to-high transition or by a high level. When a bit is clear, the corresponding line is asserted by a high-
to-low transition or by a low level. The register format is shown in Figure 4.

PIRQ<15:00>LEVEL/EDGE POLARITY

Figure 4 « MicroVAX 78516 Polarity Register Format

The POL register is used with the level/edge (LE) register to configure each PIRQ input. A PIRQ
input may be configured to respond to a rising edge, a falling edge, a high level, or a low level signal.
Table 3 shows the bit selections of the POL and LE registers and the resulting state of a PIRQ line.
When the RESET line is asserted, the POL register is cleared.

Table 3 - MicroVAX 78516 PIRQ Input Line Configurations

POL Bit LE Bit PIRQ Asserted State
0 0 Falling edge !
1 0 Rising edge .
0 1 Low level
1 1 High level

Level/Edge register— The level/edge (LE) is a read/write register used to select the way in which a
PIRQ < 15:00> line detects an interrupt request. It allows the user to select either level or edge
sensitive triggering. When a bit is set, the corresponding PIRQ line is level sensitive. When a bit is
clear, the corresponding PIRQ line is edge sensitive. The polarity of the PIRQ line input is selected
by the polarity register (POL). Figure 5 shows the LE register format.

PIRQ< 15:00> LEVEL/EDGE TRIGGER

Figure 5 = MicroVAX 78516 Level{Edge Register Format
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Level-sensitive inputs allow more than one device to be connected to a single PIRQ line by using a
wired AND/OR structure. Once the correct polarity level is detected by the VIC, the corresponding
interrupt pending bit is set in the pending summary register (PSR). The interrupt pending bit will
remain set until the PIRQ line is cleared. Therefore, an interrupt acknowledge cycle from the CPU
will not clear the interrupt pending bit in the PSR register until the PIRQ line is deasserted. If a
wired AND/OR structure is used, an external pullup/pulldown resistor is required on the PIRQ line,
Edge sensitive inputs detect either a high-to-low (falling edge) or low-to-high (rising edge)
transition. When the correct transition is detected, the corresponding bit in the PSR register will be
set. When the RESET line is asserted, the LE register is cleared.

Pending Summary register—The pending summary register (PSR) is a read/clear register that
provides a summary of the internal interrupt pending flags. When a bit is set, an interrupt request
is pending for the corresponding PIRQ line. When a bit is clear, no interrupt is pending for the
corresponding PIRQ line. When the VIC performs the IACK cycle, the corresponding PSR bit will
be cleared if the coresponding bit in the LE register is cleared. If the corresponding bit in the LE
register is set, the interrupting device must deassert its PIRQ line when serviced. The contents of
the PSR register are latched during a read and IACK cycle. The register format is shown in Figure 6.

PIRQ<15:00>INTERRUPT PENDING

Figure 6 « MicroVAX 78518 Pending Summary Register Format

The VIC manages the setting and clearing the PSR register bits for level and edge sensitive PIRQ
inputs as follows. When the RESET input is asserted, the PSR register is cleared,

+ For level sensitive PIRQ inputs, the corresponding PSR bit will be set when the PIRQ line is
asserted and cleared when line is deasserted.

= For edge sensitive PIRQ inputs, the corresponding PSR bit is set on the asserting edge of the
PIRQ input. The PSR bit for a PIRQ input will be cleared by an interrupt acknowledge cycle that
acknowledges the interrupt request of the corresponding PIRQ line, when the software clears the
PSR bit by writing a zero into the appropriate bit, or when information is written into the LE
register.

Interrupt Enable register-—The interrupt enable (IEN) is a read/write register that is used to enable
or disable the reporting of interrupts to the CPU by each PIRQ line. When a bit is set, it allows an
interrupt request from the associated PIRQ line to generate an interrupt to the CPU. When a bit is
clear, the associated PIRQ line is prevented from generating an interrupt to the CPU. The register
format is shown in Figure 7.
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15 14 13 12 1 10 09 08 07 06 05 04 03 .02 a1t 00

PIRQ< 15:00>INTERRUPT ENABLE/DISABLE ‘ ;

Figure 7 « MicroVAX 78516 Interrupt Enable Regz'ster Format

The IEN register enables or disables the generating of an interrupt to the CPU and does not affect
the detection of interrupts by the VIC. When a PIRQ line is asserted, the corresponding bit in the
PSR register is set regardless of the state of the TEN bit for the PIRQ line. The IEN register provides 1
the support for a software interrupt polling scheme. The register is cleared when the RESET input z
is asserted. !

IRQ Map registers (0-3)—The interrupt request map (IMAPO through IMAP3) are read/write :
registers that are used to select the IRQ line to be asserted by the VIC when a PIRQ line is asserted. i
When a bit in one of the IMAP registers is set, the corresponding PIRQ line is mapped to the
associated IRQ line. The register format is shown in Figure 8. Each register corresponds to one of
the IRQ outputs as defined in Table 4.

PIRQ< 15:00>TO MicroVAX IRQ LINE

Figure 8 « MicroVAX 78516 IRQ Map Registers (0-3) Format

Table 4 + MicroVAX 78516 IMAP Register to IRQ Mapping

Register Line
IMAP3 IRG3
MAP2  TRQZ
IMAP1 - IRQI
IMAPO TRGO

Example: If bit 3 of the IMAP1 register is set when the PIRQ3 hne is asserted and the IEN register
bit is set for this line, line IRQ1 will be asserted.

The IMAP registers are not initialized when the RESET line is asserted and the contents will be
undefined until programmed by software.
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Round Robin register— The round robin (ROBIN is a read/write register that is used to select either
fixed or round robin priority mode of operation for each IRQ level. More than one bit may be set in
this register at a time and the register controls only the PIRQ lines for the associated VIC. The
register is cleared when the RESET input is asserted. The register format is shown in Figure 9.
Table 5 describes the function of each bit.

15 04 03 00
1 T T T T i Rl ¥ 1 1 T 1 T ¥
1 1 L - H 1 | "] 1 1 | ] i 1
- ~ I\ v 4
RAZ RR17-RR14

Figure 9« MicroVAX 78516 Round Robin Register Format

Table 5 » MicroVAX 78516 Round Robin Register Description
Bit Description
15:04  RAZ (Read as zeros)—Not used

03:00 RR17-RR14 (ROUND ROBIN IPL17-IPL14)—These bits select the priority mode for all
interrupts mapped to lines IRQ <3:0>. RR17 selects IRQ3 etc. When set, the round
robin mode is selected. When cleared, the fixed mode is selected.

Interrupt Vector registers (0-15)—Each of the 16 interrupt vector (IVECO through IVEC15)
registers is a read/write register that contains a fully programmable 16-bit vector. There is one IVEC
register for each PIRQ line. Each register can select any location in the CPU System Control Block
during the interrupt acknowledge cycle. The VIC automatically transfers the highest priority
register information onto the DALs during the second half of the CPU IACK cycle. These registers
can be read by software using a CPU read cycle. The register format is shown in Figure 10 and Table
6 describes the function of each bit.

PIRQ INTERRUPT VECTOR XVE

QFLG
Figure 10 = MicroVAX 78516 Interrupt Vector Registers (0-15) Format
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Table 6 » MicroVAX 78516 Interrupt Vector Registers (0-15) Description

Bit Description

15:02 VECTOR (PIRQ interrupt vector)— This vector is the offset into the system
control block (SCB) for the location of the interrupt routine.

01 XVE (External vector enable)—When set, the DAL < 15:00> line drivers are
disabled and the XVEC line is asserted during an IACK cycle, indicating that an
external vector is to be supplied. When clear, the VIC will drive the contents of
the IVEC register onto the DAL < 15:00 > lines during an IACK cycle.

00 QFLG (Normal/Q-bus processing flag)—Setting this bit causes the CPU to
respond by setting its internal IPL to 17 (hexadecimal). This feature is useful for
programming Q-bus systems. The status of bits 15:10 and the XVE bit 01 are
ignored by the CPU. When clear, the CPU will service the interrupt normally.

These registers are not initialized when the RESET input is asserted and the contents of the register
is undefined until programmed by software.

Interrupt Level Triggering and Edge Triggering

The sensing of an interrupt condition by the VIC may be programmed for each PIRQ input by the
LE register. Each PIRQ line can be set to respond to either a signal level or to a signal transition
(edge). The polarity of the sensed condition is also programmable.

In the edge-triggered mode, either a high-to-low or low-to-high transition on the PIRQ line will
cause the VIC to latch the PIRQ line information. Further transitions on this PIRQ line will have no
effect. After the acknowledgment of the latched assertion by the CPU, the VIC resets the latching
mechanism allowing the user to again assert the interrupt with a proper transition on the PIRQ line.
A latched PIRQ assertion may be cleared by writing to the LE register or by writing a zero to the
corresponding bit of the pending status register.

In the level mode, the interrupting device must deassert the PIRQ input before the interrupt
service routine ends to prevent the VIC from sensing the previous level and posting the same
interrupt twice. During edge- or level-triggering, a bit in the pending summary register correspond-
ing to that PIRQ line indicates the pending interrupt and if the interrupt is enabled, the VIC will
assert the appropriate IRQ line as programmed in the IMAP register.

If the CPU responds to an interrupt caused by a edge-triggered signal, the completion of the IACK
cycle will cause the VIC to clear the corresponding PSR register bit. If level-triggered mode was
selected, the PSR bit would continue to reflect the PIRQ status.
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Absolute Maximum Ratings

Stresses greater than the absolute maximum ratings may cause permanent damage to the device.
Exposure to the absolute maximum ratings for extended periods may adversely affect the

reliability of the device.

"= Storage temperature range: -53°C to 125°C

= Active temperature range: 0°C to 70°C

» Power supply voltage (Vyy to Ve : 0 V0 6V

» Input or output voltage applied: 0.3 V to (Vp +0.3 V)

Recommended Operating Conditions

» Temperature: 0°C to 70°C

= Power supply voltage: 4.75 Vt0 5.25V

= Power dissipation: 1.0 W {maximum)

de Electrical Characteristics
The dc input and output parameters for the VIC are listed in Table 7.

Table 7 - MicroVAX 78516 dc Input and Qutput Parameters

Symbol  Parameter Test Conditions Requirements  Units
Min.  Max,
Vi High-level 2.0 — \Y,
input voltage
Vi Low-level — 0.8 \Y
input voltage
Vou'? High-level Ton=-400 pA 24 — \Y
output voltage
Vor! Low-level In=2.0mA — 04 Vv i
output voltage
Toe Input leakage 0 <V, <(Vy-0.6V) - 30 A
current
Towe Output leakage 0<V, <{Vy-0.6V) — 30 HA
current ;
Tecad’ Active supply — 100 mA I
current J
Voron:t Open drain I,.=6.0 mA — 0.4 \Y i
pulldown
low-level output
voltage
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Symbol  Parameter Test Conditions Requirements  Units
Min.  Max.
Vorons’ Open drain I =25 mA — 0.4 \Y
pulldown
low-level output
voltage
C. Input capacitance — 15 pF
Cou Qutput capacitance — 20 pF

'Only one output may be shorted to either supply rail at one time and the duration of the short
must be less than 2 seconds.

This specification also applies to the open drain output on IAKEQP

*All outputs floating, all inputs connected to either supply rail. The CLK input is fully swinging
between both supply rails at 20 MHz.

‘Applies only to the IRQ < 3:0> outputs.

SApplies only to the RDY and IAKEON outputs.

ac Electrical Characteristics

Figure 16 shows the input signal and clock signal waveforms and the parameters are listed in Table 8.

RISE ‘““ -
| 3

CLOCK INPUT

‘L«- TFALL
|

INPUT SIGNAL

Figure 16 « MicroVAX 78516 Input and Clock Signal Timing
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Table 8 » MicroVAX 78516 Input and Clock Signal Timing Parameters

Symbol Definition Requirements
Min. Max.
tepn’ Input clock high 15 ns —
tepr Input clock low 15 ns —
tew Input clock period 50 ns —
tarse Input signal rise — 15 ns?
traLL Input signal fall — 15 ns?

W must be greater than or equal to 4.75 V during this period.
*Measured between 109% and 909 levels.

Figure 17 and 18 show the signal timing and symbols for a register read cycle and register write
cycle, respectively, between the CPU and VIC. Figure 19 shows the signal timing and symbols for an
interrupt acknowledge cycle when the VIC responds with a vector and when the external device
supplies the vector. Figure 20 shows the timing and symbols for a daisychain configuration when
the interrupt priority is not passed to the VIC and when it is passed to the VIC. Figure 21 shows the
signal timing and symbols for the PIRQ input to IRQ output signal generation. It also includes the
RESET input signal timing. Table 9 lists and defines the symbols and parameters used on the
figures. The following notes apply to the table information.

» (T) =input clock period (tcy)

= All units are nanoseconds (ns) except where indicated.

« All times are specified with a 100-pF capacitive load on the outputs.

» All times are measured at the 50 percent levels of the waveforms except where indicated.
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Figure 17 « MicroVAX 78516 Register Read Cycle Timing
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Figure 18 « MicroVAX 78516 Register Write Cycle Timing
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Figure 19 » MicroVAX 78516 Interrupt Acknowledge Cycle Timing
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Table 9 » MicroVAX 78516 Signal Timing Parameters
Symbol Definition Requirements
Min. Max.

tanss DAL < 06:00> hold after AS assertion 10 —

tanss DAL <06:00> setup to AS assertion 15 —

tascs CSEL assertion after AS assertion — 1 ps

tasps DS assertion after AS assertion 0 —

tasi AS high after deassertion 15T —

tesum CSEL hold after AS deassertion 10 —_—

toro RDY deassertion from DS deassertion — 45

tprox XVEC deassertion from AS deassertion — 45

tosas AS deassertion after DS deassertion 0 —

toss DS setup before RDY assertion 30 —

toz Read data high-impedance delay from DS deassertion — 30

tena' RESET deassertion to VIC enabled internally 5T+250 —

Eians TACK assertion after AS assertion 1.5T 2T +30

tioas TACK deassertion after AS deassertion 0 50

tiokn TAKEO/IAKEQP deassertion from AS deassertion — 60

tipmin TAKEON/IAKEOP delay from TAKEI assertion (TAKEI 25 —
asserted 7.57T or more after AS)

S TAKEO/IAKEQP delay frc_n_n_ AS assertion (TAKEI asserted — 8.5T+25
less than 7.5T more after AS)

tom TAKEI hold after AS deassertion —

toan’ PIRQ assertion to IRQ assertion delay 100

temp PIRQ deassertion to IRQ deassertion delay — 150
{applicable to level triggering only)

tomn PIRQ minimum assertion width 90 —
{(applicable to edge triggering only)

tpros PIRQ setup (proper level/edge) before AS assertion 50 —

tron Read data delay from CSEL assertion 6.5T 7.5T+25

troom  Read data or XVEC delay f_r_o_m TAKE] assertion (TAKEI 6T —
asserts 7.5T or more after AS)

tropimes  Read data or XVEC delay fro_r_n~ AS assertion (TAKEIL — 13.5T+25
asserted less than 7.5T after AS)

trovD RDY delay from CSEL assertion 8.5T 9.5T+25
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Symbol Definition Requirements
Min. Max.
- Minimum RESET low time 200 ps —
trrz RESET assertion to DALs high impedance — 100
teypmie  RDY delay from IAKET assertion (TAKEI asserted 8T —_
7.5T or more after AS)
taroms  RDY delay from AS assertion (TAKEI asserted less than _ 15.5T+25
7.5T after AS)
tryps DS deassertion from RDY assertion 0 —
twes CS<2:0>, WR hold after AS assertion 10 —
Lwess CS<2:0>, WR setup to AS assertion 15 —
twop Write data delay from CSEL assertion — 3.5T-5
twon Write data hold after DS deassertion 20 —_—

"The VIC requires 5T +250 ns after RESET is deasserted to complete its internal reset. The AS
signal should not be asserted until after this delay. A
*Maximum time is 100/150 ns unless a PIRQ line is asserted/deasserted during a read or IACK
operation with the VIC. For this condition, the IRQS will assert/deassert for 100/150 ns after the
completion of the read or IACK operation.

Mechanical Configuration
The MicroVAX 78516 is available as a 68-pin cerquad surface mount package or socket mount
package. The physical dimensions of each package is contained in Appendix E.

Confidential and Proprietary

1-107

s




difglitall]

Absolute Maximum Ratings

Stresses greater than the absolute maximum ratings may cause permanent damage to the device.
Exposure to the absolute maximum ratings for extended periods may adversely affect the
reliability of the device. The functional operation of the device at these or other conditions greater
than indicated is not defined.

Preliminary MicroVAX 78532

» Power supply voltage (Vyp): 0.5 Vto 5.5V

» Input or output voltage applied: V4 -0.3 Vo Vp, 0.3V

= Storage temperature (T): ~55°C to 125°C

« Relative humidity: 109 to 95% (noncondensing)

Recommended Operating Conditions

« Power supply voltage (Vpp): 5V +5%

= Supply current (L) : 500 mA (maximum)

» Operating temperature (T,): 0°C to 75°C

dc Electrical Characteristics

The dc electrical characteristics of the MicroVAX 78532 for the operating voltage and temperature
ranges specified are listed in Table 21.

Table 21 » MicroVAX 78532 dc Input and Qutput Parameters

Requiements

Symbol  Parameter Test Condition Min. Max.  Units

Vi High-level 2.0 — \Y
input voltage

Vi Low-level —_ 0.8 v
input voltage

Vou High-level Tou=400uA 24 Voo \Y
output voltage C.=100 pF

Vor Low-level Ioe=3.2mA — 0.4 v
output voltage C.=100 pF

Voron Low-level Too=12.5 mA, — 0.4 \Y
output open-drain C, =100 pF
voltage*

RDY, ERR DMR,
IRQ<3:0>, IRDY,
IERR, IDMR
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Requiements

Symbol  Parameter Test Condition Min. Max.  Units

I Input leakage 0<V,.<Von -10 10 pA
current

Io Output leakage 0.4<V, <V -10 10 HA
cutrent

Tee Active supply 1.=0,T,=0°C —_ 500 mA
current

G, Input capacitance — 10 pF

*Minimum pullup resistor=470  +5%.

ac Electrical Characteristics

The electrical characteristics for the signals used to control the information transfers to and from
the MicroDMA are defined in the following paragraphs. The following notes apply to both the
MicroVAX bus timing diagrams and the 1/O bus timing diagrams and their associated tables.

» The timing parameters are specified in terms of the clock (CLKI) period, where CLKI =t =P.
P is nominally 25 ns.

= All times are in nanoseconds except where noted.

» ac characteristics are measured with a purely capacitive load of 100 pEF. Times are valid for loads
of up to 100 pF on all pins.

= ac high levels are measured at 2.0 V, and ac low levels at 0.8 V.

» S=the number of slipped microcycles during a bus cycle. A MicroVAX bus microcycle is
nominally 8P or 200 ns and the 1/O bus microcycle is normally 4P or 100 ns.

» N = the number of MicroVAX and I/O bus microcycles in a DMA transfer. N has 2 minimum value
of 2.

The following notes apply to the MicroVAX bus timing diagrams and their associated tables.

« The sampling window is used to sample the RDY and ERR asynchronous signals. The RDY and
ERR signals are qualified by the assertion of the AS signal. The effect of these signals on the
current bus cycle is as follows:

1. The bus cycle concludes at the end of the current microcycle if the RDY or ERR signal is
asserted throughout the sampling window while the AS signal is asserted.

2. If a transition of the RDY or ERR signals occurs during the sampling window while the AS line
is asserted, the result is indeterminate.

3. PS=Clock period (P} times slipped microcycles (S).
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Figure 31 » MicroVAX 78532 MicroVAX Bus Master Write Cycle Timing
Table 23 » MicroVAX 78532 Bus Master Read and Write Cycle Timing Parameters
Symbol Signal Definition Requirements (ns)
Min. Max.
tans DAL < 31:00> address setup time to AS assertion 2P-28 —
tasa DAL < 31:00 > address hold time after AS assertion 2P -15 —_
tasps AS assertion to DBE and DS (read) assertion 3P-15 3P+20
tasor AS assertion to read data valid* 11P-30+8PS
tasnso  AS assertion to DS assertion (write) 5P-15 5P +20
taspz AS and DBE deassertion to busslave DAL<31:00> — 2P-20
three-state
Easiw AS deassertion width 4P-25
tastw AS assertion width 12P-15+8PS
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Symbol Signal Definition Requirements (ns)
Min. Max.
tasws AS assertion to beginning of RDY and ERR sample = — 6P—45 + 8PS
window
taswe AS assertion to end of RDY and ERR sample window — 6P+ 10+ 8PS
faswr WR/BM < 3:00>/C8< 1> hold time from AS P-20 _
deassertion
Tamas BM<3:00> setup time before AS assertion 2P-25 —
tomLw DBE assertion width 9P-20+ 8PS —
toobs DAL < 31:00 > write data setup time to DS assertion — 3P-30
Tnsas DS deassertion to AS and DBE deassertion P-15
tosp DAL < 31:00 > read data hold time after DS 0 —
deassertion
tosor DS assertion to DAL < 31:00> read data valid — 8P—35+8PS
tosno DAL < 31:00 > write data hold time from DS —_ 3P-20
deassertion
tosnz DS deassertion to bus slave DAL < 31:00 > three-state — 3P-20
on read bus cycles
tosw DS deassertion width (read) 8P-50 —
toswr DS assertion width (read) 8P-20+8PS —
tosiwo DS assertion width (write) 6P-20+8PS —
twepl RDY internal sample window end to DAL<31:00> — 5P-25
read data valid
twras WR and CS< 1> setup time before AS assertion 3P-35 —

*Read data is valid if t,gp OF tpsp conditions are satisfied.
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Figure 39 » MicroVAX 78532 1/O Bus Slave Write Cycle Timing

Table 28 » MicroVAX 78532 I/O Bus Slave Read and Whrite Cycle Timing Parameters

Symbol Signal Definition Requirements (ns)
Min. Max.

tuspss ~ Required TAS assertion to DS assertion delay (read  3P-30 3P+25
cycles)

tusosw  Required TAS assertion to IDS assertion delay (write 5P-25 5P+25
cycles)

trass TAS deassertion width 2P+ 25 —

traskE TAS deassertion to IRDY/TERR deassertion — 100

tisms TBM<3:0> setup time before TAS assertion P-25 —_

T— IDAL < 31:00> data hold time after IDS deassertion 0 —
(slave reads)

twomw  Required IDAL < 31:00> hold time after TDS deas- 35 —
sertion on MicroDMA bus-slave writes

twpsw  Required IDAL < 31:00> setup time before IDS deas- 20 —
sertion on MicroDMA bus-slave writes

tmsass  Required IDS deassertion to TAS deassertion delay ~ P—20 —
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Symbol Signal Definition Requirements (ns)
Min, Max.
tipsps DS deassertion to IDAL < 31:00> three-state — 55

s Required TDAL < 31:00 > hold time after TAS assertion 35 —

tmpR IRDY assertion to IDAL < 31:00 > data valid for P+35 —
MicroDMA bus-slave reads

tisoa Required IDAL<31:00> setup time before TAS 15 —
assertion

tiwra TWR/IBM < 3:0> hold time after TAS deassertion ~ P-25 —_—

trwss TWR setup time before TAS assertion 3P-50 —

1/O Bus DMA Cycle

Figure 40 is a timing diagram for the I/O bus DMA cycle. Table 29 lists I/O bus DMA cycle timing
parameters.
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Figure 40 » MicroVAX 78532 IfO Bus DMA Cycle Timing
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Table 29 « MicroVAX 78532 I/O Bus DMA Cycle Timing Parameters

Symbol Signal Definition Requirements (ns)
Min, Max,

tianc Assert IDMG to TAS/IDS/TWR/IDBE/IBM<3:0> — 40
three-state

tiann IDAL < 31:00> three-state to assert IDMG — 2P+5

tiarc Asserted IDMR (internal) sample window end to 6P *
IDMG assertion

tiasc TAS and IDBE deassertion to IDMG assertion 4P-25 —

tipas Asserted IDMG (internal) sample window end to TAS — 10P+35+4PK?
assertion

tinem Asserted TDMG (internal) sample window end to — 9P +45+4PK?
IBM<3:0> assertion

twewo  Deassert IDMR to TAS/IDS/TWR/IDBE/IBM < 3:0> — 3P+35
three-state

tivcr IDMG deassertion to IDMR reassertion 2P+10 —_

tiorG Deasserted TDMR (internal) sample window end to —- 2P+40
IDMG deassertion

*Maximum value determine by latency specifications.
tK = The number of microcycles (0, 1, 2, 3, 4) that the sequencer is busy.

I/O Bus Transfer Request
Figure 41 shows the I/O bus transfer request signal timing and Table 30 list the timing parameters.

ITR<3:0> \
{
T
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18 YTRD

Figure 41 « MicroVAX 78532 1/O Bus Transfer Request Timing
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Many system design requirements and options are included as integral parts of the chip. A high-
performance processor using a four-level prefetch pipeline, resident memory management,
floating-point arithmetic, console octal debugging technique (ODT), microdiagnostics, and clock
generation provide efficient system functionality in a single package. The orthogonal instruction
set allows fast and efficient programming to minimize development time and cost. The DCJ11
combines leadership system functionality with complete system software, a highly integrated
design, and low-power consumption to allow new classes of microprocessor applications. A block
diagram of the DCJ11 is shown in Figure 1.

» Signal and Pin Descriptions

The input and output signals and the power and ground connections for the DCJ11 60-pin DIP are
shown in Figure 2 and defined in Table 1. These signals are briefly described in the table and a more
detailed description of the signal functions is contained in the following paragraphs. The system
interface refers to the user’s application of the DCJ11 and must be capable of providing or receiving
these signals.

TEST 1 1 AV 60 DAL 06
AlO 0 g2 59 ) DAL 07
AIO 1 g3 58 DAL 08
AlO2 14 578 DAL 00
AlO3 1s 56 B DAL 09
PWRF 06 55 DAL 10
FPE g7 54 DAL 11
EVENT Usg 53] DAL 12
HALT Qo 52 DAL 13
IRQ O d10 510 DAL 14
IRQ 1 411 501 DAL 15
IRQ 2 d12 a9p DAL 01
IRQ 3 g13 4gp DAL 02
PARITY 014 a7p DAL 03
GND 41s 46 Vee
oe d 16 peJu 45p GND
BSO d17 a4 DAL 04
BS1 d18 43 DAL 05
MAP g19 42 DV
ABORT 1 20 a1 BUFCTL
DAL 21 {421 40P ALE
DAL 20 22 39] STRB
DAL 19 d23 ag] SCTL
DAL 18 424 37] XTALO
DAL 17 g25 36 XTALI
DAL 16 426 350 CLK
DMR i 27 34p CLK2
MISS {28 33p INIT__
PRDC i 29 32p CONT
NOT USED 30 AN 31h TEST2
TOP VIEW

Figure 2 « DCJ11 Pin Assignments
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Table 1 - DCJ11 Pin and Signal Summary

Pin Signal Input/Output  Definition/Function

21-26, DAL<21:00> inputfoutput’  Datafaddress lines—Time-multiplexed data and

43.44, address bus.

47-60

17-18  BS<1:0> output’ Bank select—These time-multiplexed signals define
the type of physical address on the data/address bus,
and indicate if either a cache memory bypass or a force
miss occurs.

19 MAP output' Map~—This time-mulitiplexed signal indicates if the
I/O map is enabled or if a DMA grant occurs.

2-5 AlO<3:0> output! Address input/output—These signals indicate the type
of transaction currently being executed, i.e., read,
write, or IACK.

40 ALE output! Address latch enable—Latches addresses, AIO codes,
map enable signals, and the BS control signals.

41 BUFCTL output' Buffer control—Indicates the direction of data on the
DAL bus. The line is active (Jow) when the DCJ11 is not
driving to the DAL bus.

38 SCTL output’ Stretch control—Identifies the extended portion of
stretched cycles. The edges can be used to strobe data.

39 STRB output’ Strobe—General purpose strobe signal.

29 PRDC output! Predecode strobe—Indicates when the prefetch buffer
is being decoded as the next macroinstruction.

20 ABORT input/output’ Abort—Indicates that an abort condition exists, i.e., a
memory management or address error, bus timeout,
nonexistent memory, or parity error.

28 MISS input! Miss—Reports the hit or miss status of the current
cache memory entry lookup.

42 DV input’ Data valid—Set to latch data into the DCJ 11.

32 CONT input’ Continue—Used to terminate all extended cycles.

27 DMR input! Direct memory access request— Used to force a current
cycle to be extended.

10-13 IRQ<3:0> input’ Interrupt Request < 3:0> —TFour maskable interrupt
request lines.

9 HALT input! Halt—A low-priority nonmaskable interrupt that
forces the system into console mode.

8 EVENT input? Event—A maskable interrupt that forces a trap

through vector location 100.

Confidential and Proprietary 1-251




dlilgliltlall Preliminary DCJu1

Figure 3 shows the input and output signals grouped according to signal function.

DCJ
IRQO — . DAL<00> ]
RO3 ———s] e DAL < 15> DATA/ADDRESS
INTERRUPTS | e ——f DAL< 16> )
FPE —— " DAL<21>
EVENT ——— \
AT ———— . AIOO ]
HALT : | ADDRESS IO
———— AI03
DATACONTROL | e
L | CoNT—— L . 8BS0 )
L . g } BANKSELECT
PARITY —]
BUS ERROR ABOFT =] ———— BUFCTL
e ALE
DMA CONTROL DMR DATA CONTROL
MISS ——— - STRB
CACHE CONTROL s STRB
inmaze  MNT ——— — SCTL J
————= BRDC
( XTALl ——+ ———— MAP
CLOCKINPUT | XTALO ———dl )
Vo )
TEST1 — CLK2
K OUTPUT
TESTS OLK j cLockouTPu
Figure 3 = DCJ11 Signal Functions
Data and Address Bus

Data and address bus (DAL < 21:00 >)—The data and address bus consists of 22 time-multiplexed
data and address lines. The basic bus consists of DAL < 15:00> and is bidirectional. The extended
bus consists of DAL <21:16> and is used for outputs only. During the first half of each
transaction, the DCJ11 provides either a physical address, the acknowledged interrupt level or a
general purpose code. The physical address can use all 22 bits of the bus. The acknowledged
interrupt level uses DAL < 03:00> and the general purpose code uses DAL <07:00> . During the
second half of the transaction, the DCJ1l transmits or receives data on the basic bus
(DAL < 15:00>). The extended bus lines (DAL < 21:16 >} are driven with test information when
the BUFCTL signal is asserted. The data being transmitted or received depends on the type of bus
transaction being performed and is described under bus operations.
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Memory Management Register 0

The memory management register 0 (MMRO) provides memory management register control and
records status. The format of the information in the MMRO is shown in Figure 14 and the function
of the information is described in Table 14,

0 0 0 0 0 0

)
ABORT READ-ONLY < ) .
ACCESS VIOLATION
ABORT PAGE
LENGTH ERROR
PAGE MODE PAGE NUMBER
ABORT
NON-RESIDENT PAGE ADDRESS
SPACE I/D ENABLE RELOCATION

Figure 14 = DCJ11 Memory Management Register O Format

Table 14 » DCJ11 Memory Management Register 0 Description

Bits*  Description

15 Abort nonresident—Set by attempting to access a page with an access control field key
equal to 0 or 2. It is also set by attempting to use memory relocation with an illegal
processor mode (PSR 15:14=2),

14 Abort page length error—Set by attempting to access a location in a page with a block
number (virtual address bits 12:06) that is outside the area authorized by the page length
field of the page descriptor register for that page.

13 Abort read-only access violation——Set by attempting to write in a read-only page. Read-
only pages have access keys of 1.

12:07  Not used.

06:05  Processor mode—A read-only bit that indicates the processor mode kernel/supervisor/
userfillegal associated with the page causing the abort (kernel=00, supervisor=0l,
user = 11, illegal = 10). If the illegal mode is specified, an abort is generated and bit 15 is
set.

04 Page space—A read-only bit that indicates the address space (I or D) associated with the
page causing the abort (0 =1 space, 1=D space).

03:01  Page number-—Read-only bits that contain the page number of the page causing the
abort.

00 Enable relocation—When set, all addresses are relocated. When cleared, memory

management is inoperative and addresses are not relocated.

*All bits can be read or written except as indicated.
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» Interrupts and Traps

The DCJ 11 provides a set of trap, hardware, and software interrupt facilities. Four interrupt request
lines allow the external hardware to interrupt the processor on four interrupt levels using an
externally supplied vector. Eight levels of software interrupt requests are supported through use of
the PIRQ register. Internally vectored traps are provided to flag error conditions. Table 17 identifies
the DCJ11 asynchronous interrupts. The synchronous interrupts are listed in Table 18. The
execution of a HALT instruction may cause different operations depending on the halt options
determined during powerup and on the mode of operation.

In kernel mode, a halt option of 1 causes an illegal halt abort if the ITALT instruction is executed.
Bit 7 of the CPU error register is set and a trap is forced through vector 4. If the halt option is 0,
execution of the HALT instruction places the system into console mode. Execution of the HHALT
instruction in user or supervisor mode causes an illegal halt abort.

The halt line usually has the lowest priority; however, it has highest priority during vector reads.
This is to allow the user to break out of potential infinite loops. An infinite loop could occur if a
vector has not been properly mapped during memory management operation,

The DCJ11 also responds to conditions that result in an abort of the current operation. Aborts can
be generated externally or internally to the DCJ11. During an abort condition, the DCJ11 generates
a vector address to select a service routine similar to an interrupt and trap condition. It responds
immediately to the abort rather than waiting for the end of the current microcycle. The ABORT
signal is asserted during the first half of the stretched cycle to indicate an internal abort condition.
The internally and externally generated abort conditions are listed in Table 17.

Table 17 - DCJ11 Asynchronous Interrupts and Traps

Vector Priority
Interrupt Location  Address Level*
Red stack trap (CPU error register bit 02)! Internal 4 NM
Address error (CPU error register bit 06)! Internal 4 NM
Memory management violation (MMRO bits 13:15)! Internal 250 NM
Timeout/nonexistent memory (CPU error register Internal 4 NM
bits 04,05)!
Parity error (PARITY, ABORT)? External 114 NM
Trace (T bit) Trap (PSW bit 04) Internal 14 NM
Yellow stack trap (CPU error register bit 03) Internal4 NM
Powerfail (PWRF) External 24 NM
FP exception (FPE) External 244 NM
PIR 7 (PIRQ bit 15) Internal 240 7
IRQ7 External User- 7

defined
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Vector Priority

Interrupt Location  Address Level*

PIR 6 (PIRQ bit 14) Internal 240

EVENT External 100

IRQ 6 External User-
defined

PIR 5 (PIRQ bit 13) Internal 240 5

IRQS5 External User- 5
defined

PIR 5 (PIRQ bit 12) Internal 240 4

IRQ 4 External User- 4
defined

PIR 3 (PIRQ bit 11) Internal 240 3

PIR 2 (PIRQ bit 10) Internal 240 2

PIR 1 (PIRQ bit 09) Internal 240 1

Halt line (HALT) External None—DPlaces sys-

tem in console mode.

*NM = Nonmaskable
1= ABORT
2=INTERRUPT or ABORT

Table 18 » DCJ11 Synchronous Interrupts

Vector
Interrupt Address
Memory Management 250
FP instruction exception (FPS bits 11:08,15) 244
PIRQ 240
Memory Parity Error 114
TRAP (trap instruction) 34
EMT (emulator trap instruction) 30
10T (I/O trap instruction) 20
BPT (breakpoint trap instruction) 14
Timeout and reserved instruction 4
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T5 T8 T7

SYSTEM INTERFACE DRIVES DAL

|
e i i
|

—_,+ d d - - - -

a0 T\
S m??&ueswf ;

frryg DMA GRANT

a

S

!

§UFCTT W

/iy

CONTINUE

Figure 18 » DCJ11 Stretched Non-1/O Timing Sequence

Bus Read Transaction

A bus read transaction shown in Figure 19 uses the DAL bus to read information from memory, 1/,
and other addressable registers. These transactions may be instruction stream read, data stream
read, or the read portions of read-modify-write. The type of read transaction being performed is
identified by the AIO code. The DCJ11 reads words and if a byte is required, the complete word is
read and the excess byte is ignored.

The DCJ11 reports memory management or address errors on the ABORT output during the
nonstretched portion of the transaction. If the ABORT signal is asserted, the information on DAL,
BS < 1:0>, and MATP lines should be ignored and the bus transaction should not be started.

The read transaction is initiated by the assertion of ALE. This signal latches the AIO code, the
physical address on DAL bus, the BS<1:0>, and the MAP (I/O map enable) signal. The DCJ11
latches the data on the rising edge of the T3 during a nonstretched transaction. A bus read is
completed in four periods when all of the following conditions exist.

* BS< 1:0> set to zeros (memory reference)

* No cache bypass

= No cache force miss

= No DMA grant

= No abort during a demand read

» No cache miss reported on MISS
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DMA Request and Grant Transaction

When the external system requests the use of the DAL bus or wants to stall the DCJ11, it asserts the
DMR input. This disables the DCJ11 from the DAL bus and causes a stretched transaction. The
DMR input is acknowledged after the I/O map information is on the MAP output. The DMR input
is the DMA request and the MAP output is the DMA grant. These signals should be recognized
during NOP or read transactions. The write transactions stretch beyond four periods and the DAL
bus may contain write data. The DMA transfer stretches the transaction beyond eight periods by
two period increments, until the DCJ11 receives the CONT signal to end the transaction.

Interrupt Acknowledge

The interrupt acknowledge transaction is used to acknowledge an interrupt request received
through the IRQ< 3:0> inputs. The vector address specified can be an internal predesignated
address or an external address received on the DAL bus. The decoded interrupt level acknowledged
is sent on the DAL < 03:00 > lines at the beginning of the transaction. The DAL < 21:16> lines are
set to one and DAL bits <15:04> are set to zero.

The interrupt acknowledge transaction shown in Figure 24, is initiated by the assertion of the ALE
line that latches the AIO code and the acknowledged interrupt level. The transaction requires eight
periods to read the vector address and can be stretched in two-period increments until the CONT
input is asserted. The DV input is asserted to latch the interrupt vector address while the SCTL
signal is asserted. An interrupt acknowledge cycle can be aborted during the stretched part of the
cycle if the ABORT signal is asserted by external logic. The DCJ11 does not assert ABORT during
the first part of the interrupt acknowledge cycle. If the abort occurs, the DCJ11 ignores the
interrupt request and continues executing.

T4 T4 T4 15 16 17
CLK —\
DAL | ‘ ! SYSTEM INTERFACE
| A -
CTINTERRUPT LEVEL | | PRIVES DAL
—_ / |
I\ it | i u
| | |
ABORT Fi/ \\\ SYSTEM ABORT STATUS ]
I 1 |
BUFCTL : \\m m\ ,“ X m
L
ST | I
sert ‘ A | il
| CONTINUE
CONT | W ¢ 7
ov | i

Figure 24 « Interrupt Acknowledge Cycle Timing Sequence
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Table 31 - DCJ11 dc Input and Output Parameters
Symbol Parameter Test Requirements Units Test
Condition Min. Max. Circuit
Vi High-level 70% Ve, — A" CLC2
MOS input
Vi Low-level — 30% Ve V C1,C2
MOS input
Vir High-level 2.2 _— A" C1,C2
TTL input
Vir Low-level — 0.6 \" C1,C2
TTL input
I, Input-leakage o0vV=VIi=V, -10 10 HA C3,C4
current
non-Test inputs Vee=5.25V
T Input current V=0V 0.1 5.0 mA C5
Test inputs
Vee=5.25V
Ton Output current Vour=Vec 0.4V — -2.0 mA C1
at high level
I Output current Vorr=0.4V 2.0 — mA C1,C2
at low level
Towr Output current Vour=24V -2.0 —_— mA C2
at high TTL
level
Tosu High level Vour=Vec-1.0V -0.2 -0.6 mA Coé
sustainer
current V=525V
Tost Low level Vourr=10V 0.2 0.6 mA C6
sustainer
current V=525V
Toz Output leakage 0V=VO=V, -10.0 10.0 uA C8,C9
current! V=525V
Tecss Static power —_— 20.0 mA C7
supply current? V=525V
C., Input only — 7.0 pF
capacitance’
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Symbol Parameter Test Requirements Units Test
Condition Min. Max. Circuit

Cio Inputfoutput — 15 pF

capacitance’
Coe Output — 15 pF

capacitance®
Coae DCJ11 capacitance — 100 pF

plus external

capacitance
'Applies only in the high-impedance condition.
*With TEST1, TEST2, and all outputs open circuit. All other inputs equal to V..
3Sampled and guaranteed, but not tested. Does not apply to TEST1 or TEST2.

Table 32 = DCJ11 dc Signal Test Summary
Type Name Applicable dc Test
TTL input IRQ< 3:1>, HALT, PWRE, EVENT, PARITY Vo, Vi, Iy
DV, MISS, CONT, DMR, INIT and FPE
TTL output DAL<21:16>, AIO< 3:0>, ALE, BUFCTL, Tot, Toxrs Lo
SCTL, STRB, BS < 1:0>, MAP, and PRDC
MOS input TEST1 and TEST2 Vi Trs I
MOS output CLK and CLK2 Iou, I()L, L)z
TTL /O ABORT™ Vs Low, Loss
IOZ) IOSH
TTL I/O DAL<15:00> an V[L'r, Im,,
IOHT) IOZ

Power Vee Teess

*ABORT must be driven with an open-collector driver because the DCJ11 has a pullup device that

supplies Losu.

ac Electrical Characteristics

The timing references and signal parameters of the DCJ11 are shown in the following figures and
tables. Figure 30 shows the input and output voltage waveform characteristics. The test conditions
used to perform the ac measurements follow: Figure 33 shows the output load circuits referenced
on the tables and used to petrform the output measurements.
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Figure 33 » DCI11 Clock Qutput Timing Waveforms
Table 33 » DCJ11 Clock Output Timing Parameters
Requirements (ns) Load
Symbol  Parameter 15 MHz 18 MHz Circuit’
Min. Max. Min. Max.
Fe— INIT pulse width 10-clock — 10-clock —
periods periods

tscroiim Initialization interval 300 — 250 —

teveLe CLK cycle time 67 — 55 — Load C
touka CLK high width 28 — 24 — Load C
teuke CLK low width 28 — 24 — Load C
ty CLK rise time — 7 — 7 Load C
ty CIK fall time — 7 — 7 Load C
L CLK2 cycle time 67 — 55 — Load B
tocikn CLK2 high width 28 — 24 — Load B
I CLK2 low width 28 —_ 24 — Load B
tor CLK2 rise time — 7 — 7 Load B
tor CLK2 fall time — 7 —_ 7 Load B
'Refer to Figure 31 for output load circuits used for the timing measurements.
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Table 34 - DCJ11 Nonstretched Bus Read Timing Parameters

Requirements (ns) Load
Symbol Parameter 15 MHz - 18 MHz Reference Circuit’
Min. Max. Min. Max.
tatop AIO < 3:0> delay — 100 —_ 82 T-1.5 Load B
toaLp DAL valid delay - 65 — 55 T-1,T15 LoadB
toar DAL valid hold 5 - 5 — T15,T3 LoadB
tors DAL output disable — 35 — 25 T15 Load A
touns ~ DMR setup? 30 — 20 — TO
tompn ~ DMR hold? 20 — 20 — TO
tps DAL < 15:00> setup 35 —— 20 e T3
tom DAL < 15:00> hold 5 — 10 — T3
s MISS setup 30 — 20 — T3
tom  MISS hold 10 — 10 — T3
tep PRDC valid delay — 50 —_ 50 TO Load B
toip PRDC inactive delay — — 50 — 50 T2 Load B
ten Strobe active delay 0 35 0 35 Table 38  Load B
tsin Strobe inactive delay 0 35 0 35 Table 38 Load B

1Refer to Figure 31 for output load circuits used for the timing measurements.
*The setup and hold signal requirements ensure the recognition of the next sample point.
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Table 35 « DCJ11 Stretched Bus Read and Write Timing Parameters
Requirements (ns) Load

Symbol Parameter 15 MH= 18 MHz Reference Circuit’
Min. Max. Min. Max.

tatop AIO < 3:0> delay — 75 — 82 T-1.5 Load B

tens CONT setup? 30 — 20 — T-3.5

teern  CONT hold? 20 —_ 20 — T-3.5

toap DAL valid delay — 65 — 55 T-1,T15 Load B

tpan DAL valid hold 5 — 5 - T15 T3 loadB

toms DAL output disable — 35 — 25 T15,T4 Load A

toms ~ DMR setup? 30 — 20 —_ TO

o  DMR hold? 20 — 20 — TO

tovon ~ DAL<13:00> hold 35 — 25 — DV deassert

tovos DAL<15:00> setup 35 — 25 — DV deassert

tove DV fall time —_ 13 — 15

tovn DV deassertion — 0 —_ 0 T6.5

tovs DV deassertion 0 — 0 — T4

tovw DV pulse width 35 —_ 25 —

trn PRDC valid delay — 50 — 50 TO Load B

tom PRDC inactive delay — — 50 — 50 T2 Load B

tso Strobe active delay 0 35 —_ 35 Table 38  Load B

tsm Strobe inactive delay 0 35 — 35 Table 38 Load B

'Refer to Figure 31 for output load circuits used for the timing measurements.

*The setup and hold signal requirements ensure the recognition of the next sample point.
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Table 36 - DCJ11 GP Read and Write Timing Parameters
Requirements (ns) Load
Symbol Parameter 15 MHz 18 MHz Reference Circuit!
Min. Max. Min. Max.
taso ABORT delay 0 —_ 0 —_
tws  ABORT drive 30 — 20 — T-2.5
tanw ABORT width 40+ tog — 40+ toyen —
taron AIO < 3:0> delay — 100 —_ 82 T-1.5 Load B
tenss  CONT setup? 30 — 20 — T-3.5
tents CONT hold 20 — 20 —_— T-3.5
toaLn DAL valid delay — 65 — 55 T-1,T15 LoadB
toars DAL valid hold 5 — 5 — T15,T3 LoadB
ton DAL < 15:00> hold 5 —_ 10 — T3
tois DAL output disable — 35 25 — T1.5,T4 LoadA
tomrs DMR setup? 30 — 20 o TO
towes  DMR hold? 20 — 20 — TO
tps DAL <15:00> setup 35 — 20 - T3
tovon ~ DAL<15:00> hold 35 — 25 — DV deassert
tovps DAL < 15:00> setup 35 e 25 — DV deassert
toyr DV fall time — 15 — 15
tovy DV deassertion — 0 — 0 T6.5
tovs DV deassertion 0 — 0 — T4
tovw DV pulse width 35 —_ 25 —
tions MISS setup 30 —_— 20 —_ T3
tuwss MISS hold 10 — 10 — T3
ten PRDC valid delay — 50 — 50 TO Load B
ton PRDC inactive delay  — 50 — 50 T2 Load B
tep Strobe active delay 0 35 0 35 Table 38 Load B
tom Strobe inactive delay 0 35 0 35 Table 38  Load B

Refer to Figure 31 for output load circuits used for the timing measurements.
?The setup and hold signal requirements ensure the recognition of the next sample point.
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Figure 39 « DCJ11 Interrupt Acknowledge Timing Sequence i
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Figure 40 « DCJ11 Interrupt Timing Sequence ¢
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Table 37 - DCJ11 Interrupt and Acknowledge Timing Parameters
Requirements (ns) Load
Symbol Parameter 15 MHz= 18 MH>= Reference Circuit!
Min. Max. Min. Max.
tap ABORT delay 0 —_— 0 —
Eans ABORT drive 30 — 20 — T-2.5
tasw ABORT width 40+ tepxn — 40+ toen —
taron AIO < 3:0> delay — 100 — 82 T-1.5 Load B
tens CONT setup? 30 — 20 _ T-3.5
tees  CONT hold 20 — 20 — T-3.5
tpALD DAL valid delay — 65 — 55 T-1,T1.5 LoadB
tomn DAL valid hold 5 — 5 — T15,T3 LoadB
tos DAL output disable —_ 35 — 25 T15,T4 Load A
tomes ~ DMR setup? 30 — 20 — TO
toman  DMR hold? 20 — 20 — TO
tos DAL<15:00> setup 35 — 20 — T3
tovew  DAL<15:00> hold 35 — 25 — DV deassert
tovns DAL < 15:00> setup 35 — 25 — DV deassert
towe DV fall time — 15 — 15
tovi DV deassertion —_ 0 — 0 T6.5
tovs DV deassertion — — 0 —_ T4
tovw DV pulse width 35 — 25 —
tams MISS setup 30 — 20 e T3
tuws  MISS hold 10 — 10 — T3
tpars PARITY setup 20 — 22 — Figure 39
tpary PARITY hold? 20 — 22 — Figure 39
_— 50 TO Load B
50 T2 Load B
tep Strobe active delay 35 35 Table 38  Load B
toin Strobe inactive delay 35 35 Table 38 Load B
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Requirements Load
Symbol Parameter 15 MHz 18 MHz Reference Circuit'
Min. Max. Min. Max.
tsves IRQ<3:0>,HALT, 20 — 22 — Figure 40
PWRE FPE, EVENT
setup’
tsven IRQ<«<3:0>, HALT, 20 — 22 —_ Figure 40
PWRE, FPE, EVENT
hold?

'Refer to Figure 31 for output load circuits used for the timing measurements.
*The setup and hold signal requirements ensure the recognition of the next sample point.

Table 38 » DCJ1 t,, and t,,,, Parameter References

Signal t;, Reference Edge t,;,, Reference Edge
ALE T0.5 T3

STRB T15 TO

BOFCTL T1.5, first T4 T3, T-1

SCTL Second T4 or T5 T-2

BS T-0.5,T1

MAD T15

ABORT T-0.5

1.322 Confidential and Proprietary

|-



DC319-AA DL11 Compatible
Asynchronous Receiver/Transmitter | diglial

Features

= Hardware compatible with Digital’s DL11 series of interfaces

= Asynchronous operation

= Overrun and framing error detection and break detection
« Compatible with both 8- and 16-bit data paths
« Internal baud rate generation from 300 baud to 38.4k baud

« Four realtime clock interrupt outputs.

* One stop bit only

» Common baud rate for both transmitter and receiver

» Single 5-volt power supply
= Single TTL clock

Desciption

The DC319-AA is a Digital Link (DL11) compatible, asynchronous receiver/transmitter (DLART)
designed for data communication between Digital’s microprocessors and console terminals or
communication devices. The DC319-AA, fabricated using N-channel MOS silicon technology, is
contained in a 40-pin dual-inline (DIP) package that can be conveniently installed on a micropro-
cessor madule or interface module. Figure 1 is a block diagram of the DC319-AA DLART.
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T S CONTROL
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_— CONTROL
BRS 1 ——=C) 800 HZ
60 HZ
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Figure 1 » DC319-AA DLART Block Diagram
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Chipkit Description—The following LSI-11 chipkits are available and contain the components
listed.

* DCK11-AA Program Control Bus Interface Chipkit
1 DCO03 Dual-interrupt Logic -
1 DCO04 Register Selector Logic
4 DCO05 4-bit Transceiver Logic

» DCK11-AB Designer’s Program Control Bus Interface Chipkit
1 DCO03 Dual-interrupt Logic
1 DCO04 Register Selector Logic
4 DCOO5 4-bit Transceiver Logic
1 W9512 Double-height, wire-wrappable module
1 BCO7-D 10-foot, 40-conductor, plug-in cable

= DCK11-AC DMA Bus Interface Chipkit
1 DCO03 Dual-interrupt Logic
1 DCO04 Register Selector Logic
4 DCO05 4-bit Transceiver Logic
2 DC006 Word count/Bus Address Logic
1 DCO10 Direct Memory Access Logic

1 W9512 Double-height, wire-wrappable module

» DCK11-AD Designer’s DMA Bus Interface Chipkit
1 DC003 Dual-interrupt Logic
1 DCO04 Register Selector Logic
4 DCOO05 4-bit Transceiver Logic
2 DCO006 Word Count/Bus Address Logic
1 DCO10 Direct Memory Access Logic
1 W9512 Double-height, wire-wrappable module
1 BCO7-D 10-foot, 40-conductos, plug-in cable

UNIBUS Devices ,
The UNIBUS is an asynchronous bus used with the PDP.11 and VAX processors. The UNIBUS
devices facilitate the development of the bus interfaces.

DC013 UNIBUS Reguest Logic—The DCO13 is a 16-pin DIP device that contains the logic required
to perform bus requests and to gain control of the UNIBUS.

DC021 Octal Bus Transceiver—The DCO21 is a 20-pin DIP device that contains eight bus
transceivers used to transfer information between the UNIBUS and a user-developed interface.
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Pin Signal Input/Output Definition/Function

D12 [IPBAD output 11 Parity bad—Indicates that the parity is not
valid during data transfers to and from the
BIIC.

J14 II DMA PGOVF output II DMA page overflow—Indicates that the
DMA address register is full.

J13 ITMAPPGOFV output II Map page overflow—Indicates that the
MAP address register is full.

N14 II DMAINC ENA input II DMA increment enable— Allows the mas-
terport DMA address register to be incre-
mented.

M13 IT MAPINC ENA input I Map increment enable—Allows the master-
port map address register to be incremented.

L3,C10,A14,M11 V. input Voltage—Power supply voltage.

P1,C12 Vs output Voltage—Back-bias voltage.

C4,C7,C8,F3 GND input Ground—Ground reference.

G3,J3,K3,K12,

K14,L.12,M7,M8,

N12

1 Data (II D < 31:00 > )—Bidirectional data lines that connect to a transparent input latch. The
latch is controlled by the IT DS signal. The three-state drivers are enabled by the IT OF input.

II Parity (IT P < 3:0>)-—Parity bits associated with each of the four bytes on the II D<31:00>
lines. Valid byte parity must be generated by the user and loaded into the BCAI on lines I P< 3:0 >
when transferring data, addresses, or command/mask/status information into the BCAL. When
loading 4-bit command/mask/status information, the parity generated must be for the complete
byte, including the zeros in the unimplemented portion of the byte. The BCAT also generates parity
for data loaded into the BCAI from the BIIC and compares the parity it generates to the BCI PO bit.
The IT PBAD line is set if an error is detected regardless of the direction of data flow. The II parity
bits are latched with the II D < 31:00 > information by IT DS signal and enabled by IT OE signal.

I Data Strobe (IT DS)—This signal controls the transparent latches for the II D < 31:00> input
data. The input latch is transparent when the TT DS input is asserted and the information is latched
when the signal is deasserted.

I Output Enable (IT OE)—Controls the output drivers for the II D>31:00> and 11 P<3:0>
lines. When ITOE is asserted, the contents of the II D < 31:00 > output latch are transferred to the
11 D < 31:00> data bus. When it is deasserted, the II D < 31:00 > lines become a high-impedance
state. Line IT OE has a 50-pA pullup circuit so that if the pin is not connected, it will remain
deasserted.

II Mask (IT M < 3:0 > )—Controls the ability to perform an I operation to individual byte fields.
When the selected I1 M < 3:0>> lines are deasserted, an II bus write operation for the correspond-
ing byte field is suppressed and an II read operation returns all zeros including the parity bit. The
mask information is latched by the assertion of the IT AS line. Table 2 lists the II bus interface mask
bit assignments.
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Table 2 - VAXBI 78743 II Bus Mask Bit Assignments

I Mask lines* Valid data Valid parity
3 2 1 0

1 1 1 1 IID<31:00> nprP<3:0>
0 0 0 1 I D<07:00> 1T PO

0 0 1 0 ID<15:08> IIP1

0 1 0 0 1ID<23:16> Inr2

1 0 0 0 ID<31:24> Inp3

*All other input combinations that specify the validity of the bytes on the II D< 31:00> lines are
allowed.

I Address (IT A < 6:0 > )—Controls the selection of the internal registers in the register file. Refer to
Figure 4 for the hexadecimal address values assigned to the registers. The I A < 6:2> signals pass
through a transparent latch controlled by ITAS input and may be used in alatched or unlatched mode.
Lines IT A<6:2> are used to select the primary longword register being accessed and lines
11 A < 1:0> control the byte offset multiplexers attached to the internal registers as listed in Table 3.

Table 3 - VAXBI 78743 Byte Offset

11 A line* Byte offset
1 0

L L none

L H 1

H L 2

H H 3

*H =high level, L=low level.

For registers within the dual octaword buffer, the bytes that extend beyond the primary longword
register are contained in the next adjacent register (A<6:2>+1) except when 11 A
< 6:2> =00111. When the exception exists, the primary longword register is at the bottom of the
buffer and the offset is transferred to the longword register addressed by 00000. For registers not in
the dual octaword buffer, the bytes that are offset beyond the primary longword register are not
written during write operations and-are returned as all zeros on read operations.

IT Address Strobe (II AS)—Controls the transparent latch for the II A <6:0> data and mask bits
II M < 3:0>. The input latch is transparent when IT AS is asserted and latrched when deasserted.

II Write Strobe (IT WS)—Controls the writing of the internal register file. The input data from the
transparent latches on lines II D < 31:00> is loaded into the selected register during assertion of
the ITWR strobe. The deassertion of the selected I M < 3:0 > lines will inhibit the write operation
for the corresponding byte field. When accessing the DMA octaword data buffers, the byte valid bit
for the addressed location is set when its byte is written.

II Read Strobe (II RS)—Controls the read operations for the II bus port of the register file. The
read operation is initiated when the TT RS line is asserted and the resulting output data is held in the
11 D<31:00> output latch when the IT RS signal is deasserted. Deassertion of the selected II
M < 3:0> lines will inhibit the read operation for the corresponding byte field.
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II Clear Valid Byte (I CLRVB)—This signal is used to clear all the master port Byte Valid bits
associated with the dual octaword buffer.

II Parity Select (I PSEL) ~ Selects which source of parity (user supplied or internally gener-
ated) is passed to BCI PO output when data is transferred to the BIIC. A low level selects user
parity and makes the errors within the processor bus interface or the BCAI visible to the VAXBI
bus. A high level selects the internal parity that always provides correct parity for the data being
passed to the BCI bus. This signal is latched by the BCI AS line. If internal parity is selected and
errors on the I bus cause bad parity, the PBAD line will be asserted when data is transferred
trom the BCAI to the BIIC even when good parity is indicated for the transfer from the BCAI to
the BIIC.

II Parity Bad (II PBAD)—When set, it indicates one of two conditions:

= When transmitting data to the BIIC, the result of the internal parity generation from the BCI
D<31:00> and BCI 1< 3:0> lines for this cvcle do not agree with the parity bits associated
with the 5 bytes being transmitted.

* When receiving data from the BIIC, the BCI PO line from the BIIC does not agree with the
internal parity generated from the 5 bytes being received on the BC1 D<31:00> and BCI
1<3:0> lines.

11 DMA Page Overflow (I DMA PGOVF)-—Asserted to indicate that the DMA address register has
reached the boundary of a 512-byte page.

I MAP Page Overflow (I MAP PGOFV)—Asserted to indicate that the MAP address register has
reached the boundary of a 512-byte page.

1I DMA Increment Enable (ITDMA INC ENA)—Enables the low-order 9 bits of the master port
DMA address register to be incremented by a value of 4, 8, or 16 as specified by the length field (bits
31:30 of the DMA address register) whenever the master port DMA address register is accessed by a
BCI read operation.

I Map Increment Enable (IT MAP INC ENA)—Enables the low-order 9 bits of the master port
map address register to be incremented by a value of 4, 8, or 16 as specified by the length field (bits
31:30) of the map address register when the master port map address register is accessed by a BCI
read operation.

BCI Bus Signals

Table 4 is a summary of the BCI bus signals that connect the BCAI to the BIIC interface. The signal
functions are described in the paragraphs that follow.

Table 4 - VAXBI 78743 BCI Bus Interface Pin and Signal Summary

Pin Signal Input/Output Definition/Function
C2,D3,A1,C3, BCID<31:00> inputfoutput BCIData < 31:00> - Data lines that transfer
B2,A2,C5,B3, data between the BCIA and the BIIC interface.

A3,B4,A4,B5,
A5,C6,B6,A6,
A7,B7,B8,AS,
A9,B9,A10,A11,
C9,B10,A12,B11,
A13,B12,C11,B13
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Pin Signal Input/QOutput Definition/Function

E14,F13,D14, BCII<3:0> input/output BCI Information < 3:0>—Information lines

F12 used to transfer command, mask, and status
information between the BCAI and BIIC
interface.

E13 BCIPO input/output BCI Parity—A parity indicator from the BIIC
when data is received and to the BIIC when
data is transferred to the the BIIC.

F14 BCIDS input BCI Data strobe—Loads the information on
the BCI D<31:00> and BCI I<3:0> lines
into the BCAIL

DLE3,C1,D2 BCIA<3:0>  input BCI Address—Controls the selection of the
internal registers in the register file.

E2 BCIAS input BCI Address strobe—Controls the loading of
the A<3:0> input information from the
BIIC.

H12 BCIWS input BCI Write strobe—Controls the writing or
from the BIIC to the register file.

H13 BCIENA WS input BCI Enable write strobe—Enables the BCTWS
input to the BCAL

Hi4 BCIRS input BCI Read strobe-—Controls the read opera-
tion of the register file from the BIIC.

G114 BCTENARS input BCI Enable read strobe—Enables the opera-
tion of the BCI RS signal from the BUC.

C13 BCIENAMLS input BCI Enable A master latch strobe-—Enables
the operation of the BCI RS signal input from
the BIIC.

Bi4 BCIENBMLS  input BCI Enable B master latch strobe—Enables
the operation of the BCI RS signal input from
the BIIC.

E12 BCIMLS input BCI Master latch strobe—Controls the opera-
tion of the transparent output register.

C14 BCISLS input BCI Slave latch strobe—Controls the transfer
of information on the BCI D<31:00> and
BCII<3:0> lines to the BIIC.

D13 BCIENASLS  input BCI Enable slave latch strobe—Enables the
operation of the BCISLS input from the BIIC.

G12 BCIMDE input BCI Master data enable—Controls the master
output data from the BCAI to the BIIC.
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Pin Signal Input/Output Definition/Function

G13 BCISDE input BCI Slave data enable—Controls the transfer
of the slave data from the BCAI to the BIIC.

BCI Data (BCI D < 31:00 > )—Bidirectional data lines with a transparent input latch and two
output latches. The input latch is controlled by the BCT DS line. The transmitters for the output
latches are controlled by BCT MDE for the master data output latch and by the BCT SDE input for
the slave data output latch.

BCI Information (BCI I < 3:0>)—These lines are used to transfer SCMD, DCMD, and MCMD
commands, mask, and status information to and from the BIIC. The lines are latched and enabled
by the same signals as the BCI D < 31:00 > lines.

BCI Parity (BCI PO)-—This bidirectional line receives the parity information when receiving data
from the BIIC and it is compared to the parity from the internal parity generator. Internal parity is
generated when the BCI D < 31:00> and BCII < 3:0>> lines are latched. When transmitting data,
this line supplies user parity or internal parity, as selected by line I PSEL. If internal parity does not
agree with externally supplied parity in either direction, the IT PBAD line is asserted. The BCIPO
information is latched and enabled the same as the BCI D < 31:00> lines.

BCI Data Strobe (BCI DS)—Controls the transparent input latch for BCID < 31:00 >, BCI 1< 3:0 >,
and BCI PO input data. The input latch is transparent when BCT DS is asserted and the information
is latched when it is deasserted.

BCI Address (BCI A < 3:0>)—Controls the selection of the internal register file registers. The
BCI A< 3:0> lines transfer through a transparent latch controlled by the BCI AS signal and may be
used in a latched or unlatched mode.

BCI Address Strobe (BCI AS)—Controls the transparent latch for BCI A < 3:0> input data and for
11 PSEL input. The latch is transparent when BCI AS is asserted and the information is latched
when it is deasserted.

BCI Write Strobe (BCI WS)—Controls BCI bus write operations to the internal register file. The
input data BCI D < 31:00> from the input latch is loaded into the selected BCAI register during
assertion of this signal.

BCI Enable Write Strobe (BCI ENA WS)—Gates the BCI WS level into the BCAIL

BCI Read Strobe (BCI RS)—Controls BCI bus read operations of the internal register file. The
operation is initiated when BCIRS is asserted and the resulting data is held in an internal register
upon the deassertion of BCI RS. The byte valid bits for the addressed register are reset when a byte

within the DMA data buffer is read. The BCI ENA RS signal must be asserted or this line will be
disabled.

BCI Enable Read Strobe (BCI ENA RS)—Gates the BCI RS signal into the BCAI
BCI Master Latch Strobe (BCI MLS)-—Controls the transparent output register for BCID < 31:00 >
and BCI I < 3:0> master output data. The latch is transparent when BCI MSL is asserted and the

information is latched when it is deasserted. Either the BCT ENA MSL or BCI ENB MLS signal
must be asserted or this line will be disabled.
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BCI Enable A Master Latch Strobe (BCI ENA MLS)—Gates the BCI MLS signal into the BCAL
BCI Enable B Master Latch (BCI ENB MLS)—Same function as the BCI MLS signal.

BCI Slave Latch Strobe (BCI SLS)—Controls the transparent output latch for BCI D < 31:00>
and BCI < 3:0> slave output data. The latch is transparent when the BCI SLS is asserted and the

information is latched when it is deasserted. The BCT ENA SLS signal must be asserted or this line
is disabled.

BCI Enable Slave Latch Strobe (BCI ENA SLS)—Gates the BCI SLS signal into the BCAIL

BCI Master Data Enable (BCI MDE)—Controls the transfer of the data in the master output latch
to the BCI D < 31:00> and BCI11< 3:0> lines. This signal has an internal 50 pA pullup device so
that the BCI D<31:00> and BCI I <3:0>> lines remain a high impedance when the BCI MDE
input is not connected.

BCI Slave Data Enable (BCI SDE)—Controls the transfer of the data in the slave output latch to
the BCID < 31:00> and BCII1< 3:0> lines. This signal has an internal 50 pA pullup device so that
the BCI D < 31:00> and BCI 1< 3:0> lines remain a high impedance when the BCI SDE input is
not connected.

General Register Addressing

Figures 5 shows the memory map configuration and information of the BCAI registers when
accessed by the II bus interface. Figure 6 show register memory map configuration and
information of the BCAI registers accessed from the BCI bus interface. The hexadecimal address
assignments and read/write capablities of each register are listed in the figures.
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Figure 4« VAXBI 78743 I Bus Interface Register Memory Map
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Figure 5+ VAXBI 78743 BCI Bus Interface Register Memory Map

The registers within the file are grouped according to their supporting function. Support for the
DMA port consists of a two octaword DMA transaction buffer, a command/address register with
increment capability, and a next page frame (NPF) register. Support for the mapped master port
consists of a command/address register with increment capability and a single longword data
register with a mask/status register. Support for the slave port consists of a2 command/address
register and two longword data registers, each with a mask/status register. A more detailed i
functional description of the registers is described. E

g
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dc Electrical Characteristics
Table 5 contains the dc electrical parameters for the input and outputs of the BCAI interface chip.

Table 5« VAXBI 78743 dc Input and Qutput Parameters

Symbol  Parameter Test Conditions Requirements Units
Min. Max.

Vi High-level 2.2 Vee \Y
input voltage

Vi Low-level -1.0 0.8 \Y
input voltage

Vou High-level L..=111,, 2.7 — \Y%
output voltage

Voo Low-level L.=1I11, — 0.5 \Y
output voltage

Tou High-level V=11 Voyu -400 —_— mA
output current

Toc Low-level V=11 Vg, 4.0 — mA
output current

I Input current! — +20 A

11, Input current -330 100 pA
open latch!

Tos Output current — -150 mA
short circuit?

Toe Enable line BCIMDE, BCISDE, 50 200 pA
current IT OFE inputs

Top Power supply — 500 mA
current

Cio Inputfoutput 0 < Vo < Ve —_ 10 pF
capacitance

!Applies to the following three-state bidirectional signals: BC1D < 31:00>, BC11< 3:0>, BCIPO,
IID<31:00>,and IIP<3:0>.

11, , applies when the following inputs are open and I; when closed: BCIA<3:0>, IIM<3:0>,
II A<6:0>, and II PSEL.

2Not more than one output must be short circuited at a time and the duration of the short must not
exceed 1 second.
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ac Electrical Characteristics

Figure 6 shows the signal timing for a read transaction from the BCI bus interface and Table 6 lists
the timing parameters. Figure 7 shows the signal timing for a write transaction from the BCI bus
interface and Table 7 lists the timing parameters. Figure 8 shows the signal timing for an address
increment and Table 8 lists the timing parameters. The signal timing for a II bus interface read
transaction is shown in Figure 9 and the timing parameters are listed in Table 9. Table 10 lists the
timing parameters for a IT bus interface write transaction shown in Figure 10.

Note
The propagation delays of the outputs assume a capacitance load of 50 pF. For loads greater than
50 pF, the following applies

t (50 pF < C,, < 100 pF) = t (50 pF) + C,../5.9 —9.1

BCl A<3:0> {
== e o
BOTAS ""—‘—"’\C‘BASW e /
{.l:‘tBASm - ‘-’i l"‘— 1BASH1
1BAS 1~

BCTRS W
r——— IBPCH

[ tBRL —-r— tLH
BCISL3 . |
BCTMILS I l BMLSW

tBRD
8CI MDE \ ] ! /
' ‘ I+ TeoE :[ I‘—taoo -I
BCi D<31:00> o

BC! PO

|

Figure 6= VAXBI 78743 BCI Bus Interface Read Transaction Timing

Table 6 - VAXBI 78743 BCI Bus Interface Read Timing Parameters

Symbol Definition Requirements (ns)
Min. Max.

tas: BCI A< 3:0> to BCI AS setup time 15 —

tam BCIA<3:0> to BCI AS hold time 10 —

toasw BCI address latch strobe width » 15 —

taasst BCT AS to BCI RS setup time 45 —_

taass BCIA<3:0> to BCIRS setup time 45 - —
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Symbol Definition Requirements (ns)
Min. Max.
o— BCT AS from BCI RS hold time 15 —
taam BCI A<3:0> from BCIRS hold time 15 -
tasr Read strobe width 20 —
f— Preset width (BCI RS and BCI WS unasserted) 40 —
- Qutput latch close time after read access — 100
taro Read access time - 110
S BCIMLS, BCISLS strobe pulse width 25 —_—
tin BCI MLS, BCI SLS strobe hold time 15 —
tsox BCI output enable time — 40
tson BCI output disable time ‘ — 40
toep Parity error output delay — 60
two Latch to output delay — 50
tain TIWS deasserts to BCI read (same register) 0 —_

*as1———-| L—tam |-tBAH2»—I

BCTAS \F ‘BASWj \ /
tBASS2 — - L—— 1BASH2

1BAS2
BCIWS t BSwW ‘""'"/C: tBPCH 3\
r—‘BDSZ '—.'|
| tBDS 1 —o=

TTPEAD | | / \
1] —#f  |je—tpED

BCIDS tBDSW

[¢&—18s2 1BH2
BCI D<31:00> ————\|
BCI 1<3:0> SUSS—
BCI PO ~— _"
r— tBD

Figure 7 » VAXBI 78743 BCI Bus Interface Write Transaction Timing
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Table 8 » VAXBI 78743 II Bus Interface Read Timing Parameters

Symbol Definition Requirements (ns)
Min. Max.
tis: IT A<3:0> to Il AS setup time 15 —
ton I A<3:0> to IT AS hold time 10 —_
trasw 1I address latch strobe time 15 —
trass IT AS to ITRS setup time 60 —
tras: I A< 3:0> to II RS setup time 60 —_
toam I A<3:0> to ITRS hold time 15 —
tiasm IT AS from IT RS hold time 15 —
tisk Read strobe width 45 —_—
tipcu Preset width (TTRS and IT WS unasserted) 40 —_
tirn Read access time _— 90
tior II output enable time —_ 40
tion I1 output disable time e 40
11 A<3:0> ————-(.-——_.”——\, (
—— ‘ISt.“"] L— HH1 IO-— txAH2—>!
s HASW
t; 2 1]
Mo ‘I\;;SZS — "— IASH2
TWS
e
r—— HpS1 —
re— 1152 ——J lc— 2
I D<31:00> ——
I P<3:0> \ /

Figure 9« VAXBI 78743 II Bus Interface Write Transaction
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Table 9« VAXBI 78743 II Bus Interface Write Timing Parameters

Symbol Definition Requirements (ns)
Min. Max.
tisy I A<3:0> to 1T AS setup time 15 —
to ITA<3:0> to I AS hold time 10 —
tiasw IT address latch strobe time 15 —
tiass: TTAS to ITTWS setup time 60 —
trase 1T A<3:0> to T WS setup time 60 —
tiamz I1A<3:0> to ITWS hold time 15 —
tiasha ITAS from T RS hold time 15 —
tins: TTDS to TT WS setup time 0 —
tips2 I D<31:00> to IT'WS 0 —_—
tisw Write strobe width 45 —
tiecn Preset width (IT RS and TT WS unasserted) 40 —
timsw 11 data strobe width 15 —
tis: ID<31:00> and [ P< 3:0> to IT DS setup time 15 —
trs IID<31:00> and II P< 3:0> from IT DS hold time 10 —
Fé:&«'ﬁlf ionness ACCESS) w
e~ 18RO -4
{BSR ~ate——— (M| 1
S ______~_\ TAIS  ——T— tAIH —-/I
T MAP TNC ENA
_ ! L—;P:_)Poo -——-—1] je— tpOD “1
[TMAFPGOVF \ /
L r—— tMIN2 —-%
iTWS \_—__/ i
Figure 10» VAXBI 78743 BCI DMA and MAP Address Increment Timing
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dlilgliltall] Preliminary VAXBI 78733

dc Electrical Characteristics

Table 10 contains the dc electrical parameters for the input and outputs of the BCI3 interface chip.

Table 10 - VAXBI 78733 dc Input and Output Parameters

Parameter Symbol  Test Condition Requirements Units
Min. Max.

High-level Vi 2.0 — A%

input voltage

Low-level Vi ~-0.5 0.8 \Y%

input voltage

High-level Von Ton=-400 A 2.4 — \Y%

output voltage

Low-level Voo Ion=2.4mA —_— 0.4 \Y%

output voltage Ior=4.0 mA*

Input leakage L. 0V<V, <525V  -20 20 A

current

Qutput high- Tzo 0OV<V, <525V -20 20 A

impedance

leakage current

Supply current Iec — 500 mA

Input C. BCIMDE, BCISDE — 50 pE

capacitance all other signals — 10 pF

Output C... — 10 pF

capacitance

*Qpen-drain outputs
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dlilaliftlal1} DC004

- Pin and Signal Descriptions

This section provides a brief description of the input and output signals and power and ground
connections of the DCO04 20-pin DIP. The pin assignments are identified in Figure 2 and the
summarized in Table 1. The signal names shown in the diagram are for the condition where the
DCO04 is connected to the internal three-state bus of the DCO03,

o

VECTOR[]1 20 vee
BDALZ2[]2 19[ENB
BOALT[]3 18] RXCX
BDALC]4 17JSELH
BWTBTLIS  Legoa 16[J3EC 3
BSYNC[ 6 15[ SEC 3
BONL] 7 14[d5EC 0
BRPLY[]8 13[J 00T HB
BOOUT[] 9 12[J0UT B
aNof] 10 11 [ IRWD
TOP VIEW

Figure 2 » DC004 Pin Assignments
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DCO005 4-Bit Transceiver

Features

dlilgliltiall

= Used with the DC003 and DC0O04 circuits ta implement a program control device interface.

= Used with the DC003, DCO04, DCO06, and DCO10 circuits to implement a direct memory access

interface.

» Functions as a bidirectional buffer between the device logic and computer bus.

« Includes comparison circuit for device address selection.

« Includes constant generator for interrupt vector address generation.

= Includes Q-bus drivers and receivers.

Description

The DCO05 4-bit transceiver, contained in a 20-pin dual-inline package (DIP), implements low-
power Schottky technology and functions as a bidirectional buffer between a data bus and
peripheral device logic bus. It includes a comparison circuit for device address selection and a
constant generator for interrupt-vector address generation. It provides high-impedance inputs and
high-drive, open-collector outputs to allow direct connection to a computer data bus structure. The
bidirectional device port includes TTL inputs and three-state driver outputs. Figure 1 is a
simplified logic diagram of the DC005.

»i—()ﬂro
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Figure 1+ DCO05 Simplified Logic Diagram
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