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VME Interface for the 3922 Controller

_ Allows a computer VME bus to host up to eight 3922s

2917

Features Typical Applications

e Provides dedicated VMEbus interface ¢ Integrate CAMAC with VME systems

¢ Used with 3922 parallel-bus crate controllers ° General-purpose data acquisition and control
¢ Supports DMA transfers ¢ Laboratory automation

* Controls up to eight CAMAC crates * Industrial process control

¢ Bus lengths up to 90 meters (300 feet) e Flight simulation systems

o RS-485 balanced-line signaling between the 2917 and
39225 for high noise immunity

e Throughput up to 1 megabyte per second

¢ 16 kilobyte command list memory

o Full VMEbus master capabilities

¢ Supports 16-bit VMEbus transfers

¢ Flexible interrupt structure

General Description (Product specifications and descriptions subject to change without notice.)

The 2917 is a computer-bus adapter for use with computers incorporating the
VMEbus. The 2917 provides the interface between the VMEbus and as many
as eight CAMAC crates using the 3922 Parallel Bus Crate Controller.
Connection is made via a parallel bus that is a 40-conductor twisted-pair rib-
bon cable. Bus lengths must be ordered separately. Signaling on the parallel
bus is accomplished using RS-485 balanced line drivers and receivers, which
gives high noise immunity and allows an overall cable distance between the
2917 and the last 3922 of up to 90 meters (300 feet). The last 3922 on the par-
alle] bus is terminated with a termination card provided with the 3922,

Data throughput rates for a 16-bit data transfer using a 5 meter cable between
the 2917 and a 3922 is 920 kbytes per second for CAMAC double-buffer read
operations. 890 kbytes can be achieved with CAMAC write operations.

CAMAC operations are executed from a 16-bit x 8192 word on-board command-list memory. CAMAC data to and from the
VMEDbus can be transferred with the 2917 acting as either bus master or slave. All data transfers between the 2917 and the
VMEbus are 16 bits wide. 32-bit addresses are generated by the 2917 during DMA transfers. Block transfers based on the
CAMAC Q-response are supported.

The 2917 can generate an interrupt on the VMEbus when a CAMAC Look-At-Me (LAM) occurs or when the entire command
list has been executed. The request level at which the interrupt is made is programmable from VMEbus, as is the generated
interrupt vector.
Power Requirements

+5 volts: 4020 mA
Ordering Information

Model 2917-Z1A VMEDbus Interface to the model 3922 crate controller, with DMA

Associated Products

Model 3922-Z1B Parallel Bus Crate Controller
Model 5843-Txyz  Bus Interface Cable (one required for each 3922)

Phone: (815) 838-0005 » FAX: (815) 838-4424  E-mail: mkt-info @kscorp.com » Web: http:/www.kscorp.com KineticSystems



Model 2917-Z1A
UNPACKING AND INSTALLATION

The Model 2917 is shipped in a antistatic bag within a Styrofoam packing container. Carefully
remove the module from its static-proof bag and set the various options to conform to the
operating environment. The default settings on the 2917 are as follows: base address set to
$FF00 HEX, VME Bus Request set level three, and Data Storage Format set to LOW/HI. Figure
3 shows the location of components affected by option choices.

The 2917 is a VME "B" size module that requires both P1 and P2 VME backplane connectors.
The selected VME slot that the 2917 will reside in requires the Bus Request (BR) and Interrupt
Acknowledge (IACK) straps be removed for proper VME bus operation. Any empty slots
between the 2917 and slot one should have their BR and IACK straps loaded. Connect the 2917
front panel K-Bus connector to the 3922 crate controllers with the last 8922 having a
termination card connected. Refer to the 3922 Crate Controller section for more information
on the 3922,

SWITCH AND STRAP SELECTION

Device Address Selection

The 2917 resides in the short I/O address space of the VME bus and responds to both short I/O
Address Modifier Codes - 29 HEX (Short Non-Privileged Access) and 2D HEX (Short Supervisory
Access). The switches SA15 through SA08 determine the base address of the 2917. The 2917
must allocate the 256 word location in the short I/0 address space. The default base address
setting is FF00 HEX.

WHEN SELECTING A BASE ADDRESS, CARE SHOULD BE
TAKEN TO AVOID ADDRESSES ASSIGNED TO OTHER
DEVICES IN THE SHORT IO ADDRESS SPACE.

The bit pattern for the base address is shown below:
5 1% 13 12 N 0 09 08 07 06 05 04 03 02 01 00

SA SA SA SA ] 0 0 0 0 0 0 0
1 10 09 08

SA SA SA SA
15 14 13 12

Bits 15 through 08 are user selectable via the address switches SA15-SA0S.
Bit 07 is set to zero.
Bits 06 through 00 are set to "0" to indicate a block of 256 words.

Refer to Figure 3 on page 38 for switch location and switch settings.

VME Bus Grant Selection

The 2917 can be selected for all four Bus Request (BR) settings. The 2917 uses the BR signals
to become a VME master for DMA operations. The BR straps on the VME backplane need to

be removed from the slot that the 2917 occupies. The default setting is BR #3. Refer to Figure
3 on page 38 for location of Bus Request straps and settings.
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Data Storage Format Selection

The 2917 has an option to select the order in which a 24-bit CAMAC word is fetched/stored. A
strap on the 2917 selects this option with the default set to LOW/HI. This setting will first access
the lower 16-bit CAMAC word then the upper 8-bit CAMAC word. Refer to the DMA section for
more operating details, also refer to Figure 3 on page 37 for location and strap selection.

FRONT PANEL LEDS

ADD_REC: This LED indicates when the 2917 is being addressed from the VME bus.
RUN: This LED indicates that the 2917 is running a command list.

M2,M1: These two LEDs indicate the current CAMAC operating mode. They reflect bits
4 and 3 in the current Mode word of the Command List.

LAM: This LED indicates that one or more crates connected to the 2917 has a LAM set
and is need of service.

NO-X: This LED indicates the status of the CAMAC X-response from the last CAMAC
command that was executed.

NO-Q: This LED indicates the status of the CAMAC Q-response from the last CAMAC

command that was executed.

ERR: This bit indicates that the last CAMAC operation had ended in an error condition.

External Trigger In

The 2917 has a front panel Trigger-In input to start the execution of the Command List. This is
the same thing as setting the GO bit in the CSR. The trigger pulse is a low-true signal requiring
a minimum of 50 ns pulse width. The DMA bit and/or DIR bit in the CSR must be set to the
desired setting prior to the Trigger-In input.

Reset Button

The front panel Reset button will reset the 2917 to a power-up condition. The command memory
data will retain the previous stored data.

2917 REGISTER DESCRIPTION

DMA CONTROLLER REGISTER

The DMA Controller has 12 8-bit registers that need to be programmed prior to any DMA transfer

on the VMEbus. These 12 registers can be grouped as six 16-bit word registers for ease of
programming. Programming information on the DMA controller can be found below in the
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register descriptions and also in the Technical Specifications included in Appendix A of this
manual.

Channel Status/Error Register

The Channel Status/Error Register (CSER) is used to monitor current status and error
conditions of the DMA controller. Prior to starting a DMA transfer, bits #15, #13 and #12 must
be cleared to zero. A register layout and description of the Channel Status/Error Register is
given below:

CHANNEL STATUS REGISTER (CSR) CHANNEL ERROR REGISTER (CER)
15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00

COC | N/U | NDT | ERR [ ACT | N/U | N/U | RDY | N/U | N/U | N/U
=NO 0=NO |0=NO }0=NO ERROR CODE
1=YES| 0 {1=YES|1=YES|1=YES| O© 0 0 0 0 0

| I | l

DO8(EO) OFFSET = $00 DOB(ED) OFFSET = $01
D16 OFFSET = $00

BIT # MNEMONIC DESCRIPTION

15 CoC Channel Operation Complete. When this bit is set, a
DMA transfer has completed whether successful or not.
This bit must be cleared before another transfer is started.

14 N/U Not used. Read as zero.

13 NDT Normal Device Terminate. When this bit is set, the
command list has aborted. Check the 2917 on-board CSR
register for the abort condition. This bit must be cleared
before another transfer is started.

12 ERR Error. Error is set when the transfer termination was due
to an error. Read the Channel Error Register to determine
the cause. This bit must be cleared before another transfer

is started.
11 ACT Channel Active. This bit is set when the channel has
‘ been started and remains set until the operation is
terminated.
10, 9 N/U Not used. Read as zeros.
8 RDY Ready Input State. This bit indicates the 2917 is ready.

This bit is always read as a zero.

7,6,5 N/U Not used. Read as zeros.
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4-0 ERR CODE Error Code. This Error Code indicates the source of the
error when indicated by CSR #12. These Error Code bits
are clear when the CSR #12 is cleared.

ERROR CODES

00000 = No Error
01001 = Bus Error
10001 = Software Abort

Device/Operation Control Register

The Device/Operation Control Register (DOCR) is used to select operating conditions of the
DMA Controller. This register must be written to, before a transfer is started. A register layout
and description of the Device/Operation Control Register is given below:

DEVICE CONTROL REGISTER (DCR) OPERATION CONTROL REGISTER (OCR)

15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00

EXT | N/U | W/U | R/U ] OCR | N/U | N/U | N/U N/U OPEéAND N/U | N/U | N/U | N/U

REQ BITS DIR SIZE
MODE{ O 1 1 1¢5:4)] O 0 0 0 | 0 0 1 0
DO8(EO) OFFSET = $04 DOB(EQ) OFFSET = $05

D16 OFFSET = $04

BIT # MNEMONIC DESCRIPTION

15 EXT REQ MODE External Request Mode. This bit must be written with
a one, the 2917 only can operate in Cycle Steal mode. A
value of zero equals Burst mode. This is not a valid
operating mode.

14 N/U Not used. Read as zero.

13, 12 . N/U Not used. Read as ones.

11 OCR(5:4) This bit is set if either bit #4 or #5 in the Operation Control
Register is set to a one.

10-8 N/U Not used. Read as zeros.

7 DIR Direction:

0 = Memory to 2917 (CAMAC writes)
1=2917 to Memory (CAMAC reads)

6 N/U Not used. Read as zero.
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b4 SIZE

Bits 5,4

Operand Size. Operand size must be set 01. The 2917
only transfers words.

Size

== OO0

= OO

Byte

Word

Long Word
Double Word

mwwn

N/U
N/U

N/U

Not used. Read as zeros.

Not used. Read as one.

Not used. Read as zero.

Sequence/Channel Control Register

The Sequence/Channel Control Register (SCCR) is used to initiate the start of a DMA operation
or to abort a DMA operation. A register layout and description of the Sequence/Channel Control

Register is given below:

SEQUENCE CONTROL REGISTER (SCR) CHANNEL CONTROL REGISTER (CCR)
15 14 13 12 " 10 09 08 07 06 05 04 03 02 01 00
NOT USED N/U | N/U |SOFT | INT | N/U | N/U | N/U

START ABORT| ENA

0 0 0

1

0 0

DOB(EQ) OFFSET = $06

BIT # MNEMONIC
15-11 N/U

10 N/U

98 N/U

7 START

6,5 N/U

4 SOFT ABORT

DOB(EOQ) OFFSET = $07

D16 OFFSET = $06

DESCRIPTION
Not used. Read as zeros.
Not used. Read as one.
Not used. Read as zeros.
Start operation. Setting this bit to a one will initiate the
DMA controller and set the Active bit in the CSR. A
pending start can only be reset by a software abort being
set in the CCR.

Not used. Read as zero.

Software Abort. Setting this bit stops a DMA transfer.
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3 INT ENA Interrupt Enable. This bit must be set to zero. The 2917
Bus Interrupter is used for DONE interrupts.
2-0 N/U Not used. Read as zeros.

Memory Transfer Count Register

The Memory Transfer Count (MTC) Register is a 16-bit counter which counts the number of
words transferred by the DMA controller. A register layout of the Memory Transfer Count
Register is given below:

MEMORY TRANSFER COUNT HIGH (MTCH)

15 14 13 12 1 10 09 08

MEMORY TRANSFER COUNT LOW (MTCL)

07 06 05 04 03 02 01 00

1 1 i | T ¥ ) j
Bit

COUNT HIGH ————> 08

T T T T T T T
Bit
00

Bit

07 < COUNT LOW ———>

DOB(EQ) OFFSET = $0A

DO8(ED) OFFSET = $08

D16 OFFSET = $0A

Memory Address Counter Register

The Memory Address Counter Register is a 32-bit register which programs the starting address
of a DMA transfer. Only the least significant 24-bits of the counter are implemented in the
DMA controller. If 32 operations are desired, the upper eight address bits can be programmed
in the 2917 Address Modifier Register. Two 16-bit Memory Address Counters must be loaded
before the start of a DMA transfer. A register layout of the Memory Address Counter Register

is given below:

Memory Address Counter High (MACHI)

MEMORY ADDRESS COUNTER HIGH (MACH)

MEMORY ADDRESS COUNTER MID-HIGH (MACMH)

5 1% 13 12 11 10 09 08 07 06 05 04 03 02 01 00
i 1 1 ] 1 ) 1 ] 1 T L] T 1] T
A31 < COUNT HIGH > A24 [A23 < COUNTER MID-HIGH > A16
| | | [ | | 1 | | { | ! I |
DO8(EO) OFFSET = $0C DOB(EO) OFFSET = $0D
D16 OFFSET = $0C
Memory Address Counter Low (MACLO)
MEMORY ADDRESS COUNTER MID-LOW (MACML) MEMORY ADDRESS COUNTER LOW (MACL)
15 1% 13 122 11 10 09 08 07 06 05 04 03 02 01 00-
1 T i [] T T T T 1 I 1 T
A15 < COUNT MID-LOW > A8 |A07 < COUNTER LOW > AOO

1

1 L |

DO8(EQ) OFFSET = $OE

D16 OFFSET = $0E

DOB(EO) OFFSET = $OF
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BUS INTERRUPT REGISTERS

The Model 2917 uses the MC68153 Bus Interrupter to generate four separate interrupts. The
four conditions that can cause an interrupt are: 1) a LAM, 2) DONE bit in the CSR set, 3) DMA
Buffer Empty and 4) List Abort condition. If any two or more interrupts are set to the same
interrupt request level, MC68153 gives preference to the highest number requester; that is, List
Abort has the highest priority and LAM has the lowest. Programming information on the Bus
Interrupter can be found below in the register descriptions and also in the Technical
Specifications included in APPENDIX B of this manual.

Interrupt Control Registers

The Interrupt Control Registers are used to enable and select the interrupt request level. A
register layout and description of the Interrupt Control register is given below:

15 08 07 06 05 04 03 02 01 00

FLAG [FLG |VEC- [ INT JINT IRG | IRQ | IRQ
Not Used —> BIT |AUTO-| TOR| ENA JAUTO |LEVEL|LEVEL |LEVEL
CLR CLR 2 1 0

Interrupt Control Register OFFSET

LAM D16 = 840 DO8(EO) = $41

DONE D16 = $42 DO8(EQ) = $43

DMA BUFFER EMPTY D16 = $44 DO8(EO) = $45

LIST ABORT D16 = 846 DO8(EQ) = $47

BIT# MNEMONIC DESCRIPTION

15-8 N/U Not used. These bits are shown only for clarity when D16
operations are preformed. These bits are read as ones.

7 FLAG FLAG. This bit can be used by software in conjunction
with test and set instructions.

6 FLG AUTO-CLR Flag Auto-Clear. When this bit is set, the FLAG bit is
automatically cleared during an interrupt acknowledge
cycle.

5 VECTOR Vector. This bit must be set to zero, the 2917 uses
internal vectors.

4 INT ENA Interrupt Enable. Setting this bit to a one will-enable
interrupts.

3 INT AUTO-CLR Interrupt Auto-Clear. Setting this bit to a one will clear

bit #4 (INT ENA) during an interrupt acknowledge cycle
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responding to this request. To re-enable, bit #4 must be
written with a one.

2-0 IRQ LEVEL Interrupt Request Level. This three bit field determines
the interrupt level, one through seven, to be generated. A
value of zero disables the interrupt.

Interrupt Vector Registers

Each Interrupt Control Register has its own associated Interrupt Vector Register. Each register
is 8-bits wide and supplies a data byte during an interrupt acknowledge cycle. A register layout
of the Interrupt Vector Register is given below:

15 08 o7 06 05 04 03 02 01 00
Bit 1 i 1 ¥ I ¥ i Bit
< Not Used —> 07 <—————— Interrupt Vector > 00
1 | 1 i L ! !
Interrupt Vector Register OFFSET
LAM D16 =948 DO08(EO) =$49
DONE D16 =$4A DO8(EO) = $4B
DMA BUFFER EMPTY D16 =$4C DO0O8(EO) = $4D
LIST ABORT D16 = $4E  DO8(EO) = $4F
2917 ON-BOARD REGISTERS

All on-board registers are 16-bit wide. Only D16 word transfers to or from these are allowed.
These eight registers are described in the following sections.

Address Modifier Register

The Address Modifier Register (AMR) is a write only register. Information written into the
AMR is used to drive the VMEbus Address Modifier signals and the upper eight address signals
(A31-A24) when the 2917 transfers data as a VMEbus master. The upper eight address signals
cannot increment during a DMA transfer. This is only an 8-bit latch register that is enabled
when the 2917 becomes a VMEbus master. A register layout and a description of the AMR is
given below:

ADDRESS MODIFIER REGISTER

15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00 -

A31 | A30 | A29 | A28 | A27 | A26 | A25 | A24 | N/U | LWD | AMS | AM4 | AM3 | AM2 | AaM1 | amMO

D16 OFFSET = $60

10
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BIT # MNEMONIC DESCRIPTION

15-8 A31-A24 VME Address Lines. These added address bits are to
make use of the full VME address range when the 2917
becomes a VMEbus master. These bits do not increment
during a DMA transfer.

7 N/U Not used. Read as a one.

6 LWD Longword. This bit must be written to a one because the
2917 is unable to transfer 32-bit data words.

5-0 " AMS5-AMO Address Modifier Codes. These bits must be written
with the proper AM Code before a DMA transfer is started.

Command Memory Register

The 2917 Command Memory is an 8K x 16-bit RAM memory. All CAMAC commands are
executed from this memory. Data for one or more command lists is written or read as if the
memory was a single register. The Memory Address is incremented automatically after each
write or read operation. If multiple lists are present, the list to be executed is selected by first
setting the Command Memory Address to that list. All lists must be CAMAC "Read" or
"Write", with the following exceptions:

1. Read or write lists can contain dataless CAMAC commands, using Function
Codes F(8) through F(15) and F(24) through F(31).

2. Read lists can contain Inline Write operations.

The instructions for the Command List (written as MEM DATA) can be selected from the
following:

(a) Single CAMAC Transfer — Read, Write, or Control
5 1% 13 122 11 10 09 08 07 06 05 04 03 02 01 00

(o} T2 | TM1 | aM2 | aM1
H(1) 0 0 0 0 0 Ca4 c2 c1 WS2 | WS1 | AD
0 0 0 0 0

H(2) 0 0 N16 | N8 N4 N2 N1 A8 A4 A2 Al F16 | F8 F4 F2 Fi1

D16 OFFSET = $62
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®

W)

H(2)

H(3)

w(4)

©

W

w(2)

H(3)

H(4)

@

LG D)

We2)

Single CAMAC Transfer — Inline Write (usually in Read list)

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
CH TM2 | TM1 QM2 | aMi
0 0 0 0 0 cé4 c2 c1 WS2 | WSt | AD
] 1 1 ] 0
0 0 N16 | N8 N4 N2 N1 A8 A4 A2 Al F16 | F8 F& F2 F1
W16 | W15 | W16 | W13 | W12 | W11 | W10 | W9 W8 w7 W6 W5 Wé W3 W1 AD
X X X X X X X X W24 | W23 { W22 | w21 W20 | W19 | W18 | w17
Note: Word #4 is a dummy word for 16-bit Inline Write operation.
D16 OFFSET = $62
Block CAMAC Transfer
15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00
CM TM2 | TM1 QM2 | aM1
0 0 0 0 0 c4 c2 c1 Ws2 | WSt | AD
0 ] 1 X X
0 0 N16 | N8 NG N2 N1 A8 A4 A2 Al F16 | F8 F& F2 F1
WORD COUNT LOW
( The 2's Complement of the number of 16-bit data word to be
transferred to or from VMEbus. )
WORD COUNT HIGH
( A dummy register, usually set to all ones. )
D16 OFFSET = $62
JUMP instruction - Jump to another command list.
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
CH ™2 | ™M1
0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 0
0 0 0 A12 | A11 | A10 | A9 A8 A7 A6 AS A4 A3 A2 A1 AD

D16 OFFSET = $62

12
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(e) HALT instruction — End of Command list.
15 1 13 12 11 1 09 08 07 06 05 ©0 03 02 01 00

cH TH2 | TMY
W 0 0 0 0 0 0 o 0 0 0 0 0 0
1 0 0

D16 OFFSET = $62

Any list can contain a combination of the above instructions, terminated by the HALT
instruction.

The Mode word (word #1) in the list instructions is partitioned as follows:

BIT # MNEMONIC DESCRIPTION

15-11 N/U Not Used. Don't care.

10-8 C4,C2,C1 Crate. This 3-bit field selects one of eight 3922 Crate
Controllers.

7 CM Command Mode:

0 = CAMAC transfer
1 = Non-CAMAC instruction. (HALT, etc.)

6,5 T™2,TM1 Transfer Mode: CM =0
0 0 = Single CAMAC transfer
0 1 = Block CAMAC transfer
1 0 = Not Used
1 1 = Single Inline write transfer

Transfer Mode: CM =1
0 0 = HALT instruction

0 1 = Not Used
1 0 = JUMP instruction
11 =Not Used
4,3 QM2,QM1 Q-Mode Transfer Type:
0 0 = Q-Stop, Single, Inline Write
0 1=Q-Ignore
1 0 =Q-Repeat
11=Q-Scan
2,1 WS2,WS1 Word Size:

0 0 = 24-bit CAMAC transfer

13
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0 1 = 16-bit CAMAC transfer

1 0 = Not Used
11 =Not Used
0 AD Abort Disable. Data of zero will Abort a transfer on an

error (refer to the Operation Section of this manual for a
description of error for each mode). Data of one disables
Abort.

Command Memory Addresé Register

The Command Memory Address (CMA) Register is a 16-bit Write/Read Counter. When loading
a new list, this register is loaded with an address that points to the initial word location for that
command list. When writing or reading the Command Memory, the address register is auto-
incremented after each read or write operation. After a HALT instruction is encountered or the
list is aborted, the Command Memory Address Register points to the next list address. A layout
of the Command Memory Address Register is given below:

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

0 0 4] < Command Memory Address >

D16 OFFSET = $64

Command Word Count Register

The Command Word Count (CWC) Register is a 16-bit read-only counter which contains the 2's
complement of the number of words not yet executed in a CAMAC block transfer read or write
operation. When a CAMAC block transfer is executed, this register is loaded by the Command
Memory Sequencer with the initial word count from the command list and incremented as
transfers occur for that block. When a block transfer is aborted, the "current” word count can
be determined by reading this register. Note that the data in this register monitors the last
block operation executed not the total word count for all the list operations. A register layout
for the Command Word Count Register is given below:

15 14 13 12 1 10 09 08 o7 06 05 04 03 02 01 00

2's Complement of the number of 16/24-bit CAMAC data words

D16 OFFSET = $66

Service Request Register

The Service Request Register (SRR) provides information regarding LAMs in a multicrate
system. When this register is read, the 2917 issues a Parallel Poll to all 3922s connected to the
bus.

14
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The 8-bits represent the eight possible crate addresses. A true bit (1) in the SRR indicates that
its associated crate is asserting its LAM line. If any 3922 is requesting service, the LAM signal
(bit #9 of the CSR) is set. A register layout of the Service Request Register is given below:

15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00

CRATE CRATE
<¢————- pon't Care —m—-—-> c7 cé c5 Cé c3 c2 c1 co

D16 OFFSET = $68
Data Low Register

The Data Low Register (DLR) is used to access the lower 16-bits of the 24-bit CAMAC word.
During a CAMAC write operation, F(16)-F(23), the contents of the DLR are used to generate the
data signals on the CAMAC write data lines W16 through W1. During CAMAC read operations,
F(0)-F(7), the DLR is loaded with the data signals present on the CAMAC read data lines R16
through R1. A register description of the Data Low Register is given below:

15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00

WR IHWR | WR|WREUWR]|WR|UWR|WRIWR]|UWR|WR/|WR]WR]WR]|WR]|WR
16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1

D16 OFFSET = $6A

Data High Register

The Data High Register (DHR) is used to access the upper 8-bits of the 24-bit CAMAC word.
During a CAMAC write operation, F(16)-F(23), the contents of the DHR are used to generate
the data signals on the CAMAC write data lines W24 through W17. During CAMAC read
operations, F(0)-F(7), the DHR is loaded with the data signals present on the CAMAC read data
lines R24 through R17. A register description of the Data Low Register is given below:

15 14 13 12 1" 10 09 08 07 06 05 04 03 02 01 00

W/R I WR | WR | WR| UWR| WR | WR| HWR
< Don't Care ———> 24 23 22 21 20 19 18 17

D16 OFFSET = $6C

Control Status Register

The Control Status Register (CSR) is used to start the 2917 operations and monitor the results
of those operations. A layout and description of the Control Status Register is given below:
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BIT #

15

14

13

12

11,10

15

14 13 12

1

10 09 08 07 06 05 04 03 02 01 00

ERR

ABT | TMO | RST

TM2

TM1 | LAM | RDY JDONE | DMA | DIR | ID2 | ID1 |NO-X [NO-@ | GO

MNEMONIC

ERR

T™O

RST

T™2,TM1

RDY

DONE

DMA

D16 OFFSET = $6E

DESCRIPTION

ERROR. This is a read-only bit which is set when an
operation in the Command List terminates with a error.
See the Operations section for a description of ERROR for
each mode of operation.

ABORT. This is a read-only bit which is set when an
operation terminates in ERROR and the Abort Disable bit
(AD) of the operation was not set.

TIME OUT. This is a read-only bit which is set when a
timeout occurs during a 2917/3922 bus transaction.

RESET INTERFACE. This is a write-only bit which
resets the 2917 to a power-up state. This bit is read as
Zero.

TRANSFER MODE. These bits indicate the last Transfer
Mode type to be executed. Same bits as the Crate/Mode
word in the Command List.

LOOK-AT-ME. When asserted, indicates that a LAM
request for service is pending. Multiple 3922s may assert
this bit. The SRR will indicate which 3922 is requesting
service. LAM is a read-only bit.

DATA READY. This bit, when set to one, indicates that
the DLR and DHR are ready to be written to or valid data
is ready to be read.

DONE. This is a read-only bit which is set when the 2917
has completed or aborted a Command List. It is cleared
while the 2917 is executing a list.

DIRECT MEMORY ACCESS. This is a write/read bit
which, when set, directs the 2917 to transfer data to or
from the VME global memory using an on-board DMA
controller. The DMA controller will clear this bit when its
transfer count is exhausted. When DMA is cleared, data is
transferred with the 2917 acting as a slave. This bit is
cleared on power-up.

16
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5 DIR DIRECTION. This bit directs the flow of data between
VMEbus and the CAMAC bus.

0 = CAMAC to VME (CAMAC read)
1 =VME to CAMAC (CAMAC write)

Note: This bit is don't care for a Inline Write command or
a CAMAC Control command.

4,3 ID2,ID1 INTERFACE ID. These bits are read as zeros.

2 NO-X NO-X. When set, indicates that a CAMAC operation
results in a X-response of zero.

1 NO-Q NO-Q. When set, indicates that a CAMAC operation
results in a Q-response of zero.

0 GO GO - when set instructs the 2917 to begin executing the
Command List. This bit is reset by a HALT command or
Abort Command List.

2917 OPERATING MODES
Slave Single Transfers

The 2917 provides a programmed transfer mode of operation. Under programmed transfer, all
transfers to or from the 2917 are done via programmed Short I/0. Programmed transfers may
be executed with either 16- or 24-bit CAMAC data words. The size of the data words
transferred is determined by the setting of the Word Size bits (bits 2 and 1) in the Mode word
in the command list. During a CAMAC write or read operation, the DONE bit in the CSR will
not be set until data is written to or read from the data registers. For a 16-bit CAMAC
operation, DHR doesn't need to be written or read. A Ready bit (RDY bit 8 in CSR) will indicate
if read data is present or if the data registers, DLR and DHR, can be written to. The following
describes the sequence necessary to execute CAMAC read, write and control functions using
programmed transfers. Note: A write or read list can have one or more single write/read
CAMAC commands. A CAMAC control command and/or Inline Write command can also be in
a write/read list.

Programmed Transfer Read Operation (F16=0: F8=0)

1. Load Command Memory with single CAMAC command list with the Mode word set to
all the proper options. Refer to the CMR for more details.

2. Load the CMA Register to the beginning of the list.
3. Load the CSR with:

a. DIR (bit 5) to 0.
b. GO (bit 0) to 1.

17
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4.
5.

4.

Poll CSR for the RDY bit (bit 8) until it is set to one or the ERR bit (bit 15) to be set.

Read only the DLR for 16-bit CAMAC reads. In 24-bit mode, DLR or the DHR, can be
read first.

Check CSR for DONE to be set. If Done is not set, another read may be pending. Return
to step four.

Programmed Transfer Write Operation (F16=1: F8=0)

Load Command Memory with single CAMAC command list with the Mode word set to
all the proper options. Refer to the CMR for more details.

Load the CMA Register to the beginning of the list.
Load the CSR with:

a. DIR (bit 5) to 1.

b. GO (bit 0) to 1.
Poll CSR for the RDY bit (bit 8) to be set to a one.

Write only the DLR for 16-bit CAMAC writes. In 24-bit mode, DLR or the DHR, can be
written first.

Check CSR for DONE and/or ERR to be set. If Done is not set, another write may be
pending. Return to step four.

Programmed Transfer Control Operation (F16=X: F8=1)

Load Command Memory with Control CAMAC command list with the Mode word set to
all the proper options. Refer to the CMR for more details.

Load the CMA Register to the beginning of the list.
Load the CSR with:
a. DIR (bit 5) is don't care. The DIR bit would be set to the proper value if the
command list included write or read commands.

b. GO (bit 0) to 1.
Check CSR for DONE and/or ERR to be set.

The following are definitions for ERROR and ABORT when executing operatlons in the
programmed single command transfer mode.

ERROR =NO-X + NO-Q
ABORT =/AD * ERROR

where
NO-Q is bit 1 of CSR.

18
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NO-X is bit 2 of CSR.
AD is bit 0 of Mode word in Command List.

Slave Block Transfers

The 2917 supports four types of block transfers: Q-STOP, Q-IGNORE, Q-REPEAT, and Q-SCAN.
The command list needs to be set-up with the Block mode command in each of these modes. The
selection of the Q-Modes are selected in the Mode word (bits 3 and 4) of the Command list. See
the CMR for selecting the various options. During a Block transfer, the RDY bit (bit 8) in the
CSR, should be monitored. This bit will indicate if Read data is present or if the data registers,
DLR and DHR, can written to. Refer to the section on Block Modes for selecting the proper Q-
Modes.

The following describes the sequence necessary to execute a CAMAC Block write or read
function using programmed transfers. Note: A Block write or read list can have more than one
Block write/read CAMAC command. In addition to the Block command, a CAMAC Single,
Control, or Inline Write command can also be in the same list.

Programmed Block Transfer Read Operation (F16=0: F8=0)

1. Load Command Memory with single CAMAC command list with the Mode word set to
all the proper options. Refer to the CMR for more details.

2. Load the CMA Register to the beginning of the list.
3. Load the CSR with:
a. DIR (bit 5) to 0.
b. GO (bit 0) to 1.
4. Poll CSR for the RDY bit (bit 8) until it is set to one or the ERR bit (bit 15) to be set.

5. Read only the DLR for 16-bit CAMAC reads. In 24-bit mode, DLR or the DHR, can be
read first.

6. Check CSR for DONE to be set. If Done is not set, another read may be pending Return
to step four.

Programmed Block Transfer Write Operation (F16=1: F8=0)

1. Load Command Memory with single CAMAC command list with the Mode word set to
all the proper options. Refer to the CMR for more details.

2. Load the CMA Register to the beginning of the list.
3. Load the CSR with:

a. DIR (bit 5) to 1.

b. GO (bit 0) to 1.

4. Poll CSR for the RDY bit (bit 8) to be set to a one.
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5. Write only the DLR for 16-bit CAMAC writes. In 24-bit mode, DLR or the DHR, can be
written first.

6. Check CSR for DONE and/or ERR to be set. If Done is not set, another write may be
pending. Return to step four.

DMA Transfers

In DMA mode, the 2917 becomes a VME bus Master transferring a single CAMAC word (16 or
24-bit) at a time. DMA mode can be used on a Single and/or Block command list.

Three formats are available for storage of CAMAC data words into global memory. These
transfers are only D16 words (D15-D00). Using 16-bit storage format requires one word of
global memory for each CAMAC word since only the lower 16-bits of the CAMAC word are used.
Using the 24-bit storage format, the full 24-bit CAMAC data word is stored in global memory,
requiring two global memory words per CAMAC word. The 24-bit storage format has an option
for the order in which the upper 8-bit and the lower 16-bit words are stored. A strap option on
the 2917 selects this option with the default set to LOW/HI. This setting will access the lower
16-bit CAMAC word, then the upper 8-bit CAMAC word. The HI/LOW setting is the reverse of
the LOW/HI selection. The following diagrams show the three storage formats.

16-Bit Storage Format

D15 D00 CAMAC
W/R16 < > W/R1 WORD 1
W/R16 < ' > WR1 | WORD 2

24-BIT Storage Format (LOW/HI selected)

D15 D00  CAMAC
W/R16 < > W/R1 | WORD 1
don't care W/R24 <—————————> W/R17
W/R16 < > W/R1 | WORD 2
don't care W/R24 <omem—mmem——> W/R17

24-BIT Storage Format (HI/LOW selected)

D15 D00  CAMAC
don't care W/R24 <> W/R17| WORD 1
W/R16 > W/R1
don't care W/R24 <—memee> W/R1T| WORD 2
H/R16 - > W/R1
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The following table shows the various word size selections:

WS2 WSl __ WORD SIZE
0 0 24-bits
0 1 16~bits
1 0 8-bits (not used)
1 1 RESERVED

When using the 2917 in a DMA operating mode, the user must load the DMA Transfer count in
the DMA control to the number of VME data transfers. The Command list, if using Block mode,
must contain the 2's complement of the number of CAMAC words (16- or 24-bits to be
transferred. For CAMAC writes DMA transfers, load the MACHI and MACLO with the first
address containing the CAMAC write data. For CAMAC read DMA transfers, load the MACHI
and MACLO with the address reserved for CAMAC read data. Subsequent CAMAC data words
are fetched/stored in the following address space.

The Memory Transfer Count (MTC) and the Command Word Count (CWC) are incremented by
the following amounts for the given data word size:

Word Size MTC CWC

16-bits 1 1
24-bits 2 1

DMA Single Transfers

The DMA Single Transfer mode is the same thing as Slave Single Transfer mode except the user
does not have to poll the RDY bit in the CSR. The DMA controller handles all the hand shaking
required to transfer VME data to/from CAMAC. The following describes the sequence necessary
to execute Single CAMAC read or write commands in DMA mode.

DMA Single Transfer Write/Read Operation

1. Load Command Memory with single CAMAC command list with the Mode word set to
all the proper options. Refer to the CMR for more details.

2. Load the CMA Register to the beginning of the list.

3. Load the MACHI and MACLO with the starting address where data is to be
fetched/stored in global memory.

4, Load the AMR register with the proper Address Modifier Codes and the uppef eight
VME address bits.

5. Load the MTC register with the number of VME data transfers.

6. Load the CSER with zero to clear any pending DMA transfers.
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7. Load the DOCR with a data value of 8010 HEX for CAMAC writes and 8090 HEX for
CAMAC reads. Set the Cycle Steal Mode and VME word size to D16 and DMA direction.

8. Load the SCCR with data 0080 HEX. This will start the DMA controller chip.

9. Load the CSR with:
a. DMA (bit 6) to 1.
b. DIR (bit 5) to 0 for CAMAC read, 1 for CAMAC write.
c. GO (bit 0) to 1.

10. Poll CSR for the DMA bit (bit 6) to be cleared and the DONE (bit 7) to be set. If only the
DMA bit is cleared and the DONE bit is not set, there may be more CAMAC commands
in the Command List. If so, repeat steps three through nine. Steps 3 and 4 do not have
to be reloaded if the transfer is to start where it ended its last transfer.

11. If Done is set in the CSR, the command list is terminated by a HALT instruction or by
an ERROR condition. Check the CSR for any Errors.

Note: When using the 2917 with interrupts enabled, ignore the step which includes
polling for "DONE" and "DMA" since both of these bits generate an interrupt.
The "DONE" bit will set the "DONE" interrupt and the "DMA" bit will set the
"DMA BUFFER EMPTY" interrupt.

DMA Block Transfers

The DMA Block Transfer mode is the same thing as Slave Block Transfer mode except the user
does not have to poll the RDY bit in the CSR. The DMA controller handles all the hand shaking
required to transfer VME data to/from CAMAC. The DMA controller can only transfer 64k
words at a time. If the user is going to transfer blocks larger than 64k, then the DMA controller
will need to be reloaded when the "DMA" bit in the CSR is cleared or if a DMA BUFFER EMPTY
interrupt is set. Once the DMA controller is loaded with new values, the CSR must have the
DMA bit set to one again. The Command List will continue from where it had stopped. Refer
to the section on Block Modes for selecting the proper Q-Modes.

The following describes the sequence necessary to execute Block CAMAC read or write
commands in DMA mode.

DMA Block Transfer Write/Read Operation

1. Load Command Memory with Block CAMAC command list with the Mode word set to
all the proper options. Refer to the CMR for more details.

2. Load the CMA Register to the beginning of the list.

3. Load the MACHI and MACLO with the starting address where data is to be
fetched/stored in global memory.

4, Load the AMR register with the proper Address Modifier Codes and the upper eight
VME address bits.
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5. Load the MTC register with the number of VME data transfers.
6. Load the CSER with zero to clear any pending DMA transfers.

7. Load the DOCR with a data value of 8010 HEX for CAMAC writes and 8090 HEX for
CAMAC reads. This sets the Cycle Steal Mode and VME word size to D16 and DMA
direction.

8. Load the SCCR with data 0080 HEX. This will start the DMA controller chip.

9. Load the CSR with:
a. DMA (bit 6) to 1.
b. DIR (bit 5) to 0 for CAMAC read, 1 for CAMAC write.
c¢. GO (bit 0) to 1.

10. Poll CSR for the DMA bit (bit 6) to be cleared and the DONE (bit 7) to be set. If only the
DMA bit is cleared and the DONE bit is not set, there may be more CAMAC commands
in the Command List. If so, repeat steps three through nine. Steps 3 and 4 do not have
to be reloaded if the transfer is to start where it ended its last transfer.

11. If Done is set in the CSR, the command list has be terminated by a HALT instruction or
by an ERROR condition. Check the CSR for any Errors.

Note: When using the 2917 with interrupts enabled, ignore the steps which include
polling for "DONE" and "DMA" since both of these bits generate an interrupt.
The "DONE" bit will set the "DONE" interrupt and the "DMA" bit will set the
"DMA BUFFER EMPTY" interrupt.

BLOCK MODES

Q-STOP Block Transfer

To select the Q-STOP block transfer mode, set QM2 to 0 and QM1 to 0 in the Mode word of the
Command List. During a Q-STOP block transfer operation, the CAMAC command specified in
the second Command List word is repeated until a Q-RESPONSE of zero is received or the
command word count is exhausted. The Block transfer is also terminated if an "ERROR" (bit
15 in CSR) or "ABORT" (bit 14 in CSR) is generated. The following equations describe "ERROR"
and "ABORT" for the Q-STOP block transfer mode.

ERROR = NO-X + NO-Q
ABORT =/AD * ERROR

Q-IGNORE Block Transfer

To select the Q-IGNORE block transfer mode, set QM2 to 0 and QM1 to 1 in the Mode word of
the Command List. During a Q-IGNORE block transfer operation, the CAMAC command
specified in the second Command List word is repeated until the command word count is
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exhausted. The Block transfer is also terminated if an "ERROR" or "ABORT" is generated. The
following equation describes "ERROR" and "ABORT" for the Q-IGNORE block transfer mode.

ERROR =NO-X
ABORT =/AD * ERROR

Q-REPEAT Block Transfer

To select the Q-REPEAT block transfer mode, set QM2 to 1 and QM1 to 0 in the Mode word of
the Command List. During a Q-REPEAT block transfer operation, the CAMAC command
specified in the second Command List word is repeated for each data word until a Q-RESPONSE
of one is received. A Q-RESPONSE of one causes either new write data to be fetched or read
data to be stored. The command is repeated for each data word until the command word count
is exhausted. If Q=1 response is not obtained within 60 milliseconds, the 3922 crate controller
will terminate block transfer and the "ERROR" or "ABORT" bit is generated. The following
equations describe "ERROR" and "ABORT" for the Q-REPEAT block transfer mode.

ERROR = NO-X + NO-Q
ABORT = /AD * ERROR

Q-SCAN Block Transfer

To select the Q-SCAN block transfer mode, set QM2 and QM1 to 1 in the Mode word of the
Command List. During a Q-SCAN block transfer, the 3922 uses the Q-RESPONSE from the
previous command to determine the station number (N) and subaddress (A) for the next
operation. A Q-RESPONSE of zero indicates that the last valid subaddress of the current
station number has to be accessed. The 3922 responds to a Q=0 by resetting the subaddress,
incrementing the station number, and continuing the scan. A Q-RESPONSE of one indicates
that the last command was executed to a valid CAMAC address. The 2917/3922 responds to a
Q=1 by either storing the read data or fetching new write data. When a Q=1 response is
obtained, the 3922 updates the CAMAC address as follows: the subaddress is incremented or,
if the subaddress is 15, it is reset to zero, and the station number is incremented by one. If due
to programming error, the 3922 increments beyond station number 23, the block transfer will
terminate with an "ERROR" or "ABORT". The following equation is the definition of "ERROR"
and "ABORT" when using the Q-SCAN mode operation.

ERROR = NO-Q

ABORT =/AD * ERROR
2917/3922 INTERCONNECTION BUS
The bus interface is a 40-wire twisted pair ribbon cable from the rear of the 3922, wired in a
loop-thru basis from the 2917, through the 3922's provided in a particular system. Balanced RS-
485 signalling is used between the 2917 and 3922s to enhance performance.
The interconnection bus is a multiplexed 8-bit address/data bus. Before data transfers occur on

the bus, the 2917 enables a header byte which enables one of eight possible 3922s to either
receive or transmit data. Each 3922 is preset to a unique crate address via front-panel switch
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which is used to compare with the incoming header byte. If a 3922 recognizes its crate address,
it prepares for the data transfer portion of the cycle. An information bus timeout INFO TMO)
will occur if a header byte is asserted and the addressed 3922 does not respond within seven
microseconds.

The protocol for single-CAMAC-word transfers, depending upon the word size selection in the
header byte (8, 16 or 24 bit), is as follows:

8-bit CAMAC word size ADDRESS/DATA LO
16-bit CAMAC word size = ADDRESS/DATA LO/DATA MID
24-bit CAMAC word size  ADDRESS/DATA LO/DATA MID/DATA HI

Note that the ADDRESS is transmitted by the 2917, while DATA is transmitted by either the
2917 or 3922, depending upon the data direction (read or write operation).

For multiple-CAMAC-word transfers, a single ADDRESS header is followed by the data as
shown:

ADDRESS/CAMAC WORD 1/CAMAC WORD 2/. . ./CAMAC WORD N

Note that the CAMAC word contains one, two, or three bytes of data, depending upon the word-
size selection in the ADDRESS header. Dataless CAMAC operations (F8=1) involve only the
ADDRESS header, with no data following.

The header byte is shown below:

07 06 05 04 03 02 01 00

ADRS |ADRS |ADRS
WS2 (WS (M4 1M2 M1

4 |2 1
BITS MEANING
7-5 Binary 3922 Crate Address - Selects Crate Address 0-7
4-3 Word Size

WS2 WS1 Word Size

0 0 24-bit

0 1 16-bit

1 0 8-bit

1 1 RESERVED
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2-0 Binary Operations Mode
M4 M2 M1 Operation
0 0 0 Q-STOP Operation
0 0 1 IGNORE-Q Operation
0 1 0 Q-REPEAT Operation
0 1 1 Q-SCAN Operation
1 0 0 SINGLE Operation
1 0 1 RESERVED
1 1 0 NAF'1 (Lower byte of NAF)
1 1 1 MAF2 (Upper byte of NAF)

The following shows the signals present on the interconnection bus along with a brief description

of their function:

Dataway Q DWG When asserted, indicates that the current Dataway
operation gave a Q=1 response: Q=0 if negated.

Dataway X DWX When asserted, indicates that the current Dataway
operation gave a X=1 response: X=0, if negated.

Data Read DRD When asserted, indicates that the 3922 should supply read
data.

Data Write DWT When asserted, indicates that write data is available to the
3922,

Information Bus D<7.0> Used for address, R/W data, and parallel poll information.

Look-At-Me LAM When asserted, indicates that a LAM request for service is
pending. Multiple 3922s may assert this line.

Master Busy MBSY When asserted, indicates that Address information can be
strobed into the 3922. This is negated to indicate "End of
Transfer" or to abort the present transfer.

Parallel] Poll Poll When asserted, indicates that a Parallel Poll operation is
in progress.

Slave Busy SBSY When asserted, indicates that the addressed 3922 has not
yet completed a data transaction. When negated, indicated
that the 3922 has completed the transaction. This line can
be negated by the 3922 to abort the present transfer.

Slave Flag SFLG Asserted by a 3922 to indicate a Reply Response from

either a DRD or DWT.
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Slave F8
Slave F16

SF8 When asserted, indicates that F8=1 in the "CURRENT"
3922.

SF16 When asserted, indicates that F16-1 in the "CURRENT"
3922.

The following diagram shows a typical write and read sequence over the interconnection bus.

16-BIT CAMAC WRITE OPERATION

D<7: 0> —<HEADERX DATA LO X DATA MID )

MFLG — I

sagyy ——— 1 |

SFLG | L] l

SF16 ——————— AS

SF8 L
DATAWAY I l
OPERATION

DATAWAY ] I

OPERATION

16-BIT CAMAC READ OPERATION

D<7; o HEADER DATA LO XDATA MID)

MFLG ——— l
sesy — | .
DRD | L1
sFLo B W

SF16 \

SF8 \
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MODEL 3922 CRATE CONTROLLER

FEATURES AND OPERATION

The Model 3922 meets all the requirements of IEEE Standard 583 for CAMAC crate controllers.
It forms the communications link between the 2917 VMEDbus Interface and the 1/0 modules in
the CAMAC crate. When used with the 2917, the 3922 performs a wide variety of CAMAC
Commands to modules in the crate. The 2917/3922 combination supports program transfers as
well as high-speed DMA operations. The 3922 also contains several internal registers that can
be read or written at pseudo-address N(30). As a main crate controller, the 3922 supports
auxiliary crate controllers as specified by IEEE Standard 675. The 3922 can also be easily field-
changed to become an auxiliary crate controller.

One to eight 3922s can be connected to a single 2917 VMEDbus Interface. Each 3922 includes a
front-panel switch that allows address selection from 0 to 7. Multiple 3922s are interconnected
on a loop-through basis and the last 3922 can be up to 500 feet from the 2917 PC Interface. The
last 3922 on the bus will use the terminator card (provided with the 3922) in connector DB2.
(See Figure 1 below)

To achieve higher speed DMA data transfers, the 3922's Read and Write Data Registers can be
double-buffered. This allows a Dataway cycle to be requested and executed while data is
transferred across the 2917/3922 bus. This buffering produces a side effect during Read
operations. When the 2917 terminates a DMA transfer, the 3922 has already performed one or
more Dataway operations to fill its buffer. This can cause a problem in some instances. Two
operating states are provided for DMA Read operations. By clearing the bit in the 3922 Status
Register, the single-buffer mode performs a Read operation only when the 2917 requests data.
By setting this bit, double-buffer mode is selected. Double buffering results in some increase
in throughput. Single-buffer mode should be used for Q-REPEAT and Q-SCAN operations or
for other Read transfers where extra Dataway cycles result in lost data.

I
S
D82 pgy

/ 3922 CRATE CONTROLLERE®

ALIGN KEYING INDICATORS
FOR CORRECT CABLE
INTERCONNECTION

yd

40 CONDUCTOR
RIBBON CABLE

ey

 —

T 1
2917 VHMEbus INTERFACE

Figure 1 - 3922 K-Bus Connection
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Address Selection

A front-panel, thumb-wheel switch allows you to select each 3922's address. Any address from
0 to 7 can be selected. However, all 3922s connected to single 2917s should have this switch set
to different addresses.

Registers

CAMAC Commands are performed to modules within the crate using Station address 1 through
23. Internal registers in the 3922 are accessed in the same manner as module registers by
pseudo-address N(30). There are five 3922 internal commands. These are: Read Status, Read
LAM Pattern, Read LAM Mask, Write Status, and Write LAM Mask. The N(30) Commands are

shows here:
Command Q-Response Action
F(1)A®©) ONLINE Read Status
F(1)AQ2) ONLINE Read LAM Pattern
F(1)A13) ONLINE Read LAM Mask
FQ17A©) ONLINE Write Status
FQ7DA13) ONLINE Write LAM Mask
Notes: 1. N=30 for all commands.
2. X=1 is returned for all valid commands.
3. Q=0 is returned if the front-panel on-line switch is in an "off-line" position. The

only command that will be executed when the 3922 is off-line is N(30)F(1)A(0),

Read Status Register.

Status Register N(30)F(17)A(0), N(BO)F(1)A(0)

BIT

L0 Ut WO

WRITE OPERATION

Generate Z

Generate C

Set Inhibit

0

0

0

0

Double-Buffer Mode
Enable Service Request
Set Internal 1.24

SO OoOo0O 0O

READ OPERATION

0

0

Inhibit (Crate Controller Register State)
0

0

0

Dataway Inhibit
Double-Buffer Mode
Service Request Enabled
Internal L24 Set

0

0

0

Front-Panel Switch Off-line
Write Buffer Full

Selected LAM Present

0
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A detailed description of the bits in the 3922 Status Register is provided here:

MODEL 3922 CRATE CONTROLLER

BIT

1

10

14

15

16

DESCRIPTION

By setting this bit with the 3922 on-line, the crate controller executes a CAMAC
Initialize (Z) operation. This bit is always read back as zero.

By setting this bit with the 3922 on-line, the crate controller executes a CAMAC
Clear (C) operation. This bit is always read back as zero.

By setting this bit, the 3922 asserts the Dataway Inhibit line. With the 3922
asserting the Inhibit line, both bits 3 and 7 will return a value of ONE when the
Status Register is read.

This Read-only bit indicates the state of the Inhibit line on the CAMAC Dataway.
Note that other modules such as the 3655 can assert the Inhibit line.

By setting this bit, all DMA Read operations are executed in double-buffer mode.
In this mode, a Dataway Read operation is executed and transferred to the 3922
buffer as soon as a DMA transfer request is made. This double-buffering allows
extra Dataway operations to occur when the block is terminated. If this bit is
cleared (single-buffer mode), a DMA Dataway Read operation is executed only
after the 2917 VMEDbus Interface requests data. Single-buffered mode should be
used for Q-REPEAT and Q-SCAN operations or other transfers where extra
Dataway operations will result in lost data. This bit is Read/Write.

By setting this bit, a Service Request is made to the 2917 whenever a module
Look-At-Me (LAM) is pending AND that LAM is enabled in the LAM Mask
Register. This bit is Read/Write.

This bit sets the internal 1.24 signal. The 1.24 signal can be used for software and
hardware testing associated with the Service Request. This bit is Read/Write.

This Read-only bit indicates the status of the front-panel, on-line switch. With
the 3922 in the off-line state, only the Status Register can be read. No other
commands will be executed by the 3922.

This a Read-only bit which is set when a Q-STOP operation is terminated due to
a Q=0 response and the 3922 contains a CAMAC write data word in its buffer.

This Read-only indicates if a selected LAM is present in the CAMAC crate. This
"SLP" condition is TRUE only when one or more LAM requests (L1 to L24) are
asserted AND the LAM Mask bit(s) associated with the LAM request(s) are
TRUE.
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LAM Register N(30)F(1)A(12)

This is a 24-bit register which indicates the present state of all LAM requests in the CAMAC
crate. Each bit corresponds to the appropriate Station in the crate {L(9) is associated with N(9),
etc.}.

LAM Mask Register N(30)F(1)A(13), N(B0O)F(17)A(13)

The LAM Mask Register is used to select those LAM requests from modules that cause a
Request-for-Service (Selected LAMs Present) to be forwarded to the 2917. For example, if Bits
2, 3 and 8 are TRUE in the LAM Mask Register and all other bits are FALSE. only L(2), 1(3)
or L(8) causes a Service Request.

3922 FRONT PANEL
Switches
Crate Address A thumb-wheel switch which selects the crate address for the 3922. The

address ranges from O to 7.

On-Line Manually places the 3922 on-line or off-line. No Dataway operations are
executed when the 3922 is off-line.

ZIC Performs a manual Dataway Z or C to the CAMAC crate. Note that the
3922 must be off-line for this switch to have any effect.

LEDs

BUSY Flashes whenever the 3922 is performing a Dataway operation.

NO-Q The last CAMAC operation, including an N(30) command, sets this LED
"ON" when an Q=0 condition occurs.

NO-X The last CAMAC operation, including an N(30) command, sets this LED
"ON" when an X=0 condition occurs.

Inhibit This LED is "ON" whenever the Dataway Inhibit line is asserted.

SLP This LED is "ON" when a selected LAM is present.

LEMOs

BUSY A low-true TTL signal when Dataway BUSY is TRUE.

Request Part of the auxiliary crate controller (ACC) protocol. Note that Réquest
MUST be patched to Grant In for a main crate controller (even when no
ACCs are used).
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Grant In Part of the ACC protocol. Patched to Request or Grant Out from a higher
priority crate controller.

Grant Out Part of the ACC protocol. Patched to Grant In from a lower priority crate
controller.

INSTALLING THE CRATE CONTROLLER
Operating Option Selections

Determine if the 3922 is to be used as a main crate controller (in a stand-alone system) or as an
auxiliary crate controller (with another computer being the main host for the crate). The 3922
is shipped from the factory as a main crate controller. If it is to be used as such, proceed to
Installing the 3922.

If the 3922 is to be used as an auxiliary crate controller, remove the resistor packs and the
resistors from both the left and right (A and B) boards of the 3922. Otherwise, proceed to
Installing the 3922. To convert the 3922 from a main to an auxiliary crate controller, perform
the following operations:

1. Remove the rear panel from the 3922. Retain the screws and PC finger
insulation.
2. Remove the two screws that hold the A board to the front panel (the left board

when viewed from the front panel).

3. Gently separate the A board from the B board. It might be helpful to loosen
slightly the two screws that hold the B board to the front panel.

4, On the B board, remove the nine resistor packs located by the Dataway fingers.
Also, remove the 100 Q resistor located between IC locations J and K.

5. On the A board, remove the six resistor packs that are loaded in sockets located
on the left-hand side of the PC board. These are marked RN1-RNG6.

6. Store the resistor packs for future use.
7. Reassemble 3922 crate controller.

Installing the 3922

Locate the 3922 Crate Controller. Locate the free end of the bus cable from the 2917. All main
crate controllers must be inserted into the right-hand stations of the crate (slots 24 and 25 of
a full-size crate). Auxiliary crate controllers can be placed in any available stations except the
main station. Starting from the rear of the crate, "thread" the bus cable through the rear I/0
opening in the area where the 3922 will be placed. BE SURE THAT POWER TO THE
CRATE IS "OFF".
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Referring to Figure 2, note the location of the data-bus connectors, DB1 and DB2, on the A board
and the Auxiliary Controller Bus (ACB) connector on the B board. With the 3922 facing left side
up, connect the bus cable from the 2917 to Connector DB1. Match the key indicator (arrow) on
the 3922 connector to the cable connector. This key indicates Contact 1 and should be facing
toward the bottom of the module. If using only one 3922, connect the terminator to Connector
DB2. Note that the terminator should also have its key indicator toward the bottom of the
module. If two or more 3922s are used, find the bus cable for interconnecting a 3922 with the
next one on the bus. Thread this cable through the rear I/0 opening in the crate and connect
it to Connector DB2 (with the key toward the bottom of the module). Repeat this operation for
all crates on the bus. The last 3922 on the bus will use the terminator in Connector DB2.

Slide the 3922 into the appropriate slots in the crate. Be sure that the bus cable does not
"snag". When the 3922 is almost fully inserted, tighten the jackscrew until it is fully seated.

Front Png nel Set-up

Set the front-panel, thumb-wheel, address switch to the desired address. This is generally "1"
for a single-crate system. In multicrate systems, verify that no other 3922 has the same
address. The order of addresses need not bear any relationship to the physical order of the
crates on the bus. Connect the Request, Grant In, and Grant Out LEMO connectors as
appropriate for the system.

\ X | ey )RA'
! §< INDICATOR DB1

DB2
3922 REAR VIEW

Figure 2 - Connector Locations on the 3922

Note that, in a single-controller system, Request MUST be connected to Grant In before the
3922 can function. Power cannot be applied to the CAMAC crate(s).
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2917 REGISTER LAYOUT

Channel Status/Error Register (CSE)

D16 OFFSET = $00

15 14 i3 12 1 10 09 08 07 06 05 04 03 02 01 00
¥ ] I
€COC | NJU | NDT | ERR | ACT | B/U | N/U | RDY | N/U | N/U | N/U
0=NO 0=NO |0=NO |0=NO ERROR CODE
1=YES| O |1=YES|1=YES{1=YES| O 0 1 0 0 0 . | |
Device/Operation Control Register (DOC) D16 OFFSET = $04
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
I
EXT | N/U | H/U | N/U | OCR | N/U | N/U | N/U N/U OPERAND N/U | N/U | N/U | NAU
REQ BITS DIR SIZE
MODE| O 1 1 1¢5:4)] 0O 0 0 o | 0 0 1 0
Sequence/Channe!l Control Register (SCC) D16 OFFSET = $06
15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00
NOT USED N/U | R/U |SOFT INT | N/JU | N/U | N/U
START ABORT§ ENA
0 0 0 0 0 1 0 0 0 0 0 0 0
Memory Transfer Count Register (MTC) D16 OFFSET = %0A
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
i i i L] ] i 1 J ¥ ) i I
Bit Bit [Bit Bit
15 < COUNT HIGH > 08 | 07 < COUNT LOW > 00
] ! 1 1 ] ! 1 | ] 1 ! I
Memory Address Counter High (MACHI) D16 OFFSET = $0C
15 14 13 12 1" 10 09 08 07 06 05 04 03 02 01 00
T J ) L T 1 i i 1 ] i I
A31 < COUNT HIGH > A24 JA23 < COUNTER MID-HIGH > A16
] | | 1 ] | 1 ] ] 1 | ]
Memory Address Counter Low (MACLO) D16 OFFSET = $0E
15 14 13 12 1" 10 09 08 07 06 05 04 03 02 01 00
L 1 1 ¥ |} 1 I 1 i ¥ T i
A5 < COUNT MID-LOW > AD8 |AO7 <« COUNTER LOW > ADO
1 ! 1 1 ] ] i ] 1 1 } I
LAM Interrupt Control Register D16 OFFSET = $40
Done Interrupt Control Register D16 OFFSET = $42
DMA Buffer Empty Interrupt Control Register D16 OFFSET = $44
List Abort Interrupt Control Register D16 OFFSET = $46
15 08 07 06 05 04 03 02 01 00
FLAG |FLG |VEC- INT JINT 1IRQ IRQ IRQ
< Not Used ~—> BIT {AUTO- TOR| ENA [AUTO |LEVEL|LEVEL|LEVEL
CLR CLR 2 1 0
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LAM Interrupt Vector Register D16 OFFSET = $48
Done Interrupt Vector Register D16 OFFSET = $4A
DMA Buffer Empty Interrupt Vector Register D16 OFFSET = $4C
List Abort Interrupt Vector Register D16 OFFSET = $4E
15 08 07 06 05 04 03 02 01 00
Bit Bit
< Not Used —> 07 < Interrupt Vector > 00
Address Modifier Register (AMR) D16 OFFSET = $60
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
A31 | A30 | A29 | A28 | A27 | A26 | A25 | A24 | N/U | LWD | AM5 | AM4 | AM3 | AM2 | AM1 | AMO
Command Memory Register (CMR) D16 OFFSET = $62
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
pi6 | D15 | D14 | D13 | D12 | D11 D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1
Command Memory Address Register (CMA) D16 OFFSET = $64
15 14 i3 12 1 10 09 08 07 06 05 04 03 02 01 00
0 0 0 < Command Memory Address >
Command Word Count Register (CHWC) D16 OFFSET = $66
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
2's Complement of the number of 16/24-bit CAMAC data words
Service Request Register (SRR) D16 OFFSET = $68
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
CRATE CRATE
{¢———————— Don't Care —m——————> c7 cé c5 C4 c3 c2 c1 co
Data Low Register (DLR) D16 OFFSET = $6A
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
HW/R-| W/R | W/R | W/R | WR | WR | HWHR | HR]UHWR|UWRI [ HWR I HWR]HWR|UWRI|HR]HR
16 15 14 13 12 1" 10 9 8 7 ) 5 4 3 2 1
Data High Register (DHR) D16 OFFSET = $6C
15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00
W/R | W/R | WR { WR | W/R | W/R | W/R | H/R
e DOVt Care ——m > 24 23 22 21 20 19 18 17
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Control Status Register (CSR)

15

14

13

12

1

D16 OFFSET = $6E

10

09

08

07

06

05

04

03

02

01

00

ERR

ABT

THO

RST

TM2

TH1

LAM

RDY

DONE

DMA

DIR

1D2

D1

NO-X

NO-Q

GO
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= BGOO| BGIO BGO 2| BGlI2
~
§ |BGO1|BGI1| |BGO3|BGI3
® & BRO | BR1 BR2 | BR3
Bus Grant In (BGI) / Bus Grant Out (BGO)
Strapping Examples
ofejojo ||o [o]|e] e
Trigger In @ e o|({l6 ©
% ool (o _ojle o VME P1
e e/ © o o |[[o o]
OFF I o ON
SA08
K-Bus
Connector E
sa1s ]
NOTES: SW1
2917 will issue a Bus Request at Level 3 as Shown.
BGI 0 - BGI 2 are shown jumpered to BGO 0 - BGO 2.
BGI 3/ BGO 3 shown selected for 2917 DMA Controller.
Base Address selected by SW1 = FFO0Oh.,
VME P2

FIGURE 3 - 2917 STRAP AND SWITCH LOCATIONS
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APPENDIX A
MOTOROLA MC68153 BUS INTERRUPTER CHIP



H
Advance Information
TTL
BUS INTERRUPTER MODULE BUS
The bipolar LS! MC68153 Bus Interrupter interfaces 8 micro- INTERRUPTER
computer system bus to multiple slave devices requiring interrupt MODULE
capabilities. it handles up to 4 independent sources of interrupt
requests and is fully programmabie. ADVANCED LOW POWER SCHOTTKY
@ VERSAbus/VMEbus Compatible
e MCEB000 Compatible
© Handles 4 Independent Interrupt Sources
© 8 Programmable Read/Write Registers
@ Programmable Interrupt Request Levels
® Programmable Interrupt Vectors ; < P SUFFIX
@ Supports interrupt Acknowledge Daisy Chain P | PLASTIC PACKAGE
e Control Registers Contain Flag Bits 1 CASE 711-03
e Single +5.0 Volt Supply
@ Total Power Dissipation = 1.5 W Typical
e Temperature Range of 0°C to 70°C
e Chip Access Time = 200 ns Typical with 16 MHz Clock ! ]n L SUFFIX
4 -
e 40-Pin Dual-In-Line Package ) CERAMIC PACKAGE
CASE 734-04
PIN ASSIGNMENTS
Vee O ~ & M) A3
FIGURE 1 - MCB88153 SYSTEM BLOCK DIAGRAM W 12 9 A2
System Bus ~ [ ¥ m ] 380 A
/ AN N interrupt ——
) TT71¢ ::gigm } Acknowledge DTACK [: 4 3 : D7
. 1) Daisy Chain IACK O 5 36 ) D6
= E Address MCB8153 __l_A_C_K'E Qe s Ds
— Decode B.LM. oo IACKOUT ] 7 34 [ pa
vice interrupt
T Roquests Ry O e 10 o3
e 5 ) GND [ 8 323 b2
e el |E Peripheral |/
% g é Comreol& (Slave) GND ] 10 31 J GND
< Bus {_ Buffers Intertace vee O n 30 1 vee
Interrupt waz O 12 20 p
Roquers A CecfmRE 28 DO
J Periphera! /
Dats Butfers [Slavel RGO 14 27 1) WTAE
Ras [ 15 26D INTALY
C : IRQ6 [ 16 25 [ INTALO
Periphera! [ RQ7 O 17 240 NS
“1 (Slave) —
U ® |nterface ck O 18 23 0 INT2
INTO[] 19 220 INTY
VERSAbus is 8 trademark of Motorola. GND [ 20 200 vee
This documant contain infor Mation on § new product. Speciticatons 8nd informauon here:n © MOTORGA Wi . 1884 ADI-1057

819 subject 10 Change without AOLICE. {Replacing NP-151}



ABSOLUTE MAXIMUM RATINGS (Beyond which useful life may be impaired.)

Paramater Symbol Value Unk
Supply Voiwge Vee -05t0 +7.0 \4
input Vohage Vin =051t +7.0 \'
Input Current 9 lin ~3010 +5.0 mA
Output Voltege Vout =0.5t0 «5.5 v
Output Current oL Twice Rated oL | mA
Storage Temparature Ta1q =85 to +180 °C
Junction Operating Temperature Ty =55t0 +175 °C

DC ELECTRICAL SPECIFICATIONS (Voe © 5.0V =5%, Ta = 0°C to 70°C)

Parametor Symbol | Min Pax Unit Test Condhtions
High Leve! input VoRlage Vin 2.0 @ v
Low Lovel Input Voltage ViL - 0.8 v
input Clamp Vohage ViK = ~-1.8 v Vee = MIN, iy = =18 mA
High Level Output Vohege!1) Vo 2.7 - v Vee @ MIN, Ion = =400 wA
Low Level Output Voltage VoL o 0.4 \ Vee = MIN, Ig = B.0 mA
Output Short Circuit Currant(2) os -15 | =130 mA | Vee = MAX, Voyut = 0V
High Leve! Input Current ™ - 20 pA Vee = MAX, Wiy = 27V
Low Leve! Input Current L - -0.4 mA Vee = MAX, Vi = 04V
Supply Current icc 225 385 mA Voo = MAX
Output O Current (High) lozH - 20 A Vee = MAX Vot = 24V
Output Off Current {Low) lozL - ~-20 whA Vee = MAX. VoyT = 04V

AC TEST CIRCUIT — AC Testing of All Outputs

[ e e o e o oy

Veg = 5.0V

I

10
N

20

MC68153

31

[ —

Pin Under Test

65V

s
<
b3

30

21

= e

NOTES:

=

- D D G D G @D D R G D O T G D

|
!
|
|
|
1
t
|
!
|
|
|
!
J

1. Not epplicable to 6pon-coliector eutputs.
2. Not more than one output should be shorted 8t @ time for longer than one second.
3. C3 Low to CLK High {Satup Time) of 18 ne Min must be observed.
4 WACK Low to CLK High and LACKIN Low 10 CLK High (Setup Times) of 18 ns Min must bo obsorved.
S. See Table 1 for pdditiona! performancs puidslings.

CL = 15pF

o

L

1000 N
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AC ELECTRICAL SPECIFICATIONS (Veg = 5.0V =5%. Ta = 0°C to 70°C)

Test Pax

Perarneter Number!S) {ns)

CLK Migh to Deta Out Valid (Deley)(3) i 85
CLK High to DTACK Low (Dalay)(3) 2 &0
€S High to DTACK High (Delay) 3 k1
CLK High 1o Data Out Valid (Detay)(é) 4 85
CLK High to INTAE Low (Delay)(4) ] I
{ACK Migh to Data Out High impedsnca {Delay) [ 60
TACK High to DTACK High (Delay) ? a5
€S High w Dats Owt High (Delay) 8 45
€S High to IRQ High (Delay) 9 &0
{ACK High to INTAE High (Dalay) 10 35

GENERAL DESCRIPTION

The MCB8153 Bus Interrupter Module (BIM) is de-
signed to serve as an interrupt requester for periphers!
devices in 8 microcomputer system. Up to 4 indepen-
dent devices can be interfaced to the system bus by the
MC88153. Intended for asynchronous rmaster/siave bus
operation, the BIM is compatible with VERSAbus, VME-
bus, MCE8000 device bus, and other system buses. Fig-
ure 1 shows 8 biock diagrarm of a typical configuration.
In this example, three periphersl devices (bus slaves)
are connected to the system data bus. Each of these
devices could be paraliel VO, serial /O, or some other
function. An interrupt request from any device is routed
to the MC68153, and the BIM handles all interface to
the system bus. It generates 3 bus interrupt request as
aresult of the device interrupt request. When the system
interrupt handler or processor responds with an inter-
rupt acknowledge cycle, the MC68153 can answer sup-
plying an interrupt vector and handling all timing.

The functional block diagram of the MCB8153 is
shown in Figure 2. The device containg Circuitry to ac-
cept four separate interrupt sources (INTO = INT3). In-
terface to the system bus includes generation of bus
interrupt requests (IRQ1 - IRQ7Y), response to @ bus in-
terrupt acknowledge cycle (either supplying 8 vector or
passing on a daisy chain signal), end releasing the bus
interrupt request signal at the proper time. The BIM has
fiexibility provided by eight prograrnmable read/write
registers. Four B-bit vector registers (VRO = YR3) contain
statug/eddress information end supply 8 byte vector in
response to an interrupt acknowledge cycle for the cor-
responding interrupt source. Four other 8-bit eontrol
registers (CRO - CR3) contain information that cversees
operation of the interrupt cireuitry. The contrel infor-
mation ig prograrnmable and includes interrupt request
level and interrupt enable and disabie. Also eontained
in the control registers are flag-bits. These flags are
useful for tagk coordination, resource management, and
interprocessor communication.

@ MOTOROLA Semiconductor Products Inc.

SIGNAL DESCRIPTION

Throughout the data sheet, signals are presented us-
ing the terms asserted and negated independent of
whether the signal is asserted in the high voitage or
low voltage state. Active low signals are denoted by a
gsuperscript bar.

BIDIRECTIONAL DATA BUS — D0 - D7
Pins DO - D7 form an B-bit bidirectional data bus to/
from the system bus. These are active high, 3-state pins.

ADDRESS INPUTS — A1 - A3

These active high inputs serve two functions. One
function is to select one of the eight possible registers
during a read or write cycle. Secondly, during an inter-
rupt acknowledge Al - A3 show the leve! of interrup!
being acknowledged, and the BiM uses these 10 deter-
mine if a match exists with an internal level.

CHIP SELECT — CS

CS is an active low input used to selec: the BiM's
registers for the current bus cycle. Address strobe, data
strobe, and eppropriste address bits must be included
in the chip select equation.

READ/WRITE — RW

The R/W input is & signal from the system bus used
to determine if the eurrent bus cycie is a read (high) or
write (low).

DATA TRANSFER ACKNOWLEDGE — DTACK

DTACK is an open-coliector, active low output that
signals the completion of @ read, write, or interrupt ac-
knowiedge cycle. During read or interrupt acknowledge
eycles, DTACK is asseried by the MCE8153 sher data
has been provided on the data bus; during write cycles
it is asserted after data has been accepted from the data
bus. A pullup resistor is required to maintain DTACK
high between bus cycles.




RGURE 2 — MC88153 FUNCTIONAL BLOCK DIAGRAM
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I AGURE 3 — LOGICAL PIN ASSIGNMENT

Dew Bus

BIM

|
[s)
<5

i

|

£

|

1
| 82

Z
3
©

z
3

e |NT2
S L |~T3

| — R T
P INTALO
e INTALY

INTERRUPT ACKNOWLEDGE SIGNALS — [ACK,
ACKIN, IACKOUT

These three pins suppon the interrupt acknowledge
cycle. A low ieve! on the IACK input indicates an inter-
rupt acknowledge cycle has been initiated. This signal
is conditioned externally with Address Strobe and the
lower data strobe of an MCEB000 type bus. After IACK
is asserted the BIM compares the interrupt level pre-
sented on address lines A1, A2, and A3 with the current
ievels generated internally and determines if a match
exists. Then, if input IACKIN is asserted {driven low),
the BIM will either complete the interrupt scknowledge
cycle if @ match exists or assert output IACKOUT if no
match exists.

IACKIN and IACKOUT form part of & prioritized inter-
rupt acknowledge daisy chain. The daisy chain priori-
tizes interrupters and guerantees that two or more de-
vices requesting an interrupt on the same level will not
respond to the same cycle. The requesting device (or
Interrupter} must wait until IACKIN is ssserted end not
pass the signal on (assert IACKOUT) if it is to complete
the interrupt acknowledpge cycle.

BUS INTERRUPT REQUEST SIGNALS — IRQ1 - IRQ7
These open-collector outputs sre low when asserted,
indicating # busg interrupt is requested et the corre-
sponding level. An open-collector buffer is normally re-
quired for sutficient drive when interfacing to s system
bus. A pullup resistor is required to maintsin IRQ1 -
iRQ7 high between interrupt requests.

@ MOTOROLA Semlconducfor Products Inc.

DEVICE INTERRUPT REQUEST SIGNALS —
INTO - INT3_

INTO - INT3 are active low inputs used to indicate 10
the BIM that & device wants 3 bus interrupt.

INTERRUPT ACKNOWLEDGE ENABLE — INTAE

During an interrupt acknowledge cycle, this output
pin is asserted iow to indicate that outputs INTALO and
INTAL1 are valid. These two outputs contain an encoged
number (x) corresponding to the interrupt (INTx) being
acknowledged. This feature can be used to signa! in-
terrupting devices, which supply their own vector, when
to respond to the interrupt acknowledge cycle with the
vector and a DTACK signal.

INTERRUPT ACKNOWLEDGE LEVEL - INTALD,
INTALY

These active high outputs contain an encoded num-
ber corresponding to the interrupt level being acknowi-
edged. They are valid only when INTAE is asserted low.

CLOCK = CLK
The CLK input is used to supply the clock for interna!
operations of the MC68153.

RESET — €S, IACK

Although 8 reset input_is not supplied, an on-board
reset is performed if CS and IACK are ssserted
simultaneously.




RGURE 4 — MC89153 REGISTER MODEL
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REGISTER DESCRIPTION

The MC68153 contains 8 programmable read:write
registers. There are four control registers {CRO - CR3)
that govern operation of the device. The other four
(VRO ~ VR3) are vector registers that contain the vector
data used during an interrupt scknowledge cycle. Figure
4 iliustrates the device register model.

CONTROL REGISTERS )
There is a control register for each h interrupt source,

i.e., CRO controls INTO, CR1 controls INT1, etc. The con-

trol registers are divided into several fields:

1. interrupt level {L2, L1, LO) — The least significant

3-bit field of the register determines the leve! at
which an interrupt will be generated:

2 L Lo IRQ LEVEL
0 0 0 DISABLED
0 0 1 IRQ1

0 1 0 IRQ2

(] 1 1 IRQ3

1 0 0 IRQ4

1 0 1 IRQ5

1 1 0 1RQ6

1 1 1 IRQ?

A velue of zero in the field disables the interrupt.

Interrupt Enable (IRE) — This field (Bit 4) must be set
{high leve!) to enable the bus interrupt request 8s-
sociated with the control register. Thus, if the INTX
line is sgserted and IRE is cleared, no interrupt re-
quest {IRQX) will be ssseried.

Interrupt Auto-Clear (IRAC) = If the IRAC is set {Bit
3)., IRE (Bit 4) is cleared during an interrupt acknowl-
edge cycle responding to this request. This action of

b

L
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clearing IRE disables the interrupt request. To re-
enabie the interrupt associated with this register, IRE
must be set again by writing to the control register.

4. External/internal (X/iN) — Bit 5 of the control register
determines the response of the MCE8183 during an
interrupt acknowledge cycle. If the XN bit is clear
{low level) the BIM will respond with vector data anc
8 DTACK signal, i.e., an internal response. If XN is
set, the vector is not supplied and no DTACK is given
by the BIM, i.e., an external device should responc.

8. Flag (F) — Bit 7 is a fiag that can be used in con-
junction with the test and set instruction of the
MCE8000, It can be changed without affecting chip
operation. It is useful for processor-to-processor
ecommunication and resource allocation.

6. Flag Auto-Clear (FAC) —If FAC (Bit 6] is set, the Flag
bit is automatically cleared during an interrupt ac-
knowledge cycle.

VECTOR REGISTERS

Each interrupt input has its own associsted vector
register. Each register is § bits wide and supplies a data
byte during its interrupt scknowledge cycie if the as-
socisted External/internal (X/IN) control register bit is
clear. This data cen be status, identification, or address
information depending on system usage. The infor-
mation is programmed by the system user.

DEVICE RESET

When the MCE8153 is reset, the registers are set to a
known condition. The control registers are get to all
zeros (low). The vector registers are set to SOF. This
value is the MCE8000 vector for an uninitialized interrupt
vector.




FUNCTIONAL DESCRIPTION

SYSTEM OVERVIEW

The MC88153 is compatible with many system buses,
however, it is primarily intended for VMEbus, VERSA-
bus and MCE8000 applications. Figure 5 shows & system
eonfiguration similar to VMEbus. in the figure only one
gystem Data Transfer Bus (DTB) master is used. The
Priority Interrupt structure provides a means for pe-
ripheral slave devices to ask for an interrupt of other
processor (DTB maester) activity and receive service
from the processor. The MC68153 BIM acts as an inter-
face device requesting and responding to interrupt ac-
knowledge cycles for up to 4 independent slaves.

In Figure 5, functiona! modules are identified as In-
terruptars and an interrupt Handler. An Interrupter (such
8s the MCB8153) receives slave requests for an interrupt
and handles all interface to the system bus required to
ask for and respond to interrupt requests. The interrupt
Handler receives the bus interrupt requests, determines
when an interrupt acknowledge will occur and at which
level, and finally either performs the interrupt acknowl-
edge (IACK) cycie or tells the DTB master 10 execute the
IACK cycle.

The signal lines in the Priority Interrupt structure in-
clude (* — indicates active low):

1. IRQ1%=IRQ7°® = seven prioritized interrupt re-

h{)

2. IACK® = gigna! line that indicates an interrupt ac-
knowledge cycle is occurring.
3. IACKIN®NACKOUT® == two signals that form part
of a daisy chain that prior-
itizes interrupters.

In addition Data Transfer Bus control signals are in-

volved in the IACK bus cycle:

1. AS® = the Address Strobe asserted low indicates

8 velid address is on the bus.

2. DSO® = the lower Data Strobe asserted low in-
dicates a data transfer will occur on bus
bits DO0-~-DO7.

3. WRITE® — the Resd/Write is negated indicating
the data is 10 be read from the inter-
rupter,

4. AD1-A03 — Address lines A01-A03 contain the
encoded priority level of the |ACK
eycle.

5. DOC-D07 — Data bus lines DO0-D07 are used 1o
pass the interrupt vector from the re-
sponding interrupter to the interrupt
Handler.

6. DTACK® — Data Transfer Acknowledge asserted
low signals that the Interrupter has

guest lines. put the vector on the data bus.
FIGURE § — SIMPLE VMEbus CONFIGURATION
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Figure 6 shows a flow diagram of a typical interrupt
roquest and ecknowledge operation. Briefly, the se-
quence of avents is first, an Interrupter makes a request,
nexs the Handler responds with an IACK cycle, then the
Interrupter passes a v tor to the Handler completing
the LACK cycle, and finally the Handler uses the vecior
to determina additional action. Typically, an interrupt
sarvice routing is stored in software and the vector
points to its starting address.

Note the daisy chain operation. If the IACK level (on
A01-A03) does not match the Intarrupter's request level
or if no request is pending, the Interrupter passes the

. IACKIN® gignal on and asserts IACKOUT®. This sequen-
“tial action automatically prioritizes Requesters on the

same leve! (first one in line with a request pending gets
serviced) and prevents two or more Interrupters from
responding gimultaneously.

AGURE ¢ — INTERRUPT REQUEST AND ACKNOWLEDGE
OPERATION PLOW DIAGRAM

Requests interrupt)
Drive IRQ4° Low

L

INTERRUPTER INTERRUPTER INTERRUPT
@ HANDLER
{Slave B

et
AN

'

Detect IRQ® Low.

Initigte IACK Cycle:

Place 3-bit

level 4 code on AQ1=-AD3.
Drive IACK® Low
{causing IACK®

Daisy Chain t0 go Low.)
Drive AS® to Low.

Drive Write® High.

Drive DSO® to Low.

(Daisy Chain)

!

Detect 1ACK® Low.
Detect AS® Low,
Check 3-bit interrupt
Acknowledge Code
{Detect Match).
Detect DSO° Low.
Detect IACKIN® Low
from Daisy Chain.
Place Vecior Byte
on Data Bus.

Drive DTACK® to Low®.

l

v

Detect DTACK® Low.
Read Vecior.
Relesse WACK Cycle.
Initiate Interrupt
Service Sequence
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This discussion is 8 very curzor’ look at the bus op-
eration. For mor details inciuding situations with rul-
tiple bus mastets, the user is girected to the VMEbus
Specification MVMEBS or VERSAbus Specification
MEBKVRS. Also, the MCE8153 can be used with other
buses having similar interrupt structures.

BIM BUS INTERFACE

Figure 7 shows a simplified block diagram of the
MCE8153 interface to VERSAbus or VMEbus. Address
Decode and Control Decode are dependent on the ap-
plicstion and must be designed to guarantes BIM se
gpecifications. it is possibie in most cases that the de-
eode logic ean be shared with the slave devices. Buffers
sre provided where shown to eomply with bus loading
and drive specifications. it ig slso possibie that butlers
ean be shered with the slave bus interface.

READ/WRITE OPERATION
All eight BIM registers can be accessed from the sys-

tern bus in both read and write modes. The BIM has an
asynchronous bus interface, primarily desipned for
MCE80O0-like buses. The following signals generate
resd and write cycles: Chip Select (CS), Read/Write (R
W), Address Inputs {A1=A3), Data Bus (D0-D7), and Data
Transfer Acknowledge (DTACK). During read and write
eycles the internal registers are selected by A1, A2, end
A3 in compliance with the Figure 4 Truth Table.

Figure 8 shows the device timing for & read cycle. R/
W and A1-A3 are latched on the falling edge of CS and
_must meet specified setup gnd hold times. Chip sccess
time for valid dats snd DTACK are dependent on the

- glock frequency as shown in the figure.

Figure S shows the device timing for a write cycle. R/
W, A1-A3, and DO=D7 ere lstched on the falling edge
of €S snd must mee! specified setup and hold times.
Chip sccess time for BTACK is dependent on the clock
frequency as shown in the figure.

RGURE 7 = VMEbus/VERSAbus INTERFACE BLOCK
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RGURE 8 - READ CYCLE
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FIGURE 9 — WRITE CYCLE
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INTERRUK REQUESTS ‘

The MC68153 sccepts device interrupt requests on
Inputs TNTO, INT1, INT2, end INT3. Each input is regu-
lated by Bit 4 {IRE) of the sssociated control register
{CRO controls TNT0, CR1 controls TNT1, ete). i IRE (In-
terrupt Enable) is set and a device input is ssserted, an
Interrupt Request open-collector output (IRQ1-IRG7) is
@sseried. The asseried TRGIX output is selected by the
value programmed in Bits 0, 1, and 2 of the control
~ register (LO, L1, and L2). This 3-bit field determines the
interrupt request level as set by software.

Two or more interrupt sources casn be programmed
%o the samna request level. That TROX output will remain
asserted until multiple interrupt acknowiedge cycles re-
spond to all requests.

H the interrupt request level is set to zero, the interrupt
is disabled because thers is no corresponding IRQ out-
put.

INTERRUPT ACKNOWLEDGE

The response of an Interrupt Handler 10 8 bus inter-
Fupt request is an interrupt acknowledge cycle. The
LACK cycle is initiated in the MC68153 by receiving TACK
low. RB/W, A1, A2, A3 sre latched, and the interrupt level
on line A1~-A3 is compared with any interrupt requests
pending in the chip. Further activity can be one of four
cases:

1. No further action required = This occurs if IACKIN
is not asserted. Asserting TACK only starts the BIM
activity. if the daisy chain signal never reaches the
MCB8153 (IACKIN is not asserted), another nter-
rupter has responded to the IACK cycle. The cycle
will end, the chip TACK is negated, and no addi-
tional action is required.

2. Pass on the interrupt acknowledge daisy ehgin =
For this case, TACKIN input is asserted by the pre-
ceding daisy chein Interrupter, end TACKOUT out-
put ig in turn asserted. The daisy chain signal is
passed on when no interrupts are pending on 8
matching level or when any possible interrupts are
digsabied. The Intarrupt Enable (IRE) bit of a control
register can disable any interrupt requests, and in
turn, any possible matches. ’

3. Respond internally — For this case, IACKIN is as-
geried and a match is found. The MC6E8153 com-
pletes the IACK eycle by supplying an interrupt
vector from the proper vector register followed by
8 BTACK signa! ssserted. IATKOUT is not ssserted
because the interrupt acknowledge eycle is com-
pleted by this device.

For the MCE8153 to respond in this mode of ep-
gration, the EXTERNALINTERNAL control register
bit (X/N) must ba zero. For each source of interrupt
request, the associsted contro! register determines
the BIM response to an IACK cycle, and the XN
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bit sets this response either internally (XIN = 0)
or exiarnally (XN a 1).

4. Respond externally = For the fina! case, TACKIN ig
8lso asserted, 8 match is found and the associated
control register has X/IN bit set to one. The
MCE8153 does not assert IACKOUT end does 8s-
sert INTAE low. INTAE signals that the requesting
device musgt complete the IACK cycle (supplying 8
vector end DTACK) and that the 2-bit code con-
tained on outputs INTALO and INTAL1 shows
which interrupt source is being scknowledged.

These cases are discussed in more detail in the fol-
lowing paragraphs.

internal Interrupt Acknowledge
For an internal interrupt acknowledge to oceur, the
following eonditions must be met:

1. One or more device interrupt inputs (INTO-INT3)
has been asserted and corresponding contro! bit
IRE value is one.

2. 1ACK asserted.

3. A match exists between [A3, A2, A1] and the [L2,
L1, 1.0} field of an enabled, requesting control reg-
ister. If two or more devices are requesting at the
game interrupt level, preference is given to the
highest number requester, thatis, INT3 has highest
spriority and INTO has lowest.

4. Control register bit X/IN of matching interrupt
source must be zero.

5. IACKIN asserted.

The internal interrupt acknowledge cycle timing is
ghown in Figure 10. The 8-bit interrupt acknowledge
vector is presented to the data bus and BTACK is 8s-
serted. Note aiso that INTALO and INTAL1 are valid and
INTAE is ssseried during this cycle although they would
normally not be used. The cycle is terminsted (data and
DTACK released) afier TACK is negated.

During the IACK cycle, the INTERRUPT AUTO-CLEAR
eontrol bit (IRAC) comes into play. tf the IRAC = one
for the responding interrupt source, the INTERRUPT EN-
ABLE (IRE) bit is sutomatically cleared during the IACK
cycle, thus disabling the essociated interrupt input and
sny TRGX output asserted due to this interrupt input.
Before snother interrupt ean be requested from this
source, IRE must be set to one by writing to the control
register.

Note that TACKOUT is not asserted because this de-
vice is responding to the IACK and does not pass the
daisy chain signal on. Also, hew device interrupt re-
quests occurring on INTO-INT3 afier IACK is asseried
are locked out to prevent any race conditions on the
daisy chain.




RGURE 10 — INTERRUPT ACKNOWLEDGE CYCLE — INTERNAL VECTOR
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Externsl Interrupt Acknowledge

For an external interrupt acknowledge, the same con-
ditions gs listed above are met with one exception. Con-
trol register bit X/IN of matching interrupt source must
be set to one. The timing is shown in Figure 11. For this
eyele, the interrupt vector and DTACK must be supplied
by an external device. INTAE is esserted indicating that
INTALO and INTALT are velid. The external device can
use these signals to enable the vector and DTACK. The
eycle is terminated after [ATK is negated.

The IRAC control bit acts in the external interrupt ac-
knowledge the same as described for the internal re-
sponse (see above). Also, IACKOUT is not asserted and
new davice interrupts are disabled for reasons dis-
eussed above.
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Pass On IACK Daigy Chain

tf the MC68153 has no interrupt request pending at
the same level as the interrupt acknowledge, the IACK
daisy chain signal is passed on to the next device if

KIN is asserted. The following conditions ere thus
met:

1. TACK asserted.

2. No match exists between [A3, A2, A1] and the (L2,
L1, LO] field of an enabled, requesting control reg-
ister.

3. TACKIN is asserted.

IACKOUT is asserted if these conditions are valid. This
output drives [ACKIN of the next Interrupter on the daisy
chain, passing the signal along. Figure 12 shows the
timing for this ease. IACKOUT is negated after IACK is
negated.




edr

RGURE 11 — INTERRUPT ACKNOWLEDGE CYCLE — EXTERNAL VECTOR
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CONTROL REGISTER FLAGS

Each control register contains a Flag bit (F) and 8 Flag
Auto-Clesr bit (FAC). Both bits can be read or altered
via a register write without affecting the interrupt op-
erstion of the device. The Flag is useful as a status
indicator for resource management and as a8 semaphor
in mukitasking or multiprocessor systems. Flag (F) is
located in bit position 7 and can be used with the
MCB8000 Test and Set (TAS) instruction.

The Fiag Auto-Clear (FAC) is used 1o manipulate the
Flag bit. if the Flag is set to one and the FAC is aiso one,
&n interrupt acknowledge cycle 1o the associated inter-
fupt source clears the Flag bit. This feature is useful in
determining the interrupt status and passing messages.

RESET

There is no reset input, howaver, a chip reset is ac-
tiveted by asserting both TS and IACK simultaneously
{Figure 13). These inputs shou!d be held low for 8 min-
imum of two clock cycles for a full reset function. The
eontrol registers are reset to all zeroes and the Vector
Registers are get to a value of $OF. This vector value is
the uninitialized vector for the MC68000. See the
MCB68000 Users Manual for more details on this vector.

CLOCK

The ehip elock is required for internal operstion to
occur. Typical frequency is 16 MHz in VMEbus and
VERSAbus applications derived from the systern clock.
Any frequency can be used, however, up t0 25 MHz
{Figure 14).

FIGURE 13 — RESET

FIGURE 14 = CLOCK WAVEFORM
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TABLE 1
AC PERFORMANCE SPECIRCATIONS
Vee = 5.0V 25%, Ty = 0°C to 70°C)

Number Characteristic Min Mgx Units Notes
)| n/w A1-A3 Velid to TS Low (Setup Timel 10 - ns )
2 CS Low to RW, A1-A3 invelid (Hold Time) 5.0 - ns
3 €S Low to CLK High (Setup Time) 113 = ns |
4 CLK High to Date Out Valid (Delsy) - 85 ng 2
] CLK High to DTACK Low {Delay) - 40 ns 2

’

8 DTACK Low to €3 High 0 ne

7 €S High to BTACK High (Delay) - 3 ns 10

8 CS High to Deta Out lnvelid (Hold Time) 0 o ns

8 CS High to Dats Out High-Impedance (Hold Time) - 50 ne
10 High to C3 of IACK Low 20 - ng
11 Dsta In Valid to €S Lew (Setup Time) 10 - ns
12 €S Low to Dsta In Invalid (Hold Time) 5.0 - ng
%3 DTACK High to Data Out High-Impedance o 25 ns 10
14 {ATK Low to CLK High (Setup Time) 15 - ng 1
18 Al-A3 Valid 10 IACK Low (Setup Time) 10 o ne
16 1ACK Low to Al-A3 Invalid (Hold Time) 5.0 - ns
17 LACKIN Low to CLK High (Setup Time) 15 - ns 1,8
18 CLX High to Date Out Valid (Delay) - - 55 nsg 3
18 CLK High to DTACK Low (Delay) - 40 ng 3
20 CLK High to INTAE Low (Delay) - 40 ns 3
22 DTACK Low to IACKIN High 0 -— ns 8
23 DTACK Low to IACK High 0 - ng
24 IACK High to Data Out Invalid (Hold Time) 0 - ns
25 IACK High to Deta Out High tmpedance (Delay) - 60 ns
26 1ACK High to DTACK High (Dalay) -— 45 ns 10
27 {ACK High to INTAE High (Delay) - 35 ns
28 INTALO INTALY Valid to INTAE Low {Setup Time) 1.0 2.0 CLK Per
28 INTA.E High to INT INTALOQ, INTALY Invalid {Hold Time) 1.0 2.0 CLK Per
30 lACK High to lROx High (Delay) -— 50 ns 7. 10
N TACK High 1o IACK or CS Low 20 - ns
32 CLK Migh to IAC_DS_OU___‘I’Low (Delay) — 40 ns 5
3 IACKIN Low to IACKOUT Low (Delay) - 30. g 4,8
34 IACKOUT Low to IACKIN, TACK High 0 - ns 8
35 IACK High_to TACKOUT High (Delay) -— .35 ns
36 TACK and TS both Low to CLK High {Setup Time) 15 = ns 9
37 CLK High te 1ACK or €S r CS High {Hold Time) 0 - ns

38 1ACK or CS High to TACK snd CS High {Skew) - 1.0 CLK Per 6
32 Clock Rise Time - 10 ns

40 Ciock Fall Time -— 10 ns

41 Clock High Time 20 —_ ns

42 Clock Low Time 20 - ns
43 Clock Period 40 - ns

ROTES:
1. This specifiestion only spolies if the VBIM had completed il operations initisted by the pravious bus eyele when TS or TACK wes seserec. Following

8 norma! bus cyde, |llmm.omanampm.¢vlwn2dodmmrgor AEK K have been negated. i A IACK or £3 is sesered pnot 10
enmpietion of thesa eperations, the new cycle, and henee, DTACK is postponed,

# the TATK, TATKIN or E3 satup time is vielsted, BYAEK may be ezserted 8s shown, &1 may be ssserted ene eiock eyele later (i.0. TAEK will not be
recognized until the nat rging edge of the cleck).

2 Assumes that 3 hes boon met

£ Assumss that 14 end 17 have both been med

4 Assummaes that 14 hes baen mat (TACKOUT esnnot go low prior t TACKN geing low).

8 Assumes thet 16 has baen mat and TACKIN hee Been low for @t least the emount of time specified by 33

& 38 is the minimum shew betwesn the lest mement when both IACK end L5 are ssserted 1o when Both re asgated, t insure that an sccess cyels
& aot vnintertionslly stored.

9. Assumea ro other INTx input ie causing TRGE © be driven low.
& I ron-dsigy chain oyetems, IAGKIN may be tied low.

9. Feilure 10 moat this spec. causes RESET to bo ignored for § clock period. i is then necessary o keep these signrals low for J cdock penicds insteed
el

%0. Doisy time is specified from Input signo! to OpenLallecior Outpur pulled High thry 1.0k rusistor to + 8.5 V.

@ MOTOROLA Semiconductor Products Inc.



OUTLINE DIMENSIONS

B
A A A A A A A RS- A AN E e e

a . el N N
»___{e : N —| 'G
i =t
A g —d !
_.LL_ dgbe s g - e —lgh L T, *Jlw
Keat
CIC LTI
| '-ll-l""l ments | [_-. [ 7] .AL[[ NIV
-i-—-l—l-"-li\“qH_li: agTes :;’»';' :::; "'&i',.,—ﬂ o« moatm
1 i H | vy R >—m T A [
T e M Ern s S
BT AWM R0 O8] masmue BAT(B1aL COROIIOR @ 031 ] 038 691w E_ RT3
IR CIRET BELATION T0 SLATIEG RLARL ARD 12 ) 15V 65 0@ 1 (D starmg naat
b B € I 63 GaCx OTHEA 1905 1 G160 05L | 6 Q1 L TOZINTER OF LEADS BulR
i Th'm 1 GULI06 | 16 CEuTLE OF LLADS T80 830 1 0B% 10011y PORBED PARALLLL
[ 6n €32 "a@m . eutn FOAUED PaRALLEL i \mﬂ— ) § Sratasioe 2 ABD 0 RCLUDI
T X TUITEE] 1 ocwtmsion 0 60CS 0T 1BCLUBL R T T, Blascuy
LM e . 688D ST EOLO FLASK - ¢ DIIRsi0emG and TOLLRARCING
> T o 530 T v ] PHe angI Vit 1813
— .'—————L—. TN 5 0y 137 - dem_ eew
CASE 711.03 CASE 734-04
PLASTIC PACKAGE CERAMIC PACKAGE
TYPICAL THERMAL CHARACTERISTICS
aJa (Junction to Ambient) Junction Temperature
Package Seilt Alr Sull Air @ 70°C Ambient
L Suffix a4 oW 147°C
P Suffix 35w 137°C

Aflirmgtive Acion Employer

are veQ L] ks of &

botorols reserves the nght 10 Mmeke CASRGes wnthoul furthar ASHEE 1O BNy Broducts Reren 10 IMProve rehabihty. lunchon or Gesign Motorols soas
ROt 8s5umMa any Labiiity 8rnsing oul of the apPHCENON Or use of any Preguet of Circust Gescnbed Rorein. RaIther Goes | convey any icgnsa unger ity
patent nghis nor the ngnts of oters Motoreia ang )

.ing botcrola. Ing @ an Equal Empioyment Opportumity/

e RUTRS @S S WREIG U PN WD

MOTOROLA Semiconductor Products Inc.

BOX 20912 o PHOENIX, ARIZONA 85036 o A SUBSIDIARY OF MOTOROLA INC. —]

aneeont




Model 2917-Z1A

APPENDIX B

SIGNETICS SCB68430 DIRECT MEMEORY
ACCESS INTERFACE CHIP



Signetics

-

Microprocessor Products

DESCRIPTION

The SCB68430 Direct Memory Access
Interface (DMAI) is @ single channel
interface circuit which is intended to
eomplement the performance and archi-
tectural .capabilities of the SCN6B000
microprocessor. The DMA! functions by
translerring & series of operands (data)
between memory and a device: operand
$iz03 may be byte, word, or long word. A
block is a sequence of operands: the
numbar of operands in the block is
determined by & transfer count stored
within the DMAI. The SCB68430 can be
programmaed 1o utilize single cycle (cycie
stealing) or burst data vansters.

The DMAI provides two interlaces. The
microprocessor interface is {ully compat.
ible with the SCN68000 microprocessor.
The device interface includes lines for
requesting, acknowledging, controliing,
and timing the data transfers. The DMAI
is a single-channel subset of the other
68000 family DMA controllers (68440
and 68450). It is software compatible
with these devices and provides sirmnilar
interfacing signals to both the system
bus and the device.

The SCB68430 is constructed using
Signetics ISL bipolar technology.

SCB68430

Preliminary Specification

..

FEATURES
e Bus compatible with SCNEB00D
microprocessor

¢ Software compatible with other
68K family DMA controllers

¢ Single address transfers

e Cycie steal and burst mode
operation

e Bus arbitration daisy chain
e Automatlc rerun on bus error

e Supporte 32-bit transfers for VME
bus

® Supbom SCN68000 vectored
interrupts

e 24-bit address counter
o 18-bit transfer counter

e Maximum transfer rate of 5
Mbytes per second

e Signetics ISL bipolar technology

Direct Memory Access
Interface (DMAI)

PIN CONFIGURATION
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ORDERING CODE

Vee =5V 2 8%, To20°C to 70°C
PACKAGES
10k Hz 12.5MHz
Ceramic DIP SCB68430CAI4B SCB68430CCI48
Plastic DIP SCB68430CAN4S SCB68430CCN48
Pastc LCC SCB68430CAAS2 5CB68430CCAS52
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. PIN DESCRIPTION

EAMEMONIC

PIN RO.

TYPE |

DESCRIFTION |

Al = A7
AB - A23/
B0 -D15

ASN

UDSN
LOSN

R/WN

CSN

DTACKN

RESETN

CLK

IRON

IACKN

BRN

BGN

48 - 42

41=37
35-25

24

17

0

6

11

Vo]

o

170

170

70

170

170

Addrese Lines: Actve high, tree-siate. in the MPU mode, these iow order adoress lines specily which
internal register of the DMAI is being accessed. in DMA mode, Al - A7 uommmnprmommm
sgdress bits of the location being secessed. Three-staled in IDLE Mode.

Address/Data Linee: Actve high, three-slale. These knas are bme muttiplexed for data and address leads
The nes OWNN, RWN, CSN, ang DBENN are used (o contro! the demuluplenng of the address and cala
using exiemal eircuitry. in MPU mode, the bigvectons! dela nes (DO - D15) are vsed o vansfer cala
between the MPU and the DMAL In the DMA mode, AB - A23 provigde the high order sgdress bits of the
toestion being eccessed. Tivee-siated in IDLE mode.

Address Strobe: Active low, thwee-siate. in MPU and IDLE modes, ASN is an input which indicates tha! the
eurrent bug master has placed e valig actress en the bus. i s monnered by the DMAI during bus arbitauon to
ascerigin that the previous bugs master has compieted the current bus cyctle. in DMA mode, 4 is an cuthun
ingicaung that the DMAI has placed @ velid eadrass on the bus.

Upper Dats Stobe: Active low, thvee-state. in MPU and IDLE modes. UDSN is an input which indicates that
the upper dala byte of the addrassed word is being addressed. In DMA mode, il 18 Bn output with the same
meaning.

Lower Data Strobe: Actve low, tivee-state. In MPL and IDLE modes, LDSN ig an input which ingicates tha!
the lower 0ata byte of the acdressed word 18 being acaressed. In DMA mode, i 1s an culput with the same |
meaning.

Resd/Write: Actve high for read, tow for wnte, tivee-siate. In MPU mode. R/WN is an input which controls
the direction of data flow through the DMALI's input/cutput dste bus mterface end. if required, through 8n
external data bus butfer. R/WN high causes the DMAI 1o place the gals from the addressed register on the
data bus, while R/WN low causes the DMAI 10 accept dala from the data bus. In DMA mode, R/WN is an
outpul to memory and I/0 controliers indicaung the type of bus cyctle. It is helg three-siated during IDLE
mode.

Chip Seloet: Active low. Whan low, places the DMAI into the MPU mode. This input signal is used to select
the DMAI for programmed gata vangiers. These tansfers lake place over DO - D15 as convolied by the
R/WN and A1 - A7 inputs. The DMAI is deselecied when CSN is tugh. CSN is ignored during DMA mode.

Data Tranater Acknowledpe: Active tow, tivee-state. In MPL mode. DTACKN is assenied on s write cycle to
ndicate that the data on the bus has been laiched, and on a read cycle or interrup! acknowledge cycle to
indicate that valid data is gresent on the bus. The signal is negated (drven high) when complelion of the cycie
is indicated by negation of the CSN or IACKN input, and returns 10 the inactive third stale 8 shor time ahter nis
negaled. in DMA Mode, DTACKN is an input monsored by the DMAI 10 determine when the addressed device
(memory) has latched the data (wnte cycle) er put valid data on the bus (read cycle).

iipster Reset: Active low. Assertion of this pin elears interna! contrel regisiers (See table 1), initaizes the
interrupt vecior repisier 106 HOF', and sets the status registier to the delaull value
B'0000 000X, where X is the state of RDYN. All pidreciional I/0 knes &re Dvee-sialed and the DMAI is placed
in the IDLE mode.

Clack: Active high. Usually the system elsck, but may be any clock meeting the slectncal specifications. Used
by the DMAI to syncivenize device functons and exiemal contral ines, and Mmay rot be gated off al ary ume.

interrupt Request: Active tow, epen eoliectsr. This output is asseried, if interrupts ere enabled, upon end of |
ranster, on cecurrence of 8 bus emor, and on receipt of an aben from the MPU. The CPU ean read the status 5
register 10 Goterming the interrupling condition{s), 6r can rezpond with an intermupt acknowledge eycle 1o .
eause the DMA] 0 euiput en inlemupl vecior 6n the dsta bus.

interrupt Acknowledge: Active iow. When ssseried, indicetes that the eument eycle & an ntormm
ecknowiedge eyete. The DMAI normally responds by placing the eonlents of the interrupt vecior register on :
the dala bus and essering DTACKN. MCKN.mmuanmwlummom
requesl

Bus Reguest: Active low, open collecior. BRN i asseried by the DMAI 1o reguest ewnarship of the bus after
e DMA request iz sensed on the REON input trom the 1/0 device. i is regated when the bus has been

grented (BGN low) and BGACKN has been asseried. o1, in burst DMA request mode, # the 170 dewvce
nopetes is requast 8! least one clock cycle belore BGACKN B assened.

Bus Grant Active low. BGN indicates to the DMAI that it is to bs the next bus master. This ugnal is onginated l
by the MPU and propegaled vis 8 daisy chain or aiher prioritization mechanism. Afier BGN is assened, the
DiAl waits untit DTACKN, ASN, ang BGACKN have becoms inactve balore assuming ownership of the bus ‘
| by asserting BGACKN.
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PIN DESCRIPTION (Continued)

DESCRIPTION

HNEHONIC {PIN NO.| TYPE
BGOUTN 14 (o]
BGACKN 15 170
RERUNN 23 |
REON 22 !
ACKN 2 | O
RDYN 19 |
DTCN 21 (e}
DONEN 18 170
|
OWNN 2 (o]
modes.
DBENN ] (o}
Vee 12 !
Vag 13 | |
Vgs 36 | |

Bus Grant Output Active low. Daisy ehain output which is asseried by the DIMAI when BGN is assened and
the DMAI does not have a3 bus reques! pending.

Bus Grant Acknowledge: Active low, three-state. As an input, BGBACKN is monitored by the DMAI during the
bus arbiraton cycle 1o determnine when it can assume ownership of the bus (BGACKN negated). In DMA
mode, il i3 assered by the DMAI 10 indicate that it is the bus master. Three-stated in MPU and IDLE modes. |

Rerun: Active low. This nput 13 asseried by external error detect logic to indicate & bus error. In DMA mode,
the DMAI stops operaton and three-states the data. address, and control ines. except BGACKN. It remains
hatted until RERUNN bacomes insctive. and then re-tries the tast bus cycle. if RERUNN is asseried again, the
DA gets the ERR bit in the status regisier, stops DMA operalion, releases the bus, and interrupts the CPU,
inefrupts eré enabled, responding with a special intermupt vector whan IACKN is asseried. Not monnored in
MPU end IDLE mooes.

DMA Request Active low. This input from the 1/0 devite requests service from the DMAI and causes the
DMAL to request control of the bus. In burst mode. the Input is leve! sensitive, and the DMAI releasas the bus
aher REON is negated and the current DMA cycle is completed. in cycle steal mode, the REON input 1s ;
negauve edge inggered. A negative going edge must occur &t least one clock cycle betere DTCN is assened l
to accomphish contnuous vanster cycles but not earier than beginning of masier cycle. '

DMA Request Acknowledge: Active low. ACKN 15 asserted by the DMAI! 1o indicate that it has gained the |
bus and the requested bus cycle is now beginning. It 15 asserted at the beginning of every bus cycle after ASN |
has been asseried. and 15 negaled a! the end o! every bus cycle. ;

Device Ready: Active low. RDYN is assened by the requesting device to indicate to the DMA! that valid dala
has etther been -siored or put on the bus. If negated, it indicates that the data has no! been stored of
presented, causing the DMAI 10 enter wait states. RDYN can be heid low continuously il the device is fast
enough sO that wan stales are nol required.

Device Transfer Complete: Active low. In DMA mode, DTCN is assened by the DMALI to indicate 10 the
device that the requested data transier is complete. On a write to memory operation. it indicates that the gala
provided by the device has been successfully stored. On a read from memory operation. it indicales 10 the
device that the Gata.lfrom memory 15 presant on the data bus and should be laiched. !

Done: Actve low. opan collector. As an outpul, DONEN is asserted by the DMAI concurrent with the ACKN |
output to mdicate to the device thal the transler count is exhausted and that the DMAI's operaton us§
completed as a result of that ransler. As an input, if assertied by the device before the transier count became |
zoro, it causes the DMAI 10 gbort service and generate an intemupt request, il interrupts are enabled ;

Own: Active low, open coliector. This output is asserted by DMAI during the DMA mode 1o indicate bus |
mastership. It can be used 10 enable extemal address/data and control bulters. Inactive in MPU and IDLE

Data Bue Enable: Active low, open collector. Asserted by the DMA! when CSN is asserad or when IACKN is
assened and the DMAI has an interrupt request pending. Can be used 1o enable bidrectional data butiers for
D0 - D15, tnsctive in IDLE and DMA mode.

Power Supply: +5 voit power inpul.
Power Supply: < 1.5 volt power inputl.
Ground: Signal and power ground inpul.

- ———

PIN DESCRIPTION

The Pin Description table describes the func-
tion of each of the pins of the DMAL Signa!
names anding in "N' are active low. All other
gignals are actve high. in the gescnpuons,
‘MPU mode’ relers 10 the stale when the
DMAL is chip sslected. The term ‘DMA mode’
refers lo the siate when the DMAI assumes
ownerstup of the bus. The DMAI is in the
‘IDLE mode’ at all other pmes.

In this data ghee! signals are discussed using
the terms “activa’ and ‘inacove’ or ‘asseried’
ang 'negaled :noependent of whether the

gignal i active in the high (logic one) siate or
the low (logic zero) state. Reler to the individ-
ua! gin deseriptions for the defrnstion of the
actve tevel of each sipnal.

REGISTERS AND COUNTERS

Register Map

The mterna! accessible register organization

of the DMAL 18 shown in tabie 1. The foliowing

fsles apply lo all registers:

1. A read from a reserved location in the
map results in a read from the 'null

register’. The null register returns ali ones
for data and results in & normal bus cycle.
A wrile 10 one of these locations resulls
in @ normal bus cycle but no wnie ocours.
Unused bits of & defined register are read
s indicated in the regisier gescnpuons.
All registers are addressable as B-bit
quantites. To facilitale oparaton with the
68K MOVEP instruction, addresses are
ordered such thal certain sels of regs-
fers may also be accessed as woros of
long words.
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The cpataton of the DMAI is pregrammed by
enitng eontrol words oio the agpropnate
regisiers. Oparatons) leedback 8 provided
vis slatus regisiers which can ba resd by the
CPU. The eonients of eoriain contrel and
slatus registers are initislized en RESET.

To provide compatibilty with the other 68K
famdy DMA eontoliers, contrel and siatus

Tabie 1. DMA! ADDRESS MAP

Bits are mapped in bit potitons equwatent 10
where they are locsled in the regisier map of
the other dovices. Bils which ere vsed in the
othar gevices Bt nol in the DMAI are as-
gigned delauit values. i upward compatibility
o the othar eontoliers ig required. the pro-
grammer should uUse these delsull vaiues
whan wnitng the conbol words to he reps.

ter8. glinough thay have Ao effec! wn the
DMAL When 8 regisier is resd. the gefau!
value i returned regerdiess of the vaive used
whaen the register is programmed. The delaul
velue B ingicated by () in unused bit POS-
tions in the regmeter (ermats, whith are illus-

Fated in able 2.

1.2
g s S o ACRONYM REGISTER NAME MODE AFFECTED BY RESET
66000000 (=] Channel Status Register arw? Yes
86000001 CER Channe! Ervor Register R Yes
860000 1v0 Reserved
gg0000 11 Reserved
dad000100 DCR Device Contro! Register R/wW Yes
6000101 OCR Operation Convrol Regisier R/wW Yes
ge6000110 SCR Sequence Control Register R/w? No
gdg00011 11 CCR Chenne! Control Register R/W Yes
dd001000 Reserved
dd001001 Reserved
66001010 MTCH temory Transter Counter High R/w No
6d 001011 MTCL Memory Transfer Coumter Low R/wW No
¢6d001100 MACH Memory Address Counler High R/W* No
6d001101 MACMH Memory Address Counter Middle High R/wW No
gd0011190 MACML Memory Address Counter Micdle Low R/w No
g6a001131 11 MACL Memory Address Counter Low R/W No )
gdd01¢0dd¢d Reserved :
6d10000dd Reserved
¢6d100100 Reserved '
gd100101 VR Interrupt Vecior Regisier - Norma! R/W Yes
60100110 Reserved
de1 001 11 VR interrupt Vector Register - Error R/wW Yes
661010dd Reserved
dd1 01100 Reserved
¢g66101101 CPR Channel Priofity Register R/W* No
gdd101110 Reserved
dd1011 11 Reserved i
dd1100dd Reserved

HOTES:

1. AD = D for UDSN ssserieg, AD =V far LDSN assened.

2. ‘0 essgnates Gon'\ €are

3. A =me 10 Uus regsier Moy Geriorm @ S8yl fBEOTUNg eperaton

4. Tris vogmter © & Gumawy (OGFBIS! Brosent only (D (MEwGe COMpatldty with eher GOK faruly OMA conveliens A wifio O us regrsier has Ro efiett or

e DMAI

Table 2. REGISTER BIT FORMATS

DEVICE CONTROL REGISTER

BITié B8rTie

81713 BITi2 BTt

81710

BITo%

BITo8

EXTERNAL
REQUEST

MODE | wot usep

®)

0 =2 BURST
i2CYCLE
STEAL

NOT USED
(1)

NOT USED
(N

MOT USED
)

NOT USED
{0

NOT USED

©

NOT USED
(0)

°Should ba projremmed as '0' for SIZE (OCR([5.4)) = 00 ang as "V’

is OCR(S). .OR.OCR(4).

etherwige. When read. the value of 1his bit
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OPERATION COWTROL REGISTER (OCR) .
BIT07 BIT06 BITOS BITO4 BIT03 81T02 BITO1 81700
DIRECTION ! OPERAND SIZE
0= MEM TO | 00 = BYTE
beR DEV NOT USED | 01 = WORD (16 BIT) NOT USED NOT USED | NOT USED NOT USED
1= DEV TO {0 1 10 = LONG WORD"® {0) {0) (1) {0)
MEM ! 11 = WORD (32-BIT)* )

*Long word and 32-bit word modes are no! supporied by 68440. 32-bit word mode is nol supponted by 68450.

SEQUENCE CONTROL REGISTER (SCR)

~ BIT1S BIT14 BIT13 BIT12 BIT1 BIT10 BITO9 BITOR
ScR NOT USED | NOT USED | NOT USED | ot useo | woT useo | mor usep | wot useo | wor usep
© © | © | ® © S (©) ©
CHANNEL CONTROL REGISTER (CCR)
BITO? BITOS BITOS BITO4 BITG3 BITOZ BITO1 BIT00
} | SOFTWARE | INTERRUPT
START : | ABORT ENABLE
ccR 0=NO NOT USED | NOT USEDi 0=NO 0= NO NOT USED | NOT USED | NOT USED
1= YES () i {©) 1= YES 1= YES () © )
CHANNEL STATUS REGISTER (CSR)
BIT1S BIT14 BIT13 BIT12 BIT11 BIT10 BIT09 BiTOB
CHANNEL | NORMAL ! READY !
OPERATION | DEVICE ERROR CX‘::’;EL INPUT
csh COMPLETE | TERMINATE ! STATE
0=NO NOTUSED | ©0=NO | 0=z NO 0=NO NOT USED | NOT USED | 0=LOW
1= YES ) ! 1=YES ! 1= YES 1= YES () (0) 1= HIGH |
CHANNEL ERROR REGISTER (CER)
BITO? BIT06 BITOS BIT04 BITO3 BIT02 BITOY BITOO
: | ERROR CODE i
' i 00000 = NO ERROR :
CER Nor(on)tst-:u NOT(;JSED ! nor(;.;sso : 01001 = BUS ERROR
o = 10001 = SOFTWARE ABORT |
CHANNEL PRIORITY REGISTER (CPR)
BIT0? BITOS BITOS BITO4 BIT03 BITO2 BITO1 BIT00
5 " 1 !
PR NOT_USED | NOT USED | NOT USED | NOT USED | NOT USED | NOT USED | NOT USED { NOT USED |
- {0) ©) | {0) | {0) {0) {0) {©) {0) '

Device Control Register (DCR)

{15) External Request Mode
This bit sglects whether the DMAI operates n
burst or cycie sieal mode.

0

Burst mode. This mode allows a device
10 reques! the vansier of muluple oper-
ands uging consecutve bus ctycles. In
this mode the request (REON) hne s an
acuve low inputl which is assened by the
gewce 10 feQuest an operand wansier

The DMA! gervices the request by arbi-
trating for the bus, obtaning the bus. and
notifying the penpheral by asserung the
acknowledge (ACKN) outpul. if the re-
ques! kne is sctive when the DMAI as-
gerts ACKN, and remains actve gt least
until the DMAI asseris device vansier
compiete (DTCN), the DiMAI recognaes @
vahd reques! for another eperand, which
will be transierred dunng the next bus
cycie. Il the request kne 15 negaled be-

fore the DMAI asseris DTCN. the DMA!
relinquishes the bus and waits lor the
next rgquest but the cumrent transier will
be completea

Cycle steal mode. In this mode. ihe
device requests an operand transier by
generating a (aling edge on the request
(REON) kne. The DMAI serwces the
request by arbitrgung for the bus. obtan-
ing the bus, and nolfying the penpheral
by asseruing the acknowiedge (ACKN)
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ouviput. The request kne mus! be in the

inacuve state for at least one clock cycie

before a request is mace. After o request
has been asseried, it must remain gt the
asgeruon lovel for gt least one clock
cycle. If another requast is received be-
fore the fust operand part of a former
teques! i3 acknowledged, the second
reques!t is not recognaed. Normally, the
DMAI will relinquish the bus after gervie-
ing a valid request However, if the device
generales 8 new regues! belore the
DMAI agserts DTCN for the last operand
part, the DMAI will reain ownership of
the bus and that reques! will be sarviced
before the bus is relinquished.

Operation Control Register
{OCR)

[7) Direction
0 . Transfer 1s from memory to device.
1 Transier 5 from gevice 1o memory.

{5:4) Operand Size

The programming of these bits determine

whether UDSN, LDSN, or both are generated

during the transfer cycle and the incrernent by
which the memory address counter (MAC) is
changed in each transter cycle.

00 Byte. The operand size is 8 bits. The
MAC is incremented by one aher each
operand transter. If the LSB of the MAC
is 8 ‘'0'. UDSN is asseried during the
transter. If the LSB o! 2 MAC is & ‘1",
LDSN is assened during the transler. The
transfer counter cecrements by one be-
fore each byte is transierred.

01 Word. The operand size is 16 bits. The
MAC is incremented by two after each
operand transfer. The value of the LSB o!
the MAC 15 ignored and both UDSN ang
LDSN are asserted dunng the Wransfer.
The transfer counter decraments by one
belore each word is transierred.

10 Long word. The operand size is 32 bits.
The oparend is ransfered as two 16-bit
words. The MAC is incremented by two
efier each 16-bit word is ransferred. The

-vaiue of the LSB of the MAC is ignored -

and both UDSN and LDSN are asserted
during We Yranster. The wansfer eounter
gecremants by one belore the entire long
word is transferved. Note that this mode
i nol implemented in the 88440,

11 Double word. The eperand size is 22 bits.
The operand is transferred as a gingle
32-bit word. The MAC is meremented by
four afier sach operand tramsfer. The
value of the two LSBs of the MAC is
ignored (the A1 output will always be a
2ero in this mode) and both UDSN and
LDSN gre asseried dunng the vansier.
The vansfer counter decrements by one
before the double word is Vansfered.
Note the! this mode is not implemaented

in the 88440 or 68450, it is included in the
DMAL 10 suppon VME bus operauvons.

Sequence Control Register
(SCR)

This register serves no function in the DMAL.
it is included only 1o provide compatibility with
the programming for the 68440 and 68450
DMA controllers.

Channel Control Register (CCR)

[7] Start Operation

0 No stant pending.

1 Stan operation. The stant bil is set to

initiste operation of the DMAL The mem-
Ory acoress counter and the memory
transfer counter should have baen previ-
ously intialized. and al! bits of the chan-
nel status register (CSR) should have
previously been reset. The DMA! inibates
operation by cieanng any pending re-
-quests, cleanng the stan bit, and setting
the channel active bil in the CSR. The
DMALI is then ready to receve requests
for an operation. The channe! cannol be
staned il any of the interna! status bits in
the CSR (CSR[15:11)) have not been
cleared.
A pending stan cannot be reset by a wrile
to the register. START can be cleared
only by the DMAI when it starts oparation
or by setung the software abort bit
{CCRI4)).

{4]) Softweare Abort

0 Do not adon.

1 Abort operaton. Sefting this bit termi-
nates the current operation of the DMAI
and plsces it in the IDLE state. The
channe! operstion complete and eror
bits in the CSR are set, the channe!
active bit in the CSR is resel, end an
ABORT ERROR condition is signaled in
the CER. Sertting thus bt casuses a pand-
ing slan to be resel

{3) interrupt Enable

0 interrupts Ro! gnabiea.

3 Enable interrupts. An mierrupt request is
generaied i the channe! operation com-
pilete bit in the CSR is set. When the
IACKN input is asseried, the DMAI re-
turng the mormal inlerrupt vector il the
error bit in the CSRA is not set, or the erver
interrupt vector il erer is sel.

Channel Status Register (CSR)
A read of this regisier provides the status of
the DMAL The COC, NDT, end ERR btits can
be cleared by writing 8 "1" to the bit posruons
of the register wiuch are io be cleered. Those
bit posiions which are wmiten with & ‘0
remain unafiecied.

{15} Cnhennel (Jperation Cemplete

This bit i3 set foliowing the \erminaton,
whethar guecessiul or nol, ©f eny DMAL

operation and indicates that the DMA oansfer
has completed. This bt must be cieared to
stant another channsl oparaton.

[13] Norma! Device Termination

This bit is set when the dewica lerminates the
DMA! operation by essarung the DONEN line
while the device was bemng acknowleogec
This bit mus! be cieared 10 sian anoiner
channe! oparation.

{12) Ervor

This bil 18 used 0 report that the DMAl's
operauon was termunated tue 10 the occur-
fence of an error. The condibon which caused
the erfor can be deterrined by reading the
channel error register (CER). This bt must be
cleared to start another channel operation
When this bit is cleared, the CER 15 aisc
clgared.

{11] Channel Active

This bit 1s set aher the channel has been
started and remains se! unu! the channe!
oparaton terminates. It 15 then automatcatiy
cleared by the DMAI The bit 1s unatiectes by
the wnte operations

[8) Ready input State

This bit refiects the state of the RDYN nout
at the time the CSR 1s read. The bitis a 'O /!
RDYN is low and & ‘1" if RDYN is high. This
bit is unaffected by write or reset oparations

Channel Error Register (CER)

{4:0) Error Code

This field incicates the source of error wher
&n eror is indicated in CER[12). The contents
of this register are cleared when CER[12] 15
cleared.

00000 No error.

01001 Bus error. A bus error occurred dunng
the last bus cycle generated by the
DMAIL. See rerun descnption in OPER-
ATION secuon.

10001 Software abort. The channel operation
was termingted by a software abon
command. See CCRI4).

Channe! Priority Register (CPR)
This register serves no function in the DMAI.
W is included only to provide compatibility with
the programming for the other 88K family
DMA controliers.

Memory Address Counter
(MACH, MACMH, MACML,

MACL)

The 32-bit memory eddress counter 1s used
o program the memory locaton where the
first operand to be transterred is located or is
(o be Vansierred to, cepanding on the drec-
ton of vansfer. The counter must be initiai-
2ed pnor (0 beginning the vanster o! & block
of data and then mcrements automatcally
Gepending on the operand ftength. as de-
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geribed in the Operation Control Register
dascription,

Only the lgast significant 24 bis of the
eounter {MACMH, MACML. and MACL) are
implemented in the DMAL The most signifi-
eant byie of the counter, MACH, iz provided
only to alicw eompalibility with programming
of the 68440 and 68450. Writing to MACH
* has no atiect on the DMAI operation. Reading
$ACH aiways retumns M'00".

Memory Transfer Counter

(MTCH, MTCL)

The 16-bit memory vansier counter programs
the nurnber of operands to be trensierred by
the DMAIL The counler must be initialzed
prior 10 beginning the transfer of a biock of
data and then decrements once psr operand
wansier (regardiess of operand size) untl it
reaches the terminal vaiue of zero. Channel
operation then terminates and the COC bt in
the CSR will be assened.

interrupt Vector Register (IVR)
The IVR conwins the value 10 be placed on
the data bus upon receipt of an interrud!
acknowledge from the MPU. Only the seven
mos! significant bits of the programmed value
are used by the DMAI. The output vector from
the DMAI contains a 2er0 in the least signifi-
cant bit positon if 8 normal terminaton oc-
curred (error bit ROt set) and eontains a one In
the least significant bit position if terrunabon
was due 10 an error (error bit set).

The contents of this fegister are inttialzed to
H'OF" by a resel. The vaiue returned will be
H'OF', regardiess of the error state. untl the
rogistar is programmed by the MPU.

To provide compatibility with the other 868K
family DMA convoliers, the IVR has two
addresses (see table 1). If program eompat-
bility is required, the value written at the
normal VR address should have 8 2er0 as As
LSB, and the value writien 8t the error IVR
address should be the same but with the LSB
equal to ene.

OPERATION

A DMAI operation piocedds in tves principal
phases. During the initialization phass. the
MPU configures the channal control registers,
foads the initie! memory address and tansier
eounl. end starts the channel. Dwring e
wansfer phase, the DMAI accepts requests
for transiers from the device, arbitrates for
and acquires ownership of the bus. and
provides for addressing and bus controls for
the transfers. Tha termination phase oCONS
aher the operston is complele, when the
DMAI reponts the sistus of the eperaton

Operation Inltiation
Afier hawving programmed (he control reps-
{ors, the Mmemory address counter, ang he

mermory ansler counter, the MPU sats the
start Bt (CCR[7)). The DMAI initigtes the
operation by cleanng any pending requesis.
clearing the start bil, and setting the channe!
active bit in the CSR. The DMAI is then ready
to receive valid requaests for an operation.

The channal cannot be started it any of the
interns! statug bils in the CSR (CSR[15:11))
have not been cleared. An ermor is not sig-
naled H this condition occurs. The only indica-
tion of this swate is that the stan bit rernaing
got in the CCR. A pending stant cannol be
reset by a write 1o tha register. START can be
cleared only by the DMAI when i starts
operation or by setting the software aborn bit
(CCR{4)).

Device/DMAI Communication
Communication between the peripheral de-
vice and the DMAI is accommodated by five
gignal lines

Request (REQN)

The device makes 8 request for service by
asserung the request line. The DMA! can
oparate in either the burst request mode of
the cycle stealing request mode, as pro-
grammed by the external request mode bit
(OCR[15)).

The burst mode allows a device 10 request
the transfer of multiple operands using con-
secutive bus cycles. In this mode the request
ling is an active low input. The DMAI services
the reques! by arbitrating for the bus. obtain-
ing the bus, and notitying the peripheral by
asserting the acknowiedge (ACKN) output. if
the reques! line is active when the DMAI
asserts ACKN, and remaing active at leas!
unti! the DMAI asseris device transier com-
plete (DTCN), the DMAI recognizes a valid
reques! for another oparand, which will be
trangierred curing the next bus cycle. il the
reques! line is negaled before the DMAI
asserts DTCN, the DMAI relinquishes the bus
and waits for the next request. For long word
transfers (2 x 16), the request mus! be as-
serted ot lsast unlil the acknowiedge for the
second par of the operand hag been as-
gered.

in the cycle steal mode, the device requasts
an operand wansier by generatling a falling
edge on the request line. The DMAI eervices

the requast by erbitrating (or the bus, obtain- .

ing the dus, and notitying the peripheral by
asserting the ecknowiedge (ACKN) outpul.
The requast line must be in the inactive state
for at least one clock cycle before a request
s made. Afler a request has been asseried, il
must remain at the asseruon leve! for al least
ene elock cycle. If another reques! is received
before the first operand pan of a former
requesl is acknowledged. the second requast
i not recognized. Normally, the DMA' will
relnguish the bus aher garvicing @ valid
requesl. However, il the 6ewice generales a

new reques! belore the DMAI asserts DTCN
{or the last eperand pari. the DMAI will retain
ownership of the bus and that reques! will be
serviced before the bus is relinquished.

Acknowledge (ACKN)

" The DMAI gsgseris the acknowiedge line,

which implicity agdresses the device making
the requast, during transiers 1o and from the
gevice. The ne May be used 1 contol
buffenng cireuits between the gata bus anc
the MPU bus.

During burst mede, REQN must not be disas.
sened for lass than one CLK pariod plus four
RC time constants, whare R is the vaiue of
the resistor used for the pullup en BRN and C
has & typical vaiue of 20pF.

Ready (RDYN)

Ready is an active low input which is assaneo
by the requesiing device 1o inticate (o the
DMAI that vaiid data has either been stored

-or put on the bus. If hegaled. n ndicates that

the data has not been s10red or presanied,
causing the DMAI to enter wan sistes untl
ROYN is asserted. RDYN, can be helo low
continuously if the device is fast enough S0
that wail states are not required. The current
state of the ready input is refiecied in CSR(8).

Done (DONEN)

Done is a bidrectional active low signal. As
an outpul, it is assened and negated by the
DMAI concurrent with the ACKN output of the
last operand part to indicate 10 the cevice
that the memory transfer count is exhausted
and that the DMA!'s operabon is completed
as a result of that fransfer.

The DMAI! also monitors the state of the line
while acknowiedging & dewvice. If the device
asserts DONEN, the DMAI will termunate
operation after the transfer of the curent
operand. In this case the DMA! clears the
channe! active bit and gets the channel oper.
ation eomplele and normal gevice terminalon
bits in the CSR. If both the DMAI and the
device sssert DONEN, the device termination
B ROl recognized, but the operation Goes
termingate.

Device Transfer Complete (DTCH)

DTCN iz en active low outpul which is as-
seried by the DMAI 1o indicate 1o the device
that the requasted dala transier is complete.
On g wrile 10 Mmemory operation, it indicates
that the data provided by the device has been
successhully stored. On 8 read from memory
operation, i indicatles (o the dewcs that the
data from MeMory is present on the dala bus
and should be latched. DTCN 1 not assened
il assertion of the RERUNN input tenmenates
the bus cycte.

Bus Arbitration

Upon recening & valid request for 8 ransfer
from the Gewce. the DMAI wll arprtrate for
and oblain ownership of the gysiem Dus.
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The DMAI indicates tha! it wishes to become
the bus master by asseriing its bus request
(BRN) eutput. This is a wire-ORed signal that
indicates (0 the MPU tha! some exemnal
davice requites conliol of the bus. Tha pro-
cassor is afiectively at @ lower priority leve!
than external govices and will relinquish the
bus after it has completed the last bus cycle it
has stared. The processor puts the bus up
for external arbitration by asserting its bus
grant (BGN) output. This signal may be routed
through & daisy chain (such as provided by
the DMAI) or through gome other pnonty-
encoded network. Whan the DMAI making
the bus request receives the bus grant (indi-
cated by its BGN input being asserted), it is 10
be the next bus master. It waits untl address
strobeé (ASN). data transfer acknowledge
(DTACKN) and bus grant acknowledge
(BGACKN) become inaclive and then as-
sumes ownership of the bus by assertng s
own BGACKN output. The DMAI then ne-
gates the BRN output and proceeds with the
data transier phase. After this phase is com-
pleted, the DMA! relinquishes bus ownership
by negating the BGACKN outpul

In burst DMA mode, detection of an active
fow request input after the DMAI! operation
has been started will begin the bus arbitration
cycle. However, il the device negates ils
request gl least one clock cycle belore the
DMAI gsserts BGACKN, the DMAI will negate
its bus request and will not assume ownership
of the bus.

Data Transfers

The actual transfer of data between the
memory and the device occurs during the
data transfer phase. All ransiers eccur during
a single cycie excapt in the case of long word
oparands, in which case two cycles are vsed
to ransfer the operand as two 16-bit words.
The Uansfers take place using @ ‘single
address’ protocol. the DMAI eddresses the
mermory vis the bus gddress lines, whils the
gevice ig implicitly addressed via the acknowl-
edge outpul.

- When a request is gensrated using the re--

ques! mathod programmed in the control
register, ‘the DMAI oblaing the bus and as-
gerts acknowiedge o notify the device that a
ransfer is 10 take place. The DMAI asserts all
$88000 bus conlrol signals needed for the
trangler and holds them unll the device
responds with ready. The bus cycle then
fermingtes normally. Ready may be tied low
{asserted) if the cevice i fast enough.

When the transier is {rom memory 10 the
Gevice, data is valid when DTACKN is as-
seried by the memory gnd remains valig until
the dala stroba(s) are negated. The asseriion
of DTCN from the DMAI can be used to laich
the data, as the dala strobes are not removed

until one-hall clock afier the assertion of
DTCN.

Whan the trangfer is from device o memory,
the gata must be valid on the bus before the
DiAAl asseris the datla svobe(s). The device
indicates valid ¢ata by asserling ready. The
DMAI then asserts the strobes and holds
thern asseried until the memory accepts the
dala. indicated by the assertion of DOTACKN.
The DMAI then asseris DTCN and negetes
the caia strobes.

Flow charis for these operations are shown in
figures 1 and 2. Refer to the timing section for
the equivalent tring diagrams.

Operation Termination
Terrunation of the block transfer ocours un-
der the condilions detailed below.

Termina! Count

As parl of each transfer of an operand, the
DMAI decrements the mermory transfer
counter. If this counler is decremented 1o
2er0. the operand is the last operand of the
biock. The DMAL operation is complete and
notities the device of completion by asserting
the DONEN output during the last operand
transier cycle. When the transfer has been
compleled, the channe! active bit in the CSR
is clezred and the COC bit is set, uniess an
@ITOr OCCuUrs.

Device Termination

The DMAI monitors the state of the DONEN
line while acknowiedging & device Uansier
request If the device asserts DONEN, the
DMAI will terminate operation after the vrans-
fer of the current eperand. When the transter
has been completed, the DMAI clears the
channe! acive bit and sets the COC and
norms! gevice termination bits in the CSR. it
both the DMAI! and the device assert DONEN,
the device termination is not recognized, but
the ecoeralion doeg terminsie.

Software Abort

The sottware abori bit {CCR{4)) aliows the
MPU to abort the current operation of the
DMAL The COC and error bits in the CSR are
sel. the channsl active bil in the CSR ig
clegred. and an abort eror condition is sig-
naled in the CER.

Rerun Ervor

The DMA! provides a rerun input (RERUNN)
to indicate & bus exceplion condition.
RERUNN must armive prior 10 of in eoinci-
dence with DTACKN in order to be recop-
nized. and the DMAI verifies that the line has
been stable for two clock cycles before acting
on it The occurience of & rerun during 8
DAl bus cyele forces it 10 terminate the bus
€ycle in an ordery manner.

When the asseruon of rerun is verilied, the
DMAI slops eperation and three-states the
data. address. and control knes, except

BGACKN, g0 thal # retans ewnership of the
bus. it remains halled unt! rerun Becomes

mnactive. and then re-tnes the last bus cycle. I

rerun is asseried again, the DMAI stops DMA
operavon, relesses the bus, sets the erc’
and COC bits in the CSR, clears the active b
in the CSR. and sets the error cote n the
CER 10 mdicale & bus eror.

While siopped Gue to asseruon of rerun. the
DMAI ooes not generate gny bus cycles an:
will ROt RONOT BNy FEQUEStS unll R 15 removes
However, the DMAI sull recognizes reques:s

Error Recovery Procedure

It an error occurs during 8 DMA transfer sucn
that the DMAI stops the DMA operauo:.
informaven is available to the operaung sys-
tern for an error recovery rouune,

The information evailable to the operaurg
system consists of the memory address
counter. the maemory transier counter, anc
the convol, status, and arror registers. Tne
DMA{ decrements the memory transie:
counter betore stternpting 8 DMA operator.
$0 the register will contain the count minus
one of the aftempted transier. The memory
address counter will conta:n the address &l
which the DMA operaton was aftitempted.

Rese!

The reset input (RESETN) provides a means
of resetung and initializing the DMAI from an
external source. i the DMAI is a bus masie’
when rese! is received. the DMAI relinquishes
the bus. Resaet clears the contro! and errcr
registers, sets all bits o! the status register
except CSR(8] to zero, and inializes the
interrup! vector regster to H'O'F

Interrupts

The interrupt enable bit (CCR([3]) deterrrunes
whether the DMAI generales wterrupt re-
quests. When the bit is set. an ntarmud:
reques! is gensrated i the channel oparaucs
complete bit in the CSR is s&1. Wnen 1ne
IACKN input is asseried. and the DMAI has
an interrupl request pending. the DMAI re-
NS 80 interrupt vecior on the dala bus

The interrupt vector issued is the contents o!
the IVR. Only the seven mos! significant biis
of the programmed value &re used by the
DMAL The vecter from the DMAI eontaing 2
zero in the L.SB position il & normal terming-
ton oceurred (error bit Aot set) and contains 2
one in the LEB position il termingbion was cue
to an ermor (error bit gel).

The conlents of this register afe initialzed 1o
H'OF" by 2 resel. The value returned will be
H'OF', regardiess of the emor state. until the
registar is programmed by the MPU.

To provide compaltibility wath the other 88K
farmly DMA controllars, the IVR has two
addresses (see table 1). i prograrm compal-
bty 5 required. the value wnhien al the
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DAl MAEMORY DEVICE

inltlate Reguest
1. Assert REQON

Aeguire Bus

..Address Memeory
. Set RWN to read
. Piace acdress on A1-A23
. Assar ASN
. Assert UDSN and/or LDSN
. Asgsert ACKN

l__'_l

Prou!l Date
1. Decoce aoaress
2. Place gata on gata bus
3. Assert DTACKN

GO WRN -

v
Acequire Data
1. Loas gata
2. Assgent RDYN

J

Terminate Transtor
1. Assent DTCN
2. Negate UDSN andlor LDSN
and ASN
3. Nepate ACKN and DTCN

Terminate Cycle
1. Negate DTACKN

Rellnquish Bus

S—— |

Start Next Cycle

D@y
Figure 1. Transfer from Memory to Devies Flowechart

DAl HMEMORY DEVICE

/

inltlate Request

-

1. Assert REON
Acqulire Bus
Address Memory
1. Set RWN to write
2. Place sddress on A1-A23
3. Assert ASN
4. Assent ACKN
Present Data
1. Piace gata on
gata bus

2. Asse!n RDYN

Enable Data
1. Assert UDSN and/or LDSN

|

Acquire Data
1. Decode adoress
2. Load cata
3. Assent DTACKN

|

Terminate Transfer
1. Assen DTCN
2. Negate UDSN andior LDSN
and ASN
3. Negate ACKN and DTCN

|

Terminate Cyele
1. Negate DTACKN '

L

Relinquish Bus

e O g

Start Next Cycle
Lo ]
Figure 2. Transfer from Davice to Memory Flowehart
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normal VR address should have a zero as its
LSB. and the value writien at the eror IVR
address should be the same but with the LSB
equal o ene.

APPLICATIONS
Figute 3 dlustrates a typical interconnection
of the DMAI in a 68000 based syslemn.

DESIGN NOTE

When clesring the error bit in CSR (bit 12)
gfier @ DMAI abort Gue 1o & double RERUNN,
ACKN and DTCN will both go low conéurrent
with CSN and DTACKN for one CLK cyele.

To prevent the possibility that the device may
miginternye! these gsignals, it is suggested that
these signals be ANDed with CSN (see ligure
below).

ores : Jo—8uF DTCN
Tasm |
‘ g p—luncm
acan

;

RAYN
- { [}
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EN CONTROL
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Figure 3. DMAI Application
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Test Circuit
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ABSOLUTE MAXIMUM RATINGS'

PARAMETER RATING UNIT
Supply voltages Voo and Vgp =0.5 to ¢+ 7.0 v
input voltage =05 1o +55 v
Operating temperature range’ 0to +70 °c '
Storage tempstature =65 1o +150 °c !
DC ELECTRICAL CHARACTERISTICS Vec = 5.0V £ 5%, Vgg = Figure 4, T, = 0°C to +70°C}47
i LIMITS
PARAMETER TEST CONDITIONS UNIT
. Bin Blax

Vi input low voilage 0.8 \'%
Vin Input high voltage 20 Y
Voo Output low voltage lout = 5.3mA 0.5 v
Vou Output high vollage. iout = =400pA 25 v '

all outpuis excepl open collector outputs® i
n input iow current Vin = 0.4V ~-400 KA '
'™ input high current Vin = 2.7V 20 HA
ioc Open collector off state current® Vout = 2.4V 20 HA ;
Isc Output shon aircuit current® { Vee = max ~40 -100 mA i
lec Vee supply eurrent - 130 mA i
las Vap supply current Vee = max 275 mA i

KROTES:

1.

Stresses above those isted under Absolute Mamum Raungs may Cause permanent camage 10 the device. This © BU@sS rabng Only and funcuona! 0Derahon 0!
the device at 1hese Or gt Bny Other Conoons other than those ndkcaled i the Elecince! Charactensucs secuon of tus cala sheel 18 Not imphiec

. For operaung 8l sievaied tempseratwes, the dewice mus! be deraled based on + 150°C maxmum pACUON leMpergine.
. Peramstiers are vaho over specfied \emperature range
- All vollage measurements ase raferenced 1o ground (Vgg). For lesung, all signals swing batwean 0.4V and 2.4V wilh 8 Tansmon bmea of 20ns maximum. Al time

maasurements are referenced al input volages of 0.8V and 2.0V as appropnate.

. IRQN, BRN, DONEN, and OWNN are open coliecior cuuts
. No more than one ovioul should be connected 10 ground 81 ong tme
. Capactive tes! loed B 100DF for all pins except DTCN whach has a 35pF capacibve tes! load.

AC ELECTRICAL CHARACTERISTICS vcc =50V 25%, Vgp = Figure 4, To = 0°C to +70°C347?

TENTATIVE LIMITS ]
NO. FIGURE CHARACTERISTICS 10MHz 12.5MHz UNIT |
Min | Bax | Min | Max :

1 g A1~ A7, ASN, RWN, set-up 1o UDSN, LDSN low 0 0 ns

2 5 00-D15 -state to Fwakid data frorn ASN. CSN, ang UDSN o LDSN low | 10 10 ns
a [ DTACKN 3-siate to high from ASN, CSN, and UDSN or LOSN low 10 10 ns

4 5 CSN low afier, UDSN or LDSN low : 25 25 ns
5 5.6 DEENN low afier ASN and CSN low | 60 60 ns
6 5 ‘DO~ D15 valid data from ASN, CSN, and UDSN or LDSN low 100 100 ns |
7 .5 _ | DTACKN low stier DO - D15 valid data -15 30 -18 30 ns
8 [3 A1l-A7, ASN, RWN or CSN hold after UDSN and LDSN high 0 0 ns
-] 5.6 DBENN high from either ASN or CSN high 45 45 ns
10 5 D0 -D15 to 3-slate from UDSN and LDSN high 80 80 ns !
1 D0 -D15 to invalid dala from UDSN and LDSN high 10 10 : ns
12 8 6 DTACKN high from UDSN and LDSN high 55 85 ns
13 56 DTACK 3-suste from either CSN or ASN high 85 8s ns
14 6 Al < A7, ASN, RWN sel-up to UDSN, LDSN low 50 S0 ne/s !
15 6 CSN setup before UDSN or LDSN low 20 20 ns !
16 6 DTACKN 3-state to high atier CSN and ASN low 10 10 ns !
17 6 00 - D15 valid atter UDSN or LDSN low 0 (o ns |
18 6 DTACKN low from UDSN or LDSN tow 100 100 ns !
19 6 UDSN and LDSN low tme 118 100 ns |
20 6 A1~ A7 hold after UDSN and LDSN high ) 0 ns
21 6 ASN, RWN and CSN holg aher UDSN and LDSN high (] ] ns -
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AC ELECTRICAL CHARACTERISTICS (Continued)

' TENTATIVE LIMITS
NO. FIGURE CHARACTERISTICS 10MHz 12.5MHz UNIT
Min tlax Blin kax

22 6 D0 -D15 hoid atter UDSN and LDSN migh 0 0 ns |
23 7 DBENN low from last low of ASN, IACKN, LDSN 65 €5 ns |
24 ? 00 - D7 valid atier last low of ASN, IACKN, LDSN 105 105 ns |
25 7 DTACKN 3-state to h:gh after last low of ASN, IACKN, LDSN 100 100 ns |
26 7 DTACKN low sher last tow of ASN, IACKN, LDSKN 110 110 ns
27 7 DBENN high afier first high of ASN, IACKN, LDSN 55 55 ns

28 7 00 - D7 hold aher first high of ASN, IACKN, LDSN 60 60 ns

29 7 D0 - D? 3-state atter first high of ASN, 1ACKN, LDSN 80 80 ns

30 7 DTACKN high atter first high of ASN, IACKN, LDSN 60 60 ns

N 7 DTACKN 3-state after first high of ASN, IACKN, LDSN 85 95 ns

32 8 BRN high from CLK high 65 €5 ns

33 8, 11, 12 BGACKN fow from CLK low 75 75 ns

34 8, 11, 12 OWNN low from CLK high 75 75 ns

35 B BGACKN high from CLK low - 75 75 ns

36 8.11.12 OWNN high frem CLK high (ioad dependent) 50 50 ns

37 10 REON set-up belore CLK low 30 30 ns

38 10 REON hoid aher CLK high 20 20 ns

39 10 BRN iow from CLK high 80 80 ns

41 11, 12 ASN, UDSN, LDSN, RWN 3-state to high from CLK low 75 75 ns

43 11, 12 Al ~ A23 to valid ASN 0 0 as

a4 11, 12 ASN fow from CLK high €5 65 ns

45 11, 12 LDSN, UDSN low from CLK high 80 80 ns

46 11, 12 ACKN low from CLK high 65 65 ns

47 11, 12 DTACKN set-up to CLK high 30 30 ns

48 11, 12 RDYN set-up to CLK iow 30 30 ns

49 11, 12 DTCN tow from CLK high 70 70 ns

50 11, 12 ASN hgh from CLK high 75 75 ns

51 11, 12 LDSN, UDSN, high trom CLK high 80 90 ns

52 11,12 DTACKN, RDYN hotd atier CLK high 0 0 ns

- 11, 12 ASN, LDSN, UDSN, high from DTCN low -20 -20 ns

53 11, 12 ACKN high from CLK high 50 50 ns

54 11, 12 DTCN high from CLK high 50 50 ns

55 11, 12 Address valid after CLK low 10 10 ns

- 11, 12 Address valid atter ASN high 0 10 ns

56 1, 12 DONEN (output) low from CLK low 120 120 ns

87 11, 12 DONEN (output) high from CLK high 50 50 ns

58 11, 12 DONEN (input) set-up low belore CLK low 30 30 ns

59 11, 12 DONEN (input) hold low after CLK high 0 0 ns

60 11, 12 BGACKN, ASN, UDSN. LOSN, RWN to 3-state from CLK low 75 75 ns

62 11, 12 AV = A23 valid to 3-slate from CLK high 100 100 ns

83 12 R/WN low from CLK high 65 65 ns

64 12 R/WN high.from CLK high 75 75 ns

65 13 RERUNN get-up ltow before CLK high 30 30 ns

66 - 13 RERUNN hold tow from CLK high 20 . 20 ns

67 13 Al=A2] o idle siate from CLK low 100 100 ns

€8 13 A1 =A23 o valid ater CLK low 13 85 ns
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WARRANTY

KineticSystems Company, LLC warrants its standard hardware products to be free of defects in workmanship and
materials for a period of one year from the date of shipment to the original end user. Software products
manufactured by KineticSystems are warranted to conform to the Software Product Description (SPD) applicable at
the time of purchase for a period of ninety days from the date of shipment to the original end user. Products
purchased for resale by KineticSystems carry the original equipment manufacturer’s warranty.

KineticSystems will, at its option, either repair or replace products that prove to be defective in materials or
workmanship during the warranty period.

Transportation charges for shipping products to KineticSystems shall be prepaid by the purchaser, while charges for
returning the repaired warranty product to the purchaser, if located in the United States, shall be paid by
KineticSystems. Return shipment will be made by UPS, where available, unless the purchaser requests a premium
method of shipment at their expense. The selected carrier shall not be construed to be the agent of KineticSystems,
nor will KineticSystems assume any liability in connection with the services provided by the carrier.

The product warranty may vary outside the United States and does not include shipping, customs clearance, or any
other charges. Consult your local authorized representative or reseller for more information regarding specific
warranty coverage and shipping details.

PRODUCT SPECIFICATIONS AND DESCRIPTIONS IN THIS DOCUMENT SUBJECT TO CHANGE
WITHOUT NOTICE.

KINETICSYSTEMS SPECIFICALLY MAKES NO WARRANTY OF MERCHANTABILITY OR FITNESS FOR
A PARTICULAR PURPOSE OR ANY OTHER WARRANTY EITHER EXPRESSED OR IMPLIED, EXCEPT
AS IS EXPRESSLY SET FORTH HEREIN. PRODUCT FAILURES CREATED BY UNAUTHORIZED
MODIFICATIONS, PRODUCT MISUSE, OR IMPROPER INSTALLATION ARE NOT COVERED BY THIS
WARRANTY.

THE WARRANTIES PROVIIDED HEREIN ARE THE PURCHASER’S SOLE AND EXCLUSIVE REMEDIES
ON ANY CLAIM OF ANY KIND FOR ANY LOSS OR DAMAGE ARISING OUT OF, CONNECTED WITH,
OR RESULTING FROM THE USE, PERFORMANCE OR BREACH THEREOF, OR FROM THE DESIGN,
MANUFACTURE, SALE, DELIVERY, RESALE, OR REPAIR OR USE OF ANY PRODUCTS COVERED OR
FURNISHED BY KINETICSYSTEMS INCLUDING BUT NOT LIMITED TO ANY CLAIM OF NEGLIGENCE
OR OTHER TORTIOUS BREACH, SHALL BE THE REPAIR OR REPLACEMENT, FOB FACTORY, AS
KINETICSYSTEMS MAY ELECT, OF THE PRODUCT OR PART THEREOF GIVING RISE TO SUCH
CLAIM, EXCEPT THAT KINETICSYSTEMS’ LIABILITY FOR SUCH REPAIR OR REPLACEMENT SHALL
IN NO EVENT EXCEED THE CONTRACT PRICE ALLOCABLE TO THE PRODUCTS OR PART THEROF
WHICH GIVES RISE TO THE CLAIM. IN NO EVENT SHALL KINETICSYSTEMS BE LIABLE FOR
DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, INCLUDING LOSS OF
PROFITS. :

Products will not be accepted for credit or exchange without the prior written approval of KineticSystems. If it is
necessary to return a product for repair, replacement or exchange, a Return Authorization (RA) Number must first
be obtained from the Repair Service Center prior to shipping the product to KineticSystems. The following steps
should be taken before returning any product:

Contact KineticSystems and discuss the problem with a Technical Service Engineer.
Obtain a Return Authorization (RA) Number.

Initiate a purchase order for the estimated repair charge if the product is out of warranty.
Include a description of the problem and your technical contact person with the product.
Ship the product prepaid with the RA Number marked on the outside of the package to:

DB W

KineticSystems Company, LLC
Repair Service Center
900 North State Street
Lockport, IL 60441

Telephone: (815) 838-0005
Facsimile: (815) 838-4424
Email: tech-serv@kscorp.com



