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CABLE REQUIREMENTS: 

The VMIVME-DRllW requires that the following cabling guidelines are 
followed for proper operation and data integrity: 

1. Shielded flat cable (or superior cable) must be used. Mass-terminated 
standard flat cable wUl cause data errors. 

2. The cable shield must be grounded at both ends of the cable if a shielded 
cable is used. The cable grounds should have low impedance at high 
frequencies. 

3. Macrolink interfaces for the ConcurrentIPerkin Elmer require a pinout 
reversal on the cables. When ordering specify macrolink cables. 

DR11 W COMPATIBILITY: 

The VMIVME-DRl1 W is pinout compatible with DR11-W and DRVI 1-B type 
devices. It is not pinout compatible with DR11-B type devices and damage may 
result if it is cabled directly to a DR11-B type device. 
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NOTICE 

The information in this document has been carefully checked and is 
believed to be entirely reliable. While all reasonable efforts to ensure accuracy 
have been taken in the preparation of this manual, VMlC assumes no responsibility 
result~ng from omissions or errors in this manual, or from the use of information 
contained herein. 

VMlC reserves the right to make any changes, without notice, to this or 
any of VMIC's products to improve reliability, performance, function, or design. 

VMlC does not assume any liability arising out of the application or use 
of any product or circuit described here~n; nor does VMIC convey any license 
under its patent rights or the rights of others. 

VME Microsystems International Corporation 

All Rights Reserved 

This document shall not be duplicated, nor its contents used for any 
purpose, unless granted express written permission from VMIC. 

Copyright @ January 1986 by 
VME Microsystems International Corporation 
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VMlC 
FETK SUMMARY 

THE FOLLOWING GENERAL SAFETY PRECAUTIONS MUST BE OBSERVED DURING 
ALL PHASES OF THlS OPERATION, SERVICE, AND REPAIR OF THlS PRODUCT. 
FAILURE TO COMPLY WlTH THESE PRECAUTIONS OR WlTH SPECIFIC WARNINGS 
ELSEWHERE IN THlS MANUAL VIOLATES SAFETY STANDARDS OF DESIGN. 

~ - ~ ~ 

INTERNATIONAL CORPORATION ASSUMES NO LIABILITY FOR THE CUSTOMER'S 
FAILURE TO COMPLY WlTH THESE REQUIREMENTS. 

GROUND THE SYSTEM 
To minimize shock hazard, the chassis and system cabinet must be connected to an 
electrical around. A three-conductor AC power cable should be used. The power 
cable mu; either be plugged into an approved three-contact electrical outlet o; used 
with a three-contact to two-contact adapter with the ground~ng wire (green) firmly 
connected to an electrical ground (safety ground) at the power outlet. 

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE 
Do not operate the system in the presence of flammable gases or fumes. Operation of 
any electrical system in such an environment constitutes a definite safety hazard. 

KEEP AWAY FROM LIVE CIRCUITS 
Operating personnel must not remove product covers. Component replacement and 
internal adjustments must be made by qualified maintenance personnel. Do not 
replace components with power cable connected. Under certain conditions, 
dangerous voltages may exist even with the power cable removed. To avoid injuries, 
always disconnect power and discharge circuits before touching them. 

DO NOT SERVICE OR ADJUST ALONE 
Do not attempt internal sewice or adjustment unless another person, capable of 
rendering first aid and resuscitation, is present. 

DO NOT SUBSTITUTE PARTS OR MODIFY SYSTEM 
Because of the danger of mtroduc~ng additional hazards, do not install substitute parts 
or perform any unauthorized modification to the product. Return the product to VME 
Microsystems International Corporation for service and repair to ensure that safety 
features are maintarned. 

DANGEROUS PROCEDURE WARNINGS 
Warnings, such as the example below, precede only potentially dangerous 
procedures throughout this manual. Instructions contained in the warnings must be 
followed. 

WARNING u 
DANGEROUS VOLTAGES, CAPABLE OF CAUSING DEATH, ARE PRESENT IN THlS 
SYSTEM. USE EXTREME CAUTION WHEN HANDLING, TESTING, AND ADJUSTING. 

iii 
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SAFETY SYMBOLS 
GENERAL DEFlNlTlONS OF SAFETY SYMBOLS USED IN THIS MANUAL 

Instruction manual symbol: the product is marked with this symbol when 
it is necessary for the user to refer to the instruction manual in order to 
protect against damage to the system. 

4 Indicates dangerous voltage (terminals fed from the interior by voltage 
exceeding 1000 volts are so marked). 

Protective conductor terminal. For protection against electrical shock in 
case of a fault. Used with field w~ring terminals to indicate the terminal 
which must be connected to ground before operating equipment. 

Low-noise or noiseless, clean ground (earth) terminal. Used for a signal 
common, as well as providing protection against electrical shock in case of 
a fault. Before operating the equipment, terminal marked with this symbol 
must be connected to ground in the manner described in the installation 
(operation) manual. 

Frame or chassis terminal. A connection to the frame (chassis) of the /h OR equipment which normally includes all exposed metal structures. 

H Alternating current (power line). 

- - - Direct current (power line). 

PJ Alternating or direct current (power line). 

The WARNING sign denotes a hazard. It calls attention to a procedure, a 
practice, a condition, or the like, which, i f  not correctly performed or 
adhered to, could result in injury or death to personnel. 

.*=*****+*******, The CAUTION sign denotes a hazard. It calls attention to an operating 
: CAUTION * procedure, a practlce, a condition, or the like, which, if not correctly 
.**+tt*tli.**+* performed or adhered to, could result in damage to or destruction of part or 

all of the system. 

NOTE: The NOTE sign denotes important information. It calls attention to a 
procedure, a practice, a condition or the like, which is essential to highlight. 
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SECTION 1 

INTRODUCTION 

1.1 FUNCTIONS 

The VMIVME-DRI 1 W is a 16-bit high performance DMA interface which 
is compatible with the DEC DR11-W and DRV11-WA type devices, and with the 
VMIVME-DR11 W CPU links. A photograph of the VMIVME-DRI 1 W printed circuit 
assembly is shown in Figure 1 .I-1. 

Features of the VMIVME-DR1 1 W include the following: 

a. DEC DR11 -W compatible I10 connection 

b. VMEbus (IEEE P I  01 4) compatible 

c. 16-bit DMA transfers 

d. Switch-selectable board address 

e. Programmable interrupt vectors and levels 

f. Programmable address modifiers 

g. Uses VME short I10 address space for on-board registers 

1 .2  FUNCTIONAL DESCRIPTION 

The VMIVME-DR11 W provides a high performance, 16-bit DMA Link 
between the VMEbus and DEC DRl1-W compatible devices. The 
VMIVME-DRlIW interfaces may also be connected back-to-back to form a 
VMEbus-to-VMEbus DMA Link (see Figures 1.2-1 and 1.2-2). 

The VMIVME-DRI 1 W incorporates a SCB68430 DMA controller device 
to perform its DMA transfers, a MC68153 BIM IC to implement a VMEbus 
interrupter (for the attention and DMA completion interrupts), and it also contains 
logic to allow the VMIVME-DR1 I W to generate an attention interrupt to the external 
device. 

1.3 COMPATIBILITY 

VMIVME-DRI 1 W compatible interfaces for the computers listed in Table 
1.3-1 are available from the companies indicated for each computer. 
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VMIVME-DRllW 

DATA CONTROL 

VMIVME-DR11W 
COMPATIBLE 
USER DEVICE 
(DISK, ETC.) 

GLOBAL 
MEMORY n 

Figure 1.2-1. Connection-to-User Device 
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VMEbus 

DEVICE INTERFACE 

GLOBAL 
MEMORY 

MEMORY 9 
BUS* 

Y 

'DEC, Perkin-Elmer, Data General, or another VMEbus. 

Figure 1.2-2. VMIVME-DR1 1 W CPU-to-CPU Link 
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Table 1.3-1. VMIVME-DRI 1 W Compatible Host Computer Interface Sources 

1 COMPUTER 1 COMPANY I PHONE NUMBER 

DEC VAX, PDP-11, 
LSI-11 

32 Series* I I GouldlSel 

CONCURRENT1 
PERKIN-ELMER 

HARRIS 
H60-HI00 

Digital Equipment 
Corp. 

'Not directly VMIVME-DR11W compatible - requires simple modification of MPCl model 8020 IOP 
interface board (contact Gould for VMIVME-DRllW modification kit). VMlC has a 32-bit Gould 
HSD-to-VMEbus interface. 

*'Macrolink interfaces require a cable pinout reversal. When ordering cables specify the macrolink 
cables. 

"'^Requires Omnicomp interprocessor link driver with soft start. 

1 -800-DIGITAL 
Continental Blvd. 
Merrimack, NH 03054 

Macrolink** 
Bill Goodale 

Harris 
L. Dean Rice 

Omnicomp Graphics*** 
I BM PCIAT Skip Parker 

NOTICE 

(71 4) 634-8080 

(404) 256-4000 

(71 3) 464-2990 
Houston, TX 

THE INFORMATION IN THIS TABLE IS OFFERED AS A HELPFUL SUGGESTION. IT IS INTENDED 
AS A GUIDE. VMlC DOES NOT GUARANTEE FAVORABLE RESULTS NOR DOES IT ASSUME ANY 
LIABILITY IN CONNECTION WlTH ITS USE. NO STATEMENT OR RECOMMENDATION IS 
INTENDED BY VMlC FOR THE USE OF THESE PRODUCTS. BEFORE USING THE PRODUCTS 
LISTED, THE USER SHALL DETERMINE THE SUITABILITY OF THE PRODUCT(S) FOR HIS 
INTENDED USE, AND THE USER ASSUMES ALL RISK AND LIABILITY IN CONNECTION WlTH 
THEIR USE. 
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1 .4  REFERENCE MATERIAL LIST 

The reader should refer to "The VMEbus Specification" for a detailed 
explanation of the VMEbus. "The VMEbus Specification" is available from the 
following source: 

VITA 
VMEbus International Trade Association 

10229 N. Scottsdale Road 
Scottsdale, AZ 85253 

(602) 951 -8866 

Additional information concerning the VMIVME-DR11 W protocol is 
contained in the "DR11-W Direct Memory Interface Module (No. EK-DR11 W-UG- 
002)".  This document is available from the following source: 

Digital Equipment Corporation 
146 Main St. 

Maynard, MA 01 754-2751 
(617) 897-51 11 

Specific information concerning the SCB68430 may be obtained from the 
following source: 

Signetics Corporation 
81 1 E. Arques Ave. 

P.0. BOX 3409 
Sunnyvale, CA 94088-3409 

(408) 991 -2000 

A detailed specification is provided in Appendix 6. 
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SECTION 2 

PHYSICAL DESCRIPTION AND SPECIFICATIONS 

REFER TO 800-00DRll-000 SPEClFlCATlON 
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SECTION 3 

THEORY OF OPERATION 

3.1 BLOCK DIAGRAMS 

As shown in the functional block diagram (see Figure 3.1-1) and in the 
interconnection diagrams (Figures 3.1-2 and 3.1-3) the VMIVME-DRllW interface 
provides for the exchange of program controlled interrupts and status as well as 
two 16-bit data buses with handshake signals. The function of these interface 
signals are described in Section 3.4; whereas, the handshake sequencing of the 
signals are depicted in Figures 3.1-4, 3.1-5, and 3.1-6. 

Although the VMIVME-DRIlW interface was developed for 
interconnection to DEC DR11-W compatible devices, it also performs DMA 
transfers in conjunction with the DEC DRVll-WA interface (see Figure 3.1-3). 

3.2 OPERATIONAL OVERVIEW 

The VMIVME-DR1 1 W has two modes of operation, INTERPROCESSOR 
LlNK MODE (back-to-back configuration), and EXTERNAL DEVICE MODE. In the 
INTERPROCESSOR LlNK MODE, the VMIVME-DR11W communicates with 
another DEC DR11-W compatible computer interface. In the EXTERNAL DEVICE 
MODE, the VMIVME-DR11W comrnunlcates with a user's device such as a disk 
drive system, tape drive, etc. 

To operate in either mode, a transfer protocol (see Sectton 3.3) must be 
established. Once this is determined, the VMIVME-DR1 1 W may be programmed 
as detailed in Section 4.1. One difference in the operation of this device versus 
other DEC DR11 -W implementations is that the bus transfer type (wordlbyte and 
direction) is determined before the start of any data transfers and not on a 
cycle-by-cycle basis. 

When two VMIVME-DRl1 W compatible boards are connected back-to- 
back, the two cables are crossed over so that one board drives a control signal and 
the other board receives it. Thus, there is no need for a hardware "masterlslave 
mode". 

3.3 TRANSFER PROTOCOL 

In order for DMA transfers to take place, the DMA interfaces must be set 
up at both ends of the link. Therefore, i f  a CPU on one bus wants to transfer data, a 
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I_; TRANSCEIVERS 

VMIVME-DR11 W 
HANDSHAKE 

8 3 
#I 

+ 
INTERRUPTER , - MC68153 (BIM) 

4 
- 

HANDSHAKE 

DATA OUT , + 
'1 6 

Figure 3.1-1. Functional Block Diagram 
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INTERFACE 1 P4 P3 INTERFACE 2 
VMIVME-DRIIW 

25 1 I VMIVME-DR11 W 

C1 A 

I - I I 
FNCT 1 23 1 I 

(DETERMINES DMA 
- 

I - I - STATUS C 

DIRECTION OF INTERFACE) 

(CAUSES INTERRUPT STATUS B 
IN INTERFACE 2) 

FNCT 3 
(DETERMINES DMA STATUS A 

MODE OF INTERFACE 2) 

BURST RC) L 

ATTN H 

BUSY 

Dl 

STATUS C 

STATUS B 

STATUS A 

BURST RQ L 

37 1 I 
I I I 

ACLO FNCT 2 H 

39 1 - I 3 9  1 
I I 

- CYCLE RQ A H 

I 23 
I - I - I 23 I FNCT 1 

+ (DETERMINES DMA 

FNCT 2 
(CAUSES INTERRUPT IN 
INTERFACE 1) 
FNCT3 ~ - 

I (DETERMINES DMA 
32 - 

I I - 3.2 I MODE OF INTERFACE I) 

ACLO FNCT 2 H I - 37 I I 37 
I - 
I I 39 

ATTN H 
CYCLE RQ A 39 

I - (Jumper-Selectable 
Polarity) 

I I 1-16 
BUSY 

DO 1-16 - 
I 

'Connection is hardwired on PC board. Dl MDRliiF3.1-2 

Figure 3.1-2. Interface Interconnection for Two DRI 1 Ws in Back-to-Back Configuration 
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INTERFACE 1 P4 J1 INTERFACE 2 
VMIVME-DR11W DEC-DRVll-WA 

T 1 25 

FNCT 1 23 1 V I  23 t 

(DETERMINES DMA I - STATUS C 
DIRECTION OF INTERFACE) 

FNCT 2 27 1 R I  27 
(CAUSES INTERRUPT -. 1 - - STATUS B 

IN INTERFACE 2) 
FNCT R 31 I L 1 31 , - 

(DETERMINES DMA STATUS A 
MODE OF INTERFACE 2) 

SINGLE CYCLE H 

39 1 - 8 1  39 
(Jumper-Selectable Polarity) BUSY I - CYCLE REQUEST A H 

1-16 1 

33 1 J 1 33 
NIC WC INC EN B H 

21 1 X I  21 
(OPEN COLLECTOR) GO H , I I GND 

P3 52 - 
25 I - T 25 C1 

I 

STATUS C 23 
I 
I - d v 1 23 FNCT1 

(DETERMINES DMA 
I DIRECTION 

STATUS B 27 
I - A l 27 

OF INTERFAC.2) 
FNCT 2 

I (CAUSES IMERRUPT IN 
STATUS A 31 

I - 
FNCT3 

I (DETERMINES DMA 
BURST RO L 32 

I - A 

ACLO FNCT 2 H 37 I - D l  37 
I 
I - B I  39 

ATTN H 
CYCLE RO A 39 

I - 
1-16 

I - ' 1 - 1 6  BUSY 
DO I 

I X '  21 Dl 
END OF CYCLE 21 

I 
('O" DURING TRANSFERS) READY I F I  35 

GND 
H 35 

I 
I N '  29 A00 H 

(NORMALLY '0") INIT H 29 
I 

CO H MDRlliF3.1-3 
'All wmponents and connectlorn shown are ~ncluded in the standard products. 

Figure 3.1-3. Interface Connection to a DEC DRVI 1 -WA 
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VMIVME-DR11 W 

USER DEVICE 

(USER SHOULD CLOCK IN DATA FROM DATA LINES.) 

Figure 3.1-4. TimingIHandshake Sequencing Data Transfer from the VMIVME-DR11 W to the User Device 
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FROM 
VMIVME-DR11 W 

TO 
USER DEVICE 

FROM 
USER DEVICE 

TO 
VMIVME-DR1 I W 

READY 

BUSY L 

CYCLE RQ 

DATA IN 
(DIXX) 

END OF 
LAST CYCLE 

FROM 
VMIVME-DRII W END CYCLE 

END FIRST 

MDRl liF3.1-6 

Figure 3.1-6. Diagram for Data Transfer from the User Device to the VMIVME-DRI 1W 
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second CPU on the second bus must set up the DMA interface on that second bus 
to the selected memory address, word count, and direction of transfer. 

The sequence of operations necessary for two CPUs on two separate 
buses to control data transfers is referred to as the transfer protocol. There are 
several types of protocols that may be used with the VMIVME-DR11 W. 

One protocol type consists of the following sequences: 

a. The CPU in bus one interrupts the CPU on the other bus via the 
"ATENTION" interrupt. 

b. Both DMA interfaces are set up to transfer a control data block. The 
control data block contains information required by the second 
system to set up the other VMIVME-DR1 1 W (such as transfer counts, 
transfer direction, etc.) 

c. The control data block is then used to set up the DMA interface in the 
second bus. This protocol preselects the size and direction of transfer 
of the control block. 

A second protocol type consists of using predetermined transfer block 
sizes and sequences. 

A third protocol type consists of sending the DMA set-up data via a serial 
communication link. 

3.4 DATA TRANSFER DESCRIPTION 

When the VMIVME-DR11W transfers individual data words to or from an 
external device, it becomes the VMEbus master and transfers the data via DMA 
transfers to or from memory. It asserts the VMEbus address, control lines, address 
modifier, and sends or receives data. The data transfers are controlled by a 
SCB68430 DMA interface chip. Handshake signals tolfrom the SCB68430 are 
converted tolfrom VMIVME-DR1 1 W compat~ble handshake signals. 

3.5 VME-TO-VME LINK 

Two VMIVME-DR1 1 W Boards may be connected back-to-back to create 
a DMA link between two VMEbus chassis assemblies. In this configuration, the two 
boards are connected so that their data buses and control signals are cross 
coupled which allows them to transfer data back and forth under handshake 
control. The cross coupling is shown in Figure 3.1-2. 
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3.6 USER INTERFACE SIGNAL FUNCTION DESCRIPTION 

The following paragraphs describe the standard VMIVME-DR11W 
signals used by the VMIVME-DRl1 W. 

DO00 to DO15 - DATA OUTPUT BUS. The data is positive true and is 
transmitted by bus transceivers. Each line is terminated by a 180/390 R network. 

CYCLE REQUEST A - CYCLE REQUEST EL These two inputs are used 
to request a DMA cycle from the user's device. These two signals are "ORed" 
together. 

END CYCLE. This signal indicates the end of a DMA cycle to the user's 
device. 

STATUS A - STATUS BIT A. This bit is a user-defined status bit from the 
user's device to the VMIVME-DRI 1 W. In the back-to-back configuration, this bit 
indicates that single cycle transfers should be performed when it is asserted. 

STATUS B - STATUS BIT B. This bit is a user-defined status bit from the 
user's device to the VMIVME-DRl1 W. In the back-to-back configuration, STATUS 
B indicates the state of the ATTN interrupt bit. 

STATUS C - STATUS BIT C. This s~gnal is a user-defined status bit from 
the user's device to the VMIVME-DRl1 W. In the back-to-back configuration, 
STATUS C indicates the direction of the DMA transfer. 

INIT - INITIALIZE. This signal is output from the VMIVME-DR11W to 
indicate a power ON reset or other reset has occurred. 

BURST RQ - BURST REQUEST. This signal is an input to the 
VMIVME-DR11 W and when asserted, indicates that burst transfers should be 
performed. This bit is negative true. 

READY. This output signal indicates that the board is ready and does 
not have transfers in progress. This signal is deasserted by GO. 

ACLO FUNCT2 - AC LOW. OR FUNCTION 2. This bit is the same as 
Function 2 on the VMIVME-DR1 1 W. 

Dl00 to Dl15 - DATA INPUT BUS. The data is positive true and is 
received by bus transceivers. Each line is terminated by a 180/390 R network. 

GO. This bit is output by the VMIVME-DR11 W to indicate the start of a 
DMA transfer block. 
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FNCTI - FUNCTION 1. Board Control Register Bit 05 (user-defined) is 
output by the VMIVME-DRI 1 W. In the back-to-back configuration this b ~ t  controls 
the DMA direction of the VMIVME-DRl1 W and drives C1. 

FNCT2 - FUNCTION 2. Board Control Register Bit 06 (user-defined) is 
output from the VMIVME-DR11 W. In the back-to-back configuration, this bit drives 
STATUS B (and ATTN) on the other board. 

J3CT3 - FUNCTION 3. Board Control Register Bit 07 (user-defined) is 
output from the VMIVME-DR11 W. In the back-to-back configuration, this bit drives 
STATUS A. 

C1 - CONTROL 1. This signal is an input to the VMIVME-DR11W and 
controls the direction of DMA transfer. In the back-to-back configuration, it is driven 
by FNCT1. A logc "one" on C1 causes the VMIVME-DR1 1 W to receive data while 
a logic "zero" causes it to transmit. 

ATTN - ATTENTION. This signal IS an input to the VMIVME-DRI 1 W. It 
indicates that the user dev~ce needs attention and causes an interrupt to the 
VMEbus system on the rising edge. 

BUSYY This signal is an output from the VMIVME-DR11 W and indicates 
that a VMEbus cycle 1s in progress. The polarity of this signal is jumper-selectable 
(Busy H or Busy L). In the back-to-back mode, Busy L must be selected since it is 
connected to the cycle request on the other VMIVME-DRl1 W Board. 

OTHER BOARD READY. (-100 Opt~on Only). This signal is an input to 
the VMIVME-DR11 W-100 that receives the other board's Ready s~gnal. 
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SECTION 4 

PROGRAMMING 

4.1 PROGRAMMING OVERVIEW 

The VMIVME-DR11 W is designed with three types of devices that must be 
programmed for proper operation. These are the DMA controller chip (SCB68430), 
the Bus Interrupter Module (MC68153), and on-board reg~sters. The on-board 
registers are used to provide the address modifier, to allow control of the DMA 
controller and the BIM, and to communicate with the external VMIVME-DRllW 
compatible device. Other programming aspects of the VMIVME-DR11 W include 
executing the transfer protocol (see Section 3.3), handling interrupts, and handling 
errors. See Table 4.1-1 for names and addresses or registers utilized by the 
VMIVME-DR11 W. Data sheets for the MC68153 and the SCB68430 are located in 
Appendix B. 

4.2 REGISTER BIT DEFINITIONS 

For Register Bit Definitions see Tables 4.2-1 through 4.2-3. 

4.3 SEQUENCE OF REGISTER LOADING 

The receiving VMIVME-DR11W interface must be set up before the 
transmitting interface to avoid losing the first word transferred. 

To transfer a block of data, the programming sequence of the 
VMIVME-DR11 W should be as follows: 

a. Load the registers in the MC68153 and SCB68430. 

b. The Channel Control Register (CCR) should be the last register loaded 
in the 68430. 

c. Load the Address Modifier Register (AMR)(AMR - on-board). 

d. Load the Board Contol Register (BCR)(BCR - on-board) with the GO 
and CYCLE bits (Bits 0 and 1) set to "zero". 

e. Reload the BCR with the GO and CYCLE bits set to "one". 
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Table 4.1 -1. VMIVME-DR1 1 W Register Address Map 

ADDRESS ACRONYM 

CSR 
CER 
DCR 
OCR 
SCR* 
CCR 
MTCH 
MTCL 
MACH** 
MACMH 
MACML 
MACL 
DlVR 
DIVR*** 
CPR* 

CRO" 
BERRICR 
AlCR (CR2) 
DlCR (CR3) 
VRO*' 
BERRIVR 
AlVR (CR3) 
VR3** 

BCRH 
BCRL 
IODRH 
IODRL 
AMR 

'Included for software compatibility. 
**Register is not used. 

REGISTER 
NAME 

Channel Status Register 
Channel Error Register 
Device Control Register 
Operation Control Register 
Sequence Control Register 
Channel Control Register 
Memory Transfer Count High 
Memory Transfer Count Low 
Memory Address Count High 
Memory Address Count Mid-High 
Memory Address Count Mid-Low 
Memory Address Count Low 
DMA lnterrupt Vector Register 
DMA lnterrupt Vector Register 
Channel Priority Register 

Channel Register 0 
BERR lnterrupt Control Register 
Attention lnterrupt Control Register 
DMA lnterrupt Control Register 
Vector Register 0 
BERR lnterrupt Vector Register 
Attention lnterrupt Vector Register 
Vector Register 3 

Board Control Register HlGH 
Board Control Register LOW 
I10 Data Register HlGH 
I10 Data Register LOW 
Address Modifier Register 

PHYSICAL 
LOCATION 

SCB68430 DMAl 
SCB68430 DMAl 
SCB68430 DMAl 
SCB68430 DMAl 
SCB68430 DMAl 
SCB68430 DMAl 
SCB68430 DMAl 
SCB68430 DMAl 
SCB68430 DMAl 
SCB68430 DMAl 
SCB68430 DMAl 
SCB68430 DMAl 
SCB68430 DMAl 
SCB68430 DMAl 
SCB68430 DMAl 

MC68153 BIM 
MC68153 BIM 
MC68153 BIM 
MC68153 BIM 
MC68153 BIM 
MC68153 BIM 
MC68153 BIM 
MC68153 BIM 

(On-Board) 
(On-Board) 
(On-Board) 
(On-Board) 
(On-Board) 

. 

""The IVR has two addresses for software compatibility (see specification sheet) 
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Table 4.2-1. Register Bit Definitions 

DMA INTERFACE REGISTER BIT DEFINITIONS (DMAI. SlGNFTlCS NO. SCB6843Q 

.C 3 0  AN 

BIT15 BIT 14 BIT 13 BIT12 BIT 11 BIT 10 BIT 9 BIT 8 

CSR 

'This brt rnonltors the status of the DMAI Ready Input pln and In no way reflects the status of the 
VMIVME-DR11 W's ready output pln. A loglc "zero" ~nd~cates that a DMA cycle request has 
been received. 

CHANNELERRORSTER ( $ X m )  
81T 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

CER 

DEVICE CONTROI REGISTER ($XX041 
BIT 15 BIT 14 BIT 13 BIT 12 BIT11 BIT 10 BIT 9 BIT 8 

'Not applicable to the VMIVME-DRII W. 
MDRI 1fl4.2-111 

DCR 

OPERATION CONTROL REGISTFR BXX051 
BIT 7 BIT 6 BIT s BIT 4 BIT 3 ~ r r  2 BIT 1 BIT o 

NOT 
USED 

(0) 

OCR 

'Should be programmed as a "zero" if the operand size (see Operation Control Register, Bits 4 and 5 )  is BYTE. It 
should be programmed as a "one" otherwise. 

EXTERNAL 
REQUEST 

MODE 

O=BURST 
IXYCLE  

STEAL 

NOT 
USED 

(0) 

DIRECTION 

O=MEM 
TO DEV 
I=DEV 
TO MEM 

NOT 
USED 

(0) 

NOT 
USED 

(0) 

NOT 
USED 

(O) 

I ERROR CODE 
4 

00000=NO ERROR 
01001=BUS ERROR 
10001 =SOFTWARE ABORT 

NOT 
USED 

(1) 

OPERAND SIZE 

OO=BYTE 
Ol=WORD 
10-LONGWORD' 
I I =32-bit WORD' 

NOT 
USED 

(1) 

NOT 
USED 

(0) 

NOT 
USED 

NOT 
USED 

(0) 

NOT 
USED 

(0) 

NOT 
USED 

(1 ) 

NOT 
USED 

(0) 

NOT 
USED 

(0) 

NOT 
USED 

(0) 
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Table 4.2-1. Register Bit Definitions (Continued) 

SEQUENCF CONTROL REGISTER B X X W  
BIT15 BIT 14 BIT 13 BIT12 BIT 11 BIT 10 BIT 9 BIT 8 

I NOT USED' 

CHANNEL CONTROL REGISTER ($XX071 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT I BIT 0 

START NOT NOT SOFTWARE INTERRUPT NOT NOT NOT 

CCR USED USED ABORT ENABLE USED USED USED 

O=NO (0) (0) O=NO O=NO 
I=YES I=YES 

(0) (0) (0) 
1 =YES 

MFMORY TRANSFFR COUNT HIGH 6XXOAl 
BIT15 BIT14 BIT 13 BIT12 BIT 11 BIT10 BIT 9 BIT 8 

MEMORY TRANSFER COUNT LOW ($XXOQ 
BIT 7 BTT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

MTCH 

MEMORYTRANSFERCOUNTMSB 1 
BIT 15 

MDRI 1K4.2-I12 

BIT12 

MTCL 

BIT 14 BIT 11 BIT 13 

MEMORY TRANSFER COUNT LSB 

BIT10 

BIT 3 BIT4 BIT 7 

BIT 9 BIT 8 

BIT 2 BIT 6 BIT 5 BIT 1 BIT 0 
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Table 4.2-1. Register Bit Definitions (Continued) 

MEMORY ADDRESS COUNT HIGH I5XXOC) 
BIT15 BIT 14 BIT 13 BIT 12 BIT11 BIT10 BIT 9 BIT 8 

MFMORY ADDRESS COUNT MID-HIGH I5XXOD1 

MACH 

MACMH 

NOT USED' 

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

I 
MEMORYADDRESSCOUNTER I 

MEMORY ADDRESS COUNT MID-LOW f$XXOQ 
BIT15 BIT 14 BIT 13 BIT 12 BIT 11 BIT10 BIT 9 BIT 8 

BIT 23 

MACML 1 MEMORY ADDRESS COUNTER I 

BIT 22 

MEMORY ADDRESS COUNT LOW BXXOF) 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

BIT 21 

BIT15 

BIT 20 

MACL 

BIT14 

BIT 19 

BIT 12 BIT 13 

MEMORYADDRESSCOUNTER 

BIT 7 

BIT 18 

BIT 11 

BIT 6 

BIT 17 

BIT10 

BIT 16 

BIT 5 

BIT 9 BIT 8 

BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
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Table 4.2-1. Register Bit Definitions (Concluded) 

DMA INTERRUPT VECTOR REGISTER fSXX25. $XX27] 

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BlT 2 BIT 1 BIT 0 

I 
DONE INTERRUF'T VECTOR 

DlVR I 

This bit is automatically set if an error occurred. This register is mapped into two locations to provide 
compatibility with other mntroliers. 

CHANNEL PRIORITY REGISTER f$XX2D) 

BIT 7 

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

BIT 5 Brr 6 

CPR 
NOT USED' 

BIT 4 

'Dummy Register. 
MDRl lK4.2-114 

BIT 3 BIT 2 BIT 1 NOTE 1 
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Table 4.2-2. Bus Interrupter Module No. MC68153 Register Bit Definitions 

ATTENTION INTERRUPT CONTROL REGISTER f$XX451 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

BERR INTFRRUPT CONTROl REGISTFR 6 X X 4 a  
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

BEFlFiiCR 

DMA INTERRUPT CONTROL REGISTER f$XX47) 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

AlCR 

* 

FLAG 

BERR INTERRUPT VECTOR RFGISTER 6XX4B) 

FLAG 
BIT 

DlCR 

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

I 

FLAG 
BIT 

AUTO 
CLEAR 

BUS ERROR VECTOR 

FLAG 
BIT 

AUTO 
CLEAR 

VECTOR 
O=INT 
1 =EXT 

FLAG 

VECTOR 
0= IM  
1 = E n  

INTERRUPT 
ENABLE 

BIT 7 

INTERRUPT 
ENABLE 

FLAG 
BIT 

AUTO 
CLEAR 

INTERRUPT 
ENABLE 

VECTOR 
O=INT 
1 =EXT 

INTERRUPT 
AUTO 
CLEAR 

BIT 6 

INTERRUPT 
AUTO 
CLEAR 

INTERRUPT 
AUTO 
CLEAR 

IRQ 
LEVEL 

2 

BIT 5 

IRQ 
LEVEL 

2 

lRQ 
LEVEL 

2 

IRQ 
LEVEL 

1 

BIT 4 

IRQ 
LEVEL 

1 

lRQ 
LEVEL 

0 

IRQ 
LEVEL 

0 

IRQ 
LEVEL 

1 

BIT 3 

IRQ 
LEVEL 

0 

BIT 2 BIT 1 BIT 0 
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Table 4.2-2. Bus Interrupter Module No. MC68153 Register Bit Definitions (Concluded) 

ATTFNTION INTERRUPT VECTOR RFGISTER f$XX4D1 

BIT 7 BIT 6 BIT 5 BIT4 BIT 3 BIT 2 BIT 1 BIT 0 

I 

ATTENTION INTERRUPT VECTOR I 

MDRI I/T4.2-2/2 

BIT 7 BIT 5 Brr G BIT 4 BIT 3 BIT 2 BIT 1 BIT o 
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500-000R11-000 

Table 4.2-3. Discrete On-Board Register Bit Formats 

5 
BIT 15 BIT 14 BIT 13 BIT 12 BIT 11 

BCRL 

BIT10 BIT 9 BIT 8 
, 

BOARD CONTROL REGISTER LOW fSXX61) -COMMAND' 

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

'Do not use a read-rnodiTy.wdte lnstructlon (e.g., blt clear) when wWng to me BCR 

FNCT 
3 

(ww) 

I t0 DATA RFGlSTER HlGH 6XX62)' 
BIT15 BIT 14 BIT 13 BIT12 BIT 11 BIT 10 BIT 9 BIT 8 

FNCT 
2 

(ww) 

!/0 DATA REGISTFR LOW f$XX63)* 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

IODRH 

IODRL 110 DATA REGISTER LOW I 

FNCT 
I 

(W) 

I10 DATA REGISTER HlGH 

'When writing to IODRH and IODRL, only word write operations should be used, 

RESERVE 
(RhV) 

"For -100 option, Bit 9 is Other Board Ready (slate of other board's GO bit) 

LED ENABLE CYCLE GO 
CONTROL ATTN 

I=OFF 

BIT15 

BIT 7 

BIT 12 

BIT 5 BIT 6 

BIT 14 BIT 11 BIT 13 

BIT 4 

BIT10 

BIT 3 

BIT 9 

BIT 2 

BIT 8 

BIT 1 BIT 0 
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Table 4.2-3, 

500-00DR11-000 

Discrete On-Board Register Bit Formats (Concluded) 

ADDRESS MODIFIER REGISTER 6XX65) (WRITF ONLY1 

AM R 

MDRI 1TT4 2-312 

NOT 
USED 

(0) 

NOT 
USED 

(0) 

ADDRESS MODIFIER 

AM 5 AM 4 AM 3 AM 2 AM 1 AM 0 
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Note that the start bit (CCR Bit 07) must be set inside the SCB68430 
before the GO and CYCLE bits are set in the BCR. The start bit in the SCB68430 is 
independent of the CYCLE (start) bit in the BCR. The C1 interface signal input 
(BCR - Bit 10) controls the direction of the I10 Data Register, while the direction bit in 
the SCB68430 (OCR - Bit 07) controls the transfer direction of the SCB68430. 
These two bits must be in the same logic state for correct operation. 

An example of register initialization sequence for transmitting data 
(from memory) is shown in Table 4.3-1. After the first DMA transfer is completed, 
the VMIVME-DRl1 W can be reinitialized with only seven steps to transmit a second 
block of data (see Table 4.3-2). 

An example of a register initialization sequence for receiving data 
(transfer to memory) is shown in Table 4.3-3. After the first block transfer is 
completed, the VMIVME-DR11W can be reinitialized with only seven steps to 
receive a second block of data (see Table 4.3-4). 

4.4 PROGRAMMING THE SCB68430 DMAl 

4.4.1 Channel Status ReaisterlChannel Error Reaister 

These two registers are used together to determine status and error 
conditions related to the DMA controller. 

4.4.1.1 Channel Status Reaister lCSR) 

BIT 15 - CHANNEL OPERATION COMPLETE*. This bit is set when the 
DMA operation is completed. If interrupts are enabled, an interrupt will be generated 
at this time. 

BIT 14. Not used 

BIT 13 - NORMAL DEVICE TERMINATE - NOT USED. 

BIT1 2 - ERROR*. This bit will be set if the DMA operation was terminated 
due to an error condition. 

'CSR BIT 15 and CSR BIT 12 must be cleared if set, before another DMA operation can be started. 
These bits may be cleared by writing a "one" to each bit that is set. The following 68000 instruction 
will do this without testing each of the bits. 

MOVEB CSR, CSR 

The other bits in the CSR are unaffected by a write. 
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Table 4.3-1. Reaister Initialization Sequence for Transmitting a 4 Kword Block 
st&ting Data Address $40000 

REGISTER 

SCB68430 

6 

7 

8 

9 

10 

11 

REGISTER 
NAME 

SCB68430 

MC68153 

MC68153 

MC68153 

On-Board 

SCB68430 

12 

13 

DCR 

OCR 

MTCH 

MACMH 

MACML 

DlVR 

AlVR 

AlCR 

DlCR 

AM R 

CSR 

CCR 

BCR 

SCB68430 

On-Board 

REGISTER 
ADDRESS 
OFFSET 

04 

05 

0 A 

OD 

OE 

25 

4D 

45 

47 

65 

00 

07 

61 

DATA LOADED 
(HEXADECIMAL) COMMENT 

Cycle Steal 

Word from memory 

16-bit transfer count 

Upper 8 bits of memory 
address 

Lower 16 bits of memory 
address 

Done interrvpt vector 

Attention interrupt vector 

Enable internal vector 
with auto clear 

Enable external vector 
with auto clear 

ADDR MOD=39 

Clear Channel Status 
Register 

Start DMA chip 

Go, enable ATTN, LED OFF 
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Table 4.3-2. Re~ister Initialization Sequence for Transmitting a Second 
4 <word Block Starting ~ a t a  Address $20000 

REGISTER 
LOCATION 

SCB68430 

SCB68430 

SCB68430 

MC68153 

SCB68430 

SCB68430 

On-Board 

REGISTER 
NAME 

MTCH 

MACMH 

MACML 

DlCR 

CSR 

CCR 

BCR 

REGISTER 
ADDRESS 
OFFSET 

0 A 

OD 

OE 

47 

00 

07 

61 

DATA LOADED 
(HEXADECIMAL) 

COMMENT 

16-bit transfer count 

Upper 8 bits of memory 
address 

Lower 16 bits of memory 
address 

Enable interrupts with auto 
clear 

Clear Channel Status 
Register 

Start DMA chip 

30, enable A T N ,  LED OFF 
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Table 4.3-3. Register Initialization Sequence for Receiving a 4 Kword Block 
starting Data Address $40000 

REGISTER 
LOCATION 

SCB68430 

SCB68430 

SCB68430 

SCB68430 

SCB68430 

SCB68430 

MC68153 

MC68153 

MC68153 

On-Board 

SCB68430 

SCB68430 

On-Board 

On-Board 

- - 

REGISTER 
NAME 

DC R 

OCR 

MTCH 

MACMH 

MACML 

DlVR 

AlVR 

AlCR 

DlCR 

AM R 

CSR 

CCR 

BCR 

BCR 

REGISTER 
ADDRESS 
OFFSET 

04 

DATA LOADED 
(HEXADECIMAL) 

COMMENT 

Cycle Steal 

Word to memory 

16-bid transfer count 

Upper 8 bits of memory 
address 

Lower 16 bits of memory 
address 

Done interrupt vector 

Attention interrupt vector 

Enable internal vector 
w~th auto clear 

Enable external vector 
with auto clear 

ADDR M O D 3 9  

Clear Channel Status 
Register 

Start DMA chip 

Go=O, enable ATTN, LED 
OFF, receive 

Go, enable ATTN, LED 
OFF, receive 

MDRl ln4.3-3 
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- 
STEF - 

1 

2 

3 

4 

5 

6 

7 

Table 4.3-4. Register Initialization Sequence for Receiving a Second 
4  word Block Starting ~ a t a  Address $20006 

REGISTER 
LOCATION 

SCB68430 

SCB68430 

SCB68430 

MC68153 

SCB68430 

SCB68430 

On-Board 

REGISTER 
NAME 

MTCH 

MACMH 

MACML 

DlCR 

CSR 

CC R 

BCR 

REGISTER 
ADDRESS 
OFFSET 

0 A 

OD 

OE 

47 

00 

07 

61 

DATA LOADED 
(HEXADECIMAL) COMMENT 

16-bit transfer count 

Upper 8 bits of memory 
address 

Lower 16 bits of memory 
address 

Enable interrupts with auto 
clear 

Clear Channel Status 
Register 

Start DMA chip 

Go, enable ATTN, LED 
OFF, receive 

MDRl lTr4.3- 
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BIT 11 - CHANNEL ACTIVE. This bit indicates that a DMA operation is in 
progress and is automatically cleared upon termination of the operation. 

BlTS 10. 9. Not used. 

BIT 8 - READY INPUT. Indicates the state of the RDY input signal, i.e., a 
"zero" indicates zero volts and that data is ready. 

4.4.1.2 Channel Error Reaister (CER) 

BlTS 7. 6. 5. Not used. 

BlTS 4, 3. 2. 1. 0 - ERROR CODE. These 5 bits indicate the error type 
when an error occurs. This register is cleared when the error bit (CSR BIT 12) is 
cleared. 

ERROR CODE 

4.4.2 Device Control ReaisterIOperation Control Reaister 

ERROR TYPE 

00000 
01 001 
10001 

These two registers control the data direction, data size, and request 
mode of the DMA transfers. 

I 
No Error 
Bus Error 
Software Abort 

4.4.2.1 Device Control Reaister (DCR) 

BIT 15 - EXTERNAL REQUEST MODE. This bit is set to perform single 
cycle transfers and cleared to perform burst transfers. 

BlTS 14. 13. 12. Not used. 

BIT 11 - SIZE. This bit is read and written as the "Logical OR" of bits 4 
and 5 in the OCR. 

BlTS 10. 9. 8. Not used. 
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4.4.2.2 O~era t i on  Control Reaister (OCR) 

BIT 7 - DIRECTION, This bit contains the DMA transfer direction 

0 = Read from Memory 
Write to External Device 

1 = Write to Memory 
Read from External Device 

BULG. Not used. 

BlTS 5. 4 - OPERAND SIZE. These bits control the operand size. 

BlTS 3. 2. 1. Q. Not used. 

OPERAND SIZE 

BYTE 

BIT 5 

0 

I 0 

4.4.3 Seauence Control Reaister ECR) 

BIT 4 

0 

1 

The SCR is a dummy register provided for compatibility with other DMA 
controllers. 

WORD 

BlTS 15 - 8. Not used (dummy register). 

4.4.4 Channel Control Reaister ICCR) 

BIT 7 - START. This bit causes the DMA controller to start its operation. 
This bit must be set before the GO bit is set in the Board Control Register (BCR). 

BlTS 6. 5. Not used. 

BIT 4 - SOFTWARE ABORT. This bit (when set to "one") aborts the 
current DMA operation. It sets the error bit in the CSR and the error code in the 
CER. The software abort bit must be cleared to clear the error bit in the CSR and to 
clear the error code in the CER. 
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SOFTWARE ABORT PROCEDURE: 

To abort an in-process DMA, perform the following steps: 

STEP I :  Set BIT 4 of the Channel Control Register (CCR, $0007) to a logic "one". 
Maintain BITS 3 and 7 according to the desired control state. 

STEP 2: Read the Channel Status Register (CSR, $0000) until BIT 15 (operation 
complete) and BIT 12 (error) are both equal to a logic "one", indicating a 
DMA complete with error. 

STEP 3 Read the Channel Error Register to obtain the error condition for the DMA 
complete with error. Reset the software abort bit (BIT 4), (CCR, $0007) to 
zero. 

NOTE: The Channel Error Register must be read while the abort bit (BIT 4, CCR, 
$0007) is active (set) or the Channel Error Register will indicate the default 
error status (bus error). 

STEP 4: Perform normal DMA termination processing clean-up, resetting all of the 
CSR status bits to logic "zero". (CSR bit reset requires writing a logic 
"one" to each bit which is set to a logic "one".) 

USE OF "BURST" MODE PRECLUDES THE USE OF SOFTWARE ABORT, SINCE THE BUS 
WILL BE RETAINED BY THE VMIVME-DR11W UNTIL THE DMA IS COMPLETED ONCE IT HAS 
BEEN INITIATED. 
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BIT 3 - INTERRUPT ENABLE. This bit enables the DMA interrupt request 
when a DMA operation is completed. 

BITS 2. 1. 0, Not used. 

4.4.5 Memorv Transfer Count Reaisters 

These registers contain the number of desired transfers for the current 
operation. The count is a 16-bit integer, allowing transfers of up to 64 K 16-bit words 
in a single transfer block. 

4.4.6 Memorv Address Count Reaisters 

These four registers contain the memory address for the DMA operation. 
The MACH Register is a dummy register and is provided for compatibility with other 
DMA controllers. The three implemented registers provide a 24-bit memory address 
for the DMA transfers. These registers should be loaded with the starting memory 
address before an operation is started. The registers are incremented during 
operation and may be read while an operation is in process. 

This register is used to store the interrupt vector used for the DMA 
complete interrupt and is resident inside the SCB68430. It is mapped to two 
locations to provide compatibility with other DMA controllers. Also, note that Bit 0 is 
automatically set when an error occurs and cannot be written. To generate a bus 
error interrupt, the Bus Error Interrupt Control Register and the Bus Error Interrupt 
Vector Register must be programmed. 

Thus, a DMA interrupt vector for normal conditions must be even and the 
error vector is automatically the next higher odd vector. Note that although the 
SCB68430 supplies the interrupt vector, the MC68153 provides the interrupt 
handshake; therefore, the MC68153 must be programmed to handle the external 
vector from the SCB68430 (i.e., BIT 5 of the DlCR must be set to a "one"). 

This register is a dummy register provided for compatibility with other DMA 
controllers. 

4.5 PROGRAMMING THE MC68153 BIM 

The MC68153 contains eight registers, but only five are used in the 
VMIVME-DR11 W. Three of these registers are Control Registers and two are 
Vector Registers. Data sheets for the MC68153 are provided in Appendix B. 
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4.5.1 Bus Error lnterruat Control Reaister IBERRICR). Attention I n t e r r u ~ t  
Control Reaister (AICR), and DMA lnterruot Control Reaister [DICR) 

PITS 7. 6 - FLAG CONTROL - NOT USED, These two bits do not affect 
operation of the MC68153. 

BIT 5 - VECTOR LOCATION. The user should clear this bit to a logic 
"zero" to cause the MC68153 to use its Internal Vector Register for an interrupt 
acknowledge and it should be set to a logic "one" to use an external interrupt vector. 
For the VMIVME-DR11 W, this bit should be cleared in the BERRICR, AICR, and set 
in the DlCR since an external vector is obtained from the SCB68430 DMA Controller 
Vector Register (DIVR). 

BIT 4 - INTERRUPT ENABLE. This bit should be set to enable the 
corresponding interrupt. 

BIT 3 - INTFRRUPT AUTO CLEAR, This bit automatically clears the 
interrupt enable bit and the interrupt request output whenever the interrupt is 
acknowledged. This bit must be set in both registers to provide VMEbus compatible 
timing. This requires that the interrupt enable bit be set after each interrupt. 

BITS 2. 1. 0 - IRQ LEVEL BITS. These bits determine the interrupt level 
at which an interrupt request is made. 

LEVEL rn rn BlTO 
7 1 1 1 
6 1 
5 1 
4 1 
3 0 
2 0 
1 0 

DISABLED 0 

4.5.2 BERR Interrupt Vector Reaister (BERRIVR) 

This register holds the vector used for the bus error interrupt, any 8-bit 
integer may be used as determined by the system configuration. 

4.5.3 Attention lnterruat Vector Reaister (AIVR) 

This register holds the vector used for the attention interrupt. Any &bit 
integer may be used as determined by the system configuration. 
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4.6 PROGRAMMING THE ON-BOARD REGISTERS 

4.6.1 Board Control Register HlGHlLOW 

4.6.1.1 Board Control Reaister HIGH (BCRH) 

BIT 15 - STATUS C. This bit is user-defined. It indicates the state of the 
FNCTl bit of the other VMIVME-DRI 1 W device in back-to-back mode. 

I f I Receiver I 

STATUS C 

0 

BIT 14 - STATUS B. This bit is user-defined. It indicates the state of the 
other VMIVME-DR1 1 W's FNCT2 bit in back-to-back mode. 

OTHER VMIVME-DR11W 

Transmitter 

BIT 13 - STATUS A. This bit is user-defined. It indicates the state of the 
other VMIVME-DR1 1 W's FNCT3 bit in back-to-back mode. 

STATUS A 

BIT 12 - BURST REQUEST. This bit indicates the state of the request 
line. In the back-to-back mode, it is the same as STATUS A. 

OTHER VMIVME-DR11 W 

0 

1 

BIT 11 - C1. This bit indicates the state of the C1 line. In the 
back-to-back mode, C1 is controlled by FUNCTION 1 of the same board. 

I 
Burst Transfers 

Normal (Single Cycle) Transfers 

THIS VMIVME-DR11W 

Transmitter 

Receiver 

- 
C l  

0 

1 

PROGRAM OCR BIT 7 

0 

1 
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BIT 10 - ATTN. This bit indicates the state of the ATTN line. In 
back-to-back mode it is the same as Status B. A positive edge on the ATTN input 
will generate an interrupt (if enabled); therefore, the other VMIVME-DRll W can 
generate an interrupt by pulsing the ATTN Ihne. 

BIT 8 - RESERVED. 

BIT 9 - RESERVED. (Except -1 00 Option). 

BIT 9 - OTHFR BOARD READY. (-100 Option only). This bit indicates the 
status of the other board's Go bit. 

4.6.1.2 Board Control Reaister LOW (BCRL) 

BIT 7 - FUNCTION & This bit is user-defined. It drives the STATUS A 
and BURST RQ lines of the other VMIVME-DR11 W in back-to-back mode. 

FUNCTION 3 TELLS OTHER VMIVME-DR11W TO USE 
I 

BIT 6 - FUNCTION 3. This bit is user-defined and drives the Status B 
and ATTN lines of the other DRl 1W in back-to-back mode. This bit can also be 
pulsed high to generate an attention interrupt. 

0 

1 

BIT 5 - FUNCTION 1. This bit is user-defined, and in the back-to-back 
mode it drives its own C1 line and the Status C line of the other VMIVME-DR1 I W. 

Burst Transfers 

Normal (Single Cycle) Transfers 

FNCTl BIT THIS VMIVME-DR11 W 

0 

This bit should be the complement of STATUS C. 

I 
Transmitter 

1 

BIT 4 - RESERVED. 

I 

Receiver 1 

BIT This bit controls the front panel Fail LED. 

0 = LED ON 
1 = LED OFF 
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BIT 2 - ENABLE ATTN INTERRUPT. This bit is used to control the ATTN 
interrupt flip-flop. This bit must be set in addition to AlCR - BIT 4, to enable external 
attention interrupts. 

BIT 1 - CYCLF This bit is used to start the first handshake cycle when 
the VMIVME-DRl1 W is the transmitter. It may be set at the same time as the GO 
bit. 

BIT 0 - GO, This bit sets up the handshake logic to perform transfers and 
causes a pulse to be generated on the VMIVME-DRl 1 W's GO output. It must be 
set before the start of each block of transfers. The DMA start bit (BIT 7 of CCR) 
must be set before the GO bit is set. 

4.6.2 110 Data Reaister HICHILOW (IODRH. IODRL) 

These two registers are used to read and write data via program control to 
or from the VMIVME-DR11 W's data bus. The output drivers will be disabled when 
C1 is set to read. In the back-to-back mode the C1 input line is controlled by FNCT1 
of the same board. Note that the IODR should always be accessed as a word when 
writing. 

I FNCTl I C1 I OUTPUTDRIVERS 1 
I I 

0 1 0 1  Enabled 

I 1 1 1 1  Disabled I 
During program controlled transfers, the ATTN interrupt can be used to 

inform the other VMIVME-DR11 W that data is ready to be read. 

4.6.3 Address Modifier Reaister 

This write only register contains the address modifier which is asserted 
when the VMIVME-DR1 1 W is bus master. 

BlTS 7. 6. Not used. 

BlTS 5. 4. 3. 2. 1. 0 - ADDRESS MODIFIER BITS, Bits 5, 4, 3, 2, 1, 0 
drive address modifier bits 5, 4, 3, 2, 1, 0, respectively, on the VMEbus during a 
DMA transfer. A description of the VMEbus address modifier codes is shown in 
Table 4.6.3-1. 

4.7 SAMPLE SOFTWARE LISTINGS 

VMlC has provided sample software listings in Appendix C to assist the 
user in programming the VMIVME-DR11 W. Refer to Appendix C for an itemized list 
of software listings provided. 
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Table 4.6.3-1. Address Modifier Codes 

HEXADECIMAL ADDRESS MODIFIER 
FUNCTION 

DEFINED 
CODE 5 4 3 2 1 0  BY 

3F H H  H  H  H  H  Standard Supervisory Ascending Access VMEbus Spec. 
3E H  H  H  H  H  L  Standard Supervisory Program Access VMEbus Spec. 
3D H H  H  H  L  H  Standard Supervisory Data Access VMEbus Spec. 
3C H H H H L L  Undefined Resewed 
38 H H H  L  H  H  Standard Nonprivileged Ascending Access VMEbus Spec. 
3A H H H L  H L  Standard Nonprivileged Program Access VMEbus Spec. 
39 H  H  H  L  L H  Standard Nonprivileged Data Access VMEbus Spec. 
38 H H H L  L L  Undefined Resewed 
30-37 H H L x x X Undefined Resewed 
2F H L H H  H  H  Undefined Resewed 
2E H L  H H H L  Undefined Reserved 
2D H L H H L H short supervisory 110 ~ c c e s s  VMEbus Spec. 
2C H L  H H L L  Undefined Reserved 
2B H L H L H H Undefined Resewed 
2A H L  H L  H L  Undefined Resewed 
29 H  L H  L  L H  Short Nonprivileged Access VMEbus Spec. 
28 H L  H L  L L  Undefined Resewed 
20-27 H L L x x x Undefined Resewed 
10-1 F L H X X X x Undefined User 
OF L L  H  H  H  H  Extended Supervisory Ascending Access VMEbus Spec. 
OE L L H H H L  Extended Supervisory Program Access VMEbus Spec. 
OD L L H H  L  H  Extended Supervisory Data Access VMEbus Spec. 
OC L L H H L L  Undefined Reserved 
OB L L H  L  H  H  Extended Nonprivileged Ascending Access VMEbus Spec. 
0 A L L H L  H L  Extended Nonprivileged Program Access VMEbus Spec. 
09 L L H L  L H  Extended Nonprivileged Data Access VMEbus Spec. 
08 L L H L  L L  Undefined Reserved 
00-07 L L L X X x Undefined Reserved 
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SECTION 5 

CONFlGURATlON AND INSTALLATION 

UNPACKING PROCEDURES 

******,******** 
* CAUTION * 
* * * * * * * * * * * * * * *  

SOME OF THE COMPONENTS ASSEMBLED ON VMIC'S PRODUCTS MAY BE 
SENSITIVE TO ELECTROSTATIC DISCHARGE AND DAMAGE MAY OCCUR ON 
BOARDS THAT ARE SUBJECTED TO A HIGH ENERGY ELECTROSTATIC FIELD. 
WHEN THE BOARD IS TO BE LAID ON A BENCH FOR CONFIGURING, etc., IT IS 
SUGGESTED THAT CONDUCTIVE MATERIAL BE INSERTED UNDER THE BOARD 
TO PROVIDE A CONDUCTIVE SHUNT. UNUSED BOARDS SHOULD BE STORED IN 
THE SAME PROTECTIVE BOXES IN WHICH THEY WERE SHIPPED. 

Upon receipt, any precautions found in the shipping container should be 
observed. All items should be carefully unpacked and thoroughly inspected for 
damage that might have occurred dur~ng shipment. The board(s) should be 
checked for broken components, damaged printed circuit board(s), heat damage, 
and other visible contamination. All claims arising from shipping damage should 
be filed with the carrier and a complete report sent to VMlC together with a request 
for advice concerning disposition of the damaged item(s). 

5.2 P H Y S I C A L  INSTALLATION 
*****t****t**** 

+ CAUTION * 
* * * * * * * * * * * * * * * *  

DO NOT INSTALL OR REMOVE BOARD WHILE POWER IS APPLIED. 

De-energize the equipment and insert the board into an appropriate slot 
of the chassis. While ensuring that the board is properly aligned and oriented in 
the supporting card guides, slide the board smoothly forward against the mating 
connector until firmly seated. 

5.3 JUMPER INSTALLATIONS 

Revision H and subsequent revisions of the board provide for jumper 
selection of the VMEbus priority level and for the polarity of the BUSY handshake 
signal. The reader should refer to Figure 5.3-1 for jumper locations. 

5.3.1 VMEbus Prioritv Jumpers 

Jumpers J2 and J3 provide for the selection of bus request level and 
grant level, respectively. The reader should refer to Figure 5.3.1-1 for selection of 
bus priority level (3, 2, 1, or 0). The factory configuration is level 3. 
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COMPONENT SIDE 

Figure 5.3-1. VMIVME-DRY 1 W Configuration Information (Rev. H Boards) 
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BUS ARBITRATION 
PRIORITY LEVEL 

3 
(HIGHEST PRIORITY) 

FACTORY CONFIGURATION 

0 
(LOWEST PRIORITY) 

BUS REQUEST 
JUMPER INSTALLATION 

BUS GRANT 
JUMPER INSTALLATION 

D x J  
A B C D E F G H  

163 a d d o  
A B C D E F G H  

A B C D E F G H  

MDRlllF5.3.1-1 

Figure 5.3.1-1. Jumper Installation for Selection of VMEbus Priority Level (Rev. H 
and Subsequent Revisions of the Board) 
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5.3.2 Busv Polarity 

The polarity of the BUSY handshake signal can be selected to be active 
H or L. As shown in Figure 5.3.2-1 BUSY L must be selected for back-to-back 
operation of two VMIVME-DR1 1 W Boards. The factory configuration is Busy L. 

5.4 BOARD BASE ADDRESS 

The VMIVME-DR11 W occupies 256 bytes of the VMEbus short I10 space. 
The upper eight bits of the address are DIP switch selectable. Refer to Figure 5.4-1 
for configuration of this address selection and to Figure 5.3-1 for location of the DIP 
switch. 

5.5 ADDRESS MODIFIERS 

The board is configured at the factory to respond to short 110 address 
(16 bits) via a programmed PAL. See Figure 5.3-1 for location of the address 
modifier PAL. 

5.6 110 CABLES 

The VMIVME-DRll W provides a TTL compatible user interface that is 
terminated in 120 R via 180 a 3 9 0  ~2 terminating resistors. The VMIVME-DR11 W 
may be connected to external devices or to another VMIVME-DR11 W using up to 
50-foot (15.2 m) cables, if the following guidelines are followed: 

a. Shielded flat cable (or suoerlor cable) must be used. 
Mass-terminated unsh~elded flat cable w~ l l  cause data errors. A cable 
with ~ndiv~dually shielded conductors or a signallground wire pair for 
each signal (40 pairs) should prov~de best results. 

b. The cable shield must be grounded at both ends of the interface 
cable if a shielded cable is used. The cable grounds should have low 
impedance at high frequenc~es. 

c. Shielded flat cables typically have the shield connected to pin 1; 
therefore, Pin 1 of the cable must connect to Pin 40 of the connector 
(because the standard VMIVME-DR11 W pinout has data bit 15 tied to 
Pin 1 .) 

d. A special cable is required for the macrolink interface. The interface 
on the macrolink side requires that Pin 1 on the connector connects to 
Pin 1 of the cable and Pin 40 of the connector connects to Pin 40 of 
the cable. 

e. Pin 40 of the board connectors for the cable (P3 and P4) is located at 
the top of the connector. For back-to-back connection of the 
VMIVME-DR11W units using VMlC 110 cables, the cable should be 
connected with the black stripe (which designates ground) toward the 
top of the connector (and thus toward the top of board). 
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BOARD ADDRESS 
SWITCH 

ON. CLOSED = 0 
OFF, OPEN = 1 

EXAMPLE: BASE ADDRESS = $E000; $EO = 1110 0000 

MDRl llF5.4-1 

Figure 5.4-1. VMIVME-DR11 W Base Address Selection Switch 
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Refer to Figures 2.1 -1, 3.1 -2, and 3.1 -3 for proper cable connection to the 
user device. To connect two VMIVME-DR1 1 Ws back-to-back, P3 should be 
connected to P4 on the other device, and P4 should be connected to P3 on the 
other device. 

The VMIVME-DR11W is pinout compatible with DEC DRI  1-W and 
DEC DRV-11 B type devices. It is NOT pinout compatible with DEC DR11-B type 
devices and damage may result if it is cabled directly to a DEC DR11-B type 
device. 

5.6.1 Macrolink Pin Number Reversal 

The macrolink VMIVME-DR11 W compatible interface has Pin 1 of the 
connector connected to ground and Pin 40 connected to data bit 15. The special 
cable required can be ordered from VMIC. 

5.7 PIN NUMBER REVERSAL THROUGH BULKHEAD CONNECTOR 

If two flat cables are mated together by back-to-back male connectors a 
pin number reversal w~ l l  occur, i.e, the odd-numbered conductors will be swapped 
with the even numbered conductors. Therefore, if the Digital Equipment 
Corporation DC06 cable kit is ut~lized, the short pin number reversing cable (in the 
kit) must be installed to correcf the pin number reversal. 

5.8 CABLE CONNECTOR 

A compatible cable connector for the VMIVME-DR11W is Panduit 
No. 050-040-455. Strain relief Panduit No. is 100-000-058. 

5.9 USER CONNECTOR PIN ASSIGNMENTS 

User connector pin assignments and signal names are shown in 
Table 5.9-1. 
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Table 5.9-1. Connector Pin Assignments 

PIN 

1 vv 
2UU 
3TT 
4 SS 
5RR 
6PP 
7NN 
8MM 
9 LL 

lOKK 
11JJ 
12HH 
13FF 
14EE 
15DD 
16CC 
1788 
18AA 
19Z 
20 Y 

CONNECTOR P3 

SIGNAL 

DO 1 5 H  
DO 00 H 
DO14 H 
DO 01 H 
DO 13 H 
DO 02 H 
DO12H 
DO 03 H 
DO 11 H 
DO 04 H 
DO 1 0 H  
DO 05 H 
DO 09 H 
DO 06 H 
DO 08 H 
DO 07 H 
GND 
GND 
CYCLE RQB H 
GND 

PIN 

21 X 
22 W 
23 V 
24 U 
25 T 
26 S 
27 R 
28 P 
29 N 
30 M 
31 L 
32 K 
33 J 
34 H 
35 F 
36 E 
37 D 
38 C 
39 B 
40A 

SIGNAL 

END CYCLE H 
GND 

- - 

GND 
STATUS C H 
GND 
STATUS B H 
GND 
INIT H 
GND 
STATUS A H 
BURST RQ L 
WC INC ENB H' 
GND 
READY H 
GND 
ACLO FNCT 2 H 
GND 
CYCLE RQA H 
GND 

PIN 

1 vv 
2UU 
3TT 
4SS 
5RR 
6 PP 
7NN 
8MM 
9LL 

1 OKK 
11 JJ 
12HH 
13FF 
14EE 
15DD 
16CC 
17BB 
18AA 
19Z 
20 Y 

CONNECTOR P4 

SIGNAL 

DI15H 
Dl 00 H 
Dl 14 H 
Dl 01 H 
Dl 13 H 
Dl 02 H 
Dl 12 H 
Dl 03 H 
Dl11 H 
Dl 04 H 
Dl 10 H 
Dl 05 H 
Dl 09 H 
Dl 06 H 
Dl 08 H 
Dl 07 H 
GND 
GND 
GND 
GND 

PIN 

21 X 
22 W 
23 V 
24 U 
25 T 
26 S 
27 R 
28 P 
29 N 
30 M 
31 L 
32 K 
33 J 
34 H 
35 F 
36 E 
37 D 
38 C 
39 B 
40A 

SIGNAL 

GO H 
GND 
FNCT 1 H 
GND 
C1 H 
GND 
FNCT 2 H 
GND 
CO H* 
GND 
FNCT 3 H 
FNCT 3 H 
BA IND ENB H' 
GND 
A 0 0  H* 
GND 
ATTN H 
GND 
BUSY" 

] GND 
Not utilized bv or necessaw for oDeration of VMIVME-DR11W link. *I 

"See Section 5.3.2 for selection 

MDRl llT5.9-1 

5-8 
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SECTION 6 

MAINTENANCE AND WARRANTY 

6.1 MAINTENANCE 

This section of the technical manual provides information relative to the 
care and maintenance of VMIC's products. Should the products malfunction, the 
user should verify the following: 

a. Software 
b. System configuration 
c. Electrical connections 
d. Jumper or configuration options 
e. Boards fully inserted into their proper connector location 
f. Connector pins are clean and free from contamination 
g. No components of adjacent boards are disturbed when inserting or 

removing the board from the VMEbus card cage 
h. Quality of cables and I10 connections 

User level repairs are not recommended. Contact VMlC for a Return 
Material Authorization (RMA) Number. This RMA Number must be obtained prior to 
any return. 

6.2 MAINTENANCE PRINTS 

The appendix(ices) to this manual contain(s) drawings and diagrams for 
reference purposes. 

6.3 WARRANTY 

VMIC's Standard Products are warranted to be free from defects in 
material and workmanship for a period of two years (24 months) from the date of 
shipment. In discharge of this warranty, VMIC, at its option, agrees to either repair 
or replace, at VMIC's facility and at VMIC's discretion, any part, component, 
subassembly accessory, or any hardware, software, or system product, which 
under proper and normal use proves defective in material and workmanship. 

The customer shall provide notice to VMlC of each such defect within a 
reasonable time after the customer's discovery of such defect. 

In order to return the defective product(s) or part(s), the customer must 
contact VMIC's Customer Service Department to obtain a Call Ticket Number. The 
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defective product(s) or part(s) must also be properly boxed and weighed. After a 
VMlC Call Ticket Number and RMA Number have been obtained, the defective 
product(s) or part(s) may be returned (transportation collect for surface UPS) to 
VMIC. Any replaced or repaired product(s) or part@) will be shipped back to the 
customer's at the expense of VMlC (also UPS surface). 

The customer should be aware that the above process can sometimes 
take up to eight (8) days for the shipment to reach VMIC. The customer has the 
option to ship the defective product(s) or part(s) at the customer's own expense if 
the customer cannot afford this possible delay. 

There shall be no warranty or liability on any VMlC product(s) or part(s) 
that is (are) damaged or subjected to accident(s), perils of nature, negligence, 
overtemperature, overvoltage, misapplication of electrical power, insertion or 
removal of boards from backplanes andlor I10 connectors with power applied by 
the customer(s), appointee(s), or any other person(s) without the expressed 
approval of VMIC. 

Final determination of warranty eligibility shall be made by VMIC, and if a 
warranty claim is considered invalid for any reason, the customer will be charged 
for services performed and expenses incurred by VMlC in repair, handling and 
shipping the returned product or part. Determination as to whether the item is 
within warranty, coverage shall not be unreasonably withheld. 

The warranty period of the replacement or repaired product(s) or part(s) 
shall terminate with the termination of the warranty period with respect to the 
original product(s) or part@) for all replacement parts supplied or repairs made 
during the original warranty period. 

THE FOREGOING WARRANTY AND REMEDY ARE EXCLUSIVE AND VMlC 
SHALL HAVE NO OTHER OR ADDITIONAL LIABILITY TO BUYER OR TO ANYONE 
CLAIMING UNDER BUYER (THIRD PARTY) UNDER ANY OTHER AGREEMENT OR 
WARRANTY, EXPRESS OR IMPLIED EITHER IN FACT OR BY OPERATION OF THE 
LAW, INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS, 
STATUTORY, OR OTHERWISE. VMlC SHALL HAVE NO LIABILITY FOR SPECIAL 
OR CONSEQUENTIAL DAMAGES OF ANY KIND OR FROM ANY CAUSE ARISING 
OUT OF THE INSTALLATION OR USE OF ANY PRODUCT FURNISHED 
HEREUNDER. 

6.4 OUT-OF-WARRANTY REPAIR POLICY 

The following sections describe VMIC's policy on repairs and warranties 
on repaired products. 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



6.4.1 R e ~ a i r  Cateaory 

VMIC's repair policy of standard products is divided into two categories, 
depending on the item to be repaired. These categories are: 

a. Product Exchange 
b. Fixed Price Repair 

Category 1 (product exchange) represents the fastest turn around of the 
two categories. In this case, the customer sends the malfunctioning product to 
VMIC. VMIC will return an operational product to the customer within 72 hours of 
receipt provided VMIC has the product in stock. 

Provided that the returned product is repairable customers should 
contact VMIC prior to returning products for repair to determine stocking status. 

Category 2 (Fixed Price Repair) applies to products returned to VMlC for 
repair and subsequent return to the customer. 

Return authorizations are required on all product repairs, and all 
purchase orders should refer to VMIC's RMA Number which is assigned by VMIC's 
Customer Service Department. 

6.4.2 Repair Pr ic ing 

Contact your factory representative for repair pricing. Current pricing can 
be found in the Repair and Replacement Policy in the most current Standard 
Conditions of Sales Document (F0109-91). Refer to exclusions (Section 6.4.7). 

6.4.3 Pavment  

Payment is due upon delivery or at VMIC's option, net thirty (30) days 
from the date of delivery. Payment should be made to: 

VME Microsystems International Corporation 
12090 South Memorial Parkway 
Huntsville, Alabama 35803-3308 
Attention: Accounts Receivable 

VMlC allows a one (1) percent discount for payment made within ten (10) 
days of invoice date or a two (2) percent discount on payment made prior to 
shipment of order. This payment discount, however, does not apply to freight. 
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6.4.4 ShipDina Charaes 

Shipping charges are the customer's responsibility, with the exception of 
warranty repairs, whereby VMlC will pay the return to customer shipping charges. 

6.4.5 Shiopina Instructions 

The type of packaging used to ship the product depends on whether the 
product is shipped singly, in a chassis, or packaged with other boards. The 
shipper should carefully pack the product(s), using the same precautions listed in 
the "unpacking procedures". The user should utilize the same (or equivalent) 
protective packaging container for re-shipment as provided by VMIC. Approved 
ESD procedures are recommended when handling VMIC's products. 

6.4.6 Warrantv on Repairs 

Products repaired by VMlC are warranted against defects in 
workmanship and material for a period of ninety (90) days from date of shipment to 
the customer for all products that were repaired out of warranty. See Standard 
Conditions of Sale for products repaired within the warranty. 

6.4.7 Exclusions 

Repair rates may not apply to products which have received unusual 
physical or electrical damage. In such cases, VMlC will provide an estimated price 
for product repair or replacement. The customer may then choose to have the 
product repaired at the estimated price, returned unrepaired at no charge, or 
replaced at VMIC's current list price. 
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APPENDIX 

INTEGRATED CIRCUIT SPECIFICATIONS 

DESCRIPTION 

Bus Interrupt Module 

Direct Memory Access 
Interface (DMAI) 

PART NO. 

MC68153 

SCB68430 
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BUS INTERRUmER MODULE 

The bipolar LSI MC68153 Bus Interrupter interfaces a micro- 
computer system bus to multiple slave devices requiring interrupt 
capabilities. It handles up to 4 independent sources of interrupt 
requests and is fully programmable. 

0 VERSA~USWME~US Compatible 

MC68000 Compatible 

b Handles 4 Independent lnterrupt Sources 

b 8 Programmable Readwrite Registers 

0 Programmable lnterrupt Request Levels 

b Programmable lnterrupt Vectors 

0 Suppofls lnterrupt Acknowledge Daisy Chain 

0 Control Registers Contain Flag Bits 

b Single +5.0 Volt Supply 

s Total Power Dissipation = 1.5 W Typical 

b Temperature Range of 0°C to 70.C 
b Chip Access Time = 200 ns Typical with 16 MHz Clock 

0 40-Pin Dual-ln-Line Package 

1 1  
- 

INTERRUPTER 
MODULE 

ADVANCED LOW POWER S C H O W  

TTL 

FGURE 1 - MCdlllU SYSTEM BLOCK DIAGRAM 

System 8ur  
lnterrupt 

IACKIN Acknowledge 
IACKOUT Daisy Cham 

Address 1 8 1 Decode t$ MCSB153 
Dcvlce Interrupt 

I A I Requmf 
T 

m - e L D Z -  + Peripheral / 
n 
P 

Peripheral 
Wave1 

Interface 

VERSAbus is a trademark of Mororoia. 

I CASE 71 1-03 

4 0  ' I 
L SUFFIX 

< , I  CERAMIC PACKAGE 
CASE 7 3 - 0 4  

PIN ASSIGNMENTS 

~ 0 1 0 ~ o ~ i l ~ ~ i  308. ADI-10: 
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BURN-IN LIMITS: A maximum 
TJ of + 175T may be used for 
periods not to exceed 250 hours. 

AC TEST ClRCUlT - AC Testing of All Outputs 

I 
I 
I 
I 

I Pin Under Test 

1. Not .ppl i~ble  to Op~n-cOllon0r OutpYtS. 
2,  Not more than one outpu! should be rhoned at a rime for longer than one second. 
3. Low to CLK n q h  l s e i u p ~ o f  15 ns Mln must be obrsned. 
4. E C  LOW to CLK High and IACUIN LOW lo CLK nigh ~Sewp ~ m e r l  of 15 ns  in must be obrenad 
5. Sea Table 1 br additional performance guidelines. 

jC?') MOTOROLA Semicondustor Products b c .  
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GENERAL DESCRIPTION 

AC ELECTRICAL SPEClFlCATlONS (VCC = 5.0 V -5%. TA = O'C to 70°CI 

The MC68153 Bus interrupter Module lBlMl is de- 
signed to serve as an interrupt requester for peripheral 
devices in a microcomputer svstem. UP to 4 indepen- 

Panm.ter 

CLK High to PsfsOut Valid ( ~ e f a y P )  
CLK High t o X K  Low lDela~l(~1 - 
CS Htgh to DTACK High IDalsyl 
CLK Hqh to %Out Valid l ~ a l a y l ( ~ )  
CLK Hiph to INTAE Low - 
IACK High to E m  High lmpedsncs IDelayl - 
IACK High to DTACK High (Delay1 - 
CS High to Data Out High (Delay) 
CS Hiph to IR-h [Delay) - 
lbrl: "ink tn I U T A F  Yinh I b l m v l  

dent devices can be interfacedi0 the system bus by the 
MC68153. Intended for asynchronous masterislave bus 
operation, the BIM is compatible with VERSAbus. VME- 
bus. MC68MX3 device bus. and other svnem buses. Fia- 

T m  
~umb.r(S1 

t 
2 
3 
4 
5 
6 
7 
8 
3 
10 

- ~ ~, . 
ure 1 shows a block diagram of a typical configuration. 
In this example, three peripheral devices (bus slaves) 
are connected to the system data bus. Each of these 
devices could be paraliel 110, serial 110, 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 a bus interrupt request as 
a result of rhe 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 MC6.8153 is 
shown in Figure 2. The device contains circuitw to ac- 
cept four separate interrupt sources (INTO - INT3l. In- 
terface to the system bus includes generation of bus 
interrupt requests (IRO1 - IRQ7), response to a bus in- 
terrupt acknowledge cycle (either supplying a vector or 
passing on a daisy chain signal), and releasing the bus 
interrupt request signal at the proper time. The B1M has 
flexibility provided by eight programmable readlwrite 
registers. ~our8 -b i t  vecto; registers (VRO - VR3) contam 
statusladdress information and supply a bee vector in 
response to an interrupt acknowledge cycle for the cor- 
responding interrupt source. Four other &bit control 

SIGNAL DESCRIPTION 

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

BlDlRECTlONAL DATA BUS - DO - D7 
Pins W - D7 form an &bit bidirectional data bus to1 

from the system bus.These are active high.3-state prns. 
D7 is the most significant bit. 

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. ~econdly, during an inter- 
rupt acknowledge A1 -A3 show the level of interrupt 
being acknowledged, and the BIM uses these to deter- 
mine if a match exists with an internal level. 

cn! SELECT - i% 
CS is an active low input used to select the BIM's 

registers for the current bus cycle. Address strobe, data 
strobe, and appropriate address bits must be included 
in the chip select equation. 

RrnDMa_m - fi 
The RIW input is a signal from the svstem bus used 

to determine if the current bus cycle is a read (hrgh) or 
write (low). 

DA3NSFER ACKNOWLEDGE - 
DTACK is an open-collector, active low output that 

signals the completion of a read, write, or interrupt ac- 
knowled-le. During read or interrupt acknowledge 
cycles. DTACK is asserted by the MC68153 after data 
has been provided on the data bus; during write cycles 
it is asserted after data has been accepted from t w  
bus. A pullup resistor is required to maintain DTACK 
high between bus cycles. 

registers ICRO - CR3l mntain information that oversees 
operation of the interrupt circuitry. The control infor- 
matlon is programmable and includes interrupt request 
level and inrer ru~t  enable and disable. Also contained 
in the control registers are flag-bns. These flags are 
useful fortask coordlnalion, resource management, and 
interprocessor communicat~on. 

a MOTOROLA Semiconductor Products Inc. 
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ROURE 3 -LOGICAL PIN M N M E K I  

DTACK 

IACKIN 
IACKOUT 

+5.0 (41 
GND (4) 

INTO 

INTZ 
INT3 

INTAE 
INTALO 
INTALl 

INTERRUPT ACKNOWLEDGE SIGNALS - m. 
IACKIN, IACKOUT 

These three pins s u p w e e  interrupt acknowledge 
cycle. A low level on the lACK input indicates an inter- 
~ p t  acknowledge cycle has been initiated. This signal 
is conditioned externally with Address Strobe a n d 2  
lower data strobe of an MC68000 type bus. Atter IACK 
is asserted the BIM compares the interrupt level pre- 
sented on address lines Al, A2. and A3 with the current 
levels generated i n t e r e n d  determines if a match 
exists. Then, if input IACKIN is asserted (driven lowl, 
the BIM will either complete the interrupt acknowledge 
cycle if a match exists or assefi output IACKOUT if no 
m-ists. 

IACKIN and IACKOUT form part of a prioritized inter- 
m ~ t  acknowledge daisy chain. The daisy chain priori- 
ti& interrupters and guarantees that two or more de- 
vices requesting an intermpt on the same level will not 
respond to the same cycle.Theequesting device lor 
interrupter) must wait until IACKIN is asserted and not 
pass the signal on (assert IACKOUT) If it is to complete 
the interrupt acknowledge cycle. 

- -  
BUS INTERRUPT REQUEST SIGNALS - IRQ1- IRQ7 

These open-collector outputs are low when asserted. 
indicating a bus intermpt is requested at the corre- 
sponding level. An opensollector buffer is normally re- 
quired for sufficient drive when interfacing to a s E m  
~KA pullup resistor is required to maintain IRQ1 - 
IRQ7 high between interrupt requests. 

DEVlCE INTERRUPT REQUEST SIGNALS - 
m-m - - 

INTO - INT3 are active low inputs used to indicate to 
the BIM that a dev~ce wants a bus intermpt. 

INTERRUPT ACKNOWLEDGE ENABLE - 
During an interrupt acknowledge cycie, this output 

pin is asserted low to indicate that outputs INTALO and 
INTAL1 are valid. These two outputs conta~ngnncoded 
number 1x1 corresponding to the interrupt (INTx) being 
acknowledged. This feature can be used to signal in- 
terrupting devices, which supply their own vector, when 
to respond to-terrupt acknowledge cycle with the 
vector and a DTACK signal. 

INTERRUPT ACKNOWLEDGE LEVEL - IMALO, 
I M A L l  

These active high outputs contain an encoded num- 
levelr corresponding to the interrupf leveling acknowl- 
edged. They are valid only when INTAE is asserted low. 

CLOCK - CLK 
The CLK input is used to supply the clock for internal 

operations of the MC6B153. 

RESET - a, a 
Although a reset input&not supplied, an on-board 

reset is performed if CS and IACK are asserted 
simultaneously. 

@ MOTOROLA Semiconductor Products h c .  
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RGURE 4 - MCSEIS-3 REGISTER MOOEL 

REGISTER BIT NAME 

REGlSTrR DESCRIPTlON 
The MC681Y contains 8 programmable readhvrite 

registers. There are four mmml registers (CRO - CR3) 
that govern operation of the device. The other four 
(VRO - VR3J are vector registers that contain the venor 
data used during an interrupt acknowledge cycle. Figure 
4 illustrates the device register model. 

CONIROL REGISTERS 
There IS a con teeg is te r  for e a c h e r r u p t  source, 

i.e., CRO wntrols INTO. CR1 controls INTI, etc. The con- 
trol registers are divided into several fields: 

1. Interrupt level (U, L1, LO) - The least significant 
3-bit field of the register determines the level at 
which an interrupt will be generated: 

U L1 LO IRQ LEVEL 

0 0 0 DISABLED 
0 0 1 IR01 
0 1 0 lRaZ 
o 1 1 ma3 
1 0 0 IR04 
1 0 1 IR05 
1 1 0 IRQ6 
1 1 1 IR07 

A value of zero in the field disables the interrupt. 

2. Interrupt Enable (IRE) - This field (Bit A1 must be set 
(high levell to enable the bus interrupt reques* 
sociated with the control register. Thus, if the INTX 
line is -Red and IRE is cleared, no Interrupt re- 
quest (IRQXI will be assened. 

3. Interrupt Auto-Clear (IRAC) - If the IRAC is set lBit 
31. IRE (Bit 4) is cleared during an interrupt acknowl- 
edge cycle responding to this request. Th~s action of 

clearing IRE disables the interrupt request. To re- 
enable the interrupt associated with this register, IRE 
must be sct again by writing to the mntrol register. 

4. ExternalAnternal (Xl6i) -  Bit 5 of the control register 
determines the response of the M C 6 8 y  during an 
interrupt acknowledge cycle. If the WIN bit is clear 
( l o e l l  the BIM will respond with vector dataand 
a DTACK signal, 1.e.. an internal r e s p e f  WIN is 
set the vector is not supplied and no DTACK is given 
by the BIM, i.e., an external devlce should respond. 

5. Flag (Fl - Bit 7 is a flag that can be used in con- 
junction with the test and set instruction of the 
MC68000. It can be changed without affecting chip 
operation. It is useful for processor-to.processor 
communication and resource allocation. 

6. Flag AutoClear (FAC) - If FAC (Bit 61 is set, the Flag 
bit is automatically cleared during an interrupt ac- 
knowledge cycle. 

VECTOR REGISTERS 
Each interrupt input has its own associated venor 

register. Each register is 8 bits wide and supplies a data 
byte during its interrupt acknowledge cycle if the as. 
sociated ExfernalAnternal (XIIN1 control register bit is 
clear (zero). This data can be status, identification, or 
address information depending on system usage. The 
information is programmed by the system user. 

DEWCE RESET 
When the MCM1153 is reset, the registers are set to a 

known condition. The control registers are set to all 
zeros (low). The vector registers are set to $OF. This 
value is the MC68000vectorfor an uninitialized interrupt 
venor. 

@ MOTOROLA Semiconductor Products Inc. 
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SYSTEM OVERVIEW 
The MCS8153 can be used with many system buses. 

however, it is primarily intended for VMEbus, VERSA- 
bus and MC68M)O applications. Figure 5 showsa system 
configuration similar to VMEbus. In the figure only one 
system Data Transfer Bus (DTB) master is used. The 
Priority lnterrupt structure provides a means for pe- 
ripheral slave devices to ask for an interrupt of other 
processor (DTB master) activity and recelve service 
from the processor. The MC681U BIM acts as an inter- 
face device requesting and responding to Interrupt ac- 
knowledge cycles for up to 4 independent slaves. 

In Figure 5. functional modules are identified as In- 
terrupters and an lnterr~pt kana er. An lnterrupter !such 
astne MC65'153r receoves s,ave requestsfor an nterrJot 
and handles al interface to tlle synem bus reg4  red lo 
esr for ana respond to cterrlpt :equests. The nterrult 
Hana.er recelves the b ~ s  interr~pt requests, determines 
when an interrupt acknowledge wrl occ,r ana at wh c? 
level, ana flnal,, eitner performs tne ~nterrdpt aCKnOw - 
eape IIACKI cvc e or re1 s tne DTB master to execute tne 
IACK cycle. 

The signal lines in the Priority lnterrupt structure in- 
clude (' - indicates active low): 

1. IRQl*-IRQ7' - seven prioritized interrupt re- 
west lines. 

2. IACK.- signal line that indicates an interrupt ac- 
knowledge cycle is occurring. 

3. IACKIN*IIACKOUT. - two signals that form pan 
of a daisy chain that prior- 
itizes interrupters. 

In addition Data Transfer Bus control signals are in- 
volved in the IACK bus cycie: 

1. AS'- the Address Stroba asserted low indicates 
a valid address is on the bus. 

2. DSO. - the lower Data Strobe asserted low in- 
d imes a data transfer will occur on bus 
bits D W W 7 .  

3. WRITE* - the ReadMlrite is nwated indicatino " 

the data is to be read from the lnter- 
rupter. 

4. A01-A03 - Address lines A01-A03 contain the 
encoded priority level of the IACK 
cycie. 

5. D00-DO7 - Data bus lines DW-W7 are used to 
pass the interrupt vector from the re- 
sponding lnterrupter to the l n t e r ~ p t  
Handler. 

6. DTACK* - Data Transfer Acknowledge asserted 
low signals that the lnterrupter has 
put the vector on the data bus. 

FIGURE 5 -SIMPLE VMEbus CONFlGURAllON 

System 
BUS [ 

Interrupter &* r 
TO Nen Interrupter 

Data Transfer 

@ MOTOROLA Semiconductor Products Inc. 
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Figure 6 shows a flow diagram o f  a typical interrupt 
request and acknowledge operation. Briefly, the se- 
quence of events is first. an lnterrupter makes a request, 
nexl the Handler responds with an IACK cycle, then the 
Interrupter passes a vector to the Handler completing 
the IACK cycle, and finally the Handler uses the vector 
to  determine additional amon. Typically, an interrupt 
serwice routlne is stored in  software and the vector de- 
termines where i ts starting address is stored. 

Note the daisy chain operation. If the IACK level (on 
A01-A031 does not  match the Interrupter's request level 
o r  i f  no request is pending, the Interrupter passes the 
IACKIN' signal on and asserts IACKOUT*. This sequen- 
tial action automatically prioritizes Requesters o n  the 
same level (first one in  line wi th  a request pending gets 
serviced) and prevents W o  or more  Interrupters from 
responding simultaneously. 

RGURE 6 -INTERRUPT REQUEST AND ACXNOWLEDGE 
OPERATlOh ROW DUG- 

INTERRUPT 
HANDLER 

Islave B 
Rsqusns lnterrvptl 
Drive IR04' Low 

Detect 1R04. Low. 
Initiate IACK Cycle: 
Place 3-bit 
level 4 code on AOl-A03 
Drive IACK' Low 
lcauring IACK 
Daisy Chain to go Low.) 
Drive AS. to Low. 
Drive Write. High. 
Drive DSO' to Low. 

Detect IACK. Low. 
Detect AS. Low 
Check 3-bit Interrupt 
Acknowledge Code 
(Detect Match]. 
Dettn DSO* Low 
Deten IACKIN' Low 
from Daisy Cham. 
Place Vector Byte 
on Data Bus. 
Drove DTACK' to Low 

Detect DTACK. Low 
Read Vector. 
Release IACK Cycle. 
(Release AS.. 
AOl-A03. DSO', 
Write'. 1ACK.I. 
Initiate Interrupt 
Service Sequence. 
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This discussion is a very cursory look at the bus OP- 
eration. For more details including situations with mul- 
tiple bus masters, the user is directed to the VMEbuS 
Specification MVMEBS or VERSAbus Specification 
M68KVBS. Alto, the MC68153 can be used with other 
buses having similar interrupt structures. 

BIM BUS INTERFACE 
Figure 7 shows a simplified block diagram of the 

MC68153 interface to VERSAbus or VMEbus. Address 
Decode and Control Logic are dependent on the appli- 
cation and must be designed to guarantee BIM ac spec- 
ifications. It is possible in most cases that the decode 
logic can be shared with the slave devices. Buffers are 
provided where shown to comply with bus loading and 
drive specificlltions. It is elso possible that buffers can 
be shared with the slave bus interface. 

RE4DmRm OPERATION 
All eight BIM regesters can be accessed from the sys- 

tem bus in both read and write modes. The BIM has an 
asynchronous bus interface, primarily designed for 
MC680-l ike buses. The following BIM signals gener- 
ate read and write cycles: Chip Select (=I. Readwrite 
(m), Address Inputs (Al-MI.  Data Bus (M)-D7L and 
Data Transfer Acknowledge (m). During read and 
write cycles the internal registers are selected by A l .  
A2, end A3 in compiiance with the Figure 4 Truth Table. 

- Figure 8 shows the device timing for a read cycle. W 
Wand A1-A3 are latched on the falling edge of CS and 
must meet specified s e t u p h o l d  times. Chip access 
time for valid data and DTACK are dependent on the 
clock frequency as shown in the figure. 

Figure 9 shorn the device timing for a write cycle. W 
W. A1-A3, and W D 7  are latched on the falling edge 
of and must meet specified setup and hold times. 
Chip access time for is dependent on the clock 
frequency as shown in the figure. 

FIGURE 7 - VMEbuuVERSAbus INTERFACE BLOCK 
W G M M  

System BUS 
, 7  

IRO1' 
4R07' 

DO0407 

A01 
A02 
A03 

WRITE. 

DTACK' 

AM- 
AZ3 

AMC- 
AMX 

I 
DSO' I .-. 

IACK' Control 
SYSRESET' Logic INTALO 

IACKIN 
IACKIN' 

IACKOUT' 

To Slave device 
for external 

I Interrupt Ack- 
knowledge 

CLK 
SYSCLK I 
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RGURE 8 -READ CYCLE 

CLK 

rn 

&-A1 

- 
cs 

D7-W 

- 
DTACK 

CLK 

RK 

RGURE 9 -WRITE CYCLE 

&A1 Address Valid 

D7- W 

- 
DTACK 
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INTERRUPT REQUESTS 
m e  E68153  ac3. devi&ntenupt requests on 

inputs INTO, m, iNT2. and INT3. Each input is regu- 
lated by Bit 4 (IRE) of the associafedcontrol register 
(CRO controls m. CR1 controls INTI, etcl. If IRE (In- 
terrupt Enable) is set and a device mput is asserted. an 
Interrum Requen opencollector output (IRQl-IRQ71 is 
ausnw.  The assend EGX output is selected DY the 
value prcgnmrned in Bits 0, 1, and 2 of the control 
m m a r  (LO. L1, and UI. This .bit field determiner the 
interrupt requeal lwe l  as set by software. 

TWO or mom interrupt souras can be programmed 
to the aarna requsn level. The corresponding out- 
put will remain asserted until multiple interrupt ac- 
knowledoe cvcle% rerwnd to all r w u a u .  ~~ " .~ ~~ 

Ifthe interrupt requirt level is set tozero, the interrupt 
is disabled becdues there is no corresponding IRQ out- 
put. 

lKlERRUPT ACKNOWLEDGE 
The response of an-lntarrupt Handler to a bus inter- 

mpt request is an interrupt acknowledge cycle.> 
!ACK cycle is initiated in the MC68153 by receiving IACK 
low. fi. A1, A2, A3 are larched. and the interrupt level 
on line A 1 4 3  is compared with any interrupt requests 
pending in the chip. Further activity can be one Of four 
cases: 

1. No further action requ i redsh is  occurs if 
is not assened. Asserting IACK only starts the BIM 
activity. If t h e y  chain signal never reaches the 
MC68153 IIACKIN is not asserted], another lnter- 
rupter has r e s p o n d s o  the cycle. The cycle 
will end, the chip IACK is negated, and no addi. 
tional action is required. 

2. Pass on the in= acknowledge daisy chain - 
For this case. IACKIN input is assert- pre- 
ceding daisy chain Interrupter, and IACKOUT out. 
put is in turn asserted. The daisy chain signal is 
passed on when no interrupts are pending on a 
matching level or when any possible interrupts are 
disabled. The Interrupt Enable (IRE1 bit of a control 
register can disable any interrupt requests, and in 
turn, any possible matches. 

3. Respond internally - For this case, IACI(IN is as- 
wned and a match is found. The MC68153 com- 
pletes the IACK cycle by supplying an interrupt 
vector from the proper vector register followed by 
a DTAtK signal asserted. is not asserted 
because the interrupt acknowledge cycle is com- 
pleted by this device. 

For the MCb8153 to respond in this mode of op- 
eration. the EXTERNAUINTERNAL control register 
bit (Wml must bezero. For each sourceof interrupt 
request. the associated control register determines 
the BIM response to an IACK cycie, and the NIN 

bit s a  this response either internally (X/m = 01 
or axternally (WIN = 1). 

- 
4. Respond externally - For the final case, IACKIN is 

also asserted. a match is found and the associated 
control register has  XI^ bit set to  one. The 
MC68153 does not assert and does as- 
aan a low. - signals that the requesting 
dev ia  mum complete the IACK cycle (supplying a 
vector and m) and that the 2-bit code w n -  
tamed on outputs INTALO and INTALl rhowe 
which interrupt source 1s being acknowledged. 

Them cam are discussed in more detail in the fol- 
lowing paragraphs. 

InuMl im.Mpt * e l m o m .  
For an internal interrupt acknowledge to oaur, the 

following conditions must be met: 
-- 

1. One or more device interrupt inputs (INTO-IN131 
has been asserted and corresponding control bit 
IRE value is one. 
- 

2. IACK assened. 

3. A match exists between I&. A2. A l l  and the [U .  
L1, LO1 field of an enabled, requesting control reg- 
ister. If two or more devices are requesting at the 
same interrupt level, preference-iven to the 
highest number requester, that is, INT3 has hlghest 
priority and has lowest. 

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

5. lACKlN assened. 

The internal interrupt acknowledge cycle tirnlng is 
shown in Figure 10. The &bit interrupt e w i e d g e  
vector is oresented to the data bus and DTACK is as- 
serted. ~ d t e  also that INTALO and INTALl are valid and 
m i s  asserted during this cycle although theywould 
normally not be used. ~ i e  cycie is terrninited (data and 
OTACK released) afler is negated. 

During the IACK cycle. the INTERRUPT AUTO-CLEAR 
control bit IIRACI comes into play. If the IRAC = one 
for the responding interrupt source. the INTERRUPT EN- 
ABLE (IRE) bit is automatically cleared during the IACK 
cycIe+s disabling the associated interrupt input and 
any IRQX output assened due to this interrupt input. 
Before another interrupt can be requened from this 
source. IRE must be set to one by writing to the control 
mister. 

Note that is not asserted because this de. 
vice is responding to the IACK and does not pass the 
daisy chain signal on. Also, new d e v ' n t e r r u p t  re- 
quests occurring on INTO-iNT3 after IACK is asserted 
are locked out to prevent any race conditions on the 
daisy chain. 

@ MOIOROLA Semiconductor Products I m .  
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CLK 

&A1 

- 
IACK 

- 
IACKIN 

D7-W 

- 
DTACK 

- 
INTAE 

INTALO 

- 
IROX 

FIGURE 10 - INTERRUPT AC((N0WLEDOE CYCLE - INTERNAL VECTOR 

, INTALl Interrupt Acknowledge Level Oul Val6d 
I 

ErMmal Interrupt Acknowldge 
For an enernal interrupt acknowledge, the same con- 

ditions as listed above are met with one exception. Con- 
trol register bit XilN of matching interrupt source must 
be set to one. The timing is s h o e F i g u r e  11. Forthis 
cycle. the interrupt vecf d DTACK must be supplied 
by an external device. INTAE is asserted indicating that 
INTALO and lNTALl are valid. The external device can 
use these signals to e n a b s e  vector and m. The 
cycle is terminated after IACK is negated. 

The IRAC control bit acts in the external interrupt ac- 
knowledge the same as described for the internal re- 
sponse bee above). Also, IACKOUT is not asserted and 
new device interrupts are disabled for reasons dis- 
cussed above. 

P a u  On 19CK Daisy Chain 
If the MC68153 has no interrupt request pending at 

the same level as the interrupt acknowledge, the IACK 
daisychain signal is passed on to the next device if 
IACKIN is asserted. The following conditions are thus 
met: 

1. asserted. 
2. NO match exists between IA3. A2. A l l  and the IL2. 

L1. LO) field of an enabled, requesting control reg- 
ister. 

3. is asserted. 
IACKOUT i s e e d  iftheseconditionsarevalid.This 

output drives IACKIN of the next Interrupter on the daisy 
chain, passing the signal along. Figure 12 s h o e h e  
timing for this case. IACKOUT is negated after IACK is 
negated. 

@ MOTOROLA Semiconductor Products Inc. 
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FIGURE 11 -INTERRUPT ACKNOWLEQGE CYCLE - EXTERNAL VECTOR 

CLK 

- 
IACK 

- 
IACKIN 

I I 

- 
INTAE 

INTALO. INTALl 

I I 

I n t c r r m  Ac~no~ lcdge  Level 0 4 1  Val c 

I 

FIGURE 12 - INTERRUPT ACKNOWLEDGE CYCLE - 

CLK 

&-A1 Address Vahd 

- 
I ACK 

- 
IACKIN 

@ MOTOROLA Semiconductor Products h c .  
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CONTROL REGISTER M G S  
Each control regtster contains a Flag bit (Fl and a Flag 

Auto-Clear bit (FAC). Both bits can be read or altered 
via a register write without affecting the interrupt op- 
eration of the device. The Flag is useful as a natus 
indicator for resource management and as a semaphor 
in multitasking or multiprocessor systems. Flag (F) is 
located in bit position 7 and can be used with the 
MC68000 rett and Set fTAS) instruction. 

The Flag AutoClear IFAC) is used to manipulate the 
Flag bit. If the Flag is set to one end the FAC is also one, 
an interrupt acknowledge cycle to the associated inter- 
rupt source clears the Flag bit. This feature is ussful in 
determining the interrupt status and passing messages. 

RESET 
There is no reset input,owever, a chip reset is ac- 

tivated by asserting both CS and lACK simultaneously 
(Figure 131. These inputs should be held low for a min- 
imum of two clock cycles for a full reset function. The 
mntrol registers are reset to all zeroes and the Vector 
Registers are set to a value of $OF. This vector value 1s 
the uninitialized vector for the MC68000. See the 
MC68WO Users Manual for more details on this vector. 

CLOCK 
The chip clock is required for internal operation to 

occur. Typical frequency is 16 MHz in VMEbus and 
VERSAbus applications derived from the system clock. 
Any frequency can be used, however, up to 25 MHz 
(Figure 141. 

FiGURE 13 - RESEl  

CLK 

38 c) 
- 
IAK 

FIGURE 14 -CLOCK WAVEFORM 

@ MOTOROLA Semiconducbr Products b c .  
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OUTLINE DIMENSIONS 

o&) MOTOROLA Semiconductor Products Ins 

CASE 7 1  1-03 CASE 734-04 
PLASTIC PACKAGE CERAMIC PACKAGE 

TYPICAL THERMAL CHARACTERISTICS 

V 
BOX 20912 PHOENIX. ARIZONA 85036. A SUBSIDIARY OF MOTOROLA INC - <.>.,., ">- ,.". .. -.". > >  u, " 

Pmckmgc 

L Suffix 
P suf f ix l  

NOrE5: 
1. Foi reliable system operation the maximum sllowsbls junction tempermure ITj1 for plarttc cnceprulated packager has been limiied to + 140'C~ 

&ceding this lhmit r i l l  awlisrate "wear-out" rnochanirrns arrocmmd with industry standard arrembly methods using themoronic ball bonds to 
anach gold lAvi bond w r e  to aluminum (All bond pads on ?he die WrfasF. 

2. nr TJ - 140% rime to o.i%f~ilure due to A ~ A I  intstconnsn = 8.920 Hours. 

BJA IJunciion to Ambient) 
SUll Air 

dO'CW 
3 5 ' c m  

Junction Temperature 
Still Air @ 70% Ambient 

147°C 
137-c 
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Signetics 

I 
SCB68430 
Direct Memory Access 
Interface (DMAI) 
Preliminary Specification 

Microprocessor  Products 

DESCRIPTION 
The SC868430 Direct Memory Access 
Interface (DMAI) is a single channel 
interface circuit which is intended to 
complement the performance and archi- 
tectural capabilities of the SCN68000 
microprocessor. The DMAI functions by 
transferring a series of operands (data) 
between memory and a device: operand 
sizes may be byte, word. or long word. A 
block is a sequence of operands: the 
number of operands in the block is 
determined by a transfer count stored 
within the DMAI. The SCB68430 can be 
programmed to utilize single cycle (cycle 
stealing) or burs! data transfers. 

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

The SCB68430 is constructed using 
Signetics ISL bipolar technology. 

FEATURES 
Bus compatible wlth SCN68000 
rnlcroprocessor 

0 Software compatlble wlth other 
68K farnliy DMA controllers 

0 Slngle address transfers 
Cycle steal and burst mode 
operation 
Bus arbitration daisy cham 

0 Autornatlc rerun on bus error 
Supports 32-bit transfers for VME 
bus 

0 Supports SCN68000 vectored 
Interrupts 

24-bl! address counter 
16-bR transfer counter 

Maxlmum transfer rate of 5 
Mbytes per second 

S~gnetics ISL bipolar technology 

PIN CONFIGURATION 

m ~uneuon 
I NC 
2 DBENN 
I OWNN 
I DTACUN 
5 CSN 
6 ASN 
7 LDSN 
8 (RON 
9 UDSN 

10 R l W N  
I I IACXN 
12 BGN 
13 V NP 
I S  V 
16 &UTN 
I 7  BGACKN 
18 BRN 

January 1986 
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Direct Memory Access Interface (DMAI) SCB68430 

ORDERING CODE 

BLOCK DIAGRAM 

PACKAGES -. 

Ceramic DIP 

P l a s t l c  DIP 

Plashc LCC 

O A T 1  AND 
1 0 D n E S S  BUS 

n 

vCC = 5V + 5?., TA = O'C 10 70-C 

CONTROL Mux w 

loMHz 

SCB68430CA148 

SCB68430CANa8 

SC86843OCA.452 

CONTROL 
L o a l c  ADDRESS 

>€VICE 
?AHOSHAKE 

12.5MHz 

SCB6843OCC148 

SCB68430CCN48 

SCB68430CCA52 

B C A C I H  

INTERFACE 
UDSM 

O T l C K N  

0 0 - 0 ,  
. I - A 2 1  

O W Y H  

ADDRESS 
DECODE 

January 1986 
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Direct Memory Access Interface (DMAI) SCB68430 

PIN DESCRIPTION 

ASN 

MNEYWIC 

UDSN 

LDSN 

R/WN 

CSN 

DTACKN 

PIN NO. 

RESETN 

A, . ~7 

CLK 

IRON 

TYPE 

IACKN 

DESCRIPTION 

48 -42 

I BGN 

110 Address Unes: Active high, three-slate. In the MPU made. these tow order address lines speciV which 1 internal rmister of the DMAI is beins accessed. In DMA mode. At -A7 are ouputs which wouide the low order 

January 1986 
El9 

41 -37 
35 - 25 

5 

8 

6 

9 

4 

3 

24 

17 

7 

10 

16 

I 

11 

110 

110 

110 

110 

110 

I 

110 

I 

I 

0 

I 

0 

I 

address bits of the location being accessed. Three-stated in IDLE Mode. 

AddreulData Llner Active high, three-stale. These l i n s  are time multiplexed for data and address leads. 
The lines OWNN. RWN. CSN, and DBENN are used to control the demultiplexing of the address and data 
using exiernal circuitry. In MPU mode. the bidirecbnal dala ltnes (W - D15) are used to transfer data 
between the MPU and the DMAI. In the DMA mode. A8 - A 2 3  provide the high order address tits of the 
laatlon being anessed. Three-stated in IDLE mode. 

A d d r c u  Strobe: Active law, three-state. In MPU and IDLE mods. ASN is an input which indicates that the 
current bus master has placed a valid address on the bus. It is monilored by the DMAl during bus arbitration to 
a ~ e M i n  !hat the pev iws bus master has completed the current bus cycle. In DMA mode, it in an ootput 
indicating that the DMAl has placed a valid address on the bus. 

Upper Dam Stobe: Active low. Ihree-state. In MPU and IDLE modes, UDSN is an input which indicates that 
the upper data bye  of the addressed word is being addressed. In DMA mode. it is an output with the same 
meaning. 

Lower Data Strobe: Active low, three-state. In MPU and IDLE modes, LOSN is an input which indicates that 
the lower data bye  of the addressed ward is being addressed. in DMA mode, it is an output with the same 
meanmg. 

ReadlWrltc: Active high for read. low lor write. twee-slate. In MPU mode. RlWN iz an input which controls 
the direction of data flow through the DMAI's inputloutput dala bus interlace and, if required. through an 
external data bus butfer. RlWN high causes the DMAl to place the data from the addressed register on the 
data bus, whde RIWN low causes the DMAl to accept data from Vie data bus. In DMA mode. R/WN is an 
output to memory and I/O controllers indicating the type of bus cycle. It is held three-stated dunng IDLE 
mods. 

Chip Select Active low. When low. places the DMAl into the MPU mode. This input signal IS used la select 
the DMAi for programmed data transfers. These Vansfers take place over W- Dl5 as controlled by the 
RIWN and A1 - A7 inputs. The DMAI is deselected when CSN is high. CSN is ignored durmg DMA mode. 

Data Transfer Acknowledge: Active low, 1hree.state. In MPU mode. DTACKN is assened on a wi le cycle to 
indicate that the data on the bus has been latched. and on a read cycle or interrupt acknowledge cycle tc 
indcate thal valid dala is presenl on the bus. The signal is negated (driven high) when completion ot the cycle 
is indicated by negation of the CSN or IACKN input. and returns to the inactive third state a shan time aller it is  
negated. In DMA Mode, DTACKN is an input monitored by the DMAl lo determine when the addressed device 
(memory) has latched the data (write cycle) or put valid dala on the bus (read cycle). 

Master Reset: Active low. Assedion of this pen clears ~nternal control registers (See table 1). initializes the 
Interrupt vector reglster to H'OF', and sets the status register to the default  value 
8'0000 000X'. where X is the state of RDYN. All bldirecl~onal 110 lhnes are three-staled and the DMAl is placec 
I" the IDLE mode. 

Clock: Active high. Usually the system clock, but may be any dock meeting the electrical specificaliins. Use= 
by the DMAl to synchronize device functions and external control lines, and may not be gated ofl at any time. 

Interrupt Request Active low. open collector. This output is asserled. if interrupts are enabled, upon end ot 
transfer. on occurrence Of a bus error, and on rxeipt of an a b m  from the MPU. The CPU can read the slatus 
register to determine the interrupting condilion(s), or can respond with an interrupt acknowledge cycle tc 
cause the DMAl to output an intermpt vector on the dala bus. 

lnterrupl Acknowledge: Active low. When ass&ed, indicates that the current Cycle is an inlenupl 
acknowledge cycle. The DMAl normally responds by placing the contents of the intempt vector iegisler or 
the data bus and asserting DTACKN. IACKN is not serviced il the DMAl has not generated an interrupl 
request. 

Bus Request Active low, open callector. BRN is assened by the DMAl to requesl ownership of the bus anel 
a DMA request is sensed on the REON input lrom the 1/0 device. It IS negated when the bus has beer 
granted (BGN low) and BGACKN has been assened, or. in burst DMA request mode, if the I10 dewce 
negates its request at least one Clock cycle before BGACKN is asserted. 

Bus Grant: Active tow. BGN indicates to the DMAl that i t  is to be the nexi bus master. This signal is wiginated 
by the MPU and propagated wa a daisy chain or other prioritaalion mechanism. Afler BGN is asserted, the 
DMAl waits until DTACKN, ASN, and BGACKN have become inact~ve before assuming ownership of the bus 
by assening BGACKN. 
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Direct Memory Access Interface [DMAI) SCB68430 

P I N  DESCRIPTION 

MNEMOHI( 

BGOUTN 

BGACKN 

RERUNN 

REON 

ACKN 

RDYN 

DTCN 

DONEN 

OWNN 

DBENN 

vcc 

v08 

v55 

PIN DESCRIPTION 

- 
YPE - 

0 

I0 

I 

I 

0 

I 

0 

1 0  

0 

0 

I 

I 

I - 

DESCRIPTION 

Bus Grant Output: Active low. Daisy chain output which is asserted by the DMAI when BGN is assened and 
the DMAl does not have a bus request pending. 

Bus Grant Acunowledge: Ac've cow. Ilree-s'ate AS an ~PPJI BGACXh is mon.lorec by :re 3MA. ounrg 1% 

OJS armeratan cyce to detemme w e n  .I can assume ownersno of me nus ( B G A C ~ ~  neqatcct n DMA 
mode, it is asserted by the DMAl lo indcale that it is the bus master. Three-slated in MPU and IDLE modes. 

Rerun: Active low. This input is asserted by external error detect l w i c  to indtcate a bus error. In DMA mode. 
me  DMAl stops operatoon and tnree-stales I r e  dala, aodress, and conlro ones ercepl BGACKPI 11 rema r s  
na tea .,m RERbhN bdcomes ma;ttbe and than relrtes !no last r ~ s  q L ' e  It R E s - h h  .s assar:ao d r ~ m  :". 
3MAl re:s tne ERR olt n 1% sa:.s reg s!e' stoos DMA operat on. releases the 0.5, a m  nterr.&ts the ZP- I 

interrupts are enabled, respanding with a speoal interrupt vector when IACKN is assened. Not monllored in 
MPU and IDLE modes. 

DMA Request: Active low. This input from the 110 device requests sewice lrom the DMAI and causes the 
DMAI to request control 01 the bus. In burst mode, ths input is level sensitlve, and me DMAl releases the bus 
alter REON is negated and the current DMA cycle is compieted. In cycle steal mode. the REON input is 
negatlve edge triggered. A negatlve going edge must occur at ieast one clock cycle betore DTCN is assened 
to accomplish conlmuous transfer cycles but not earlier than beginning of master cycle. 

DMA Request Acknowledge: Active low. ACKN is assened by the DMAl to indicate lhat it has gained the 
bus and the requested bus cycle is now beginnrag. It is assened at the beginning of every bus cycle aner ASN 
has been asserted, and is negated at the end of every bus cycle. 

Devlce Ready: Active low RDYN is assened by the requesting device to indicate to the DMAI that valid data 
has ellher been stored or put on the bus. I1 negated. it indicates that the data has not been stored or 
presented, causing the DMAl lo enter wait states. RDYN can be held low continuously il the device is fast 
enough so that wait states are not required. 

Device Transfer Complete: Active low In DMA mode. DTCN is assmed by the DMAl to lndlcate to the 
devlce that the requested data transfer is complete On a wrlte to memory operation. 11 indlcales that the data 
prov~ded by the device has been successfully slwed On a read lrom memory operatlo" it mdicates to the 
dence that the data from memory is Present on the data bus and should be latched 

Done: Active low, open collector. As an output. DONEN is asserted by the DMAl concurrent wtth the ACKN 
o u t p ~ l  to indicate to the device that the transfer count is exhausted and that the DMAl's operation is 
completed as a result 01 that transfer. As an input, il asserted by the device before the transfer count became 
zero. 11 causes the DMAl to abort sewice and generate an interrupt request, il interrupls are enabled 

Own: Actlve low, open collector Thls output is assened by DMAl dvnng the DMA mode lo  #nd>cale bus 
mastersh~p It can be used lo enable external addressldata and control butters. Inactwe in MPU and IDLE 
modes 

Data Bus Enable: Active low, open collector. Assened by the DMAI when CSN is assened or when IACKN is 
assened and the DMAI has an interrupt requesl pending. Can be used 10 enable bidirectional data buffers far 
W - Di5. Inactive in IDLE and DMA mode. 

Power Supply: + 5 volt power input. 

Power Supply: + 1.5 volt p e r  input. 

Ground: Signal and pOW8r ground Input. 

slanal IS actwe in the hbah floa8c onel stale or reolster' The null realster returns all ones - 
The Pin Deuriptbn table dewribes the func. Ihe low (logic zsro) stale. Reler to the individ- for data and results in a normal bus cycle. 

tion of each of the pinr of the DMAI. sgnal ual pin descriptions for the definition ot the A write lo one of these localions results 

names ending in 'N' are a c h e  low. All other level O1 each in a normal bus cycle but no wits occurs. 

signals are acliie high. In the descriptions. 2. Unused bits 01 a defined register are read 

'MPU mode' refers to the state when the as indicated in the register desc"ptions. 

DMAI is chip selected.  he  term'^^^ mode' REGISTERS AND COUNTERS 3. All registers are addressable as 8-bit 

refers lo the stale when the DMAl assumes ~ ~ ~ i ~ t ~ ~  M~~ quantities. To facilitate operation with the 

wnerShip Ihe bus. The DMAl is in Ihe The internal accessible register organization 
68K MOVEP instnwtion, addresses are 

'IDLE mode' at all other times. ordered such that certain sets 01 regis- 
of the DMAI is shown in table 1. The lollowing 

ters may also be accessed as words or 
In this data sheet signals are discussed using rules apply lo  all registers: 

long words. 
the terms 'active. and .inactive' or ,assened, 1.  A mad from a reserved location in the 

and 'negated' independent of whether the map results in  a read from the 'null 

January 1986 3-20 
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Direct Memory Access Interface (DMAI) SCB68430 

OPERATION CONTROL REGISTER IOCRI ~ - - - . , 
BIT07 BIT06 BIT05 BIT04 BIT03 

OCR 1 OEV I NOT l~SED I 01 =WORD (16 BIT) 
1 = DEV TO 10 =LONG WORD' 

/DIRECTION I 
k-iii$ 
1 MEM I ' ' 1 1 I =WORD 132-Bin' I 

OPERAND SIZE 

00 = BYTE 

BIT02 BIT01 BIT00 

NOT USED NOT USED NOT USED 

(0) / 1') I (01 

~- - -- 

'Long word and 32-bit word modes are not supponed by 68440. 32-b1t word mode is not supponed by 68450. 

SEOUENCE CONTROL REGISTER (SCR) 
BIT15 BIT14 BIT13 BIT12 BIT11 BIT10 BIT09 BIT08 - 

CHANNEL CONTROL REGISTER (CCR) 

K R  

. . 
BIT07 BIT06 BIT05 BIT04 BIT03 BIT02 BIT01 BIT00 

START 

CCR 

NOT USED 

(0) 

CHANNEL STATUS REGISTER (CSR) 
BIT15 BIT14 BIT13 BIT12 BIT11 BIT10 BIT09 BITOB I " I",: 1 1 CHANNEL 1 1 1 7::;; 1 

OPERATION 
COMPLETE TERMINATE 

ACTIVE 
CSR STATE 

NOT USED 

(0) 

O=NO O=NO 
7 =YES 1 =YES > = Y E S  1 I YES 

NOT USE" N O T , F E D  0 =LOW 
(0) I =HIGH 

NOT USED 

(0) 

CHANNEL 

CER 

NOT USED 

(0) 

ERROR REGISTER ICER) 

CHANNEL PRIORITY REGISTER (CPR) 
BIT07 BIT06 BIT05 BIT04 BIT03 BIT02 BIT01 BIT00 

BIT07 BIT06 BIT05 BIT04 BIT03 BIT02 BIT01 BIT00 

CPR 

Device Control Register (DCR) The DMAl Services the request by arbi- lore the DMAl asserts OTCN, the DMAi 
lrating (or the bus, obtaining the bur, and relinquishes the bus and waits for the 

[151 External Request Mode nolilying the peripheral by assening the next request, but the current transfer will 
This k t  selects whether the DMAl operates in ac~nowledge (ACKN) 11 the re. be compleled. 
burst or cycle steal mode. quesl isne is active when the DMAI as- 1 Cycle sieal mode, In this mode. Ihe 
0 Burst mode. This mode allows a device serts ACKN, and remains at least device requests an Operand transfer by 

10 f e q ~ e ~ l  the transter 01 mulliple oper- unlil !he D~~~ assens device Generating a falling edge on the request 
ands using consecutive bus cycles. in complete (DTCN). the DMAI recognizes a (REON) line. The OMAI serwces the 
this mode the request (REON) line is an valid request lor another operand, which requesl by aibitiatmg lor the bus. obtaln- 
active low inout which is asserted by the w,li be transleired during the next bus ing the bus, and ooi,lying the pe~iDheral 
dev'ce '0 request an operand transler. t t  !he request line is negated be. by assemng the acknowledge IACKNI 

January $986 5 2 2  

ERROR CODE 

00000 = NO ERROR 
01001 =BUS ERROR 
10001 =SOFTWARE ABORT i I NOT USED 

(0) 

I 

NOT USED 

(01 

NOT USED 

(0) 
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Direct Memory Access Interface (DMAI) 

ou tp~ t  The request line must be in the ~n the 68440 or 68450 11 IS mcluded in the operation and #nd\cates that lhe DMA Iransler 
macttve state lor at least one clock cycle DMAl to suppon VME bus operat~ons has completed This bat must be cleared to 
bdme a request is made. Aher a request 
has been asserted, it must remain at the 
assertton level for at least one clock 
cycle. If another request 1s received be- 
fme the first operand part of a former 
request 1s acknowledged, the second 
request Is not recognized. Normally, the 
DMAl will relmquish the bus after servic- 
ino a valid reauent Haweve,. if the device m -  - - - 
generates a new request before the 
DMAl asserts DTCN for the last operand 
pan. the DMAl Gll retain ownership o f  
the bus and that request will be sewiced 
before the bus is relinquished. 

Operatlon Control Register 
( O W  
[7] Dlrectlon 
0 Transfer 15 from memory lo  d e w e  
I Transler is from devlce lo memory 

[5:4] Operand Size 
The programming of these bits determine 
whether UDSN, LDSN, or both are generaled 
during the transfer cycle and the increment by 
which the memory address counter (MACI is 
changed in each transler cycle. 
00 Byie The operand size is 8 bits. The 

MAC is mcrsmenled by one aher each 
operand lransler. If the LSB o l  the MAC 
8s a '0'. UDSN is assensd during the 
translet. If the LSB of a MAC is a '1'. 
LDSN is assened during the transfer. The 
translet counter decrements by one be- 
fore each byte is transferred. 

01 Word. The operand sze  is 16 bits. The 
MAC is mciernenled by two after each 
operand translet. The value of the LSB of 
the MAC is ignored and both UDSN and 
LDSN are assened during the lransfer~ 
The transfer counler decrements by one 
belore each word is transferred. 

10 Long word. The operand sire is 32 bits. 
The operand is transferred as two 16-bit 
words. The MAC is incremented by two 
aner each 16-bit word is transferred. The 
value of the LSB o l  the MAC is ignored 
and both UOSN and LDSN are assened 
during the transfer. The lransler counler 
decrements by one before the entire long 
word is transferred. Nole that this mode 
is not implemented in the 68440. 

11 Double word. The operand size is 32 bits. 
The operand is transferred as a single 
32-bit word. The MAC is incrernenled by 

Sequence Control Register 
( S W  
This register serves no function in the DMAI. 
It is included only l o  provide compatlbilily with 
the programming lor the 68440 and 68450 
DMA contro11erS. 

Channel Control Register (CCR) 

[71 Stsn Operstlon 
0 NO start pen ding^ 
1 Stan operation. The slan bit is set to 

initiate operation of the DMAI. The mem- 
ory address counter and the memory 
transfer counter should have been previ- 
ously intliallzed, and all bits of the chan- 
nel status register (CSR) should have 
previously been resel, The DMAI inlliales 
operation by clearing any pending re. 
quests, clearing the slarl bit, and setting 
the channel active bit in the CSR. The 
DMAl is then ready to receive requests 
for an operation. The channel Cannot be 
slaned if any of the internal status bits in 
the CSR (CSR[lS:Il]) have not been 
cleared. 
A pending s t m  cannot be r e e l  by a w t e  
to the regist=. START can be cleared 
only by the DMAl when it starls operation 
or by sett8ng the software abon bit 
ICCR[411. 

(41 Software Aban  
0 DO not aban. 
1 Abort operation. Setting this bit termi- 

nates the current operatlon of the DMAl 
and places it in the IDLE state. The 
channei operation complete and error 
bits in the CSR are set. the channel 
acllve b,l in the CSR is reset, and an 
ABORT ERROR condit~on is s~gnaled in 
the CER. Setting this bll causes a pend- 
ing start la be reset. 

(31 lnlermpt Enable 
0 InterNplS not enabled. 
1 Enable inlerrupls. An interrupt request is 

generated if the channel operation com- 
plete bit in the CSR is set. When the 
IACKN input is assetted, the DMAl re- 
turns the normal interrupt vector if lhe 
errw bit in the CSR is no1 set, or the error 
interrupt vector If error Is set. 

Channel Status Register (CSR) 
A read of this register provides the status o l  

Stan another channel operation. 

[13] Normal Device Termination 
This bit is set when the devce ierminates the 
DMAI operation by assening the W N E N  lhne 
while the device was being acknowledged. 
This bit must be cleared to stan another 
channel operation. 

1121 Error 
+hi; bit is used to repon that the 0MAl.r 
operation was terminated due lo  the occur. 
rence of an error. The condition which caused 
the error can be determined by reading lhe 
channel error register (CER]. This btt must be 
cleared to star( another channel operalion. 
When this bit is cleared. the CER is also 
cleared. 

[ I t ]  Channel Actlve 
This bit 1s sel alter the channel has been 
slaned and remains set unttl the channel 
opeiatm terminates It ts then aulama1,cally 
cleared by the DMAl The b8t 8s unaffected by 
the wrlte operalms 

181 Readv I n w t  Slate . . 
T w  o l  :el ec:s ' l e  sla'e 3, I?F ? 3 Y \  rc: 
a! me !.me tne tSR cs raaa Tne cd 6s a 0 81 

RDYN is low and a '1' if RDYN is high. This 
b ~ t  is unaffected by wnte or reset operattons. 

Channel Error Register (CER) 

[4:0] Error Code 
Ths field indcates the source of error when 
an error is lndcaled in CER[I 21. The contents 
o l  this register are cleared when CER[12I is 
cleared. 

00000 No error. 

01001 BUS error. A bus error occurred dumg 
the iasl bus cycle generated by the 
DMAI. See rerun descript~on in OPER- 

10001 Software abon. The channel opetallon 
was termmatad by a software abon 
command. See CCR[4] 

Channel Priority Register (CPR) 
Th~s rearsfer serves no funct~on in the DMAI 
It 15 mcluded only la prowde compatib~1,ty wslh 
the programming lor the other 68K lamdy 
DMA controllers 

Memory Address Counter 
(MACH, MACMH. MACML, 
. . . . . - - 

fcut alter each operand transfer. The Ihe DMAl The COC. NDT. and ERR bits can The &ii memory address counter ts used 
value of the two LSBs of the MAC is be cleared by wil ing a ' I '  to the bit POsitions to program the memory location where !he 
lgnored (the AI output will always be a of the register which are lo kc leared.  Those lirst operand to be transferred is located or is 
rero in ths mode) and both UDSN and bit Positions which are written with a 'O' to be transferred to, depending on the direc. 
LDSN are assened during the Bansler. remain unaffected. lion of transfer. The counter must be initial- 
The transler counter decrements by one 

[IS] Channel Operation Complete i ~ e d  prior to beginning the transfer 01 a block 
before the double word is transferred. 

This bil is set following the of data and lhen increments aulomaticalfy 
Nole lhal lhcs mode is not implemented 

whether SuCCeSstu~ of any DMAI depending on me operand length. as ae. 
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scnbed in the Operallon Control Reglster 
description 

Only the least significant 24 bits 01 the 
counter (MACMH. MACML, and MACLl are 
implemented in the DMAI. The most signifi- 
cant byte 01 the counter. MACH, is provrded 
only to allow compat~biltty with programmmg 
of the 68440 and 58450. Wntmg to MACH 
has no eftect on the DMAl operation. Reading 
MACH always returns H'W'. 

~ e m o t y  Transfer Counter 
(MTCH, MTCL) 
The 16-bR memory transfer counter programs 
the number ot operands to be vansferred by 
the DMAI. The counter must be initialized 
pnor to beginning the transfer of a block 01 
data and lhsn decrements once per operand 
tiansler (regardiess of operand size) until i t  
reaches the tsrmtnai value of zero. Channel 
operation then lerminates and the COC bit in 
the CSR will be assened. 

Interrupt Vector Register (IVR) 
The IVR contams the value to be placed on 
the dala bus upon receipt of an interwpt 
acknowledge from the MPU. Only the seven 
most significant bits of the programmed value 
are used by the DMAI. The outpul vector from 
the DMAl contains a zero in the least signili. 
cant blt posltion if a normal terminallon oc- 
cutred (error bit not set) and contains a one in 
the least s8gnificanl bit pasition if termination 
was due to an error (error b ~ t  set). 

The contents of this regcster are initialized to 
H'OF' by a reset. The value returned will be 
H'OF', regardless of the error stale. until the 
register is programmed by the MPU. 

TO provide compat>b~i~ty wilh the other 68K 
famiiy DMA controllers, lhe IVR has two 
addresses (see table 1) It program compati- 
billty is required, the value wrinen at the 
nonnal IVR address should have a zero as its 
LSB, and the value wrinsn at the error IVR 
address should be the same but wilh the LSB 
equal to One. 

OPERATION 
A DMAl meration proceeds in three principal 
phases. During the initialization phase. the 
MPU configures the channel control registers. 
toads the initial memory address and lransler 
count. and starts the channel. During Me 
transler phase. the DMAl accepls requests 
lor transfers from the device, arbitrates lor 
and acquires ownership of the bus, and 
provides for addressng and bus controls for 
the transfers. The termination phase occurs 
anei the operation is complete. when the 
DMAl repons the status 01 the operation. 

Operation Initiation 
Aner havlng programmed the conkoi regis. 
lers, the memory address counter, and me 

January 1986 

memory transfer counter. the MPU sets the 
Stan bit (CCRl71). The DMAI in#t#ates the 
operalion by clearing any pending requests. 
clearmg the start bit. and settmg the channel 
actbe bit in the CSR. The DMAl is then ready 
to receive valid requests lor a n  operatton. 

The channel cannot be staned i t  any of the 
infernal statvs bits in the CSR (CSR[lS:ll]) 
have not been cleared. An error is not sop 
naled if this condition occurs. The only indica- 
tion of this State is that the Stan bit remains 
set in the CCR. A pending stan cannot be 
reset by a write to the register. START can be 
cleared only by tho DMAI when it starts . . 
operation or by setting the sotnvare abon bil 

(CCRI41). 

DevicelDMAl Comrnunicatlon 
Commun~cal~on between the perlpheial de- 
vlce and the DMAl s accommodated by flve 
signal lhnes 

Request IREON) 
The devlce makes a request far senice by 
assenlnq the request ltne The DMAi can 
operate in ellher the burst request mode or 
the cycle sleatmg request mods, as pro- 
grammed by fhepxternat request mGde bit 
(DCRI151). 

The burst mode allows a device to request 
the transfer of multiple operands using con- 
secutive bus cycles. In this mode the request 
lbne is an active low input. The DMAl sewices 
the reouest bv arbitrat~na lor the bus. abtaln- - 
~ n g  the bus. and nottiylng the peripheral by 
assenmq the acknowtedqe (ACKN) output I1 
the request line 1s active when the DMAl 
assens ACKN, and remalns acuve at least 
until the DMAl asserts device transfer cam- 
plere (DTCN), the DMAi recognizes a valid 
request for anathet operand. which will be 
transferred during the next bus cycle. If the 
request line is negated before the DMAl 
asserts DTCN, the DMAl relinquishes the bus 
and waits lor the nexf requesl. For long word 
vansfem ( 2 x  16). the requesl must be as- 
serted a1 least until the acknowledge lor the 
second part ol  the operand has been as- 
serted. 

In the cycle steal mode. the device requests 
an operand transler by generating a falling 
edge on the request line. The DMAl serbices 
the request by arbinating for the bus, oblain- 
ing the bus. and notifying the p iphera l  by 
assertiw the acknowledge (ACKN) output. 
The request line must be in the inactive state 
for at least one clock mcle before a reouesl 
is made. Afler a request has been assened. it 
must remain at the assertbn level lor at least 
one clock cycle. It anolher request is received 
before the lirsl operand pan of a former 
request is acknowledged. the second request 
is not recognized. Normally. the DMAl will 
relinquish the bus after servicing a valid 
requesl. However. it the device generates a 

E24 

new request before the @MA) assens DTCN 
for the last operand pan. the DMAI wlli retaln 
ownerrh~p of the bus and thal request will be 
sew~ced before the bus e relmqulshed 

Acknowledge (ACKN) 
The DMAl assens the acknowledge line. 
which implicitly addresses ihe device making 
the request. during transfers to and from the 
device. The line may be used lo control 
buflering circuits between the data bus and 
the MPU bus. 

During burst mods, REON must not be disas- 
sened for less than one CLK period plus four 
RC tlme constants, where R is the value of 
the resstor used lot the pullup on BRN and C 
has a typkal value of 20pF. 

Ready (RDYN) 
Ready is an active low input which is assened 
by the requesting device to indicate to the 
DMAl that valid data has either been stored 
or put on the bus. if negated, i t  indicates that 
the dala has not been stored or presented. 
causing the DMAl to enter wait states until 
RDYN is asserted. RDYN can be held low 
continuously if the device is fast enough so 
that wait slales are not required. The current 
state of the rea* Input !s rettected in CSRIB]. 

Done (DONEN) 
Done is a bidwctionai active low signal. As 
an output, il is asserted and negated by the 
DMAl Concurrent with the ACKN output of the 
last operand pan lo indicate to the device 
that the memory transfer count is exhausted 
and thal the DMAl's operation is completed 
as a result of that transler. 

The DMAl also monitors the state ol the line 
while acknowledging a device. I1 the devlce 
assens WNEN, the DMAl will terminate 
operation atler the transfer 01 the current 
overand. In this case the DMAl clears the 
channel active bit and sets the channel oper- 
ation complete and normal device lerrninalion 
bits in the CSR. If both the DMAl and the 
device assert DONEN. the device termination 
is not recognized, but the operation does 
terminate. 

Device Translcr Complete (DTCN) 
DTCN is an a c l h  low output which is as- 
serted by lhe DMAl to indicate lo the device 
that lhe requested data transfer is mmplete. 
On a write to memory operation, it indicates 
that the data prowded by the device has been 
successfully stored. On a read fiom memory 
operation. it indicates to the device that the 
data from rnemory is present on the data bus 
and should be latched. DTCN is not asserted 
if assenion 01 the RERUNN input terminates 
the bus cycle. 

Bus Arbitration 
Upon receiving a mild request far a transler 
horn the device, the @MA1 wilt arbltiate lor 
and obtain awnerrhip ai the syslem bus. 
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The DMAl indicates thal it wishes to become 
the bus master by asserting its bus request 
(BUN) output. This is a wire-ORed signal that 
indicates to the MPU that =me external 
device requires conlrol of the bus. The pro- 
cessor is ellectively a t a  lower priority level 
than external devlces and will retmquish the 
bus after it has completed the lasl bus cycle it 
has started. The processor puis the bus up 
for enema1 arbieation by asserting its bus 
grant (BGN) output. This signal may be routed 
through a daisy chain (such as provided by 
the DMAI) or through some other priority- 
encoded nehvork. When the DMAI making 
the bus request receives (he bus grant (indi- 
cated by its BGN input being asserted), it is to 
be the next bus master. It waits until address 
strobe (ASN), data transfer acknowledge 
(DTACKN) and bus grant acknowiedge 
(BGACKN) became inactive and then as- 
sumes ownership of the bus by asserting its 
own BGACKN output. The DMAl then ne- 
gates the BRN output and proceeds wdh the 
data transler phase. Alter thks phase is com- 
pleted. Ihe DMAI retinqutshes bus ownership 
by negating the BGACKN output. 

In burst DMA mode, detection of an actlve 
low request mput alter the DMAI ODeratlon 
has been staried will beg~n the bus arb~lrat~on 
cycle However, I the device negates 11s 
request at least one clock cycle belore the 
DMAI asserts BGACKN, the DMAl wlli negate 
11s bus request and ~ $ 1 1  not assume ownership 
ol the bus 

Data Transfers 
The actual transfer of data between the 
memow and the devlce occurs duma the 
data transler phase All transfers Occur durlng 
a smqte cycle except in the case of long word 
operands, in which case two cycles are used 
to transfer the operand as two 16-bit words. 
The transfers lake place using a 'single 
address' protocol: the DMAl addresses the 
memory via the bus address lhnes, while the 
device is implicitly addressed via the acknowl. 
edge output. 

When a request is generated using the re- 
quest method programmed in the control 
register, the DMAl obtains the bus and as- 
serts acknowledge to nolily the device that a 
transler is lo take place. The DMAI assens all 
568000 bus control signals needed for the 
transler and holds them until the device 
responds with ready. The bus Ncie then 
terminates normally. Ready may be !led low 
(assened) 11 the device is fast enough. 

When the translet is lrom memory to the 
device, data is valid when DTACKN is as. 
sened by the memory and remains valid until 
the data strobe(s) are negated. The assemon 
ot DTCN lrom the DMAl can be used lo latch 
the data. as the data strobes are not removed 

unlzl one-hall clock after the assertion of 
DTCN. 

When the transfer is from device to memory. 
the data must be valid on the bus belore the 
DMAl asserts the data strobe(s), The device 
indicates valid da:a by asserting ready. The 
DMAl then asserts the strobes and holds 
them asserted untlt the memory accepts the 
dam. indicated by the assenion of DTACKN. 
The DMAI then asserts DTCN and negates 
the data strobes. 

Flow chans for these OQerations are shown in 
figures 1 and 2. Reler to the timing sectton for 
the equivalent timing diagrams. 

Operation Termination 
Termination of the block transfer occurs un- 
der the condltlons detailed below. 

Terminal Count 
AS pan of each transfer of an operand, the 
DMAl decrements the memory transler 
counter. I1 this counter is decremented lo 
zero. the ooerand is the lasl ooerand ol the 
block. The DMA~ operation is complete and it 
notlfies the device of compietion by asserting 
the DONEN output during the lai t  operand 
Bander cycle. When the transler has been 
completed, the channel active b ~ t  in the CSR 
is cleared and the COC bit is set. unless an 
error occurs. 

Devlce Terminatlon 
The DMAl monitors the state 01 the DONEN 
tine while acknowledging a device transler 
request. If the device asserts WNEN. the 
DMAi will termmate operation alter the trans- 
fer 01 the cunent operand. When the transfer 
has been completed, the DMAl clears the' 
channel active bit and sets the COC and 
normal device termination bits in the CSR. If 
both the DMAl and the device assert DONEN. 
the device terminallon is not recognized. but 
the operation does terminate. 

Software Abort 
The sofhvare abort bit (CCR[4]) allows the 
MPU to abort the current operation ot the 
DMAI. The COC and error bits in the CSR are 
set. !he channel active bit in the CSR is 
cleared, and an abort error condition is s ip  
naled in the CER. 

Rerun Error 
The DMAl provides a rerun input (RERUNN) 
lo indicate a bus exception condition. 
RERUNN must arrive prior to or in coinci- 
dence wlth DTACKN in order to be recog- 
naed. and the DMAl verifies thal the line has 
been stable lor two clock cycles before acting 
on it. The occurrence of a rerun during 
DMAl bus cycle lorces it to terminate lhe bus' 
Cycle lo an orderly manner. 

When the assertion of rerun is verified, the 
DMAl Stops operation and three-states the 
data. addres~, and control lines, except 

BGACKN, so that it retains ownership of the 
bus It remalns halted unlll rerun becomes 
inactbe, and then re-tries the last bus cycle. If 
rerun is assened aaain. the DMAI sloos DMA 
operation, releases the bus, sets the error 
and COC blts in the CSR, cleais the active bit 
In the CSR. and sets the error code in the 
CER to lndcate a bus error 

Whde slopped due to assertla" 01 rerun. the 
DMAI does not generate any bus cycles and 
wlll not honor any request3 unlll it is removed 
However, the DMAl st111 rscognlzes requests 

Error Recovery Procedure 
If an error occurs durmg a DMA transler such 
that the DMAl stops the DMA operatton, 
mformatlon is avadable lo the operating sys- 

' t e n  lor an error recovev roullne 

The information available lo the operating 
system consists of the m e m q  address 
counter, the memory tranrter counter, and 
the control. status, and error regsters. The 
DMAl decrements the memory transfei 
counter before anempting a DMA operation, 
so the register will contain the count minus 
one of the anempled transfer. The memory 
address counter will contain the address at 
which the DMA operation was attempted, 

Reset 
The reset input (RESETNI provldes a means 
of resening and lnitlalnmg the DMAI lrom an 
exlernal source 11 lhe DMAl is a bus master 
when reset is received, the DMAl reImqu8shes 
the bus. Reset clears the Control and error 
registers. sets all blts al  the status register 
except CSR[BJ to zero. and lnitlaiizes the 
interrupt vector register lo H'O'F. 

Interrupts 
The interrupt enable bit (CCR(31) determines 
whether the DMAl generates mteriupt re- 
quests. When the bll is set, an tnteriupt 
request is generated 11 the channel operailon 
Complete bit in the CSR is set. When the 
IACKN lnput is assened, and the DMAl has 
an interrupt request pendlng. the DMAI re- 
turns an inlerrupt vector on the data bus 

The interrupt vector issued is the contents of 
the IVR. Only the seven most significant bits 
of the programmed value are used by the 
DMAI. The vector lrom the DMAI contains a 
zero in the LSB position il a normal termina- 
tion occurred (error bit not set) and contains a 
one in the LSB position i f  terminallon was due 
to an error (error blt set). 

The contents of this regisler are inillat8zed lo 
H'OF' by a reset. The value relurned will be 
H'OF', regardless of the error state. until the 
register is programmed by the MPU. 

To provide Compal~bility with the other 66K 
famliy DMA controllers. the iVR has w o  
addresses (see table 1)  !I Program compati- 
bility is required, the value written at the 
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DMAI MEMORY DEVICE 
I 

Acquire Bus + 
Addrass M e m g  

1. Set RWN 10 read 
2. Place address on A1-A23 
3. ASSeR ASN 
4 AsseR UDSN andlor LDSN 
5. Assen ACKN 

DMAl MEMORY DEVICE 

+ 
Initinle Request 
1. Assert REON 

t 
Acqulr. Bur 

I 
Address M e m q  

1. Set RWN lo  wrtte 
2. Place address on Al-A23 
3. Assert ASN 
4. Assert ACKN 

I 

I 
Prsrsnl Data 

1. Decode address 
2. Place aata on data bus 
3. Assert DTACKN 

I 

t 
Acquire Dtta 

1 LOad data 
2. Assert RDYN 

+ 
Terminals Transfer 

1 Assert DTCN 
2. Negate UDSN andior LDSN 

and ASN 
3. Negate ACKN and OTCN 

Tarrnlnals Cycle 
1.  NeQare DTACKN 

I 
C 

Relinquish Bus 

I 

Stan Next Cycle 
I 

t 
Flour= 1. Transfer from Memory to Device Flowchart 

+ 
Presanl Data 

1. Place data on 
data bus 

2. Assen RDYN 

+ 
Enabla Data 

1. Assert UDSN andior LDSN 

t 
Acquire Data 

1 Decode address 
2. LOad data 
3 Assert DTACKN 

I 
1 

Terminate Transfer 
1. Assert DTCN 
2 Negate UDSN andlor LDSN 

and ASN 
3. Negate ACKN and DTCN 

Tmnlnals Cycle 
1. Negate DTACKN 

I 

C 
Rmllnquish Bus 

t 
stan Nexl Cyck 

-m 

Figure 2. Transfer trom Device to Memory Flowchart 
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nwmal IVR address should nave a zero as 11s DESIGN NOTE 
LSE. and the value wrlnen at the error IVR When clearlng the error bit in CSR (btt 12) 
address should be the same but wlth the LS8 aher a DMAI abort due to a dauole RERUNN, 
equal lo one ACKN and DTCN w~l l  both go low concurrent 

wjlh CSN and DTACKN lor one CLK cycle 

APPLICATIONS To prevent the passibitity that thedevice may 

Figure illustrates a typical interconnection misinterpret these signals, it is sug4esled that 

of me DMAl in a 68000 based system, lhese signals be ANDed with CSN (see figure 
below). 

I Figure 3. DMAt Appllcatlon F igwe 4. Recommended VBB 
Test Ctrcuit 
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ABSOLUTE MAXIMUM RATINGS' 

PARAMETER 1 RATING 1 UNIT 

Supply voltages VCc and VBs 
lnput voltage 
Operating temperature range2 
Storaqe temmratuie 

DC ELECTRICAL CHARACTERISTICS Vcc = 5 ov t 5%. vBa = F~gure 4 .  TA - OT to +70'c3" 

PARAMETER 

VIL Input low voltage 
VI, Input hlgh voltage 

VcL OuIput low voitage 
VO" Output hlgh voltage ' 

all outputs except open collector outputs5 

IIL Input low current 
11s input high current 

TEST CONDITIONS 

toU7 = 5.3mA 

lot Open collectoi on  state current5 
Isc Output shoo CVCU~I currenf6 

I. Stresses above lhore lhrisd vnder Amlute M1xmum R a l q s  may aura permnent damage to tm a&. T h .  is atrasr r s ~ g o n b  end fuw1lom,l c ~ a m  01 
the device at these or a! any other sonditurns other than those ~odicafed in the Electmi Characlerisrics sectton ot the. data sheet is ng! lmpt,&. 

2. For owrating at elevated ismperalurer. the dews must be aerated based on + 150'C marimurn )unction temperature. 
3. Pararnelsrs are vatld over specll8ed lemperalure range 
E .  All voltage measurements are rsleienced ia grwnd (Vss). For wrung, all rlgnais rvlng &ween a av a m  2nV n t h  a ~ransilsan time ot 20"s marlmum /it, time 

measurements are isterenced at input vaitager ol 0 . 8 ~  and 2.OV as appropnale. 
5. IRON. 8RN. DONEN. and OWNN are open catleclw butpulr. 
6. NO more than one output should be connec!ed to grwnd at one tlms 
7. Capacillve lest load is IOOpF lor all pmr except DTCN which hsi e 35pF capacitive lerl  toad^ 

loj, = -4OOM 1 2 5  
i 

VIN = 0 4V I VIN = 2 7V 

ICc VCC suppiy current I VCC = rnax 
laa V,, suppiy current 

AC ELECTRICAL CHARACTERISTICS Vcc = 5 OV * 5% VB8 = Figure 4. TA - WC to + 7 0 ° ~ 3 4 7  

LIMITS 
I 

Min 

2 0 

V O U ~  = 2 4V 
Vet = max 

CHARACTERISTICS 

UNIT 

-400 
20 

20 iL4 
-40 mA 

MOTES. 

130 
275 

~~p 

At  -A7. ASN. RWN. set-up to UDSN. LDSN tow 
W - Dl5 3-slate to invalid data lrwn ASN, CSN, and UDSN or LDSN low 
DTACKN 3-state to high from ASN. CSN, and UOSN or LDSN l o r  
CSN low aller UDSN or LDSN low 
DBENN low alter ASN and CSN low 
W - D l 5  valid data lrom ASN. CSN, and UDSN w LDSN low 
DTACKN low alter W - D l 5  valid data 
A1 - A7. ASN. RWN or CSN hold alter UDSN and LOSN high 
DBENN high lrom either ASN w CSN high 
W - D15 to 3-state lrom UDSN and LDSN high 
W - D l 5  to invalid data lrom UDSN and LDSN high 
DTACKN high lrom UDSN and LDSN high 
DTACK %state lrom either CSN or ASN high 
A1 -A7. ASN. RWN set-up to UDSN. LDSN low 
CSN set-up belore UDSN or LDSN low 
DTACKN 3-state to high after CSN and ASN low 
DO- D l 5  valid alter UDSN cf LDSN iow 
DTACKN low lrom UDSN or LDSN low 
UDSN and LDSN low time 
A l  - A7 hold alter UDSN and LDSN high 
ASN. RWN and CSN hold after UDSN and LDSN high 

Mar  

0.8 

0.5 
V 

PA 
aA 

rnA 
mA 

TENTATIVE LIMITS ' I I 

V 
v 

V 

Min - 
0 
10 
10 

-15 
0 

t o  

50 
20 
to  

115 
0 
0 

Mar Min - 
0 
t o  
t o  

-15 
0 

t o  

50 
20 
10 

100 
0 
0 - 

January I986 
B-28 
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Direct Memory Access lnterfuce (DMAI) 

A C  ELECTRICAL CHARACTERISTICS (Cont inued) 

CHARACTERISTICS 

DO - D l 5  hold after UDSN and LDSN high 
DBENN law lrom last low Of ASN. IACKN. LDSN 
DO - D7 valid after last low of ASN. IACKN. LDSN 
DTACKN 3.51ale to high after last law of ASN. IACKN. LDSN 
DTACKN low afler last low of ASN, IACKN. LDSN 
D8ENN high alter l i s t  high 01 ASN. IACKN. LDSN 
W -  D7 hold after lirst hlgh a1 ASN, IACKN. LDSN 
DO - 0 7  3:slale aner first high 01 ASN. IACKN, LDSN 
DTACKN high after first hlgh of ASN. IACKN. LDSN 
DTACKN 3.slale afler firsl nigh 01 ASN, IACKN. LDSN 
BRN high from CLK high 
BGACKN low from CLK low 
OWNN law from CLK high 
BGACKN hzgh from CLK low 
OWNN high (ram CLK hlgh (load dependent) 
REON set-up before CLK low 
REON hold after CLK h,gh 
BRN low lrom CLK high 
ASN. UDSN, LDSN. RWN 3-stale la high lrom CLK low 
A1 - A23 lo valid ASN 
ASN low from CLK htgh 
LDSN, UDSN low lrom CLK high 
ACKN low from CLK high 
DTACKN set-up lo CLK hlgh 
RDYN sel-up to CLK l o w  
DTCN low from CLK high 
ASN high from CLK nigh 
LDSN. UDSN. high from CLK high 
DTACKN. RDYN hold aller CLK bigh 
ASN, LDSN. UDSN, high lrom DTCN low 
ACKN high from CLK hlgh 
DTCN high from CLK high 
Address valid aller CLK low 
Address vahd after ASN hlgh 
DONEN (output) low from CLK low 
DONEN (oulput) htgh lrom CLK high 
DONEN (inpull set-up iow belore CLK law 
DONEN (~nput) hold low after CLK hlgh 
BGACKN. ASN. UDSN, LDSN, RWN to 3-state from CLK low 
At - A23 valid to 3-state from CLK hlgh 
R/WN low lrom CLK hagh 
RIWN high kom CLK high 
RERUNN set.up low before CLK nigh 
RERUNN hold low lrom CLK high 
A1 - A23 10 idle slale from CLK low 
A1 -A23 lo  valid aller CLK low 

1 TENTATIVE LIMITS / 
1 IOMHz 1 IZSMHr j UNIT 

Min - 
0 

30 
20 

0 

30 
30 

0 
-20 

10 
0 

30 
0 

30 
20 

1 OS 
too 

Max - 
65 
105 
100 
110 
55 
60 
60 
60 
95 
65 
15 
75 
75 
50 

80 
75 

€5 
90 
65 

70 
75 
90 

50 
50 

120 
50 

75 
100 
65 
75 

100 
85 

January 1986 
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Direct Memory Access Interface (DMAI) 

CSN I t 

DBEHH f 
W-015 

DTACKN 
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Figure 5. DMAI Read Timing 
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Figure 6. DMAI Wrlte Timing 
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Figure 7. CPU IACK Cycle to DMAI 
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Direct Memory Access Interface [DMAI] 
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Direct Memory Access Interface (DMAI) 
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VMIVME-DR11 W TEST SOFTWARE LISTING 
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drllw4.sa 

* This is the main entry point to transfer tests 

XDEF DR11W4 drllw Dna (+ )  transfer tests 

These entry points are provided for setup modification 

XDEF SETMTC4 

XDEF SETMAC4 

XDEF SETAMR4 

XDEF SETDEF4 

XDEF ACS 

set the transfer counter 

set the address counter 

set the address modifrer 

set MTC,MAC,AnR defaults 

set attn control+leVel 

Reference external subroutines and variables 

XREF DSPBYTE display byte subr 

XREF DSPWORD display word subr 

XREF DSPLONG display long subr 

XREF FLAGS program (test) flags 

XREF PCOUNT loop on test pass count 

XREF FCOUNT loop on test fail count 

Copyright I989 Vme Microsystems International Corp. 
===m-===--====-====-==-=====5=== 

VMEPROM.SA contains the assembler options, 

constants and macros for assembling Development 

Teat code that is to be ran on a Force Cpu board 

under Vmeprcm/Pdos. This code is presently being 

assembled on the motorola Vme/lO development system 

or compatable croes-assembler on the IBM PC 

(msdos). This code is included in the test source 

at assembly time in each module as it is needed. It 

is usually listed only once at the beginning in the 

primary or 'main' module of the listing print file. 

Recently included are parameters for four commonly 

used terminals and the macro to install them in the 

TCB of the current task. (this must be done before 
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* changing register A6 in the test code software). * 

OPT P=68020 use 68020 instruction coding 

OPT NOCEX do not print dc.x definitions 

OPT NOMEX do not print macro expansions 
* 
*******[ ASCII CONTROL EQUATES ...................................... 
* 
NUL 

SOH 

STX 

ETX 

EOT 

ENQ 

ACK 

EEL 

BS 

HT 

LF 

VT 

FF 

CR 

SO 

SI 

DLE 

DC1 

DC2 

DC3 

DC4 

NAK 

SYN 

ETB 

CAN 

EM 

SUB 

ESC 

FS 

GS 

RS 

US 

DEL . 

EQU 

EQU 

EQU 

EQU 

EQU 

BQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

null 
atart of header 

start of text 

end of text 

end of transmission 

inquiry 

acknowledge 

bell (beep) 

backspace 

horizontal tab 

line feed 

vertlcal tab 

form feed 

carraige return 

device control 1 (xon) 

device control 2 

device control 3 (xoff) 

device control 4 

not acknowledge 

end of transmission block 

cancel 

escape 

delete 

*******[ -PROM p W S  SYSTEM CALL EQUATES ]*******+****rr*****+*+.**r 

* 
X881 EQU $A006 save 68881 flags on switch 

XAPF EQU $ A ~ A A  append file to file 

XBCP EQU $A070 set baud on console port 

XCBC EQU $A072 check for break character 

XCBD EQU $A050 convert binary to decimal 
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XCBA 

XCBM 

XCBP 

XCBX 

XCDB 

XCFA 

XCAX 

XCLF 

XCLS 

XCPY 

XCTB 

XDEV 

XDFL 

XDLF 

XDMP 

XDPE 

XDTV 

XERR 

XEXC 

XEXT 

XFAC 

XFBF 

XFFN 

XFTD 

XFUM 

XGCB 

XGCC 

XGCP 

XGCR 

XGLB 

XGLM 

XGLU 

XGML 

XGMF 

XGNP 

XGTM 

XGUM 

XISE 

XKTB 

XKTM 

XLDF 

XLER 

XLFN 

XLKF 

XLKT 

XLSR 

XNOP 

XPAD 

XPBC 

XPCC 

XPCL 

XPCP 

XPCR 

XPDC 

XPEM 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

convert binary to hex 

convert to decimal "/message 

check for break or pause 

convert to decimal in buffer 

convert ascii to binary 

close file with attribute 

convert binary to hex in buffer 

close opened file 

clear screen (TCB parms) 

copy file 

create taek block 

delay set/reset event 

define file 

delete file 

dump memory from stack 

delay physical event 

define trap vectors 

return error to vmeprom 

execute pdos call in d7.w 

exit to vmeprom 

file altered check 

flush buffers 

fix file name 

fix time & date 

free user memory 

conditional get char 

get char conditional 

get char from port 

get character raw 

get line in buffer 

get line in mon. buff 
get line in user buff 

get memory limits 

get message pointer 

get next parameter 

get task message 

get user memory 

initialize sector 

kill taek 

kill task message 

load file 

load error register 

look for file name 

lock file 

lock task 

load status register 

open random shared file 

pack ascii date 

put buffer to console 

put char's to console 

put cr,lf to console 

place char in port buffer 

put character raw 

put data to console 

put encoded msg to console 
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XPLC 

XPMC 

XPSC 

XPSF 

XPSP 

XRBF 

XRCN 

XRCP 

XRDE 

XRDM 

XRDN 

XRDT 

XRFA 

XRFP 

XRLF 

XRNF 

XROO 

XROP 

XRPS 

XRSE 

XRSR 

XRST 

XRSZ 

XRTE 

XRTM 

XRTP 

XRTS 

XRWF 

XSEF 

XSEV 

XSMP 

XSOE 

XSOP 

XSPF 

XSTM 

XSTP 

XSUI 

XSUP 

XSWP 

XSZF 

XTAB 

XTEF 

XTLP 

XUAD 

XUDT 

XULF 

XULT 

XUSP 

XUTM 

XVEC 

XWBF 

XWDT 

XWFA 

XWFP 

XWLF 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

SA08A 

$A08C 

SA08E 

SAODC 

$A098 

SAODE 

$A002 

$A092 

SAOA6 

SAOZA 

SAOA8 

SA05C 

SAOEO 

SAOFE 

$ROE2 

SAOE4 

SAOE6 

SAOE8 

$A094 

$AOCZ 

$A042 

$A084 

SAOC4 

$A044 

SA05E 

$A034 

$A012 

SAOEA 

$A018 

$A046 

SAOOZ 

$A112 

SAOEC 

SA09A 

$A020 

$A03C 

SAOlC 

$AOZC 

$A000 

$A086 

$A090 

SAOlA 

$A110 

$A0 3 6 

$A060 

$AOEE 

$A016 

$A008 

$A062 

$A116 

SAOFO 

$A064 

SAOF2 

SAOFC 

SAOF4 

p u t  l i n e  t o  console 

put message t o  console 

pu t  cursor  8 row,col 

pos i t ion  f i l e  

pu t  space t o  console 

read bytes from f i l e  

r e s e t  console inputs  

read p o r t  cursor pos i t ion  

read next d i r ec to ry  ent ry  

dump professor  r e g i s t e r s  

read d i r  ent ry  by name 

read da te  

read f i l e  a t t r i b u t e s  

read f i l e  pos i t ion  

read line from f i l e  

rename f i l e  

open random read only f i l e  

open random f i l e  

read p o r t  s t a t u s  

read sec to r  

read s t a t u s  r e g i s t e r  

r e s e t  d isk  

read sec to r  zero 

r e tu rn  from in te r rup t  

read time 

read time parameters 

read t a sk  s t a t u s  

rewind f i l e  

s e t  event f l a g  w/swap 

s e t  event f l a g  

send message pointer  

suspend on physical  event 

open sequent ia l  f i l e  

s e t  p o r t  f l a g  

send t a s k  message 

s e t l r e a d  t a sk  p r i o r i t y  

suspend u n t i l  event i n t r  

en te r  supervisor mode 

swap t o  next t a sk  

ge t  d i sk  s i z e  

t a b  t o  column 

t e s t  event f l a g  

x l a t e  log ica l  t o  phys event 

unpack a s c i i  da te  

unpack da te  

unlock f i l e  

unlock t a sk  

r e tu rn  t o  user mode 

unpack time 

se t / r ead  exception vector 

wr i t e  bytes t o  f i l e  

w r i t e  da te  

w r i t e  f i l e  a t t r i b u t e s  

wr i t e  f i l e  parameters 

wr i t e  l i n e  t o  f i l e  
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XWSE EQU $AOC6 write sector 

XWTM EQU $A066  write tune 

XZFL EQU SAOF6 zero file (wipe) 
* 
*******[ *pJ,IN& SETUP P W T E R S  ] f * * * * * * * * * * * X * * * * * * * * * * " " * * * *  

* 
* vmeprom TCB terminal setups (see S T  cmd in vmeprom) 
* 
V 5 2  EQU $C8CA9BS9 DEC V 5 2  

ADM3A EQU S l A 0 0 9 B 3 D  LEER SEIGLER ADN3A 

VTlOO EQU $ 0 0 0 0 0 0 0 0  DEC VTlOO 

T V I 9 5 0  EQU S l E l A 9 B 3 D  TELE V I D I O  T V I  9 5 0  

'**'***I FORCE CpU DEVICE ADDRESS EQUATES ....................... 
" 
* P I / T  2 T i m e r  address equates 
" 
P I T 2  EQU S F F 8 0 0 E 0 0  F o r c e  cpu pit2 base address 
* 
TCR EQU P I T Z + $ I O  timer control register 

TSR EQU P I T Z + $ l A  tlmer status register 

CPR EQU P I T 2 + $ 1 2  counter preload register 

CTR EQU P I T Z + $ 1 6  counter register 

******%I TEST MACRO DEFINITIONS ................................. 
* 
PUSH MACRO 

MOVEM. L 
ENDM 

POP MACRO 

MOVEM . L 

ENDM 

CLC MACRO 

AND1 .B 

ENDM 

STC MACRO 

O R I .  B 

ENDM 

SYSCALL MACRO 

DC.W 

ENDM 

DISPLAY MACRO 

LEA 

SYSCALL 

ENDM 

PROMPT MACRO 

LEA 

SYSCALL 

SYSCALL 

SYSCALL 

ENDM 

TERM MACRO 

MOVE. L 

ENDM 

WAIT MACRO 

\ l , A l  

XPLC 

\I , A 1  

XPLC 

XGCR 

XPCR 

Push  register(^) on stack 

pop register(6) off stack 

clear carry flag in CCR 

set carry flag in CCR 

Vmeprom line a opcode emulation 

point to start of message 

put line to console 

point to prompt mag 

put line to console 

get char from console 

put char to console 

set terminal parms in TCB 
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M0VE.L \l,DO load do with delay value 

BSR DELAY and call pit2 delay subr 

ENDM 

INCLUDE DR11W.EQ 

* 

VMEIO 

* 

DRll 

* 

CHSR 

CHER 

DCR 

OCR 

CHCR 

MTC 

MACH 

MACL 

DIVR 

* 

BICR 

AICR 

DICR 

B IVR 

AIVR 

* 

BSR 

BCR 

IODR 

AMR 

* 

NULL 

ACIW 

LRBQ 
BYTE 

WORD 

SEND 

RCVE 

BRST 

CYCL 

XFER 

EXIT 

~ a s e  pointer for VME short 1/0 

EQU SFBFF0000 Short 1/0 on Force Cpu 29 

Base Address for Vnet board registers 

EQU VMEIO+$EOOO Base address of DRllW 

Offset Address Equates for the Dmai module 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 
EQU 

EQU 

Channel Status Register 

Channel Error Reglster 

Device Control Register 

Operation Ctrl Register 

Channel Ctrl Register 

Mem. Transfer Count 

Mem. Address Count High 

Mem. Address Count Low 

Done Intr Vector Register 

Offset Address Equates for the Bim module 

EQU DRll+$43 Berr Intr Ctrl Register 

EQU DRll+$45 Attention Intr Ctrl Reg 

EQU DRll+$47 Dma Done Intr Ctrl Reg 

EQU DRl1+$4B Berr Intr Vect Register 

EQU DR11+$4D Attention Intr Vect Reg 

Offset Address Equates for Vnet board registers 

EQU DR11+$60 Board Status Register 

EQU DRll+$61 Board Control Register 

EQU DR11+$62 1/0 Data Register 

EQU DR11+$65 Address Modifier Reg 

DRllW command equates 

EQU $0000 

E QU $0001 

E QU $0002 

EQU $0003 

EQU $0004 

EQU $0005 

EQU $0006 

EQU $0007 

EQU $0008 

EQU $0009 

EQU $000~ 

null (sync) m d  

acknowledge cmd 

link request cmd 

set byte dma mode 

set word dma mode 

init dma rx 
init dma rx 

set burst dma 
set cycle dma 

start transfers 

set exit loop flag 
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OOOOOE 217C00000000+ 

000016 217C00000000+ 

OOOOlE 217C00000000+ 

000026 217C00000000+ 

ABRT EQU $OOOB set abort mode flag 

*****.*.*.*t*t.l.*'".~.-*+**t**t*t***+lt~.*~~~*.*""**~"*******~~".~,*~ 

* 

DRllW4 

" 

INITS 

* 

* 

Swap to supervisor to get VBR then back ... 

SYSCALL XSUP Supervisor mode on 29 

MOVEC VBR,AO get Vector Base pointer 

SYSCALL XUSP back to User mode 

MOVE. L A0 , SVBR save vector base register 

Init Interrupt vector Table ( @  VBR) 

M0VE.L #WNE,($lSO,AO) Init Done Vector Addr ($54) 

M0VE.L #DERRV($154,AO) Init Derr Vector Addr ($55) 

M0VE.L #ATTN,($158,AO) Init Attn Vector Addr ($56) 

M0VE.L #BERR,($15C,AO) Init Berr Vector Addr ($57) 

Init Interrupt vector registers 

Init program variables 

Init Done Intr vector reg 

Init Attn Intr vector reg 

Init Berr Intr vector reg 

M0VE.L tDTBL,DPTR init test data pointer 

** ...................................................................... 
* * 
* SHOW WE'RE HERE AND PROMPT FOR START MODE R 

, 

DRllW DISPLAY DR11-M 

D-MODE PROMPT SLCT-M 

CMP.6 #'X',DO 

BEQ. S DRllW-X 

CMP.6 iI'M',DO 

BEQ M-MODE 

CMP.B #'S',DO 

6EQ.S S-MODE 

DISPLAY ARGH-M 

BRA.S D-MODE 

DR11W-X RTS 

show drll dma testing 

display select mode msg 

6elect 'X' for exit this .. 
then exit to main menu 

start in Master mode? 

then start as master 

start in slave mode? 

then start as slave 

for an invalid selection 

and repeat selection 

return to main menu 

...................................................................... 
" " 
t S: START THIS NODE IN SLAW3 MODE TRANSFER TESTS * 
" * 
************ .......................................................... 

S-MODE M0VE.B #$2C,BCR Fled-off,dir-in,en-attn 

M0VE.B 1900,BICR dieable Berr interrupt 
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drl lw4. =a 

OOOOAC 610000A2 

OOOOBO 08390001+ 

000088 670A 

OOOOBA 08890003C 

OOOOCZ 67DA 

OOOOC4 4375 

0000C6 13FCOOZC+ 

OOOOCE 13FC0000+ 

000006 13F900000000+ 

OOOOEO 6100006E 

0000E4 08890003+ 

OOOOEC 6618 

OOOOEE 61000018 

0000F2 08390001+ 

OOOOFA 670A 

OOOOFC 08890003+ 

000104 67DA 

000106 4375 

* 

S-LOOP 

* 

* 

S-EXIT 

M0VE.B ACS,AICR enable Attn interrupt 

Enter Slave mode until exit cmd from Master 

BSR SLAVE 

BCLR R3,FLAGS 

BNE . S S-EXIT 

slavelresponder mode 

is the abort bit set 

then exit from S-MODE 

Enter Master mode and sequence tests to Slave 

BSR MASTER master/initiator mode 

Then exit via console input or repeat test 

BTST I1,FLAGS check loop on test flag 

BEQ. S s-EXIT if not set then exit else 

BCLR 13,FLAGS check for test loop abort 

6EQ.S S-LOOP if not set then continue 

RTS return from module 

M-MODE 

* 

M-LOOP 

* 

* 

M-EXIT 

M0VE.B #$ZC,BCR Fled-off,dir-in,en-attn 

M0VE.B #$OO,BICR disable BERR interrupt 

M0VE.B ACS,AICR enable ATTN interrupt 

Master initiating commands to the Slave 

BSR MASTER master/initiator mode 

BCLR 13,FLAGS is the abort bit set 

BNE . S M-EXIT then exit from M-MODE 

Enter Slave mode until exit cmd from Master 

BSR SLAVE slave/responder mode 

Then exit via console input or repeat test 

BTST I1,FLAGS check loop on test flag 

6EQ.s M-EXIT if not set then exit else 

BCLR 13,FLAGS check for test loop abort 

6EQ.S M-LOOP zf not set then continue 

RTS return from module 

SLAVE DISPLAY SLAV-M show we are in slave mode 
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SO BSR 

CMPZ . W 
BCS.S 

LEA 

MOVE. L 

JSR 

BCLR 

BNE 

BSR 

BRA 

s1 DISPLAY 

MOVE. W 

BSR 

SYSCALL 

BRA 

GET-C 

VALID, DO 

Sl 

SCMDS ,A0 

(A~,DO.W*~),AO 

(A01 
R2,FLAGS 

so 
SLACK 

so 
CERR-M 

C O W D ,  Dl 

DSPWORD 

XPCL 

SO 

waiting for command input 

for a valid command word 

show received invalid cmd 

point to slave cmd table 

get cmd handler address 

jump subr to handler 

test skip acknowledge 

if set skip sending ack 

send SLave ACKnowledge 

continue slave mode 

show command error msg 

get command word to dsp 

show bad command word 

next line on the crt 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
" MASTER Or INITIATOR Sequenoe * 
" * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MASTER DISPLAY MAST-M 

M-CONT DISPLAY LREQ-M 

M0VE.W YLREQ,DO 

BSR PUT-C 

DISPLAY LACK-M 

show we are in master mode 

show master making link req 

to other node for transfers 

put link request command 

show link request ackn'd 

*--------------------------------------------------------------------. 
Test Burst and Cycle in main test loop + 

*--------------------------------------------------------------------* 

I. Execute all dma tests in BURST mode 

T-BURST BSR SETBRST 

LEA BRST_M,A4 

MOVE .W XBRST, DO 

BSR PUT-C 

BSR T-MAIN 

set burst mode 

burst mode mag 

burst command 

put command 

test loop 

* 11. Execute all dma tests in CYCLE mode 

T-CYCLE BSR SETCYCL set cycle mode 

LEA CYCL_M,A4 cycle mode msg 

M0VE.W #CYCL,DO cycle command 

BSR PUT-C put command 

BSR T-MAIN test loop 

* 111. Send EXIT loop command to slave 

T-EXIT DISPLAY RELL-M show releasing link 

BTST B1,FLAGS loop on test flag 

0EQ.S T-LE S S then skip loop info 

BSR L-INFO else display loop info 

T-LESS BCLR I2,FLAGS clr omit ackn flag for slave 
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M0VE.W 1EXIT.DO exit command to slave 

BSR PUT-C put command wait ackn 

RTS return from master mode 

* Main Test loop (longs words and bytes) 

T-MAIN EQU * main test loop entry point 

* A. Test Word Rna Transfers (16 bits) 

T-WORD BSR SETWORD set up for words 
LEA WORD-M,A5 word message 

M0VE.W IWOR0,DO word setup command 

BSR PUT-C put command, get ackn 

BSR T-TEST data test loop 

* 8. Test Byte Dma Transfers (8 bits) 

T-BYTE BSR SETBYTE set up for bytes 
LEA BYTE-M,A5 byte message 

M0VE.W 0BYTE.DO byte setup command 

BSR PUT-C put command, get ackn 

BSR T-TEST data test loop 

* C. Then we return for cycle or exit testing 

RTS return to caller 

* Main Dma 1/0 output,input compare test data loop * 

* 1. Display Test mode (Burstlcycle) and Size (BIW) 

T-TEST M0VE.L A4,Al get node message 
SYSCALL XPLC put line to console 

~ 0 w . L  A5,Al get data size msg 

SYSCALL XPLC put line to console 

* 2. Fill test buffer with TDATA (test data var) 

T-FILL BSR FILLBUFF with t-data 

* 3. Transmit the buffer to the Slave board 

T-TX MOVE. W 

BSR 

BSR 

MOVE. W 

BSR 

BSR 

D-TX BCLR 

6EQ.S 

IRCVE,DO 

--= 
SET-TX 

IXFER,DO 

Prn-c 

SET-GO 

Y5,FLAGS 

D-TX 

Slave Rx cmd 

put command 

Transmit 

Go (xfer) cmd 

put command 

start dma 

test done in flags 

wait for done flag 
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- 4. 

=-= 

D-= 

* 5. 

T-BUFF 

* 6. 

T-NEXT 

* 7. 

T-PASS 

* 8. 

D-FAIL 

* 9. 

A-FAIL 

* 10. 

B-FAIL 

B-WORD 

BCLR X7 ,FLAGS 

BNE D-FAIL 

tx error 

then dma error 

Receive the buffer from the Slave board 

MOVE. W 
BSR 

BSR 

BSR 

BSR 

BCLR 

BEQ. S 

BCLR 

BNE 

YSEND, DO 

PUT-c 

SET-RX 

SET-GO 

PUT-GO 

Y5,FLAGS 

D-RX 
#7, FLAGS 

D-FAIL 

Slave Tx cmd 

put command 

set Receive 

and set go 

6 dont wait on ack 

test done flag 

wait for done 

test error flag 

then dma error 

Test the buffer for correct TDATA 

BSR TESTBUFF 

BCLR Y7,FLAGS 

BNE B-FAIL 

for t-data 

buffer err? 

then fail 

Test for last data in test data table 

CMPI .L YO , TDATA last data ? 

BNE T-FILL then refill L test 

Show passed and exit 

DISPLAY PASS-M else show passed 

M0VE.L #UTBL,DPTR reset data pointer 

ADDI.L #I ,pCOUNT increment pass count 

RTS 

Aandle dmai error from slave board 

DISPLAY BADD-M bad dma from slave 

BRA.S X-FAIL common exit 

Handle acknowledge error from slave board 

DISPLAY BADA-M bad ackn from slave 

BRA.S X-FAIL common exit 

Handle buffer data error from slave board 

DISPLAY 

DISPLAY 
MOVE. L 

BSR 

DISPLAY 

CMPI . B 
BLT. S 

BGT.L 

MOVE. W 

BSR 

BADB-M 

ADDR-M 

AO,Dl 

DSPLONG 

R E R M  

#l,DSIZE 

B-LONG 

B-BYTE 

(AOIrD1 
DSPWORD 

bad data from slave 

show address msg 

get fixed addr 

show it 

show Wrote data msg 

test data size 

c 1 is long 

> 1 is byte - 1 is word 
show word 
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DISPLAY WROT-M 

M0VE.W DO,Dl 

BSR DSPWORD 

SYSCALL XPCL 

BRA.S X-FAIL 

B-LONG MOVE. L (A0 ) ,Dl 

BSR DSPLONG 

DISPLAY R E K M  

M0VE.L D0,Dl 

BSR DSPMNG 

SYSCALL XPCL 

8RA.S X-FAIL 

B-BYTE M0VE.B (AO),Dl 

B-DATA BSR DSPBYTE 
DISPLAX READ-M 

M0VE.B DOrD1 

BSR DSPHYTE 

SYSCALL XPCL 

e Common exit for transfer tests 

show read data msg 

exit - 0 is long 
show long 

exit 

= 2 is byte 

show byte 

X-FAIL ADD1.L 

DISPLAY 

MOVE. B 

BSR 

DISPLAY 

MOVE. B 

BSR 

DISPLAY 

MOVE. B 

HSR 

MOVE. L 

SYSCALL 

BTST 

BEQ.S 

DO-BR PROMPT 

NO-BR RTS 

# 1, FCOUNT increment fail count 

CHSR-M Common exit 

CHSR,Dl 

DSPBYTE 

STATM 

STATS, Dl 

DSPBYTE 

FLAG-M 

FLAGS, Dl 

DSPBYTE 

#DTBL,DPTR 

XPCL 

#O,FLAGS set this in MAIN 

NO-BR break flag not set 

ANYK-M break flag set 
return errors 

* this is for the master mode when he is to Rx 

PUT-GO MOVE. W PXFER, IODR put go command to slave 

BRA ATTEN & return via atten toggle 

" PIJT/GET commands to/from other hoard (master & slave) " 
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PUT-C M0VE.W D0,IODR write command via IODR 

BSR ATTEN set attn to other board 

GET-C BCLR Y6,FLAGS clear and test attn flag 

B3P.S GET-C wait for attn from other brd 

MOVE. W COMMAND, DO and get command from buffer 

MOVE .B ACS,AICR re-enable attn interrupt 

RTS 

* SLave ACKn to other board with Atten (fall thru) e 

SLACK MOVE. W #ACKN, IODR put acknowledge in IODR 

" Toggle attn input to other board (either mode) 

ATTEN M0VE.B BCR,DO get board control status 

AND. W #$FC,DO mask cycle and go bits 

BSET Y6,DO set attention bit high 

MOVE .B D0,BCR write to other board 

BCLR #6,DO set attention bit low 

M0VE.B D0,BCR write to other board 

RTS return 

e NULL oommand handler (slave) * 

NULLCMD DISPLAY NULL-M show doing null command 

RTS 

" LINK request command handler (slave) 

LINKCMD DISPLAY LINK-M show doing link request cmd 

RTS 

R ACKN command handler (slave) * 

ACKNCMD DISPLAY A C C M  show doing ackn command 

RTS 

* Abort Mode handler (looping slave) " 

ABRTCMD BSET #3,FLAGS set test mode abort flag (loop) 
% fall through slave exit cmd 
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* Set Exit current loop flag (slave) " 

EXITCND DISPLAY EXIT-M show exit message 
AND1.B I$OB,FLAGS clr flags-(abort,loop,break) 

MOVX. W IACKN, IODR put ackn in iodr 

BSR ATTEN and acknowledge e x l t  

ADDA.L #4,A7 to return to s-MODE handler 

RTS & retlurn 

* Init Dmai and BCR to Transmit data (bath) * 

SET-TX M0VE.B BCR,DO 

AND.W I$FC,DO 

BCLR 15,DO 

M0VX.B D0,BCR 

M0VE.L TXS,AO 

BSR SETDMR 

RTS 

Get BCR status 

mask cycle and yo bits 

set direction to in 

set direction in BCR 

get pointer to setup 

do dmai module setup 

return to caller 

SET-RX M0VE.B BCR,DO 

AND.W #$FC,DO 
BSET P5,DO 

MOVE .B D0,BCR 

M0VE.L RXS,AO 

BSR SETDMR 

RTS 

Get BCR status 

mask cycle and go bits 

set direction to out 

set direction in BCR 

point to Rx setup table 

and go set the dmai 

return to caller 

- Set the go bit in BCR to start dma transfers (both) " 

SET-GO M0VE.B 

AND. W 

BTST 

BNE.S 

BSET 

BSET 

NOTX BSET 

M0VE.B 

RTS 

BCR,DO 

#$FC,DO 

#5,DO 
NOTX 

12 ,FLAGS 

#1,DO 

IO.DO 
DO .BCR 

get BCR status 

mask cycle and go bits 

test this direction bit 

skip cycle set for receive 

set skip acknowledge flag 

set cycle bit for transmit 

set go bit to start dma 

start transfers via BCR 

and return 

* Setup Dmai for transfers from table @ (AO) (bath) * 

* registers: csrldcrlocrlamrl mtc.w I mac.h I mac.1 lccrldicr 
0 1 1 1 2 1 3 1 4  5 1 6  7 1 8  9 1 A I B  

SETDVA MOVE .B (AO)+, CHSR Channel Status Register 
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MOVE. B 

MOVE. B 

MOVE. B 

MOVE. W 

M0VE.W 

M0VE.W 

MOVE. B 

M0VE.B 

RTS 

Device Control Registr 

Operation Control Reg 

Address Modifier reg 

Hem Transfer Count 

Mem Address Count (hi) 

Mem Address Count (lo) 

enable hnai Start h intrs 

Done Intr Control Reg 

return to caller 

* Set BURST mode in Transfers tables (both) " 

SETBRST BCLR #7,TX.W+1 

BCLR #7,RX.W+1 

BCLR #7,TX.B+1 

BCLR #7,RX.B+1 

RTS 

for 

all 

xfer 

modes 

return 

* set CYCLE mode in Transfer tables (both) * 

SETCYCL BSET #7.TX.W+1 

BSET /7,KX.W+1 

BSET #7,TX.B+1 

BSET #7,RX.B+l 

RTS 

for 

all 

xfer 

modes 

return 

* Set Memory Transfer Count in tables (MTC.W) (both) * 

SETMTC4 M0VE.W DlrTX.W+4 and set all 

M0VE.W Dl,KX.W+4 table MTC's 

M0VE.W Dl.TX.Bt4 the same 

M0VE.W Dl,RX.B+4 length 

RTS and return 

* Set Address Modifier in Transfer tables (both) " 

S E W 4  M0VE.B Dl,TX.W+3 set AMR in tables for 

M0VE.B D1,RX.W+3 

M0VE.B Dl,TX.B+3 

M0VE.B Dl,RX.B+3 

RTS 

* Set Memory Address Counter in Transfer tables (both) 

SETMAC4 M0VE.L Dl.TX.W+6 bet Mac in tables 
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M0VE.L Dl,RX.W+6 

M0VE.L Dl.TX.Bt6 

M0VE.L Dl,RX.B+6 

RTS 

* Set Transfer defaults for MTC, MAC, MR. EMA (menu) * 

SETDEF4 M0VE.L I$FBOOOOOO,D1 default transfer buffer 

BSR SETMAC4 set MAC 
M0VE.w I$lOOO,Dl default transfer count 

BSR SETMTC4 set MTC 

M0VE.B iiS39,Dl default address modifier 

BSR SETAMR4 set AMR 

RTS return 

* Set Transfer mode pointers to WORD mode (both) * 

SETWORD M0m.L (IFILL-W,FBS setup f ~ l l  buffer subr 

M0VE.L #BUFF-W,TBS setup test buffer subr 

M0VE.L IITX.W,TXS setup word xfer table 

M0VE.L #RX.W,RXS setup word xfer table 

RTS and return 

* Set Transfer mode pointers to BYTE mode (bath) w 

SETBYTE MOVE.L #FILL-B,FBS setup fill buffer subr 

MOVE. L #BUFF-B ,TBS setup test buffer subr 

M0VE.L YTX.B,TXS setup byte xfer table 

M0VE.L #RX.B,RXS setup byte xfer table 

RTS and return 

* Display loop on test information * 

L-INFO DISPLAY PCNT-M show pass message 

MOVE .L PCOONT, Dl get passed count and 

BSR DSPLONG show it as hex langword 

DISPLAY FCNT-M show fail message 

MOVE. L FCOUNT,Dl get failed count and 

BSR DSPLONG show it as hex longword 

RTS and return 

Fill Buffer with Test DATA h incr pointer (master) * 
*--------------------------------------------------------------------* 
* Fill with TDATA update 

FILLBUFF M0VE.L DPTR,AO get test data pointer 
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* 

FILLMEM 

* 

FILL-B 

t 

FILL-w 

MOVE .L (A0 ) +, TDATA 
MOVE. L A0 , DPTR 

Fill only (no tdata update) 

M0VE.L TX.W+6,AO 

M0VE.W TX.W+4,Dl 

Sm.W #I,Dl 

MOVE. L TDATA, DO 

M0VE.L FBS,Al 

JMP (All 

Byte buffer fill subroutine 

M0VE.B DO,(AO)+ 

NOT. B DO 

DBF Dl ,FILL-B 

RTS 

word Buffer fill subroutine 

M0VE.W DO, (AD)+ 

N0T.W DO 

DBF D1,FILL-W 

RTS 

get test data from table 

set test data pointer 

point to transfer buffer 

Get buffer length in Dl 
Less 1 for DBF instruction 

get current test data 

pointer to fill block subr 

use B/W/L subr & return 

put data into buffer 

invert every other data 

do the whole buffer 

return to caller 

put data into buffer 

invert every other data 

do the whole buffer 

return to caller 

M0VE.W TX.W+4,D1 

SIJ6.W #l,D1 
MOYE .L TDATA,DO 

MOVE. L TBS , A1 
JMP (Al) 

. 
BUFF-B 

BBX 

* 

BUFF-W 

Byte Buffer Test subrautine 

CMP.6 (AOJ+,DO 

6NE.S BBX 

NOT. B DO 

DBF Dl ,BUFF-B 

RTS 

SU6A.L (1,AO 

M0VE.B #2,DSIZE 

BRA.S BUFF-X 

Word Buffer Test subroutine 

CMP.W (AO)+,DO 

0NE.S BWX 

NOT. W DO 

DBF Dl, BUFF-W 

RTS 

point to transfer buffer 

get buffer length in Dl 

Less 1 for DBF instruction 

get current test data and 

pointer to test buffer subr 

use B/W/L subr 6 return 

comp with data in buffer 

Error if not equal 

invert for testing 

te6t the whole buffer 

return passing 

calc error address 

error size 2 = byte 

and exit w/error 

comp with data in buffer 

Error if not equal 

invert for testing 

test the whole buffer 

return passing 
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0006D8 

0006D8 ODOAOA 

BWX SUBA.L (2,AO calc error addrsess 

M0VE.B Y1,DSIZE error size 1 - word 
* Test buffer error exit 

BUFF-X BSET I7,FLAGS bet error bit in flags 

RTS return test buffer err 

* Attention Handler (Cownand input interrupt) (both) * 

ATTN BSET 16,FLAGS set attn bit in flags 

MOVE. W IODR, COMMAND read command via IODR 

RTE return from exception 

* m a  DONE 6 Derr Handlers (both) w 

DERR BSET 

DONE BSET 

PUSH 

MOVE. B 

AND.B 

MOVE . B 
W P  

MOVE. B 

RTE 

#7,FLAGS 

I5,FLAGS 

DO 

BCR,DO 

+$FC,DO 
DO, BCR 

DO 

BSR, STATS 

Set error bit in flags 

Set done bit in flags 
preserve registers 

read board control 

clear go and cycle bits 

and set board statua 

restore registers 

read bsr into stats 

Return from Exception 

* BUS Error (board) Handler (both) * 

BERR BSET #7,FLAGS set error bit in flags 
BSET #O,FLAGS set bus error bit in flags 

RTE and return from exception 

0006DB ~ A Z A ~ A ~ A ~ A ~ A ~ A +  DC.B '***%**w****X***+**************'-************************""**",,CR,LF 

000719 2A202020202020+ DC.B '* ",CR,LF 

000757 2A202020202020+ DC.B '* ( ( ( ( ( (  VMIVME DRllW TRANSFER TESTS ) ) ) ) ) I  *',CR,LF 
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00090D ODOA50726573731 ANYX-M DC.6 CR,LF,'Prers any key to continue: ',nu1 

000926 ODOAOA3C204D41+ MAST-M DC.6 CR,LF,LF,'C MASTER MODE >',NUL 

00093E ODOA4D61737465f MOTH-M DC.6 CR,LF,'Master doing other tasks.',NUL 

00095A ODOA5265717565+ LREQ-M ~ c . 6  CR,LF,'Requesting link as Master.',NUL 

000977 ODOA4C696E6820f LACX-M DC.6 CR,LF,'Link request acknawledged.',CR,LF,NUL 

000996 52656C65617369+ RELL-M DC.6 'Releasing link request.',NUL 

0009AE ODOAOA3C20534Ct SLAVM DC.6 CR,LF.LF,'< SLAVE MODE >',NUL 

0009C1 ODOA5265636569+ LINK-M DC.6 CR,LF,'Received Link Request.',NUL 

0009DA ODOA4772616E74t GRNT-M DC.6 CR,LF,'Granting link to master.'rnUl 

0009F5 ODOA5265636569+ EXIT-M DC.6 CR,LF,'Recei~ed Exit comand.',nul 

OOOAOE 42757273742044+ ERST-M DC.6 'Burst hna....',NUL 

OOOAlC 4379636C652044f CYCL-M DC.6 'Cycle Dma ....', NUL 

OOOAZA 576F72642E2EZEf WORD-M DC.6 'Word....',nul 

000A33 427974652EZE2E+ BYTE-M DC.6 'Byte ....', nu1 

000A3C 5061737365640D+ PASS-M DC.6 'Passed',CR,LF,nul 

000A45 4661696C65640D+ FAIL-M DC.6 'Failed',CR,LF,NUL 

000A4E ODOAOA50617373+ PCNT-M DC.6 CR,LF,LF,'Passed ',NUL 

000AS9 2C204661696C65+ FCNT-M DC.6 ', Failed ',NUL 

000A63 ODOA5265636569t NULL-M DC.6 CR,LF,'Recerved NULL comand.',NUL 

000A7C ODOA5265636569+ ACKN-M DC.6 CR,LF,'Rece~ved ACKN comand.',NUL 

000A95 ODOA5265636569t CERR-M DC.6 CR,L~,'Rece~ved Invalid command word = ',nu1 

000A88 4661696C656420+ BADE-M DC.6 'Failed -=> Bad DATA from "slave"!',CR,LF,NUL 

OOOADC 4661696C656420+ BADA-M DC.6 'Failed ==> Bad ACKN from "SlaVe"!',CR,LF,NUL 
OooBoo 4661696C656420+ BmD-M DC.6 'Failed ==> Bad D m  from "slave*!',CR,LF,NUL 

000624 20416464726573+ ADDR-M DC.6 ' Address: 'VNUL 

OOO62F 2057726F74653A+ WROT-M DC.8 ' Wrote: 'rNUL 

000638 20526561643A20+ READ-M DC.6 ' Read: ',NUL 

000640 204353523A2000 CHSR-M DC.6 ' CSR: ',NUL 
000647 204253523A2000 BSR-M DC.6 ' BSR: ',NUI 

00064E 2053544154533A+ STAT-M DC.8 ' STATS: ',NUL 

000657 20464C4147533A+ FLAG-M DC.6 ' FLAGS: ',NUL 
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000B6A 000003D6 

000B6E 000003EA 

000672 000003EO 

000676 00000590 

000B7A 00000566 

000B7E 0000041E 

000882 0000043E 

000686 000004BE 

OOOBBA 000004EO 

000B8E 0000045E 

000692 000003FC 

000696 000003F4 

000B9A OOOOOOOB 

000B9E FF3812391000FB+ 

OOOBAA FF300239100OFBt 

000BB6 FF3892391000FBt 

OOOBCZ FF3082391000FB+ 

OOOBCE 00000B9E 

000BDZ 00000BB6 

000BD6 00000618 

000BDA 0000065A 

OOOBDE AAAAMAA+ 

OOOBEE FOFOFOFO+ 

OOOBFE 00000000 

000C02 OOOOOBDE 

OOOC06 00000000 

OOOCOA 00 

OxCOC bytes code/data, 

SVBR DC.L 0 save system vector base reg 

STATS DC.B 0 board status register stg 

COMMAND DC.W 0 attn command word storage 

ACS DC.6 $1E attn interrupt control+level 

* Slave mode command table 
* 
SCMDS DC.L NULLCMD 0 

0C.L ACKNCMD 1 

DC.L LINKCMD 2 

DC.L SETBYTE 3 

DC.L SETWORD 4 
DC.5 SET-TX 5 

DC.L SET-RX 6 

DC.L SETBRST 7 

DC.L SETCYCL 8 

DC.L SET-GO 9 

DC.L EXITCMD A 

DC.L ABRTCMD B 

VALID DC.W $OOOO,$OOOB 

* registers: csrldcr locrlamrl mtc.w I mac.h I mac.1 lccr/dicr 

* 0 1 1 1 2 1 3 1 4  5 1 6  7 1 8  9 1 A I B  

TX.W DC.6 $FF,$38,$12,$39~$10,$00,$FB,$00,$00~$00,$88~$39 

TX.B DC.B $FF,$30,$02,$39,$10,$0O,$FB,$00,$00,$00,$88,$39 

RX.W DC.6 $FF,$38,$92,$39,$1O,$OO,$FB,$OO,$OO,$OO,$88,$39 

RX.6 DC.B $FF,$30,$8Z,$39,$10,$00,$FB,$00,$00,$00,$88,$39 

* Transfer mode pointers 
* 
TXS DC.L TX.W default is word tx table 

RXS DC.L RX.W default is word rx table 

FBS DC.L FILL-W def is word fill buff subr 

TBS DC.L BUFF-W def is word test buff subr 

* DRB32E Test Date Table (TDATA) note: end of table is null $0 
" 
DTBL DC.L $AAAAARAA,$55555555,$CCCCCCCC,$33333333 

DC.L $FOFOFOFO.$FFOOFF~~,$FFFFOOOO,$FFFFFFF 

DC.L $00~00~00 

DPTR DC.L DTBL test data table pointer 

TDATA DC.L 0 current test data variable 

DSIZE DC.6 0 current test data size 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

END DRllW4 

0x0 uninitialized 
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