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Figure 1: Photo of the SYS68K/ASCU-2 Board 
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1. General Description SYS68K/ASCU-l/2 

The SYS68K/ASCU-l board is a high performance system controller 
which handles all exception signals on the VMEbus and contains 
powerful I/O devices such as a serial interface (RS232 and RS422 
compatible), a centronics parallel interface, a real time clock 
with battery backup, and a 4 level bus arbiter. 

The SYS68K/ASCU-2 board provides all the features of the ASCU-l 
board as well as a IEEE 488 GPIB interface with Talker, Listener, 
and Controller functions and powerful interrupt capabilities for 
multiprocessor environments. 

The two block diagrams show the different building blocks in 
detail. 
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1.1 Features of the SYS68K/ASCU-l 

- 4 level Bus ARBITER with prioritized, 
prioritized round robin operating mode. 

round robin, and 

- LEDs show the current bus master level (0-3) 

- High speed serial I/O channel 
Communications Controller, RS232 
circuitries. 

with 
and 

68561 
RS422 

Multi-Protocol 
driver/receiver 

- Centronics Parallel Interface for printer connection 

- 58167A Real Time Clock with on-board battery back-up 

- POWER MONITOR provides automatic power-up/power-down and 
ACFAIL/SYSRESET handling through power fail detection. A Reset 
function switch generates a SYSRESET to the VMEbus. 

- SYSTEM CLOCK driver (16MHz) 

- BUS TIMER with software selectable time-outs for Bus Error 
generation 

- Timer Interrupt can be used for time measurements or as a watch 
dog 

- Software selectable option for generating an interrupt on 
ACFAIL detection 

- TEST function switch generates an interrupt to the VMEbus on a 
software programmable level 

- Every I/O device can be programmed to generate an interrupt on 
one of the 7 IRQ levels on the Priority Interrupt Bus 

- Jumper selectable access address and address modifier code{s) 

- DTB slave bus interface 

14 



Figure 2: Block Diagram of the SYS68K/ASCU-l 
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1.2 Additional Features of the SYS68K/ASCU-2 

- All of the features contained in the SYS68K/ASCU-l description 

- General Purpose Interface Bus (IEEE488) 
Talker, Listener, and Controller functions 

- 8 different fully software programmable interrupts to the 
VMEbus 

- 5 user interrupts (buffered inputs through P2 connector) 

- Software programmable time-out for bus mastership of the 
current bus master 
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Figure 3: Block Diagram of the SYS68K/ASCU-2 
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2. Access to the SYS68K/ASCU-l/2 

The SYS68K/ASCU-l/2 is accessible under a user defined address 
and Address Modifier Code. 

The decoding includes the Standard Decoding Mode, with an address 
range of 16Mbytesand short I/O range with 64 Kbytes address 
range. 

To access the board, the jumper settings for the Board Base 
Address and the Address Modifier Code must match the valid 
address and Address Modifier Code on the VMEbus. The board is 
delivered with a default Board Base Address of $B02000. The 
default jumper setting for the Address Modifier Code is the mode 
in which the SYS68K/ASCU-l/2 responds to any defined Address 
Modifier Code. 

The SYS68K/ASCU-I/2 occupies an Address Range of 512 bytes, 
beginning at the Board Base Address. However, within this 
Address Range, not all locations can be accessed. An access to a 
non-specified location (no I/O device) will cause a bus trap 
error. For legal access, please refer to the ASCU-1/2 Device 
Address Assignment and the Register Map Table of the particular 
devices. 
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2.1 Board Base Address Selection 

The Base Address of the SYS68K/ASCU-l/2 is jumper selectable in 
the l6Mbyte address space, in steps of 512 bytes. To select the 
board, the address on the address lines A9-A23 must match the 
base address jumper settings at jumper fields Bl and B2. 

Bl is the jumper field which defines the bit pattern of the 
address lines A23-A16. B2 is the jumper field for the address 
lines A15-A9. 

Fig. 4 shows the location of the jumper fields Bl and B2 on the 
PC board. 

Fig. 5 shows the pinout of the jumper fields Bl and B2. 

Table 1 points out the connection assignment: 

"IN" stands for a connection of the associated pins by a 
plugged-in jumper, 

"OUT" means that the pins are disconnected and the jumper 
is removed. 

19 



Figure 4: Jumper Location Diagram for the Board Base Address Selection 
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Figure 5: Board Base Address Selection 

Jumper Field Pin-out: 

I 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Bl 

.16 

. 15 

• 14 

.13 

.12 

.11 

• 10 

• 9 
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Table 1: Board Base Address Selection 

Default Base Address : $B02000 

1 JUMPER FIELD Bl 1 

1---------------------------------------------------------------1 
IAddress LinelcorrespondinglDefault Jumper 1 Selection 1 

1 PINs 1 Setting 1 0=Jumper IN, l=OUT 1 
---------------------------------------------------------------1 

A23 1 - 16 OUT 1 

A22 2 - 15 IN 

A21 3 - 14 OUT 1 

A20 4 - 13 OUT 1 

A19 5 - 12 IN 

Ala 6 - 11 IN 
1 

A17 7 - 10 IN 0 1 
1 

A16 a - 9 IN 0 I 
I 

---------------------------------------------------------------1 
J U M PER FIE L D B 2 

A15 ·1 - 14 IN 0 

A14 2 - 13 IN 0 
I 
1 A13 3 - 12 OUT 1 
1 
I. A12 4 - 11 IN 0 
1 
1 All 5 - 10 IN 0 
1 
1 A10 6 - 9 IN 0 
1 
1 A 9 7 - a IN 0 
1 
---------------------------------------------------------------

22 



2.2 Address Modifier Decoding 

The VMEbus has 6 signal lines (AM0-AMS) carrying the Address 
Modifier Code which is generated by the bus master together with 
the address signals. The definition of the AM codes is given in 
table 2. 

The SYS6SK/ASCU-I/2 can be accessed with several AM codes, 
according to the jumper settings in the field B7 and BS. The 
following AM codes are decoded and selectable as described in 
table 3. At least one jumper must be inserted, and any 
combination is allowed. Therefore, .the board is able to respond 
to several AM codes without changing the jumper settings. 

Figure 6 outlines the jumper location diagram of the AM jumper 
field B7 and BS. 

Figure 7 shows the pin numbering of B7 and BS. 

The default setting in the AM jumper field during manufacturing 
is as shown in table 3, which causes the board to ignore the AM 
code. 

When selecting the AM code Short Supervisory I/O Access (AM Code, 
$2D) or Short Non-privileged I/O Access, the decoding is limited 
to the Address Lines Al - AIS. 

23 



Table 2: Address Modifier Codes 

----------------------------------------------------------------
HEX 

Code 

3F 
3E 
3D 
3C 
3B 
3A 
39 
38 

37 
36 
35 
34 
33 
32 
31 
30 

2F 
2E 
2D 
2C 
2B 
2A 
29 
28 

27 
26 
25 
24 
23 
22 
21 
20 

Address Modifier Function 
5 4 3 2 1 0 

------------------ ----------------------------------------
H H H H H H Standard Supervisory Block Transfer 
H H H H H L Standard Supervisory Program Access 
H H H H L H Standard Supervisory Data Access 
H H H H L L Reserved 
H H H L H H Standard Non-Privileged Block Transfer 
H H H L H L Standard Non-Privileged Program Access 
H H H L L H Standard Non-privileged Data Access 
Ii H H L L L Reserved 

------------------ ----------------------------------------
H H L H H H Reserved 
H H L H H L Reserved 
H H L H L H Reserved 
H H L H L L Reserved 
H H L L H H Reserved 
H H L L H L Reserved 
H H L L L H Reserved 
H H L L L L Reserved 

------------------ ----------------------------------------
H L H H H H Reserved 
Ii L .H H H L Reserved 
H L H H L H Short Supervisory Access 
H L H H L L Reserved 
H L H L H H Reserved 
H L H L H L Reserved 
H L H L L H Short Non-Privileged Access 
H L H L L L Reserved 

------------------ ----------------------------------------
H L L H H H Reserved 
H L L H H L Reserved 
H L L H L H Reserved 
H L L H L L Reserved 
H L L L H H Reserved 
H L L L H L Reserved 
H L L L L H Reserved 
H L L L L L Reserved 

L = low signal level 
H = high signal level 
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Table 2 cont'd 

----------------------------------------------------------------
1 HEX Address Modifier Function 
1 Code 5 4 3 2 1 0 
1---- ------------------ ----------------------------------------
1 
1 IF L H H H Ii Ii User defined 
1 IE L Ii H Ii Ii L User defined 
1 1D L Ii H Ii L H User defined 

lC L H H H L L User defined 
lB L H Ii L H Ii User defined 
lA L Ii Ii L H L User defined 
19 L H H L L H User defined 
18 L H Ii L L L User defined 

------------------ ----------------------------------------1 
1 

17 L H L H H H 1 User defined 1 
16 L H L Ii H L User defined 1 
15 L H L Ii L H User defined 1 
14 L H L Ii L L User defined I 
13 L H L L H H User defined I 
12 L H L L H L User defined I 
11 L H L L L Ii User defined 1 
10 L H L L L L User defined 1 

1 
------------------ ----------------------------------------1 

1 
0F L L H Ii H H Extended Supervisory Block Transfer 1 
0E L L H H H L Extended Supervisory Block Transfer 1 
0D L L H Ii L H Extended Supervisory Block Transfer 1 
0C L L H Ii L L Reserved 1 
0B L L H L H H Extended Non-Privileged Block Transfer I 
0A L L H L Ii L Extended Non-Privileged Program Access 1 
09 L L H L L H Extended Non-Privileged Data Access 1 
08 L L H L L L Reserved 1 

1 
------------------ ----------------------------------------1 

1 
07 L L L H H H 1 Reserved 1 
06 L L L H Ii L 1 Reserved 1 
05 L L L H L H 1 Reserved 1 
04 L L L Ii L L 1 Reserved 1 
03 L L L L H H 1 Reserved I 
02 L L L L H L 1 Reserved 1 
01 L L L L L H 1 Reserved 1 
00 L L L L L L 1 Reserved 1 

1 1 
----------------------------------------------------------------

T = low signal level .... 
Ii = high signal level 
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Table 3: Address Modifier Code Selection 

AM Code I Function 
HEX I 

I Jumper- I PINS I Decoded I 
I field I I Address I 

I I I I Lines I 
---------------------------------------------------------------1 

I 
3D Standard Supervisory Data B7 1-8 Al-A23I 

Access I 
I 
I 

39 Standard Non-privileged B7 2-7 Al-A23I 
Data Access I 

2D Short Supervisory I/O Access B7 3-6 Al-A15 

29 Short Non-privileged I/O B7 4-5 Al-A15 
Access 

xx * Ignore any code B8 1-4 Al-A23 

3F Standard Access Mode for CPU B8 2-3 Al-A23 
boards which do not drive the 
AM signal lines. This AM 
code is not decoded in the 
sense of the P10l4 Block 
Transfer Definition. 

* Default setting 
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Figure 6: Jumper Location Diagram for the Address Modifier Code 
Selection 
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Figure 7: Address Modifier Code Selection 

Jumper Field Pin-out: 

B7: 1 I 
1- 1. . 8 1 
1 1 
1---------------1 
1 1 
1 2. . 7 1 

1 1 
1---------------1 
1 1 
1 3. • 6 1 
1 1 
1---------------1 
1 1 
1 4. • 5 1 
1 ______ -

B8: 1 1 
,- 1. . 4 1 

1 1 
1---------------1 
1 1 
1 2. • 3 I 
I 1 
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2.3 Application Examples 

Example I}: 

If the Board Base Address has to be changed to $A57400 and the 
board should operate with the Standard Supervisory Data Access 
(AM Code: $3D) as well as the Standard Non-Privileged Data Access 
(M1 Code: $39), then the following jumper settings have to be 
provided: 

Address Jumper 
Line Setting Selection 

Jumper Field Bl: A23 OUT 1 
A22 IN 0 
A21 OUT 1 
A20 IN 0 
A19 IN 0 
A18 OUT 1 
A17 IN 0 
A16 OUT 1 

Jumper Field B2: A15 IN 0 
A14 OUT 1 
A13 OUT 1 
A12 OUT 1 
All IN 0 
A10 OUT 1 
A 9 IN 0 

Jumper Field B7: AM-Code (HEX) Connected PINs 

3D 1-8 
39 2-7 
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Example 2): 

In this example, the Short Board Base Address $1600 with the AM­
Code for Short Non-Privileged I/O access ($29) is selected. It 
is irrelevant, in this case, which jumper settings are made in 
the field Bl, because the address lines A16-A23 will not be 
decoded. 

The following jumper connections have to be installed: 

Address Jumper 
Line Setting Selection 

Jumper Field B2: A15 IN 0 
A14 IN 0 
A13 IN 0 
A12 OUT 1 
A19 IN 0 
A10 OUT 1 
A 9 OUT 1 

Jumper Field B7: AM-Code (HEX) Connected PINs 

29 4-5 
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3. The Front Panel 

3.1 RESET Function Switch 

The switch on the top of the SYS68K/ASCU-l/2 front panel is the 
RESET function switch. Pushing this switch can generate a 
SYSRESET* signal to the VMEbus, and resets all devices on the 
SYS68K/ASCU-l/2. The SYSRESET* signal is signaled by the red 
RESET LED on the front panel (Figure 8). For further 
information, please refer to chapter 8 - "Utility Signal 
Handling" and "Power Monitor Module". 

3.2 TEST Function Switch 

The second switch on the front panel is the TEST function switch. 
It generates an interrupt request to the VMEbus. The interrupt 
level and vector is software programmable. The TEST function is 
inactive after the power-up procedure. For correct operation 
please refer to chapter 15 - "TEST Interrupt". 

3.3 The SYSFAIL LED 

The red SYSFAIL LED signals the status of the -corresponding 
Utility Bus Signal Line SYSFAIL*. 

This signal line is used to indicate that a local self test of a 
board is in progress, or a system test has been started by an 
intelligent master board. During this test procedure the signal 
line is driven low. 

The SYSFAIL* line may be driven by any module in the system that 
is able to detect faults. 

It may also be driven low at any time during normal operation to 
indicate that some kind of failure has occurred. Further details 
can be found in chapter 5. 

3.4 The ACFAIL LED 

The red ACFAIL LED is built onto the SYS68K/ASCU-l/2 board as a 
visual indicator of power failures. The LED will signal a power 
failure when the ACFAIL* signal line is asserted. 

The signal handling of the ACFAIL* signal is described in chapter 
5 "Utility Signal Handling". 
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Figure 8: The Front Panel of the SYS68K/ASCU-2 
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3.5 BUS ARBITRATION STATUS LEOs 

The SYS68K/ASCU-l/2 is equipped with six Bus Arbitration Status 
LEOs which show the activity of the Bus Arbiter and the bus load. 

The LEDs are designated on the front panel as follows: 

The BUSFREE 
terminated, 
Further on, 
line. 

BFREE (green) 
BCLR ( red) 
LEV 3 (yellow) 
LEV 2 (yellow) 
LEV 1 (yellow) 
LEV " (yellow) 

LED turns on after the power-up 
when the SYSRESET* signal line has 
the BUSFREE LED is controlled by the 

procedure is 
been cleared. 

BBSY* signal 

This signal line is driven to a high level if no Bus Master has 
control of the Data Transfer Bus. On this condition, the BUSFREE 
LED will light up. 

The asserted BBSY* signal line indicates that a Bus Master has 
control of the Data Transfer Bus and the BUSFREE LED will turn 
off. 

The BUSFREE LED will also turn off if the SYSRESET* signal line 
is asserted. 

The BCLR (Bus Clear) LED signals the asserted BCLR* signal which 
is either generated by the on-board ARBITER or the BCLR-Timer. 
(The BCLR-Timer is installed only on the SYS68K/ASCU-2). 

The red BCLR LED provides the visual information that the current 
Bus Master is requested to release the Data Transfer Bus. 

33 



To monitor 
operating, 
to LEV 0}. 

the level on which the current Bus Master is 
the SYS68K/ASCU-1/2 provides four yellow LEDs, (LEV 3 

These LEDs are attached to four daisy-chained Bus lines which are 
defined in the VMEbus and P10l4* specification as Bus Grant (0-3) 
OUT lines (BGx OUT). 

The relation of the LEDs to the Bus Grant lines are as follows: 

LEV 3 
LEV 2 
LEV 1 
LEV 0 

-> 
-> 
-> 
-> 

BG 3 OUT 
BG 2 OUT 
BG lOUT 
BG 0 OUT 

When the Arbiter grants the Data Transfer Bus to a requesting 
board by asserting the BGx OUT line, the LEV(x} LED will turn on 
(where x is a number 0, 1, 2 or 3). 

For a detailed description of the Bus Arbitration function, 
please refer to chapter 10 - "The 4-Level Bus ARBITER", and 
chapter 11 - "The BCLR-TIMER". 

3.6 The TIL Switch (included only on the ASCU-2) 

The TIL toggle switch (only provided on the ASCU-2) provides a 
status signal, readable via the Port C of the second pI/T device. 

* P10l4 - Bus Specification (VMEbus) of the 
IEEE Computer Society TC. 
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3.7 IEEE-488 GPIB Connector (included only on the ASCU-2) 

The ASCU-2 provides a high performance IEEE-488 Interface (also 
called GPIB, HPIB, or IEC bus interface) with a 24 pin 
microribbon connector mounted on the front panel (see figure 8). 

The mechanical construction and the mounting of the connector 
meets fully the IEEE-488 specification and allows stacked 
connection of interface cables. 

The pin assignment of the connector is given in table 4. 

Table 4: IEEE 488 Connector Pin Assignment 

I Contact I Signal Line I Contact I Signal Line 
1--------------------------------------------------------------
1 I 
1 1 DIO 1 I 13 DIO 5 

I 
2 DIO 2 I 14 DIO 6 

3 DIO 3 15 DIO 7 

4 DIO 4 16 DIO 8 

5 EOI (24) 17 REN (24) 

6 DAV 18 Gnd, (6) 

7 NRFD 19 Gnd, (7) 

8 NDAC 20 Gnd, (8) 

9 IFC 21 Gnd, (9) 

10 SRQ 22 Gnd, (10) 

11 ATN 23 Gnd,(ll) 

12 SHIELD 24 Gnd,LOGIC 

NOTE: Gnd,(n) refers to the signal ground return of the 
referenced contact. EOI and REN return on contact 24. 

A comprehensive description of the interface is given in chapter 
17 - "The IEEE-488 GPIB Interface". 
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3.8 Serial Interface Connector 

The 25-pin female D-sub connector is available on the front panel 
(see figure 8), and provides the connection to the RS232 and 
RS422-compatible Serial Interface. 

The pin assignment to the connector of the two interfaces is 
completely jumper selectable. 

The default pin assignment during manufacturing is given in table 
5, using the RS232 interface. 

This allows the connection of a standard terminal 
initialization of the MPCC device. 

after 

For further information, please refer to chapter 12 - "The Serial 
I/O". 

Table 5: The Default I/O Signal Assignment to the D-Sub-Connector 

Terminal Signal D-Sub-Connector 

DTR 

CTS 

RX DATA 

TX DATA 

GND 

GND 

All other signals are not connected by 
manufacturing. 
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4. Interrupt Structure of the SYS68K/ASCU-l/2 

This chapter describes 
SYS68K/ASCU-l/2. 

the Interrupt Structure of the 

A short description of the following terms is given in Appendix G 
(Glossary of Pl0l4 Terms) at the end of this manual. 

Terms: 

- INTERRUPT HANDLER 

- INTERRUPTER 

- INTERRUPT BUS 

- INTERRUPT ACKNOWLEDGE CYCLE 

- DAISY CHAIN 

For a detailed description please refer to the IEEE Pl0l4/VMEbus 
Specification. 
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Introduction: 

The P1014 Standard Specification defines a Priority Interrupt Bus 
with seven interrupt request lines (IRQI-IRQ7). Each interrupt 
request line is assigned one interrupt level. 

In a Single Handler System, where one Interrupt Handler services 
all interrupt requests, the signal line IRQ7 has the highest 
priority, and IRQl the lowest. Interrupters drive the interrupt 
request line low when requesting an interrupt. The Interrupt 
Handler honours the request by asserting the IACK* line, putting 
the level code on the address lines A0-A3, and driving AS* low. 
The Interrupter then terminates the Interrupt Acknowledge Cycle 
providing the Interrupt Vector on the data bus lines D0-D7 and 
drives DTACK* low. More than one Interrupt Request Line can be 
driven simultaneously, and the same Interrupt Request Line can be 
asserted by several boards. 

If more than one Interrupt Request Line is asserted at the same 
time, the Interrupt Handler prioritizes the requests and services 
them in order of priority. 

If two or more Interrupter Modules request an interrupt at the 
same IRQ level, the Interrupter Modules themselves decide in 
which order the Interrupt Handler will acknowledge the 
interrupts. 

To make sure that only one Interrupt responds to the interrupt 
acknowledge cycle, the VMEbus/P10l4 specification defines an 
Interrupt Acknowledge Daisy Chain structure with the Interrupt 
Acknowledge Daisy Chain line IACKIN*/IACKOUT*. 

This line passes through each board on the system, whereby the 
IACKOUT* pin of each Interrupter Module is connected to the 
IACKIN* pin of the next Interrupter Module. 

After leaving the board at slot n with the IACKOUT* line, this 
line enters the next board at slot n+l with the IACKIN* line. 

Each interrupter having a pending Interrupt Request only responds 
to the cycle when it receives a falling edge on the IACKIN* daisy 
chain input. It puts the Interrupt Vector onto the data bus and 
drives the DTACK* line low. This interrupter does not assert the 
IACKOUT* pin, preventing other interrupters from responding to 
the interrupt acknowledge cycle. 

An interrupter asserts its 
Interrupt Request pending or 
level differs from the one 
cycle. 

IACKOUT* output when it 
when its pending Interrupt 
being acknowledged in the 

has no 
Request 
current 

The Interrupt Acknowledge daisy chain operates from the left 
side to the right side of the backplane, giving priority to 
boards further left. 

The IACKIN* line starts at the first slot and has t.o be connected 
to the IACK* bus line. 
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For this purpose the jumperfie1d B4 is provided on the board. An 
inserted jumper in this field connects the bus lines IACK* with 
the IACKIN* line of the board. 

This jumper has to be inserted if the SYS68K/ASCU-l/2 is located 
at slot 1, but must be removed when the board is plugged into 
other slot positions. The default condition during manufacturing 
is a plugged-in jumper. 

The jumper on jumperfield B19 connects the on-board Interrupt 
Acknowledge daisy chain line to the IACKOUT* bus line. This 
jumper is not user selectable. 

In the default condition on the SYS68K/ASCU-l the jumper connects 
pins 2 and 3 of B19, and on the SYS68K/ASCU-2, pins 1 and 2 are 
connected. 

Figure 9 outlines the location of the jumperfields B4 and B19. 
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Figure 9: Jumperfield Location Diagram of B4 and BI9 
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4.1 Programming of the BIM on the ASCU-l/2 

The SYS68K/ASCU-l/2 contains Bus Interrupter Modules (BIM 68153) 
to transmit the Interrupt Request Signals of peripheral devices 
(also called Interrupt Sources) to the VMEbus and the Interrupt 
Acknowledge Signal from the VMEbus to the interrupt sources. All 
interrupt sources are arbitrated by the BIMs. 

The SYS68K/ASCU-l has two BIMs on the board serving seven 
interrupt sources. 

The SYS68K/ASCU-2 board is equipped with four BIM devices 
supporting sixteen interrupt sources. 

Each Bus Interrupter Module has the capability to drive each 
Interrupt Request line on the VMEbus. It also provides a vector 
if the Interrupter does not support the vectored protocol. Both 
functions, the selection of the Interrupt Request Level as well 
as the supplied interrupt vector are fully under software 
control. 

The BIM contains two types of registers: 
and the Vector Register. 

The Control Register, 

Programming the Control Register allows the selection of 
Interrupt Request Level as well as to enable or disable 
function. If the interrupting source does' not provide 
interrupt vector, the Control Register can be programmed to 
out the contents of the associated Vector Register as 
required Interrupt Vector. 

the 
this 
the 

give 
the 

When the BIM device is reset, it prevents the interrupt 
generation from the board to the VMEbus. 

For detailed information, please refer to the data sheet of the 
BIM 68153 in Appendix H. 
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4.2 Interrupt Sources and lACK Daisy Chain Structure 

of the SYS68K/ASCU-l/2 

For easier comprehension of the interrupt structure of the 
SYS68K/ASCU-l/2 it is helpful to consider all Bus Interrupter 
Modules on the board as a single device providing several 
interrupt channels. 

Each interrupt source is assigned one interrupt channel. Every 
interrupt channel has an associated software programmable Control 
Register and Vector Register and can be programmed to generate an 
Interrupt Request on every IRQ-level of the VMEbus. It depends 
on the interrupting device, whether the Vector Register of the 
interrupt channel or the interrupt source by itself supplies the 
vector. 

The 
1/2. 

following interrupt sources are provided on the SYS68K/ASCU­
The list also shows the assigned interrupt channel number'. 

- PORT INTERRUPT OF PI/T 1 

- TIMER INTERRUPT OF PI/T 1 

- ACFAIL 

- SYSFAIL 

- TEST INTERRUPT 

- RTC 

- MPCC 

- GPIB CONTROLLER 

- 8 PROGRAMMABLE INTERRUPTS 

* available only on ASCU-2 

BIM J30 

BIM J31 

Interrupt Channel 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9-12 

13-16 

* 

* 

* 

The on-board daisy chain structure is hardware defined and 
operates in the order given in Table 6. 

When all interrupt sources are working on the same IRQ-level, the 
SYSFAIL interrupt source has the highest priority. The lowest 
priority on the ASCU-l has the TEST INTERRUPT source, on the 
ASCU-2 the PROGRAMMABLE INTERRUPT source with Interrupt Channel 
number 13. 
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Table 6: Sequence of the On-Board lACK Daisy Chain 

I Interrupt Source IChannel No.1 Comment 
1--------------------------------------------------------------
I I I 

SYSFAIL 4 I highest priority 
I 

ACFAIL 3 I 
I 

TIMER INTERRUPT OF PI/T 1 2 I 
I 

PORT INTERRUPT OF PI/T 1 1 I 
I I I decreasing 

------------------------------- -----------1 I I 
I \/ priority 

GPIB CONTROLLER 8 I 
I 

MPCC 7 I 
I 

RTC 6 I 
I 

TEST INTERRUPT 5 I 
I I 

-------------------------------1-----------1 
I I 

PROGRAMMABLE INTERRUPT PA3 I 12 I 
I I 

PA2 I 11 I 
I I 

PAl I 10 I 
I I 

PA0 I 9 I 
I I I 
1-------------------------------1-----------1 
I I I 
I PROGRAMMABLE INTERRUPT PA7 I 16 I 
I I I 
I PA6 I 15 I 
I I I 
I PAS I 14 I 
I I I 
I PA4 I 13 I lowest priority 
I I I 

A summary of the interrupt sources and the assigned channel 
numbers and register addresses is shown in table 55 "Interrupt 
Channel Addressing". 
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4.3 Interrupt Vector Structure 

All interrupt sources on the SYS68K/ASCU-I/2 are arbitrated by 
the Bus Interrupter Modules which provide one interrupt vector 
for each interrupt source. 

The BIM can be programmed to honour an Interrupt Acknowledge with 
the content of its vector register or to send the acknowledge 
signal to the interrupt source. 

The SYS68K/ASCU-I/2 has three different groups of interrupt 
sources: 

The first group are interrupt sources, which do not supply an 
interrupt vector. 

This group must be supported by the BIM which must provide the 
interrupt vector. The BIM Control Register has to be programmed 
appropriately. Table 7 lists the affected interrupt sources with 
interrupt channel and BIM register address offset related to the 
Board Base Address. 
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Table 7: Non-vectorized Interrupt Sources 

Interrupt IInterruptlInterrupterlOffset- Board Base Address 1 
Source 1 Channel 1 Device 1 BIM Control 1 BIM Vector 1 

1 Number 1 1 Register 1 Register 1 
----------------------------------------------------------------

1 1 1 
ACFAIL 1 3 1 BH1 1 $105 $10D 

----------- ---------1----------- ------------- ------------
1 

SYSFAIL 4 1 BIM 1 $107 $10F 

----------- ---------1----------- ------------- ------------
1 

TEST 5 1 BIM 2 $111 $119 
1 INTERRUPT 1 

1----------- ---------1----------- ------------- ------------ ---I 
1 1 1 
1 REAL TIME 6 1 BIM 2 $113 $llB 1 
1 CLOCK 1 \ \ 

\----------- ---------\-----------\------------- ------------ ---I 
\ \ \ \ \ 
\ GPIB 8 \ BIM 2 \ $117 $llF \ * \ 
\ CONTROLLER \ \ \ 

\-----------\---------\-----------\------------- ------------\---
\ 1 \ \ \ 
\ PROGRAM. \ 9 1 BIM 3 \ $121 $129 \ * 
\ INTERRUPT 1 \ \ \ 

\-----------\---------\-----------\------------- ------------\---
\ 1 \ \ \ 
1 PROGRAM. 1 10 \ BIM 3 \ $123 $12B 1 * 
1 INTERRUPT 1 1 1 1 
1-----------1---------\-----------1------------- ------------1---
1 1 1 1 1 
1 PROGRAM. 1 11 1 BIM 3 1 $125 1 $12D 1 * 
1 INTERRUPT 1 1 1 1 \ 1 
1-----------\---------1-----------1-------------1------------1---1 
1 1 1 1 1 1 1 
1 PROGRAM. 1 12 1 BIM 3 \ $127 1 $12F \ * 1 
1 INTERRUPT \ \ 1 \ 1 1 
\-----------\---------\-----------1-------------\------------\---1 
\ \ \ \ \ \ 1 
\ PROGRAM. \ 13 \ BIM 4 \ $131 \ $139 \ * \ 

INTERRUPT 1 \ \ \ 1 \ 

-----------1---------1-----------\-------------\------------\---1 
\ \ \ \ \ 1 

PROGRAM. I 14 \ BIM 4 \ $133 I $13B 1 * 1 

INTERRUPT 1 1 \ 1 \ 1 
-----------1---------\-----------\-------------\------------1---1 

\ \ \ \ \ \ 
PROGRAM. 1 15 \ BIM 4 \ $135 \ $13D \ * \ 
INTERRUPT \ \ 1 \ 1 1 

-----------\---------1-----------\-------------\------------1---1 
1 1 1 1 1 1 

PROGRAM. 1 16 1 BIM 4 1 $137 1 $13F 1 * 1 
INTERRUPT 1 1 1 1 1 1 

* ONLY INCLUDED ON THE ASCU-2 
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The second group is an Interrupt Source, which always supplies 
its own vector when it honours an Interrupt Acknowledge Cycle. 

This interrupt source is the Multi Protocol Communication 
Controller (MPCC 68561). 

The MPCC has three vector registers: 

- Receiver Interrupt Vector Number Register (RIVNR) 
- Transmitter Interrupt Vector Number Register (TIVNR) 
- Serial Interrupt Vector Number Register (SIVNR) 

As the MPCC always serves an interrupt acknowledge cycle with one 
of its own vectors, the BIM has to be programmed for an external 
interrupt acknowledge response. 

The register address assignment of the MPCC interrupt source is 
shown in the table below: 

Table 8: Vectorized Interrupt Source 

Interrupt 
Source 

Interrupt 
Channel 
Number 

I Offset to Board Base Address I 
I BIM 2 I MPCC I 
1-----------------1------------------1 
I Control I Vector I Vector Register I 
I Register I Register I IByte IWord I 

I I I I IMode IMode I 
------------------------------------------------------------1 

I I I I I I I 
MPCC I 7 I $115 Inot usedIRIVNR: I $0051 $0251 

I I I I TIVNR: I $00D I $02D I 
I I I ISIVNR: I $0151 $0351 
I I I I I I I 
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The third group of interrupt sources can be enabled or disabled 
of providing the interrupt vector. The user can therefore choose 
whether the interrupt source or the BIM provides the vector. 

The two independent interrupt sources belonging to this group 
reside in the Parallel Interface/Timer Module PI/T 1 (68230). 

The timer has one interrupt vector available which is 
programmable in the 8-bit wide Timer Interrupt Vector Register of 
the PI/T 1 device. If the timer is enabled to support the 
vectored interrupt, the BIM must not provide the interrupt 
vector. 

Table 9 shows the timer interrupt channel address assignment 
(offset to Board Base Address) 

Table 9: Optional Vectorized Interrupt Source 1 

I Offset to Board Base Address I 
I I 1----------------------------------------1 
I Interrupti Interrupti B I M 1 I PI/T 1 I 
I Source I Channel IContro1 Reg. I Vector Reg. I Timer Interrupti 
I I Number I I IVector Register I 
1------------------------------------------------------------1 
I I I I I I 
I I 2 I $103 I $10B I not used I 
I TIMER 1---------1------------1-----------1---------------1 
I I 2 1 $103 I not used I TIVR: $063 I 
I I I I I I 

The Port Interrupt of the PI/T 1 device has one associated vector 
register, but it represents four consecutive vector numbers. As 
the BIM can only provide one vector for the Port Interrupt, it is 
recommendable to handle the BIM transparent, always selecting the 
external vector generation of the PI/T 1 device. 

Table 10 shows the Port Interrupt channel address assignment 
(offsets to Board Base Address). 

Table 10: Optional Vectorized Interrupt Source 2 

I Offset to Board Base Address I 
I I 1----------------------------------------1 
I Interrupti Interrupti B I M 1 I PI/T 1 I 
I Source 1 Channel IContro1 Reg. I Vector Reg.1 Port Interrupti 
I I Number I I IVector Register 1 

1------------------------------------------------------------1 
I I I I I I 
I I 1 I $101 I $109 . I not used 1 

I PORT 1---------1------------1-----------1---------------1 
I INTERRUPTI 1 I $101 I not used I PIVR: $04B I 
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5. Utility Signal Handlins 

The SYS68K/ASCU-l/2 handles the utility signals SYSRESET*, 
SYSFAIL* and ACFAIL* which are provided by the Utility Bus, and 
supply initialization and diagnostic capabilities for a VME/P10l4 
standard system. 

5.1 The SYSRESET* Sisnal 

The SYS68K/ASCU-l/2 board can be configured to drive the 
SYSRESET* signal line or not to drive it. Figure 10 outlines the 
jumper location diagram B16 with which the function can be 
selected. 

Jumper B16 inserted -> SYSRESET* is driven to the VMEbus 

removed -> SYSRESET* is not driven to the VMEbus 

The SYSRESET* signal is driven to the VMEbus by default during 
manufacturing. 

The SYSRESET* Bus signal is always received by the board and 
resets each of the devices described in the following table. 

Table 11: RESET on the ASCU-l/2 

Abbreviation Device 

BUS INTERRUPTER MODULE 1 BIM 1 68153 

BUS INTERRUPTER MODULE 2 BIM 2 68153 

. BUS INTERRUPTER MODULE 3 BIM 3 68153 * 

BUS INTERRUPTER MODULE 4 BIM 4 68153 * 

PARALLEL INTERFACE/TIMER MODULE 1 PI/T 1 68230 

PARALLEL INTERFACE/TIMER MODULE 2 PI/T 2 68230 * 

MULTI PROTOCOL COMMUNICATION CONTROLLER r.1PCC 68561 

GENERAL PURPOSE INTERFACE BUS CONTROLLER GPIB 7210 * 

REAL TIME CLOCK RTC 58167A 

* included only on the SYS68K/ASCU-2. 
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The whole SYSRESET* exception signal handling is performed by the 
POWER MONITOR MODULE. It generates a SYSRESET signal during 
power-up sequence, and monitors five reset sources. If any of 
the five sources becomes active, the Power Monitor Module asserts 
the SYSRESET* signal line (providing that Jumper B16 is 
inserted) • 

The five reset sources are: 

1) The RESET switch on the FRONT PANEL, 

2) An optional 
A2l, A22. 
way: 

switch connected to the P2 connector pins A20, 
This switch should be connected in the following 

RESET-Switch 

r---------" 
I 

I 1._-- ______ 01 

P2 

Conn!!ctor 

A20 

A21 

A22 

To enable the function switch, the jumper B9 has to be 
removed. If there is no switch connected, the jumper must be 
plugged in. This is the default condition during 
manufacturing. 

Figure 10 outlines the location diagram of the jumperfield B9 
on the board. 
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Figure 10: The SYSRESET Jumperfie1d Bl6 and the Jumperfield B9 

:r 
0.. 

• 

for the External Reset Switch Connection 

b J3 

N 

LJ> 
("') b 10 ("') 
CD "'n 
7 Clb 

o h J5 M 
J29 ("') :r -. n 

h Om :r 
CD 

'--

N w 
N 6 Q 
.D -. 

~o I 
R23 [p I 

[ Jbb I 
b Jb5 N :r 

N 

'" a: 

("') ...... -. 

50 

w 

~~ 

N 
N 
W 

J75 

J7b I u..b _J7_B_-oJ 

fu1 w Jb 

93 

~I b b I 
w 

J'l9 I 
I 
w J5D I 

.D 
CD 

JI 

I;;; 
J'l 

I~ 
J2 I 

.D 

.D 
O'>W 
-LJ> 
CD-co a:: 

LJ> 

~pc 
-. 

~o 
W Cb 

D 
c :r -. 

c 
.D -. ...... ...... -. 

N N 
wa:: 
U) U) 



3) A second 
connector 
generates 
ground. 

optional RESET switch can be connected to the 
- PIN A2. This pin is a TTL-compatible input 
a reset execution if the switch closes the pin 

P2 
and 
to 

This pin is a double function pin also providing a signal 
ground for the Data 1 line of the CENTRONICS Interface, which 
is installed on the board. Therefore, selecting the function 
of the second optional RESET switch or the Centronics 
Interface, the jumper B30 has to be changed according to the 
following table. 

Figure 11 shows the location diagram for Jumperfield B30. 

Jumperfield B30 

1 
1 
1 1 
1 
1--1 

2 3 

1 Jumperfield B30 1 
1 Connected Pins 1 

------------------------------------------1------------------1 
1 1 1 
1 Centronics Interface * 1 1 - 2 1 
1 1 1 
1------------------------------------------1------------------1 
1 1 1 
1 Optional Reset Switch 1 2 - 3 1 
1 1 1 

* default condition 

51 



Figure 11: Jumperfield B30 for Selection of the Centronics 

Interface/second Optional RESET Switch 
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4) A software programmable SYSRESET* execution is provided by the 
SYS68K/ASCU-l/2. 

The function is directed by the signal PB7 of the PI/T 1 
Parallel Interface, and can be activated if the PB7 signal is 
set to a logical 0 (low state). 

This function becomes inactive after the SYS68K/ASCU-l/2 board 
has been reset. 

If the board does not drive the SYSRESET* signal to the 
VMEbus, the programmable reset function has no effect on the 
on-board devices. 

More information about the programming of this function is 
available in chapter 7 "Software Control". 

5) Reset after ACFAIL* detection. 

This function can be enabled or disabled by inserting or 
removing the jumper B10. 

In default, the Reset after ACFAIL* detection function is 
enabled with an inserted B10 jumper. 

Figure 12 shows the location diagram of the jumper B10. 

Detailed information 
given in section 5.3, 
Monitor Module". 

about reset after ACFAIL* detection is 
"ACFAIL* Signal", and chapter 8, "Power 
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5.2 The SYSFAIL* Signal 

The SYSFAIL* signal line is monitored by the SYS68K/ASCU-l/2 and 
the status of the line is shown by the red SYSFAIL LED, mounted 
on the Front Panel. Additionally, a second LED can be connected 
to the P2 Connector Pin C23 and Pin C24. 

Pin C24 provides the signal level for the second LED and Pin C23 
sources the supply current. The LED is directly connectable 
without using an external resistor. 

The SYSFAIL* signal line is used for system diagnostics and may 
be driven by any system module able to detect faults. 

The SYS68K/ASCU-l/2 provides an Interrupt Request generation to 
the VMEbus after the board has received the signal line at low­
state. 

The interrupt level and the vector is fully software programmable 
through the control register and the vector register of a Bus 
Interrupter Module (BIM). 

The following table shows the offset of the two BIM registers to 
the Board Base Address. 

1 Interrupt 1 Interrupt IInterrupterlOffset to Board Base Addressl 
1 Source 1 Channel 1 Device 1----------------------------1 
1 1 Number 1 IControl Reg. 1 Vector Reg. 1 
1----------------------------------------------------------------1 
1 1 1 1 1 1 
1 SYSFAIL* 1 4 1 BIM 1 1 $107 1 $10F 1 
1 1 1 1 1 1 

For the initialization of the registers, please refer to section 
4.1 "Programming of the BIM on the ASCU-l/2" and section 4.3 
"Interrupt Vector Structure". 
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5.3 The ACFAIL* Signal 

The SYS68K/ASCU-I/2 provides the connection of an external power 
fail signal on two pins of the P2 Connector. This power fail 
signal is typically driven by the System Power Supply to indicate 
AC power failure. 

The board drives the power fail signal to the VMEbus ACFAIL* line 
and receives the signal from this open collector bus line. 

The ACFAIL* line is always received by the ASCU-I/2 board, 
therefore, the line can also be driven by another board in the 
system. 

The external power fail signal can be connected to the ASCU-I/2 
board at the following pins on Connector P2: 

Connector P2 Pin Al 

Pin A27 

The Pin Al of the P2 Connector is a double function pin and also 
provides the signal ground for the DATA STROBE signal of the 
Centronics Interface. 

A jumper on the Jumperfield Bl2 selects the AI pin either as a 
power fail input pin or a signal ground for the Centronics 
Interface Data Strobe line. 

In the default jumper setting during manufacturing the Al pin 
functions as signal ground. 

The following table lists the Bl2 jumper settings for these two 
functions. 

1 PIN Al Function IJumperfield Bl21 
1 1 Connected PINs 1 

----------------------1----------------------------------------1 
1 1 Centronics I. F. 1 1 
1 Connector P2 -->1 Data Strobe Signal GND 1 2 - 3 * 1 
1 PIN Al --I 1------------------------1---------------1 
1 --> 1 Power Fail 1 I - 2 I 
1 1 Input-Pin I I 

* Default jumper setting. 
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Pin-Out of Jumperfield B12 

I 
I 
I 1 2 3 
I 
I-I 

To adjust a Power Fail signal which is either true on low state 
(0) or on high state (I), jumperfield B13 is provided on the 
board. The possible jumper settings given in Table 12 determine 
the active level of the two power fail input pins at Connector P2 
Pins Al and A27. 

If there is no Power Fail signal attached to the board, the 
jumper settings on B13 has to be either the default one, or the 
jumper has to be removed. A removed jumpe~.will hinder the board 
from reacting on the external Power Fail signal. 

The location of B13 is shown in Figure 12. 

Table 12: The Power Fail Signal Level 

I 
I Power Fail Signal Jumperfield B13 

Connected Pins 

I 
Active low I 1 - 2 * 

I 
--------------------------1------------------------------------

1 
Active high I 2 - 3 

I 
--------------------------1------------------------------------

I 
Disabled function I Jumper removed 

* default jumper setting. 

Pin-Out of Jumperfield B13: 

I I 
1- 1 

I 
4 I 

I I 1 
1------1------1 
1 I I 
I 2 I 3 I 
I 1 I 

I 
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When the Ascu-1/2 board receives the ACFAIL* line asserted, it 
will latch the signal and execute the following functions: 

- turning on the red ACFAIL LED on the front panel 

- requesting an interrupt to the VMEbus (if programmed) 

- triggering a time-out counter which drives the SYSRESET* line 
low after a selectable delay. 

The latched ACFAIL* signal is readable via the PBS Port terminal 
of the Parallel Interface Timer Module llPort B (PI/T 1, location 
J37). The latch can be cleared if the PBG terminal of the pIIT 1 
device is programmed as a low status output, providing that the 
ACFAIL* signal line is not still asserted. 

This feature allows the system software to distinguish between 
occurring short AC-power drop-outs and longer power failure 
periods, which require an appropriate data saving reaction. 

After the power-up sequence, both terminals PBG and PB7 of the 
pIIT 1 are programmed as inputs and carry high level. 

If the latched ACFAIL* signal is cleared, the ACFAIL LED on the 
front panel will also turn off. 

A second external LED for an ACFAIL display is connectable on the 
P2 connector Pin C2G and C2S·. Pin C2G provides the signal level 
and C2S the LED supply voltage. The circuitry includes a pre­
register which supplies a source current of S0mA. 

The Interrupt Request caused by the latched ACFAIL* 
handled by the BIM 1 device and has to be enabled by 
the appropriate Control and Vector register of the 
refer to chapter 4.1 and the Data Sheet of the Bus 
Module). 

signal is 
programming 

BIM {please 
Interrupter 

Table 13 outlines the offset of the corresponding BIM Register to 
the Board Base Address. 

Table 13: ACFAIL* Interrupt Channel Address Assignment 

1 Interrupt 1 Interrupt 1 Interrupt IOffset to Board Base Address 1 
1 Source 1 Channel 1 Device 1----------------------------1 
1 1 Number 1 IControl Reg. 1 Vector Reg. I 
1----------------------------------------------------------------1 
1 1 I 1 1 1 
1 ACFAIL* 1 3 1 BIM 1 1 $105 1 $10D I 
1 1 1 1 I I 
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If the ASCU-l/2 detects the ACFAIL* line to be asserted, it will 
drive the SYSRESET* signal line low after a defined time. 

This feature is enabled with an inserted jumper at B10. 

The delay between the ACFAIL* and the SYSRESET* transition is 
jumper selectable in the range of 2ms to l6ms. The selection is 
made by an inserted jumper in jumperfield B15. 

Figure 12 shows the location of the jumperfield 810 and B15. 

Table 14: Delay of SYSRESET*/Generation after ACFAIL* Detection 

1 
1 Delays Jumperfield B15 1 
1 corresponding Pins 1 

1---------------- ----------------------------1 
1 1 
1 2ms 1 - 8 1 
I 1 
1 4ms 2 - 7 1 
1 1 
I 8ms 3 - 6 * 1 
I 1 
1 l6ms 4 - 5 1 
1 1 

* default jumper setting 

Pin-Out of Jumperfield B15: 

I 1 
,- 1 8 1 
1 1 
------------1 

1 
271 

1 
------------1 

1 
361 

1 
------------1 

1 
451 ------, 
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Figure 12: Jumper Location of the ACFAIL* Signal Handling 
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6. Functional Groups on the SYS68K/ASCU-l/2 

The SYS68K/ASCU-l/2 can be considered to consist of the following 
functional groups: 

- Software Control of Board Features 

- Power Monitor Module 

- SYSCLOCK DRIVER 

- Bus Arbiter 

- Bus Timer 

- Serial Interface 

- Centronics Interface 

- Real Timer Clock 

- Test Interrupt 

- User Interrupt 1 

- Timer Interrupt 

- IEEE-488 GPIB Interface 

- User Interrupts 2-5 

- Programmable Interrupts 

- Bus Clear Timer 

(only on ASCU-2) 

(only on ASCU-2) 

(only on ASCU-2) 

(only on ASCU-2) 

Some of the functional groups consist of one device while others 
are distributed to several devices e.g. the IEEE-Interface. 

Table 15 shows this distribution of the Functional Groups 
realized in conjunction with the devices on the board. 
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The SOFTWARE CONTROL of BOARD FEATURES is provided by two Parallel 
Interface/Timer Modules (68230) PI/T 1 and PI/T 2. The port 
terminals are used to control and steer functional groups on the 
board. 

The POWER MONITOR MODULE handles the SYSRESET*, ACFAIL* and 
SYSFAIL* utility bus lines. It is assigned two interrupt channels 
of the BIM device (Channel 4 and Channel 3). Channel 4 is driven 
by the SYSFAIL* line, Channel 3 is assigned to the ACFAIL* 
function. Two port terminals of the PI/T 1 device have control of 
the latched ACFAIL* signal, which can be read as well as cleared. 
The programmable SYSRESET* generation is performed by another port 
terminal. 

The SYSCLOCK DRIVER MODULE provides a l6MHz frequency which can be 
used as a known system time base. It can be considered as an 
autonomous module as well as the BUS ARBITER, which provides an 
efficient allocation method of the Data Transfer Bus to several 
bus masters. 

The BUS TIMER functional group is controlled by the PI/T 1 device. 
Five signal lines of Port B (PB0-4) select the desired bus time­
out. 

The same Parallel Interface/Timer Module PI/T 1 provides the 
standard CENTRONICS INTERFACE for printer connection. Interrupt 
generation is supported by the HI handshake input, which is 
connected to the Data Acknowledge signal line of the Centronics 
Interface. The assigned Interrupt Channel is Channell. 

The REAL TIME CLOCK can force an interrupt to the VMEbus via the 
Interrupt Channel 6. 

The TEST INTERRUPT function can be enabled by the initialization 
of Interrupt Channel 5. 

The USER INTERRUPT 1 line is connected to the H3 input of the PI/T 
1 device and uses the same interrupt channel (Channell) as the 
Centronics Interface and the USER INTERRUPTS 2-5. A distinction 
between the Centronics Interface interrupt request and the 
Peripheral User Interrupt 1 request can be made by using the 
vector generating mode of the Port Interrupt. The source of the 
Peripheral User Interrupt 2-5 has to be identified by a polling 
software routine. 

The TIMER INTERRUPT function is a part of the PI/T 1 device and 
generates the interrupt request over Channel 2. 

The IEEE-488 GPIB INTERFACE is supported by the 2nd PI/T device. 
The talker/listener address is jumper selectable and can be read 
via Port B pins PB0 to PB4 of PI/T 2. If the signal pin of PC7 is 
programmed as an input, the status of T/L switch 3 is readable. 
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Port A of the pIIT 2 device provides eight independent software 
PROGRAMMABLE INTERRUPTS. Each of these interrupt sources is 
assigned a unique interrupt channel. 

The BUS CLEAR TIMER function consists of the timer module on the 
pIIT 2 device. The input pin PC2 triggers the counter to generate 
the Bus Clear signal on PC3 after a software programmable time. 

Table 15 gives detailed information on how each of the functional 
groups is distributed over pIIT 1, pIIT 2, the 16 Interrupt 
Channels and individual parts. 
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Table 15: Functional Groups Distribution 

I DEVICES I 
I I 

------------------------1--------------------------------------1 
I I PI/T 11 PI/T 21Bus I Other I 

FUNCTIONAL GROUPS I (J37)1 (J47) I InterrupterlDevice I 
1-------I-------IModule I I 
IPINII/olpINII/oIChannel No.1 I 

---------------------------------------------------------------1 
SOFTWARE CONTROL I I I I I 

I I I I I 
Programmable Interrupt I IPA01 0 I CH 9 I 
Programmable Interrupt I IPAll 0 I CH10 I 
Programmable Interrupt I IPA21 0 I CHll I 
Programmable Interrupt I IPA31 0 I CH12 I 
Programmable Interrupt I IPA41 0 I CH13 I 
Programmable Interrupt I IPAsl 0 I CH14 I 
Programmable Interrupt I IPAGI 0 I CHls I 
Programmable Interrupt I IPA71 0 I CH1G I 
GPIB Address Bit Dl I PB01 I I I 
GPIB Address Bit D2 I PBll I I I 
GPIB Address Bit D3 I PB21 I I I 
GPIB Address Bit D4 I PB31 I I I 
GPIB Address Bit Ds I PB41 I I I 
BCLR* Timer I pC01 0 
BCLR* Timer I pCll 0 
BCLR* Timer \ PC2\ I 
BCLR* Timer pC31 0 
BCLR* Timer PC4\ 0 
GPIB Direction Control PCGI 0 
Status T/L Switch PC71 I 
Bus Timer Out Data Cycle PB0 0 I 
Bus Timer Out Data Cycle PBl 0 I 
Bus Timer Out Data Cycle PB2 0 I 
Bus Timer Out lACK Cycle PB3 0 I 

IBus Timer enable/disable PB41 0 1 
IACFAIL* latched PBsl I I 
IACFAIL* IRQ cleared PBGI 0 1 
IRESET programmable PB71 0 I I 
I I I I I I 
1------------------------ ---1---1---1---1----------- ----------1 
1 POWER MONITOR MODULE 1 1 1 1 1 
1 -I 1 1 I \ 1 
1 ACFAIL* latched 1 PBS 1 III 1 1 
1 ACFAIL* IRQ cleared 1 PBGI 0 1 I I I 
I RESET programmable \ PB71 0 I I I I 
IACFAIL* Interrupt Req. \ 1 1 1 1 CH 3 1 1 
ISYSFAIL* Interrupt Req. \ 1 I 1 1 CH 4 1 1 
1------------------------1---1---1---1---1-----------1----------1 
1 SYSCLOCK DRIVER 1 1 1 1 I 1 Individual 1 
1 1 1 I 1 I 1 Parts 1 
1------------------------1---1---1---1---1-----------1----------1 
1 ARBITER 1 1 1 1 I 1 Indi vidual I 
1 I 1 1 1 1 1 Parts 1 
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Table 15 cont'd 
D E V ICE S 

------------------------1--------------------------------------
I PI/T 11 PI/T 21Bus I Other 

FUNCTIONAL GROUPS I (J37)1 (J47) I Interrupter! Device 
!-------I-------IModule I 
IPINII/olpINII/OIChannel No.1 

BUS TIMER 

Bus Time-Out Data Cycle PB0 0 
Bus Time-Out Data Cycle PBl 0 
Bus Time-Out Data Cycle PB2 0 
Bus Time-Out lACK Cycle PB3 0 
BUS Time enabled/disabld PB4 0 

SERIAL INTERFACE 

Interrupt Request 

CENTRONICS INTERFACE 

Interrupt Request PC5 
Data 1 PA0 
Data 2 PAl 
Data 3 PA2 
Data 4 PA3 
Data 5 PA4 
Data 6 PAS 
Data 7 PA6 
Data 8 PA7 
ACKNLG HI 
DATA STROBE H2 
BUSY PC0 
PE PCl 
SLCT PC2 
ERROR PC4 
------------------------

REAL TIME CLOCK 

Interrupt Request 

TEST INTERRUPT 

Interrupt Request 

USER INTERRUPT 1 

Interrupt Request PC5 
USER Interrupt 1 H3 

TIMER INTERRUPTI 
I 

Interrupt Request IpC3 

0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
I 
I 
I 
I 
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CH 7 

CH 1 

--- --- -----------

I 
I 

CH 6 

I CH 5 
---1-----------

I 
I 
I CH 1 
! 

---1-----------
I 
I 
I CH 2 

Individual 
Parts 

MPCC (J55) 

----------
RTC 58l67A 
(J58) 

Individual 
Parts 



Table 15 cont'd 
I DEVICES 
I 

------------------------1--------------------------------------
I I PI/T 11 PI/T 21 Bus I Other 
I FUNCTIONAL GROUPS I (J37)1 (J47) I Interrupter I Device 
I 1-------1-------1 Module I 
I I PIN I I/O I PIN I I/O I Channel No.1 
1---------------------------------------------------------------
I IEEE-488 GPIB INTERFACE 

(only on ASCU-2) 7210 

Interrupt Request 
GPIB Address Bit Dl 
GPIB Address Bit D2 
GPIB Address Bit D3 
GPIB Address Bit D4 
GPIB Address Bit DS 
GPIB Direction Control 
Status T/L Switch 

USER INTERRUPT 2-5 
(only on ASCU-2) 

Interrupt Request 
User Interrupt 2 
User Interrupt 3 
User Interrupt 4 
User Interrupt 5 

PROGRAMMABLE INTERRUPTS 
(only on ASCU-2) I 

BUS CLEAR TIMER 

BCLR* Mode Select 
BCLR* Mode Select 
BCLR* Mode Select 
Trigger input 
BCLR* signal 

PCS 0 

I 

PB0 I 
PBl I 
PB2 I 
PB3 I 
PB4 I 
PC6 0 
PC7 I 

CH 8 

---1-----------

PCS 0 CH 1 
Hl I 
H2 I 
H3 I 
H4 I 

--- ---
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PA0 0 CH 9 
PAl 0 CHl0 
PA21 0 CHII 
PA3 0 CHl2 
PA4 0 CH13 
PAS 0 CHl4 
PA6 0 CHIS 
PA7 0 CH16 

PC0 0 
IpCI 0 
IpC4 0 
IpC2 I 
IpC3 0 
I 

(J41) 



7. Software Control 

Powerful software control of the functional groups on the 
ASCU-l/2 is provided by the two Parallel Interface/Timer Modules 
(68230) PI/T land PI/T 2. 

The software control function is performed by programming I/O 
pins of the PI/T devices to be output and to drive them to a 
logical 1 or 0. The reset situation is that all I/O pins of the 
pit devices are in the high independence state (Input Mode), and 
internal or external pull-up registers grant a logical 1 (high 
level). 

The PI/T device consists of two logically independent parts: the 
parallel ports and the timer. 

The timers of the PI/T 1 and PI/T 2 represent the functional 
groups "TIMER INTERRUPT" and BUS CLEAR TIMER". A description of 
these groups follows in the corresponding chapters. The program 
example which initializes the software control in this chapter 
will also activate the timers. 

7.1 Addressing of the PI/T devices 

The two parallel interface/timer modules allow only byte 
transfers on the lower data bus (D0-D7). The register access to 
the PI/T can only be performed at odd addresses. 

The devices have the following offset related to the Board Base 
Address: 

PI/T 1 

PI/T 2 

$040 

$080 

Provided that the Board Base Address is $B02000 (default 
condition during manufacturing), the first register of the PI/T 1 
device has the absolute access address $B02041 and PI/T 2 $B02081 
(Port General Control Register). 

All registers are readable and writeable and can be accessed 
directly. The PI/T device features a flexible port mode 
structure which is selectable by writing to the control registers 
of the PI/T. 

The Bit I/O Mode allows all port terminals to be programmed and 
controlled irtdependently. The software control function is 
performed by writing 0 or 1 to the corresponding bit locations of 
the PI/T data registers. 

For further information, please refer to the programming example 
at the end of this chapter as well as the chapter entitled "Board 
Register Summary", and the data sheet. 
Table 16 gives all the I/O pins involved in the software control 
function. A detailed description of the control can be found in 
the chapters for the appropriate functional groups. 
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Table 16: Software Controlled I/O Pins 

I 
Device I Port I In/Out I Affected Functional Group / Signal I 

11/0 Pin I Function 1 1 
----------------------------------------------------------------1 

1 I I I 
PI/T 1 I PB 0 lOUT IBUS TIMER / Time Out for Data Cycle I 

I PB 1 lOUT IBUS TIMER / Time Out for Data Cycle I 
I PB 2 lOUT BUS TIMER / Time Out for Data Cycle I 
1 PB 3 lOUT BUS TIMER / Time Out for lACK Cycle I 
I PB 4 lOUT BUS TIMER / enabled - disabled 1 
I PB 5 I IN POWER MONITOR MODULE/ACFAIL* SIGNAL I 
I PB 6 lOUT POWER MONITOR MODULE/ACFAIL* SIGNAL 1 
1 PB 7 lOUT POWER MONITOR MODULE/SYSRESET* SIGNAL 1 

1 1 I 
--------1--------1-------- -------------------------------------1 

PI/T 2 PA 0 
PA 1 
PA 2 
PA 3 
PA 4 
PA 5 
PA 6 
PA 7 

PC 0 
PC 1 
PC 4 
PC 2 
PC 3 
PB 0 
PB 1 
PB 2 
PB 3 
PB 4 
PC 6 
PC 7 

1 1 
lOUT PROGRAMMABLE INTERRUPT / CHANNEL 9 1 
lOUT PROGRAMMABLE INTERRUPT / CHANNEL 10 1 
lOUT PROGRAMMABLE INTERRUPT / CHANNEL 11 1 
lOUT PROGRAMMABLE INTERRUPT / CHM~NEL 12 1 
lOUT IPROGRAMMABLE INTERRUPT / CHANNEL 13 1 
lOUT IPROGRhl1MABLE INTERRUPT / CHANNEL 14 1 
lOUT IPROGRAMMABLE INTERRUPT / CHANNEL 15 1 
lOUT IPROGRAMMABLE INTERRUPT / CHANNEL 16 I 
I 1 1 
lOUT BUS CLEAR Mode Select / MODE 1 1 
lOUT BUS CLEAR Mode Select / MODE 2 1 
lOUT BUS CLEAR r.1ode Select / MODE 3 1 

I IN BUS CLEAR TIMER /Trigger Input Signal I 
lOUT BUS CLEAR TIMER /BCLR* Signal Genera. 1 
1 IN IEEE-488 GPIB I.F./Address Bit Dl I 
I IN IEEE-488 GPIB I.F./Address Bit D2 I 
I IN IEEE-488 GPIB I.F./Address Bit D3 I 
I IN IEEE-488 GPIB I.F./Address Bit D4 I 
I IN IEEE-488 GPIB I.F./Address Bit D5 I 
lOUT IEEE-488 GPIB I.F./Direction Control 1 
I IN IEEE-488 GPIB I.F./Status T/L Switch I 
I I 
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Programming Example 

************************************************************************** 
* 
* 
* 

PROGRAMMING EXAMPLE 

************************************************************************** 
* 
* 
'" 

The example contains the following subroutines: 
- INITASCU2 Initializes Functional Modules: 

'" 
'" 
'" 
'" 
* 
'" 
* 
* 
* 
* 
* 

- l'IMERIRQ 

- PIRQINIT 

- PROGIRQ 

BUS TIMER 32 us for DATA and lACK cycles 

BCLR*Generation mode: Arbiter or Timer output 
BCLR*Timer functions as watchdog counter 

periodical Interrupt Generation through Timer 
Interrupt 

Initializes PI/T 2 to Bit I/O-mode for 
Programmable Interrupt Generation 

Programmable Interrupt subroutine 
*------------------------------------------------------------------------

ASCUBASE: 
* 
* 

EQU 

*PI/T Register offsets: 
* 
*Parallel I/O 
PGCR: EQU 
PSRR: EQU 
PADDR: EQU 
PBDDR: EQU 
PCDDR: EQU 
PIVR: EQU 
PACR: EQU 
PBCR: EQU 
PADR: EQU 
PBDR: EQU 
PAAR: EQU 
PBAR: EQU 
PCDR: EQU 
PSR: EQU 
*Timer section 
TCR: EQU 
TIVR: EQU 
CPR: EQU 
CNTR: EQU 
TSR: EQU 
* 
* 

section 
$01 
$03 
$05 
$07 
$09 
$0B 
$0D 
$0F 
$11 
$13 
$15 
$17 
$19 
$lB 

$21 
$23 
$25 
$2D 
$35 

$B02000 :BASE ADDRESS OF ASCU-2 

*Offsets for BIM register address calculation 
* 
BIMCONTR: DC.W $121 

DC.W $123 
DC.W $125 
DC.W $127 
DC.W $131 
DC.W $133 
DC.W $135 
DC.W $137 

* 
VECTOR: EQU $40 :Tirner Interrupt Vector 

EVEN 
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Programming Example cont'd. 

*-----------------------------------------------------------------------------
* 
* 
* .. 
INIT.lI,.SCU2 : 

* 

* 

* 

* 

* 

* 
* 

Initialisation Routine 
====================== 

t10VEM.L A0-A3/D0,-(A7) 
LEA.L ASCUBASE,A0 
LEA.L $40 (A0) ,Al 
LEA.L $80(A0),A2 
BCLR.B #7, PGCR(Al) 
BCLR.B #6,PGCR(Al) 
BSET.B #7 , PACR (Al ) 
BSET.B #6,PBCR(Al) 

MOVE.B #$EE,PBDR(Al) 
MOVE.B #$DF,PBDDR(Al) 

MOVE.L #$1000,D0 
MOVEP.L D0,CPR(A2) 
MOVE.B #$F3,TCR(A2) 

MOVE.B #$FD,PCDR(A2) 
MOVE.B #$5B,PCDDR(A2) 

MOVEM.L (A7)+,A0-A3/D0 

BSR.S PIRQINIT 

RTS 

~push registers to save 
~Board Base Address->A0 
~Device Base Address PI/T 1 
~Device Base Address PI/T 2 
~Bit 7 of PGCR cleared 
~Bit 6 of PGCR cleared 
~Set PI/T 1 to the Bit I/O -
~mode 

~BUS TIMER set to 32 us DATA­
~and lACK-cycle 

~ ~vATCHDOG counter 
~for 
~BCLR* Timer 

~BCLR-Mode 
~selection 

~pop saved registers 

~Subroutine to initialize 
~PI/T 2 for programmable 
~IRQ-generation 

*------------------------------------------------------------------------------
* 
PIRQINIT: MOVEM.L 

LEA.L 
LEA.L 
BCLR.B 
BCLR.B 
BSET.B 
MOVE.B 
MOVE.B 
MOVEM.L 
RTS 

A0-A2, - (A7) 
ASCUBASE,A0 
$80(A0),A2 
#7,PGCR(A2) 
#6,PGCR(A2) 
#7,PACR(A2) 
#00,PADR(A2) 
#$FF,PADDR(A2) 
(A7)+,A0-A2 
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~push registers to save 
~ASCU-2 Board Base Address->A0 
~PI/T 2 Device address ->A2 
~Set PI/T 2 to 
~Bit I/O mode 
I 

~Port A pins -> output 
~Port A pins -> low 
~pop saved registers 



Programming Example cont'd. 

*-----------------------------------------------------------------------------
* 
* 
*' 
*' 

Subroutine for periodical TIMER-INTERRUPTS and IRQ-CHANNEL-2 
Initialisation: TIMERIRQ 

TI~1ERIRQ : PEA.L SERVICE(PC) 
t10VE.L (A7)+,VECTOR*4 

*' 

* 

* 
* 
* 
SERVICE: 

* 

MOVEM.L 
LEA.L 
LEA.L 
t·1OVE. B 
t·1OVE. B 
~10VE. L 
~10VEP .L 
MOVE.B 
MOVE.B 
MOVE.B 

A0-Al/D0-Dl,-(A7) 
ASCUBASE,A0 
ASCUBASE+$40,Al 
#VECTOR,Dl 
01, TIVR (AI) 
#$600,00 
D0,CPR(Al) 
#$Al,TCR(Al) 
#$l,TSR(Al) 
#$36,$103(A0) 

MOVEM.L (A7)+,A0-Al/D0-Dl 
RTS 

;PUSH REGISTERS TO SAVE 
;BOARD BASE ADDRESS -> A0 
;PI/Tl DEVICE BASE ADDRESS ->Al 
;INTERRUPT VECTOR NUMBER -> Dl 
;VECTOR -> TIMER INT.VECT.REG 
;COUNT VALUE 
;LOAD COUNT PRELOAD REGISTER 
;PERIODIC INTERRUPT GENERATOR 

;BIM INIT: EXTERNAL VECTOR 
;IRQ-LEVEL 6 
;POP SAVED REGISTERS 

TIMER INTERRUPT SERVICE ROUTINE: SERVICE 
======================================== 

MOVEM.L 
LEA.L 
MOVE.B 
MOVE.B 

Al/D0,- (A7) 
ASCUBASE+$40,Al 
#$Al,TCR(Al) 
#$0l,TSR(Al) 

MOVEM.L (A7)+,Al/D0 
RTE 

; SAVE REGISTERS 
;PI/Tl DEVICE BASE ADDRESS ->Al 

;CLEAR ZDS STATUS BIT 

*-----------------------------------------------------------------------------
* 
* 
* 
* 
* 
* 
* 
* 
* 
PROGIRQ: 

LOOP: 

NEXT: 

* 
IRQCHAN: 

SUBROUTINE: PROGIRQ 
This subroutine initiates an Interrupt Request to the VMEbus by 
searching a free IRQ channel (channel 9 - 16). 
The interrupt vector must be stored in D0 (00-FF), the desired 
interrupt level must be stored in Dl (1-7). 
Before this Subroutine can be called, the SYS68K/ASCU-2 has to be 
initialized by the INITASCU2 subroutine. 

MOVEM.L 
LEA.L 
LEA.L 
LEA.L 
MOVE.W 
BSET.B 
BEQ.S 
CMPA.L 
BNE.S 
BRA.S 

MOVE.B 
HOVE.B 
OR.S 
MOVE.B 
MOVEM.L 
RTS 

D2-D3/A0-AS,-(A7) 
ASCUBASE,A0 
BIMCONTR ( PC) , A4 
$10(A4) ,AS 
(A4)+,D3 
# 7 , 0 ( A0 , D3 ) 
IRQCHAN 
A4,AS 
NEXT 
LOOP 

D0,8(A0,D3) 
#$D8, D2 
Dl, D2 
D2,0(A0,D3) 
(A7)+,D2-D3/A0-AS 
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;push registers to save 
;Board Base Address ->A0 
;SIM IRQ channel table 
;End of IRQ channel table 
;Read Offset 
;Test and Set BIM channel 
;Free channel found 
;compare if last channel 
;next channel 
;unfinite loop to wait for 
;free channel 
;write vector 
;control byte construction 
; 
;write control byte 
;pop saved registers 



8. Power Monitor Module 

The SYS68K/ASCU-l/2 board is equipped with a Power Monitor Module 
which executes an orderly shut-down of a system after an AC power 
failure has been indicated by an asserted ACFAIL* bus line. 

The indication of a power failure may be provided by the system 
power supply whose Power Fail signal line can be attached to the 
P2 connector of the ASCU-l/2. 

Figure 13 shows this arrangement in a system block diagram. 

The connection of the Power Fail signal of an external source and 
the P2 connector is described in section 5.3 "The ACFAIL* 
Signal". 

Figure 13: System Block Diagram 

P1014 Backplane I 
'II- 'II- II-

ACFAIL * SYS RESET * 
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Power 

Monitor 

Module 
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+5V FAIL 

+5V DC 

Power Supply 

i 
Mains Input 
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The Power Monitor Module guarantees a VME/P1014 compatible active 
low SYSRESET* signal according to the timing relationship given 
in Figure 14. 

Figure 14: Power Fail Timing Diagram 

+ 5Vdc POWER 
---"~-- 2.0 

I· 4ms 

MIN 

ACFAIL * I 
I+- 2.ms I SOps 

MIN MIN 

o MIN +-
SYS RESET * 0.6 

The delay of the ACFAIL* signal transition to the active 
SYSRESET* signal is selectable in the range between 2ms and 16ms. 
Please refer to chapter 5.3, "The ACFAIL* Signal". 
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8.1 The Reset Generator 

The SYSRESET* signal is carried out 
generator circuitry which operates above 
SYSRESET line is driven by the board 
inserted (default condition = jumper B16 

by an on-board reset 
3V supply voltage. The 
if the jumper B16 is 
inserted) • 

Figure 15 shows a block diagram of the reset structure. 

The reset generator will assert its output signal by any of the 
following conditions: 

a) detection of an ACFAIL* signal transition to low state, 
b) closing one of the reset keys, 
c) generating a programmable reset, 
d) sensing the system supply voltage out of specified range. 

N.B. points a) - c) are described in chapter 5 "Utility Signal 
Handling". 

The reset source of condition d) is provided by the reset 
generator itself, containing a precision voltage sensor. 

During the power-up procedure the circuit checks the supply 
voltage and asserts its output as long as VCC has not reached the 
value of the sense voltage. 

After VCC has exceeded the threshold voltage, an internal 
assures that the SYSRESET* line will remain asserted for at 
200 milliseconds. That delay is also provided for all 
reset conditions after they have been removed. 

Figure 16 shows the corresponding timing. 

timer 
least 
other 

Also, when the supply voltage drops under the sense voltage, the 
reset generator output becomes active and the SYSRESET* signal 
line will be pulled down to low state. 
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Figure 15: Block Diagram of the RESET Structure 
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Figure 16: Power Monitor System Restart Timing 

2.0 

+SVdcPOWER 200ms 

I MIN 

+--
SYSRESET* 

0.6 

200ms ~ !III 
MIN 

ACFAIL * 

The sense voltage is jumper selectable for two values. 

If jumper B14 is removed (default condition), the sense voltage 
is fixed at 4.8V. Inserting the jumper selects a sense voltage 
of 4.5V, which should ensue for test purposes only. 

The location diagram of jumper B14 is shown in Figure 17. 
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9. The SYSCLOCK Driver 

The SYS68K/ASCU-l/2 is equipped with a SYSCLOCK DRIVER Module 
that provides a fully asynchronous l6MHz timing signal on the 
utility bus according to the VMEbus/P10l4 specification. The 
signal has no fixed phase relationship to/with other timings. 

The SYSCLOCK signal is a divided clock-frequency which is 
generated by a quarz oscillator module. 

The signal is connected to the backplane via jumperfield B6. If 
there is a jumper installed connecting pins 1 and 4, the signal 
is driven to the bus. (Default condition during manufacturing.) 
Removing this jumper disables the driving of this signal. 

Fig. 17 outlines the position of the jumperfield B6. 

Caution: According to the VMEbus/P10l4 specification, if the 
SYS68K/ASCU-l/2 sources the SYSCLOCK signal, the board 
has to be installed in slot 1 of the backplane. 

Pin-Out of the Jumperfield B6: 

1 I 
1- 1 4 1 
1 1 
1----------1 
1 1 
1 2 3 1 
1 1 

77 



Figure 18: The SYSCLK Timins Diagram 
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10. The 4-Level Bus Arbiter 

The SYS68K/ASCU-l/2 is equipped with a functional module for Data 
Transfer Bus Arbitration according to the VMEbus/IEEE-P10l4 
specification. 

The VMEbus is defined to support mUltiple bus masters that can 
initiate data transfer cycles. Only one board can be Bus Master 
at anyone time. No other board can become Bus Master before the 
current Bus Master has relinquished Bus Mastership. 

The VMEbus specification defines a four-level Bus Request - Bus 
Grant - Bus Busy handshake mechanism, with an arbitration module 
to be located in slot 1 of the VMEbus backplane. The number of 
possible bus masters is not limited to the four levels, because 
the VMEbus backplane supports a daisy chain for the four Bus 
Grant signals. 

The four level Bus Arbiter installed on the SYS68K/ASCU-l/2 
supports three jumper selectable types of arbitration: 

The Prioritization 
Round Robin 
Prioritized Round Robin 

PRI 
RRS 
PRR 

The selection of the arbitration types is done by different 
jumper settings' at jumperfield B33, according to table 17. 

Pin-out of Jumperfield B33 

I I 
1- 1 
I 
I 2 

4 

3 
1 ___ _ 

Table 17: Selection of the Arbitration Type 

I Arbitration Type I Jumperfield B33 Connected Pins I 
1----------------------------------------------------1 
I I" . I 
I PRI 11 - 4 I 
I I I 
I RRS I 2-3 \ I 
I I I 
I PRR I 1 - 2 f I 
I I I 

* default condition 
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If the SYS68K/ASCU-1/2 is inserted in slot 1 of the VMEbus 
backplane, then the Bus Arbiter must be operational. This is the 
default jumper configuration on delivery. If the SYS68K/ASCU-1/2 
is inserted in any other slot, then the Bus Arbiter must not 
drive the Bus Grant signals, and the jumper configuration has to 
be changed. 

Figure 19 shows the pin-out of Jumperfie1d B26, which determines 
the enabled or disabled Bus Arbiter function. The required 
jumper settings on B26 are given in Tables 18 and 19. 

I 
1 9 

Fi9:ure 19: 2 10 

Pin-out of Jumperfie1d B26 3 11 

4 12 

5 13 

6 14 

7 15 

8 16 

Table 18: Jumper Settin9:s for En.abled Bus Arbiter Function 

1 Jumperfield B26 1 Default 1 
1 Conne·cted Pins 1 Configuration 1 

--------------------------1-----------------1-----------------1 
1 1 1 1 
1 Enabled 1 2 - 10 1 x 1 
1 Bus Arbiter Function 1 4 - 12 1 x 1 
1 1 6 - 14 1 x 1 
1 1 8 - 16 1 x 1 
1 1 I 1 
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Table 19: Jumper Settings for Disabled Bus Arbiter Function 

1 Jumperfield B26 1 Default 1 
1 Connected Pins 1 Configuration 1 

--------------------------1-----------------1-----------------1 
1 1 1 1 
1 Disabled 1 9 - 10 1 1 
1 Bus Arbiter Function 1 11 - 12 1 I 
1 I 13 - 14 I 1 
1 1 15 - 16 1 1 
I I 1 I 

Figure 20 shows the locations of the jumperfie1ds assigned to the 
Arbiter function. 

Note:Jumperfield B32 is not user selectable, but provided for 
test purposes only. No jumpers are inserted by default. 

81 



Figure 20: The Location Diagram of the Arbiter Jumperfields 

• 

h J3 

~------~I ~ ~:~ ______ ~ 

JJIl 

R23 
~~ L,..I _~I 

l .Jbb 

J28 

J29 

~C15 

.... 
::; 

82 

J78 

D 



The VMEbus includes the signal BCLR*.It is the arbiter that 
drives this signal and the current Bus Master can monitor it. 
Asserting the BCLR* signal means that the Bus Arbiter wishes the 
current Bus Master to relinquish Bus Mastership. However, 
despite this signal, the Bus Master will relinquish Bus 
Mastership only when it wishes to do so itself. 

The BCLR* output of the SYS68K/ASCU-2 is equipped with 
programmable timing for more flexibility. Please 
chapter 19 "Bus Clear Timer". The BCLR* signal line is 
jumper Bs is inserted. This is the default condition. 

software 
refer to 
driven if 

Caution: The Bs jumper must be removed if the board resides in 
any other slot of the rack than slot 1. 

Table 20 describes the BCLR* generation of the SYS68K/ASCU-l. 
The BCLR* generation in the various arbitration modes on the 
SYS68K/ASCU-2 are described in chapter 19 "Bus Clear Timer". 

Table 20: BCLR* Generation on the SYS68K/ASCU-l 

Arbitration Model 
I 

Des c rip t ion 
BCLR* is asserted if ••• 

PRI a higher prioritized Bus Request is pending 

PRR 
(default) 

RRS 

There are six 
SYS68K/ASCU-l/2 
situation. They 
II Bus Arbitration 
chapter. 

a level 3 Bus Request is pending 

any Bus Request is pending 

LEDs installed on the front panel of 
for visual information about the bus 
are described in more detail in chapter 
Status LEDs", as well as in the rest of 

the 
load 
3.5, 
this 

Caution: No master can be removed from being master on the 
VMEbus. The master should release the bus by itself 
sometime. Even if all masters periodically release the 
bus, it can happen that some requesters never receive a 
grant. This is not a malfunction of the arbiter, but a 
logical consequence of the priority structure and of the 
daisy chain, if high bus load is accomplished. 

Figure 21 shows the Bus Grant Daisy Chain structure on the VHEbus 
backplane, and figure 22 outlines the global DTB arbitration 
timings. 
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Figure 21: The Bus Grant Daisy Chain 
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Figure 22: Global DTB Arbitration Timing 
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10.1 The PRI Arbiter 

The VMEbus/IEEE-P10l4 specifications define 
algorithm of arbitration. The sequence 
follows: 

the prioritization 
of priority is as 

~Vhenever 

released 
arbiter 

BR3* has priority over BR2*, BR1*, BR0* 
BR2* has priority over BR1*, BR0* 
BR1* has priority over BR0*. 

the 
by 

will 
request level 

bus is not occupied by a master, or the bus 
a master and there is a Bus Request pending, 
grant the bus to the master requesting on the 
with the highest priority. 

is 
the 
bus 

If there is a Bus Request pending on a bus request level which 
has higher priority than the current Bus Master, then the arbiter 
asserts the BCLR* output to signal this situation to the current 
Bus Master. 

To select the PRI Arbiter, the following jumper configuration has 
to be installed at jumperfield B33: 

Jumperfield B33: 

, I 
,- 1 - 4 
I 
I 2 3 ,-----

Connected pins: 1 - 4 
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10.2 The RRS Arbiter 

The VMEbus/IEEE-P10l4 specifications define the Round Robin 
arbitration scheme. If this type of arbitration is selected, 
then all bus request levels appear to be of equal preference. 

The BCLR* signal is driven by the SYS68K/ASCU-l/2 on any bus 
request in this type of arbitration. The BCLR* can be 
disconnected from the bus line by removing jumper B5. 

To select the RRS arbiter, the following jumper configuration has 
to be installed: 

Jumperfield B33: 

1 I 
1-- 1 4 
1 
12- 3 
1 ________ __ Connected Pins: 2 - 3 
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10.3 The PRR Arbiter 

The IEEE-P1014 specification allows 4-level arbiters other than 
PRIor RRS. The PRR Arbiter which is jumper selectable on the 
SYS68K/ASCU-l/2 is a realization of what is described in section 
3-1 of IEEE-P1014. 

BR3* has priority over BR2*, BRl*, BR0* 
BR2*, BRl*, and BR0* are of equal preference. 

If there is a Bus Request pending on BR3* and the bus is 
occupied, then the arbiter asserts the BCLR* signal. with this 
arbiter, the BCLR* operation is correct with only one master 
requesting on BR3*. 

To select the RRS Arbiter, the following jumper configuration has 
to be installed: 

Jumperfield B33: 

1 I 
1- 1 4 
1 1 
1 2 3 Connected Pins: 1 - 2 
1 ____ _ 

The PRR Arbitration Mode is selected during manufacturing for the 
SYS68K/ASCU-l as well as for the SYS68K/ASCU-2. 

The yellow LEDs LEV3, LEV2, LEVI, LEV0 light up according to the 
bus request level of the current Bus Master. If the bus is free 
and no master is active, then these LEDs are not lit, while the 
green Bus Free LED lights up. The pattern in which these 
different lights are lit gives visual information on the bus load 
situation. The red LED BCLR lights up if the BCLR* signal line 
is asserted. All of these lights can only be observed if the 
corresponding even is long enough and occurs often enough to be 
perceived. If the SYS68K/ASCU-l/2 is inserted in any slot other 
than slot 1, then the front panel LEDs light up on a random 
basis. 
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11. The Bus Timer 

VME/P10l4 systems contain the BERR* signal line which is used to 
indicate an unsuccessful data transfer. 

The SYS68K/ASCU-l/2 board provides the superv~s~on of data 
transfers on the bus through a BUS TIMER module. It drives the 
BERR* line low if an accessed slave board does not respond to the 
master within a specified time. 

The Bus Timer can be selected to work in various modes. When its 
function has been enabled, eight different time-out periods can 
be selected for the data transfer cycle. Independent from this 
selection is the time-out value for Interrupt Acknowledge (lACK) 
cycles which may take more time than normal cycles. Two 
different time-out values are provided for the lACK cycle. 

The Bus Timer functions are software selectable and can be 
performed by programming several Port B I/O pins of the PI/T 2 
device to be output carrying logical 0 or 1. After reset, all 
pins are on high level and the Bus Timer is disabled. 

Description of the Port B I/O Pins 

PB0, PBl and PB2: These three output signals select the time-out 
value for data transfer cycles according to 
table 21. 

Table 21: Bus Time-out Values 

\Time-out(us) \ PB2 PBl PB0 
1------------\-----------------------------------

8000 

1 1 

2 1 

4 1 1 

8 1 

16 1 1 

32 1 1 

64 1 1 1 
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PB3: 

PB4: 

This pin selects the time-out values 
Interrupt Acknowledge cycles. 

for 

PB3 = 0 
PB3 = 1 

l28us 
32us 

The PB4 output enables or disables the Bus 
Timer function. 

PB4 = 0 
PB4 = 1 

Bus Timer enabled 
Bus Timer disabled (default 
conditions after reset and power-up) 

The BERR* signal line is driven by the board if a jumper connects 
the pins 2 and 3 of the jumperfield B3. This jumper is inserted 
by default. 
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12. The Serial I/O Interface 

For serial communications a Multi-Protocol Communications 
Controller (MPCC 68561) is provided on the ASCU-l/2 board. 

The MPCC interfaces a single serial communications channel using 
either asynchronous or synchronous protocol. High speed bit 
rate, separate interrupt vectoring and eight character buffering 
optimize the MPCC performance to take full advantage of the 
asynchronous bus structure. 

Control, status and data are transferred between the MPCC and the 
on-board CPU via 22 directly addressable registers. Two First­
In/First-Out (FIFO) registers, for receive and transmit data, 
buffer a maximum of 8 characters at a time. This allows more MPU 
processing throughput and data security. 

The on-chip oscillator drives the internal baud rate generator 
(BRG). The BRG in conjunction with two selectable prescalers and 
a 16-bit programmable divider, provides a data bit rate up to 
4MHz. 

The 48 pin 68561 supports word length (16 bit) or byte length (8 
bit) operations. 

The mode is controlled by the Protocol Select Register two, bit 7. 

After reset the MPCC is initialized in the byte mode. The 
address signal A5 of the VMEbus and the upper data strobe signal 
DSl* are combined to provide both operations on the board without 
any hardware presetting. 

The register layout for the byte and word modes is given in 
tables 22 and 23. 

The relative offset to the Board Base Address ($B02000) of the 
MPCC is $000. 
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Table 22: The MPCC Address Map in the Byte Mode of Addressin~ 

Default Board Base Address: $B~2~~~ 
Device Offset: $ ~0~ 

Default IRegis.1 
Addr.HEXIOffsetl 

B02~~1 ~l 

B02~03 ~3 

B02~~5 ~5 

B~2009 ~9 

B020~B 0B 

B02~~D 0D 

B~20ll 11 

B02~15 15 

B02~19 19 

B020lB lB 

B~2~lD lD 

B02~lF IF 

B02~2l 21 

B02025 25 

B~2~29 29 

B~202D 2D 
1 

B0203l 31 

B02~35 35 

B02~39 39 

B02~3B 3B 

B~2~3D 3D 

B~2~3F 3F 

Reset I 
Value I 

0F 

8~ 

~F 

0F 

00 

~l 

01 

00 

~l 

~0 

0~ 

~~ 

00 

0~ 

~4 

Label Description 

MPCRSR Receiver Status Register 

MPCRDR Receiver Data Register 

MPCRIVNR Receiver Interrupt Vector 
Number Register 

MPCTSR Transmitter Status Register 

MPCTDR Transmitter Data Register 

MPCTIVNR Transmitter Interrupt Vector 
Number Register 

MPCSISR Serial Interface Status Reg. 

MPCSIVNR Serial Interrupt Vector 
Number Register 

MPCPSRI Protocol Select Register I 

MPCARI Address Register I 

MPCBRDRI Baud Rate Divider I 

MPCCCR Clock Con.trol Register 

MPCRCR Receiver Control Register 

MPCRIER Receiver Interrupt Enable Reg. 

MPCTCR Transmitter Control Register 

MPCTIER 

MPCSICR 

Transmitter Interrupt Enable 
Register 
Serial Interface Control Reg. 

MPCSIER Serial Interrupt Enable Reg. 

MPCPSR2 Protocol Select Register 2 

MPCAR2 Address Register 2 

MPCBRDR2 Baud Rate Divider 2 

MPCECR Error Control Register 

--------------------------------~--------------------------------
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Table 23: The MPCC Address Map in the Word Mode of Addressin~ 

Default Board Base Address : $B02000 
Device Offset : $ 000 only word accesses allowed 

Default IRegis.1 
Addr.HEXIOffsetl 

B02020 
B0202l 

B02022 
B02023 

B02024 
B02025 

B02028 
B02029 

B0202A 
B0202B 

B0202C 
B0202D 

B02030 
B0203l 

B02034 
B02035 

B02038 
B02039 

B0203A 
B0203B 

B0203C 
B0203D 

B0203E 
B0203F 

20 
21 

22 
23 

24 
25 

28 
29 

2A 
2B 

2C 
2D 

30 
31 

34 
35 

38 
39 

3A 
3B 

3C 
3D 

3E 
3F 

Reset 1 
Value 1 

01 
00 

00 
0F 

01 
80 

00 
0F 

00 
00 

00 
0F 

00 
00 

00 
00 

00 
01 

04 
00 

Label Description 

MPCRCR I-I Receiver Control Register 
MPCRSR 1 IReceiver Status Register 

1-
MPCRDR I-I Receiver Data Register 

1 1 
1-

MPCRIER I-I Receiver Interrupt Enable Reg 
MPCRIVNRI IReceiver Int. Vector No. Reg 

1-
MPCTCR I-I Transmitter Control Register 
MPCTSR 1 ITransmitter Status Register 

1-
MPCTDR I-I Transmitter Data Register 

1 1 
1-

MPCTIER I-I Transmitter Int. Enable Reg 
MPCTIVNRI ITrans. Int. Vector No. Reg 

1-
MPCSICR j-ISerial Interface Control Reg 
MPCSISR 1 ISerial Interface Status Reg 

1-
MPCSIER 1-ISerial Interrupt Enable Reg 
MPCSIVNRI ISerial Int. Vector No. Reg 

1-
MPCPSR2 I-I Protocol Select Register 2 
MPCPSRl 1 IProtocol Select Register 1 

1-
MPCAR2 1-IAddress Register 2 
MPCARl 1 IAddress Register 1 

1-
MPCBRDR21-IBaud Rate Divider Register 2 
MPCBRDRll IBaud Rate Divider Register 1 

1-
MPCECR I-I Error Control Register 
MPCCCR 1 IClock Control Register 

1-
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Features of the MPCC 

Full duplex synchronous/asynchronous receiver and 
transmitter 

Fully implements IBM Binary Synchronous Communications (BSC) 
in two coding formats: ASCII and EBCDIC 

Supports other synchronous character-oriented protocols 
(COp), such as six-bit BSC, DOCMP, X3.28, X.21, ISO, IS1745, 
ECMA-16, etc. 

Supports synchronous bit-oriented protocols (BOP), such as 
SOLC, HOLC/ADCCP, X.25, etc. 

Asynchronous and isochronous modes 

Modem handshake interface 

High speed serial data rate (DC to 4 MHz) 

Internal oscillator and Baud Rate Generator (BRG) with 
programmable data rate (up to 38.400 Baud) 

Direct interface to 68000/68010/68020 asynchronous bus 

Eight-character receiver and transmitter buffer registers 

22 directly addressable registers for flexible option 
selection, complete status reporting, and data transfer 

Three separate programmable interrupt vector numbers for 
-receiver, transmitter and serial interface 

Maskable interrupt conditions for receiver, transmitter and 
serial interface 

Programmable microprocessor bus data transfer polled or via 
interrupt 

Selectable full/halt duplex, autoecho and local loop-back 
modes 

Selectable parity (enable, odd, even) and CRC (control field 
enable, CRC-16, CCITT V.41, VRC/LRC) 
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The Serial I/O Hardware Interface 

The MPCC requires driver and receiver circuits to communicate via 
standard voltage levels to other equipment. The SYS68K/ASCU-l/2 
board cont~ins RS232 and RS422-compatible interface devices to 
provide maximum flexibility. 

The RS232 interface is realized with one driver IC (1488) and one 
receiver IC (1489). The driver IC 3487 and the receiver IC 3486 
are installed for the RS422 interface. 

Figure 23 shows the complete serial I/O interface in a Block 
Diagram. 
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Figure 23: Block Diagram of the Serial I/O Interface 
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The following handshake/control signals are available on the 
MPCC: 

Table 24: The Signal Assignment of the MPCC Serial Interface 

MPCC MPCC I Description I Input I Output I 
Signal I Pin I I I I 

----------------------------------------------------------------1 
1 

TXD 26 Transmitted Data x 1 
1 

RXD 3 Recei ved Data x 1 
1 

RTS 24 Request to Send x I 

,CTS 30 Clear to Send x 

DTR 5 Data Terminal Ready 

DCD 7 Data Carrier Detect x 

DSR 6 Data Set Ready * x 

RXC 15 Receiver Clock x 

TXC 17 Transmitter Clock * x 

* These signals can be used either as input or output. 

With the exception of the RXD and TXD signals, 
handshake/control signals of the MPCC can be connected to 
RS232/422 drivers and receivers by jumpers installed in 
jumperfields B34 and B35. 
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Figure 24: Location Diagram of the Serial I/O Interface Parts 
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All I/O signals are jumper selectable to the 25 pin female 
connector (P3), located on the front panel. 

D-Sub 

The jumperfield B37 defines the I/O signal assignment to the 
connector and provides the selection of the RS232 or the RS422 
compatible interface circuits. 

Figure 25 outlines the pin-out of the jumperfield B37 with the 
signal assignment to each pin. 

The detailed hardware drawing of the RS232/422 interface is shown 
in Figure 26. 

When the RS232 interface is selected, jumper B36 must be inserted. 
To enable the RS422 drivers and receivers, remove jumper B36. 

Figure 24 shows the location of the serial I/O parts. 

The RS422 input lines can be supplied with additional resistors 
and capacitors by the user to eliminate spikes and glitches. The 
locations R24, R25, R26, C70-C73 are therefore provided on the 
board for this purpose. 

Figure 27 shows the optional R/C implementation. 



Fi~ure 25: Si9:na1 Assi~nrnent of Jurnl2erfie1d B37 
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Figure 26: Serial I/O Hardware La~-Out 
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Figure 27: The Optional RIc Implementation 
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The default jumper settings on the jumperfields B34, B35 and B37 
(shown in table 25) allow the connection of a standard terminal 
by using the following signals from the RS232 interface. 

CTS 
DTR 
TXD 
RXD 

The terminal interface cable is directly connectable to the 25 
pin D-sub connector on the front panel and to the female 
connector of the terminal. Figure 28 outlines the connection 
example. 

The following program example shows how to initialize the MPCC. 

Table 25: Default Jumper Settings for RS232 I/O Signals 

Terminal 
Signal 

Inl 
<--I 
--> I 
Out I 

D-Sub­
Connector 

Pin :# 

Connected I 
Pins of I 

Jumperfieldl 
B37 I 

Connected I In 
Pins of 1--> 

Jumperfield 1<-­
B35 B34 lOut 

MPCC 
Signal 

---------------------------------------------------------------
I 1 

DTR --> I 20 I- 16 - 17 2-3 
1 

CTS <-- 5 I 31 - 32 
I 

RX Data <-- 3 I 41 - 42 
I 

TX Data --> 2 I 46 - 47 
I 

GND 1 I 51 - 52 
I 

GND 7 I 21 - 22 
I 
I 1-4 
I 

All other signals are not connected by 
manufacturing. 
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Figure 28:Connection between the SYS68K/ASCU-1/2 Board and a Terminal 
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12.1 The MPCC Interrupt Scheme 

The' MPCC can force an interrupt to the VMEbus via the interrupt 
channel 7 which is provided by a Bus Interrupter Module. Two 
BIM 2 registers are associated to the interrupt channel 7: The 
Control Register, and the Vector Register. 

The level, on which the interrupt will be generated to the VMEbus 
is selectable by the Control Register (bits 0-2). Bit 5 of the 
Control Register (X/IN) selects whether either the BIM will 
respond to the interrupt handler supplying the interrupt vector 
of the associated vector register, or the interrupt source with 
its own vector. 

The MPCC always responds to the interrupt acknowledge cycle with 
one of its own vectors. Therefore, the external/internal (X/In) 
list of the BIM Control Register must be set (1) to disable the 
response from the BIM device. 

If the MPCC asserts its IRQ output, causing the BIM to generate 
an interrupt request to the VMEbus, one of three vectors may be 
provided by the MPCC to honour the acknowledge cycle. These 
three vectors are stored in the following MPCC registers: 

- Receiver Interrupt Vector Number Register 
- Transmitter Interrupt Vector Number Register 
- Serial Interrupt Vector Number Register 

(RIVNR) 
(TIVNR) 
(SIVNR) 

Corresponding to each register is a status bit which 
enables/disables the interrupt generating status of the MPCC. 

Highest priority is given to the Receiver Interrupt status, 
followed by the Transmitter Interrupt status and the Serial 
Interrupt status with the lowest priority. 

If the three interrupt states occur simultaneously, they will be 
handled in order of prioritization and the IRQ output of the MPCC 
will stay asserted until the last state is removed or disabled. 
Table 25a lists the register address assignment of interrupt 
channel 7. 

Table 25a: MPCC Interrupt Channel Address Assi~nment 

I Offset to Board Base Address \ 
Interrupt Interrupt \---------------------------------------1 

I BIM 2 I MPCC I 
Source Channel I I Vector Register I 

I Control I Vector I I Byte I Word I 
I I Number IRegisterlRegisterl I Mode I Mode I 
1---------------------------------------------------------------1 
I I I I I I I I 
I MPCC I 7 I $115 I not used I RIVNR: I $005 I $025 I 
I I I I I TIVNR: I $00D I $02D I 
I I I I I S IVNR: I $ 015 I $ 035 I 
I I I I I I I I 
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12.2 Programming ExamE1e 

****************************************************************************** 
* 
* 12.2 MPCC PROGRAMMING EXAMPLE 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

SUBROUTINES INCLUDED: INITIALIZE THE MPCC: INITMPCC 
CHARIN 
STRINGOUT 

INPUT ONE CHARACTER: 
OUTPUT A STRING 

The code starting at TEST causes an 
infinite string out to the connected 
terminal (Xon/Xoff Protocol) 

*-----------------------------------------------------------------------------* 
* 
MPCCBASE: EQU $B02000 : BASE ADDRESS OF MPCC 
* 
RSR: EQU $01 :RECEIVER STATUS REGISTER 
RDR: EQU $03 :RECEIVER DATA REGISTER 
RIVNR: EQU $05 :REC.INT.VECT.NR.REG 
TSR: EQU $09 :TRANSMITTER STATUS REG. 
TDR: EQU $0B :TRANSMITTER DATA REGISTER 
TIVNR: EQU $0D :TRANSMITTER INT.VECT.NR.REG. 
SISR: EQU $11 :SERIAL INTERFACE STATUS REG. 
SIVNR: EQU $15 :SERIAL INTERR. VECT.NR.REG. 
PSR1: EQU $19 :PROTOCOL SELECT REG.l 
ARl: EQU $lB :ADDRESS REGISTER 1 
BRDR1: EQU $lD :BAUD RATE DIVIDER 1 
CCR: EQU $1F :CLOCK CONTROL REGISTER 
RCR: EQU $21 :RECEIVER CONTROL REGISTER 
RIER: EQU $25 ;RECEIV.INTERR.ENABLE REG. 
TCR: EQU $29 :TRANSMITTER CONTROL REG. 
TIER: EQU $2D :TRANSM.INTERR.ENABLE REG 
SICR: EQU $31 :SERIAL INTERFACE CONTR.REG. 
SIER: EQU $35 :SERIAL INTERRUPT ENABLE REG. 
PSR2: EQU $39 :PROTOCOL SELECT REGISTER 2 
AR2: EQU $3B :ADDRESS REGISTER 2 
BRDR2: EQU $3D :BAUD RATE DIVIDER 2 
ECR: EQU $3F :ERROR CONTROL REGISTER 
* 
*-----------------------------------------------------------------------------
* 
* * INPUT ONE CHARACTER INTO D0 
* 
CHARIN: 
WAITRDA: 

MOVEM.L 
MOVE.L 
BTST.B 
BEQ.S 
MOVE.B 
MOVEM.L 
RTS 

A0,-(A7) 
#MPCCBASE, A0 ' 
#$07,RSR(M) 
WAITRDA 
RDR(A0) ,D0 
(A7)+,A0 

1136 

;PUSH REGISTER TO SAVE 
:LOAD MPCC BASE ADDRESS 
:TEST RDA BIT 

:READ DATA MPCC -> D0 
:POP SAVED REGISTER 



Programming Example cont1d. 

*-----------------------------------------------------------------------------
* 
* INITIALIZE FOR POLLING RECEIVE AND TRANSMIT 
* 
* 
INITMPCC: 

* 

~10VEM.L 

MOVE.L 
MOVE.B 
MOVE.B 
MOVE.B 
MOVE.B 
MOVE.B 
MOVE.B 
MOVE.B 
MOVE.B 
MOVE.B 
MOVE.B 
MOVE.B 
MOVE.B 
MOVE.B 
MOVE.B 
MOVEM.L 
RTS 

A0,-(A7) 
#MPCCBASE,A0 
#$0l,RCR(A0) 
#$0l,TCR(A0) 
#$00,PSRl(A0) 
#$5E,PSR2(A0) 
#$8C,BRDRl(A0) 
#$00,BRDR2(A0) 
#$lC,CCR(A0) 
#$00,ECR(A0) 
#$00,RIER(A0) 
#$00,TIER(A0) 
#$00,SIER(A0) 
#$C0,SICR(A0) 
#$00,RCR(A0) 
#$80,TCR(M) 
(A7)+,A0 

:PUSH REGISTER TO SAVE 
:LOAD MPCC BASE ADDRESS 
:RESET RECEIVER 
:RESET TRANSMITTER 
:ASYNCHR,8 BIT 
:2 STOP BITS 
:9600 
: BAUD 
:INTERNAL CLOCK SELECT 
:NO PARITY 
:DISABLE RECEIVER INTERRUPT 
:DISABLE TRANSMITTER INTERRUPT 
:DISABLE SER.INTERF. INTERRUPT 
:ASSERT RTS AND DTR OUTPUT 
:RECEIVER INTERFACE ENABLE 
:TRANSMIT INTERFACE ENABLE 
:POP SAVED REGISTER 

*-----------------------------------------------------------------------------
* 
TEST: 
TESTLOOP: 

* 
STRINGl: 
STRING2: 

* 

BSR.L 
LEA.L 
LEA.L 
BSR.L 
BRA.S 

DC.B 
DC.B 
EVEN 

INITMPCC 
STRINGI (PC) ,AI 
STRING2 (PC) ,A2 
STRINGOUT 
TESTLOOP 

$0A,$0D,'SYS68K/ASCU-l/2 SERIAL I/O TEST',$0A,$0D 
$00 

*-----------------------------------------------------------------------------
* 
* SUBROUTINE TO DUMP A STRING 
* 
* 
* 
* 

STOP TRANSMISSION: XOFF ($13) 
XON ($11) RESTART 

* START: (Al) 
* END (A2) 
* 
STRINGOUT: 

NEXTCHAR: 

BUFFERFUL: 

XOFFLOOP: 

OUTPUT: 

STRINGEND: 

MOVEM.L 
MOVE.L 
CMP.L 
BEQ.S 
BTST.B 
BEQ.S 
BTST.B 
BEQ.S 
CMPI.B 
BNE.S 
BTST.B 
BEQ.S 
CMPI.B 
BNE.S 
MOVE.B 
BRA.L 
MOVEM.L 
RTS 

A0,-(A7) 
#MPCCBASE,A0 
Al,A2 
STRINGEND 
#$07,TSR(A0) 
BUFFERFUL 
#$07,RSR(A0) 
OUTPUT 
#$l3,RDR(A0) 
OUTPUT 
#$07,RSR(A0) 
XOFFLOOP 
#$11, RDR(A0) 
XOFFLOOP 
(Al)+, TDR (A0) 
NEXT CHAR 
(A7)+,A0 
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:PUSH REGISTER TO SAVE 
:LOAD MPCC BASE ADDRESS 
:COMPARE IF COMPLETED 

: TEST TDRA FLAG 
:BRANCH IF BUFFER FULL 
: TEST RDA FLAG 
:BRANCH IF NO CHARACTER REC. 
:TEST RECEIVED DATA 
:BRANCH IF NO XOFF 
: TEST RDA FLAG 
:BRANCH TO WAIT XON CHAR 
:TEST RECEIVED DATA 
:BRANCH TO WAIT XON CHAR 
:TRANSMIT CHAR 
:CONTINUE WITH NEXT CHAR 
:POP SAVED REGISTER 



13. Centronics Interface 

The SYS68K/ASCU-l/2 includes a Centronics Parallel Interface for 
printer connection. This standard centronics interface allows 
parallel transfer of byte-wide data under control of the DATA 
STROBE and ACKNLG handshake lines. The handshake protocol is 
fully under software control. A timing diagram for the 
Centronics Interface is shown in Figure 29. 

The implemented 
handshake lines 
below. 

Data Lines 
Handshake Lines 

interface supports eight 
and several printer status 

data lines, _two 
lines, as listed 

Printer Status Lines 

Dl - D8 
DATA STROBE 
ACKNOWLEDGE 
BUSY 

(ACKNLG) 

(PE) 
(SLCT) 

Output 
Output 
Input 
Input 
Input 
Input 
Input 

PAPER END/OUT 
SELECT 
ERROR 

The hardware realization of the centronics interface is performed 
by the PI/T 1 device with buffer and inverter devices. A 
detailed hardware description is given in Figure 30. 

The output signals Dl-D8 and DATA STROBE are driven from a 74S241 
device which has a drive capacity of 64rnA. This allows a cable 
length to the printer of approximately 5 meters. All inputs such 
as the ACKNLG signal and the printer status signals are received 
by a 74LS14 device, which provides Schmitt-Trigger inputs for 
improved noise immunity on these signal lines. The jurnperfield 
B20 enables the user to exchange the connection of the ACKNLG and 
the BUSY line on the receiver circuit by wire wrap if this should 
be required. 

During manufacturing, jumpers are inserted to connect pin 1-4 and 
2-3 of the B20 jurnperfield. 

108 



Jumper B2l connects the chassis GROUND of the printer to the 
logic ground of the board. The jumpers on the jumperfields B12 
and B30 select the function of the P2 connector pins Al and A2. 
These pins provide the signal ground for the DATA STROBE and the 
Data 1 signal and have to be connected to ground. Therefore, the 
jumpers on B12 and B30 have to be installed in the following way: 

I Jumperfield I Connected Pins I 
1----------------------------------------1 
1 I I 
1 B12 I 2 - 3 I 
I I I 
1 B30 I 1 - 2 I 
I I I 

Please refer to chapter 5.1 "Utility Signal Handling", 
5.1 and 5.3 where pins Al and A2 are described in their 
as ACFAIL and Reset inputs. 

sections 
capacity 

Easy 1:1 signal transmission of the installed Centronics 
Interface to the printer connector pins as outlined in Table 26 
is provided by using a flat cable for interconnection. 

Figure 31 shows a connection example and the pin orientation of 
the connectors and Figure 32 outlines the location diagram of all 
Centronics Interface parts. 
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Figure 29: Timing Diagram of the Centronics Parallel Interface 
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Figure 30: Hardware Realization of the Centronics Interface 
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Table 26 shows the signal assignment of 
to the P2-connector and to the Centronics 

the Centronics 
printer connector. 

Interface 

Table 26: Signal Assignment of the Centronics Printer Interface 

ISignal Name P2 Connector Pins 
1 
1--------------- -------------------------
IDATA STROBE Cl 
IGND Al 

DATA 1 C2 
GND A2 

DATA 2 
GND A3 

C3 

C4 

Centronics Printer 1 
Connector Pins 1 

---------------------1 
1 1 

19 1 
---------------------1 

2 1 
20 1 

3 
21 

4 DATA 3 
GND A4 22 

DATA 4 
GND 

DATA 5 
GND 

DATA 6 
GND 

DATA 7 
GND 

DATA 8 
GND 

ACKNLG 
GND 

-------------------------1---------------------
C5 5 

AS 23 

C6 6 
A6 24 

C7 7 
A7 25 

C8 8 
A8 26 

C9 9 
A9 27 

C10 10 
A10 28 

--------------- ------------------------- ---------------------
BUSY 
GND 

PE 
GND 

SLCT 
ERROR 
GND 

LOGIC GND 
CHASSIS GND 

All 

A12 

A14 
A15 

Cll 

C12 

C13 

C16 
C17 
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30 

32 
33 

11 

12 

13 

16 
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Figure 31: Connection Example for the Centronics Interface 

C32 

,W 
A32 

o 
32 

o 

64 PIN 110 CONNECTOR (MALE) 

P2 

Centronics IF. 
o 0 

19 18 
o 0 

o 
1 
o 

COMPONENT 
SIDE 

A1 

18 

I C32 
.. ~ .. PIN VMEBUS CONNECTOR (MAlE) ~(~11 
B32j~W----------P-1--------~~~ : 
A32 A1 

113 

FLAT CABLE 

36PIN EDGE 
CONNECTOR 



Figure 32: Location Diagram of the Centronics Interface Components 
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13.1 Interrupt Scheme of the Centronics Interface 

An interrupt request of the Centro'nics Interface to the VMEbus 
can be forced when the HI handshake line of the pI/T 1 device, 
which is assigned the ACKNLG signal, is asserted. 

The edge sensitive handshake pin may be programmed as either 
active high or active low input (printer type dependent). 

When the pI/T is enabled to supply the interrupt vector, it will 
provide a vector set together by the upper six bits of the Port 
Interrupt Vector Register (PIVR Bit 2-7), and the 2 bit value 00, 
assigned to the HI interrupt source. 

The Port Interrupt of the pI/T 1 device is transmitted to the 
VMEbus via the interrupt channel no. 1. This channel assigns two 
registers of the BIM 1 device. 

The Control Register (offset address $101) and 

the Vector Register (offset address $109). 

The Control Register can be programmed to let the interrupt 
vector be supplied either by the interrupt source (PI/T device) 
or by the BIM itself with the content of the associated vector 
register. 

The initialization of the pI/T and the BIM device must insure 
than only one interrupt vector is provided during the interrupt 
acknowledge cycle. Table 27 shows the registers associated to 
the interrupt channell with its register addresses. 

Table 27: Centronics Interrupt Assignment 

1 1 Offset to Board Base Address 1 
1 1---------------------------------------1 

Interrupti Interrupti B I MIl pI/T 1 1 
1 Source 1 Channel I Control 1 Vector 1 Port Interrupt 1 

1 1 Number 1 Register 1 Register 1 Vector Register 1 

1--------------------------------------------------------------1 
1 1 I 1 1 1 

ICentronics 1 1 1 $101 1 $109 1 not used 1 

1 Interface 1----------1----------1----------1-----------------1 
1 (HI pin) 1 1 1 $101 1 not used 1 $04B 1 

1 1 I 1 1 1 

A programming example for the Centronics Interface is listed on 
the next page. 
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Centronics Interface Programming Example 

****************************************************************************** 
* 
* PROGRAMMING EXAMPLE 
* * 68230 PARALLEL INTERFACE/TIMER 
* USED AS A CENTRONICS INTERFACE 
* 
* PRINTER: 
* TANDBERG DATA PRINTER 
* 
*-----------------------------------------------------------------------------
* 
PIT EQU $B02040 ; BASE ADDRESS FOR PI/T 
PGCR EQU PIT+l ; PORT GENERAL CONTROL REGISTER 
PADDR EQU PIT+5 ; PORT A DATA DIRECTION REGISTER 
PACR EQU PIT+$D ; PORT A CONTROL REGISTER 
PADR EQU PIT+$l1 ; PORT A DATA REGISTER 
PSR EQU PIT+$lB ; PORT STATUS REGISTER 
* 
*-----------------------------------------------------------------------------
* * MAIN PROGRAM 
* 

BSR INIT 
LEA. L MES ( PC ) , A2 

@0010 MOVE.B (A2)+,D0 
CMPI.B #4,D0 
BEQ.S EXIT 
BSR WRITE 
BSR DELAY 
BRA.S @0010 

EXIT XEXT ;Return to monitor 

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

INIT---INITIALISATION OF PI/T UNIDIRECTIONAL 8-BIT MODE 0 SUBMODE lX 
PORT A OUTPUT 8 BIT 

INIT: MOVE.B 
MOVE.B 
MOVE.B 
RTS 

#$FF,PADDR 
#$A8,PACR 
#$13, PGCR 

H2 => DATA STROBE 
Hl => ACKNLG 

;8 BITS OUT 
;SUBMODE lX, H2=HIGH, 
;MODE 0, H12 ENABLE, H2 INVERS 

* ------------------------------------------------------------------------------
* 
* ROUTINE FOR CE.NTRONICS HANDSHAKE: WRITE 
* 
WRITE: BTST #l,PSR 

BNE WRITE 
MOVE.B D0,PADR tCHAR IN D0, OUT ON PORT A 
MOVE.B #$A0, PACR ;H2=DATA STROBE => LOW 
MOVE.B t$A8,PACR ;H2=DATA STROBE => HIGH 
RTS 

* 
*-----------------------------------------------------------------------------DELAY: MOVE.L #$1000,00 
@0010 SUBQ.L #1,00 

* 

BNE.S @0010 
RTS 

MES DC.B $0D,'ABCDEFGHIJKLMNOPQRSTUVWXYZ',$0D,$0A,4 
* 

EVEN 
END 
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14. The Real Time Clock 

The SYS68K/ASCU-l/2 contains a real time clock (RTC 58l67A) with 
battery backup. This guarantees the operation of the RTC even 
when the board is powered down or in transit. The lithium 
battery included in the shipment is packed separately to prevent 
discharging by the aluminium foil. 

A jumper on the jumperfield B3l selects the main power sources 
for the RTC. Table 28 lists the possible settings. 

Table 28: Power Connection for the RTC 

1 I 1 
1 Supply Source 1 Jumperfield B3l Connected Pins 1 
1--------------------------------------------------------------1 
1 1 1 
1 +5V System vcc I 1 - 2 * 1 
1 1 1 
1 +5V System Standby 1 2 - 3 1 
1 1 1 

* default during manufacturing 

Figure 33 shows the location of the battery position and the 
jumperfield B3l. 

Battery backup is provided through soldering the lithium battery 
on to the board. This has to be done carefully. 

Caution: The power to the RTC device has to be disconnected 
before the battery can be soldered onto the board (see 
Figure 33). 
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Figure 33: Location Diagram of the Jumperfield B31 and the 

Battery position 
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14.1 Features of the RTC 

The RTC has the following features: 

- 1/10000 of a second through month counter 

- 56 bits of RAM with comparator to compare the real time counter 
to the RAM data 

- Interrupt output with 8 possible interrupt signals 

- Power-down mechanism disables all input and output signals 

- Status register to indicate rollover during a read cycle 

- 32.768Hz crystal oscillator 

- Four year calendar (no leap year) 

- 24 hour clock 

Addressing of the RTC 

Provided that the Board Base Address is $B02000, the access 
address of the first register of the RTC is $B020Cl. The device 
offset $0C0 is related to the selected board base address. 

Only single byte data transfers to/from the RTC are allowed on 
the data bits D0-D7. Therefore, all accesses to the RTC 
registers must be performed on odd addresses. 

Table 29 lists RTC registers and the corresponding access address. 
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Table 29: Register Table of the RTC 

Default Board Base Address: $B02000 
Device Offset: $ 0C0 

Default I Register I Reset I Label 
Address I Offset IValuel 

Description 

HEX I I I 

B020Cl 

B020C3 

B020C5 

B020C7 

B020C9 

B020CB 

B020CD 

B020CF 

B020D0 

B020D3 

B020D5 

B020D7 

B020D9 

B020DB 

B020DD 

B020DF 

B020El 

B020E3 

B020E5 

B020E7 

B020E9 

B020EB 

B020ED 

B020FF 

01 

03 

05 

07 

09 

0B 

0D 

0F 

11 

13 

15 

17 

19 

IB 

ID 

IF 

21 

23 

25 

27 

29 

2B 

2D 

3F 

IRTCCTTSI Counter - ten thousands of sees 
I I 
I RTCCHTS I Counter - hundredths + tenths of 
I I sees 
IRTCCSECI Counter - seconds 

I 
RTCCMINI Counter - minutes 

I 
RTCCHRSI Counter - hours 

I 
RTCCDOwl Counter - day of week 

I 
RTCCDOMI Counter - day of month 

I 
RTCCMONI Counter - month 

I 
RTCRTTSI RAM - ten thousandths of sees 

RTCRHTS RAM - hundredths + tenths of sees 

RTCRSEC RAM - seconds 

IRTCRMIN RAM - minutes 

RTCRHRS RAM - hours 

RTCRDOW RAM - day of week 

RTCRDOM RAM - day of month 

RTCRMONI RAM - month 
I 

RTCISR I Interrupt Status Register 
I 

RTCICR I Interrupt Control Register 
I 

RTCCRESI Counters reset 
I 

RTCRRESI RAM reset 
I 

RTCSTATI Status bit 
I 

RTCGO I GO command 
I 

RTCSINTI Standby interrupt 
I 

RTCTESTI Test mode 

120 



14.2 Timing of the RTC 

The read/write timing diagram and the time values are given in 
Figures 34 and 35 and in Table 30/31. 

The RTC is a metal gate CMOS circuit which has an access time of 
approximately l100ns. This requires a special delay of the 
DTACK* signal by accesses to/from the RTC. 

Table 30: RTC Write Time Values 

Number 

1 

3 

4 

5 

6 

7 

8 

9 

11 

12 

13 

14 

15 

Parameter 

Axx valid and IACK* high to AS* low 

AS* high 

AS* low to CSRTC active 

AS* active 

AS* invalid to UDS* high 

AS* inactive to CSRTC inactive 

AS* low to LDS* low (WRITE) 

AS* low to DTACK* low 

AS* inactive to DTACK inactive 

AS* active to WRITE* low 

AS* inactive to WRITE* inactive 

Data valid to Data Strobes active 

AS* inactive to Data invalid 
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(Note A) 
Min.1 Max 

10 

30 

10 

1800 

15 

10 

10 

10 

10 

40 

40 

130 

2500 

45 

150 

70 

45 



Figure 34: RTC Write Cycle Timing Diagram 
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Table 31: RTC Read Time Values 

Number Parameter 

1 Axx valid and IACK* high to AS* low 

3 AS* high 

4 AS* active to CSRTC low 

5 AS* low 

6 AS* inactive to UDS* inactive 

7 AS* inactive to CSRTC inactive 

8 AS* active to LDS* valid 

9 AS* low to DTACK low 

11 AS* inactive to DTACK inactive 

12 WRITE* high to AS* active 

14 Data valid to DTACK active 

15 DTACK inactive to Data invalid 
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(Note A) 
Min.1 Max 

1 
101 

1 
30 1 

I 
30 I 60 

I 
1800 I 2500 

I 
10 1 60 

I 
o I 40 

I 
10 I 130 

I 
1800 I 2500 

I 
15 I 45 

I 
10 I 

I 
10 I 

I 
10 I 60 

I 



Figure 35: RTC Read Cycle Timing Diagram 
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14.3 The RTC Interrupt Scheme 

The RTC can be used to force an interrupt request to the VMEbus. 
Since the interrupt request is transmitted from the RTC to the 
bus by a BIM device, every interrupt request level can be used. 

The RTC is assigned the interrupt channel number 6 with the 
associated BIM registers given in Table 32. 

Table 32: RTC Interrupt Channel Address Assignment 

1 Offset to Board Base Addr.1 
1 1---------------------------1 

Interrupt Interrupt 1 Interrupter 1 BIM 1 BIM 1 
Source 1 Channel 1 Device IContro1 Reg. 1 Vector Reg. 1 

1 1 Number 1 1 1 1 
1---------------------------------------------------------------1 
1 1 1 1 1 1 
1 RTC 1 6 I BIM 2 1 $113 1 $llB 1 
1 1 1 1 1 I 

If the BIM device is initialized to enable the RTC interrupt 
request it also has to provide the interrupt vector stored in the 
BIM vector register, because the RTC does not supply the 
vectorized protocol. 
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15.0 Special Interrupts 

15.1 The Test Interrupt 

An interrupt generation to the VMEbus is provided by the 
Interrupt switch which is located on the front panel 
Figure 8). 

A second switch can be connected in parallel on connector P2. 
enable the function of this switch, the jumper B28 has to 
removed. If there is no switch connected, jumper B28 must 
installed. This is the default condition. The location 
jumperfield B28 is outlined in Figure 36. 

Test 
(see 

To 
be 
be 
of 

The external interrupt switch should be connected to the P2 
connector according to Figure 37. 

The Test Interrupt 
connectable external 
by the BIM2 device. 
interrupt. 

switch on the front panel and the optional 
switch share one interrupt channel provided 

Pushing one of the TEST switches causes an 

Using the test switch requires the initialization of the BIM's 
control register and vector register in the way that the 
interrupt vector is supplied by the BIM device. 

The access address of the associated BIM registers are shown in 
the following table. 

Table 33: TEST Interrupt Channel Address Assignment 

I I I I Offset to Board Base Addr.1 
I Interrupt I Interrupt 1 Interrupter 1---------------------------1 
I Source I Channel I Device I BIM I BIM I 
I I Number I IControl Reg. IVector Reg. I 
1---------------------------------------------------------------1 
I I I I 
I Test I 6 I BIM 2 $111 I $119 
I Interrupt I I I 

The Test Interrupt function provides a VME compatible interrupt 
if a jumper on the jumperfield B27 connects the pins 2-3 (this is 
the default condition). 

The jumper setting connecting the pins 1-2 of B27 can be used to 
support non-VME compatible edge-sensitive interrupts (e.g. level 
7 of a 68000 processor). 
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Figure 36: Location Diagram of the TEST Interrupt Jumperfie1d 
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Figure 37: connection of an External TEST Switch 
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15.2 The User Interrupt 1 

The SYS68K/ASCU-l/2 is able to let external devices or 
system generate an interrupt to the VMEbus. One 
interrupt can be connected to the ASCU-l and has to be 
to the P2 connector pin A28. The designation USINTl is 
this input line on the hardware schematics. 

another 
external 
attached 
given to 

The input is buffered with a 74LS14 device and uses the H3 
handshake line of the PI/T 1 (J37) device for an interrupt 
request generation. The H3 input may be programmed as either 
active high or active low and has associated its own interrupt 
vector (stored in the Port Interrupt Vector Register PIVR). 

The User Interrupt 1 is transmitted to the VMEbus via the 
Interrupt Channell which is provided by the BIM 1 device. The 
Interrupt Channell is assigned the two BIM 1 registers.: 

Control Register (Offset to Board Base Address: $101) 

Vector Register (Offset to Board Base Address: $109) 

When the Control Register is programmed for an external response 
during the lACK cycle, the BIM vector register is not used. In 
this case the content of the PIVR with the associated H3 
interrupt vector is supplied to honour the Interrupt Acknowledge. 
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15.3 User Interrupts 2-5 

The SYS68K/ASCU-2 provides in addition to the User Interrupt 1 
input the four User Interrupts 2, 3, 4 and 5 to let peripheral 
interrupt sources generate interrupts to the VMEbus. 

These 
A30, 
and 
J47) 

input lines are available at the P2 connector 
A3l, A32, and are assigned to the handshake pins 

H4 of the second Parallel Interface/Timer Module 
according to the following list: 

User Interrupt 2 -> 
User Interrupt 3 -> 
User Interrupt 4 -> 
User Interrupt 5 -> 

A29 -> 
A30 -> 
A3l -> 
A32 -> 

Handshake pin HI 
Handshake pin H2 
Handshake pin H3 
Handshake pin H4 

pins A29, 
HI, H2, H3 

(PI/T 2, 

All four User Interrupt inputs are buffered with Schmitt-Trigger 
devices 74LS14. The handshake pins Hl-H4 can be programmed 
independently as either active high or active low. 

Interrupt Scheme 

The User 
Interrupt 
Interrupt 
handshake 

Interrupts 2-5 are transmitted to the VMEbus through 
Channell. This IRQ channel is assigned to Port 
of PI/T 1 and is shared by the interrupts of the Hl-H4 

inputs (PI/T 1). 

The interrupt sources of PI/T 1 can be identified by the 
interrupt vector which is associated to the appropriate handshake 
pin. 

The H4 handshake pin of PI/T 1 is connected to the PI/T 2 device 
on the PC5 pin, transmitting the User Interrupts 2-5. The PC5 
pin of PI/T 2 is asserted if a User Interrupt 2-5 becomes active. 
A polling software routine has to find out which one of the 
User Interrupts 2-5 is requesting service. 
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16. The Timer Interrupt 

The TIMER INTERRUPT function is performed by the timer module of 
the pI/T 1 device. This independent part of the pI/T contains a 
24-bit-wide counter and as-bit prescaler. 

The timer may generate periodic interrupts or a single 
after a programmable time period. It may be used as 
timer or for elapsed time measurements. The timer is 
the 8MHz frequency of the pI/T clock input. 

interrupt 
a watchdog 
clocked by 

Interrupt 
The timer 
associated 
Board Base 

Table 34: 

generation is executed via the interrupt channel 2. 
supports vectorized interrupt. Table 34 lists the 
registers and their addresses related to the default 

Address $B~2~~~. 

TIMER Interrupt Channel Address Assignment 

I I 
I I Offset to Board Base Address I 
I 1---------------------------------------1 

Interrupti Interrupti B I MIl pI/T 1 I 
Source I Channel I Control 1 Vector I Timer Interrupt 1 

I I Register I Register I Vector Register I 
--------------------------------------------------------------1 I I I I I 

TIMER I 2 1 $1~3 1 $l~B I not used I 
1----------1----------1----------1-----------------1 
I 2 1 $1~3 1 not used I TIVR:$~63 I 
I I I I 

The programming example given in chapter 7 "Software Control" 
includes a subroutine which initializes the Timer to generate 
interrupts periodically using the interrupt vector stored in the 
Timer Interrupt Vector Register (TIVR). 
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17. The IEEE-488 GPIB Interface 

(included only on the SYS68K/ASCU-2) 

The SYS68K/ASCU-2 has a GPIB Interface (General Purpose Interface 
Bus) installed which conforms to the IEEE Standard 488-1978. 

This interface allows the transference of data between the VMEbus 
and the GPIB, making it possible to control various remotely 
programmable test and measurement devices by a VMEbus system. 

The IEEE-488 standard defines the GPIB structure 
transmission line bus, consisting of 8 data lines, 3 
lines and 5 interface management lines. 

as a 16 
handshake 

The bus works with an asynchronous handshake protocol 
transferring the data in bit parallel, byte serial manner. Data 
and programming instructions can be transferred bidirectionally 
between the connected peripherals. 

The devices connected to the GPIB can be classified into three 
groups: Talker, Listener and Controller. Some devices may 
perform a combination of the three functions such as 
Controller/Talker or Talker/Listener. 

Figure 38 shows the bus structure of the GPIB and an example 
the bus configuration and Figure 39 outlines the interface 
on the SYS68K/ASCU-2. 
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Figure 38: GPIB Structure and possible Bus Configurations 
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Figure 39: Hardware Schematics of the GPIB Interface 
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The GPIB interface implemented on the ASCU-2 has the functional 
interface capabilities listed in table 35. All capabilities have 
the complete option of the allowable subsets, defined in the 
IEEE-488 standard. 

Table 35: GPIB Interface Capabilities 

Capability Identification I Interface Function 
Code I 

SH 1 Source Handshake 

AH 1 Accepter Handshake 

T5, TE5 Talker, Extended Talker 

L3, LE3 Listener, Extended Listener 

SR 1 Service Request 

RL Relocate Local 

PPl, PP2 Parallel Poll 

DC 1 Device Clear 

DT 1 Device Trigger 

Cl-C5 All Controller functions 
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17.1 Features of the NEe 7210 

- Interface capability that meets IEEE Standard 488-1978 

- Programmable Data Transfer Rate 

- 16 accessible registers - 8 read / 8 write 

- 2 Address Registers 
Detection of MTA, MLA, MSA 
Two device addresses 

- EOS Message automatic detection 

- Automatic command processing and undefined command 
capability 

Programmable Bus Transceiver I/O Specification 

- l-8MHz clock range 

- TTL compatible 
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17.2 Hardware Realization of the GPIB Interface 

Full control of the General Purpose Interface Bus is provided by 
the Advanced Interface Controller Chip 7210. The device features 
all of the interface functions for Talker, Listener and 
Controller defined in the IEEE-488 standard. 

The sixteen internal registers enable software control of all 
interface functions. 

A detailed hardware schematics diagram of the interface is given 
in Figure 39. 

The GPIB controller operates with a clock frequency of 8MHz. The 
T/Rl, T/R2 and T/R3 lines are transceiver control lines whose 
operation is steered by software. 

Two non-inverting Bus Driver/Receiver circuits (75160A, 75162A) 
attach the controller chip to the GPIB. 

The transceivers meet all the requirements of 
specification and have a drive capacity of 48mA 
They can work with either open collector outputs 
outputs. This allows high speed data transfer if 
output mode is selected. 

the IEEE-488 
sink current. 

or three state 
the three state 

The SYSTEM CONTROL (SC) input of the 75162A device controls the 
direction for the REN and the IFC signals transmission 
independently. 

The determination of the SC level is software programmable and is 
carried out by the PC6 pin of the PI/T 2. 

When the interface functions as a controller, the REN and IFC 
signals must be driven to the GPIB I/O port. For this, the SC 
input has to be set to a logical 1. If the interface function 
is required to receive the REN and IFC signal from the GPIB, the 
SC input must be set to 0. 

The default situation after reset is that PC6 as well as the SC 
input is on high level and the REN and IFC signals will be driven 
to the GPIB. 

The T/L switch on the front panel provides a hardware selectable 
status signal which may be used to determine the direction of the 
REN and the IFC signal transmission. The T/L switch status is 
readable via pin PC7 of the PI/T 2 device. 

Jumperfield B25 provides a jumper selectable 5-bit device address 
for the GPIB interface which is readable via the Port B of PI/T 
2. An inserted jumper connecting the corresponding jumper pins 
provides a low level (0) at the port input and a removed jumper a 
high level (I). 

Three 
Table 
B25. 

input pins on Port B are spare for user applications. 
36 lists the assignment of Port B pins to the jumperfield 
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Table 36: GPIB Address Selection 

J u m per fie 1 d B 2 5 
1----------------------------------------------------

PI/T 2 
Port B 

PB0 

PBl 

PB2 

PB3 

PB4 

PBS 

PB6 

PB7 

I Corresponding I Defaul t Jumper" I 
I Pins I Settings I 

1 - 16 IN 

2 - 15 IN 

3 - 14 IN 

4 - 13 IN 

5 - 12 IN 

6 - 11 OUT 

7 - 10 OUT 

8 - 9 OUT 

Comments 

GPIB Address bit Dl 

GPIB Address bit D2 

GPIB Address bit D3 

GPIB Address bit D4 

GPIB Address bit D5 

spare 

spare 

spare 
---------------------------------------------------------------

The jumper B23 selects the connection of the cable shield to 
logic ground (inserted by default). 

Figure 40 shows the pinout of the jumperfield B25 and Figure 41 
the location of B25 and B23. 

Figure 40: Pin-Out of the Jumperfield B25 

1 16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 9 

" 138 



Figure 41: Location Diagram of the Jumperfie1ds B23 and B25 
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The GPIB Interface I/O signals are available at the 24 pin 
microribbon connector located on the front panel. Table 37 shows 
the signal assignment of the connector. 

Table 37: IEEE 488 Connector Pin Assignment 

I Contact I Signal Line I Contact I Signal Line 
1--------------------------------------------------------------
I I I 
I 1 DIO 1 1 13 I DIO 5 
1 1 1 

Note: 

2 DIO 2 I 14 1 DIO 6 
1 I 

3 DIO 3 1 15 I DIO 7 
I 

4 DIO 4 16 I DIO 8 
I 

5 EOI ( 24 ) 17 I REN (24) 
I 

6 DAV 18 I Gnd, (6) 

7 

8 

9 

10 

11 

12 

NRFD 19 Gnd, ( 7) 

NDAC 20 Gnd, (8) 

IFC 21 Gnd, (9) 

SRQ 22 Gnd,(10) 

ATN 23 Gnd,(ll) 

SHIELD 24 Gnd,LOGIC 

Gnd,(n) refers to the signal ground return of the 
referenced contact. EOI and REN return on contact 24. 
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17.3 Addressing of the GPIB Controller 

Communication between the system bus and the General Purpose 
Interface Bus is performed by the register set of the GPIB 
Controller. The sixteen internal registers - eight read 
registers and eight write registers - are directly addressable 
and used for data transfer and control of the interface 
functions. These registers occupy 8 consecutive byte locations. 
One location is shared by a read register and a write register. 

The GPIB controller chip works on the lower data bus (D0-7) and 
is therefore accessible only at odd addresses. 

The access address of the first register under the default Board 
Base Address ($B02000) is $B02l4l. Table 38 lists the register 
address assignment of the GPIB controller. 

Table 38: Register Table of the GPIB Controller 

Default Board Base Address: $B02000 I 
Device Offset: $ 140 I 

---------------------------------------------------1 
Default 1 Register I I 1 
Address I Offset I R/W 1 Description I 

HEX 1 I 1 
=================================================== 

Read Registers 

1 
B02l4l 1 
B02l43 \ 
B02l45 \ 
B02l47 \ 
B02149 I 
B0214B \ 
B02l4D .\ 
B02l4F I 

I 

01 
03 
05 
07 
09 
0B 
0D 
0F 

R 
R 
R 
R 
R 
R 
R 
R 

Data In 
Interrupt Status 1 
Interrupt Status 2 
Serial Poll Status 
Address Status 
Command Pass Through 
Address 0 
Address 1 

=================================================== 
Write Registers 

B02l4l 01 W Byte Out 
B02l43 03 W Interrupt Mask 1 
B02l45 05 W Interrupt Mask 2 
B02l47 07 W Serial Poll Mask 
B02l49 09 W Address Mode 
B02l4B 0B W Auxiliary Mode 
B02l4D 0D W Address 0/1 
B02l4F 0F W End of String 
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17.4 The GPIB Interrupt Scheme 

To provide a fully asynchronous system structure the GPIB 
controller is able to force an interrupt request on one level of 
the 7 VMEbus interrupt request lines. This is made possible by a 
Bus Interrupter Module (BIM 2) that transmits the interrupt 
request of the GPIB Controller to the VMEbus. The level on which 
an interrupt is requested is programmable by the BIM control 
register. 

The BIM device will also supply the interrupt vector during an 
interrupt acknowledge cycle if it is programmed to do so. 

Since the GPIB Controller has no interrupt vector, the BIM must 
be initialized to honour an acknowledge with the contents of its 
vector register. 

The GPIB interrupt is performed via Interrupt Channel 8. 

Table 39 shows the addresses of the assigned BIM registers. 

Table 39: GPIB Controller Interrupt Channel Address Assignment 

1 I I I Offset to Board Base Addr.1 
I Interrupt I Interrupt I Interrupterl---------------------------I 
I Source I Channel I Device I BIM I BIM I 
1 I Number 1 IControl Reg. IVector Reg. 1 

1---------------------------------------------------------------1 
I 1 I 1 1 I 
I GPIB 1 8 1 BIM 2 I $117 1 $llF 1 
1 Controller 1 I 1 1 1 

There are thirteen possible interrupt events which may cause the 
GPIB Controller to assert its interrupt request output. Each 
interrupt event has its own status bit and mask bit. 

Providing that the interrupt mask bit enables an interrupt 
condition, the interrupt output of the controller gets active if 
this condition is met. 

To ensure a correct interrupt generation by the GPIB controller 
device, its interrupt pin has to be active low. The active level 
of the interrupt pin is software selectable and can be specified 
to be active low by writing a logical 1 to bit 3 of the Auxiliary 
Register B. 

Table 40 lists the possible events for the controllers interrupt 
execution. 
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Table 40: GPIB Interrupt Events 

Interrupt Status Bit I Description 

INT 
CPT 
APT 
DET 
END 
DEC 
ERR 
DO 
DI 
SRQI 
LOKC 
REMC 
ADSC 
CO 

OR of All Unmasked Interrupt Status Bits 
Command Pass Through 
Address Pass Through 
Device Trigger 
End (END or EOS Message Received) 
Device Clear 
Error 
Data Out 
Data In 
Service Request Input 
Lockout Change 
Remote Change 
Address Status Change 
Command Output 
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17.5 Programming ExamEle of the GPIB Controller 

17.5. PROGRAMMING EXAMPLE 

************************************************************************ 
* GPIB CONTROLLER 7210 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

Programming the Power Supply 
~anufacturer: FARNELL INSTRUMENTS LTD. 
Type: AP60/50 

Set output voltage => 4.5 V 
Set current limit => 2.5 A 

This ·program example initializes the uPD 7210 as CONTROLLER/ 
TALKER. After specifying the Talker (TA=0) and the Listener 
(LA=l) DATA is sent to the GPIB bus. The data stream sets the 
output voltage of the Power Supply to 4.5 V and the current 
limit to 2.5 A. 

*----------------------------------------------------------------------
* 
* DEFINITION OF WRITE 
* 
GPIB: EQU $B02140 
BOUT: EQU GPIB+l 
I:-1TMl: EQU GPIB+3 
INT~12 : EQU GPIB+5 
SPM: EQU GPIB+7 
ADRM: EQU GPIB+9 
AUXM: EQU GPIB+$B 
ADR01: EQU GPIB+$D 
EOS: EQU GPIB+$F 
* 

REGISTERS 

;BASE ADDRESS OF GPIB CONTROLLER 
;BYTE OUT REGISTER 
;INTERRUPT MASK 1 
;INTERRUPT MASK 5 
;SERIALPOLL MODE 
;ADDRESS MODE 
;AUXILARY MODE 
;ADDRESS 0/1 
;END OF STRING 

*-----------------------------------------------------------------------* MAIN Routine 
* 
* -initializes uPD 7210 
* -sends IFC (interface clear) 
* -calls send routine 
* 

BSR INIT 
MOVE.B #$lE,AUXM ;set IFC (interface clear) 
MOVE.B #25,Dl 

IFCWAIT:SUBI.B #l,Dl ;wait 100us 
BNE.S IFCWAIT 
MOVE.B #$16,AUXM ;clear IFC 
BSR SEND 
X EXT ;Return to monitor 

*-----------------------------------------------------------------------
* INITIALIZATION 
* 
INIT: MOVE.B #$02,AUXM 

MOVE.B #$00,INTMl 
MOVE.B #$00,INTM2 
MOVE.B #$31,ADRM 

* 
MOVE.B #$00,ADR0l 

* 
MOVE.B #$E0,ADR01 
MOVE.B #$04,EOS 
MOVE.B #$AC,AUXM 

* 
MOVE.B #$28,AUXM 
MOVE.B #$9C,AUXM 

* 
MOVE.B #$00,AUXM 

* 
RTS 

;AUX-C REGISTER;CHIP RESET 
;DISABLE INTERRUPT MASK 1 
;DISABLE INTERRUPT MASK 2 
;ADDRESS-MODE l;T/R MODE 3 
;75160/75162 DRIVERS 
;My talker address = 0 
;in ADDRESS-0 REGISTER 
;DISABLE ADDRESS-l REGISTER 
;CONTENT END OF STRING = <EOT> 
;AUX-B REGISTER: HIGH SPEED TRANSFER 
;Tri-State-Driver;INT-pin is activ low 
;AUX-F REGISTER;NF = 8 MHz 
;AUX-A REGISTER;normal handshake mode, 
;8-bit word EOS 
;AUX-C REGISTER: immediate execute 
;power on 
;END OF INITIALISATION 
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Programming Example cont'd 

*---------------------~-------------------------------------------------
* 
* 
* 
SEND: 
* 

* 
* 

@0010 

* 

SEND ROUTINE 

MOVE.B #$98,AUXM 

BSR COCHECK 
~OVE.B #$3F,BOUT 
BSR COCHECK 
MOVE.B #$2l,BOUT 
BSR CO CHECK 
MOVE.B #$413, BOUT 
MOVE.B #$l13,AUXM 

LEA.L DATA(PC) ,A13 
LEA.L DATAE(PC) ,Al 
BSR DOCHECK 
MOVE.B (A13)+,BOUT 
CMPA.L Al,A0 
BNE.S -@1313l13 
RTS 

:AUX-A REGISTER: 8 bit EOS:normal 
:handshake mode:output EOI on EOS sent 
: CO Bit check 
:send UNLISTEN~$3F 

:send listener address 01 

:send talker address $1313 
;local message; gts 

*-----------------------------------------------------------------------
* 
COCHECK:MOVE.B 

ANDI.B 
BEQ.S 
RTS 

INTM2,D13 
#$138,D13 
COCHECK 

;CO bit check 

*-----------------------------------------------------------------------
* 
DOCHECK:MOVE.B 

ANDI.B 
BEQ.S 
ANDI.B 
BNE 
RTS 

INTM1,D13 
#$136,D13 
DOCHECK­
#$134, D13 
ERROR 

;DO bit check 

;ERROR bit check 

*-----------------------------------------------------------------------
* 
DATA 
DATAE 

DC.B 'V1345 11325 S',$0D,$13A,$134,'0' :DATA sent to the GPIB 
DC.B '0' 
EVEN 

*-----------------------------------------------------------------------
ERROR: XRDM 

* 

XPMC ERRMSG 
XEXT 

ERRMSG DC.B $0D,$13A, 'DOCHECK FAILED',$13D,$13A,0 
EVEN 
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18. Software Programmable Interrupts 

The SYS68KjASCU-2 contains 4 Bus Interrupter Modules (BIM 68153). 
Two BIMs can be used to generate software triggered interrupts to 
the VMEbus. The second PljT device on the ASCU-2 is used to 
drive the interrupt inputs of the two BIMs (J30, J3l). 

Therefore, multiprocessor intercommunication is performed because 
every processor board on the VMEbus may send an interrupt to any 
other processor board. 

The level and the interrupt vector of each interrupt channel (8 
channels are implemented) are software programmable through the 
BIM. Therefore, processor A (which handles IRQs from the VMEbus 
on level 1-4) can send an interrupt to processor B (which handles 
IRQs from level 5-7) on level 5, 6 or 7, and processor B can send 
an interrupt to processor A on levell, 2, 3 or 4. A maximum of 
7 different assignments for processor intercommunication are 
possible through the 7 VMEbus IRQs. If more than 7 processor 
boards are installed a special software handling of each IRQ 
level must be performed. 

The assignment of the channels to the IRQ level is fully under 
software control to allow a dynamic change of the IRQ assignments 
in the used operating system. 

Table 41 lists the assignment of each interrupt channel to the 
interrupt trigger (port A of the 2nd PljT). 

Table 41: The Software Programmable Interrupts of the SYS68KjASCU-2 

I I 
PljT2 {J47)IInterrupterIInterrupt 

Port A I Device I Channel 
1 1 Number 

PA 0 BIM 3 9 

PA 1 BIM 3 10 

PA 2 BIM 3 11 

PA 3 BIM 3 12 

PA 4 BIM 4 13 

PA 5 BIM 4 14 

PA 6 BIM 4 15 

PA 7 BIM 4 16 
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1 Offset to Board Base Address 
1-----------------------------
1 BIM Control I BIM Vector 
I Register I Register 

$121 $129 

$123 $12B 

$125 $12D 

$127 $12F 

$131 $139 

$133 $13B 

$135 $13D 

$137 $13F 



Caution: If more than one processor is used in the VMEbus 
environment, a read modify write cycle to a common 
available memory (8 bit wide) must be used to avoid the 
problem that the bus mastership changes during the SEND 
routine (A or B). In this case the read data may be 
wrong because the following changes may occur: 

1) Processor A reads data on Port A of pIIT 2 (J47). 
Data: 1111 1111 

2) Bus mastership changes. 

3) Processor 0 reads data on Port A of pIIT 2 (J47). 
Data: 1111 1111 

4) Processor writes modified data into Port A of pIIT J47. 
Data: 1101 1111 

5) Bus mastership changes. 

6) Data at pIIT 2 (J47). 
Data 1101 1111 

7) Processor B writes modified data into Port A of pIIT 2 
(J47). 
Data 1011 1111 

This failure (change of bus mastership on points 2 and 5) 
is avoided if the Read Modify Write intercommunication is 
used. The correct data stored in pIIT 2 (J47) would then 
be: 
Data: 1001 1111 

A programming example for the Software Programmable Interrupts is 
given at the end of chapter 7 "Software Control". 
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19. The BCLR* Timing Function 

The BCLR* Timing Function is performed by the Parallel 
Interface/Timer Module PI/T 2 (J47) and is available only on the 
SYS68K/ASCU-2 board. 

The BCLR* Timing Function has associated five pins of the PI/T 2 
device: PC0, PCl, PC4, 

PC2/TIN, PC3/TOUT 

The PC0, PCl and PC4 pins belong to the Parallel Interface Module 
of PI/T 2 and are used to select the different BCLR* generation 
modes provided by the board. These BCLR* generation modes are 
listed in chapters 10.1, 10.2 and 10.3 depending on the 
arbitration type, PRI, RRS or PRR. 

The PC2/TIN pin and the PC3/TOUT pin are double function pins, 
applied to the Timer Module of the PI/T 2 device. After reset all 
pins function as input pins carrying high level. The default 
condition for the BCLR* generation is that BCLR* is asserted if a 
Bus Request on level 3 is pending. (Arbiter function is the PRR 
arbitration type. See Table 44.) 

19.1 BCLR* Signal Generation Structure 

The SYS68K/ASCU-2 has two sources which may generate the BCLR* bus 
signal. It is generated either by the on-board BUS ARBITER 
(ABCLR* signal) or by the BCLR*-Timer (TOUTBCLR* signal). The two 
signals are gated by a PAL device (J5l) and can be mixed for 
various generation modes. 

The generation of the BCLR* bus signal depends on the following 
setup: 

- the arbitration type of the arbiter, 

- the BCLR* generation mode (selected by PC0, PCl, PC4), 

- the BCLR-Timer configuration. 

19.2 The BCLR*-Timer 

The additional BCLR-Timer of the SYS68K/ASCU-2 can be configured 
to operate in several modes providing a flexible BCLR* bus signal 
generation. The BCLR-Timer is assigned to the two double function 
pins PC2/TIN and PC3/TOUT. 

The function of the pins is software selectable by the Timer 
Control Register (TCR) which also determines all other operations 
of the BCLR-Timer. Please refer to the timer description of the 
PI/T Data Sheet to select its programmable options and 
capabilities. 
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When the BCLR-Timer is selected to operate, the dual function 
pins work as TOUT and TIN. The TOUT pin is an output and 
provides the TOUTBCLR signal. The TIN pin operates as a trigger 
input and can be used to enable the watchdog timer which allows 
the generation of a BCLR* if a programmed time is over. 

This mode allows all bus masters to transfer their data for a 
minimum time before the Bus Clear is generated (arbitration time 
overheads are reduced). 

The counter operates as a retriggerable multivibrator with a 
software programmable timeout. An internal 
trigger/retrigger/preset signal starts the PI/T watchdog counter 
every time the arbiter has granted the bus to a bus master. 

If the PC2/PC3 pin function is selected, (port C function), the 
PC2 pin must not be programmed to be output. This may damage the 
circuitry. 

The default condition of these pins after reset is that they 
function as input and carry high level. 
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Table 42: BCLR* Generation Modes in the PRI Arbitration Type 

B33 

B33 Jumper setting for PRI mode: Connected pins 1-4 1 I 
1- 1 - 4 
1 
1 2 
1 

BCLR* driven to the bus if B5 inserted. 

ISoftware Control 
PI/T 2 

Port C Pins 

PC0 PCl PC4 

1 

1 

1 

1 

1 

1 

1 

o 

1 

1 

1 

1 

1 

Description of BCLR* Generation Modes 

BCLR* is asserted if 

Higher prioritized Bus Request is pending 

The Bus Clear Timer asserts its output 

Higher prioritized Bus Request is pending 
or 

The Bus Clear Timer asserts its output 

Higher prioritized Bus Request is pending 
and 

The Bus Clear Timer asserts its output 

never 

not allowed 

not allowed 

not allowed 
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Table 43: BCLR* Generation Modes in the RRS Arbitration Type 

B33 

B33 Jumper setting for RRS mode: Connected pins 2-3 I I 
1- 1 4 
1 
1 2 - 3 
1 ______ __ 

BCLR* driven to the bus if B5 inserted. 

Software Control 
Pl/T 2 

Port C Pins 

PC0 PC1 PC4 

1 1 1 

1 

1 1 

1 

1 1 

1 

1 1 

1 
Description of BCLR* Generation Modes 1 

1 
BCLR* is asserted if 1 

1 
---------------------------------------------1 

1 
Any Bus Request is pending 1 

The Bus Clear Timer asserts its output 

Any Bus Request is pending 
or 

The Bus Clear Timer asserts its output 

Any Bus Request is pending 
and 

The Bus Clear Timer asserts its output 

never 

not allowed 

not allowed 

not allowed 
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Table 44: BCLR* Generation Modes in the PRR Arbitration Type 

B33 

B33 Jumper setting for PRR mode: Connected pins 1-2 1 I 
,- 1 4 
1 I 
1 2 3 
1 ______ _ 

BCLR* driven to the bus if B5 inserted. 

Software Control I 
PI/T 2 I Description of BCLR* Generation Modes 

Port C Pins I 
----------------1 BCLR* is asserted if 

PC0 PCl PC4 I 
----------------1---------------------------------------------

I 
1 1 1 I A Bus Request on level 3 is pending * 

I 
----------------1---------------------------------------------

1 

1 

1 

1 

1 

o 

1 

1 

1 

1 

I 
The Bus Clear Timer asserts its output 

A Bus Request on level 3 is pending 
or 

The Bus Clear Timer asserts its output 

A Bus Request on level 3 is pending 
and 

The Bus Clear Timer asserts its output 

never 

not allowed 

not allowed 

not allowed 

* Default BCLR Generation 
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20. Board Register Summary 

The SYS68K/ASCU-l contains the following devices: 

- Multi Protocol Serial I/O 
- Parallel Interface/Timer 1 
- Real Time Clock 
- Bus Interrupter Module 1 
- Bus Interrupter Module 2 

(J55) 
(J37) 
(J58) 
(J28) 
(J29) 

MPCC 
PI/T 1 
RTC 
BIM 1 
BIM 2 

68561 
68230 
58167A 
68153 
68153 

The SYS68K/ASCU-2 contains all the devices of the ASCU-l and the 
following additional devices: 

- Parallel Interface/Timer 2 
- Bus Interrupter Module 3 
- Bus Interrupter Module 4 
- IEEE-488 GPIB Controller 

(J47) 
(J30) 
(J31) 
(J41) 

PI/T 2 
BIM 3 
BIM 4 
GPIB-C 

68230 
68153 
68153 
7210 

On the SYS68K/ASCU-2 all I/O devices and the 4 BIM devices reside 
in a contiguous memory map. The different I/O functions are 
described in chapters 3 to 19. 

All device registers of the board are directly addressable. 

Read, write and read-modify-write accesses are possible. 

An overview of the addressing of the board devices is given 
below: 

Device 1 Offset to Board 1 Access Mode 1 Usable Data Bits I 
1 Base Address I 1 I 

---------------------------------------------------------------1 
MPCC $000 Byte, Word D0-D7 or D0-D15 

PI/T 1 $040 Byte D0-D7 

PI/T 2 $080 Byte D0-D7 

RTC $0C0 Byte D0-D7 

BH1 1 $100 Byte D0-D7 

BIM 2 $110 Byte D0-D7 

BIM 3 I $120 Byte D0-D7 
I 

BIM 4 I $130 Byte D0-D7 
-I 

GPIB-C 1 $140 Byte D0-D7 
I 
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MPCC SUlmnary 

Default Board Base Address 

Relative Offset to the 
Board Base Address 

Default Access Address 

Access Mode 

Usable Data Bits 

Interrupt Capabilities 
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$B02000 

$ 

$B02001 - $B0203F (Byte Mode) 
$B02020 - $B0203F (Word Mode) 

Byte Mode (default) 
Word Mode 

00-07 Byte Mode (default) 
00-D15 Word Mode 

3 software programmable 
interrupt vectors. 
Interrupt generation via 
Channel 7. 



Table 45: The MPCC Address Map in the Byte Mode of Addressins 

Default Board Base Address: $B02000 
Device Offset: $ 000 

Default IRegis.\ 
Addr.HEX\Offset\ 

B0200l 01 

B02003 03 

B02005 05 

B02009 09 

B0200B 0B 

B0200D 0D 

B020ll 11 

B020l5 15 

B020l9 19 

B020lB lB 

B020lD lD 

B020lF IF 

B0202l 21 

B02025 25 

B02029 29 

B0202D 2D 

B0203l 31 

B02035 35 

B02039 39 

B0203B 3B 

B0203D 3D 

B0203F 3F 

Reset I 
Value \ 

00 

0F 

80 

0F 

00 

0F 

00 

00 

01 

00 

01 

00 

01 

00 

00 

00 

00 

00 

00 

04 

Label Description 

MPCRSR \ Receiver Status Register 
I 

MPCRDR I Receiver Data Register 
I 

MPCRIVNR\ Receiver Interrupt Vector 
I Number Register 

MPCTSR I Transmitter Status Register 

MPCTDR Transmitter Data Register 

MPCTIVNR Transmitter Interrupt Vector 
Number Register 

MPCSISR Serial Interface Status Reg. 

MPCSIVNR Serial Interrupt Vector 
Number Register 

MPCPSRI Protocol Select Register 1 

MPCARI Address Register 1 

MPCBRDRI Baud Rate Divider 1 

MPCCCR Clock Control Register 

MPCRCR Receiver Control Register 

MPCRIER Receiver Interrupt Enable Reg. 

MPCTCR Transmitter Control Register 

MPCTIER Transmitter Interrupt Enable 
Register 

MPCSICR Serial Interface Control Reg. 

MPCSIER Serial Interrupt Enable Reg. 

MPCPSR2 Protocol Select Register 2 

MPCAR2 Address Register 2 

MPCBRDR21 Baud Rate Divider 2 
I 

MPCECR \ Error Control Register 
\ 
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Table 46: The MPCC Address Map in the Word Mode of Addressing 

Default Board Base Address : $B02000 
Device Offset : $ 000 only word accesses allowed 

Default IRegis.1 
Addr.HEXIOffsetl 

B02020 
B0202l 

B02022 
B02023 

B02024 
B02025 

B02028 
B02029 

B0202A 
B0202B 

B0202C 
B0202D 

B02030 
B0203l 

B02034 
B02035 

B02038 
B02039 

B0203A 
B0203B 

B0203C 
B0203D 

B0203E 
B0203F 

20 
21 

22 
23 

24 
25 

28 
29 

2A 
2B 

2C 
2D 

30 
31 

34 
35 

38 
39 

3A 
3B 

3C 
3D 

3E 
3F 

Reset 1 
Value , 

00 
0F 

01 
80 

00 
01 

Label Description 

MPCRCR I-I Receiver Control Register 
MPCRSR I IReceiver Status Register 

1-
MPCRDR '-'Receiver Data Register , , ,-
MPCRIER '-'Receiver Interrupt Enable Reg 
MPCRIVNR' IReceiver Int. Vector No. Reg ,-
MPCTCR '-'Transmitter C9ntrol Register 
MPCTSR , 'Transmitter Status Register ,-
MPCTDR '-I Transmitter Data Register 

I , ,-
MPCTIER I-I Transmitter Int. Enable Reg 
MPCTIVNRI ITrans. Int. Vector No. Reg ,-
MPCSICR '-ISerial Interface Control Reg 
MPCSISR , 'Serial Interface Status Reg ,-
MPCSIER '-ISerial Interrupt Enable Reg 
MPCSIVNRI 'Serial Int. Vector No. Reg ,-
MPCPSR2 I-'Protocol Select Register 2 
MPCPSRI , 'Protocol Select Register 1 ,-
MPCAR2 '-'Address Register 2 
MPCARI , 'Address Register 1 ,-
MPCBRDR2'-'Baud Rate Divider Register 2 
MPCBRDRl' 'Baud Rate Divider Register 1 ,-
MPCECR '-I Error Control Register 
MPCCCR , 'Clock Control Register ,-
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pI/T 1 Summary 

Default Board Base Address 

Relative Offset to the 
Board Base Address 

Default Access Address 

Access Mode 

Usable Data Bits 

Interrupt Capabilities 
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$B02000 

$ 

$B0204l - $B0207F 

Byte Mode (odd only) 

D0-D7 

Parallel Interface: 4 vectors 
Vector Address: $B0204B (PIVR) 
Interrupt generation via 
Channell. 

Timer: 1 vector 
Vector Address: $B02063 (TIVR) 
Interrupt generation via 
Channel 2. 



Table 47: The pI/T 1 Address Map 

-----------------------------------------------------------------
Default Board Base Address: $B02000 
Device Offset: $ 040 

Defaul t 'Regis.' 
Address 'Offset' 

HEX' , 

B0204l 

B02043 

B02045 

B02047 

B02049 

B0204B 

B0204D 

80204F 

B0205l 

802053 

B02055 

B02057 

B02059 

80205B 

802061 

802063 

802065 
B02067 
802069 
80206B 

80206D 
B0206F 
802071 
802073 

B02075 

01 

03 

05 

07 

09 

08 

0D 

0F 

11 

13 

15 

17 

19 

lB 

21 

23 

25 
27 
29 
2B 

2D 
2F 
31 
33 

35 

Reset , 
Value , , 

0F 

0F 

Label Description 

PITPGCR Port General Control Register 

PITPSRR Port Service Request Register 

PITPADDR Port A Data Direction Register 
. 

PITPBDDR Port B Data Direction Register 

PITPCDDR Port C Data Direction Register 

PITPIVR Port Interrupt Vector Register 

PITPACR Port A Control Register 

PITP8CR Port B Control Register 

PITPADR Port A Data Register 

PITP8DR Port B Data Register 

PITPAAR Port A Alternate Register 

PITP8AR Port B Alternate Register 

PITPCDR Port C Data Register 

PITPSR Port Status Register 

PITTCR Timer Control Register 

PITTIVR Timer Interrupt Vector Reg. 

PITCPR -'Counter Preload Register , , , 
PITCNTR '-'Count Register , , , , 

, J ,-
PITTSR 'Timer Status Register 
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PI/T 2 Summary 

Default Board Base Address 

Relative Offset to the 
Board Base Address 

Default Access Address 

Access Mode 

Usable Data Bits 

Interrupt Capabilities 
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$B02000 

$ 080 

$B0208l - $B020BF 

Byte Mode (odd only) 

D0-D7 

Parallel Interface Interrupt 
via PI/T 1 
Vector Address: $B0208B (PIVR) 
Timer: not Interrupt capable 



Table 48: The pI/T 2 Address MaE 

Default Board Base Address: $B02000 
Device Offset: $ 080 

Default 1 Regis. 1 
Address IOffsetl 

HEX I I 

302081 

B02083 

B02085 

B02087 

B02089 

B0208B 

B0208D 

B0208F 

B02091 

B02093 

B02095 

B02097 

B02099 

B0209B 

B020Al 

B020A3 

B020A5 
B020A7 
B020A9 
B020AB 

B020AD. 
B020AF 
B020Bl 
B020B3 

B020B5 

01 

03 

05 

07 

09 

0B 

0D 

0F 

11 

13 

15 

17 

19 

lB 

21 

23 

25 
27 
29 
2B 

2D 
2F 
31 
33 

35 

Reset 1 
Value I Label Description 

00 

00 

00 

00 

00 

0F 

00 

00 

00 

0F 

00 

I 

PITPGCR Port General Control Register 

PITPSRR Port Service Request Register 

PITPADDR Port A Data Direction Register 

PITPBDDR Port B Data Direction Register 

PITPCDDR Port C Data Direction Register 

PITPIVR Port Interrupt Vector Register 

PITPACR Port A Control Register 

PITPBCR Port B Control Register 

PITPADR Port A Data Register 

PITPBDR Port B Data Register 

PITPAAR Port A Alternate Register 

PITPBAR Port B Alternate Register 

PITPCDR Port C Data Register 

PITPSR Port Status Register 

PITTCR Timer Control Register 

PITTIVR Timer Interrupt Vector Reg. , 
1 PITCPR 
I 

-ICounter Preload Register 
I 
I 
I 

, 
--I 

I 
, PITCNTR , , 

--I , 
I PITTSR 
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'-I Count Register 
I I 
1 , , , 
1-
, Timer Status Register 



RTC Summary 

Default Board Base Address 

Relative Offset to the 
Board Base Address 

Default Access Address 

Access Mode 

Usable Data Bits 

Interrupt Capabilities 
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$B02000 

$ 0C0 

$B020Cl - $B020FF 

Byte Mode (odd only) 

D0-D7 

No Interrupt Vector 
Interrupt generation via 
Channel 6 



Table 49: The RTC Address Map 

Default Board Base Address: $B02000 
Device Offset: $ 0C0 

Default I Register I Reset I Label 
Address I Offset IValuel 

Description 

HEX I I I 

B020C1 

B020C3 

B020C5 

B020C7 

B020C9 

B020CB 

B020CD 

B020CF 

B020D0 

B020D3 

B020D5 

B020D7 

B020D9 

B020DB 

B020DD 

B020DF 

B020E1 

B020E3 

B020E5 

B020E7 

B020E9 

B020EB 

B020ED 

B020FF 

01 

03 

05 

07 

09 

0B 

0D 

0F 

10 

13 

15 

17 

19 

1B 

1D 

IF 

21 

23 

25 

27 

29 

2B 

2D 

3F 

RTCCTTS Counter - ten thousands of secs 

RTCCHTS Counter - hundredths + tenths of 
secs 

RTCCSEC Counter - seconds 

RTCCMIN Counter - minutes 

RTCCHRS Counter - hours 

RTCCDOW Counter - day of week 

RTCCDOM Counter - day of month 

RTCCMON Counter - month 

RTCRTTS RAM - ten thousandths of secs 

RTCRHTS RAM - hundredths + tenths of secs 

RTCRSEC RAM - seconds 

RTCRMIN RAM - minutes 

RTCRHRS RAM - hours 

RTCRDOW RAM - day of week 

RTCRDOM RAM - day of month 

RTCRMON RAM - month 

RTCISR Interrupt Status Register 

RTCICR Interrupt Control Register 

RTCCRES Counters reset 

RTCRRES RAM reset 

RTCSTAT Status bit 

RTCGO GO command 

RTCSINT Standby interrupt 

RTCTEST Test mode 
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GPIB-Controller Summary 

Default Board Base Address 

Relative Offset to the 
Board Base Address 

Default Access Address 

Access Mode 

Usable Data Bits 

Interrupt Capabilities 
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$B02000 

$000140 

$B0214l - $B0214F 

Byte Mode (odd only) 

00-07 

No Interrupt Vector 
Interrupt generation via 
Channel 8 



Table 50: The GPIB-Controller Address Map 

1 Default Board Base Address: $B02000 
1 Device Offset: $ 140 
1---------------------------------------------------

Default I Register' R/W , 
Address' Offset' , Description 

HEX , " 
=================================================== 

Read Registers 

, 
B02141 01 R I Data In 
B02143 03 R' Interrupt Status 1 
B02145 05 R' Interrupt Status 2 
B02147 07 R' Serial Poll Status 
B02149 09 R' Address Status 
B0214B 0B R' Command Pass Through 
B0214D 0D R I Address 0 

, B0214F' 0F , R 'Address 1 
, , " 
,=================================~================= 
, Write Registers 
1---------------------------------------------------
1 1 " I B02141' 01 I W I Byte Out 
I B02143 , 03 I w I Interrupt Mask 1 
I B02145' 05 I W 'Interrupt Mask 2 
, B02147' 07 'W' Serial Poll Mask 
, B02149' 09 , W 'Address Mode 
, B0214B' 0B , W 'Auxiliary Mode 
, B0214D' 0D , W 'Address 0/1 
, B0214F' 0F I W 'End of String 
, , " 
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BIM 1 Summary 

Default Board Base Address 

Relative Offset to the 
Board Base Address 

Default Access Address 

Access Mode 

Usable Data Bits 

Assigned Interrupt Channels 

$B02000 

$000100 

$B02l0l - $B02l0F 

Byte Mode (odd only) 

D0-D7 

No.1 
No. 2 
No.3 
No.4 

Parallel Interface (PIRO) 
Timer (TIRO) 
ACFAIL 
SYSFAIL 

Table 51: Register Table of the BIM 1 

------------------------------------_._--------------------------
Default Board Base Address: $B02000 
Device Offset: $ 100 

Default \ Register \ Reset I Label 
Address I Offset IValuel 

HEX I I I 

B02l0l 01 00 BIMCRl 

B02l03 03 00 BIMCR2 

B02l05 05 00 BIMCR3 

B02l07 07 00 BIMCR4 

B02l09 09 0F BIMVRl 

B02l0B 0B 0F BU1VR2 

B02l0D 0D 0F BIMVR3 

B02l0F 0F 0F BIMVR4 

Description 

Control Register 

Control Register 

Control Register 

Control Register 

Vector Register 

Vector Register 

Vector Register 

Vector Register 
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1 

2 

3 

4 

1 

2 

3 

4 



BIM 2 Summary 

Default Board Base Address 

Relative Offset to the 
Board Base Address 

Default Access Address 

Access Mode 

Usable Data Bits 

Assigned Interrupt Channels 

$B02000 

$000110 

$B02lll - $B02llF 

Byte Mode (odd only) 

00-07 

No. 5 
No.6 
No. 7 
No. 8 

Test IRQ 
RTC 
MPCC 
GPIB-C 

Table 52: Register Table of the BIM 2 

Default Board Base Address: $B02000 
Device Offset: $ 110 

Default/Register/Reset/ Label Description 
Address/ Offset /Value/ 

HEX / / / 
-----------------------------------------------------------------

/ 
B02lll 01 / 00 BIMCRI Control Register 1 

/ 
B02ll3 03 / 00 BIMCR2 Control Register 2 

I 
B02ll5 05 00 BIMCR3 Control Register 3 

B02ll7 07 00 BIMCR4 Control Register 4 

B02ll9 09 0F .BIMVRI Vector Register 1 

B02llB 0B 0F BIMVR2 Vector Register 2 

B02llD 0D 0F BIMVR3 Vector Register 3 

B02llF 0F 0F BIMVR4 Vector Register 4 
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BIM 3 Summary 

Default Board Base Address 

Relative Offset to the 
Board Base Address 

$B02000 

$"000120 

Default Access Address $B02l24 - $B02l2F 

Access Mode Byte Mode (odd only) 

Usable Data Bits D0-D7 

Assigned Interrupt Channels No. 9 PA0 
No. 10 PAl 
No. 11 PA2 
No. 12 PA3 

Table 53: Register Table of the BIM 3 

Default Board Base Address: $B02000 
Device Offset: $ 120 

DefaultlRegisterlResetl Label 
Address I Offset IValuel 

HEX I I I 

B02l2l 01 00 BIMCRI 

B02l23 03 00 BIMCR2 

B02l25 05 00 BIMCR3 

B02l27 07 00 BIMCR4 

B02l29 09 FF BIMVRI 

B02l2B 0B FF BIMVR2 

B02l2D 0D FF BIMVR3 

B02l2F 0F FF BIMVR4 

Description 

Control Register 

Control Register 

Control Register 

Control Register 

Vector Register 

Vector Register 

Vector Register 

Vector Register 
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1 

2 

3 

4 

1 

2 

3 

4 



BIM 4 Sununary 

Default Board Base Address 

Relative Offset to the 
Board Base Address 

$B02000 

$000130 

Default Access Address $B02131 - $B0213F 

Access Mode Byte Mode (odd only) 

Usable Data Bits D0-D7 

Assigned Interrupt Channels No. 13 PA4 
No. 14 PAS 
No. 15 PA6 
No. 16 PA7 

Table 54: Register Table of the BIM 4 

Default Board Base Address: $B02000 
Device Offset: $ 131 

Default I RegisterlResetl Label 
Address I Offset IValuel 

HEX I I I 

B02131 01 00 BIMCRI 

B02133 03 00 BIMCR2 

B02135 05 00 BIMCR3 

B02137 07 00 BIMCR4 

B02139 09 FF BIMVRI 

B0213B 0B FF BIMVR2 

B0213D 0D FF BIMVR3 

B0213F 0F FF BIMVR4 

Description 

Control Register 

Control Register 

Control Register 

Control Register 

Vector Register 

Vector Register 

Vector Register 

Vector Register 
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1 

2 

3 

4 

1 

2 

3 

4 



Table 55: Interrupt Channel Addressing 

------------------------------------------------------------------------------------------------------------------------
Device Interrupt 1 Offset to Board Base Address 1 Interrupt Source Interrupt Address 

Channel 1------------------------------1 Vector Offset of 
1 Number 1 BIM Control 1 BIM Vector 1 Source the Vector 1 

1 1 1 Register 1 Register 1 1 Source 
1------------------------------------------------------------------------------------------------------------------------

BIM 1 (J28) 

BIM 2 (J29) 

-------------
BIM 3 (J30) 

(ASCU-2 only) 

-------------
BIM 4 (J31) 

(ASCU-2 only) 

1 
2 
3 
4 

5 
6 
7 

8 

-----------
9 

10 
11 
12 

-----------
13 
14 
15 
16 

$101 
$103 
$105 
$107 

$111 
$113 
$115 

$117 

---------------
$121 
$123 
$125 
$127 

---------------
$131 
$133 
$135 
$137 

$109 
$10B 
$10D 
$10F 

$119 
$IIB 
$llD 

$IIF 

(1) Port Interrupt of pI/T 1 (J37) 
(1) Timer Interrupt of pI/T 1 (J37) 

ACFAIL* 
SYSFAIL* 

Test Interrupt 
Real Time Clock 

(2) MPCC 

IEEE-GPIB Controller 

-------------- --------------------------------
$129 PA0 pI/T 2 (J47) 
$12B PAl pI/T 2 (J47) 
$12D PA2 . pI/T 2 (J47) . 
$12F PA3 pI/T 2 (J47) 

-------------- --------------------------------
$139 PA4 pI/T 2 (J47) 
$13B PAS pI/T 2 (J47) 
$13D PA6 pI/T 2 (J47) 
$13F PA7 pI/T 2 (J47) 

PIVR 
TIVR 
BIM 1 
BIM 1 

BIM 2 
BIM 2 

RIVNR 
TIVNR : 
SIVNR 
BIM 2 

$04B 
$063 
$10D 
$10F 

$119 
$IIB 

Byte modelWord mode 
$005 1 $025 
$00D 1 $02D 
$015 1 $035 

$IIF 

------------------------------
BIM 3 $129 
BIM 3 $12B 
BIM 3 $12D 
BIM 3 $12F 

------------------------------

BIM 4 . $139 . 
BIM 4 $13B 
BIM 4 $13D 
BIM 4 $13F 

(1) It is possible to let the BIM vector register supply the interrupt vector. 
the interrupt vectors supplied by the interrupt source devices. 

In most cases it is better to prefer 

(2) BIM must not be programmed to supply vector, because the vector will be supplied by the Interrupt Source device. 
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21. General Information 

The board is configured as SYSTEM CONTROLLER and has to be 
installed in slot 1 of a VMEbus system. 

The following configuration is made during manufacturing:. 
I 

The SYSCLOCK DRIVER module is enabled and drives the SYSCLK* bus 
line. (Ensure that other system boards do not drive the SYSCLK* 
bus line!) 

The 4-level BUS ARBITER is enabled and drives the Bus Grant out 
lines BGeOUT-BG30UT as well as the Bus Clear line BCLR*. 

The BUS TIMER is disabled after Rest and Power-up. 

The board drives and receives the SYSRESET* bus signal line. 

The SYSFAIL* signal and the ACFAIL* signal are received by 
the board. 

The Board Base Address is selected as $Be2eee. 

l7e 



22. Installation 

Please read the complete manual for easy and correct board 
handling. Install the board in slot 1 of a VMEbus environment. 

Use power supply with sufficient drive capacity. 

After power-on the red RESET LED should turn off after 
approximately half a second and the green BCLR LED turns on. Now 
normal access can be forced to the default set address range of 
the devices. 

Note: If the SYS68K/ASCU-l/2 is not to be used as System 
Controller and is not plugged into slot 1, the 4-level Bus 
ARBITER and the SYSCLOCK Driver must be disabled before the 
board is installed. 

Caution: Please follow manufacturer's instructions for use and 
trouble shooting. 
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APPENDIX A 

Specification of the SYS68K/ASCU-l/2 

1 Description IASCU-l IASCU-2 1 

1-------------------------------------------------------------~--

IEEE488 (GPIB) Interface 

Serial I/O Interface RS422 
RS232 

Centronics Parallel Interface 

Real Time Clock 
Battery Backup 

SW-Programmable Bus Timer (2 to l2000us) 

ACFAIL Handling 

SYSFAIL Handling 

TEST/RESET Switches 

lACK Daisy Chain Driver 

Interrupts to Priority Interrupt Bus 

SW-programmable Interrupts 

User Interrupts on P2 

RORA/ROAK Interrupt Release 

4 Level Bus Arbiter 

SW-programmable Time for Bus Mastership 

Address Selection A24:D16 / Al6:D16 

Power Requirements +5V (max) 
+12V (max) 
-12V (max) 

Operating Temperature o to 60 degrees C 

x 
x 

x 

x 
x 

x 

x 

x 

x 

x 

7 

1 

x 

x 

x 

2.5A 
200mA 
200mA 

x 

Storage Temperature -55 to +85 degrees C 1 x 
1 

Relative Humidity 0 - 95% (non-condensing) 1 x 
1 

Dimensions Double Eurocard 1 
233x160mm (9.2x6.3") 1 x 

1 

A-I 

x 

x 
x 

x 

x 
x 

x 

x 

x 

x 

x 

16 

8 

5 

x 

x 

x 

x 

2.9A 1 
200mA 1 
200mA 1 

1 
x 1 . 

1 
x 1 

1 
x 1 

1 
I 

x I 
I 





APPENDIX B 

Address Assignment of the SYS68K/ASCU-1/2 Devices 

The devices are accessible only on odd addresses! 

Start Address End Address Devices 

$B02001 $B0203F MPCC 68561 

I $B02041 $B0207F PI/T 1 68230 

$B02081 $B020BF PI/T 2 68230 * 
$B020C1 $B020FF RTC 58167A 

$B02101 $B0210F BIM 1 68153 

$B02111 $B0211F BIM 2 68153 

$B02121 $B0212F BIM 3 68153 * 
$B02131 $B0213F BIM 4 68153 * 
$B02141 $B0214F GPIB CONTROLLER 72.10 * 

* included only on the SYS68K/ASCU-2 
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APPENDIX C 

Description of the Jumperfields 

Jumper 1 IDefaultlSchemlLocationlseel 
-Fieldl Description 1 Condo laticsl Coord. Ipg.1 

1 1 1 1 x y 1 1 
---------------------------------------------------------------1 

1 1 1 1 1 1 
Bl 1 Board Base Address selectionl 2 - 151 I-Bll 129/30 I 191 

I for Address Lines A23-A16 I 5 - 121 I I I 
I I 6 - 111 I I I 
I I 7 - 101 I I I 
\ I 8 - 9 \ \ 1 \ 
\ \ I I I I 

B2 \ Board Base Address selection \ 1 - 14\ I-B2\ 112/28 \ 19\ 
\ for Address Lines A15-A9 \ 2 - 131 I I 1 
I I 4 - 111 I I I 
I I 5 - 101 I I I 
I I 6 - 9 1 I \ \ 
I I 7 - 8 I I I \ 
I I \ \ .I \ 

B3 \ BUS Timer enable jumper \ 2 - 3 \ I-B2\ 162/34 \ 90\ 
1 \ \ 1 I \ I 
1 B4 I IACK* - IACKIN* connection I 1 - 2 \ l-A4\ 147/58 \ 39\ 
1 I I \ \ 1 \ 
\ B5 I BCLR* enable jumper \ 1 - 2 1 l-A4\ 147/54 1 831 
I \ I I 1 1 I 
I B6 \ SYSCLOCK enable jumper I 1 - 4 I l-A41 145/44 I 771 
I I I I 1 \ I 
I B7 I Address Modifier Code I I I-B31 131/49 I 231 
1+ B8 I Selection I 1 - 4 1 I-B41 131/40 I 231 
I I I 1 I I I 
1------1-----------------------------1-------\-----1--------\---1 
I I I I I I I 
I B9 I Enables reset switch I 1 - 2 I 2-All 31/12 I 49\ 
I \ connected at P2 pins \ I I I I 
I I A20, A21, A22 I I I I I 
I I \ I 1 \ 1 
1 B10 I Reset generation on ACFAIL 1 1 - 2 1 2-Bll 104/106153/1 
I 1 detection 1 1 1 1 58 I 
1 1 . 1 1 1 1 1 
I B12 1 Selects ACFAIL signal I 2 - 3 I 2-A31 16/12 155/1 
I I connected at P2-PIN Al or I I I 11091 
1 I ground potential for the 1 \ I I 1 
I I Centronics Interface I I I 1 1 
1 1 1 \ 1 I 1 
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I Jumper I I Default I scheml Location I see 
I-Fieldl Description I Condo laticsl Coord. Ipg. 
I I I I I x y I 
1---------------------------------------------------------------
I I 
I B13 Selection of ACFAIL* signal I 1 - 2 2-A3 24/56 56 
I high or low active I 
I I 
I B13A Connection of P2-PIN A19 I 1 - 2 2-A2 35/14 
I to GND I 
I I 
I B14 Sense voltage selection Iremoved 2-Bl 5/31 75 

B14A Connection of P2-PIN A26 
to VCC 

B15 Selection of Reset delay 
after ACFAIL* detection 

B16 Selection of driven/not 
driven SYSRESET* signal 

B17 Not user selectable 

B18 Not user selectable 

B19 Not user selectable 
Default on ASCU-l 
Default on ASCU-2 

B20 Centronics I.F Configuration 

B21 Centronics I.F Configuration 

B22 Not user selectable 
Default on ASCU-l 
Default on ASCU-2 

1 - 2 2-A3 21/12 

3 - 6 2-B2 17/88 58 

1 - 2 2-Cl 17/36 48/ 
73 

2 - 3 2-C2 40/93 

1 - 2 2-Cl 23/76 

3-C3 100/24 39 
2 - 3 
1 - 2 

1 - 4 4-B2 28/20 108 
I 2 - 3 

1 - 2 4-B2 39/14 109 

4-C2 84/94 
1 - 2 

not con 

B23 IEEE-488 I.F ground for 
cable shield 

1 - 2 4-D3 104/1191138 

B25 IEEE-488 I.F Device Address 
selection 

1 - 16 
2 - 15 
3 - 14 
4 - 13 
5 - 12 

4-A4 50/74 

B26 Enables/disables Bus Arbiter 2 - 10 5-B1 162/28 
4 - 12 
6 - 14 
8 - 16 

C-2 

137 

80 
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PIN 
NUMBER 

APPENDIX D 

PI Connector PIN Assignments 

ROW A I ROW B ROW C 
SIGNAL I SIGNAL SIGNAL 

MNEMONIC I MNEMONIC MNEMONIC 
---------------------------------------------------------------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

D00 
D01 
D02 
D03 
Df2J4 
Df2Js 
Df2J6 
Df2J7 

GND 
SYSCLK 

GND 
DS1* 
DS0* 
WRITE* 

GND 
DTACK* 

GND 
AS* 

GND 
IACK* 
IACKIN* 
IACKOUT* 
AM4 
A07 
Af2J6 
Af2Js 
Af2J4 
A03 
A02 
A01 
-12V 
+sV 

I 
I 

D-1 

BBSY* 
BCLR* 
ACFAIL* 
BG0IN* 
BG00UT* 
BG1IN* 
BG10UT* 
BG2IN* 
BG20UT* 
BG3IN* 
BG30UT* 
BRf2J* 
BR1* 
BR2* 
BR3* 
AM0 
AMI 
AM2 
AM3 

GND 

GND 
IRQ7* 
IRQ6* 
IRQs* 
IRQ4* 
IRQ3* 
IRQ2* 
IRQ1* 
+sV STDBY 
+sV 

D08 
D09 
D10 
D11 
D12 
D13 
D14 
DIS 

GND 
SYSFAIL* 
BERR* 
SYSRESET* 
LWORD* 
AMs 
A23 
A22 
A21· 
A20 
Al9 
Al8 
A17 
A16 
A1s 
A14 
A13 
A12 
All 
A10 
A09 
Af2J8 
+12V 
+ SV 



PIN 
NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

APPENDIX D 

P2 Connector PIN Assignments 

ROW A 
SIGNAL 

MNEMONIC 

GND/ACFAIL 2* 
GND/RESET 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 

ERROR 
GND 

GND 
RESET-A 
GND 
RESET-B 
TEST-A 
GND 
TEST-B 
+5V 
ACFAIL 2* 
USER-INT 1 
USER-INT 2 
USER-INT 3 
USER-INT 4 
USER-INT 5 

D-2 

ROW B 
SIGNAL 

MNEMONIC 

ROW C 
SIGNAL 

MNEMONIC 

DATA STROBE 
DATA 1 
DATA 2 
DATA 3 
DATA 4 
DATA 5 
DATA 6 
DATA 7 
DATA 8 
ACKNLG 
BUSY 
PE 
SLCT 

0V 
CHASSIS GND 

+5V LED 
SYSFAIL-LED 
+5V LED 
ACFAIL-LED 
+5V LED 
BBSY-LED 
BG0/IN 
BGI/IN 
BG2/IN 
BG3/IN 



Nr. 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

APPENDIX D 

P2 Connector Pin - Assignments on the SYS68K/ASCU-l/2 

A 

GND 
or optional ACFAll 

1 
GND 
GND 

or optional RESET-SWITCH 2 
3 

GND 4 
GND 5 
GND 6 
GND 7 
GND 8 
GND 9 
GND 10 
GND 11 
GND 12 

ERROR " / 14 
GND 15 

GND 19 
RESET-A 20 

GND 21 
RESET-B 22 
TEST-A 23 

GND 24 
TEST-B 25 

+ 5V 26 
ACFAIL2* / 27 

USER-INT-1 28 
USER-INT-2 29 
USER-INT-3 30 
USER-INT-4 31 
USER-INT-5 32 

D-3 

P2 
ROW 

1 
CENTRONICS 

INTERFACE 

C 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

16 
17 
18 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

... 

.... 

; 

-. 
.. 
-. 
--. 

Data Strobe 
Data 1 
Data 2 
Data 3 
Data 4 
Data 5 
Data 6 
Data 7 
Data 8 
ACKNLG 
BUSY 
PE 
SLCT 

OV 
CHASSIS GND 

+ 5V LED 
SYSFAIL LED 
+ 5V LED 
ACFAIL LED 
+ 5V LED 
BBSY LED 
BGO/IN 
BG1/IN 
BG211N 
BG3/IN 





APPENDIX E 

Circuit Schematics 

E-l 
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APPENDIX F 

COMPONENT PART LIST / SYS68K/ASCU-l/2 

IC's 

1 1 1 1 
Location 1 Type 1 Manufacturer 1 Package Function 1 
--------1---------1----------------1------- -------------------1 

Jl 

J2 

J3 

J4 

J5 

J6 

J7 

J8 

J9 

J10 

Jll 

J12 

J14 

1 J15 
1 
1 J17 
1 
1 J18 
1 
I J19 
1 
1 J20 
1 
1* J23 
1 
1 J24 
1 
1 J25 
1 
1 J26 
1 
1 J27 

1 74LS688 1 
1 1 
1 74LS373 1 
1 1 
1 74LS645-l 1 
1 1 
1 74LS688 1 
1 1 
1 74LS64l-l 1 
1 
1 74LS645-l 
1 
174S24l 
1 
IFRC 84 
1 
IFRC 85/92 
1 
IFRC 86 

74LS0l 

TL7705 

74LS175 

74LS04 

74S74 

74LS74 

1 74LS393 
1 
1 74LS393 
1 
1 74LS0l 
1 
1 74LS2l 
1 
1 74LS15l 
1 
IFRC 87 
1 
1 74LS393 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

FORCE 

FORCE 

FORCE 

VARIOUS 

T.1. 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

FORCE 

VARIOUS 

* included on the ASCU-2 only 

F-l 

Octal Comparator 1 
1 

Octal D-type Latch 1 

Octal Bus 
Transceiver 
Octal Comparator 

O.C. Bus 
Transceiver 
Octal Bus 
Transceiver 
Octal Buffer 

PAL 20L8A 

PAL l2L10 

PAL l6L8A 

Quad NAND Gate O.C 

Voltage Super~isor 

Quad D-type 
Flip Flop 
Hex Inverter 

Dual D-type 
Flip Flop 
Dual D-type 
Flip Flop 
Dual 4-bit Binary 
Counter 
Dual 4-bit Binary 
Counter 
Quad NAND Gate O.C 

Dual 4-input AND 
Gates 
1 of 8 Multiplexer 

PAL l2L6 

Dual 4-bit Binary 



APPENDIX F 

COMPONENT PART LIST I SYS68K/ASCU-1/2 

IC's 

Location Type Manufacturer Package Function 
-------- --------- ---------------- ------- -------------------

J28 68153 MOTOROL,A BIM 

J29 68153 MOTOROLA BIM 

* J30 68153 MOTOROLA BIM 

* J31 68153 MOTOROLA BIM 

J32 74S32 VARIOUS Quad OR Gate 

J33 74LS139 VARIOUS Dual 2-to-4 
Decoder 

J34 74LS641-1 VARIOUS O.C. Bus 
Transceiver 

J35 74LS01 VARIOUS Quad NAND Gate O.C 

J36 74F32 VARIOUS Quad OR Gate 

J37 68230 MOTOROLA pIIT 

J38 74LS14 VARIOUS Hex Inverters 

J39 1 74S241 VARIOUS Octal Buffer 

J40 74S241 VARIOUS Octal Buffer 

* J41 7210 NEC GPIB Controller 

J42 74LS04 VARIOUS Hex Inverters 

* J47 68230 MOTOROLA pIIT 

* J48 74LS14 VARIOUS Hex Inverters 

J49 FRC 88 FORCE PAL 20L8A 

J50 FRC 89 FORCE PAL 20L8A 

J51 FRC 90 FORCE PAL 16L8A 

J54 74LS279 VARIOUS Quad Latches 

J55 68561 ROCKWELL, MOT MPCC 

J58 58167 NSC Real Time Clock 

---------------------------------------------------------------
* included on the ASCU-2 only 

F-2 



APPENDIX F 

COMPONENT PART LIST / SYS68K/ASCU-1/2 

IC's 

Location Type Manufacturer Package Function 
-------- --------- ---------------- ------- -------------------

J59 SPARE 

J60 SPARE 

J61 74LS08 VARIOUS Quad AND Gate 

J62 74LS641-1 VARIOUS O.C. Bus 
Transceiver 

J63 74LS279 VARIOUS Quad Latches 

J64 74LS74 VARIOUS Dual D-Type 
Flip Flop 

* J65 75160A T.I. GPIB Bus 
Transceiver 

* J66 75162A T.I. GPIB Bus 
Transceiver 

J67 74LS175 VARIOUS .Quad D-type 
Flip Flop 

J68 74F14 VARIOUS Hex Inverters 

J69 74F32 VARIOUS Quad OR Gate 

J70 74LS00 VARIOUS Quad NAND Gate 

J71 1488 MOTOROLA,NSC RS232 Transmitter 

J72 3487 MOTOROLA,NSC RS422 Transmitter 

J73 1489 MOTOROLA,NSC RS232 Receiver 

J74 3486 MOTOROLA,NSC RS422 Receiver 

J75 74LS164 VARIOUS Shift Register 

J76 FRC 91/93 FORCE PAL 20L8A 

J77 SPARE 

J78 SPARE 

J79 SPARE 

* included on the ASCU-2 only 

F-3 



APPENDIX F 

COMPONENT PART LIST / SYS68K/ASCU-l/2 
DIODES 
---------------------------------------------------------------
Location Type Manufacturer Package Function 
-------- --------- ---------------- ------- -------------------

01 lN4l48 VARIOUS Diode 

02 lN4l48 VARIOUS Diode 

03 lN4l48 VARIOUS Diode 

Ll 24{,)6 DIALIGHT LED Red 

L2 23{,)6 DIALIGHT LED Yellow 

L3 23{')6 DIALIGHT LED Yellow 

L4 23{')6 DIALIGHT LED Yellow 

LS 23{,)6 DIALIGHT LED Yellow 

L6 22{,)6 DIALIGHT LED Green 

L7 24{,)6 DIALIGHT LED Red 

L8 24{,)6 DIALIGHT LED Red 

L9 24{')6 DIALIGHT LED Red 

Crystals 

1 Location 1 Type 1 Manufacturer 1 Package 1 Function 1 
1--------1---------1----------------1-------1-------------------1 
1 01 132.{') MHz 1 VARIOUS 1 1 Ouarz Oscillator 1 
1 1 1 1 1 Module 1 
1 02 132.678KHzl VARIOUS 1 1 Ouarz Oscillator 1 
1 1 1 1 1 1 
1 03 1 8. {,)64MHz1 VARIOUS 1 1 Ouarz Oscillator 1 

Transistor 

1 Location 1 Type I Manufacturer 1 Package 1 Function 1 
1--------1---------1----------------1-------1-------------------1 
1 Tl 1 BC237 1 VARIOUS 1 1 Transistor 1 
---------------------------------------------------------------

F-4 



APPENDIX F 

COMPONENT PART LIST / SYS68K/ASCU-l/2 

Resistors (in Ohm) 

1 1 
Location 1 Type Manufacturer 1 Package Function 
--------1--------- ----------------1-------

1 1 
Rl 19*4.7K VARIOUS 1 

1 1 
R2 19*4.7K VARIOUS 1 

1 1 
R3 19*680 VARIOUS 1 

1 
R4 9*4.7K VARIOUS 

R6 9*4.7K VARIOUS 

R7 680 VARIOUS 

R9 I.SK VARIOUS 

R10 3.3K VARIOUS 

Rll 9*4.7K VARIOUS 

R12 9*4.7K VARIOUS 

R12A 9*4.7K VARIOUS 

R13 9*100 VARIOUS 

R14 9*4.7K VARIOUS 

RIS 100 VARIOUS 

R16 9*4.7K VARIOUS 

R16A 9*4.7K VARIOUS 

R17 9*4.7K VARIOUS 

R19 9*680 VARIOUS 

R20 9*4.7K VARIOUS 

R21 S*27K VARIOUS 

F-S 



APPENDIX F 

COMPONENT PART LIST / SYS68K/ASCU-1/2 

Resistors (in Ohm) 

1 1 1 1 
1 Location Type 1 Manufacturer 1 Package Function 1 
1-------- ---------1----------------1------- -------------------1 

1 1 1 
R24 1 VARIOUS 1 OPTIONAL FOR USER 1 

I 1 1 
R25 1 VARIOUS 1 OPTIONAL FOR USER 1 

1 1 1 
R26 1 VARIOUS 1 OPTIONAL FOR USER 1 

1 1 1 
R27 100 1 VARIOUS 1 1 

1 1 1 
R28 100 1 VARIOUS 1 I 

1 1 I 
R29 100 1 VARIOUS I 1 

1 1 1 

F-6 



APPENDIX F 

COMPONENT PART LIST / SYSG8K/ASCU-l/2 

CAPACITORS 

I I 
Location I Type Manufacturer I Package I Function 
--------1--------- ----------------1-------1-------------------

1 1 1 
CI-C51 1 100nF VARIOUS 1 1 CAPACITOR 

1 1 
CG2 1 100nF VARIOUS ! CAPACITOR 

! 1 
CG3 !47uF/G.3V VARIOUS 1 CAPACITOR (Tantal) 

1 ! 
CG4 147uF/G.3V VARIOUS CAPACITOR (Tantal) 

CGG G80pF VARIOUS CAPACITOR 

CG7 22pF VARIOUS CAPACITOR 

CG8 22pF VARIOUS CAPACITOR 

C70 VARIOUS OPTIONAL FOR USER 

C71 VARIOUS OPTIONAL FOR USER 

C72 VARIOUS OPTIONAL FOR USER 

C73 VARIOUS OPTIONAL FOR USER 

F-7 



APPENDIX F 

COMPONENT PART LIST / SYS68K/ASCU-I/2 

Mechanical Parts 
---------------------------------------------------------------

1 1 
1 Location Type 1 Manufacturer Package Function 
1-------- ---------1---------------- ------- -------------------

BI DWl6 VARIOUS HEADER 

B2 DWl4 VARIOUS HEADER 

B3 DW4 VARIOUS HEADER 

B4 EW2 VARIOUS HEADER 

B5 EW2 VARIOUS HEADER 

B6 DW4 VARIOUS HEADER 

B7 DW8 VARIOUS HEADER 

B8 DW4 VARIOUS HEADER 

B9 EW2 VARIOUS HEADER 

Bl0 EW2 VARIOUS HEADER 

Bl2 EW3 VARIOUS HEADER 

Bl3 DW4 VARIOUS HEADER 

Bl3A EW2 VARIOUS HEADER 

Bl4 EW2 VARIOUS HEADER 

BI4A EW2 VARIOUS HEADER 

Bl5 DW8 VARIOUS HEADER 

Bl6 EW2 VARIOUS HEADER 

BI7 EW3 VARIOUS HEADER 

B1.8 EW2 VARIOUS HEADER 

BI9 EW3 VARIOUS HEADER 

B20 DW4 VARIOUS HEADER 

F-8 



APPENDIX F 

COMPONENT PART LIST / SYS68K/ASCU-1/2 

Mechanical Parts 

Location Type Manufacturer Package Function 
-------- --------- ---------------- ------- -------------------

B21 EW2 VARIOUS HEADER 

B22 EW2 VARIOUS HEADER 

* B23 EW2 VARIOUS HEADER 

* B25 DW16 VARIOUS HEADER 

B26 DW16 VARIOUS HEADER 

B27 EW3 VARIOUS HEADER 

B28 EW2 VARIOUS HEADER 

* B29 EW3 VARIOUS HEADER 

B30 EW3 VARIOUS HEADER 

B31 EW3 VARIOUS HEADER 

B32 DW4 VARIOUS HEADER 

B33 DW4 VARIOUS HEADER 

B34 DW12 VARIOUS HEADER 

B35 DW4 VARIOUS HEADER 

B36 EW2 VARIOUS HEADER 

B37 PW55 VARIOUS HEADER 

* included only on the ASCU-2 

F-9 



APPENDIX F 

COMPONENT PART LIST / SYS68K/ASCU-l/2 

Mechanical Parts 
---------------------------------------------------------------
Location Type Manufacturer Package Function 
-------- --------- ---------------- -_ .. ---- -------------------

J8 VARIOUS 24 PIN SLIM SOCKET 
J9 VARIOUS 24 PIN SLIM SOCKET 

J10 VARIOUS 20 PIN SOCKET 
J26 VARIOUS 20 PIN SOCKET 

J28 VARIOUS 40 PIN SOCKET 
J29 VARIOUS 40 PIN SOCKET 

* J30 VARIOUS 40 PIN SOCKET 
* J31 VARIOUS 40 PIN SOCKET 

J37 VARIOUS 2*24 PIN SIL SOCKET 
* J41 VARIOUS 40 PIN SOCKET 

* J47 VARIOUS 2*24 PIN SIL SOCKET 
J49 VARIOUS 24 PIN SLIM SOCKET 

J50 VARIOUS 24 PIN SLIM SOCKET 
J51 VARIOUS 20 PIN SOCKET 

J55 VARIOUS 2*24 PIN SIL SOCKET 
J58 VARIOUS 24 PIN SOCKET 

J76 VARIOUS 24 PIN SLIM SOCKET 

SWl AT-IF KNITTER SWITCH 
SW2 AT-IF KNITTER SWITCH 

* SW3 ATE-ID KNITTER SWITCH 

Pl VG MALE CONNECTOR 
96 PIN 90 DEGREES 

P2 VG MALE CONNECTOR 
64 PIN 90 DEGREES 

P3 DSUB FEMALE CONNECT 
25 PIN 90 DEGREES 

* P4 MICRORIBBON FEMALE 
CONNECTOR 
24 PIN 90 DEGREES 

JUMPERS-A JUMPERS FOR HEADERS 
ASCU-l (51) 
ASCU-2 (56) 

SCU-2-F FRONT PANEL 

SCU-2-PC PC-BOARD 
---------------------------------------------------------------

* included on the ASCU-2 only 
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APPENDIX F 

COMPONENT PART LIST / SYS68K/ASCU-l/2 

Attached Components 

1 1 Attached Components SYS68K/ASCU-l/2 1 
1---------------------------------------------------------------1 
1 1 1 
1 1 1 Lithium Battery CRl/3N (3.0V) 1 
1 1 1 
1 1 1 
1 2 1 Hardware User's Manual 1 
1 1 1 
1 1 1 
1 3 1 Product Release Note 1 
1 1 1 
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A16 

A24 

A32 

APPENDIX G 

Glossary of P10l4 Terms 

A type of module that provides or decodes an address on 
address line A0l through A1S. 

A type of module that provides or decodes an address on 
address lines A0l through A23. 

A type of module that provides or decodes an address on 
address lines A0l through A3l. 

ARBITRATION 
The process of assigning control of the DTB to a REQUESTER. 

ADDRESS-ONLY CYCLE 
A DTB cycle that consists of an address broadcast, but no 
data transfer. SLAVES do not acknowledge ADDRESS-ONLY 
cycles and MASTERS terminate the cycle without waiting for 
an acknowledgment. 

ARBITER 
A functional module that accepts bus requests from REQUESTER 
modules and grants control of the DTB to one REQUESTER at a 
time. 

ARBITRATION BUS 
One of the four buses provided by the P10l4 backplane This 
bus allows an ARBITER module and several REQUESTER modules 
to coordinate use of the DTB. 

ARBITRATION CYCLE 
An ARBITRATION CYCLE begins when the ARBITER senses a bus 
request. The ARBITER grants the bus to a REQUESTER, which 
signals that the DTB is busy. The REQUESTER terminates the 
cycle by taking away the bus busy signal which causes the 
ARBITER to sample the bus requests again. 

BACKPLANE (P10l4) 
A printed circuit (PC) board with 96 pin connectors and 
signal paths that bus the connector pins. Some P10l4 
systems have a single PC board, called the Jl backplane. It 
provides the signal paths needed for basic operation. Other 
P10l4 systems also have an optional second PC board called a 
J2 backplane. It provides the additional 96 pin connectors 
and signal paths needed for wider data and address 
transfers. Still others have a single PC board that 
provides the signal conductors and connectors of both the Jl 
and J2 backplanes. 
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BACKPLANE INTERFACE LOGIC 

Special interface logic that takes into account the 
characteristics of the backplane: its signal line impedance, 
propagation time, termination values, etc. The P10l4 
specification prescribes certain rules for the design of 
this logic based on the maximum length of the backplane and 
its maximum number of board slots. 

BLOCK REAO CYCLE 
A OTB is cycle used to transfer a block of 1 to 256 bytes 
from a SLAVE to a MASTER. This transfer is done using a 
string of 1, 2, or 4 byte data transfers. Once the block 
transfer is started, the MASTER does not release the OTB 
until all of the bytes have been transferred. It differs 
from a string of read cycles in that the MASTER broadcasts 
only one address and address modifier (at the beginning of 
the cycle). Then the SLAVE increments this address on each 
transfer so that the data for the next cycle is retrieved 
from the next higher location. 

BLOCK WRITE CYCLE 
A DTB cycle used to transfer a block of 1 to 256 bytes from 
a MASTER to a SLAVE. The block write cycle is very similar 
to the block read cycle. It uses a string of 1, 2, or 4 
byte data transfers and the MASTER does not release the OTB 
until all of the bytes have been transferred. It differs 
from a string of write cycles in that the MASTER broadcasts 
only one address and address modifier (at the beginning of 
the cycle). Then the SLAVE increments this address on each 
transfer so that the next transfer is stored on the next 
higher location. 

BOARO 
A printed circuit (PC) board, its collection or electronic 
components, and either one or two 96 pin connectors that can 
be plugged into P10l4 backplane connectors. 

BUS TIMER 
A functional module that measures how long each data 
transfer takes on the OTB and terminates the DTB cycle if a 
transfer takes too long. If the MASTER tries to transfer 
data to or from a non-existent SLAVE location it might wait 
forever. The BUS TIMER prevents this by terminating the 
cycle. 

008(0) 
A SLAVE that sends and receives data 8 bits at a time over 
000-007, 

or 
an INTERRUPT HANOLER that receives 8 bit STATUS/lOs over 
000-007, 

or 
an INTERRUPTER that sends 8 bit STATUS/lOs over 000-007. 
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D08(E0) 

D16 

D32 

A MASTER that sends or receives data 8 bits at a time over 
either D00-D07 or D08-D1S, 

or 
A SLAVE that sends and receives data 8 bits at a time over 
either D00-D07 or D08-D1S, 

or 
an INTERRUPT HANDLER that receives 8 bit STATUS/IDS over 
D00-D07, 

or 
an INTERRUPTER that sends 8 bit STATUS/IDs over D00-D07. 

A MASTER that sends and receives data 16 bits at a time over 
D00-D1S, 

or 
A SLAVE that sends and receives data 16 bits at a time over 
D00-D1S, 

or 
an INTERRUPT HANDLER that receives 16 bit STATUS/IDs over 
D00-D1S, 

or 
an INTERRUPTER that sends 16 bit STATUS/IDs over D00-D1S. 

A MASTER that sends and receives data 32 bits at a time over 
D00-D31, 

or 
A SLAVE that sends and receives data 32 bits at a time over 
D00-D31, 

or 
an INTERRUPT HANDLER that receives 32 bit STATUS/IDs over 
D00-D31, 

or 
an INTERRUPTER that sends 32 bit STATUS/IDs over D00-D3l. 

DAISY-CHAIN 
A special type of P1014 signal line that is used to 
propagate a signal level from board to board, starting with 
the first slot and ending with the last slot. There are 
four bus grant daisy-chains and one interrupt acknowledge 
daisy-chain on the P1014. 

DATA TRANSFER BUS 
One of the four buses provided by the P1014 
DATA TRANSFER BUS allows MASTERS to direct 
binary data between themselves and SLAVES. 
BUS is often abbreviated to DTB). 

backplane. The 
the transfer of 

(DATA TRANSFER 

DATA TRANSFER BUS CYCLE 

DTB 

A sequence of level transitions on the signal lines of the 
DTB that result in the transfer of an address or an address 
and data between a MASTER and a SLAVE. There are seven 
types of data transfer bus cycles. 

An acronym for DATA TRANSFER BUS. 
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FUNCTIONAL MODULE 
A collection of electronic circuitry that resides on one 
P10l4 board and works together to accomplish a task. 

lACK DAISY-CHAIN DRIVER 
A functional module which activates the interrupt 
acknowledge daisy-chain whenever an INTERRUPT HANDLER 
acknowledges an interrupt request. This daisy-chain ensures 
that only one INTERRUPTER will respond with its STATUS/ID 
when more than one has generated an interrupt request. 

INTERRUPT ACKNOWLEDGE CYCLE 
A DTB cycle, initiated by an INTERRUPT HANDLER that reads a 
"STATUS/ID" from an INTERRUPTER. An INTERRUPT HANDLER 
generates this cycle when it detects an interrupt request 
from an INTERRUPTER and it has control of the DTB. 

INTERRUPT BUS 
One of the four buses provided by the P10l4 baCkplane. The 
INTERRUPT BUS allows INTERRUPTER modules to send interrupt 
requests to INTERRUPT HANDLER modules. 

INTERRUPTER 
A functional module that generates an interrupt request on 
the INTERRUPT BUS and then provides STATUS/ID information 
when the INTERRUPT HANDLER requests it. 

INTERRUPT HANDLER 
A functional module that detects 

. generated by INTERRUPTERS and responds 
asking for STATUS/ID information. 

interrupt requests 
to those requests by 

LOCATION MONITOR 
A functional module that monitors data transfers over the 
DTB in order to detect accesses to the locations it has been 
assigned to watch. When an 'access occurs to one of these 
assigned locations, the LOCATION MONITOR generates an on­
board signal. 

MASTER 

OBO 

A functional module that initiates DTB cycles in order to 
transfer data .between itself and a SLAVE module. 

A SLAVE that sends and receives data 8 bits at a time over 
D00-D07. 

POWER MONITOR MODULE 
A functional module that monitors the status of the primary 
power source to the P10l4 system and signals when that power 
has strayed outside the limits required for reliable system 
operation. Since most systems are powered by an AC source, 
the power monitor is typically designed to detect drop-out 
or brown-out conditions on AC lines. 
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READ CYCLE 
A DTB cycle used to transfer 1, 2, or 4 bytes from a SLAVE 
to a MASTER. The cycle begins when the MASTER broadcasts 
and address and an address modifier. Each SLAVE captures 
this address and address modifier, and checks to see of it 
is to respond to the cycle. If so, it retrieves the data 
from its internal storage, places it on the data bus and 
acknowledges the transfer. Then the MASTER terminates the 
cycle. 

READ-MODIFY-WRITE CYCLE 
A DTB cycle that is used to both read from, and write to, a 
SLAVE location without permitting any other MASTER to access 
that location. This cycle is most useful in multiprocessing 
systems where certain memory locations are used to control 
access to certain systems resources. (For example, 
semaphore locations.) 

REQUESTER 
A functional module that resides on the same board as a 
MASTER or INTERRUPT HANDLER and requests use of the DTB 
whenever its MASTER or INTERRUPT HANDLER needs it. 

SERIAL CLOCK DRIVER 

SLAVE 

SLOT 

A functional module that provides a periodic timing signal 
that synchronizes operation of the VMSbus. (Although the 
P10l4 specification defines a SERIAL CLOCK DRIVER for use 
with the VMSbus, and although it reserves two backplane 
signal lines for use by that bus, the VMSbus protocol is 
completely independent of the P10l4.) 

A functional module that detects DTB cycles initiated by a 
MASTER and, when those cycles specify its participation, 
transfers data between itself and the MASTER. 

A position where a board can be inserted into a P10l4 
backplane. If the P10l4 system has both a Jl and a J2 
backplane (or a combination Jl/J2 backplane) each slot 
provides a pair of 96 pin connectors. If the system has 
only a Jl backplane, then each slot provides a single 96 pin 
connector. 

SUB RACK 
A rigid framework that provides mechanical support for 
boards inserted into the backplane, ensuring that the 
connectors mate properly and that adjacent boards do not 
contact each other. It also guides the cooling airflow 
through the system, and ensures that inserted boards do not 
disengage themselves from the backplane due to vibration or 
shock. 

SYSTEM CLOCK DRIVER 
A functional module that provides a 16 MHz timing signal on 
the UTILITY BUS. 
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SYSTEM CONTROLLER BOARD 

UAT 

A board which resides in slot 1 of a P1014 backplane and has 
a SYSTEM CLOCK DRIVER, a DTB ARBITER, an lACK DAISY CHAIN 
DRIVER, and a BUS TIMER. Some also have a SERIAL CLOCK 
DRIVER, a POWER MONITOR or both. 

A MASTER that sends or receives data in an unaligned 
fashion, 

or 
a SLAVE that sends and receives data in an unaligned 
fashion. 

UTILITY BUS 
One of the four buses provided by the P1014 backplane. This 
bus includes signals that provide periodic timing and 
coordinate the power-up and power-down of P1014 systems. 

WRITE CYCLE 
A DTB cycle used to transfer I, 2, or 4 bytes from a MASTER 
to a SLAVE. The cycle begins when the MASTER broadcasts an 
address and address modifier and places data on the DTB. 
Each SLAVE captures this address and address modifier, and 
checks to see if it is to respond to the cycle. If so, it 
stores the data and then acknowledges the transfer. The 
MASTER then terminates the cycle. 
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Advance Information 

BUS INTERRUPTER MODULE 

The bipolar LSI MCSS153 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. 

• VERSAbusNMEbus Compatible 

• MCSSOOO Compatible 

• Handles 4 Independent Interrupt Sources 

• 8 Programmable ReadlWrite Registers 

• Programmable Interrupt Request Levels 

• Programmable Interrupt Vectors 

• Supports Interrupt Acknowledge Daisy Chain 

• Control Registers Contain Flag Bits 

• Single ... 5.0 Volt Supply 

• Total Power Dissipation = 1.5 W Typical 

• Temperature Range of O·C to 70·C 

• Chip Access Time = 200 ns Typical with 16 MHz Clock 

• 40-Pin Dual-In-Line Package 

AGURE 1 - MCSS153 SYSTEM BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS (Beyond which useful life may be imcaired.) 

Parameter I Symbol Value I Uni1: I 
SUPl2ly Voltage I VCC -0.5 to +7.0 I V 

Input Voltage Vin I -0.5 to .7.0 I V I 

Input Current lin -30 to +5.0 I mA 

Output Voltage Vout -0.5 to +5.5 I V 

Outgut Current IOL Twice Rated 10L I mA 

Storage Temperature Tsta -85 to +150 I 'c 

Junction Operating Temperature TJ -55 to + 175 I ·C 

DC ELECTRICAL SPEClflCATlONS (VCC .. 5.0 V :50/0. TA .. O·C to 7O"C1 

~ramet., Symbol Min Max Unit I Test Condi1:ions 

High Level Input Voltage VIH 2.0 - V I 
Low Level Input Voltage V,,~ - 0.8 V 

Input Clam!) Voltage VIK - -1.5 V VCC .. MIN. liN" -18 mA 

High Level Out!)ut Voltaga( 1 ) VOH 2.7 - V Vce .. MIN. 10H .. -400 iJA 
Low Level Outgut Voltage VOL - 0.4 V Vce .. MIN. 10L .. 8.0 mA 

Outgut Short Circuit Current\2) lOS -15 -130 mA Vce .. MAX. VOUT .. 0 V 

High Level In!)ut Current IIH - 20 iJA Vce .. MAX. VIN .. 2.7 V 

Low Level Input Current IlL - -0.4 mA Vce .. MAX. VIN .. 0.4 V 

Su!)ply Current ICC 225 385 mA Vce .. MAX 

Output Off Current (High) 10ZH - 20 iJA Vce .. MAX. VOUT .. 2.4 V 

Outgut Off Current (Low) 10ZL - -20 iJA Vce .. MAX. VOUT .. 0.4 V 

AC TEST C2RCUIT - AC Testing of All Outputs 

r--------------., 
Vce" 5.0 V 

i 6.5 V 

1000 n 

Pin Under Test . 
~ 
30 

~L __ .r2'4'""" CL' ". ,F I 500 n 

L _______________ _ 

NOTES: 
1. Not applicable to open-collec:tor outputs. 
2. ~ more than one output should be shorted at a time for longer than one second. 
3. CS Low to eLl< High (Setup Timel of 15 ns Min must be observed. 
4. iACX Low to eLl< High and iAa<iN Low to eLl< High (Setup limesl of 15 ns Min must be observed. 
S. See Table 1 for additional performance guideline .. 

'-------® MOTOROLA Semiconductor Products Inc. 
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AC ELECTRICAL SPECIFlCAnONS (Vce .. 5.0 V -5%. TA - O"C to 7O"C) -
Paramner 

ClK High to Data Out Valid (oelay)(3) 
ClK High to oT ACK low (Delay)(3) 
CS High to oTACK High (Delay) 
ClK High to Data Out Valid (0e1Iy)(4) 
ClK High to iNi'AE low (0eIay)(4) 
lACK High to .Q!!!.Qut High Impedance (Delay) 
lACK High to oT ACK High (DeilY) 
CS High to Data Out High (Delay) 
CS High to IRO High (Delay) 
lACK High to INT AE High (Delay) 

GENERAL DESCRIPTION 

The MCsa153 Bus Interrupter Module (BIM) is de­
signed to serve as an interrupt requester for peripheral 
devices in a microcomputer system. Up to 4 indepen­
dent devices can be interfaced to the system bus by the 
MC6S'53. Intended for asynchronous master/slave bus 
operation. the BIM is compatible with VERSAbus. VME­
bus. MC6S000 device bus. and other system buses. Fig­
ure , 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 parallel 1/0, serial 1/0. or some other 
function. An interrupt request from any device is routed 
to the MC6S'53, and the BIM handles all interface to 
the system bus. It generates a bus interrupt request as 
a result of the device interrupt request. When the system 
interrupt handler or processor responds with an inter­
rupt acknowledge cycle, the MCsa'53 can answer sup­
plying an interrupt vector and handling ali timing. ' 

The functional block diagram of the MCsa'53 is 
shown in Figure 2. The device contains circuitry to ac­
cept four separate interrupt sources (INTO - iNT3). In­
terface to the system bus includes generation of bus 
interrupt requests (IRO, - IR07l. 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 81M has 
flexibility provided by eight programmable readlwrite 
registers. Four 8-bit vector registers (VRO - VR3) contain 
statusladdress information and supply a byte vector in 
response to an interrupt acknowledge cycle for the cor­
responding interrupt source. Four other 8-bit control 
registers (CRO - CR3) contain information that oversees 
operation of the interrupt circuitry. The control infor­
mation is programmable and includes interrupt request 
level and interrupt enable and disable. Also contained 
in the control registers are flag-bits. These flags are 
useful tor task coordination, resource management, and 
interprocessor communication. 

Test Max 
Numberl51 Ina' 

1 55 
2 40 
3 35 
4 55 
5 40 
6 60 
7 45 
8 45 
9 60 
10 35 

SIGNAL DESCRIPTION 

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

BIDIREC'nONAL DATA BUS - DO - D7 
Pins DO - 07 form an 8-bit bidirectional data bus tol 

from the system bus. These are active high, 3-state pins. 

ADDRESS INPUTS - A1 - A3 
These active high inputs serve two functions. One 

function is to select one of the eight possible registers 
during a read or write cycle. Secondly, during an inter­
rupt acknowledge A 1 - A3 show the level of interrupt 
being acknowledged, and the BIM uses these to deter­
mine if a match exists with an intemallevel. 

CHIP SELECT - CS 
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. 

READIWRITE - Rfij 
The RIW input is a signal from the system bus used 

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

DATA TRANSFER ACKNOWLEDGE - DTACK 
OTACK is an open-collector, active low output that 

signals the completion of a read, write, or interrupt ac­
knowledge cycle. During read or interrupt acknowledge 
cycles, OT ACK is asserted by the MC6S'53 after data 
has been provided on the data bus; during write cycles 
it is asserted after data has been accepted from the data 
bus. A pullup resistor is required to maintain DTA'CK 
high between bus cycles. 

~----. ® MOTOROI..A Semiconductor Products Inc. 
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FlGURE 2 - MCSS153 FUNCTlONAL BLOCK DIAGRAM 
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FIGURE 3 - LOGICAL PIN ASSIGNMENT 
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INTERRUPT ACKNOWLEDGE SIGNALS - lACK. 
lACKJN, IACKOUT 

These three pins support the interrupt acknowledge 
cycle. A low level on the lACK input indicates an inter­
rupt acknowledge cycle has been initiated. This signal 
is conditioned externally with Address Strobe and the 
lower data strobe of an MC68000 type bus. After lACK 
is asserted the 81M compares the interrupt level pre­
sented on address lines A 1, A2, and A3 with the current 
levels generated internally and determines if a match 
exists. Then, if input IACKIN is asserted (driven lowl, 
the 81M will either complete the interrupt acknowledge 
cycle if a match exists or assert output IACKOUT if no 
match exists. 

IACKIN and ""'IA""'C""K""'O=-U:-=:T form part of a prioritized inter­
rupt acknowledge daisy chain. The daisy chain priori­
tizes interrupters and guarantees that two or more de­
vices requesting an interrupt on the same level will not 
respond to the same cycle. The requesting device (or 
interrupterl must wait until iACKiFJ 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 interrupt is requested at the corre­
sponding level. An open-collector buffer is normally re­
Quired for sufficient drive when interfacing to a system 
bus. A pullup resistor is required to maintain IRQ1 -
IRQ7 high between interrupt requests. 

BIM 

-

iNTO 
iN'fi 
iN'i'2 
INn 

INTAE 
INTALO 
INTAL1 

DEVICE INTERRUPT REQUEST SIGNALS -
INTO-INn 

INTO - INn are active low inputs used to indicate to 
the 81M that a device wants a bus interrupt. 

INTERRUPT ACKNOWLEDGE ENABLE - INTAE 
During an interrupt acknowledge cycle, this output 

pin is asserted low to indicate that outputs INTALO and 
INTAL 1 are valid. These two outputs contain an encoded 
number (xl corresponding to the interrupt (lNTxl beir,lg 
acknowledged. This feature can be used to signal in­
terrupting devices, which supply their own vector, when 
to respond to the interrupt acknowledge cycle with the 
vector and a DT ACK signal. 

INTERRUPT ACKNOWLEDGE LEVEL. - INTALO, 
INTAL1 

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

CLOCK-CL.K 
The ClK input is used to supply the clock for internal 

operations of the MC681S3. 

RESET - CS, lACK 
Although a reset input is not supolied, an on-board 

reset is performed if CS and lACK are asserted 
simultaneously .. 
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FlOURE 4 - Mca153 REGISTCR MODEl. 

/~ ~ ~ «.: 
~ ~?" 1v'<, C;V 

~" '<,?" ~ ~ ~Cf ~ 

~r~~ ~" 
~'" ~~ ~~ ~~ 

ADDRESS BIT :J"~ 
~ ?' '<,~ ~~ ~~ SO ~ ~V; ~V; 

~~ 
~V; 

AJ A2 Al « « '<" ~ ~ ~ 

0 0 0 , F FAC I XlIN I IRE IIRAC' L2 Ll I 
0 0 1 F , FAC XlIN , IRE 'IRAC L2 Ll I 
0 1 0 F FAC XlIN I IRE IRAC! L2 Ll I 
1 1 1 F FAC XlIN IRE IRAel L2 Ll ! 

1 0 , 0 V7 V6 V5 V4 I V3 V2 V1 I 
1 0 1 V7 V6 I VS V4 V3 V2 V1 , 

1 1 , 0 V7 V6 V5 V4 V3 V2 V1 i 
1 1 1 V7 V6 V5 V4 V3 V2 V1 I 

7 6 5 4 3 2 
REGISTER BIT 

REGISTl:R DESCRIPTlON 
The MCSS,63 contains 8 programmable read/write 

registers. There are four control registers (CRO - CR3) 
that govern operation of the device. The other four 
(VRO - VR3) are vector registers that contain the vector 
data used during an interrupt acknowledge cycle. Figure 
4 illustrates the device register model. 

CONTROL REGISTl:RS 
There is a control register for each interrupt source, 

i.e .• CRO controls INTO. CR, controls INT1. etc. The con­
trol registers are divided into several fields: 

1. Interrupt level (L2. L 1, LO) - The least significant 
3-bit field of the register determines the level at 
which an interrupt will be generated: 

L2 L 1 LO IRQ LEVEl. 

a 0 
o 0 
o , 
o , 

o 
o , , 

0 , 
0 , 
0 , 
Q , 

DISABLED 
IRQ, 
IRQ2 
IRQ3 
IRQ4 
IRQS 
IRQS 
IRm 

A value of zero in the field. disables the interrupt. 

1 

2. Interrupt Enable (lRE1- This field (Bit 4) must be set 
(high level) to enable the bus interrupt request as­
sociated with the control register. Thus. if the INTX 
line is asserted and IRE is cleared. no interrupt re­
quest (lRGX) will be asserted. 

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

LO 

LO 

LO 

LO 

VO 

VO 

VO 

VO 

0 

I 

I 
I 

CONTROL REGISTER 0 

CONTROL REGISTER 1 

CONTROL REGISTER 2 

CONTROL REGISTER 3 

VECTOR REGISTER 0 

VECTOR REGISTER 1 

VECTOR REGISTER 2 

VECTOR REGISTER 3 

REGISTER 
NAME 

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

4. External/Internal (X/IN) - Bit 5 of the control register 
deterrnines the response of the MCSS1S3 during an 
interrupt acknowledge cycle. If the X1IN bit is clear 
(low level) the aiM wiil respond with vector data and 
a DTACl< signal, i.e., an internal response. If X1IN is 
set. the vector is not supplied and no DTACK is given 
by the BIM, i.e .• an external device should respond. 

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

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

VECTOR REGISTERS 
Each interrupt input has its own associated vector 

register. Each register is 8 bits wide and supplies a data 
byte during its interrupt ackl!£wledge cycle if the as­
sociated External/Internal (X/IN) control register bit is 
clear. This data can be status, identification, or address 
information depending on system usage. The infor­
mation is programmed by the system user. 

OEVICS RESET 
When the MCS8153 is reset, the registers are set to a 

known condition. The control registers are set to all 
zeros (lowl. The vector registers are set to SOF. This 
value is the MCS8000 vectorfor an uninitialized interrupt 
vector. 
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FUNCTIONAL DESCRIPTION 

SYSTEM OVERVIEW 
The MCSS'53 is compatible with many system buses, 

however, it is primarily intended for VMEbus, VERSA­
bus and MCSSOOO applications. Figure 5 shows a system 
configuration similar to VMEbus. In the figure only one 
system Data Transfer Bus (OTB) master is used. The 
Priority Interrupt structure provides a means for pe­
ripheral slave devices to ask for an interrupt of other 
processor (OTB master) activity and receive service 
from the processor. The MCSS' 53 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 Interrupt Handler. An Interrupter (such 
as the MCSS'53) receives slave requests for an interrupt 
and handles all interface to the system bus required to 
ask for and respond to interrupt requests. The Interrupt 
Handler receives the bus interrupt requests, determines 
when an interrupt acknowledge will occur and at which 
level; and finally either performs the interrupt acknowl­
edge (lACK) cycle or tells the OTB master to execute the 
lACK cycle. 

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

,. IRC, "-IRC7" - seven prioritized interrupt re­
quest lines. 

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

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

In addition Data Transfer Bus control signals are in­
volved in the lACK bus cycle: 

,. AS" - the Address Strobe asserted low indicates 
a valid address is on the bus. 

2. 050" - the lower Data Strobe asserted low in­
dicates a data transfer will occur on bus 
bits 000-007. 

3. WRITE" - the ReadlWrite is negated indicating 
the data is to be read from the Inter­
rupter. 

4. A01-A03 - Address lines A01-A03 contain the 
encoded priority level of the lACK 
cycle. 

5. 000-007 - Data bus lines 000-007 are used to 
pass the interrupt vector from the re­
sponding Interrupter to the Interrupt 
Handler. 

S. DTACK" - Data Transfer Acknowledge asserted 
low signals that the Interrupter has 
put the vector on the data bus. 

FIGURE 5 - SIMPLE VMEbus CONFIGURATION 

r---------, r---------.., r-----------------------, 
I I I II 
I II I I 
I DTB I I II II 
I II I I 
I I I II 
I I I II 
I I I II 
Ii: I( i II II 
I I I Interrupter I I 
I I I <D I I 
I II I I 
I I I II 
I I I • II 
I II ~ II 

I 
I 
I 
I 
I 
I _________ ...1 

L__ ____ -..I Lz 5 L_ 
i2 ~ ~ ___ To Next Interrupter 

{ ~ ~ 
Data Transter 

Sy~:m L.-----------------------------------,r Bus 
Priority 

Interrupt 
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Figure 6 shows a flow diagram of a typical interrupt 
request and acknowledge operation. Briefly. the se­
quence of events is first. an Interrupter makes a request. 
next the Handler responds with an lACK cycle. then the 
Interrupter passes a vector to the Handler completing 
the lACK cycle. and finally the Handler uses the vector 
to determine additional action. Typically. an interrupt 
service routine is stored in software and the vector 
points to its starting address. 

Note the daisy chain operation. If the lACK level (on 
A01-A03) does not match the Interrupter's request level 
or if no request is pending. the Interrupter passes the 
IACKIN* signal on and asserts IACKOUT·. This sequen­
tial action automatically prioritizes Requesters on the 
same level (first one in line with a request pending gets 
serviced) and prevents two or more Interrupters from 
responding simultaneously. 

RGURE 6 - INTEFIRUPT REQUEST AND ACKNOWLEDGE 
OPERATION FlOW DIAGRAM 

INTERRUPTER 
~ 

(Slave B 
Requests Interrupt) 
Drive IRQ4" Low 

I 

INTERRUPTER 
ID 

(Daisy Chain) 

INTERRUPT 
HANDLER 

Detect IRa" Low. 
Initiate lACK Cycle: 
Place 3-bit 
level 4 code on A01-A03. 
Drive lACK· Low 
(causing lACK" 
Daisy Chain to go Low.) 
Drive AS· to Low. 
Drive Write· High. 
Dri"e 050· to Low. 

~------------~( ~(--------( ~(-------------~ 
~ 

Detect lACK" Low. 
Detect AS· Low. 
Check 3-bit Interrupt 
Acknowledge Code 
(Detect Match). 
Detect 050" Low. 
Detect IACKIN· Low 
from Daisy Chain. 
Place Vector Byte 
on Data Bus. 
Drive DTACK· to Low·. 

I 

Detect DT ACX:· Low. 
Read Vector. 
Release lACK Cycle. 
Initiate Interrupt 
Service Sequence 

'--------® MOTOROLA Semiconductor Products Inc . . _____ ...J 



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. Also, the MC68153 can be used with other 
buses having similar interrupt structures. 

BIM BUS INTERFAC;:E 
Figure 7 shows a simplified block diagram of the 

MC68153 interface to VERSAbus or VMEbus. Address 
Decode and Control Decode are dependent on the ap­
plication and must be designed to guarantee BIM ac 
specifications. It is possible in most cases that the de­
code logic can be shared with the slave devices. Buffers 
are 'provided where shown to comply with bus loading 
and drive speCifications. It is also possible that buffers 
can be shared with the slave bus interface. 

REAOIWRITE OPERATlON 
All eight BIM registers can be accessed from the sys-

tem bus in both read and write modes. The BIM has an 
asynchronous bus interface, primarily designed for 
MC68000-like buses. The following signals generate 
read and write cycles: Chip Select (CS), ReadlWrite (RI 
W), Address Inputs (A 1-A3), Data Bus (00-07). and Data 
Transfer Acknowledge (OT ACK). During read and write 
cycles the internal registers are selected by A1, A2, and 
A3 in compliance with the Figure 4 Truth Table. 

Figure 8 shows the device timing for a read cycle. RI 
Wand A 1-A3 are latched on the falling edge of CS and 
must meet specified setup and hold times. Chip access 
time for valid data and OTACK are dependent on the 
clock frequency as shown in the figure. 

Figure 9 shows the device timing for a write cycle. RI 
W, A1-A3, and 00-07 are latched on the falling edge 
of CS and must meet specified setup and hold times. 
Chip access time for OT ACK is dependent on the clock 
frequency as shown in the figure. 

RGURE 7 - VMEbusNERSAbul INTERFACE BLOCK 
DIAGRAM 
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FIGURE 8 - READ CYCLE 

cU<: 

A3-A1 Address Valid 

07-00 

FIGURE 9 - WRITE CYCLE 

cU<: 

A3-A1 Address Valid 

07-00 
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INTERRUPT REQUESTS 
The MCSS'53 accepts device- interrupt requests on 

inputs INTO. INT,. INT2. and INn. Each input is regu­
lated by Bit 4 (IRE) of the associated control register 
(CRO controls INTO. CR' controls INT,. etcl. If IRE (In­
terrupt Enablel is set and a device input is asserted. an 
Interrupt Request open-collector output (lRQ'-IRQ7) is 
asserted. The asserted IROX output is selected by the 
value programmed in Bits O. ,. and 2 of the control 
register (LO. L'. and L2). This 3-bit field determines the 
interrupt request level as set by software. 

Two or more interrupt sources can be programmed 
to the same request level. That IROX output will remain 
asserted until multiple interrupt acknowledge cycles re­
spond to all requests. 

If the interrupt request level is set to zero. the interrupt 
is disabled because there is no corresponding IRQ out­
put. 

INTERRUPT ACKNOWLEDGE 
The response of an Interrupt Handler to a bus inter­

rupt request is an interrupt acknowledge cycle. The 
lACK cycle is initiated in the MC6S153 by receiving iACR 
low. RIW. A 1. A2. A3 are latched. and the int~rrupt level 
on line A 1-A3 is compared with any interrupt requests 
pending in the chip. Further activity can be one of four 
cases: 

,. No further action required - This occurs if iAC'KiN 
is not asserted. Asserting lACK only starts the BIM 
activity. If the daisy chain signal never reaches the 
MC6S153 (lACKIN is not asserted). another Inter­
rupter has responded to the lACK cycle. The cycle 
will end. the chip lACK is negated. and no addi­
tional action is required. 

2. Pass on the interrupt acknowledge daisy chain -
For this case. IACKIN input is asserted by the pre­
ceding daisy chain Interrupter. and IACKOUT out­
put is in tum 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 (IRE) bit of a control 
register can disable any interrupt requests. and in 
tum. any possible matches. 

3. Respond internally - For this case. IACKIN is as­
serted and a match is found. The MCSS153 com­
pletes the lACK cycle by supplying an interrupt 
vector from the proper vector register followed by 
a DTACK signal asserted. IACKOUT is not asserted 
because the interrupt acknowledge cycle is com­
pleted by this device. 

For the MCSS153 to resoond in this mode of op­
eration, the EXTERNAL INTERNAL control register 
bit (X/IN) must be zero. For each source of interrupt 
request, the associated control register determines 
the BIM response to an lACK cycle, and the x/IN 

bit sets this response either internally (x/IN ... 0) 
or externally (x/IN - 1). 

4. Respond externally - For the final case, IACKIN is 
also asserted. a match is found and the associated 
control register has X/iN bit set to one. The 
MC6S1S3 does not assert IACKOUT and does as­
sert INT AE low. iNm signals th,at the requesting 
device must complete the lACK cycle (supplying a 
vector and iSTACK) and that the 2-bit code con­
tained on outputs INTALO and INTAL 1 shows 
which interrupt source is being acknowledged. 

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

Internal Interrupt Acknowledge 
For an internal interrupt acknowledge to occur. the 

following conditions must be met: 

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

2. lACK asserted. 

3. A match exists between IA3, A2. A' I and the IL2. 
L'. LOI field of an enabled. requesting control reg­
ister. If two or more devices are requesting at the 
same interrupt level. preference is given to the 
highest number requester, that is. INT3 has highest 
priority and INTO has lowest. 

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

5. IACKIN asserted. 

The internal interrupt acknowledge cycle timing is 
shown in Figure '0. The S-bit interrupt acknowledge 
vector is presented to the data bus and DT ACK is a~­
serted. Note also that INTALO and INTAL' are valid and 
INT AE is asserted during this cycle although they would 
normally not be used. The cycle is terminated (data and 
DT ACK released) after lACK is negated. 

During the lACK cycle. the INTERRUPT AUTO-CLEAR 
control bit (lRAC) comes into play. If the IRAC = one 
for the responding interrupt source, the INTERRUPT EN­
ABLE (IRE) bit is automatically cleared during the lACK 
cycle, thus disabling the associated interrupt input and 
any IROX output asserted due to this interrupt input. 
Before another interrupt can be requested from this 
source, IRE must be set to one by writing to the control 
register. 

Note that IACKOUT is not asserted because this de­
vice is responding to the lACK and does not pass the 
daisy chain signal on. Also, new device interrupt re­
quests occurring on INTO-INn after lACK is asserted 
are locked out to prevent any race conditions on the 
daisy chain. 
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FIGURE 10 - INTERRUPT ACKNOWLEDGE CYCU! - INTERNAL VECTOR 

C1.X 

AJ-A1 

07-00 

INTALO.INTAL1 

External Interrupt Acknowledge 
For an external interrupt acknowledge. the same con­

ditions as listed above are met with one exception. Con­
trol register bit XlIN of matching interrupt source must 
be set to one. The timing is shown in Figure 11. For this 
cycle. the interrupt vector and DTACK must be supplied 
by an external device. INTAE is asserted indicating that 
INTALO and INTAL1 are valid. The external device can 
use these signals to enable the vector and DTACK. The 
cycle is terminated after JACK is negated. 

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

Pass On lACK Daisy Chain 
If the MCS8153 has no interrupt request pending at 

the same level as the interrupt acknowledge. the lACK 
daisy chain signal is passed on to the next device if 
IACK1N is asserted. The following conditions are thus 
met: 

1. lACK asserted. 
2. No match exists between [A3. A2. A 1 J and the [L2. 

L 1. LOI field of an enabled, requesting control reg­
ister. 

3. iAC'RiN is asserted. 
IACKOUT is asserted if these conditions are valid. This 

output drives IACKIN of the next Interrupter on the daisy 
chain. passing the signal along. Figure 12 shows the 
timing for this case. IACKOUT is negated after JACK is 
negated. 
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FIGURE 11 - INTERRUPT ACKNOWLEDGE CYCLE - EXTERNAL. VECTOR 
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FIGURE 12 - INTERRUPT ACKNOWLEDGE CYCLE - IACKOUT 
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CONTROL REGISTER FlAGS 
Each control register contains a Flag bit (F) and a Flag 

Auto-Clear bit (FAC). 80th 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 status 
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 
MC5S000 Test and Set (TAS) instruction. 

The Flag Auto-Clear (FAC) is used to manipulate the 
Rag bit. If the Flag is set to one and the FAC is also one, 
an interrupt acknowledge cycle to the associated' inter­
rupt source clears the Flag bit. This feature is useful in 
determining the interrupt status and passing messages. 

RESET 
There is no reset input. however. a chip reset is ac­

tivated by asserting both CS and lACK simultaneously 
(Figure 13). These inputs should be held low for a min­
imum of two clock cycles for a full reset function. The 
control registers are reset to all zeroes and the Vector 
Registers are set to a value of SOF. This vector value is 
the uninitialized vector for the MCSSOOO. See the 
MCSSOOO 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 clocle:. 
Any frequency can be used, however, up to 25 MHz 
(Figure 141. 

FIGURE 13 - RESET 

FIGURE 14 - CLOCK WAVEFORM 

cue 
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Number i 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 

NOTES: 

TABLE 1 
AC .DERFORMANCE SPECIRCATlONS 

(VCC - 5.0 V = 5%. T A - O·C to 70"C) 

Characteristic 

RfW. Al-A3 Valid to CS Low (Setup Timej 
CS Low to RiW. Al-A3 Invalid (Hold Timej 
CS Low toCLK High (Setup Timej 
CLK High to Data Out Valid (Delayj 
CLK High to DTACK Low (Delay) 

DT ACK Low to CS High 
CS High to DT ACK High (Delay) 
CS High to Data Out Invalid (Hold Time) 
CS High to Data Out High-Impedance (Hold Time) 
CS High to CS or lACK Low 

Data In Valid to CS Low (Setup Time) 
CS Low to Data In Invalid (Hold Time) 
DTACK High to Data Out High-Impedance 
lACK Low to ClK High (Setup Time) 
Al-A3 Valid to lACK Low (Setup Time) 

lACK Low to A l-A3 InvalTd (Hold Time) 
iAcKiN Low to CLK High (Setup Time) 
CLK High to Data Out Valid (Delayj 
CLK High to DTACK Low (Delay) 
CLK High to INTAE low (Delay) 

DTACK Low to IACKIN High 
DTACK Low to lACK High 
lACK High to Data Out Invalid (Hold Time) 
lACK High to Data Out High Impedance (Delay) 
lACK High to DT ACK High (Delay) 

lACK High to INTAE High (Delay) 
INTALO. INTAL 1 Valid to INTAE Low (Setup Time) 
INTAE High to INTALO. INTAL1 Invalid (Hold Time) 
lACK High to IRQx Hig~(Delay) 
lACK High to lACK or CS Low 

CLK High to IACKOUT Low (Delay) 
IACKIN Low to IACKOUT Low (Delay) 
IACKOUT Low to IACKIN. lACK High 
lACK High~ IACKOUT High (Delay) 
lACK and CS both Low to ClK High (Setup Time) 

CLK Hig~o iACK or CS High (Hold Time) 
lACK or CS High to lACK and CS High (Skew) 
Clock Rise Time 
Clock Fail Time 
Clock High Time 

Clock Low Time 
Clock Period 

Min Max Units Notes 

10 - • ns 
5.0 - ns 
15 - ns 1 - 55 ns 2 - 40 ns 2 

0 ns - 35 ns 10 
0 - ns 
- 50 ns 
20 - ns 

10 - ns 
5.0 - ns 
- 25 ns 10 
15 - ns 1 
10 - ns 

5.0 - ns 
15 - ns 1.8 - 55 ns 3 
- 40 ns 3 
- 40 ns 3 

0 - ns 8 
0 - ns 
0 - ns 
- SO ns 
- 45 ns 10 

- 35 ns 
1.0 2.0 . CLK Per 
1.0 2.0 ClK Per 
- 50 ns 7.10 
20 - ns 

- 40 ns 5 
- 30 ns 4. 8 
0 - ns 8 
- 35 ns 
15 - ns 9 

0 - ns 

- 1.0 CLK Per 6 
- 10 ns 

- 10 ns 
20 - ns 

I 

20 

I 
- ns 

40 - ns 

1. This specification only applies if the VBIM had completed'all operations initiated by the previous bus cycle when CS or iACK was asserted. Following 
a normal bus cycla. all operations are completed within 2 clock cycles after CS or lACK have been negated. If lACK or CS is asserted prior to 
completIon of these operations. the n_ cycle. and hence. D'i'ACK is postponed. 

If the iACK. IACKIN or CS setup time is violated. D'i'ACK may be asserted as snown. or may be asserted one clock cycle later (i.e. iACK will not be 
recognized until the next rising edge of the clock!. 

2. Assumes that 3 has been met. 

3. Assumes that 14 and l' have both been met. 

4. Assumes that 14 has been met. IIACKOUT cannot go low orior to i'ACKiN going lowi. 

S. Assumes that 14 nas been met and iACKiN has been low for at least the amount of time speCified by 33. 

6. 38 is the mInimum sk_ between the last momem when both lACK and CS are asserted to when both are negated. to insure that an access cycle 
is not unintentionally started. 

7. Assumes no other INTx input is causing IRO>< to be driven low. 

8. In non-dalSY chain systems. IACKIN may be tied low. 

9. Failure to meet this spec. causes RESET to be ignored for 1 clock period. It is then necessary to keep these signals low for 3 clock periods instead 
of 2. 

10. Delay time is specified from Input signal to Open·Coliector Output pulled High thru 1.0 ill resistor to ... 6.5 V. 
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Advance Infor:rn.ation 

MC68230 PARALLEL INTERFACE/TIMER 

The MC68230 Parallel Interface/Timer provides versatile double buf­
fered parallel interfaces and an operating system oriented timer to 
MC68000 systems. The parallel interfaces operate in unidirectional or 
bidirectional modes, either 8 or 16 bits wide. In the unidirectional 
modes, an associated data direction register determines whether the 
port pins are inputs or outputs. In the bidirectional modes the data 
direction registers are ignored and the direction is determined 
dynamically by the state of four handshake pins. These programmable 
handshake pins provide an interface flexible enough for connection to a 
wide variety of low, medium, or high speed peripherals or other com­
puter systems. The PIIT ports allow use of vectored or autovectored in­
terrupts, and also provide a DMA Request pin for connection to the 
MC68450 Direct Memory Access Controller or a similar circuit. The PI/T 
timer contains a 24-bit wide counter and a 5-bit prescaler. The timer 
may be clocked by the system clock IPIIT ClK pin) or by an external 
clock ITI N pin), and a 5-bit prescaler can be used. It can generate 
periodic interrupts, a square wave, or a single interrupt after a pro­
grammed time period. Also it can be used for elapsed time measure­
ment or as a device watchdog. 

• MC68000 Bus Compatible 

• Port Modes Include: 
Bit 1/0 
Unidirectonal 8-Bit and 16-Bit 
Bidirectional 8-Bit and 16-Bit 

• Selectable Handshaking Options 

• 24-Bit Programmable Timer 
• Software Programmable Timer Modes 

• Contains Interrupt Vector Generation logic 

• Separate Port and Timer Interrupt Service Requests 
• Registers are ReadlWrite and Directly Addressable 

• Registers are Addressed for MOVEP IMove PeripheraD and DMAC 
Compatibility 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 

MC68230LS 
MC68230Ll0 

HMOS 
(HIGH-DENSITY N-CHANNEL 

SILICON-GATE) 

PARALLEL INTERFACE/TIMER 

P SUFFIX 
PLASTIC PACKAGE 
AVAILABLE 2Q82 

CERAMIC PACKAGE 
CASE 740 

PIN ASSIGNMENT 

05 D4 

D6 03 

07 02 

PAO 01 

PAl 00 

PA2 R/iii 

PA3 6'i'AcK 
PA4 Cs 
PA5 ClK 

PA6 RESET 
PA7 VSS 

VCC P C7 / Ti'A"CK 
Hl PC6/PiACK 

H2 PC5/'Pi'Ro 

H3 PC4/5MAREO 

H4 PC3ITOUT 

PBO PC2ITIN 

PBl PCl 

PB2 PCO 

PB3 RSl 

PB4 RS2 

PB5 RS3 

PB6 RS4 

PB7 RS5 
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FIGURE 1 - PIIT SYSTEM BLOCK DIAGRAM 
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mET elK vee vss 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in °C can be obtained from: 

T J =TA + IPOeIJJA) 
Where: 

T A-Ambient Temperature, °C 
IJJA - Package Thermal Resistance, Junction-to-Ambient, °C/W 

Po - PINT + PPORT 
PINT-ICC x VCC, Watts - Chip Internal Power 
PPORT- Port Power Oissipation, Watts - User Oetermlned 

~ ~ 

.. 

PAO-? 
PSO-? 
Hl 
H2 
H3 
H4 
PC41 
DMAREQ 
PC2/TIN 
PCl 
PCO 

(1) 

For most applications PPORT<C PINT and can be neglected. PPORT may become significant If the device is configured to 
drive Oarlington bases or sink LEO loads. . 

An approximate relationship between Po and T J lif PPORT is neglected) is: 
PO= K +- IT J + 273°C) 12) 

Solving equations 1 and 2 for K gives: 

K=POeITA+273"CI +IJJAeP02 13)" 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po lat equilibrium) 

for a known T A. Using this value of K the values of Po and T J can be obtained by solving equations (1) and 12) iteratively for any 
value of T A. 

® MOTOROLA Semiconductor Products Inc. 
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MAXIMUM RATINGS 
Characteristics Symbol Velue Unit This device contains circuitry to protect the 

Supply Voltage VCC -0.3 to + 7.0 V inputs against damage due to high static 
voltages or electric fields; however, it is ad-

Input Voltage Yin -0.3 to + 7.0 V vised that normal precuations be taken to 
OperatIng Temperature Range _ TA o to 70 DC avoid application of any voltage higher than 
Storage Temperature Tstg -55 to +150 DC maximum-rated voltages to this high-

impedance circuit. Reliability of operation is 

THERMAL CHARACTERISTICS 
enhanced if unused inputs are tied to an ap-
propriate logic voltage levelle.g., either VSS 

Characteristics Symbol Value Rating or VCC). 

Thermal ResIstance 
Ceramic (JJA 50 DC/W 

DC ELECTRICAL CHARACTERISTICS IV CC = 5.0 Vdc ± 5%, T A = 0 to 70DC unless otherwise noted) 
Characteristics Symbol Min Max Unit 

Input High Voltage All Inputs VIH VSS+2.0 VCC V 
Input Low Voltage , All Inputs VIL VSS-0.3 VSS+O.B V 

Input LeaKage Current IVln - 0 to 5.25 V) Hl, H3, R/W, FftSET, CLK, RS1-RS5, CS lin - 10.0 ,.A 
Three-State (Off State) Input Current IVln - 0.4 to 2.4) DTACK, PCO-PC7, 00-07 

ITSI 
- 20 ,.A 

H2, H4, PAO:PA7, PBO-PB7 -0.1 -1.0 mA 

Output High Voltage 
"Load= -400,.A, Vcc=mln) of ACK, 00-07 

VOH VSS+2.4 - V 
"Load= - 150 ,.A, Vcc=min) H2, H4, PBO-PB7, PAO-PA7 
"Load= -100,.A, Vcc=min) PCO-PC7 

Output Low Voltage 
PC3/TOUT, PC5/PIRQ liLoad=B.BrnA. Vcc=mon) 

VOL - 0.5 V 
"Load=5.3mA, Vcc=mln) 00-07, DfA'CK 
IILoad=2.4mA, Vcc=mon) PAO-PA7, PBO-PB7, H2, H4, PCO-PC2, PC4, PC6, PC7 

Internal Power DIssIpatIon (Measured at T A - ODC) PINT - 500 mW 

Input CapacItance (Von=O, TA=25°C, 1=1 MHz) Cin - 15 pF 

CLOCK TIMING (See Figure 2) 

8MHz 10 MHz 
Characteristic Symbol MC68230LS MC68230L10 Unit 

Min Max Min Max 

Frequency of OperatIon f 2.0 B.O 2.0 10.0 MHz 

Cycle Time tcvc 125 500 100 500 ns 

Clock Pulse Width tCl 55 250 45 250 
tCH 55 250 45 250 

ns 

ClocK Rise and Fall Times tCr - 10 - 10 
ns 

tCf - 10 - 10 

FIGURE 2 - INPUT CLOCK WAVEFORM 

tcyc 

f--.tCl I---:=tCH 
I 

2.0 V 
O.B V 1 Y '--tCr f-tCf 
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AC ELECTRICAL CHARACTERISTICS IVCC=5 0 Vdc ±5% VS=O Vdc TA=OoC to 70°C) 
8MHz 10 MHz 

Number Characteristic MC68230LB MC68230l10 Unit 
Min Max Min Max 

1 R/W, RS1-RS5 Valid to CS low ISetup Time) 0 - 0 - ns 

2110) CS low to R/W and RS1-RS5 Invalid IHoid Time) 100 - 65 - ns 

3(1) CS low to ClK low ISetup Time) 30 - 20 - ns 

4(2) ~ low to data Out Valid !Delay) - 75 - 60 ns 

5 RS1-RS5 Valid to Data Out Valid !Delay) - 140 - 100 ns 

6 ClK low to DTACK low IRead/Write Cycle) !Delay) 0 70 0 60 ns 

7(3) DTACK low to CS High IHoid Time) 0 - 0 - ns 

8 CS or PlACK or TIACK High to Data Out Invalid IHoid Time) 0 - 0 - ns 

9 CS or PlACK or TIACK Hioh to 00-07 High-Impedance !Delay) - 50 - 45 ns 

10 CS or PlACK or TIACK High to DTACK High (Delay) - 50 - 30 ns 

11 CS or PlACK or TIACK High to DTACK High Impedance !Delay) : - 100 - 55 ns 

12 Data Invalid to CS low ISetUQ Time) 0 - 0 - ns 

13 CS low to Data In INvalid (Hold Time) 100 - 65 - ns 

14 Inout Data Valid to HlIH3) Asserted (Setup Time) 100 - 60 - ns 

15 Hl(H3) Asserted to Input Data Invalid IHoid Time) 20 - 20 - ns 

16 HandShake Inout HlIH4) Pulse Width Asserted 40 - 40 - ns 

17 HandShake Input (Hl-H4) Pulse Width Negated 40 - 40 - ns 

18 H1IH3) Asserted to H2(H4) Negated !Delay) - 150 - 120 ns 

19 ClK low to H2(H4) Asserted !Delay) - 100 - 100 ns 

20(4) H2(H4) Asserted to HlIH3) Asserted 0 - 0 - ns 

2115) ClK low to H2(H4) Pulse Negated IDelay) - 125 - 125 ns 

2219, 11) Synchronized HlIH3) to ClK low on which DMAREQ is Asserted 2.5 3.5 2.5 3.5 ClK Per 
ISee Figures 13 and 14) 

23 ClK low DMAREQ is Asserted to ClK low on which DMAREQ is Negated 3 3 3 3 ClK Per 

24 . ClK low to Outout Data Valid (Delay) (Modes 0, 1) - 150 - 120 ns 

2519 11) Synchronized HlIH3) to Outout Data Invalid IModes 0, 1) 15 2.5 i .5 2.5 ClK Per 

26 Hl Negated to Output Data Valid IModes 2,3) - 70 - 50 ns 

27 Hl Asserted to Output Data High Impedance IModes 2, 3) 0 70 0 70 ns 

28 Read Data Valid to DTACK low ISetup Time) 0 - 0 - ns 

29 ClK low to Data Output Valid !lnterruot Acknowledge Cycle) - 120 - 100 ns 

3017) H1IH3) Asserted to ClK High (Setup Time) 50 - 40 - ns 

31 PlACK or TIACK low to ClK low (Setup Time) 50 - 40 - ns 

32(11) Synchronized CS to ClK low on which DMAREQ is Asserted 3 3 3 3 ClK Per 
(See Figures 13 and 14) 

3319, 11) Synchronized HlIH3) to ClK low on which H2(H4) is Asserted 3.5 4.5 3.5 4.5 ClK Per 

34 ClK low to DT ACK low !lnterruot Acknowledge Cycle !Delay) - 75 - 60 ns 

35 ClK low to DMAREQ low !Delay) 0 120 0 100 ns 

36 ClK low to DMAREQ High (Delay) 0 120 0 100 ns 

- ClK low to PIRQ low or Hiah Im~edance - 200 - 150 ns 

-(8) TIN Frequency (External Clock) - Prescaler Used 0 1 0 1 FclklHzH6) 

- TIN Frequency (External Clock) - Prescaler Not used 0 1/32 0 1/32 FclklHzli6) 

- TIN Pulse Width High or low (External Clock) 55 - 45 - ns 

- TIN Pulse Width low IRun/Halt Control) 1 - 1 - ClK 

- ClK low to TOUT High, low, or High Impedance 0 200 0 150 ns 

- . CS, PlACK, or TIACK High to CS, PlACK, or TIACK low 50 - 30 - ns 

NOTES: . 
1. This specification only applies if the PI/T had completed all operations initiated by the previous bus cycle when CS was asserted. Follow­

ing a normal read or write bus cycle, all operations are complete within three ClKs after the falling edge of the ClK pin on which 5i"ACK 
was asserted. If CS is asserted prior to completion of these operations, the new bus cycle, and hence, "5'i'A'Ci< is postponed. 

If all operations.of the previous bus cycle were complete when CS was asserted, this specification is made only to insure that 5i'ACK is as­
serted with respect to ~g edge of the ClK pin as shown in the timing diagram, not to guarantee operation of the part. If the CS 
setup time is violated,. DTACK may be asserted as shown, or may be asserted one clock cycle later. 

2. Assuming the RS1-RS5 to Data Valid time has also expired. 
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3 This specification Imposes a lower bound on Cs low time, guaranteeing that C§ will be low for at least 1 CLK period 

4 ThiS speCification assures recognition of the asserted edge of Hl(H3) 

5 ThiS speCification applies only when a pulsed handshake option IS chosen and the pulse IS not shortened due 10 an early asserted edge of 
HlIH3) 

6. CLK refers to the actual frequency of the CLK pin, not the maximum allowable CLK frequency. 

7. If the setup time on the riSing edge of the clock is violated, HlIH3) may not be recognized until the next rising of the clock. 

8. ThiS limit applies to the frequency of the signal at TIN compared to the frequency of the CLK signal during each clock cycle If any period of 
the waveform at TIN is smaller than the period of the CLK signal at that instant, then it is likely that the timer circuit will completely ignore 
one cycle of the TIN Signal. 

If these two Signals are derived from different sources they will have different instantaneous frequency variations. In this case the frequency 
applied 10 the TIN pin must be distinctly less than the frequency at the CLK pin to avoid lost cycles of the TIN signal. With signals derived 
from different crystal oscillators applied 10 the TIN and CLK PinS with fast rise and fall times, the TIN frequency can approach 80 to 90% of 
the frequency of the CLK signal without a loss of a cycle of the TIN signal. ' 

If these two Signals are derived from the same frequency source then the frequency of the signal applied to TIN can be 100% of the fre­
quency at the ClK pin They may be generated by different buffers from the same signal or one may be an inverted version of the other. 
The TIN Signal may be generated by an 'AND' function of the clock and a control signal. 

9. The maximum value IS caused by a peripheral access (H 1 (H31 asserted) and bus access I~ asserted) occurring at the same time. 

10 See BUS INTERFACE CONNECTION section for exception. 

11 Synchronized means mat the Input Signal has been seen by the PI/T on the appropriate edge of the clock (riSing edge for Hl (H3) and failing 
edge forLSI IRefer t:lthe BUS Ii\TERFACE CONNECTION section for the exception concerning CS.I 

FIGURE 3 - BUS READ CYCLE TIMING 

ClK 

RS,R;:~--0-1Si±d~ 
CS I 

@-----001 

i----H 4 r-----+I 

DO-D7 -i====&=t===~-+-~==:b==4 14------{5 

DTACK ------------------~:==========f~~======~:-
DMAREQ 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless othenwise noted. 
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FIGURE 4 - BUS WRITE CYCLE TIMING 

CLK 

CS ------dJ 

00-07 ---~::===========t::====~--+-----t:±7~::~---::---------1------
OTACK ----------------t---------~----~~_LJ 

DMAREO 

FIGURE 5 - INTERRUPT ACKNOWLEDGE 
FUNCTIONAL TIMING DIAGRAM 

Note: Timing measurements are referenced to and from a low voltage of 0.8 voltS and a hl'gh voltage of 2.0 volts, unless otherwise noted. 
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@ FIGURE 6 - PERIPHERAL INTERFACE INPUT TIMING 
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FIGURE 7 - PERIPHERAL INTERFACE OUTPUT TIMING 
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GENERAL DESCRIPTION 

The PIIT consists of two logically independent sections: 
the ports and the timer. The port section consists of Port A 
(PAO-7I, Port B (PB0-71, four handshake pins (Hl, H2, H3, 
and H41, two general I/O pins-, and six dual-function pins. 
The dual-function pins can individually operate as a third 
port (Port CI or an alternate function related to either Ports A 
and B, or the timer. The four programmable handshake pins, 
depending on the mode, can control data transfer to and 
from the ports, or can be used as interrupt generating inputs, 
or I/O pins. 

The timer consists of a 24-bit counter, optionally clocked 
by a 5-bit prescaler. Three pins provide complete timer I/O: 
PC2/TIN, PC3/TOUT, and PC7/TIACK. Of course, only the 
ones needed for the given configuration perform the timer 
function, while the others remain Port CliO. 

The system bus interface provides for asynchronous 
transfer of data from the PIIT to a bus master over the data 
bus IDO-D7l. Data transfer acknowledge IDTACKI, register 
selects (RS1-RS5I, chip select, the read/write line (R/WI, 
and Port Interrup Acknowledge (PIACKI or Timer Interrupt 
Acknowledge mACKI control data transfer between the 
PI/T and the MC68000. 

FIGURE 8 - MC68230 BLOCK DIAGRAM 
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PI/T PIN DESCRIPTION 

Throughout the data sheet, signals are presented using 
the terms active and inactive or asserted and negated in-' 
dependent of whether the signal is active in the high-voltage 
state or low-voltage state. (The active state of each logic pin 
is given below. ) Active low signals are denoted by a 
superscript bar. R/W indicates a write is active low and a 
read active high. 

FIGURE 9 - lOGICAL PIN ASSIGNMENT 

00-07 
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MC68230 
PI/T 
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PBO-7 
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PCS/i5iRa" 
PC4/0MAREO" 
PC3/TOUT" 
PC2/TIN" 
PC1 

~ __________ ,-__ PCO 

"Individually Programmable Dual-Function Pin 

00-07 - Bidirectional Data Bus. The data bus pins 00-07 
form an 8-bit bidirectional data bus to/from the MC68000 or 
other bus master. These pins are active high. 

RS1-RS5 - Register Selects. RS1-RS5 are active ,high 
high-impedance inputs that determine which of the 25 possi­
ble registers is being addressed. They are provided by the 
MC68000 or other bus master. 

R/W - Read/Write Input - R/W is the high-impedance 
Read/Write signal from the MC68000 or bus master, in­
dicating whether the current bus cycle is a read (high) or 
write (low) cycle. 

CS - Chip Select Input. CS is a high-impedance input 
that selects the PI/T registers for the current bus cycle. Ad­
dress strobe and the data strobe (upper or lower) of the bus 
master, along with the appropriate address bits, must be in­
cluded in the chip select equation. A low level corresponds 
to an asserted chip select. 

OTACK - Data Transfer Acknowledge Output. DTACK is 
an active low output that signals the completion of the bus 
cycle. During read or interrupt acknowledge cycles, DT ACK 
is asserted by the MC68230'after data has been provided on 
the data bus; during write cycles it is asserted after data has 
been accepted at the data bus. Data transfer acknowledge is 
compatible with the MC68000 and with other Motorola bus 
masters such as the MC68450 DMA controller. A holding 
resistor is required to maintain D"i'ACi( high between bus 
cycles. 

RESET - Reset Input. RESET is a high-impedance input 
used to initialize all PI/T functions. All control and data 
direction registers are cleared and most internal operations 
are disabled by the assertion of RE"SET (low). 

ClK - Clock Input. The clock pin is a high-impedance TTL­
compatible signal with the same specifications as the 
MC68000. The PI/T contains dynamic logic throughout, and 
hence this clock must not be gated off at any time. It is not 
necessary that this clock maintain any particular phase rela­
tionship with the MC68000 clock. It may be connected to an 
independent frequency source (faster or slower) as long as 
all bus specifications are met. 

PAO-PA7 and PBO-PB7 - Port A and Port B. Ports A and 
Bare 8-bit ports that may be concatenated to form a l6-bit 
port in certain modes. The ports may be controlled in con­
junction with the handshake pins Hl-H4. For stabilization 
during system power-up, Ports A and B have internal pullup 
resistors to VCC. All port pins are active high. 

H1-H4 - Handshake pins (I/O depending on the Mode 
and Submodel. Handshake pins Hl-H4 are mUlti-purpose 
pins that (depending on the operational mode) may provide 
an interlocked handshake, a pulsed handshake, an interrupt 
input (independent of data transfers), or simple I/O pins. For 
stabilization during system power-up, H2 and H4 have inter­
nal pullup resistors to VCC. Their sense (active high or low) 
may be programmed in the Port General Control Register 
bits 3-0. Independent of the mode, the instantaneous level of 
the handshake pins can be read from the Port Status 
Register. 

Port C - (PCO-PC7/ Alternate function). This port can be 
used as eight general purpose I/O pins (peO-PC7) or any 
combination of six special function pins and two general pur­
pose I/O pins (PCO-PC1). (Each dual function pin can be 
standard I/O or a special function independent of the other 
port C pins.) The dual function pins are defined in the follow­
ing paragraphs. When used as a port C pin, these pins are 
active high. They may be individually programmed as inputs 
or outputs by the Port C Data Direction Register. 

The alternate functions (TIN, TOUT, and "i"iACK) are timer 
I/O pins. TIN may be used as a rising-edge triggered external 
clock input or an external run/ halt control pin (the timer is in 
the run state i.f run/halt is high and in the halt state if 
run/halt is low). TOUT may provide an active low timer inter­
rupt request output or a general-purpose square-wave out­
put, initially high. "i"iACK is an active low high-impedance in­
put used for timer interrupt acknowledge. 

Port A and B functions have an independent pair of active 
low interrupt request (Pi'RQ) and interrupt acknowledge 
(P'iACi() pins. 

The DMAREQ (Direct Memory Access Request) pin pro­
vides an active low Direct Memory Access Controller 
(DMAC) request pulse of 3 clock cycles, completely com­
patible with the MC68450 DMAC. 

REGISTER MODEL 
A register model that includes the corresponding Register 

Selects is shown in Table 1. 

'. 
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TABLE 1 - REGISTER MODEL 

7 6 5 4 3 
Port Mode H34 H12 H4 

Control Enable Enable Sense .. SVCRO Interrupt 
Select PFS 

Bit Bit Bit Bit Bit 
7 6 5 4 3 

Bit Bit Bit Bit Bit 
7 6 5 4 3 

Bit Bit Bit Bit Bit 
7 6 5 4 3 

Interrupt Vector Number 

Port A H2 Control 
Submode 

Port B H4 Control 
Submode 

Bit Bit Bit Bit Bit 
7 6 5 4 3 

Bit Bit Bit Bit Bit 
7 6 5 4 3 

Bit BI1 Bit Bit Bit 
7 6 5 4 3 

Bit Bit Bit Bit Bit 
7 6 5 4 3 

Bit Bit Bit Bit Bit 
7 6 5 4 3 

H4 H3 H2 H1 
H4S Level Level Level Level .. .. .. .. '" .. .. .. .. '" 

TOUTITIACK ZD -II-
Control Ctrl 

Bit Bit Bit Bit Bit 
7 6 5 4 3 .. .. .. .. .. 

Bit Bit Bit Bit Bit 
23 22 21 20 19 

Bit Bit Bit Bit Bit 
15 14 13 12 11 

Bit Bit Bit Bit Bit 
7 6 5 4 3 .. .. .. .. .. 

Bit Bit Bit Bit Bit 
23 22 21 20 19 

Bit Bit Bit Bit Bit 
15 14 13 12 11 

Bit Bit Bit Bit Bit 
7 6 5 4 3 

'" '" '" .. '" 
'" '" * * .. 
* * .. .. '" 
'" .. .. .. * 
'" * * * .. .. * .. '" .. 

2 o 
H3 H2 H1 

Sense Sense Sense 

Port Interrupt 
Priority Control 

Bit Bit Bit 
2 1 0 

Bit Bit Bit 
2 1 0 

Bit Bit Bit 
2 1 0 

'" '" 
H2 H1 H1 
Int SVCRO Stat 

Enable Enable Ctrl. 

H4 H3 H3 
Int SVCRO Stat 

Enable Enable Ctrl. 

Bit Bit Bit 
2 1 0 

Bit Bit Bit 
2 1 0 

Bit Bit Bit 
2 1 0 

Bit Bit Bit 
2 1 0 

Bit Bit Bit 
2 1 0 

H3S H2S H1S 

'" '" '" '" .. '" 
Clock Timer 

Control Enabl 
Bit Bit Bit 
2 1 0 .. .. .. 
Bit Bit Bit 
18 17 16 

Bit Bit Bit 
10 9 8 
Bit Bit Bit 
2 1 0 .. .. .. 

Bit Bit Bit 
18 17 16 

Bit Bit Bit 
10 9 8 

Bit Bit Bit 
2 1 0 

* * ZDS 

.. .. .. .. * .. 
* '" .. .. '" .. .. * .. 

Port General 
Control Register 

Port Service 
Request Register 

Pon A Data 
Direction Register 

Pon B Data 
Direction Register 

Pon C Data 
Direction Register 

Pon Interrupt 
Vector Register 

Port A Control 
Register 

eort B ContrOl 
Register 

Pon A Data 
Register 

Port B Data 
Register 

Pon A Alternate 
Register 

Pon B Alternate 
Register 

Pon C Data 
Register 

Port Status 
Register 

(null) 

(null) 

Timer Control 
Register 

Timer Interrupt 
Vector Register 

(null) 

Counter Preload 
Register (High) 

(Mid) 

(Low) 

(null) 

Count Register 
(High) 

(Mid) 

(Low) 

Timer Status 
Register 

(null) 

(nulll 

(null) 

(null) 

(null I 
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PORT CONTROL STRUCTURE 
The primary focus of most applications will be on Ports A 

and B, the handshake pins, the port interrupt pins, and the 
DMA request pin. They are controlled in the following way: 
the Port General Control Register contains a 2-bit field that 
specifies a set of four operation modes. These govern the 
overall operation of the ports and determine their interrela­
tionships. Some modes require additional information from 
each port's control register to further define its operation. In 
each port control register, there is a 2-bit submode field that 
serves this purpose. Each port mode/submode combination 
specifies a set of programmable characteristics that fully 
define the behavior of that port and two of the handshake 
pins. This structure is summarized in Table 2 and Figure 10. 

FIGURE 10 - PORT MODE LAYOUT 

Mode 0 S ubmode 00 Mode 0 Submode 01 

A IBI 
8 

H21H41 

Mode 0 Submode lX 

Bit I/O 

A IBI 
8 

t---HlIH31 
H21H41 

Mode 1 Port B Submode XO Mode 1 Port B Submode Xl 

B IBI 

Hl,-- Output 
H2' Transfers 

Hl 
H2 

A and B 
1161 

H4 

TABLE 2 - PORT MODE CONTROL SUMMARY 

Mode 0 (Unidirectional 8-Bit Mode) 
Port A 

Submode 00 - Double-Buffered Input 
H1 Latches input data 
H2 - Status/ interrupt generating input. general-purpose 

output, or operation with H1 In the interlocked or 
pulsed input handshake protocols 

Submode 01 - Double-Buffered Output 
Hl Indicates data received by peripheral 
H2 - Status/interrupt generating input, general-purpose 

output, or operation with H 1 in the Interlocked or 
pulsed output handshake protocols 

Submode lX - Bit I/O 
Hl Status/interrupt generating Input 
H2 - Status/interrupt generating input or general-purpose 

output 
Port B, H3 and H4 - Identical to Port A, Hl and H2 

Mode 1 IUnidirectional 16-Bit Mode) 
Port A - Double-Buffered Data (Most significant) 

Submode XX (not used) 
Hl Status/interrupt generating input 
H2 - Status/interrupt generating input or general-purpose 

output 
Port B - Double-Buffered Data (Least significant) 

Submode XO - Unidirectional 16-Bit Input 

H3 Latches input data 
H4 - Status/interrupt generating input, general-purpose 

output, or operation with H3 in the interlocked or 
pulsed input handshake protocols 

Submode Xl - Unidirectional 16-Bit Output 
H3 Indicates data received by peripheral 
H4 - Status/interrupt generating input, general-purpose 

output, or operation with H3 in the interlocked or 
pulsed output handshake protocols 

Mode 2 (Bidirectional 8-Bit Mode) 
Port A - Bit I/O Iwith no handshaking pins) 

Submode XX Inot used) 
Port B - Bidirectional 8-Bit Data !Double-Bufferedl 

Submode XX (not used) 
Hl Indicates output data received by peripheral 
H2 Operation with Hl in the Interlocked or pulsed output 

handshake protocols 
H3 Latches Input data 
H4 Operation with H3 in the Interlocked or pulsed input 

handshake protocols 

Mode 3 (Bidirectional 16-Bit Mode) 
Port A - Double-Buffered Data (Most significantl 

Submode XX (not usedl 
Port B - Double-Buffered Data (Least significant) 

Submode XX (not used) 
H1 Indicates output data received by peripheral 
H2 Operation with Hl in the interlocked or pulsed output 

handshake protocols 
H3 Latches input data 
H4 Operation with H3 in the interlocked or pulsed input 

handshake protocols 
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PORT GENERAL INFORMATION AND CONVENTIONS 
The following paragraphs introduce concepts that are 

generally applicable to the PIIT ports independent of the 
chosen mode and submode. For this Jeason, no particular 
port or handshake pins are mentioned; the notation H1 (H3) 
indicates that, depending on' the chosen mode and sub­
mode, the statement given may be true for either the H1 or 
H3 handshake pin. 

Unidirectional vs Bidirectional - Figure 10 shows the con­
figuration of Pprts A and B and each of the handshake pins 
in each port mode and submode. ln Modes 0 and 1, a data 
direction register is associated with each of the ports. These 
registers contain one bit for each port pin to determine 
whether that pin is an input or an output. Modes 0 and 1 are, 
thus, called unidirectional modes because each pin assumes 
a constant direction, changeable only by a reset condition or 
a programming· change. These modes allow double-buffered 
data transfers in one direction. This direction, determined by 
the mode and submode definition, is known as the primary 
direction. Data transfers in the primary direction are con­
trolled by the handshake pins. Data transfers not in the 
primary direction are generally unrelated, and single or un­
buffered data paths exist. 

In Modes 2 and 3 there is no coricept of primary direction 
as in Modes 0 and 1. Except for Port A in Mode 2 (Bit 1/0), 
the data direction registers have no effect. These modes are 
bidirectional, in that the direction of each transfer (always 8 
or 16 bits, double-buffered) is determined dynamically by the 
state of the handshake pins. Thus, for example, data may be 
transferred out of the ports, followed very shortly by a 
transfer into the same port pins. Transfers to and from the 
ports are independent and may occur in any sequence. Since 
the instantaneous direction is always determined by the ex­
ternal system, a small amount of arbitration logic may be re­
quired. 

Control of Double-Buffered Data Paths - Generally 
speaking, the PI/T' is a double-buffered device. In the 
primary direction, double-buffering allows orderly transfers 
by using the handshake pins in any of several programmable 
protocols. (When Bit 1/0 is used, double-buffering is not 
available and the handshake pins are used as outputs or 
statusl interrupt inputs.) 

Use of double-buffering is most beneficial in situations 
where·a peripheral device and the computer system are 
capable of transferring data at roughly the same speed. 
Double-buffering allows the fetch operation of the data 
transmitter to be overlapped with the store operation of the 
data receiver. Thus, throughput measured in bytes or words­
per-second may be greatly enhanced. if there is a large 
mismatch in transfer capability between the computer and 
the peripheral, little or no benefit is obtained. In these cases 
there is no penalty in using double-buffering. 

Double-Buffered Input Transfers - In all modes, the PI/T 
supports double-buffered input transfers. Data that meets 
the port setup and hold times is latched on the asserted edge 

of HlIH31. HlIH3) is edge-sensitive, and may assume any 
duty-cycle as long as both high and low minimum times are 
observed. The PI IT contains a Port Status Register whose 
H1 S(H3S) status bit is set anytime any input data is present 
in the double-buffered latches that has not been read by the 
bus master. The action of H2(H4) is programmable; it may 
indicate whether there is room for more data in the PIIT 
latches or it may serve other purposes. The following options 
are available, depending on the mode. 

1. H2( H4) may be an edge-sensitive input that is in­
dependent of HlIH3) and the transfer of port data. 
On the asserted edge of H2(H41, the H2S(H4S) 
status bit is set. It is cleared by the direct method 
(refer to Direct Method of Resetting Status), the 
FiES'E'i' pin being asserted, or when the H12 Enable 
(H34 Enable) bit of the Port General Control Register 
is O. 

2. H2(H4) may be a general purpose output pin that is 
always negated. The H2S(H4S) status bit is 
always O. 

3. H2(H4) may be a general purpose output pin that is 
always asserted. The H2S(H4S) status bit is always 
O. 

4. H2(H4) may be an output pin in the interlocked input 
handshake protocol. It is asserted when the port in­
put latches are ready to accept new data. It is 
negated asynchronously following the asserted edge 
of the H1(H3) input. As soon as the input latches 
become ready, H2(H4) is again asserted. When the 
input double-buffered latches are full, H2(H4) re­
mains negated until data is removed. Thus, anytime 
the H2(H4) output is asserted, new input data may 
be entered by asserting HlIH31. At other times tran­
sitions on HlIH3) are ignored. The H2S(H4S) status 
bit is always O. When H12 Enable (H34 Enable) is 0, 
H2(H4) is held negated. 

5. H2(H4) may be an output pin in the pulsed input 
handshake protocol. It is asserted exactly as in the 
interlocked input protocol, but never remains 
asserted longer than 4 clock cycles. Typically, a four 
clock cycle pulse is generated. But in the case that a 
subsequent H1(H3) asserted edge occurs before ter­
mination of the pulse, H2(H4) is negated asyn­
chronously. Thus, anytime after the leading edge of 
the H2(H4) pulse, new data may be entered in the 
PI IT double-buffered input latches. The H2S(H4S) 
status bit is always O. When H12 Enable (H34 Enable) 
is 0, H2(H4) is held negated. 

A sample timing diagram is shown in Figure 11. The 
H2( H4) interlocked and pulsed input handshake protocols 
are shown. The DMAREQ pin is also shown assuming it is 
enabled. All handshake pin sense bits are assumed to be 0 
(refer to Port General Control Register); thus, the pins are in 
the low state when asserted. Due to the great similarity be­
tween modes, this timing diagram is applicable to all double­
buffered input transfers. 
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FIGURE 11 - DOUBLE-BUFFERED INPUT TRANSFERS 

Port Data 

H1(H3) 

H2(H4) Interlocked 

H2(H4) Pulse 

Double-Suffered Output Transfers - The PI/T supports 
double-buffered output transfers in all modes. Data, written 
by the bus master to the PI/T, is stored in the port's output 
latch. The peripheral accepts the data by asserting HlIH3), 
which causes the next data to be moved to the port's output 
latch as soon as it is available. The function of H2(H4) is pro­
grammable; it may indicate whether new data has been mov­
ed to the output latch or it may serve other purposes. The 
H 1 S (H3S) status bit may be programmed for two interpreta­
tions. Normally the status bit is a 1 when there is at least one 
latch in the double-buffered data path that can accept new 
data. After writing one byte/word of data to the ports, an in­
terrupt service routine could check this bit to determine if it 
could store another byte/word; thUS, filling both latches. 
When the bus master is finished, it is often useful to be able 
to check whether all of the data has been transferred to the 
peripheral. The H1S(H3S) Status Control bit of the Port A 
and B Control Registers provide this flexibility. The program­
mable options of the H2(H4) pin are given below, depending 
on the mode. 

1. H2(H4) may be an edge-sensitive input pin indepen­
dent of HlIH3) and the transfer of port data. On the 
asserted edge of H2(H4), the H2S(H4S) status bit is 
set. It is reset by the direct method (refer to Direct 
Method of Resetting Status), the RESET pin being 
asserted, or when the H12 Enable (H34 Enable) bit of 
the Port General Control Register is O. 

2. H2(H4) may be a general-purpose output pin that is 
always negated. The H2S(H4S) status bit is 
always O. 

3. H2(H4) may be a general-purpose output pin that is 
always asserted. The H2S(H4S) status bit is always 
O. 

Read Read 

4. H2(H4) may be an output pin in the interlocked out­
put handshake protocol. H2(H4) is asserted two 
clock cycles after data is transferred to the double­
buffered output latches. The data remains stable and 
H2(H4) remains asserted until the next asserted edge 
of the HlIH3) input. At that time, H2(H4) is asyn­
chronously negated. As soon as the next data is 
av~ilable, it is transferred to the output latches. 
When H2(H4) is negated, asserted transitions on 
H 1 (H3) have no effect on the data paths. As is ex­
plained later, however, in Modes 2 and 3 they do 
control the three-state output buffers of the bidirec­
tional portIs\' The H2S(H4S) status bit is always O. 
When H12 Enable (H34 Enable) is O. H2(H4) is held 
negated. 

5. H2(H4) may be an output pin in the pulsed output 
handshake protocol. It is asserted exactly as in the 
interlocked output protocol above, but ne.ver re­
mains asserted longer than four clock cycles. 
Typically, a four clock pulse is generated. But in the 
case that a subsequent H 1 (H3) asserted edge occurs 
before termination of the pulse, H2(H4) is negated 
asynchronously shortening the pulse. The H2S(H4S) 
status bit is always O. When H12 Enable (H34 Enable) 
is 0 H2(H4) is held negated. 

A sample timing diagram is shown in Figure 12. The 
H2(H4) interlocked and pulsed output handshake protocols 
are shown. The DMAREQ pin is also shown assuming it is 
enabled. All handshake pin sense bits are assumed to be 0; 
thus, the pins are in the low state when asserted. Due to the 
great similarity between modes, this timing diagram is ap­
plicable to all double-buffered output transfer. 

FIGURE 12 - DOUBLE-BUFFERED OUTPUT TRANSFERS 

Write Write 

portData::::~~::::~ ____________ -t ________ ~::~~::~~ ________________ -;::::= 
H2(H41 Interlocked 

H2(H41 Pulse 

H1(H31 
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Requesting Bus Master Service - The PIIT has several 
means of indicating a need for service by a bus master. First, 
the processor may poll the Port Status Register. It contains a 
status bit for each handshake pin, plus a level bit that always 
reflects the instantaneous state of that handshake pin. A 
status bit is 1 when the PIIT needs servicing, i.e., generally 
when the bus master needs to read or write data to the ports, 
or when a handshake pin used as a simple status input has 
been asserted. The interpretation of these bits is dependent 
on the chosen mode and submode. 

Second, the PIIT may be placed in the processor's inter- . 
rupt structure. As mentioned previously, the PI/T contains 
Port A and B Control Registers that configure the handshake 
pins. Other bits in these registers enable an interrupt 
associated with each handshake pin. This interrupt is made 
available through the PC5/PIRO pin, if the PIRO function is 
selected. Three additional conditions are required for PIRO 
to be asserted: (1) the handshake pin status bit set, (2) the 
corresponding interrupt (service request) enable bit is set, (3) 
and DMA requests are not associated with that data transfer 
(H1 and H3 only). The conditions from each of the four 
handshake pins and corresponding status bits are ORed to 
determine PIRO. 

The third method of requesting service is via the 
PC4/DMAREO pin. This pin can be associated with double­
buffered transfers in each mode. If it is used as a DMA con­
troller request, it can initiate requests to keep the PI/T's 
input/output double-buffering empty/full as much as possi-

ble. It will not overrun the DMA controller. The pin is com­
patible with the MC68450 Direct Memory Access Controller 
(DMAC!. 

.Vectored, Prioritized Port InterruptS - Use of MC68000-
compatible vectored interrupts with the PIIT requires the 
PIRO and PlACK pins. When PlACK is asserted, the PI/T 
places an B-bit vector on the data pins D~D7. Under normal 
conditions, this vector corresponds to highest priority, 
enabled, active port interrupt source with which the 
DMAREO pin is not currently associated. The most­
significant six bits are provided by the Port Interrupt Vector 
Register (PIVR), with the lower two bits supplied by 
prioritization logic according to conditions present when 
P'i'ACK is asserted. It is important to note that the only affect 
on the PI/T caused by interrupt acknowledge cycles is that 
the vector is placed on the data bus. Specifically, no 
registers, data, status, or other internal states of the PIIT are 
affected by the cycle. 

Several conditions may be present when the J5i'A'eK input 
is asserted to the PI/T. These conditions affect the PI/T's 
response and the termination of the bus cycle. If the PI/T 
has no interrupt function selected, or is not asserting PIRO, 
the PIIT will make no response to PlACK (DT ACK will not be 
asserted!. If the PI/T is asserting PIRO when PlACK is 
received, the PI/T will output the contents of the Port Inter­
rupt Vector Register and the prioritization bits. If the PIVR 
has not been initialized, $OF will be read from this register. 
These conditions are summarized in Table 3. 

TABLE 3 - RESPONSE TO PORT INTERRUPT ACKNOWLEDGE 

PIRO negated OR interrupt 
Conditions request function not selected PIRO_rted 

PIVR has not been initialized No response from PitT. PitT provides $OF, the 
since RESE'f No DTACK. Uninitialized Vector.· 
PIVR has been initialized No response from PitT. PIIT provides PIVR contents 
since RESE'f No D'i'ACK. with prioritization bits. 

°The uninitialized vector is the value returned from an interrupt vector register before it has been initialized. 

The veCtor table entries for the PI IT appear as a con­
tiguous block of four vector numbers whose common upper 
six bits are programmed in the PIVR. The following table 
pairs each interrupt source with the 2-bit value provided by 
the prioritization logic, when interrupt acknowledge is 
asserted. 

H 1 source - 00 
H2 source - 01 
H3 source - 10 
H4 source - 11 

Autovectored Port Interrupts - Autovecored interrupts 
use only the PIRO pin. The operation of the PitT with vec­
tored and autovectored interrupts is identical except that no 
vectors are supplied and the PC6/PiACi< pin can be used as 
a Port C pin. 

Direct Method of Resetting Status - In certain modes 
one or more handshake pins can be used as edge-sensitive 
inputs for sole purpose of setting bits in the Port Status 
Register. These bits consist of simple flip-flops. They are set 
(to 1) by the occurrence of the asserted edge of the hand-

shake pin input. Resetting a handshake status bit can be 
done by writing an B-bit mask to the Port Status Register. 
This is called the direct method of resetting. To reset a status 
bit that is resettable by the direct method, the mask must 
contain a 1 in the bit position of the Port Status Register cor­
responding to the desired bit. Other positions must contain 
O's. For status bits that are not resettable by the direct 
method in the chosen mode, the data written to the port 
status register has no effect. For status bits that are reset­
table by the direct method in the chosen mode, a 0 in the 
mask has no effect. 

Handshake Pin Sense Control - The PItT contains 
exclusive-OR gates to control the sense of each of the hand­
shake pins, whether used as inputs or outputs. Four bitS' in 
the Port General Control Register may be programmed to 
determine whether the pins are asserted in the low or high 
voltage state. As with other control registers, these bits are 
reset to 0 when the REm pin is asserted, defaulting the 
asserted level to be low. 

Enabling Ports A and B - Certain functions involved with 
double-buffered data transfers, the handshake pins, and the 
status bits, may be disabled by the external system or by the 
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programmer during initialization. The Port General Control 
Register contains two bits. H12 Enable and H34 Enable. 
which control these functions. These bits are cleared to the 0 

state when the RES'E'f pin is asserted. and the functions are 
disabled. The functions are the following: 

1. Independent of other actions by the bus master or 
peripheral (via the handshake pins)' the PI/T's 
disabled handshake controller is held to the "empty" 
state. i.e., no data is present in the double-buffered 
data path. 

2. When any handshake pin is used to set a simple status 
flip-flop, unrelated to double-buffered transfers, these 
flip-flops are held reset to O. (See Table 2.1 

3. When H2(H4) is used in an interlocked or pulsed hand­
shake with H 1( H3), H2( H4) is held negated. regardless 
of the chosen mode. submode, and primary direction. 
Thus, for double-buffered input transfers, the pro­
grammer may signal a peripheral when the PIIT is 
ready to begin transfers by setting the associated 
handshake enable bit to 1. 

The Port A and B Alternate Registers - In addition to the 
Port A and B Data Registers. the PI/T contains Port A and B 
Alternate Registers. These registers are read-only, and 
simply provide the instantaneous level of each port pin. They 
have no effect on the operation of the handshake pins. 
double-buffered transfers, status bits, or any other aspect of 
the PI/T, and they are mode/submode independent. 

PORT MODES 

This section contains information that distinguishes the 
various port modes and submodes. General characteristics, 
common to all modes, have been defined previously. 

MODE 0 - UNIDIRECTIONAL 8-BIT MODE 
In Mode O. Ports A and B operate independently. Each 

may be configured in any of its three possible submodes: 
Submode 00 - Double-Buffered Input 
Submode 01 - Double-Buffered Output 

Submode 1X - Bit I/O 
Handshake pins Hl and H2 are associated with Port A and 
configured by programming the Port A Control Register. 
(The H12 Enable bit of the Port General Control Register 
enables Port A transfers.) Handshake pins H3 and H4 are 
associated with Port B and configured by programming the 
Port B Control Register. (The H34 Enable bit of the Port 
General Control Register enables Port B transfers.) The Port 
A and B Data Direction Registers operate in all three sub­
modes. Along with the submode, they affecfthe data read 
and written at the associated data register according to Table 
4. They also enable the output buffer associated with each 
port pin. The DMAREQ pin may be associated with either 
(not both) Port A or Port B, but does not function if the Bit 
I/O submode is programmed for the chosen port. 

TABLE 4 - MODE 0 PORT DATA PATHS 

Read Port AI B Write Port AI B 
Mode Data Register Data Register 

DDR=O DDR-1 OOR-X 
o Submode 00 FIL,D.B. FOL Note 3 FOL. S.B. Note 1 

o Submode 01 Pin FOL Note 3 IOLlFOL. D.B. Note 2 
o Submode 1X Pin FOL Note 3 FOL.S.S. Note 1 

Abbreviations: 
IOL - Initial Output Latch S.B. - Single Buffered 
FOL - Final Output Latch D.S. - Double Buffered 
FIL - Final Input Latch DDR - Data Direction Register 

Note 1: Data is latched in the output data registers (final output latch) and will be 
Single buffered at the pin if the DDR is 1. The output buffers will be turned 
off if the DDR is O. 

Note 2: Data is latched in the double-buffered output data registers. The data in the 
final output latch will appear on the port pin if the OCR is a 1. 

Note 3: The output drivers that connect the final output latch to the pins are turned 
on. 
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Port A or B Submode 00 (S-Bit Double-Buffered Input) -

Mode 0 Submode 00 

In Mode 0, double-buffered input transfers of up to S-bits are 
available by programming Submode 00 in the desired port's 
control register. The operation of H2 and H4 may be selected 
by programming the Port A and Port B Control Registers, 
respectively. All five double-buffered input handshake op­
tions, previously mentioned in the Port General Information 
and Conventions section. are available. 

For pins used as outputs, the data path consists of a single 
latch driving the output buffer. Data written to the port's 
data register does not affect the operation of any handshake 
pin, status bit, or any other aspect of the PI/T. Output pins 
may be used independently of the input transfer. However, 
read bus cycles to the data register do remove data from the 
port. Therefore, care should be taken to avoid processor in­
structions that perform unwanted read cycles. 

Refer to PARALLEL PORTS Double-Buffered Input 
Transfers for a sample timing diagram (Figure 11). 

Port A or B Submode 01 (S-Bit Double-Buffered 
Output) -

Mode 0 Submode 01 

A lSI 
S 

H21H41 

In Mode 0, double-buffered output transfers of up to 8 bits 
are available by programming submode 01 in the desired 
port's control register. The operation of H2 and H4 may be 
selected by programming the Port A' and Port B Control 
Registers, respectively. All five double-buffered output 
handshake options, previously mentioned in the Port 
General Information and Conventions section, are available. 

For pins used as inputs. data written to the associated 
data register IS double-buffered and passed to the initial or 
final output latch, as usual, but the output buffer is disabled. 

Refer to PARALLEL PORTS Double-Buffered Output 
Transfers for a sample timing diagram (Figure 12). 

Port ~ or B Submode 1X (Bit 1/0) -
Mode 0 Submode 1 X 

Sit 1/0 

A lSI 
S 

'---H1 IH31 
'-___ ~ H2 IH41 

In Mode 0, simple Bit 1/0 is available by programming Sub­
mode 1 X in the desired port's control register. This submode 
is intended for applications in which several independent 
devices must be controlled or monitored. Data written to the 
associated data register is single-buffered. If the data direc­
tion register bit for that pin is a 1 (output), the output buffer 
is enabled. If it is 0 (input), data written is still latched, but is 
not available at the pin. Data read from the data register is 
the instantaneous value of the pin or what was written to the 
data register, depending on the contents of the data direc­
tion register. Hl (H3) is an edge-sensitive status input pin 
only and it controls no data-related function. The H1S(H3S) 
status bit is set following the asserted edge of the input 
waveform. It is reset by the direct method, the RESET pin 
being asserted, or when the H12 Enable (H34 Enable) bit is O. 

H2(H4) can be programmed as a simple status input !iden­
tical to Hl(H3)), or as an asserted or negated output. The in­
terlocked or pulsed handshake configurations are not 
available. 

MODE 1 - UNIDIRECTIONAL 16-BIT MODE 
In Mode 1, Ports A and B are concatenated to form a 

single 16-bit port. The Port B Submode field controls the 
configuration of both ports. The possible submodes are: 

Port B Submode XO - Double-Buffered Input 

Port B Submode Xl - Double-Buffered Output 

Handshake pins H3 and H4, configured by programming the 
Port B Control Register, are associated with the 16-bit 
double-buffered transfer. These 16-bit transfers, are enabled 
by the H34 Enable bit of the Port General Control Register. 
Handshake pins Hl and H2 may be used as simple status in­
puts not related to the 16-bit data transfer or H2 may be an 
output. Enabling of the Hl and H2 handshake pins is done by 
the H12 Enable bit of the Port General Control Register. The 
Port A and B Data Direction Registers operate in each sub­
mode. Along with the submode, they affect the data read 
and written at the data register according to Table 5. They 
also enable the output buffer associated with each port pin. 
The DMAREQ pin may be associated only with H3. 

Mode 1 can provide convenient. high-speed 16-bit 
transfers. The Port A and B data registers are addressed for 
compatibility with the MC68000 Move Peripheral (MOVEP) 
instruction and with the MC68450 DMAC. To take advan­
tage of this, Port A should contain the most-significant byte 
of data and always be read or written by the bus master first. 
The interlocked and pulsed handshake protocols are keyed 
to accesses to the Port B Data Register in Mode 1. If it is ac­
cessed last. the 16-bit double-buffered transfers proceed 
smoothly. 
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TABLE 5 - MODE 1 PORT DATA PATHS 

Read Port AI B Write Port AI B 
Mode Register Register 

DDR=O DDR=1 DDR=O DDR= 1 

1, Port B FIL,D.B. FOL FOL, S.B. FOL,S.B. 
Submode XO Note 3 Note 2 Note 2 

1, Port B Pin FOL IOLlFOL, IOLlFOL, 
Submode Xl Note 3 D.B., D.B., 

Note 1 Note 1 

Note 1: Data written to Port A goes to a temporary latch. When the Port B data 
register is later written, Port A data is transferred to lOll FOL. 

Note 2: Data is latched in the output data registers Ifinal output latch) and will be 
Single buffered at the pin if the DDR is 1. The output buffers will be turned 
off if the DDR is O. 

Note 3: The output drivers that connect the final output latch to the pins are turned 
on. 

Abbreviations: 
IOL - Initial Output Latch 
FOL - Final Output Latch 
FI L - Final Input Latch 

Port B Submode XO (16-Bit Double-Buffered Input) -

Mode 1 Port B Submode XO 

-.-.--Hl 
'-__ H2 

r-< . I Aand B 
1161 

Latched, Double­
Buffered Input 

I---H3 

~ 
I.-: -- H4 

In Mode 1 Port B Submode XO, double-buffered input 
transfers of up to 16 bits may be obtained. The level of all 16 
pins is asynchronously latched with the asserted edge of H3. 
The processor may check H3S status bit to determine if new 
data is present. The DMAREQ pin may be used to signal a 
DMA controller to empty the input buffers. Regardless of the 
bus master, Port A data should be read first. (Actually, Port 
A data need not be read at all.) Port B data should be read 
last. The operation of the internal handshake controller, the 
H3S.bit, and DMAREQ are keyed to the reading of the Port B 
data register. (The MC68450 DMAC can be programmed to 
perform the exact transfers needed for compatibility with the 
PI/TJ H4 may be programmed for all five of the handshake 
options mentioned in the Port General Information and Con­
ventions section. 

For pins used as outputs, the data path consists of a single 
latch driving the output buffer. Data written to the port's 
data register does not affect the operation of any handshake 
pin, status bit. or any other aspect of the PI/T. Thus, output 
pins may be used independently of the input transfer. 
However, read bus cycles to the Port B Data Register do 
remove data, so care should be taken to avoid unwanted 
read cycles. 

S.B. - Single Buffered 
D.B. - Double Buffered 
DDR - Data Direction Register 

Port B Submode X1 (16-Bit Double-Buffered Output) -

Mode 1 Port B Submode Xl .---
~_-Hl 

I-.--H2 

~ AandB R 116) 
Double-Buffered 
Output 

H3 
'-- .... __ -H4 

i..---

Refer to PARALLEL PORTS Double-Buffered Input 
Transfers for a sample timing diagram 1 Figure 111. 
In Mode 1 Port B Submode Xl. double-buffered output 
transfers of up to 16 bits may be obtained. Data is written by 
the bus master (processor or DMA controller) In two bytes. 
The first byte (most-significantl is written to the Port A Data 
Register. It is stored in a temporary latch until the next byte 
is written to the Port B Data Register. Then all 16 bits are 
transferred to the final output latches of Ports A and B. Both 
options for interpretation of the H3S status bit. mentioned in 
Port General Information and Comments section, are 
available and apply to the 16-bit port as a whole. The 
DMAREQ pin may be used to signal a DMA controller to 
transfer another word to the port output latches. (The 
MC68450 DMAC can be programmed to perform the exact 
transfers needed for compatibility with the PI/T.I H4 may be 
programmed for all five of the handshake options mentioned 
in the Port General Information and Comments section. 

For pins used as inputs, data written to either data register 
is double-buffered and passed to the initial or final output 
latch; as usual, but the output buffer is disabled: 

Refer to PARALLEL PORTS Double-Buffered Input/Out­
put Transfer for a sample timing diagram (Figure 12)'. 
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MODE 2 - BIDIRECTIONAL 8-BIT MODE 

Mode 2 

WAIBI 

Bit 1/0 

B IBI 

H''---. Output 
H2' Transfers 
H3,----- Input 

L-.-__ H4r- Transfers 

In Mode 2. Port A is used for simple bit I/O with no 
assQciated handshake pins. Port B is used for bidirectional 
8-bit double-buffered transfers. Hl and H2. enabled by the 
H12 Enable bit in the Port General Control Register. control 
output transfers. while H3 and H4. enabled by the Port 
General Control Register bit H34 Enable. control input 
transfers. The instantaneous direction of the data is deter­
mined by the Hl handshake pin. The Port B Data Direction 
Register is not used. The Port A and Port B submode fields 
do not affect PI IT operation in Mode 2. 

Double-Buffered I/O (Port BI - The only aspect of 
bidirectional double-buffered transfers that differs from the 
unidirectional modes lies in controlling the Port B output buf­
fers. They are controlled by the level of Hl. When Hl is 
negated. the Port B output buffers (all 8) are enabled and the 
pins drive the bidirectional bus. Generally. Hl is negated in 
response to an asserted H2. which indicates that new output 
data is present in the double-buffered latches. Following ac­
ceptance of the data. the peripheral asserts H 1. disabling the 
Port B output buffers. Other than controlling the output buf­
fer. Hl is edge-sensitive as in other modes. Input transfers 
proceed identically to the double-buffered input protocol 
described in the Port General Information and Conventions 
Section. In Mode 2. only the interlocked and pulsed hand­
shake pin options are available on H2 and H4. The DMAREQ 

pin may be associated with either input transfers (H3) or out­
put transfers (Hl). but not both. Refer to Table 6 for a sum­
mary of the Port B Data Register responses in Mode 2. 

Bit 1/0 (Port Al - Mode 2. Port A performs simple bit I/O 
with no associated handshake pins. This configuration is in­
tended for applications in which several independent devices 
must be controlled or monitored. Data written to the Port A 
data register is single-buffered. If the Port A Data Direction 
Register bit for that pin is 1 (output). the output buffer is 
enabled. If it is O. data written is still latched but not available 
at the pin. Data read from the data register is either the in­
stantaneous value of the pin or what was written to the data 
register. depending on the contents of the Port A Data 
Direction Register. This is summarized in Table 7. 

MODE 3 - BIDIRECTIONAL 16-BIT DOUBLE­
BUFFERED 1/0 

Bidirectional 16-Blt 

Hl)- Output 
- H2 Transfers 

H3>-- Input 
- H4 Transfers 

In Mode 3. Ports A and B are used for bidirectional 1S-bit 
double-buffered transfers. Hl and H2 control output 
transfers. while H3 and H4 control input transfers. (Hl and 
H2 are enabled by the H12 Enable bit while H3 and H4 are 
enabled by the H34 Enable bit of the Port General ContrOl 
Register.) The instantaneous direction of the data is deter­
mined by the Hl handshake pin. and thus. the data direction 
registers are not used. The Port A and Port B submode fields 
do not affect PI/T operation in Mode 3. 

The only aspect of bidirectional double-buffered transfers 
that differs from the unidirectional modes lies in controlling 
the Port A and B output buffers. They are controlled by the 
level of Hl. When Hl is negated. the output buffers (all 16) 
are enabled and the pins drive the bidirectional bus. General-

TABLE 6 - MODE 2 PORT B DATA PATHS 

Mode 
Read Port B Write Port B 
Data Register Data Register 

2 Fll.D.B. IOLlFOl. D.B. 

Abbreviations: 
IOL - Initial Output Latch 
FOL - Final Output Latch D. B. - Double Buffered 
FIL - Final Input Latch 

TABLE 7 - MODE 2 PORT A DATA PATHS 

Read Port A Write Port A 
Mode Data Register Data Rl!gister 

DDR-O I DDR=1 DDR-O I DDR=1 

2 Pin I FOL FOL I FOL.S.B. 

Abbreviations: 
S.B. - Single Buffered 
FOL - Final Output latch 
DDR - Data Direction Register 
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Iy, H1 is negated in response to an asserted H2, which in­
dicates that new output data is present in the double­
buffered latches. Following acceptance of the data, the 
peripheral asserts H1, disabling the output buffers. Other 
thah controlling the output buffers, H1 is edge-sensitive as in 
other modes. Input transfers proceed identicaliy to the 
double-buffered input protocol described in the Port General 
Information and Conventions section. Port A and B data is 
latched with the asserted edge of H3. In Mode 3, only the in­
terlocked and pulsed handshake pin options are available to 
H2 and H4. The DMAREQ pin may be associated with either 
input transfers (H3) or output transfers (H1), but not both. 
H2 indicates when new 'data is available in the Port B (and 
implicitly Port A) output latches, but unless the buffer is 
enabled by H1, the data is not driving the pins. 

Mode 3 can provide convenient high-speed 160bit 
transfers. The Port A and B Data Registers are addressed for 
compatibility with the MC68000's Move Peripheral (MOVEP) 
instruction and with the MC68450 DMAC. To take advan­
tage of this, Port A should contain the most-significant data 
and always be read or written by the bus master first. The 
interlocked and pulsed handshake protocols are keyed to 
accesses to the Port B Data Register in Mode 3. If it is 
accessed last, the 160bit double-buffered transfer proceed 

smoothly. Refer to Table 8 for a summary of the Port A and 
B data paths in Mode 3. 

DMA REQUEST OPERATION 
The Direct Memory Access Request ("'D""M"-A""""R""EQ"") pulse 

(when enabled) is associated with output or input transfers 
to keep the initial and final output latches full or initial and 
final input latches empty, respectively. Figures 13 and 14 
show all the possible paths in generating DMA requests. 

DMAREQ is generated on the bus side of the MC68230 by 
the synchronized' Chip Select. If the conditions of Figures 
13 and 14 are met, an access of the bus (assertion of CS) will 
cause DMAREQ to be asserted 3 PI/T clocks (plus the delay 
time from the clock edge) after CS is synchronized.· 
DMAREQ remains asserted 3 clock cycles (plus the delay 
time from the clock edge) and is then negated. 

The DMAREQ pulse associated with a peripheral or port 
side of the PI/T is caused by the synchronized" H1(H3) in­
put. If the conditions of Figures 13 and 14 are met, a port ac­
cess (assertion of the H1(H3) input) will cause DMAREQ to 
be asserted 2.5 PIIT clock cycles (plus the delay time from 
clock edge) after H1(H3) is sycnhronized.· DMAREQ re­
mains asserted 3 clock cycles (plus the delay time from the 
clock edge) and is then negated. .~ 

TABLE 8 - MODE 3 PORT A AND B DATA PATHS 

Mode Read Port A and B Write Port A and B 
Data Register Data Register 

3 FIL,D.B. lOll FOl. D.B., Note 1 
Note 1: Data written to Port A goes to a temporary latch. When the Port B data 

register is later written, Port A data is transferred to lOll FOl. 
Abbreviations: 
IOL - Initial Output latch 
FOL - Final Output latch 
Fll - Final Input latch 

FIGURE 13 - DMAREQ ASSOCIATED 
WITH OUTPUT TRANSFERS 

Data in Output latches 

~CoByte0~ 
Bus Write No DMA Request 

~ t 
OMA'>Cl B'~:><-O'" 

Bus Write DMA Request 

~ t 
No DMA Request Peripheral Accepts Data 

~C2BYte0/ 

s.B. - Single Buffered 
D.B. - Double Buffered 

FIGURE 14 - DMAREQ ASSOCIATED 
WITH INPUT TRANSFERS 

Data in Input latches 

~C?Byte0~ 
Peripheral Provides Data No DMA Request 

~ t 

OMA '>0 B'"~-<''''' 
Peripheral Provides Data DMA ReQuest 

~ t 
No DMA Request Bus Read 

~C2BYte0/ 

• Synchronized means that the input Signal has been seen by the PitT on the appropriate edge of the clock (rising edge for H1IH31 and falling 
edge for CS), (Refer to the BUS INTERFACE CONNECTION section for the exception concerning CS.) If a bus access lassertion of CS) and 
a port'access (assertion of H1IH3)) occur at the same time, ~ will be recognized without any delay. HlIH31 will be recognized one clock cycle 
later. 
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TIMER 
The MC68230 timer can provide several facilities needed 

by MC68000 operating systems. It can generate periodic in­
terrupts, a square wave, or a single interrupt after a pro­
grammed time period. Also, it can be used for elapsed time 
measurement or as a device watchdog. This section 
describes the programmable options available, capabilities, 
and restrictions that apply to the timer. 

The PlfT timer contains a 24-bit synchronous down 
counter that is loaded from three 8-bit Counter Preload 
Registers. The 24-bit counter may be clocked by the output 
of a 5-bit (divide-by-32) prescaler or by an external timer In­

put TIN. If the prescaler is used, it may be clocked by the 
system clock (ClK pin) or by the TIN external input. The 
counter signals the occurrence of an event primarily through 
zero detection. (A zero is when the counter of the 24-bit 
timer IS equal to zero.) This sets the zero detect status (ZDS) 
bit in the Timer Status Register. It may be checked by the 
processor or may be used to generate a timer interrupt. The 
ZDS bit is reset by writing a 1 to the Timer Status Register in 
that bit pOsition. . 

The general operation of the timer is flexible and easily 
programmable. The timer IS fully configured and controlled 
by programming the 8-bit Timer Control Register. It controls: 
(1) the choice between the Port C operation and the timer 
operation of three timer PinS, (2) whether the counter is load­
ed from the Counter Preload Register or rolls over when zero 
detect is reach. (3) the clock Input. (4) whether the prescaler 
is used, and (51 whether the timer IS enabled. 

RUNfHAlT DEFINITION 

The overall operation of the timer is described in terms of 
the run or halt states The control of the current state is 
determined by programming the Timer Control Register. 
When In the halt state. all of the follOWing occur: 

1. The prior contents of the counter is not altered and is 
reliably readable via the Count Registers. 

2. The prescaler is forced to $1 F whether or not it is used. 

3. The ZDS status bit is forced to 0, regardless of the 
possible zero contents of the 24-bit counter. 

The run state is characterized by: 
1. The counter is clocked by the source programmed in 

the Timer Control Register. 
2. The counter is not reliably readable. 

3. The prescaler is allowed to decrement if programmed 
for use. 

4. The ZDS status bit is set when the 24-bit counter tran­
sitions from $000001 to $000000. 

TIMER RULES 
This section provides a set of rules that allow easy applica­

tion of the timer. 

1. Refer to the Run/ Halt Definition above. 

2. When the RESET pin is asserted, all bits of the Timer 
Control Register go to 0, configuring the dual function 
pins as Port C inputs. 

3. The contents of the Counter Preload Registers and 
counter are not affected by the Rm'i' pin. 

4. The Count Registers provide a direct read data path 
from each portion of the 24-bit counter. but data writ­
ten to their addresses is ignored. (This results in a nor­
mal bus cycle. I These registers are readable at any 
time, but their contents are ne\ter latched. Unreliable 
data may be read when the timer is in the run state. 

5. The Counter Preload Registers are readable and 
writable at any time and this occurs independently of 
any timer operation. No protection mechanisms are 
provided against ill-timed writes. 

6. The input frequency to the 24-bit counter from the TIN 
pin or prescaler output. must be between 0 and the in­
put frequency at CLK pin divided by 32 regardless of 
the configuration chosen. 

7. For configurations in which the prescaler is used (with 
the ClK pin or TIN pin as an input), the contents of 
the Counter Preload Register (CPR) is transferred to 
the counter the first time that the prescaler passes 
from $00 to $1 F (rolls over) after entering the run state. 
Thereafter, the counter decrements or is loaded from 
the Counter Preload Register when the prescaler rolls 
over. 

8. For configurations in which the prescaler is not used, 
the contents of the Counter Preload Registers are 
transferred to the counter on the first asserted edge of 
the TIN input after entering the run state. On subse­
quent asserted edges the counter decrements or is 
loaded from the Counter Preload Registers. 

9. The lowest value allowed in the Counter Preload 
Register for use with the counter is $000001. 

TIMER INTERRUPT ACKNOWLEDGE CYCLES 
Several conditions may be present when the timer inter­

rupt acknowledge pin lTIACK) is asserted. These conditions 
affect the PlfT's response and the termination of the bus cy­
cle. (See Table 9.) 

TABLE 9 - RESPONSE TO TIMER INTERRUPT ACKNOWLEDGE 

PC3/TOUT Function Response to Asserted TIACK 

PC3 - Port C Pm No response 
No DTACK. 

TOUT - Square Wave No response. 
No DTACK. 

TOUT - Negated Timer No response. 
Interrupt Request No DTACK. 
TOUT - Asserted Timer Timer Interrupt Vector Contents. 
Interrupt Request i5'i"ACK Asserted 

PROGRAMMER'S MODEL 
The internal accessible register organization is represented 

in Table 10. Address space within the address map is re­
served for future expansion. Throughout the PI IT data sheet 
the following conventions are maintained: 

1. A read from a reserved location in the map results in a 
read from the "null register." The null register returns 
all zeros for data and results in a normal bus cycle. A 
write to one of these locations results in a normal bus 
cycle but no write occurs. 

2. Unused bits of a defined register are denoted by .. • .. 
and are read as zeroes. 

3. Bits that are unused in the chosen mode/submode but 
are used in others, are denoted by "X", and are 
readable and writeable. Their content, however, is ig­
nored in the chosen mode/submode. 

4. All registers are addressable as 8-bit quantities. To 
facilitate operation with the MOVEP instruction and 
the DMAC, addresses are ordered such that certain 
sets of registers may also be accessed as words (2 
bytes) or long words (4 bytes). 
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TABLE 10 - PitT REGISTER ADDRESSING ASSIGNMENTS 

Register Affected 
Register Select Bits Accessible by 

5 4 3 2 1 Reset 

Port General Control Register (PGCRI 0 0 0 0 0 RW Yes 

Port Service Request Register (PSRRI 0 0 0 0 1 RW Yes 

Port A Data Direction Register (PADDRI 0 0 0 1 0 RW Yes 

Port B Data Direction Register (PBDDRI 0 0 0 1 1 RW Yes 

Port C Data Direction Register (PCDDRI 0 0 1 0 0 RW Yes 

Port Interrupt Vector Register (PIVRI 0 0 1 0 1 RW Yes 

Port A Control Register (PACRI 0 0 1 1 0 RW Yes 

Port B Control Register (PBCRI 0 0 1 1 1 RW Yes 

Port A Data Register (PADRI 0 1 0 0 0 RW No 

Port B Data Register (PBDRI 0 1 0 0 1 RW No 

Port A Alternate Register.(PAARI 0 1 0 1 0 R No 

Port B Alternate Register (PBARI 0 1 0 1 1 R No 

Port C Data Register (PCDRI 0 1 1 0 0 RW No 

Port Status Register (PSRI 0 1 1 0 1 R W* Yes 

Timer Control Register (TCRI 1 0 0 0 0 RW Yes 

Timer Interruct Vector Reoister !rIVRI 1 0 0 0 1 RW Yes 

Counter Preload Register High (CPRHI 1 0 0 1 1 RW No 

Counter Preload Register Middle (CPRMI 1 0 1 0 0 RW No 

Counter Preload Register Low (CPRL) 1 0 1 0 1 RW No 

Count Register High (CNTRHI 1 0 1 1 1 R No 

Count Register Middle (CNTRMI 1 1 0 0 0 R No 

Count Register Low (CNTRL) 1 1 0 0 1 R No 

Timer Status Register (TSRI 1 1 0 1 0 R W* Yes 

* A write to this register may perform a special status resetting operation. 
** Mode dependent. 

R= Read 

W=Write 

Port General Control Register (PGCR) -

7 1'6 5 4 3 2 1 0 

Port Mode H34 H12 H4 H3 H2 Hl 
Control Enable Enable Sense Sense Sense Sense 

The Port General Control Register controls many of the func­
tions that are common to the overall operation of the ports. 
The PGCR is composed of three major fields: bits 7 and 6 
define the operational mode of Ports A and B and affect 
operation of the handShake pins and status bits; bits 5 and 4 
allow a software controlled disabling of particular hardware 
associated with the handshake pins of each port; and bits 3-0 
define the sense of the handshake pins. The PGCR is always 
readable and writeable. 

PGCR 
7 6 Port Mode Control 

o 0 Mode 0 (Unidirectional 8-Bit Mode) 

o 1 Mode 1 (Unidirectional 16-Bit Mode) 

o Mode 2 (Bidirectional a-Bit Mode) 

Mode 3 (Bidirectional 16-Bit Mode) 

PGCR 
.§. 
0 

PGCR 
4 
0 

PGCR 
3-0 

H34 Enable 
Disabled 

Enabled 

H12 Enable 
Disabled 

Enabled 

Handshake Pin Sense 

-Affected 
by Read 

Cycle 

No 

No 

No 

No 

No 

No 

No 

No 

* * 
* * 
No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

All bits are reset to 0 when the RES ET pin is asserted. 
The Port Mode Control field should be altered only when 

the H12 Enable and H34 Enable bits are O. Except when 
Mode 0 is desired, the Port General Control register must be 
written once to establish the mode, arid again to enable the 
respective operation( s) . 

o The associated pin is at the high-voltage level when 
negated and at the low-voltage level when asserted. 

The associated pin is at the low-voltage level when 
negated and at the high-voltage level when asserted. 
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Port Service Request Register (PSRR) -

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

SVCRQ Interrupt Pon Interrupt ... Select PFS Priority Control 

The Port Service Request Register controls other functions 
that are common to the overall operation to the ports. It is 
composed of four major fields: bit 7 is unused and is always 
read as 0; bits 6 and 5 define whether interrupt or DMA re­
quests are generated from activity on the H 1 and H3 hand­
shake pins; bits 4 and 3 determine whether two dual function 
PinS operate as Port C or port interrupt request/­
acknowledge pins; and bits 2, 1, and 0 control the priority 
among all port interrupt sources. Since bits 2, 1, and 0 affect 
interrupt operation, it is recommended that they be changed 
only when the affected Interruptls) is (are) disabled or known 
to remain inactive. The PSRR is always readable and 
writeable. 

All bits are reset to 0 when the RESET pin is asserted. 

PSRR 
6 5 SVCRQ Select 

o X The PC4/DMAREO pin carries the PC4 function; DMA 
is not used. 

o The PC41=D"'"M"'"A"-::R-=E-=O pin carries the DMAREO function 
and is associated with double-buffered transfers con­
trolled by Hl. Hl is removed from the PI IT's Interrupt 
structure, and thUS, does not cause interrupt requests 
to be generated. To obtain DMAREO pulses, Port A 
Control Register bit 1 (H1 SVCRO Enable) must be a 1. 

1 1 The PC4/DMAREO pin carnes the DMAREO function 
and is associated with double-buffered transfers con­
trolled by H3. H3 is removed from the PI/T's Interrupt 
structure, and thUS, does not cause interrupt requestS 
to be generated. To obtain DMAREO pulses, Port B 
Control Register bit 1 I H3 SVCRO Enable) must be 1. 

PSRR 
4 3 Interrupt Pin Function Select 

o 0 The PC51 PI RO Pin carries the PC5 function. 
The PC61 PlACK pin carries the PC6 function. 

o 1 The PC5/PIRO pin carries the PIRO function. 
The PC61 PlACK pin carries the PC6 function. 

o The PC5!PIRO pin carries the PC5 function. 
The PC6!PIACK pin carries the PlACK function. 

1 The PC5/PIRO pin carries the PIRO function. 
The PC6! PlACK pin carries the PlACK function. 

Bits 2, 1, and 0 determine port Interrupt priority. The priority 
is shown In descending order left to right. 

PSRR Port Interrupt Priority Control 
2 ! 2. Highest ............................ Lowest 

0 o 0 H1S H2S H3S H4S 

0 0 1 H2S H1S H3S H4S 

0 0 H1S H2S H4S H3S 

0 1 1 H2S H1S H4S H3S 

0 0 H3S H4S H1S H2S 

0 1 H3S H4S H2S H1S 

0 H4S H3S H1S H2S 

H4S H3S H2S H1S 

Port A Data Direction Register (PADDR) - The Port A 
Data Direction Register determines the direction and buffer­
ing characteristics of each of the Port A pins. One bit In the 
PADDR is assigned to each pin. A 0 indicates that the pin IS 
used as an input, while a 1 indicates it is used as an output. 
The PADDR is always readable and writeable. This register is 
ignored in Mode 3. 

All bits are reset to the 0 (input) state when the RESET pin 
is asserted. 

Port B Data Direction Register (PBDDR) - The PBDDR is 
identical to the PADDR for the Port B pins and the Port B 
Data Register, except that this register is ignored In Modes 2 
and 3. 

Port C Data Direction Register (PCDDR) - The Port C 
Data Direction Register specifies whether each dual-function 
pin that is chosen for Port C operation is an input (0) or an 
output (1) pin. The PCDDR, along with bits that determine 
the respective pin's function, also specify the exact hardware 
to be accessed at the Port C Data Register address. ISee the 
Port C Data Register description for more details.) The 
PCDDR is an 8-bit register that is readable and writeable at all 
times. Its operation is independent of the chosen PI/T mode. 

These bits are cleared to 0 when the RESET pin is 
asserted. 

Port Interrupt Vector Register (PIVR) 

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

Interrupt Vector Number * * 

The Port Interrupt Vector Register contains the upper order 
six bits of the four port interrupt vectors. The contents of 
this register may be read two ways: by an ordinary read cy­
cle, or by a port interrupt acknowledge bus cycle. The exact 
data read depends on how the cycle was initiated and other 
factors. Behavior during a port interrupt acknowledge cycle 
is summarized above in Table 3. 
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From a normal read cycle (CS), there is never a conse­
quence to reading this register. Following negation of the 
RESET pin, but prior to writing to the PIVR, a $OF will be 
read. After writing to the register, the upper 6 bits may be 
read and the lower 2 bits are forced to O. No prioritization 
computation is performed. 

Port A Control Register (PACR) -

7 I 6 5 I 4 I 3 2 1 0 

Port A 
H2 Hl Hl 

H2 Control Int. SVCRQ Stat. Submode Enable Enable Clr!. 

The Port A Control Register, in conjunction with the pro­
grammed mode and the Port B submode. control the opera­
tion of Port A and the handshake pins H 1 and H2. The Port A 
Control Register contains five fields: bits 7 and 6 specify the 
Port A submode; bits 5. 4. and 3 control the operation of the 
H2 handshake pin and H2S status bit; bit 2 determines 
whether an interrupt will be generated when the H2S status 
bit goes to 1; bit 1 determines whether a service request (in­
terrupt request or DMA request) will occur; bit 0 controls the 
operation of the Hl S status bit. The PACR is always 
readable and writeable. 

All bits are cleared to 0 when the RESET pin is asserted. 
When the Port A submode field is Felevant in a model sub­

mode definition, it must not be altered unless the H12 Enable 
bit in the Port General Control Register is O. (See Table 2.1 

The operation of Hl and H2 and their related status bits is 
given below, for each of the modes specified by Port General 
Control Register bits 7 and 6. This description is organized 
such that for each model submode all programmable options. 
of each pin and status bit are given. 

Bits 2 and 1 carry the same meaning in each model sub­
mode, and thus are specified only once. 

PACR 
2 H2 Interrupt Enable 
o The H2 interrupt is disabled. 

PACR 
1 

o 
1 

The H2 interrupt is enabled. 

Hl SVCRQ Enable 
The Hl interrupt and DMA request are disabled. 
The Hl interrupt and DMA request are enabled. 

PACR Mode 0 Port A Submode 00 

PACR 
543 H2 Control 

o X X Input pin - status only. 
o 0 Output pin - always negated. 
o 1 Output pin - always asserted. 

o Output pin - interlocked input handshake pro­
tocol. 

1 Output pin - pulsed input handshake protocol. 

PACR 
.Q. 
X 

Hl Status Control 

Not Used 

PACR Mode 0 Port a Submode 01 

PACR 
543 H2 Control 
o X X Input pin - status only. 

o 0 Output pin - always negated. 
o 1 Output pin - always asserted. 

o Output pin - interlocked output handshake pro­
tocol. 
Output pin - pulsed output handshake protocol. 

PACR 
o Hl Status Control 
o The H 1 S status bit is 1 when either the Port A initial or 

final output latch can accept new data. It is 0 when 
both latches are full and cannot accept new data. 
The H 15 status bit is 1 when both of the Port A output 
latches are empty. It is 0 when at least one latch is full. 

PACR Mode 0 Port A Submode 1X 
PCR 

543 H2 Control 
o X X Input pin - status only. 

X 0 Output pin - always negated. 
X 1 Output pin - always asserted. 

PACR 
o 
X Not used. 

Hl Status Control 

PACR Mode 1 Port A Submode XX Port B Sub mode XO 
PACR 

5 4 3 H2 Control 
o X X Input pin - status only. 

X 0 Output pin - always negated. 

X 1 Output pin - always asserted. 

PACR 
o 
X Not used. 

H 1 Status Control 

PACR Mode 1 Port A Submode XX Port B Submode Xl 
PACR 

5 4 3 H2 Control 
o X X Input pin - status only. 
1 X 0 Output pin - always negated. 
1 X 1 Output pin - always asserted. 

PACR 
o 
X Not used. 

H 1 Status Control 
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PACR 
543 

PACR Mode 2 

H2 Control 
x X 0 Output pin interlocked output handshake pro-

tocol. 
X X Output pin - pulsed output handshake protocol. 

PACR 
o H1 Status Control 
o The H 1 S status bit is 1 when either the Port B initial or 

fir:lal output latch can accept new data. It is 0 when 
both latches are full and cannot accept new data. 
The H 1 S status bit is 1 when both of the Port B output 
latches are empty. It is 0 when at least one latch is full. 

PACR Mode 3 
PACR 
543 H2 Con.trol 
X X· 0 Output pin interlocked output handshake pro-

tocol. 
X X 1 Output pin - pulsed output handshake protocol. 

PACR 
o H1 Status Control 
o The Hl S status bit is 1 when either the initial or final 

output latch of Port A and B can accept new data. It is 
o when both latches are full and cannot accept new 
data. 
The Hl S status bit is 1 when both the initial and final 
output latches of Ports A and B are empty. It is 0 when 
either the initial or final latch of Ports A and B is full. 

Port B Control Register (PBCR) -

7 J 6 5 -' 
4 I 3 2 , 0 

Port B 
H4 H3 H3 

H4 Control Int. SVCRQ Stat. 
Submode Enable Enable Ctrl. 

The Port B Control Register specifies the operation of Port B 
and the handshake pins H3 and H4. The Port B control 
register contains five fields: bits 7 and 6 specify the Port B 
submode; bits 5, 4, and 3 control the operation of the H4 
handshake pin and H4S status bit; bit 2 determines whether 
an interrupt will be generated when the H4S status bit goes 
to 1; bit 1 determines whether a service request (interrupt re­
quest or DMA request) will occur; bit 0 controls the opera­
tion of the H3S status bit. The PACR is always readable and 
writeable. There is never a consequence to reading the 
register. 

All bits are cleared to 0 when the RESET pin is asserted. 
When the Port B submode field is relevant in a model sub­

mode definition, it must not be altered unless the H34 Enable 
bit in the Port General Control Register is O. (See Table 2.1 

The operation of H3 and H4 and their related status bits is 
given below, for each of the modes specified by Port General 
Control Register bits 7 and 6. This description is organized 
such that for each modelsubmode all programmable options 
of each pin and status bit are given. 

Bits 2 and 1 carry the same meaning in each model sub­
mode, and thus are specified only once. 

PBCR 
2 H4 Interrupt Enable 
o The H4 interrupt is disabled. 
1 The H4 interrupt is enabled. 

PBCR 
1 H3 SVCRQ Enable 
o The H3 interrupt and DMA request are disabled. 
1 The H3 interrupt and DMA request are enabled. 

PBCR 
543 

PBCR Mode 0 Port B Submode 00 

H4 Control 
o X X Input pin - status only. 
1 0 0 Output pin - always negated. 
1 0 1 Output pin - always asserted. 
1 1 0 Output pin - interlocked input handshake pro­

tocol. 
1 Output pin - pulsed input handshake protocol. 

PBCR 
o H3 Status Control 
X Not used. 

PBCR 
543 

PBCRMode 0 Port B Submode 01 

H4 Control 
o X X Input pin - status only. 
1 0 0 Output pin - always negated. 
1 0 1 Output pin - always asserted. 
1 1 0 Output pin - interlocked output handshake pro­

tocol. 
1 Output pin - pulsed output handshake protocol. 

PBCR 
o H3 Status Control 
o The H3S status bit is 1 when either the Port B initial or 

final output latch can accept new data. It is 0 when 
both latches are full and cannot accept new data. 
The H3S status bit is 1 when both of the Port B output 
latches are empty. It is 0 when at least one latch is full. 

PBCR 
543 

PBCR Mode 0 Port B Submode 1X 

H4 Control 
o X X Input Pin - status only. 
1 X 0 Output pin - always negated. 
1 X 1 Output pin - always asserted. 

PBCR 
o H3 Status Control 
X Not used. 

543 
PBCR Mode 1 Port B Submode XO 

H4 Control 
o X X Input pin - status only. 
1 0 0 Output pin - always negated. 
1 0 1 Output pin - always asserted. 
1 1 0 Output pin - interlocked input handshake pro­

tocol. 
1 Output pin - pulsed input handshake protocol. 

(jJ;:. MOTOROLA Semiconductor Products Inc. 
'CY 25 



PBCR 
o 
X Not used. 

H3 Status Control 

PBCR Mode 1 Port B Submode X1 

PBCR 
543 H4 Control 
a x X Input pin - status only. 
1 a a Output pin - always negated. 
1 a 1 Output pin - always asserted. 
1 1 a Output pin - interlocked output handshake pro­

tocol. 
1 Output pin - pulsed output handshake protocol. 

PBCR 
o H3 Status Control 

a The H3S status bit is 1 when either the initial or final 
output latch of Port A and B can accept new data. It is 
a when both latches are full and cannot accept new 
data. 
The H3S status bit is 1 when both the initial and final 
output latches of Ports A and B are empty. It is a when 
neither the initial or final latch of Ports A and B is full. 

PBCR 
543 

PBCR Mode 2 

H4 Control 
x X a Output pin interlocked input handshake pro-

tocol. 
X X 1 Output pin - pulsed input handshake protocol. 

PBCR 
o 
X Not used. 

PBCR 
543 

H3 Status Control 

PBCR Mode 3 

H4 Control 
X X a Output pin interlocked input handshake pro-

tocol. 
X X Output pin - pulsed input handshake protocol. 

PBCR 
o 
X Not used. 

H3 Status Control 

Port A Data Register (PADR) - The Port A Data Register 
is an address for moving data to and from the Port A pins. 
The Port A Data Direction Register determines whether each 
pin is an input (0) or an output (1 I, and is used in configuring 
the actual data paths. This is mode dependent and is 
described with the modes above. 

This register is readable and writeable at all times. Depend­
ing on the chosen mode/submode, reading or writing may 
affect the double-buffered handshake mechanism. The Port 
A Data Register is not affected by the assertion of the 
RESET pin. 

Port B Data Register (PBDRI - The Port B Data Register 
is an address for moving data to and from the Port B pins. 
The Port B Data Direction Register determines whether each 
pin is an input (Olor an output 11), and is used in configuring 
the actual data paths. This is mode dependent and is 
described with the modes. above. 

This register is readable and writeable at all times. Depend­
ing on the chosen mode/submode, reading or writing may 
affect the double-buffered handshake mechanism. The Port 
B Data Register is not affected by the assertion of the RESET 
pin. 

Port A Alternate Register (PAARI - The Port A Alternate 
Register is an alternate address for reading the Port A pins. It 
is a read-only address and no other PIIT condition is af­
fected. In all modes and the instantaneous pin' level is read 
and no input latching is performed except at the data bus in­
terface (see Bus Interface Connection). Writes to this ad­
dress are answered with DTACK, but the data is ignored. 

Port B Alternate Register (PBARI - The Port B Alternate 
Register is an alternate address for reading the Port B pins. It 
is a read-only address and no other PI/T condition is af­
fected. In all modes the instantaneous pin level is read and 
no input latching is performed except at the data bus inter­
face (see Bus Interface Connection). Writes to this address 
are answered with DTACK. but the data is ignored. 

Port C Data Register (PCDRI - The Port C Data Register 
is an address for moving data to and from each of the eight 
Port CI alternate-function pins. The exact hardware 
accessed is determined by the type of bus cycle 1 read or 
write) and individual conditions affecting each pin. These 
conditions are 11) whether the pin is used for the Port C or 
alternate function. and 12) whether the Port C Data Direction 
Register indicates the input or output direction. The Port C 
Data Register is single buffered for output pins and not buf­
fered for input pins. These conditions are summarized in 
Table 11. 

The Port C Data Register is not affected by the assertion 
of the RESET pin. 

The operation of the PCDR is independent of the chosen 
PI/T mode. 

TABLE 11 - PCOR HAROWARE ACCESSES 

Read Port C Oata Register 

Port C function Port C function Alternate Alternate 
PCOOR=O PCOOR=1 function function 

PCOOR=O PCOOR=1 

",ort C I",ort C 
pin output pon output 

reaister register 
Write Port C Oata Register 

Port C Function Port C Function Alternate Alternate 

PCOOR=O PCOOR=1 function function 
PCOOR=O PCOOR= 1 

Port C Port C Port C Port C 
output register. output register. output register output register 
buffer disabled buffer enabled 
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Note that two additional useful benefits result from this 
structure. First, it is possible to directly read the state of a 
dual-function pin while used for the non-Port C function. Se­
cond, it is possible to generate program controlled transi­
tions on alternate-function Plns by switching back to the 
Port C function, and writing to the PCOR. 

This register is readable and wnteable at all times. 

Port Status Register (PSR) -

7 6 5 4 3 2 1 0 

H4 H3 H2 H1 
H4S H3S H2S H1S 

Level Level Level Level 

The Port Status Register contains information about hand­
shake pin activity. Bits 7-4 show the instantaneous level of 
the respective handshake Pin, and IS independent of the 
handshake pin sense bits In the POr) General Control 
Register. Bit 3-0 are the respective. status bits referred to 
throughout this data sheet. Their interpretation depends on 
the programmed modeisubmode of the PI:T. For Bits 3-0 a 
1 IS the active or asserted state. 

Timer Control Register (TCR) 

7 J 6 I 5 4 3 2 I 1 0 

TOUTiTlACK Z.D 
" 

Clock Timer 
Control Ctrl Control Enable 

The Timer Control Register nCR) determines all operations 
of the timer. Bits 7-5 configure the PC3/TOUT and 
PC7 ITIACK pinS for Port C, square wave, vectored inter­
rupt, or autovectored Interrupt operation; bit 4 specifies 
whether the counter receives data from the Counter Preload 
Register or continues counting when zero detect IS reached; 
bit 3 is unused and is read as 0; bits 2 and 1 configure the 
path from the ClK and TIN pins to the counter controller; bit 
o enables the timer. This register IS readable and wnteable at 
all times. 

All bits are cleared to 0 when the RESET pin IS asserted 

TCR 
765 TOUT /TiACR Control 

1 0 1 The dual-function pin PC3ITOUT carries the TOUT 
function and is used as a timer interrupt request 
output. The timer interrupt is enabled; thUS, the pin 
is low when the timer ZOS status bit is 1. The dual 
function pin PC7 ITIACK carries the TIACK func­
tion and is used as a timer interrupt acknowledge 
input. Refer to the Timer Interrupt Acknowledge 
Cycle section for details. This combination and the 
100 state above support vectored timer interrupts. 

1 1 0 The dual-function pin PC3ITOUT carries the TOUT 
function. In the run or halt state it is used as a timer 
interrupt request output. The timer interrupt is 
disabled; thus, the pin is always three-stated. The 
dual-function pin PC7/TIACK carries the PC7 func­
tion. 

1 1 1 The dual-function Pin PC3ITOUT carries the TOUT 
function and is used as a timer interrupt request 
output. The timer interrupt is enabled; thus, the pin 
is low when the timer ZOS status bit is 1. The dual­
function pin PC7 ITIACK carries the PC7 function 
and autovectored interrupts are supported. 

TCR 
4 Zero Detect Control 

o The counter is loaded from the Counter Preload 
Register on the first clock to the 24-bit counter after 
zero detect. and resumes counting. 
The counter rolls over on zero detect, then continues 
counting. 

Bit 3 IS unused and is always read as 0 

TCR 
2 1 Clock Control 

o 0 The PC2ITIN input pin carries the Port C function and 
the ClK pin and prescaler are used. The prescaler is 
decremented on the falling transition of the ClK pin; 
the 24-bit counter is decremented or loaded from the 
Counter Preload Registers when the prescaler rolls 
over from $00 to $1 F. The Timer Enable bit determines 
whether the timer is in the run or halt state. 

o 1 The PC2/TIN pin serves as a timer input and the ClK 
pin and prescaler are used. The prescaler IS 
decremented on the falling transition of the ClK pin; 
the 24-bit counter is decremented or loaded from the 
Counter Preload Registers when the prescaler rolls 
over from $00 to $1 F. The timer is in the run state 
when the Timer Enable bit is 1 and the TIN pin is high; 
otherwise the timer is in the halt state. 

o The PC2ITIN pin serves as a timer input and the 
prescaler is used. The prescaler is decremented follow­
ing the riSing transition of the TIN pin after syncing 
with the internal clock. The 24-bit counter is 
decremented or loaded from the counter preload 
registers when the prescaler rolls over from $00 to ·$1 F. 
The Timer Enable bit determines whether the timer IS 
in the run or halt state. 

1 1 The PC2/TIN pin serves as a timer Input and the 
prescaler IS unused The 24-bit counter is decremented 
or loaded from the Counter Preload Registers follow­
ing the rising edge of the TIN pin after syncing with 
the internal clock The Timer Enable bit determines 
whether the timer is in the run or halt state 
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TCR 
o 
o Disabled. 

Enabled. 

Timer Enable 

Timer Interrupt Vector Register (TIVR) - The timer inter­
rupt vector register contains the 8-bit vector supplied when 
the timer interrupt acknowledge pin TIACK is asserted. The 
register is readable and writeable at all times, and the same 
value is always obtained from a normal read cycle and a timer 
interrupt acknowledge bus cycle (TIACK). When the RESET 
pin is asserted the value of $OF is automatically loaded into 
the register. Refer to Timer Interrupt Acknowledge Cycle 
section for more details. 

Counter Preload Register H, M, L (CPRH-L) 

7 6 5 4 3 2 1 0 
Bit Bit Bit Bit Bit Bit Bit Bit 
23 22 21 20 19 18 17 16 CPRH 

Bit Bit Bit Bit Bit . Bit Bit Bit 
15 14 13 12 11 10 9 8 CPRM 

Bit Bit Bit Bir Bit Bit Bit Bit 
7 6 5 4 3 2 1 0 CPRL 

The Counter Preload Registers are a group of three 8-bit 
registers used for storing data to be transferred to the 
counter. Each of the registers is individually addressable, or 
the group may be accessed with the MOVEP . L or the 
MOVEP.W instructions. The address one less than the ad­
dress of CPRH is the null register, and is reserved so that 
zeros are read in the upper 8 bits of the destination data 
register when a MOVEP. L is used. Data written to this ad­
dress is ignored. 

The registers are readable and writeable at all times. A 
read cycle proceeds independently of any transfer to the 
counter, which may be occuring simultaneously. 

To insure proper operation of the PI/T Timer, a value of 
$000000 may not be stored in the Counter Preload Registers 
for use with the counter. 

The RESET pin does not affect the contents of these 
registers. 

Count Register H, M, L (CNTRH-L) -

7 6 5 4 3 2 1 0 

Bit Bit Bit Bit Bit Bit Bit Bit 
23 22 21 20 19 18 17 16 CNTRH 

Bit Bit Bit Bit Bit Bit Bit Bit 
15 14 13 12 11 10 9 8 CNTRM 

Bit Bit Bit Bit Bit Bit Bit Bit 
7 6 5 4 3 2 1 0 CNTRL 

The count registers are a group of three 8-bit addresses at 
which the counter can be read. The contents of the counter 
are not latched during a read bus cycle; thus, the data read at 
these addresses is not guaranteed if the timer is in the run 

state. I Bits 2, 1, and 0 of the Timer Control Register specify 
the state.) Write operations to these addresses result In'a 
normal bus cycle but the data is Ignored. 

Each of the registers is individually addressable, or the 
group may be accessed with the MOVEP. L or the MOVEP. W 
instructions. The address one less than the address of 
CNTR H IS the null register, and IS reserved so that zeros are 
read in the upper 8 bits of the destination data register when 
a MOVEP.L is used. Data wntten to this address is ignored. 

Timer Status Register (TSR) 

The Timer Status Register contains one bit from which the 
zero detect status can be determined. The lOS status bit Iblt 
Q) IS an edge-sensitive flip-flop that IS set to 1 when the 24-brt 
counter decrements from $000001 to $000000. The lOS 
status bit IS cleared to 0 follOWing the direct clear operation 
(similar to that of the ports), or when the timer IS halted 
Note also that when the RES ET pin IS asserted the timer IS 
disabled, and thus enters the halt state. 

This register IS always readable Without consequence. A 
write access performs a direct clear operation If bit 0 In the 
written data is 1. FollOWing that, the lOS bit IS 0 

This register is constructed with a reset dominant S-R flip­
flop so that all clearing conditions prevail over the possible 
zero detect condition. 

Bits 7-1 are unused and are read as O. 

TIMER APPLICATIONS SUMMARY 

This section outlines programming of the Timer Control 
Register for several tYPical examples. 

Periodic Interrupt Generator 

7 I 6 I 5 .l 
" ~ I ~ 

TOUT TIACK Z D :: oC·, Timer 
ContrOl Ctr! 

.. 
Contro' Enable 

x o 00 J' 1 X Changed 

In this configuration the timer generates a perrodlc Inter­
rupt. The TOUT pin IS connected to the system's Interrupt 
request CirCUitry and the TIACK pin may be used as an Inter­
rupt acknowledge Input to the timer. The TIN pin may be 
used as a clock input • 

The processor loads the Counter Preload Registers and 
Timer Control Register, and then enables the timer. When 
the 24-bit counter passes from $000001 to $000000 the lOS 
status bit IS set and the TOUT I interrupt request) pin IS 
asserted. At the next clock to the 24-blt counter It is again 
loaded with the contents of the CPR's, and thereafter 
decrements. In normal operation, the processor must direct 
clear the status bit to negate the interrupt request (see 
Figure 151. 
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FIGURE 15 - PERIODIC INTERRUPT GENERATOR 

,_ Run---------
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Square Wave Generator 

elf I 2 = I 
C:QCt\ TImer 

C=,r",o Enable 

In this conhguratlcw 'ne timer produces a square wave at 
the TOUT pw, The TOUT pw, IS connected to the user's Clr' 

CUltry and the TI':"C" p,n IS not used The TIN pin may be us­
ed as a clock Input 

The processor loaos the Counter Preload Registers and 
Timer Control Register, ana then enables the timer, When 
the 24-blt counter passes from S000001 10 SOOOOOO the ZDS 
status bit IS set and the TOUT Isquare wave outputl Pin IS 
toggled, At the next clock to me 24-blt counter It IS again 
loaded with the contents of the CPRs, and thereafter 
decrements In this application there IS no need for the pro­
cessor to direct clear the ZDS status bit, however, It IS POSSI­
ble for the processor to svnc Itself with the square wave by 
clearing the ZDS status bit, then polling It, The processor 
may also read the TOUT level at the Port C address 

Note that the PC3/TOUT pin functions as PC3 following 
the negation of RESET. If used In the square wave con­
figuration a pullup resistor may be reqUired to keep a known 
level prior to programming Prior to enabling the timer, 
TOUT IS high (see Figure 161, 

FIGURE 16 - SQUARE WAVE GENERATOR 

II( Run'---------

T,mer J 
Enable 

TOGI \~------JI L 
... 1 .. _---- Square Wave·----­

*;...,. a '_',:..; representatlor-, of counte, valUE 

Interrupt After Timeout 

7 I 6 I 5 4· 3 2 I 1 0 

TOUTITIACK Z D Clock Timer 
Conlrol Clrl * ContrOl En 

x o 00 or 1 X changed 

In this configuration the timer generates an Interrupt after 
a programmed time period has expired The TOUT pin IS 
connected to the system's interrupt request circuitry and the 
TIACK pin may be an Interrupt acknowledge input to the 
timer. The TIN pin may be used as a clock input 

ThiS configuration is similar to the periodiC interrupt 
generator except that the Zero Detect Control bit is set ThiS 
forces the counter rollover after Zero Detect IS reached, 
rather than reloading from the CPRs, When the processor 
takes the Interrupt It can halt the timer and read the counter, 
This allows the processor to measure the delay time from 
Zero Detect (interrupt request) to entering the service 
routine. Accurate knowledge of the interrupt latency may be 
useful In some applications (see Figure 17). 

FIGURE 17 - SINGLE INTERRUPT AFTER TIMEOUT 

Timer J 
Enable 

SFFFFFF 

SOOOOOO 

ZDS 

TOUT 

Run 

* Analog representation of counter value, 

\ 
u 

L 
I 

Elapsed Time Measurement 

Elapsed time measurement takes several forms; two are 
described below, 

System Clock 

7 1 6 1 5 4 3 2 I 1 0 
TOUTITIACK Z D. Clock Timer 

Control Ctrl * Control Enable 

o o x o o o changed 

ThiS configuration allows time Interval measurement by 
software, No timer pinS are used. 

The processor loads the Counter Preload Registers 
Igenerally With all 1s) and Timer Control Register, and then 
enables the timer. The counter decrements until the ending 
event takes place When It is deSIred to read the time inter­
val, the processor must halt the timer, then read the counter 

For applications In which the Interval could have exceeded 
that programmable In thiS timer, Interrupts can be counted 
to prOVide the eqUivalent of additional timer bits Atthe end, 
the timer can be halted and read (see Figure 18), 
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FIGURE 18 - ELAPSED TIME MEASUREMENT 
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This configuration allows measurement (counting) of the 
number of input pulses occurring in an interval In which the 
counter IS enabled. The TIN input pm provides the Input 
pulses. Generally the TOUT and TIACK pins are not used. 

This configuration is Identical to the Elapsed Time 
Measurement/ System Clock configuration except that the 
TIN pin is used to provide the input frequency. It can be con­
nected to a simple oscillator, and the same methods could be 
used. Alternately, it could be gated off and on externally and 
the number of cycles occurring while in the run state can be 
counted. However, minimum pulse width high and low 
specifications must be met. 

This configuration provides the watchdog function need­
ed In many systems. The TIN pin is the timer input whose 
penod at the high (1) level is to be checked. Once allowed by 
the processor, the TIN input pin controls the run/halt mode. 
The TOUT pin is connected to external circuitry requiring 
notification when the TIN pin has been asserted longer than 
the programmed time. The TIACK pin linterrup 
acknowledge) IS only needed if the TOUT pin is connected to 
interrupt circuitry. 

The processor loads the Counter Preload Register and 
Timer Control Register, and then enables the timer. When 
the TIN input is asserted 11, high) the timer transfers the con­
tents of the Counter Preload Register to the counter and 
begins counting. (f the TIN input is negated before Zero 
Detect IS reached, the TOUT output and the ZDS status bit 
remain negated. If Zero Detect is reached while the TIN input 
is still asserted the ZDS status bit is set and the TOUT output 
is asserted. IThe counter rolls over and keeps on counting.) 

In either case, when the TIN input is negated the ZDS 
status bit is 0, the TOUT output is negated, the counting 
stops, and the prescaler is forced to all 1s (see Figure 19), 

Timer --.J 
Enable 

TIN 

FIGURE 19 - DEVICE WATCHDOG 
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BUS INTERFACE CONNECTION 

The PIIT has ·an asynchronous bus interface, primarily 
designed for use with the MC68000 microprocessor. With 
care, however, it can be connected to synchronous 
microprocessor buses. This section completely describes the 
PIIT's bus interface, and is intended for the asynchronous 
bus designer unless otherwise mentioned. 

In an asynchronous system the PI/T CLK may operate at a 
significantly different frequency, either higher or lower, than 
the bus master and other system components, as long as all 
bus specifications are met. The MC68230 CLK pin has the 
same specifications as the MC68000 CLK, and must not be 
gated off at any time. 

The following signals generate normal read and write 
cycles to the PI/T: CS (Chip Select), R/W I Read/Write) , 
RS1-RS51five Register Select bits), DO:D7 (the8-bit bidirec­
tional data bus), and DTACK (Data Transfer Acknowledge). 
To generate interrupt acknowledge cycles PC6/PIACK or 
PC7tTIACK is used instead of CS, and the Register Select 
pins are ignored. No combination of the following pins may 
be asserted simultaneously: CS, PlACK, or TIACK. 

READ CYCLES VIA CHIP SELECT 
This catagory includes all register reads, except port or 

timer interrupt acknowledge cycles. When CS is asserted, 
the Register Select and R/Vii inputs are latched internailly. 
They must meet small setup and hold time requirements with 
respect to the asserted edge of CS. ISee the AC ELEC­
TRICAL CHARACTERISTICS table.) The PitT is not pro­
tected against aborted Ishortened) bus cycles generated by 
an Address Error or Bus Error exception in which it is 
addressed. 

Certain operations triggered by normal read (or write) bus 
cycles are not complete within the time allotted to the bus 
cycle. One example is transfers tolfrom the double-buffered 
latches that occur as a result of the bus cycle. If the bus 
master's CLK is significantly faster than the PIIT's the 
possibility exists that, following the bus cycle, CS can be 
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negated then re-asserted before completion of these internal 
operations. In this situation the PI/T does not recognize the 
re-assertion of CS until these operations are complete. Only 
at that time does it begin the internal sequencing necessary 
to react to the asserted CS. Since CS also controls the 
DT ACK response, this "bus· cycle recovery time" can be 
related to the ClK edge on which DT ACK is asserted for that 
cycle. The PI/T will recognize the subsequent assertion of 
CS three (3) ClK periods after the ClK edge on which 
DT ACK was previously asserted. 

The Register Select and R/W inputs pass through an 
internal latch that is transparent when the PI/T can 
recognize a new CS pulse (see above paragraph!. Since the 
internal data bus of the PI/T is continuously enabled for read 
transfers, the read access time (to the data bus buffers) 
begins when the Register Selects are stabilized internally. 
Also, when the PI IT is ready to begin a new bus cycle, the 
assertion of CS enables the data bus buffers within a short 
propagation delay. This does not contribute to the overall 
read access time unless CS is asserted significantly after the 
Register Select and R/W inputs are stabilized (as may occur 
with synchronous bus microprocessors). 

In addition to Chip Select's previously mentioned duties, it 
controls the assertion of DT ACK and latching of read data at 
the data bus interface. Except for controlling input latches 
and enabling the data bus buffers, all of these functions 
occur only after CS has been recognized internally and syn­
chronized with the internal clock. Chip Select is recognized 
on the falling edge of the ClK if the setup time is met, 
DT ACK is asserted (low) on the next falling edge of the ClK. 
Read data is latched at the PilI's data bus interface at the 
same time DTACK is asserted. It is stable as long as Chip 
Select remains asserted independent of other external condi­
tions. 

From the above discussion it is clear that if the CS setup 
time prior to the falling edge of the ClK is met, the PIIT can 
consistently respond to a new read or write bus cycle every 
four 14) ClK cycles. This fact is especially useful in designing 
the PilI's clock in synchronous bus systems not using 
DT ACK. (An extra ClK period is required in interrupt 
acknowledge cycles, see Read Cycles via Interrupt 
Acknowledge. ) 

In asynchronous bus systems in which the PilI's ClK dif­
fers from that of the bus master, generally there is no way to 
guarantee that the CS setup time with respect to the PIIT 

ClK is met. Thus, the only way to determine that the PIIT 
recognized the assertion of CS is to wait for the assertion of 
DT ACK. In this situation, all latched bus inputs to the PIIT 
must be held stable until 5TACR is asserted. These include 
Register Select, R/W, and write data inputs (see below!. 

System specifications impose a maximum delay from the 
trailing (negated) edge of Chip Select to the negated edge of 
OT ACK. As system speeds increase this becomes more dif­
ficult to meet with a simple pullup resistor tied to the OT ACK 
line. Therefore, the PI IT provides an internal active pullup 
device to reduce the rise time, and a level-sensitive circuit 
that later turns this device off. OTACK is negated asyn­
chronously as fast as possible following the rising edge of 
Chip Select, then three-stated to avoid interference with the 
next bus cycle. 

The system designer must take care that DT ACK is 
negated and three-stated quickly enough after each bus 
cycle to avoid interference with the next one. With the 
MC68000 this necessitates a relatively fast external path from 
the data strobe to CS going negated. 

WRITE CYCLES 

In many ways write cycles are similar to normal read cycles 
(see above). On write cycles, data at the 00-07 pins must 
meet the same setup specifications as the Register Select 
and R/W lines. Like these signals, write data is latched on 
the asserted edge of CS, and must meet small setup and 
hold time requirements with respect to that edge. The same 
bus cycle recovery conditions exist as for normal read cycles. 
No other differences exist. 

READ CYCLES VIA INTERRUPT ACKNOWLEDGE 

Special internal operations take place on PI/T interrupt 
acknowledge cycles. The Port Interrupt Vector Register or 
the Timer Interrupt Vector Register are implicitly addressed 
by the assertion of PC6/PIACK or PC7/TIACK, respectively. 
The Signals are first synchronized with the falling edge of the 
ClK. One clock period after they are recognized the data bus 
buffers are enabled and the vector is driven onto the bus. 
OT ACK is asserted after another clock period to allow the 
vector some setup time prior to DT ACK. DT ACK is negated, 
then three-stated as with normal read or write cycle, when 
PlACK or TlACK is negated. 
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PACKAGE DIMENSIONS 

E 
I-----w 

Yr --,- ---------
JL D 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 60.35 61.57 2.376 2.424 
B 14.63 15.34 0.576 0.604 
C 3.05 4.32 0.120 0.160 
D 0.381 0.533 0.015 0.021 
F 0.762 1.397 0.030 0.055 
G 2.54 SSC 0.100 SSC 
J 0.203 0.330 0.008 0.013 
K 2.54 4.19 0.100 0.165 
L 14.99 15.65 0.590 0.616 
M 00 100 00 100 
N 1.016 1.524 0.040 0.060 

] 

NOTES: 

B 

L SUFFIX 
CERAMIC PACKAGE 

CASE 740-02 

1. DIMENSIONWIS DATUM. 
2. POSTIONAL TOLERANCE FOR LEADS: 

:-e-ia O.251O.010IeiT : A\9! 
3.OJ IS SEATING PLANE. 
4. DIMENSION "L" TO CENTER OF 

LEAOS WHEN FORMED PARALLEl. 
5. OIMENSIONING ANO TOLERANCING 

PER ANSI Y14.5, 1973., 

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising 
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others. 
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R68560 • R68561 

R68560, R68561 
. MULTI-PROTOCOL COMMUNICATIONS 

'~: ~~=Ld~~,·~~~ _______ C_O_N_T_R_O_L_L_E_R __ (M_P_C_C_) ________ ~ 

DESCRIPTION 

PRELIMINARY 

FEATURES 
The R68S60. R68S61 Multi-Protocol Communications Controller 
(MPCC) interfaces a single serial communications channel to 
a 68008/68000 microcomputer-based system using either asyn­
chronous or synchronous protocol. High speed bit rate. auto­
matic formatting. low overhead programming. eight character 
buffering. two channel DMA interface and three separate inter­
rupt vector numbers optimize MPCC performance to take full 
advantage of the 68008168000 processing capabilities and 
asynchronous bus structure. 

In synchronous operation. the MPCC supports bit-oriented pro­
tocols IBOP). such as SDLC/HDLC. and character-oriented pro­

··.tocols (COP), such as IBM Bisync (BSC) in either ASCII or 
EBCDIC coding. Formatting. synchronizing. validation and error 
detection IS performed automatically in accordance with protocol 
requirements and selected options. Asynchronous (ASYNC) 
and isochronous (ISOC) modes are also supported. In addition. 
modem interface handshake signals are available for general 
use. 

Control. status and data are transferred between the MPCC and 
the microcomputer bus via 22 directly addressable registers and 
a DMA interface. Two first-in first-out (FIFO) registers. address­
able through separate receiver and transmitter data registers. 
each buffer up to eight characters at a time to allow more MPU 
processing lime to service data received or to be transmitted 
and to maximize bus throughput. especially during DMA oper­
ation. The two-channel Direct Memory Access (DMA) interface 
operates with the MC68440/MC684S0 DMA Controller. Three 
prioritized interrupt vector numbers separately support receiver. 
transmit1er and modem interface operation. 

An on-chip oscillator drives the internal baud rate generator 
(BRG) and an extemal clock output with an B MHz input crystal 
or clock frequency. The BRG. in conjunction with two selectable 
prescalers and 16-bit programmable divisor. provides a data bit. 
rate of DC to 4 MHz. 

The 48-pin R68S61 sueports word-length (16-bit) operation when 
connected to the 68000 16-bit asynchronous bus. as well as 
byte-length (8-bit) operation when connected to the 68008 8-bit 
bus. The 40-pin R68S60 supports byte-length operation on the 
68008 bus. 

Document No. 68650N06 

• Full duplex synchronous/asynchronous receiver and trans­
mit1er 

• Fully implements IBM Binary Synchronous Communications 
(BSC) in two coding formats: ASCII and EBCDIC 

• Supports other synchronous character-oriented protocois 
(COP). such as six-bit BSC. DDCMP. X3.2B. ISO 151745. 
ECMA-16. etc. 

• SUpports synchronous bit-oriented protocols (BOP). such as 
SDLC. HDLClADCCP. X.25. etc. 

• Asynchronous and isochronous modes 

• Modem handshake interlace 
• High speed serial data rate (DC to 4 MHz) 

• Internal oscillator and Baud Rate Generator (BRG) with pro­
grammable data rate 

• Crystal or TTL level clock input and buffered clock output 
(8 MHz) 

• Direct interface to 68008168000 asynchronous bus 

• Eight-character receiver and transmit1er buffer registers 

• 22 directly addressable registers for flexible option selection. 
complete-status reporting. and data transfer 

• Three separate programmable interrupt vector numbers for 
receiver. transmitter and serial interlace 

• Maskable interrupt conditions for receiver. transmitter and 
serial interface. 

• Programmable microorocessor bus data transfer: polled. 
interrupt and two-channel DMA transfer comeatible with 
MC68440/MC68450 

• Clock control register for receiver clock divisor and receiver 
and transmitter clock routing 

• Selectable fulVhalf duplex. autoecho and local loop-bacK 
modes 

• Selectable parity (enable. odd. even) and CRC (control field 
enable. CRC-16. ccrn V.41. VRC/LRC) 

ORDERING INFORMATION 
Part Number Frequency 

R6856_ _ 4 MHz 

~ Package: C ~ Ceramic 
P = PlastiC 

Number of pins: 0 .. 40 
, = 48 

O"C to 70"C 

Product Description Order No. 705 
Rev. 1, MarCh 1983 
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1. Byte mode on 68008 bus. 
2. Word mode on 68000 bus. 

FIGURE 1. MPCC Block Diagram 
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PIN DESCRIPTION 

Throughout the data sheet, signals are presented using the terms 
active and inactive or asserted and negated independent of whether 
the signal is active in the high-voltage state or low-voltage state. (The 
active state of each logic pin is described below.) Active low Signals 
are denOled by a superscript bar. R/Windicates a write is active low 
and a read active high. 

"""',. 
DATA 
BUS < m 

A' ...... CTS 

4DDIt!SS 
IUS I OT. 

"SYNC~NOUS 

\ 
BUS 

CONTROL. 

UDSIAO m 
LOWs ~ 

Co 

oiW - T.D -, 
ClACK .. oec hC 

_.ES!" 

OM' 

1 
COHTOOL 

TDiR •• D 

R6JJi o.e 

0...,. 
OONE EXT .. !. 

DTC >TAL 

BCLK 

} RECEIVI!" 
ttfTEAFAC'f 

} CLOCK 
INTE"PAC( 

INTERRUPT { CONTROl. 

iiiQ 
Vee 

lACK 

""" 
FIGURE 2. MPCC Input and Output Signals 

A1-A4-Address Lines. A1-A4 are active high inputs used in con­
junction with the CS input to access the intemal registers. The 
address map for these registers is shown in Table 1. AO is valid only 
in by1e mode. For 68000 asynchro'nous bus Interface AO = ODS. 

DO-D15-Data Lines. The bidirectional data lines transfer data 
between the MPCC and the MPU. memory or other peripheral 
deVice. DO-D15 are used when connected to the 16-bit 68000 bus 
and ooeratlng in the MPCC word mode. DO-D7 are used when con­
nected to the 16-bit 68000 bus or the 8-bit 68008 bus and operating 
In the MPCC by1e mode. The data bus is three-stated when CS IS 
inactive. (See exceptions in OMA mode.) 

CS-Chip Select. CS low selects the MPCC for programmed trans­
fers with the host. The MPCC is deselected when the CS Input is 
inactive in non-DMA mode. CS must.be decoded from the address 
bus and galed with address strobe (AS). 

R,w-ReadIWrite. RIW controls the direction of data flow through 
the bidirectional data bus by Indicating that the current bus cycle is 
a reao (high) or write (low) cycle. 

OTA'C'K-Oata Transfer Acknowledge. i5TACK is an active low 
output that signals the completion of the bus cycle. During read or 
interrupt acknowledge cycles, DT ACK is asserted by the MPCC atter 
data has been provloed on the data bus; during write cycles it is 
asserteo atter data has been accepteo at the data bus. 5'i'ACK is 
driven high atter assertion prior to being tri·stated. A holding resistor 
IS reqUired to maintain DT ACK high between bus cycles. 

LOS/Os-Lower Data Strobe/Data Strobe. DUring a write (Riw 
low). the LOS positive transition latches data on data bus lines DO­
D7 into the MPCC. During a read (RiW high). CDS low enables data 
from the MPCC to data bus lines 00·D7. 

3 

UDs/AO-Upper Data Strobe/Address Line AO. When interfaCing 
the R68561 to the 68000 16·bit bus. the data bus UDS signal IS 
connected to the DDSlAO input. Dunng a write (R/W low). the UDS 
posrtive transrtion latches data on data lines D8·D15 into the MPCC 
(word mode only). During a read (RtW high), UDS low enables data 
from the MPCC to data bus lines D8·D15 (word mode only). In the 
by1e mode, ODS is used internally by the MPCC as AO to address 
a register by1e (see Table 1). 

When interfacing the R68560 to the 68008 8·bit bus, oata bus AO 
line is connected to the 0i5SI AO input and IS used to access an 
intemal register by1e (see Table 1). 

i'FiO-lnterrupt Request. The active low iRQ output requests Inter· 
rupt service by the MPU. IRO is driven high atter assertion prtor to 
being Iri·stated. 

iACK-lnterrupt Acknowledge. The active low iACK Input indi­
cates that the current bus cycle IS an interrupt acknowledge cycle. 
When iAcK is asserted the MPCC places an Interrupt vector on the 
lower by1e (DO-D7) of the data bus. 

TDSR-Transmitter Data Service Request. When Transmitter DMA 
mode is active. the low T5SR outout requests DMA service. 

RDSR-Receiver Data Service Request. When receiver OMA mode 
is active, the low ROSA output requests DMA service. 

OACK-DMA Acknowledge. The i5ACK low input indicates that the 
data bus has been acquired by the DMAC and that the requested 
bus cycle is beginning. 

i5Tc-Data Transfer Complete. The DrC low input indicates that 
a DMA data transfer IS complete. DTC in response to a RDSR 
indicates that the data has been successfully stored in memory. Di'C 
in response to a 'i'5SR indicates that the data is present on the data 
bus for strobing into the MPCC. 5TC is used in conjunction with 
RtW to increment the TxFIFO or RxFIFO pointer. 

Dc5NE-Oone. 50NE is a bidirectional active low signal. The 15O'NE 
signal is asserted by the OMAC When the DMA transfer count IS 

exhausted and there IS no more data to be transferred. or asserted 
by the MPCC when the status by1e follOWing the last character of a 
frame (block) IS being transferred in response to a RDSR. The DONE 
signal asserted by the DMAC in response to a i"5SR will be storea 
to track with the data by1e (lower by1e for word transfer! through tne 
TxFIFO. 

RESET-Reset. RESET is an active low, high Impedance Inpul that 
initializes all MPCC functions. REsET must be assened for at least 
500 ns to initialize the MPCC. 

5'i'R-Data Terminal Ready. The lS'fR active low outout IS genera; 
purpose in nature. and IS controlled by the DTRLVL bl1 In the Serial 
Interface Control Register (SICR). 

Frr'S-Request to Send. The FITS active low output is general pur· 
pose in nature. and is controlled by the RTSLVL bit In tne SICR. 

C;:-S-Clear to Send. The CTs active low Inout pOSitive tranSltlor, 
and level are reporteo In the CTS and CTSLVL bits In the Sena, 
Interface Status Register (SISRl. respectively. 

5SR-Data Set Ready. The DSR active low Input negative transi' 
tion and level are reported in the DSR and OSRLVL bits in the SISR. 
respectively. 
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DCo-Oata Carrier Detect. The DCD active low input positive tran· 
sltion and level are reported in the DCD and DCDLVL bits in the 
SISR. respectively. 

Txo-Transmitted Oata. The MPCC transmits serial data on the 
TxD output. The TxO output changes on the negative gOing edge of 
"'xC. 

RxO-Received Oata. The MPCC receives serial data on the AxD 
nout. The AxO Input is shifted into the receiver with the positive 
gomg edge of AxC. 

TxC-Transmitter Clock. TxC can be programmed to be an input 
or an output. When TxC is selected to be an Input, the transmitter 
ClOCk must be provided externally. When TxC IS programmed to be 
an output. a clock IS generatea by the MPCC's internal baud rate 
generator. The low·ta-high transition of the clock signal nominally 
Indicates the center of a serial data bit present on the TxD output. 

mm/AO 48 iiCK 
i5'i'AcK 47 COS/OS 

RxO 46 i5'fC 
J 

010 45 09 

OTR 44 CS 

5SR 6 5AcK 
5CO GNO 

011 41 00 

Ri5SR 08 

A1 01 

GNO 02 

A4 12 03 

A2 13 04 

A3 14 05 

RxC 15 06 

012 16 015 

TxC 17 07 

BCLK 18 REsET 
EXTAL 19 CTS 

XTAL 20 Vcc 

013 21 014 

R/W 22 i50NE 
iRQ 23 TxO 

RTS 24 TOSR 

R68561 Pin Configuration 

4 

Rxe-Receiver Clock. AxC provides the MPCC receiver with 
received data timing information. The clock transition from lOW' to· 
high nominally indicates the center of each serial data bit on the RxD 
input. 

EXT AL-Crystal/External Clock Input. 
XT AL Crystal Return. EXT AL and XTAL connect an 8 MHz external 
crystal to the MPCC intemal oscillator. The pin EXTAL may also be 
used as a TTL level input to supply a DC to 8 MHz reterence timing 
from an external clock source. XT AL must be tied to ground when 
applYing an external clock to the EXT AL input. 

BC1.K-Buffered Clock. BCLK is the Internal oscillator buffered 
output available to other MPCC aeviCes eliminating the need for 
additional crystals. 

Vee-Power. 5 V :: 5%. 

GNO-Ground. Ground (VssJ. 

AD lACK 

'5TAcK OS 

RxO i5Tc 
i5TR CS 
5SR 6ACK 
i5Co GNO 

ROsR 00 

A1 01 
GNO 02 

A4 03 
A2 04 

A3 05 
RxC 06 

TxC 07 

BCLK R'ESE'f 
EXTAL CTs 

XTAL Vcc 
OONE 

iRa TxO 

RTs T6SR 

R68560 Pin Configuration 
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MPCC REGISTERS 
Twenty-tour 8-bit registers define. control and montlor the data 
communlcattons orocess. These registers and their addresses are 
listed In Table 1. 

Table 2 summanzes the MPCC register bit assignments. A read from 
an unassigned location results In a read from the . null register.' The 
null register returns all ones for data ana results In a normal bus 
cycle. Unused bits of a defined register are read as zeros unless 
Otherwise noted. 

i 
I 
I 

In tne word mode. two registers are read or wnnen at a ttme stanlng 
at an even DOundary (AO IS not used In the word mooe and IS Implted 
10 De 0) in the byte mooe, each register IS expliCitly adoressed 
oaseo on AO. 

TABLE 1. MPCC Accessible Registers 
i 

I Address Bits 
Hex 

Register Addr A4 A3 A2 

Receiver Status Register (RSR) 00 0 0 0 
Receiver Control Register (RCR) 01 0 0 0 
Receiver Data Register (RDR) 02 0 0 0 
Receiver Interrupt Vector Number Register (RIVNR) 04 0 0 1 
Receiver Interrupt Enable Register (RIER) 05 0 0 1 

Transmtner Status Register (TSR) 08 0 1 0 
Transmlner Control Register (TCR) 09 0 1 0 
Transmlner Data Register (TOR) OA 0 1 0 
Transmlner Interrupt Vector Numoer Register (TIVNR) OC 0 1 1 
Transmlner Interrupt Enable Register (TIER) 00 0 1 1 

Senal Interface Status Register (SISR) 10 1 0 0 
Senal Interface Control Register (SICR) 11 1 0 0 
Senal Interrupt Vector Number Register (SIVNR) 14 1 0 1 
Senal Interrupt Enable Register (SIER) 15 1 0 1 

Protocol Select Register 1 (PSR1) 18 1 , 0 
ProtOCOl Select Register 2 (PSR2) 19 , 1 0 
Aodress Register, (AR1) 1A , , 0 
Address Register 2 (AR2) 1B 1 1 0 
Baud Rate DIVider Register 1 (BRDR1) 1C 1 1 1 
BaUd Rate DiVIder Register 2 (BRDR2) 10 1 

I 

1 1 
Clock Control Register (CCR) 1E 1 1 1 
Error Control Register (ECR) 1F 1 1 1 

-The data In the registers IS not Intllalized. however. the FIFO pointers are reset to point to the top. 
R = Read. W = Write 

5 

I Initialized , 

I 
by 

A1 AO Access RESET 

0 0 RJW Yes 
0 1 RJW Yes 
1 0 R No-

0 0 R/W Yes 
0 1 RJW Yes 

0 0 RJW Yes 
0 1 RJW Yes 
1 0 W No-
0 0 RJW Yes 
0 1 RJW Yes 

0 0 RJW Yes 
0 1 RJW Yes 
0 0 RJW Yes 
0 1 RJW Yes 

0 0 RJW Yes 
0 1 RJW Yes 
1 0 RJW Yes 
1 1 RJW Yes 
0 0 RJW Yes 
0 1 RJW Yes 
1 0 RJW Yes 
1 1 RJW Yes 
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TABLE 2. MPCC Register Bit Assignments 

HEX i f-i ___ ..,.... ___ -.-___ ....,.. __ B_rr_N...,U,....M_B_E_R __ -.-___ --,-___ --,-___ --i I RESET'" 

t.OORESS II 7 6 5 4, 3 2 1 0 VALUE 

i~ __ oo __ ~ilf_I _R_D_A __ I~-E-O-F-~--O--+_-C-'P-E-R-R~~-~-E-R-R-~-R-O-V-R_N_+_-R-"'-B--r--R-ID-LE----ir---OO--~ 
i II 

RDSREN DONEEN RSYNEN STRSYN 2ADCMP RABTEN RRES 01 i 01 , i 
~! ------~If_'------~------~------~------~------~------~------~----~~----~ 
in II RECEIVED DATA (RxFIFO) 

----o3-,-,-~If----l----...,----I--~-----I----~---I--~~---I----r----,----~--,----~---'--~f__----~ 

: 04 II RECEIVER INTERRUPT VECTOR NUMBER (RIVN) OF 

i I,---R-D----~--E-O-F--~------~--C--P-E-R-R~---F-RE-R-R--..,....-R-O--R-N---r--R-.-'B---r------~f------~ 

BEji' 05 II lEA IE - i IE IE I~ ; - 00 

: ~: f__---:----!r---:----If-----:----~---:----~---:----+I----;----~---;--~----;--~r-----~ 
I I--------,....f-------,....f---------~------_f_--------+_------~------~------~r_----~ 
I 

i 08 

09 

OA 

DB'" 

OC 

00 

OE 

OF 

10 

II 

12 

13 

14 

15 

IS 

17 

18 

19 

lA 

lB 

lC 

10 

IE 

IF 

TDRA 

TEN 

TORA 
IE 

CTS 

RTSLVL 

CTS 
IE 

WDlBYT 

PAREN 

TFC o o o TUNRN TFERR o 

TDSREN TICS THW TLAST TSYN TABT TRES 

TRANSMITTED DATA (TxFIFO) 

TRANSMITTER INTERRUPT VECTOR NUMSER (TIVN) 

TFC 
IE 

DSR 

DTRLVL 

oeD CTSLVL DSRLVL 

(NOT USED") 

(NOT USED") 

TUNRN 
IE 

DCOLVL 

ECHO 

SERIAL INTERRUPT VECTOR NUMBER (SIVN) 

DSR 
IE 

DCD 
IE 

STOP BIT SEl 

SB2 SBI 

000 PAR 

CHAR LEN SEL 

CL2 CLI P53 

BOP ADDRESs/SSC & COP PAD 

BOP ADDREss/SSC & COP SYN 

BAUD RATE DIVIDER (LSH) 

SAUD RATE DIVIDER (MSH) 

PSCDIV TCU<O RCU<IN 

CTLCRC CRCPRE 

TFERR 
IE 

o 

TEST 

CTLEX 

PROTOCOL SEL 

PS2 

o 

NAZI 

ADDEX 

PSI 

CU< SEL 

CK2 CKI 

CRe SEL 

CR2 CRI 

80 

01 

OF 

00 

00 

00 

OF 

00 

00 

00 

00 

00 

01 

00 

00 

04 

Rece,ver SlalUS 
RegIster (RSR) 

Receiver Control 
Register (RCR) 

Receover Data 
RegIster (RDR) 

(null) 

ReceIVer Interrupt Vector 
Number RegIster (RIVNR) 

ReceIver Interrupt Enaole 
RegIster (RIER) 

(null) 

(null) 

T ransmitler Status 
RegISter (TSR) 

T ransmiller Control 
Register (TCR) 

T ransmiller Data 
Register (TOR) 

(null) 

T ransmiller Interrupt Vector 
Number Register (TIVNR) 

Transmitter Interrupt Enable 
Register (TIER) 

(null) 

(null) 

Serial Interlace Status 
Register (SISR) 

Serial Interlace Control 
Register (SICR) 

(re_Ned) 

(re_Mld) 

Serial Interrupt Vector 
Number RegIster (SIVNR) 

Serial Interrupt Enable 
Register (SIER) 

(null) 

(null) 

Protocol Select 
Register 1 (PSR1) 

Protocol Select 
Register 2 (PSR2) 

Address Register 1 (t.Rl) 

Address Register 2 (AR2) 

Baud Rate Divider 
Register 1 (SRDR1) 

Baud Rate Divider 
Register 2 (SRDR2) 

CIoctc Control 
Register (CCR) 

Error Control 
Register (ECR) 

I NOTES: 

\ 

I RESET - Register conteo:tts upon power up or RESET (-- - - unoefined). 

I 
2. In the word mOde. two bytes are addressed wrth each word access stanlng 

3. When address 03 or OB is addressed in the word mOde, the second byte 
of the RxFIFO or TxFIFO is accessed, respectIVely. 

. wrth the even address (RSasSI only). 

6 

"Unused registers may contain random brt values. 
- - Read as zero. 
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REGISTER DEFINITIONS 

RECEIVER REGISTERS 

Receiver Status Register (RSR) 

The Aecelver Status Register (ASA) contains the status of the 
receiver Including error conditions. Status bits are cleared by writing 
a , Into resoeC\IVe positions. by writing a , into the ACA AAES bit 
Dr by AESET. If an EOF. C/PEAA. or FAEAA is set In the ASA. the 
data reflecting the error (the first byte or word in the AxFIFO) must 
be read pnor to resetting the corresponding status bit in the RSA. 
The iRa output is asserted if any of the conditions reported by the 
status bits occur and the corresponding interrupt enable brt in the 
RIER is set. 

The RSR format is tne same as the frame status format (see below) 
except as noted. 

RSR 
7 RDA -Receiver Data Available. (ASA only). 
o The AxFIFO IS empty (i.e .. no received data IS available). 

RSR 

Received data IS available In the RxFIFO and can be read 
via the RDR. 

§. EOF -End of Frame. 
o No end of frame or block detected. 

End of frame 'or block detected (BOP and BSC). 

RSR 
! RHW -Receive Half Word. (Frame Status only). 
o The last word of the trame contains data on the upper halt 

(08·0'5) and frame status on the lower half (00·07) of the 
data bus. 

RSR 

The lower half of the data bus (00·07) contains the trame 
status but the upper halt (08-015) is blank or invalid. 

4 C/PERR -CRC/Parity Error. 
o No CRC or parity error detected. 

RSR 

CAC error detected (BOP. BSC), Parity error detected 
(ASYNC, ISOC and COP). 

3 FRERR -Frame Error. 
o No frame error detected. 

Short Frame or a closing FLAG detected off boundary 
(BOP)' Frame error (ASYNC. ISOC) or receiver overrun. 

7 

RSR 
l ROVRN -Receiver Overrun. 
o No receiver overrun detected. 

RSR 

Receiver overrun detected. Indicates that receiver aata was 
attempted to be transferred Into the RxFIFO when It was 
full. resulting In loss of received data. The aata that IS 
already in AxFIFO are not affected and may be read by tne 
processor. 

1 RAtB -Receiver Abort/Break. a Normal Operation. 

RSR 

ABORT detected after an opening flag (BOP). ENQ oetectea 
in a block of text data (BSC). or BAEAK oetected (ASYNC). 

ORIOLE -Receiver Idle. (ASR only). a Aeceiver not idle. 
, 5 or more consecutive ''1's'' have been received and the 
receiver is in an inactive idle state. 

Frame Status 

For the BSC and BOP protocols whiCh have defined message blocks 
or frames, a "frame status" byte will be loaded into the AxFIFO fol· 
lowing the last data byte of each block. If the MPCC is In word mode 
and the last data byte was on an even byte boundary (Le .. there was 
an even number of bytes in the message). a blank byte will be loaded 
into the RxFIFO prior to loading the frame status byte in order to 
force the "trame status" byte and the next frame to be on an even 
boundary. In the byte mode, the status byte will always immediately 
follow the last data byte of the block/frame (see Figure 3) The EOF 
status in the RSR is then set when the byteiword containing tne 
frame status is the next byte/word to be read from the AxFIFO. 

In the receiver DMA mode. when the EOF status in the RSA IS set. 
DONE is asserted to the DMAC. Thus the last byte accessea oy tne 
DMAC IS always a status byte. which the processor may reaa to 
check the validity of entire trame. 

The trame status contains all the status contained Within the ASR 
with the exception of ADA and RfDLE. But. In addition to the ASP 
contents. the trame status byte has a AHW status in bit 5 Wnlcr> 
indicates either an even or odd boUndary (applicable to wora moae 
only). When AHW = O. the last word of the frame contains aata or 
the upper halt and status on the lawer half of the aata bus If AHW 
= ,. the lower half of the bus contains status but the upper half !S 
a blank or invalid byte. 
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WORD 015 08 07 DO WORD 015 08 07 DO 

N DATA STATUS N DATA DATA 

WORD MODE 
N+1 NEXT FRAME N+1 BLANK STATUS 

(RxHW = 0) N+2 NEXT FRAME 

(RxHW = 1) 

BYTE 07 DO BYTE 07 DO 

M DATA M DATA 

BYTE MODE 
M+1 STATUS M+1 STATUS 

M+2 NEXT FRAME M+2 NEXT FRAME 

FIGURE 3. BSC/BOP Block/Frame Status Location 

Receiver Control Register (RCR) 

6 5 

1- i RDSREN ! DONEEN 

The Receiver Control Register (RCR) selects receiver control options. 

RCR 

I 

RCR 

-Not used. 

.2. . RDSREN -Receiver Data Service Request Enable. 
o Disable receiver DMA mode. 

Enable receiver DMA mode. 

RCA 
5 DONEEN -i5OiiiE Output Enable. 
'0 Disable i50riiE output. 

RCA 

Enable DONE output. (When the receiver is In the DMA 
mode. I.e .. RDSREN = 1). 

,i. RSYNEN -RSYNEN Output Enable. Selects the DSR signal 
input or the RSYN SYNC signal output on the 
DSR pin. 

o Input DSR on DSR. 
Output RSYN on DSR. 

ACA 
3 STRSYN -Strip SYN Character (COP only). 
'0 Do not stnp SYN character. 

Strip SYN character. 

RCA 
2 2ADCMP -One/Two Address Compare (BOP only). 
'0 Compare one address byte with the contents of ARt. 

RCR 

Compare two address bytes with the contents of ARt and 
AR2. 

1. RABTEN -Receiver Abort Enable (BOP only). 
o Do not abort frame upon error detection. 

Abort frame upon RxFIFO overrun (ROVRN bit = , In the 

8 

RCR 

RSR) or CFCRC error detection (C/PERR bit = , In tne 
RSR) If either error occurs. the MPCC ignores the remainder 
of the current frame and searches for the beginning of the 
next frame. 

.Q. ARES -Receiver Reset Command. 
o Enable normal receiver operation. 

Reset receiver. Resets the receiver section Including the 
RxFIFO and the RSR (but not the RCR). RRES IS set by 
R'E'SEi" or by writing a , Into this bit for one write cycle and 
is cleared by writing a 0 into thiS bit. RRES requires clearing 
after RESET. 

Receiver Data Register (RDR) 

The receiver has an 8·byte (or 4-word) First In First Out (FIFO) reg­
ister file (RxFIFO) where received data are stored before being 
transferred to the bus. The received data IS transferred out of the 
RxFIFO via the RDR in 8-bit bytes or , 6-bit words depending on the 
WD/BYT bit setting in PSR2. When the RxFIFO has a data byte! 
word ready to be transferred. the RDA status bit In the RSR IS set 
to ,. 

Receiver Interrupt Vector Number Register (RIVNR) 

If a receiver Interrupt condition occurs (as reoorted by status bits In 
the RSR that correspond to Interrupt enable bits In the RIER) and 
the corresponding bit is set in the RIER. iRQ output IS asserted to 
request MPU receiver Interrupt service. When the iACK Input IS 
asserted from the bus. the Receiver Interrupt Vector Number (RIVN) 
from the Receiver Interrupt Vector Number Register (RIVNR) IS 

placed on the data bus. The RIVN is set to SOF upon RESET 
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Receiver Interrupt Enable Register (RIER) 

i 7 6 5 4 3 2 , 1 0 J 
I RDA EOF - C/PERR FRERR ROVRN RAiS I-I I IE IE IE IE IE IE 

The Receiver Interrupt Enable Register (RIER) contains Interrupt 
enable bitS for the Receiver Status Register (RSR). When enabled. 
tne iR5 output IS asserted when the corresponding condillon IS 
detecteo and reported In the RSR 

RIER 
7 RDA IE -Receiver Data Available Interrupt Enable. 
D Disable RDA Interrupt. 

Enable RDA Interrupt. 

RIER 
! EOF IE -End of Frame Interrupt Enable. 
o Disable EOF Interrupt. 

RIER 
5 

RIER 

Enable EOF Interrupt. 

-Not used. 

4 C/PERR IE -CRC/Parity Error Interrupt Enable. 
o Disable C/PERR Interrupt. 

Enable ClPERR Interrupt. 

RIER 
3 FRERR IE -Frame Error Interrupt Enable. 
o Disable FRERR Interrupt. 

Enable FRERR Interrupt. 

RIER 
1 ROVRN IE -Receiver Overrun Interrupt Enable. 
o Disable ROVRN Interrupt. 

Enable ROVRN Interrupt 

RIER 
1 RA/B IE -Receiver Abort/Break Interrupt Enable. 
o Disable RAiS Interrupt. 

RIER 
..Q. 

Enable RAiS Interrupt. 

-Not used . 

9 

TRANSMITTER REGISTERS 

Transmitter Status Register (TSR) 

2 0 

I TUNRN I TFERR i 0 

The Transmitter Status Register (TSR) contains the transmitter status 
InCluding error conOl1l0ns. The transmitter status bits are cleareo oy 
wrillng a , Into their respective bosltlons. by wrlllng a , Into Ine TCR 
TRES bit, or by RESET The IRQ output IS asserted If any of the 
conditions reborted by the status bits occur and the corresPonding 
Interrupt enable Pit In the TIER IS set. 

TSR 
7 TDRA -Transmitter Data Register Available. 
o The TxFIFO is fulL 

TSR 

The TxFIFO IS not full (i.e .. available) and data to transm:t 
can be loaded via the TOR. 

1 TFC -Transmitted Frame Complete. (SOP. SSC ant 

o 

TSR 

~ 

TSR 

COP only). 
Frame not complete. 
ClOSing FLAG or ABORT character has been transmlttec 
(SOP). Trailing PAD has been transmitted (SSC). or the last 
character of a frame or block as defined by iLASi (TCR 
bit 3) has been transmitted (COP). 

-Not used. 

~ TUNRN -Transmitter Underrun (SOP. SSC and COP 

o 

TSR 

only). A transmitter unoerrun occurs when the 
transmitter runs out of oata during a transmiS­
Sion. For SOP. the unoerrun conoitlon IS treateo 
as an abort. For SSC and COP. SYN characters 
are transmitteo until more oata IS available In tne 
TxFIFO. 

No transmitter unoerrun occurred. 
Transmitter underrun occurred. 

l TFERR -Transmit Frame Error (SOP only) 
o No frame error has occurred. 

No control helo was present (Short trame). 

Transmitter Control Register (TCR) 

1 7 1 6 1514!3!21 v 

I TEN I TDSREN I TICS! THW i TLAST I TSYN I TAST iRES 

The Transmitter ContrOl Register (TCR) selects transmitter contro; 
functions. 

TCR 
1. TEN -Transmitter Enable. 
o Disable transmitter. TxD output is 101eo. The Tx~IFO mal 

be loaoed while the transmitter IS disabled 
Enable transmitter. 
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TCR 
.§. TOSREN -Transmitter Oata Service Request Enable. 
o Disable transmitter DMA mode. 

Enable transmitter DMA mode. . 

TCR 
.? TICS -Transmitter Idle Character Select. Selects the 

,ole character to be transmitted when the trans­
mitter IS In an aClille idle mode (transmJ!ler 
enableo or disabled). 

o Mark Idle (TxD output IS held high). 

TCR 

Content of AR2 (BSC and COP). BREAK condllion (ASYNC 
ana ISOC). or FLAG character (BOP). 

.: THW - Transmit Haft Word. (word mode only). ThiS bit 
IS used when the frame or blOck ends on an odd 
boundary In coni unction with the TLAST bit and 
Indicates that the last word in the TxFIFO con­
tains valid data In the upper byte only. This bit 
must alWays be 0 In byte mode. 

o Transmit full word (16 bits) from the TxFIFO. 
Transmit upper byte (S bits) from the TxFIFO. 

TCR 
~ TLAST -Transmit Last Character (BOP. BSC and COP 

only). 
o The next character is not the last character in a frame or 

block. 

TCR 

The next character to be wntten into the TOR is the last 
character of the message. The TLAST bit automatically 
r.eturns to a 0 when the associated wordlbyte is written to 
the TxFIFO. If the transmitter DMA mode is enabled. TLAST 
IS set to a 1 by DONE from the DMAC. In this case the 
character written into the TOR in the current cycle is the 
last character. 

l. TSYN -Transmit SYN (BSC and COP only). 
o 00 not transmit SYN characters. 

TCR 

Transmit SYN characters. Causes a pair of SYN characters 
to be transmitted immediately following the current char­
acter. If BSC transparent mode is active. a OLE SYN 
sequence IS transmitted. The TSYN bit automatically returns 
to a 0 when the SYN character is loaded Into the Trans­
mitter Shift Register. 

1 TABT -Transmit ABORT (BOP only). 
o Enable normal transmitter operation. 

T.CR 

Causes an abon by sending eight consecutive 1 ·s. A data 
wordlbyte must be loaded into the TxFIFO after setting this 
bit In order to complete the command. The TABT bit clears 
automatically when the subsequent data wordlbyte is lOaded 
Into the TxFIFO. 

.!!. TRES -Transmitter Resat Command. 
o Enable normal transmitter operation. 

Reset transmitter. Clears the transmitter section including 
the TxFIFO and the TSR (but not the TCRj. The TxO output 
is held In "Mark" condition. TRES is sat by'R'ESEr or by 
writing a 1 into this bit for one write cycle and is cleared by 
writing a 0 into thiS bit. TRES requires clearing after RESET 

10 

Transmit Oata Register (TOR) 

The transmitter has an S-byte (or 4-word) FIFO register file (TxFIFO) . 
Data to be transmitted IS transferred from the bus into the TxFIFO 
via the TOR in S-bit bytes or 16-M words depending on the WD/BYT 
bit setting in PSR2. The TORA status bit In the TSR is set to 1 when 
the TxFIFO is ready to accept another data wordlbyte. 

Transmitter Interrupt Vector Number Register (TIVNR) 

If a transmitter interrupt condition occurs (as reponed by status bits 
In the TSR that correspond to interrupt enable bits in the TIER) and 
the corresponding bit in the TIER IS set. the iRa output is assened 
to request MPU transmJ!ler Interrupt service. When the I~ input 
IS assened 'rom the bus. the Transmitter Interrupt Vector Number 
(TIVN) from the Transmitter Interrupt Vector Number Register (TIVNR) 
is placed on the data bus. The TIVN IS set to SOF upon RESET. 

Transmitter Interrupt Enable Register (TIER) 

7 6 5 4 3 2 1 0 

TORA TFC - - - TUNRN TFERR -
IE IE IE IE 

The Transmitter Interrupt Enable Register (TIER) contains interrupt 
~ble bits for the Transmitter Status Register. When enabled. the 
IRQ output is assened when the corresponding condition is detected 
and reponed in the TSA. 

TIER 
1 TDRA IE -Transmitter Data Register (TOR) Available 

Interrupt Enable. 
o Disable TORA Interrupt. 

Enable TORA Interrupt. 

TIER 
! TFC IE -Transmit Frame Complete (TFC) Interrupt 

Enabla. 
o Disable TFC Interrupt. 

Enable TFC Interrupt. 

TIER 
5-3 -Not used. 

TIER 
1 TUNRN IE-Transmitter Underrun (TUNRN) Interrupt 

Enable. 
o Di', "It' TUNRN Interrupt. 

Enc""1;> TUNRN Interrupt . 

TIER 
1 TFERR IE-Transmit Frame Error (TFERR) Interrupt 

Enable. 
a Disable TFf:RR Interrupt. 

Enable TP:"1R " '~rrupt. 

TIER 
.Q. -Not \lSpt! 
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SERIAL INTERFACE REGISTERS 

Serial Interiace Status Register (SISR) 

The Senal Intertace Status Register (SISA) contains the senallnter­
face status Infomnatlon. The transition status bits (CTS. DSA and 
DCD: are cleared by wntlng a 1 Into their resoectlve POSitions, or by 
RESET The level slatus bits (CTSLVL, DSRLVL and DCDLVL) 
reflect the Slate of their respective mputs and cannot be cleared 
Internally. The IRQ OUlput IS asserted if any of the conditions reported 
Dy the transition slatus bits occur and the corresponding Interrupt 
enaoie bit In the SIER IS set. 

SISR 
2 CTS -Clear to Send Transition Status. 
1 CTS has transitloned POSitive (from active to inactive) 
o CTS has not transltloned positive. 

SISR 
~ DSR -Data Set Ready Transition Status. 
1 DSR has tranSltloned negative (from Inactive to aCllve) 
o 5SR has not tranSitioned negative. 

SISR 
.§ DCD -Data Carrier Detect Transition Status. 
1 DCD has transltloned positive (from active to Inactlvel 
o DCD has not transltloned positive. 

SISR 
4 CTSL VL -Clear to Send Level. 
o CTS Inout level IS negatea (high). 

CTS Input level IS asserted (low). 

SISR 
3 DSRL VL -Data Set Ready Level. 
'0 DSR Input level IS negated (high). 

DSR Input level IS asserted (low). 

SISR 
2 DCDL VL -Data Carrier Detect Level. 
o DCD Input levei IS negated (high). 

SISR 

1=2. 

DCD Input level IS asserted (lOW). 

-Not used. 

Serial Interiace Control Register (SICR) 

., I 6 I 5 i 4 ! 3 1 2 
I I 

RTSLVL I DTRLVL I i -I-! ECHO 

o 
TEST NRZI 

The Senal Intertace Control Register (SICR) controls vanous senal 
Intertace Signals and test functions. 

SICR 
7 RTSL VL -Request to Send Level. 
'0 Negate RT§ output (high) 

Assert R'FS output (low) 

11 

SICR 

NOTE 

In SOP. SSC, or COP, when the RTS bit IS ciear.~d In trle 
middle of oata transmission, the RTS outout remains 
asserted until the end of the current frame or block has 
been transmitted In ASYNC or ISOC. the RTS outout IS 
negated when the TxFIFO IS empty If the transmlner 's 
Idling when the RTS bit IS reset. the RTS outout IS negatec 
within two bit times. 

.§. DTRLVL -Data Terminal Ready Level. 
o Negate DTR oulput (hlgn). 

SICR 
5-3 

SICR 

Assert DTA output ilow) 

-Not used, These bilS are Initialized to 0 by RESET 
and must not be set to 1 

.£. ECHO -Echo Mode Enable. 
o Disable Ecno mode lenable normal operatlonl 

SICR 

Enable Ecna mode. Received oata IRxDI ana clOCK (Rxe) 
are routed back through the transmlner to TxD ana TxC. 
resoectively. The contents of the TxFIFO IS undisturbed. 
ThiS mode may be used for remOle test purposes. 

.1 TEST -Self-test Enable . 
D Disable self-test lenable nomnal operation) 

SICR 

Enable self-test, the transmmed data iTxDI and clock (TxC) 
are routed back tnrouOh to the receiver throuor, Rx Dana 
RxC. respectively (DCD and CTS are Ignored)~ ThiS "Ioop­
back' self-test may be used for all protocols. 

.Q. NRZI -NRZI Data Format Select. Selects the transmit 

o 
and receive data fomnat to be NRZ or NRZI 

Select NRZ data format. NRZ coding-high; 1 and low 
; O. 
Select NRZI data format. The senal data remains In rne 
same state to send a binary 1 and SWitches to the opposite 
state to send a binary O. A 1 bit delay IS adoed to tne TxD 
output to allow for enCOding. 

Serial Interrupt Vector Register (SIVR) 

4 3 2 o 

If a senal intertace Interrupt condition occurs {as reponed bv status 
bits In the SISR that correspond to Interrupt enaole bits In tne SIER, 
and the corresponding bit In the SIER IS set. the iRQ output IS 
asserteo to request MPU senal Intertace Interrupt service When the 
iACK Input asserted from the bus. the Senallnterrupt Vector Number 
(SIVNI from the Senal Interrupt Vector Number ReOiste' (SIVNR) IS 
placed on the data bus. The SIVN,s set to SOF uo~n RESET 
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Serial Interrupt Enable Register (SIER) 

-: i 6 
i 

5 I 4 3 2 1 a I 
CTS I DSR i D~D I - - - - -I 

IE I IE 
'. j 

The Senallnterrupt Enable Register (SIER) contains Interrupt enable 
:)Its for the Senallnterface Status Register. When an interrupt enable 
bit IS set. the IRQ output is asserted when the corresponding con­
dition occurs as reported In the SISR. 

SIER 
7 CTS IE -Clear to Send (CTS) Interrupt Enable. 
a Disaole CTS Interrupt. 

Enaoie CTS Interrupt. 

SIER 
.2. DSR IE -Data Set Ready (DSR) Interrupt Enable. 
o Disable DSR Interrupt. 

Enable DSR Interrupt. 

SIER 
1. OCO IE -Data Carrier Detect (OCO) Interrupt Enable. 
a Disable DCD Interrupt. 

SIER 

~ 

Enable DCD Interrupt. 

-Not used. 

GLOBAL REGISTERS 

The global registers contam command information applying to dif· 
ferent modes of operation and protocols. After changing global reg­
ister data. TRES and RRES should be set then cleared prior to 
performing normal mode processing. 

Protocol Select Register 1 (PSR1) 

7 

ProtOCOl Select Register (PSR,) selects BOP protocol related 
options. 

PSRI 

B. 
PSRI 

-Not used. 

~ CTLEX -ContrOl Field Extend (BOP only). 
a Select 8-bit control field. 

Select 16-bll control field. 

PSRI 
Jl.. AOOEX -Address Extend (BOP only). 
o Disable address extension. All eight bits of the address byte 

are utilized for addressing, 
Enable address extension. When bit a in the address byte 
IS a 0 the adoress field is extended by one byte. An excep­
tion to the address field extension occurs when the first 
address byte is all O's (null address). 
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Protocol Select Register 2 (PSR2) 

7 6 I 5 4 I 3 2 I 1 I a I 
WD/BYT STOP BIT SEL CHAR lEN SEl PROTOCOL SEl i 

SB2 I S81 CL2 I Cll PS3 I PS2 IpS' i 

ProtOCOl Select Register 2 (PSR2) selects protocols, character size. 
the number of stop bits. and word/byte mode. 

PSR2 
1. WO/BYT -Data Bus Word/Byte Mode. 
a Select byte mode. Selects the number of data bits to tle 

transferred from the RxFIFO and the registers to the data 
bus and to be transferred from the data bus to the TxFIFO 
and the registers. The MPCC IS initialized by RESET to the 
byte mode. Reset processing for operation with the 16-blt 
bus should select the word mode by sending 580 on the 
lower data bus to address 51 9 prior to transferring subse­
quent data between the MPCC and the data bus. 
Select word mode. 

PSR2 
6-5 STOP BIT SEL. 

PSR2 
4-3 CHAR LEN SEL. 

PSR2 

-Number of Stop Bits Select. Selecls 
the number of stop bits transmitted at 
the end of the data bits In ASYNC and 
ISOC modes. 

SB2 

o 
o 

581 

o 
1 

o 

No. of Stop Bits 

ASYNC 

1 

1-112 
2 

ISOC 

1 
2 
2 

-Character Length Select. Selects the 
character length except In BOP ana 
BSC where the character length IS 

always eight bits. Panty is not included 
In the character length. 

CL2 CLI Character Length 

0 0 5 bits 
0 1 6 bits 

0 7 bits 
8 bits 

2-0 PROTOCOL SEL. -ProtOCOl Select. Selects protocol and 
defines the protocol dependent control 
bits. 

PS3 PS2 PSI Protocol ------
0 0 0 BOP (Primary) 
0 0 1 BOP (Secondary) 
0 0 Reserved 
0 1 1 COP 

0 0 BSC EBCDIC 
0 1 BSC ASCII 

0 ASYNC 
ISOC 
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Address Register 1 (AR1) 

7 6 5 4 3 2 o 
BOP ADDRESS/BSC & COP PAD 

Address Register 2 (AR2) 

6 

The protocol selected In PSR2 (BOP, BSC and COP only) deter­
mmes tne function of the two 8-blt Address Registers (ARI and 
AR2), As a secondary station In BOP, the contents of the address 
registers are used for address matching depending on the 2ADCMP 
selection In the RCA. In BSC and COP. ARl and AR2 contlln pro­
grammable leading PAD and programmable SYN characters, 
respectivelY, 

Address Register (AR) Contents 

i Protocol Selected 2ADCMP ARl AR2 

I 
BOP (Primary) X X X 
BOP (Secondary) 0 Address X 

1 Address Address 
BSC EBCDIC X Leading PAD SYN 
BSC ASCII' X Leading PAD SYN 
COP X Leading PAD SYN 

·X = Not used 

Baud Rate Divider Register 1 (BRDR1) 

o 

Baud Rate Divider Register 2 (BRDR2) 

a 

The two 8-blt Baud Rate DiVider Registers (BRDRl and BRDR21 
nold the diVisor of the Baud Rate DiVider cirCUIt. BRDRI contains 
the least Significant halt (LSH) and BRDR2 contains the most sig­
nificant half (MSH). With an 8.0&1 MHz EXTAL Input. standard tl1t 

rates can be selected uSing the combination of Prescaler Dlvloer 
(In the CCR) and Baud Rate DiVider values shown In Table 3 i=or 
Isochronous or synchronous protocols, the Baud Rate DIVider value 
must be muttiplied by two for the same Prescaler Divider value, 

The Baud Rate Divider (BRD) value can be computed for other 
crystal frequency, prescaler diVider and deSired baud rate values as 
follows: 

where: 

Crystal i=requency 
BRD = 

(Prescaler Divider) (Baud Rate) (K) 

K = I tor isochronous or synChronous 
2 for asynchronous 

TABLE 3. Standard Baud Selection (8.064 MHz Crystal) 

Baud Rate Divider 

Prescaier Divider Asynchronous Isochronous and Synchronous 

Desired Hexadecimal Value Hexadecimal Value 

Baud Rate Decimal PSCDIV Decimal BRDR2 BRDR1 Decimal BRDR2 I BRDRl 
(Bit Rate) Value (0 or 1) Value (MSH) (L.SH) Value (MSH) (L.SH) I 

50 3 1 26.880 69 00 53.760 D2 00 
75 2 0 26,880 69 00 53,760 02 00 

110 3 1 12.218 2F BA 24.436 5F 74 
135 2 0 14.933 3A 55 29.866 74 AA 
ISO 3 1 8.960 23 00 17,920 46 00 
300 2 0 6,720 lA 40 13,440 34 80 

1200 3 1 1,120 04 60 2.240 08 CO 
1800 2 0 1.120 04 60 2.240 08 CO 
2400 2 0 840 03 48 1,680 06 90 
3600 2 0 560 02 30 1,1'20 04 60 
4800 3 1 280 01 18 560 02 30 
7200 2 0 280 01 18 560 02 30 
9600 3 1 140 00 8C ,280 01 18 

19200 3 1 70 00 46 140 00 8e 
38400 3 1 35 00 23 70 00 46 
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Clock Control Register (CCR) 

- 6 5 i 4 3 
-; - I - 1PSCDIV TClKO I 

I I , ! 

"'''e eCR selects vanous ClOCK options. 

CCR 
7-5 

CCR 

-Not used. 

2 1 I 0 

RCLKIN ClK SEl 

CK2 I CK1 

-± PSCDIV -Prescaler Divider. The Prescaler Divider net· 
work reduces the external/oscillator frequency to 
a value for use by the Internal BaUd Rate 

CCR 

Generator. 
DlVloe by 2. 
DIvide by 3. 

1 TClKO -Transmitter Clock Output Select. 
o Select TxC to be an input. 

Select TxC to be an output. 

CCR 
1. RClKIN -Receiver Clock Internal Select (ASYNC only). 
o Select External RxC. 

Select Internal RxC. 

CCR 
l.:Q CLK DIV -External Receiver Clock Divider. Selects the 

divider of the external RxC to determine the 
receiver data rate. 

CK2 CKI 

o 
o 

o 
1 
o 

Divider 

1 (ISOC) 
16 
32 
64 
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Error Control Register (ECR) 

7 6 5 4 3 2 1 I 0 

PAR EN ODD PAR - - CRCCTl CRCPRE CRCSEL 

CR2 I CR1 

The Error ContrOl Register (ECR) selects the error detection method 
used by the MPCC. 

ECR 
.7.. PAREN -Parity Enable. (ASYNC. ISOC and COP only) 
o Disable panty generation/checking. 

Enable panty generation/checking. 

ECR 
.i OOOPAR-Odd/Even Parity Select (Effective only when 

PAREN=1). 
o Generate/check even parity. 

ECR 

~ 

SCR 

Generate/check odd parity. 

-Not used. 

.l CFCRC -Control Field CRC Enable. 
o Disable control field CRC. 

ECR 

Enable control field CRC. Enables an Intermediate CRC 
remainder to be appended after the address/control field in 
transmitted BOP frames and checked in received frames. 
The CRC generator is reset after control field CRC 
calculation. 

~ CRCPRE -CRC Generator Preset Select. 
o Preset CRC Generator to O. 

ECR 

Preset CRC Generator to 1 and transmit the 1's comple­
ment of the resulting remainder. 

1:2 CRCSEL -CRC Polynomial Select. Selects one of the CRC 
polynominals. 

CR2 CRI Polynomlnal 

o 0 x"'+ x12 + x· + 1 (CCm V.41) 
o 1 x" + x" + x· + 1 (CRC-16) 

o x· + 1 (VRCllRC)" 
1 Not used. 

'VAC: Odd-parity check is performed on each 
character including the LAC character. 
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INPUT/OUTPUT FUNCTIONS 
MPUINTERFACE 

Transfer of data between the. MPCC and the system bus 
Involves the following signals: Address lines A1 through A4. 
Data Bus DO through 015, and control signals consisting of 
RiW, DT ACK. cs. Dos/ AO, and LOS/OS. When the MPCC 
IS connected to the 16-bit 68000 bus. UOSiAO is connected 
to the UDS bus signal and LOS/OS is connected to the LOS 
bus signal. When the MPCC is connected to the 8-bit 68008. 
UOS/AO is connected to the AD bus signal and LOS/OS is 
connected to the DS bus signal. Figures 9 & 10 show typical 
interface connections. 

ReadlWrite Operation 

The RJW input controls the direction of data flow on the data 
bus. CS (Chip Select) enables the MPCC for access to the 
internal registers and other operations. When CS is asserted 
the data I/O buffer acts as an output driver during a read 
operation, and as an input buffer during a write operation. 
CS must be decoded from the address bus and gated with 
address strobe (AS). 

When connected to the 16-bit 68000 bus for operation in the 
word mode (WO/BYT = 1 in the PSR2), address lines A1-A4 
select the internal register(s) (the 8-bit controUstatus regis­
ters are accessed two at a time and the 16-bit data registers 
are accessed on even address boundaries). When the MPCC 
is selected (CS low) during a read (RJW high), 16 bits of reg­
ister data are placed on the data bus when the data strobes 
(LDS and UOS) are asserted. LOS strobes the lower eight 
data bits (00-07) and UOS strobes the upper eight data bits 
(08-015). The MPCC asserts Data Transfer Acknowledge 
(OTACK) prior to placing data on the data bus. Conversely. 
when the MPCC is selected (CS low) dunng a write (RJW 
low), LOS and UOS strobe data from the 00-07 and D8-D15 
data bus lines into the selected register(s) and the MPCC 
asserts OT ACK. DT ACK is negated when CS IS negated. 
Figures 11 and 12 show the read and write timing 
relationships. 

When connected to the 8-bit 68008 bus for operation in the 
byte mode (WO/BYT = 0 in the PSR2), address lines AO-A4 
select one Internal 8-bit register. When the MPCC is selected 
(CS low) during a read (RJW high), eight bits of register data 
are placed on data bus lines DO-07 when the data strobe 
(OS) is asserted. When the MPCC is selected (CS low) for 
a write (RJW low), OS strobes data from the DO-07 data lines 
into the selected register. 

OMA INTERFACE 

The MPCC is capable of prOViding OMA data transfers up to 
2 Mbytes per second when used with the MC68440 or 
MC68450 OMAC in the single address mode. Based on 4 
Mb/s serial data rate and 5 bitSicharacter. the maximum OMA 
required transfer rate is 800 Kbytes per second. 
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The MPCC has separate OMA enable bits for the transmitter 
and receiver. each of which occupies a' OMA channel. Both 
the transmitter and receiver data are implicitly addressed 
(TOR or ROR) therefore addressing of the data register IS 
not required before data may be transferred. CommUnication 
between the MPCC and the OMAC is accomplished by a two­
signal requesVacknowledge handshake. Since the MPCC 
has only one acknowledge input (OACK) for its two OMA 
request lines. an external OR function must be provided to 
combine the two OMA acknowledge signals. The MPCC 
uses the RJW Input to distinguish between the Transmitter 
Data Service Request (TOSR) acknowledge and the Receiver 
Data Service Request (~) acknowledge. 

Receiver OMA Mode 

The receiver OMA mode is enabled when the ROSREN bit 
in the RCR is set to 1. When data IS available in the RxFIFO. 
Receiver Data Service Request (ROSR) is asserted for one 
receiver clock penod to initiate the MPCC to memory DM.A 
transfer. The next ROSR cycle may be initiated as soon as 
the current ROSR cycle is completed. 

In response to RDSR assertion, the DMAC sets the RIW line 
to write, asserts the memory address. address strobe. and 
OMA acknowledge. The MPCC outputs data from the RxFIFO 
to the data bus and the DMAC asserts the data strobes. The 
memory latches the data and asserts DT ACK to complete 
the data transfer. The OMAC asserts OTC to indicate to the 
MPCC that data transfer is complete. Figure 13 shows the 
timing relationships for the receiver OMA mode. 

ROSR is inhibited when either ROSREN is reset to 0 or 
RRES is set to 1 (both in the RCR), or when RESET is 
asserted. 

Transmitter OMA Mode 

The transmitter OMA mode is enabled when the TOSREN 
bit in the TCR is set to 1. When the TxFIFO IS availaoie. 
Transmitter Data Service Request (TOSR) IS asserted for 
one transmitter clock period to initiate the memory to MPCC 
OMA transfer. The next TOSR cycle may be inillated as soon 
as the current TOSR cycle is completed. 

In the transmitter OMA mode. the TxFIFO is impliCitly 
addressed. That is, when the transfer IS from memory to the 
TxFIFO. only the memory is addressed. In response to TDSR 
assertion. the OMAC sets the RfW line to read. asserts tne 
memory address. the address strobe. the data strobes and 
OMA acknowledge. The memory places data on the data bus 
and asserts DT ACK. Data is valid at thiS time and will remain 
valid until the data strobes are negated. The OMAC asserts 
OTC to indicate to the MPCC that data IS available. The 
MPCC now loads the data into the TxFIFO and the transfer 
is complete. A timing diagram for the transmitter OMA mode 
is shown in Figure '4. 

TOSR is inhibited when either TOSREN is reset to 0 or TRES 
IS set to , (both In the TCR). or when RESET IS assertec. 
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When the DMA transfer count is exhausted in transmitter 
DMA mode. the DMAC asserts i55NE which sets the TLAST 
011 In the TCA to indicate that the last word/byte has been 
transferred. In the receiver DMA mode. DOiiiE" IS asserted 
oy the MPCC when the last character of the frame/block is 
oelng transferred from the AxFIFO to the data bus if the 
DONEEN bit IS set to a 1 In the ACR. 

INTERRUPTS 

If an InterrUDt generating status occurs and the Interrupt is 
enabled. the MPCC asserts the iRQ output. Upon receiVing 
lACK for the pending Interrupt request. the MPCC places an 
Interrupt vector on 00-07 data bus and asserts DTACK. 

The MPCC has three vector registers: Receiver Interrupt 
Vector Number Register (RIVNR), Transmitter Interrupt Vector 
Number Register (TIVNR). and Serial Interrupt Vector Number 
Register (SIVNR). The receiver interrupt has higher priority 
over the transmitter interrupt, and the transmitter Interrupt 
nas priority over the serial Interface Interrupt. For example. 
Ii a pending interrupt request has been generated simulta­
neously by the receiver and the transmitter. the Receiver 
Interrupt Vector Number (RIVN) is placed on DO-D7 when 
acknowledged by the MPU. Upon completion of the first 
interrupt request cycle (which clears the receiver interrupt). 
IRQ will remain low to start the transmitter interrupt cycle. 

A timing diagram for the interrupt acknowledge sequence is 
shown in Figure 15. 

DC~MODEMINTERFACE 

The following section describes the handshake/control sig­
nals prOVided on the MPCC for interfaCing to a modem or 
RS-232C-type Data Communication Equipment (DCE). 

RTS (Request to Send) Output 

The RTS output is controlled by the RTSLVL bit in the SICR 
in conjunction with the state of the transmitter section. When 
the RTSL VL bit is set to 1, the RTS output is asserted. When 
the RTSL VL bit is reset to 0, the RTS output remains asserted 
until the TxFIFO becomes empty or the end of the message 
(or frame), complete with CRC code if any, has been trans­
mitted. RTS also is negated when the RTSL VL bit is reset 
during transmitter idle, or when the RESET input is asserted. 

CTS (Clear to Send) Input 

The ~ input signal is normally generated by the DCE to 
indicate whether or not the data set is ready to transmit data. 
The m bit in the SISR reflects the transition status of the 
ffi input while the CTSL VL bit in the SISR reflects the cur­
rent level. A positive transition on the CTS pin asserts IRQ 
if the CTS IE bit in the SIER is set. The CTS input in an 
inactive state disables the start of transmission. 
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DCO (Data Carrier Detect) Input 

The DCD input signal is normally generated by the DCE and 
indicates that the DCE is receiving a data carrier signal SUit­
able for demodulation. The 5Ci5 bit In the SISR reports the 
transition status of the DCD input while the DCDL VL bit In 
the SISR contains the current level. A pOSItive transition on 
the DCD pin asserts the IRQ output if the DCD IE bit In the 
SIER is set. A negated DCD Input disables the start of the 
receiver. 

DSR (Data Set Ready) Input 

The DSA Input from the DCE indicates the status of the local 
data set. The DSR bit In the SISR contains the transition 
status of the DSR Input while the DSRLVL bit in the SISR 
reports the current level. A negative transition on the DSR 
pin asserts the IRQ output if the DSA IE bit in the SIER is 
set. 

When the RSYN bit in the RCR IS set to 1, the frame syn­
chronization signal (RSYN) in the receiver is output on the 
DSR pin. In this mode, DSR output low Indicates detection 
of SYN in BSC or COP. or an address match in BOP. 

OTR (Data Terminal Ready) Output 

The DTR output is general purpose In nature and can be 
used to control switching of the DCE. The DTR output is con­
trolled by the DTRLVL bit in the SICA. 

TxC (Transmitter Clock) Input/Output 

The transmitter clock (TxC) may be programmed to be input 
or an output. When the TCLKO control bit in the CCR is set 
to a 1, the TxC pin becomes an output and provides the DCE 
with a clock whose frequency is determined by the Internal 
baud rate generator. When the TCLKO control bit is reset. 
TxC .is an input and the transmitter shift timing must be pro­
vided externally. The TxD output changes state on the neg­
ative-going edge of the transmitter clock, i.e .. the low-to-high 
transition of the clock signal nominally indicates the center 
of a serial data bit on the TxD output. In the asynchronous 
mode when TCLKO = 0 in the CCR. the TxC frequency must 
be two times the deSired baud rate. 

TxD (Transmitted Data) Output 

The serial data transmitted from the MPCC is coded in NRZ 
or NRZI (zero compliment) data format as selected by the 
NRZI control bit in the SICR. 

RxC (Receiver Clock) Input 

The receiver latches data on the negative transition of the 
RxC, i.e .. the positive transition of the external clock Indicates 
the nominal center of each serial data bit on the RxD input. 

RxO (Received Data) Input 

The serial data received by the MPCC can be coded in NRZ 
or NRZI data format. The MPCC will decode the received 
data in accordance with the NRZI control bit setting In the 
SICA. 
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SERIAL COMMUNICATION MODES 
AND PROTOCOLS 

ASYNCHRONOUS AND ISOCHRONOUS MODES 

Asynchronous and Isochronous data are transferred in frames. 
Each frame consists of a start bit. 5 to 8 data bits plus 
optional even or odd parity. and 1, 1 'iz, or 2 stop bits. The 
data character IS transmitted with the least significant bit 
(LSB) first. The data line is normally held high (MARK) 
between frames, however. a BREAK (minimum of one frame 
length for which the line is held low) IS used for control pur· 
poses. Figure 3 Illustrates the frame format supported by the 
MPCC 

Asynchronous Receive 

In the asynchronous (ASYNC) mode. data received on RxD 
occurs in three phases: (1) detection of the start bit and bit 
syncnrOnlzatlon. (2) character assembly and optional parity 
check. and (3) stop bit detection. The receiver bit stream 
may be synchrOnized by the internal baud rate generator 
clock or by an external clock on RxC. When RCLKIN in the 
CCR IS set to O. an external clock with a frequency of 16, 32. 
or 64 times the data rate establishes the data bit midpoint 
and maintains bit synchronization. The character assembly 
process does not stan if the start bit is less than one-half bit 
time. Framing and parity errors are detected and buffered 

Asynchronous Frame Format 

along with the character on which errors occurred. They are 
passed on to the RxFIFO and set appropnate status bits In 
the RSR when the character With an error reaches the last 
RxFIFO register where it is ready to be transferred onto the 
data bus via the RDA. 

Isochronous Receive 

In the isochronous (ISOC) mode. a 1 times clock on RxC is 
provided with the data on RxD and the senal data bll IS 
latched on the falling edge of each clock pulse. The require­
ment for the detection of a valid start bit. or the beginning of 
a break, is satisfied by the detection of a hlgh·to·low transl' 
tion on the serial data input line. Error detection and status 
Indication are the same as the asynchronous mode. 

Asynchronous and Isochronous Transmit 

In asynchronous and Isochronous transmit modes. output 
data transmisSion on TxD begins with the start bl1. This IS 
followed by the data character which is transmitted LSB first. 
If parity generation is enabled. the parity bit is transmitted 
after the MSB of the character. 

DATA 
I r--T- ---<'2- - ---,--"'T~- ""---I-"'-r 

~_-.-..I ___ L ___ -(~ _____ l ___ L __ J LJ_L_ 
I START I LBS I I MSB I (POAPT)RITY I STOP I (1,1'12, OR 2 BITS) 

~ 5 TO 8 BITS .1 
Isochronous Frame Format 

eLK 

I r---I----(~----l--l-- I 
.... __ .... 1 -- ----r~----.!..---'--_.J 

I START I LBS I 1 MSB I ~;:T~Y I 

DATA 

STOP 
1 OR 2 BITS 

I... 5 TO 8 BITS .1 
FIGURE 3. Asynchronous and Isochronous Frame Format 
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SYNCHRONOUS MODES 

.r; svnchronouS moaes. a clock IS provlaed along with the 
:::ata Serial outout data IS shined out and Input data IS 
,atcnea on the failing eage of the clock. 

BIT ORIENTED PROTOCOLS (BOP) 

Ir ~ltJrlentea crotocols (BOP). messages (data) are trans­
C'11[Tec ana recelvea In frames Each frame contains an 
opening flag. adoress field. control field. frame check 
seouence. ana a clOSing flag. A frame may also contain an 
irlormatlon field i See Figure 4) 

The opening flag IS a special character whose bit pattern IS 
01111110 It marks the frame boundaries and IS the Inter­
frame f,ill ~haracter The address field of a frame contains the 
aodress of the secondary station which is receiving or 
resoondlng to a command. The address field may be one or 
more bytes long. The address field can be extended by set­
:Ing rhe AOOEX bit to a 1 In PSR1 In thiS case. the address 
field will be extended until the occurrence of an address byte 
With a 1 In bit O. Up to two bytes of the adaress field may be 
automatically checked when the MPCC is programmed to be 
a secondary station In BOP An automatic check for global 
111111111) or null (00000000) address IS also made. 

FLAG ADDRESS CONTROL 
0111'110 1 OR N 1 OR 2 

BYTES BYTES 

The optional Information field consists of 8-blt characters 
Cyclic redundancy checking IS used for error aetectlon and 
the CRC remainder resulting from the calculation IS trans­
mitted as the frame check sequence field. For BOP. the 
polynomial X'· - X'2 - X' - 1 (CRC-CCITT) should be used. 
Ie. selected in the CRC SEL bits In the ECA. The registers 
representing the CRC-CCITT polynomial are generally preset 
to all 15 and the ,'s complement of the resulting remainder 
IS transmitted. (See X.2S Recommendation). 

Zero insertion/deletion IS employed to prevent valid frame 
data from being confused with the special characters. A a IS 
Inserted by the transmitter aner every finh consecutive' In 

the data stream. These inserted zeros are removed by the 
receiver to restore the data to its onglnal form. The inserted 
zeros are not Included in the CRC calculation. 

With the control options offered by the MPCC. commonly 
used bit onented protocols such as SOLC. HOLC. AOCCP 
and X.2S standards can be supported. Figure 5 compares 
the requirements of these options. 

INFORMATION FCS FLAG 
N BYTES 2 BYTES 01"1110 
(OPTIONAL) 

FIGURE 4. Bit Oriented Protocol (BOP) Frame Format 

IBM SDLC FRAME FORMAT 

FLAG ADDRESS CONTROL INFORMATION FCS FLAG 

01111110 1 BYTE 1 BYTE N BYTES 2 BYTES 01'11'10 

ADCCP/HDLC FRAME FORMAT 

FLAG ADDRESS CONTROL INFORMATION FCS FLAG 

01111110 N BYTES 1 OR 2 BYTES N BYTES 2 BYTES 01'1"10 

FIGURE 5. Implemented Bit Oriented Protocols 
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BOP Receiver Operation 

In BOP, the receiver starts assembling characters and accu­
mulating CRC immediately after the detection of a FLAG. 
The receiver also continues to search for additional FLAG, 
or ABORT, characters on a bit-by-bit basis. Zero deletion is 
implemented in the Receiver Shift Register after the FLAG 
detection logic and before the CRC circuitry. The receiver 
recognizes the shared flag (the closing flag for one frame 
serves as the opening flag for the next frame) and the shared 
zero (the ending 0 of a closing flag serves as the beginning 
o of an opening flag forming the pattern "0' , , , 1 1 01 1 111 10." 

Character assembly and CRC accumulation are stopped 
when a closing FLAG or ABORT is detected. The CRC 
accumulation includes all the characters between the opening 
FLAG and the closing FLAG. The contents of the CRC reg­
ister are checked at the close of a frame and the C/PERR 
bit In the RSR is updated. The FCS and the FLAG are not 
passed on to the RxFIFO. 

If the FLAG is a closing flag, a check for short frame (no 
control field) and CRC error conditions are made and the 
appropriate status IS updated. When an ABORT (seven 1 's) 
is detected, the remaining frame is discarded and the RAiB 
bit is set In the RSR. When a link idle (15 or more consecutive 
1 's) is detected, the RIDLE status bit is set In the RSR. The 
zeros that have been inserted to distinguish data from special 
characters are detected and deleted from the data stream 
before characters are assembled. The MPCC programmed 
as a secondary station provides automatic address matching 
of up to two by1es. If there is no address match, the receiver 
(secondary station) ignores the remainder of the frame by 
searching for the flag. If there is a match, the address bytes 
are transferred to the RxFIFO as they are assembled. 

For the control field. one or two by1es are assembled and 
passed on to the RxFIFO depending on the state of the 
extended control field bit. 

If the CTLCRC bit in the ECR :s set to " an intermediate 
CRC check will be made after the address and control field. 
The Frame Check Sequence is still calculated over the 
remainder of the frame. 
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BOP Transmitter Operation 

In BOP, the TxFIFO can be pre loaded through the TDR whiie 
the transmitter is disabled (TEN = 0 in the TCR) When the 
transmitter is enabled (TEN = , in the TCR), the leading 
FLAG is automatically sent prior to transmitting data from the 
TxFIFO. The TDRA bit is set to , In the TSR as long as 
TxFIFO is not full. If an underrun occurs, the TUNRN bit In 
the TSR is set to a , and an ABORT (11111111 I is trans­
mitted followed by continuous FLAGs or marks until a new 
sequence is initiated. 

The TLAST bit in the TCR must be set prior to loading the 
last character of the message to signal the transmitter to 
append the two-by1e Frame Check Sequence (FCS) fol­
lowing the last character. If the transmitter DMA mode is 
selected (the TDSREN bit set to 1 in the TCR) the TLAST 
bit is set by the DONE signal from the DMAC. 

A message may be terminated at any time by setting the 
T ABT bit in the TCR to 1. This causes the transmitter to send 
an ABORT character followed by the remainder of the current 
frame data in the TxFIFO. 

The senal data from the Transmitter Shift Register IS contin­
uously monitored for five consecutive 1 's, and a 0 is inserted 
in the data stream each time this condition occurs (excluding 
FLAG and ABORT characters). 

CRC accumulation begins with the first non-FLAG character 
and includes all subsequent characters. The CRC remainder 
is transmitted as the FCS following the last data character. 
If the CTLCRC bit in the ECR is set to " an intermediate 
CRC remainder is appended after the Address and Control 
Field. The final frame check sequence is calculated over the 
balance of the frame. 
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BISYNC (BSC) 

The structure of messages utilizing the IBM Binary Syn­
chronous Communications (BSC) protocol. commonly called 
Bisync. is shown in Figure 6. The MPCC can process both 
transparent and non-transparent messages using either the 
EBCDIC or the ASCII codes. The CAC-16 polynomial should 
De selected by setting the appropriate CACSEL bits in the 
ECA for both transparent and non-transparent ESCDIC and 
for transparent ASCII coded messages. VAC/LAC should be 
selected for non-transparent ASCII coded messages. BSC 
messages are formatted using defined data-link control char­
acters. Data-link control characters generated and recog­
nized by the MPCC are listed in Table 3. 

TABLE 3. BSC Data-Link Control Characters 

ASCII EBCDIC 
Command Byte 1 Byte 2 Command Byte 1 Byte 2 

SYN 16' - SYN 32' -
SOH 01 - SOH 01 -
STX 02 - STX 02 -
ET8 17 - E08 (ETS) 26 -
ETX 03 - ETX 03 -
ENQ 05 - ENQ 20 -
OLE 10 - OLE 10 -
ITS 1F - ITS 1F -
EOT 04 - EOT 37 -
ACK N' 10 30-37 ACKO 10 70 
NAK 15 - ACK 1 10 61 
WACK 10 38 NAK 3D -
AVI 10 3C WACK 10 68 

AVI 10 7C 

NOTE: 'Programmable 

A heading is a block of data starting with an SOH and con­
taining one or more characters that are used for message 
control (e.g., message identification, routing, and priority). 
The SOH initiates the block-cheCk-character (SCC) accu­
mulation, but is not included in the accumulation. The heading 
is terminated by STX when it is part of a block containing 
both heading and text. A block containing only a heading is 
terminated with an ITS or an ETB followed by the BCC. Only 
the first SOH or STX in a transmission block following a line 

LEADING PAD SYN SYN 
1 BYTE 1 BYTE 1 BYTE 
(AR1) (AR2) (AR2) 

turnaround causes the BCC to reset. All succeeding STX or 
SOH characters are included in the BCC. This permits the 
entire transmission (excluding the first SOH or STX) to be 
block-checked. 

The text data is transmitted in complete units called mes­
sages, which are initiated by STX and concluded with ETX. 
A message can be subdivided into smaller blocks for ease 
in processing and more effiCient error control. Each block 
starts with STX and ends with ETS (except for the last block 
of a message. which ends with ETX). A single transmiSSion 
can contain any number of blocks (ending with ETB) or mes-

o sages (ending with ETX). An EOT following the iast ETX 
block indicates a normal end of transmission. Message 
blocking without line turnaround can be accomplished by 
using ITS (see the Additional Data Link Capabilities section. 
ISM GA 27-3004-2). 

BODY 

Two modes of data transfers are used in BSC. In non-trans­
parent mode. data link control characters may not appear as 
text data. In transparent mode. each control character is pre­
ceded by a data link escape (DLE) character to differentiate 
it from the text data. Table 4 indicates which control char­
acters are excluded in the CAC generation. All characters 
not shown in the table are included in the CAC generation. 
Figure 7 shows various formats for ControVAesponse Blocks 
and Heading and Text Blocks. 

TABLE 4. BSC Control Sequences-Inclusion 
in CRC Accumulation 

Included in CRC Accumulation 

Character of Sequence Yes No 

TSYN - DLESYN 
TSOH - DLESOH 
TSTX' - DLESTX 
TETS ETS OLE 
TETX ETX DLE 
TDLE (DLE)DLE OLE(DLE) 

'If not preceded within the same block by transparent 
heading information. 

BCC TRAILING 
PAD 
11111111 

FIGURE 6, BSC Block Format 
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R68560, R68561 Multi-Protocol Communications Controller' (MPCC) 

esc Receiver Operation 

Character length defaults to eight bits in SSC mode. When 
ol,SCl1 is selected. the eighth bil IS used for panty provided 
:ne VRC LRC polynomial IS selected. Character assembly 
starts ailer the recelet of two consecutive SYN characters. 
Serral data OIls are shliled through the Receiver Shift Reg­
,ster Into the Senal-to-Parallel Register and transferred to the 
RxFIFO The RDA status bit In the RSR is set to 1 each time 
aata IS transferred to the RxFIFO. The SYN character in non­
,ransparent mode and DLE-SYN pairs In transparent mode 
are discarded. 

The receiver starts each block In the non-transparent mode. 
It SWllcnes to transparent mode If a block begins with a OLE­
SOH or OLE-STX pair. The receiver remains in transparent 
made until a OLE-ITS. OLE-ETS. OLE-ETX or OLE-ENQ pair 
IS received. SCC accumulation begins ailer an opening SOH. 
STX. or OLE-STX. SYN characters in non-transparent mode 
or DLE·SYN pairs In transparent mode are excluded from the 
BCC accumulation. The first OLE of a OLE-OLE sequence 
is '1ot Included in the SCC accumulation. The SCC is checked 
after receipt of an ITS. ETS. or ETX In non-transparent mode 
or OLE·ITB. OLE-ETS. DLE-ETX In transparent mode. If a 
CRC error is detected. the C,PERR and EOF bits in the RSR 
are set to 1. If no error IS detected only the EOF bit IS set. 
It tne ClOSing character was an ITS, SCC accumulation and 
cnaracter assembly starts .again on the first character fol­
lowing the SCC. 

esc Transmitter Operation 

SSC transmission begins with the sending of an opening pad 
i PAD) and two sync (SYN) characters. These characters are 
programmable and stored in AR1 (PAD) and AR2(SYN). SOH 
or STX Inmates the block-check-character (SCC) accumu­
lation. An Initial SOH or STX IS not Included in the SCC 
accumulation. Should an underrun condition occur. the con­
tent of AR2 (normally SYN character) IS transmitted until new 
characters become available. The message is terminated by 
the transmission of the SCC followed by a closing pad when 
an ETB, ITS. or ETX IS fetched from the TxFIFO. The closing 
PAD IS generated by the MPCC. 

LEADING ~AD SYN SYN 
5-8 BITS 5-8 BITS 5-8 BITS 
(AR,) (AR2) (AR2) 

• 

In transparent mode. the SCC accumulation is Initiated by 
DLE-STX and is terminated by the sequences OLE-ETX. 
DLE-ETS. or DLE-ITS. See Table 4 for character sequence 
and inclusion In CRC accumulation. If an underrun occurs. 
DLE-SYN characters will be transmitted until new characters 
are available in the TxFIFO. ETS. ETX. ITS. or ENQ with a 
TLAST tag IS treated as a control character and the MPCC 
automatically inserts a DLE immediately preceding these 
characters. DLE-ETS. DLE-ETX. OLE-ITS. or DLE-ENQ ter­
minates a block of transparent text. and returns the data link 
to normal mode. SCC generation IS not used for messages 
beginning with characters other than SOH. STX. DLE·SOH. 
or DLE-STX. On all message types, if the TSYN bit IS set to 
1 in the TCR. a SYN-SYN (DLE-SYN sequence on trans­
parent messages) sequence is transmitted before the next 
character is fetched from the TxFIFO. 

CHARACTER ORIENTED PROTOCOLS 

The character oriented protOcol (COP) option uses the format 
shown In Figure 8. It may be used for various character 
oriented protocols with 5-8 bit character sizes and optional 
panty checking. The input data is checked on a bit-by-bit 
basis for a pair of consecutive SYN characters to establish 
character synchronization. These SYN characters are dis­
carded after detection. The PAD and SYN characters may 
be 5-8 bits long and are user programmable as stored in AR1 
and AR2. respectively. 

If parity checking is enabled the characters assembled after 
character sync are checked for panty errors. If STRSYN is 
set in the RCR. all SYN characters detected within the mes­
sage will be discarded and will not be passed on to the 
RxFIFO. If STRSYN is reset. SYNs detected within the mes­
sage will be treated as data. 

I MESSAGE I 
5-a BIT CHARACTERS I 

I I 

FIGURE 8. Character Oriented Protocol Format 
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R68560, R68561 Multi-Protocol Communications Controller (MPCC) 

. A1-A4 

UOS/AO' 

ffi'iCi( 

00-015 

NOTES: 

I 
I-

1. Byte mode when connected to AO on 68008 bus. 
2. Word mode when connected to UOS on 68000 bus. 

8 

3. Timing measurements are referenced to and from a low yoltage of 0.8 YOlts and a high yoltage of 2.0 Yolts. 
unless otherwise noted. 

A1-A4 
UOS/AO' 

LOS/OS 
UOS/A02 

OTACK 

00-015 

NOTES: 

FIGURE 11. MPCC Read Cycle Timing 

~~----~QV~----~'I_.-~-------

1. Byte mode when connected to AD on 68008 bus. 
2. Word mode when connected to UDs on 68000 bus. 
3. Timing measurements are referenced to and from a low yoltage of 0.8 yolts and a high yoltage of 2.0 YO Its. 

unless otherwise noted. 

FIGURE 12. MPCC Write Cycle Timing 
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R68560, R68561 Multi-Protocol Communications Controller (MPCC) 

\'--___ 1 

/ HIGH FOR 1 CLOCK 
...... ------------,----~ reRIOD MINIMUM 

00-015 

R/W 

NOTES: 1, Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts 
unless otherwise noted. 

2. Word mode only. 

FIGURE 13. MPCC to Memory DMA Transfer Cycle Timing (Receiver DMA Mode). 
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R68560, R68561 

INTERNAL 
TRANSMITTER 

CLOCK 

OACK 

Multi-Protocol Communications Controller (MPCC) 

\'-----~/ \'--------'/ 

\ I HIGH FOR 1 CLOCK '---______________ ....J PERIO~ MINIMUM 

\'----__ ------~I 

00-015 

\ f 
-----c l'---

RIW 

\'-------------~--~I 
--~ / 

NOTES: 1. Tim!ng measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts 
unless otherwise noted. 

2. Word mode only. 

FIGURE 14. Memory to MPCC DMA Transfer Cycle Timing (Transmitter DMA Mode). 
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R68560, R68561 Multi-Protocol Communications Controller.(MPCC) 

IRQ \~------------------------~/ 

t----{26 }---"'i 

00-07 

• NOTE: TIming measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts. 
unless otherwise noted. 

FIGURE 15. Interrupt Request Cycle Timing 
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R68560, R68561 Multi-Protocol Communications Controller (MPCC) 

@ 

...l 

~ 
...l ~ TxC 

31 

TxO 
I\. 

RxC "'rc ~t-
r\ 

r.::::- 3 = 

RxO 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 vohs and a high voltage of 2.0 volts, 
unless otherwise noted 

FIGURE 16. Serial Interface Timing 

RxO /1\ 

34 

TxO \ 
J 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts. 
unless otherwise noted 

FIGURE 17. Serial Interface Echo Mode Timing 
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R68560, R68561 Multi·Protocol Communications Controller (MPCC) 

SPECIFICATIONS 

AC ELECTRICAL CHARACTERISTICS (Vee = 5.0 Vdc 

Number Characteristic I Symbol Min Max I Unit 

RiW High to CS. OS Low I o 
2 Address Valid to CS. OS Low I 30 1 ns 

~ CS ... ow '0 DT ACK Low I o 40 ns 

~ 
I 

CS. ;JS Low to Data Valid I i tSLOV I 0 I 140 ns 

I i CS. DS High to Dala Invalid tS><OI I 10 I 150 I ns I ~ 

i 6 I 
CS. OS Hign to DT ACK High tS><OAT 0 

I 
40 

I : I ns 

I - I . CS. OS High to Address Invalid tSHAI 20 - ns 

8 CS. DS High to R!W Low I 
tSHRL i 20 - I ns i 

I 
9 I R!W Low to CS. OS Low I 0 I I ! I tRLSL - ns 

: 10 CS High. OS High to R!W High tSHAH 20 - ns : I 
I 

! :1 I Data Valid to CS, OS High tovsH 60 - ns I 

12 
, 

CS. OS High to Data Invalid I 
tSHOI 0 - ns ! I 

! ,,. i OTt Low to OS High ! tCLSH I 60 - ns 

18 , DACK Low to Dala Valid. DONE Low tALOV I 0 140 ns 

19 I OS High to Dala Invalid tSHD' 10 150 ns I 

21 I Dala Vaild to OS High I tO VSH I 60 
j - ns 

22 ! OS High to Dala Invalid tsHo l 0 - I ns I I 

25 I lACK Low to DTACK Low t'ALAL 0 40 ns 

26 I lACK. OS Low to Data Valid t'ALOV 0 140 ns 

27 I OS High to Data Invalid I'SHOI 10 150 ns I 
28 ! lACK High to DT ACK High I !'AHOAT 0 , 40 I ns 

30 I RxC and TxC Penod tcP 250 - ns 

31 I TxC Low to TxD Delay tTCLTO 0 200 ns 

32 I RxC Low to RxD TranSItion (HOld) tRCLAD 0 - I ns 

33 I RxD TranSItion to Rxe Low (Setup) tRDRCL 30 - ns 

l 34 I RxD to TxD Delay (Echo MOde) I tROTO - 200 ns 

i Note. 
1 For read cycle timing, the MPCC asserts '5i'ACK within the MPU S4 clock low setup time reqUirement and establishes valid data (Data In) 

Within the MPU S6 clOCk low setup time reqUirement. 
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R68560, R68561 Multi-Protocol Communications Controller (MPCC) 

MAXIMUM RATINGS 

Characteristics I Symbol I Value 

Supply Voltage I Vcc I -0.3 to -7.0V 

Input Voltage I Vin I -0.3 to ... 7.0V 

I Operating Temperatures I T ... i o to 700C 

I Stora e Temperatures 
, 

T ! -55 to ... I 500C g slg 

Note: 
This deVice contains circuitry to protect the Inputs against 

i damage due to high static voltages or electrrc fields: however. 
normal precautions should be taKen to avoid application of 
any voltage higher than maximum-rated voltages to this high. 
impedance circutt. Reliability of operation IS enhanced if unused 
inputs are tied to an approprrate logiC voltage level (e.g .• 
either V ss or V cel. 

THERMAL CHARACTERISTICS 

Characteristics 

Thermal Resistance 
Ceramic 
Plastic 

Symbol Value 

50 
68 

DC ELECTRICAL CHARACTERISTICS (Vee = 5.0 Vdc ::: 5%, V 55 = 0 Vdc, T A = oDe to 70De unless otherwise noted) 

Characteristics Symbol Min Max Unit 

Input High Voltage All Inputs V ,H Vss - 2.0 Vcc V 
I 

Input Low Voltage I All Inputs VIL Vss - 0.3 Vss'" 0.8 V 

Input LeaKage Current (V in = 0 to 5.25V) RlW. RESET. CS lin - 10.0 IJ.A 

Three-State (Off State) Input Current (V in "' 0.4 to 2.4) IRQ. DT ACK. 00-015 ITS1 - 10.0 IJ.A 

Output High Voltage 
(I LOAC = -400 IJ.A. CLQAC = 130 pf. Vcc = min) ~. T!i:SR. IRQ. DTACK, 00-015 VOM Vss'" 2.4 - V 

I 
DTR. R'fS. TxD, TxC 

I (lLOAC = O. CLQAC = 30 pf. Vee = min) BCLK 

Output Low Voltage 
(I LOAC = 3.2 mAo Vee = min) RCi:5R. T!i:SR. ~. ~. D~D15 VOL - 0.5 V 

5TR, RTS.T;5.TXC.BCLK 

I (lLOAC = 8.8 mA, Vee = min) 00iiiE 
Intemal Power Dissipation (Measured at T A = 25·C) PINT - I I W 

Input Capacitance (V in = O. T A = 25·C. f = I MHz) Cin - 13 pF 

! 
I 
I 

I· 
I 
I 

I 
, 

I 

I 

Information fumlshed by Rockwellintemarional Corporation is believed to be accurate and reliable. However. no responsibility IS assumed by Rockwell 
Intemational for ItS use. nor any mfringement of patents or other rights of third parties which may result from its use. No license IS granted Oy Implication 
or otherwise unoer any patent or patent rights of ROCkwell Intemational other than for CircUitry embodied in a Rockwell product. Rockwell Intemaflonai 
reserves the right to cnange circuitry at any time wittJout notice. This is a preliminary specification with tentatIve parameters whIch may oe sub/ect to 
change after final product characterization is completed. 

~ROCkwell Intematlonal CorporatIOn 1983 
All RIghts Reserved 
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R68560, R68561 Multi-Protocol Communications Controller (MPCC) 

PACKAGE DIMENSIONS 

48-PIN CERAMIC DIP 

:48 - '-"1 ._- .. 
! 

I 

i 
241 

~-------------------~----------_~--' 
- - - - - - - - - - l_ - - - - -i:i-;t--,.....--,-

",;;: N '/ u ,, ____ .:.. 
QJ'-: KJ 

I MILLIMETERS I INCHES 

j DIM! MIN: MAX I MIN I MAX, 

• !60,. 161 57 I 2.376 I 2."4 i 
B \1463 11SJA I0576106Q.t! 
c j J 05 ! "32 ! 0.120 ! a '60 I 
D! 038,1 OSJ31001slv.o2! I 
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J i 0.20,1 0.3.30 I 0.008 I 0.0., i 
t K I 2.54 ! "'9 10100 10165 ~ 
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.. 0 i 10 0-' lG" i 
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40·PIN PLASTIC DIP 
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B 

0 ..... 00000 OCvOCCOCO 00 eJ 

. A , 
i ,C I 
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IT] 

NOTES: 
1. DIMENSION -A- IS DATUM. 
2. POSTIONAL TOLERANCE FOR 

LEADS: 

1"'I·a'o.25 (0.010191 T I ~I 

3. m IS SEATING PLANE. 
4: DIMENSION "L" TO CENTER OF 

LEADS WHEN FORMED 
PARALLEL. 

5. DIMENSIONING AND 
TOLERANCING 
PER ANSI Y14.S. 1973. 
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~OCItWell Internal/onal 

43' 1 Jamtloree Roac 
Newoort Beaen Caufornia 92660 
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Tet 7, 4-833-.4700 
TWX 910591.1698 

UNITED STATES 
Elec:ronlc DeVices DIVISIon 
ROCKwell InternatIonal 
18.42 FleynOICS 

1'''Ine California 92714 
f 71 41 833"655 
ESl62108710 
TWX 910595·2518 

Electronic DeVIces DIVISion 
~oClCwetllnternallonal 

92 1 Sowser Roae: 
I=hcnarcson Texas 15080 
<2'41996-6500 
ielex 73·307 

ElectrOniC DeVIces DIVISion 
-=loCkwelllnternanonal 
10700 Wesl Higgins Ra SUite, 02 
RosemonT. !!IlnOIS 6001 8 
<3121297·8862 
TWX 9' 0 233.()1791~' MED ~OSMI 

ElectroniC DeYlces 0."1510n 
ROCKwell InternaltOnal 
50018 Greentree 
ExecYllve Cameus. Fli 73 
Marlton New Jersey 08053 
,6091 596'()Q90 
TWX 7'0940·,377 

FAR EAST 
ElectroMic DeVices DIVIsion 
Rockwellinternationat Overseas Core 
ItonDla HiraKawa--c:I'IO Bldg 
7-6.2-Cl'lome I"tlrak8wa·cl'lO 
Ct'lIvooa-l(u TOKYO 102. Jaoan 
1031265·8806 
Tele .. J22198 

EUROPE 
electrOniC DeVices Ol\llSlon 
~ocl<wetl Inlernatlonal GmOH 
Fraunnoferstrasse 11 
0-8033 Muncnen-Martlnsrlea 
WeSt Germany 
.0891857-6018 
Telex Q52' 12650 rrma d 

EleclrontC DeVices D1VI$10n 
l=IoclCwel1 Internallonal 
HeaTnrOW Mouse. 8arn ~a 
eran'orc. HounSIOW 
Mlcalese ... En91ano 
<0' 1759·9911 
Telex: 851·25463 

ElectroniC DeVices 
ROCKwell Collins 
Via Boccacclo, 23 
20123 Milano. Italy 
49874 79 
Tele, 202182 

YOUR LOCAL REPRESENTATIVe 

10182 



~National 
~ Semiconductor 

April 1982 

MM58167A Microprocessor Real Time Clock 
General Description 
The MMSS167A is a lOW thresnold metal gate CMOS cIrcUIt 
that functions as a real time Clock ,n bus oriented mIcro­
processor systems. The deY'Ce ,nCludes an addressaole 
real time counter. 56 bits of RAM. ana two ,nterrupt out· 
puts. A .pOWER DOWN ,nput allows tne cn,P tP De dlsa· 
bled from tne rest of the system for standby low power 
operallon. The lime case is a 32.768 Hz crystal OSCIllator. 

Features 
• Microprocessor compatible 18·0,t data OuS) 

• 1'10.000 of a second tnrougn montn counters 
• 56 bits of RAM witn comparator to compare tne real 

time counter to tne RAM data 

• 2 INTERRUPT OUTPUTS w,tn 8 poss,ble ,nterrupt 
signals 

• POWER DOWN inout tnat dlsaOles all ,nputs and out· 
puts except for one of tne ,nterrupts 

• Status bit to ,ndlcate rollover dUring a read 

• 32.768 Hz crystal OSCillator 

• Four·year calendar Ino leap year) 

• 24-hour clock 

Functional Description 
R.el Time Count.r 

The real lime counter is diVIded into 4-011 dlgllS wltn 2 
digits Deing accessed during any read or write cyCle. Each 
digit represents a BCD number and,s defined In TaOle I. 
Any unused oits are neld at a logical zero durrng a read and 
ignored dUring a write. An unused bll is any bll not neces· 
sary to proviae a full BCD numoer. For examPle lens of 
hours cannot legally exceed tne numOer 2. thus only 2 bits 
are necessary to define tne tens of nours. The otner 20lts 
,n the tens of nours dig't are unuSed. The unused b,ts are 
deSignated In Taole I as dashes. 

The addressable ponion of the counter is from 1'10.000 of 
a second to months. The counter itself is a ripple counter. 
The ripple delay IS less than 60 ,.s acoYe 4.0V and 300 "s at 
2.0V. 

RAM 

56 bits of RAM are contained on-ehip. These can De used 
for any necessary power down storage or as an alarm 
latcn for comparison to the real time counter. The data In 
the RAM can De comeared to the real time counter on a 
digit baSIS. The only digits that are not compared are the 
unit ten thousandtns of seconds and tens 01 days of the 
week (tnese are unused '" the real time counter). II the Iwo 
most significant bits of any RAM digit are ones. tnen tnls 
RAM location will always compare. 

The RAM is formatted the same as the real time counter. 4 
Oits per digit. 14 d'g'ts. nowever there are no unused Oits. 
The unused bits in the real time counter will compare only 
to zeros ,n tne RAM. 

Interru",. end eom".l"IItor 

There are two interrupt outputs. The first and most flexible 
is the INTERRUPT OUTPUT la true high signal). This out· 
put can De programmed to proYlde 8 different output 
signalS. They are: 10 Hz. 1 HZ. once per minute. once per 
hour. once a day. once a week. once a month. and wnen a 
RAMlreal time counter comparison occurs. To enaOle the 
output a one is written into tne Interrupt control register at 
tne bit location corresponding to the deSIred output 
freauency (Figure 1). Once one or more bits nave been set 
,n the interrupt control register. Ine corresponding 
counter's rollover to ilS reset state will clock tne interrupt 
status register and cause the interrupt outpul to go ""gh. 
To reset Ihe interrupt and to identify whICh frequency 
caused the interrupt. the Interrupt status register is read. 
Reading thiS register places the contents of Ihe status 
register on the data bus. The Interrupting Ireauency will De 
,dentified by a one in tne respective bit position. RemOVing 
the read will reset tne Interrupt. 

The second interrupt is the sTAN6By INTERRUPT (open 
drain output. active lOW). This interrupt occurs when 
enabled and when a RAMlreal time counter comparison 
occurs. The sTAiiii5By INTERRUPT is enaOled oy writing a 
one on the DO line at address 16M or diSabled by writing a 
zero on the DO line. This interrupt IS not triggered by the 
edge 01 the compare Signal. but rather by the level. Thus if 
the compare is enabled when the STANDBY INTERRUPT 
is enaOled. the interrupt will turn on immediately. 

Connection Diagram 

Dual-In-Une Psc:llsge 

I:! 2' VaD 

1m %l~ 

;;ro 22 07 

m 21 01 

.. ZD as 

., " 1M 

A2 
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D3 

l3 
17 
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~o 

DSC OUT " StANdh IAnMAuPT 

Vss 1J INTERRUPT 
OUTI'UT 

TO'VI!W 
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i , 

Absolute Maximum Ratings 
VOltage at All Pins 

Operating Temperature 

Storage Temperature 

Voo-Vss 

Vss - 0.3V to Voo + 0.3V 
- 4Q"C to SS"C 

-6S"Cto1SO"C 

Lead Temperature(SOldering. 10 seconds) 

6.OV 

300"C 

Electrical Characteristics Vss=OV, -4O"CsTA sSS"C 

Parameter Conditions 

Supply VOltage 

Voo Outputs Enabled 

Voo ~ iSOWrii Moae 

Supply Current 
100• Static Outputs TRI·STATE'·· 

f'N=oC. Voo=S.SV 
100• Dynamic Outputs TRI·STATE 

f'N = 32 kHz. Voo = S.SV 
V'M~Voo-0.3V 
VII .. sVss·0.3V 

lob. Dynamic Outputs TRI·STATE 
f'N" 32 kHz. Voo = 5.5V 
V'M=2.0V, V'l=0.8V 

Input VOltage 
Logical Low 
Logical High 

Incut Leakage Current VSSSV'NSVOO 

Output Impadance 110 and INTERRUPT OUT 
Logical Low Voo=4.5V, IOL= 1.6 mA 
Logical High Voo = 4.SV, 10M = - 400 lOA 

." 10M= -10 ",A 
TAI·STATE VSSS 'lOUTS '100 

Output Impedance ~ and STANDBY INTERRUPT 
Logical Low, Sink r VOQ=4.5V, IOl= 1.6 mA 
Logical High, Leakage 'lOUTS '100 

Functional Description (Continued) 

Min 

4.0 
2.0 

0.0 
2.0 

-1 

I 
2.4 

0.8 V(;Q 
-1 

.j 

TABLE I. REAL TIME COUNTER FORMAT 

Max ! 

Counter Addressed 
Units 

BCD I 00 01 02 03 
Code ! 

",0.000 of Seconds (000;) .. .. .. .. I 0 

Hundredths and Tenths Sec (0'0;) 

I 
DO 01 02 03 I 9 

Seconds 1020;; DO 01 02 03 9 

Minutes 1030;) DO 01 D2 03 9 

Hours 1040;) DO 01 02 D3 9 

Day of the Week iOSM) 00 01 02 .. 7 

Day of the Month iOSo;) DO 01 02 03 

I 
9 

Month (07M) 00 01 02 03 9 

, -I'lndlca, •• unuaeG bits 

T'FU .. STATr il ............ trwletnartc of Nauona. Semrconauctor Cora. 

2 

Max Units 

5.5 V 
5.5 V 

10 uA 

20 uA 

5 mA 

0.8 I V 

VDO I V 
, uA 

0.4 V 
V 
V 

1 ",A 

I 
0.4 V 
10 ,.A 

Max 
Tens 

BCD 
04 OS 06 07 

Code 

D4 OS 06 07 

I 
9 

04 D5 06 07 9 

D4 05 06 .. 

I 
5 

D4 05 06 .. 5 

04 OS .. .. I 2 

.. .. .. .. 
I 

0 

D4 05 .. .. 3 

04 .. .. .. I 1 



Functional Description (Continued) 

TABLE II. ADDRESS CODES AND FUNCTIONS 

A4 AJ A2 A1 AO Function 

0 0 0 0 0 Counter-Ten Thousandths of Seconcs 

0 0 a 0 Counter-Hundredths and Tenths of SecondS 

0 0 0 a Counter - Seconcs 

0 0 0 Counter- Minutes 

0 0 0 0 Counter- Hours 

0 0 0 Counter-Day of WeeK 

0 0 0 Counter-Day of Month 

0 0 Counter- Montn 

0 0 0 0 RAM - Ten Thousandths of Seconos 

0 0 0 RAM - Hundredtns and Tenths of SecondS 

0 0 0 RAM - SecondS 

0 0 RAM-Minutes 

0 0 0 RAM-Hours 

0 0 RAM - Day of Week 

0 a RAM-Day of Montn 

0 RAM-Months 

0 0 0 0 Interrupt Status Register 

0 0 0 Interrupt ContrOl Register 

0 0 0 Counters Reset 

0 0 RAM Reset 

0 0 0 Status Bit 

0 0 GO Command 

0 0 STANDBY INTERRUPT 

Test MOde 

An otners'unuseCi 

3 



Functional Description (Continued) 

The comparator is a cascaded exclusive NOR. Its output is 
latched 61 I'S after the rising edge of the 1 kHz clock signal 
(input to the ten thousandths of secondS counter!. This 
allows the counter to ripple through before looking at the 
comparator. For operation at less than 4.0V. tna tnousand­
ths of seconds counter should not be included in a com­
pare because of the possibility of having a ripple delay 
greater than 61 1'5. (For output timing see Interrupt 
Timing.) 

~ower Down Mod. 

The ~OWER 50Wiii input is essentially a second cnip 
select. It disables all inputs and outputs except fan he 
STANDBY INTERRUPT. When this input is at a logical 
zero. the device will not respond to any extemal signals. It 
will. however. maintarn timekeeping and turn on the 
S1'AN'5BY INTERRUPT if programmed~o~The 
programming must be done Oefore the POWER DOWN in­
put goes to a logical zero.) When s~n~ to the 
standby or power down mode. the POWER DOWN input 
should go to a logical zero at least 1 1'5 betore Vee is 
switched. When switcning Vee all other Inputs must re­
main Oetw"n Vss -0.3V and Vee+0.3V. When restoring 
Vee to the normal operating mode. it is necessary to Insure 
t!!!!..!!.!.. other inputs are at valid levels betore switching the 
POWER DOWN input back to a logical one. These precau· 
tions are necessary to insure that no data is lost or altered 
when Changing to or tram the power down mode. 

Counter and RAM R ... ts; GO Command 

The counters and RAM can be reset by writing all 1's (FF) at 
address 12/of or 13/of respectively. 

A write pulse at address 15M will reset tne thousandtns. 
hundredths. tenths. units. and tens of seconds counters. 
This GO command is used for precise starting of the Clock. 
The data on the data bus is ignored during tne write. /I the 
seconds counter is at a value greater than 40 when the GO 
is issued. the minutecounterwill increment; otnerwise tne 
minute counter is unaffected. This command is not neces­
sary to stan the clock. but merety a convenient way to 
stan precisely at a given minute. (See Table III for reset 
format.) 

Status Sit 

The status bit is provided to inform the user that the clocl< 
is in tne process of rolling over wnwn a counter is read. The 

, kHz clock into tna thousandths of secondS counter has a 
puise width of 61 "S. If a read at the real time counter lany 
digits) is done during this61 I'S penod the status Oit will be 
set. This teUs the user that the clock IS ripPling through tne 
real time counter. Because tne clock is rippling. invalid 
data may Oe read from the counter. If the status eit is set 
following a counter read. the counter Should Oe reread. 

The status Oit appears on DO when address 14M IS read. All 
the other data lines will be zero. The bit is set when a 
logical one appears. ThiS bit Should be read every time a 
counter read or series of counter readS are done. The trail· 
ing edge of the read at address 14M will reset the status bit. 

Oscillator 

The oscillator used IS the standard Pierce oscillator. Exter· 
nally only 2 capacitors and the crystal are required. For 
micropower crystals a resistor in series with the oscillator 
output may be necessary to insure the crystal is not over· 
driven. This resistor should be approximately 200 kO. The 
capacitor values should Oe tYPically 20 pF-25 pF. The 
crystal frequency is 32. 768 Hz. 

The oscillator input can be externally dnven. if desrred. In 
thiS case the output should be left floating and the input 
levels should be Within 0.3V of tne supplies. 

A ground line or ground plane eetween prns 9 and 10 may 
Oe necessary to prevent interference of the OSCillator by 
the A4 address. 

Control Lin •• 

The READ. WRITE. and CHIP SEL.ECT signals are active 
low inputs. The REAOY Signal is an open drain output. At 
the stan of each read or write cycte the READY line lopen 
drain) will pull low and will remarn low until valid data 
from a chip read appears on tne bus or data on the bus IS 
latched in dUring a wme. REA"'D and WRii'E must be 
accompanied by a CHIP SE!.ECT (see Figures 3 ana 4 for 
read and wrrte cycte timing). 

Test Mod. 

The test mOde IS merelY a mooe ior production testing. It 
allows the counters to count at a nigher Inan normal rate. 
In tnlS mode the 32 KHz OSCillator input is connected 
Oirectly to tne ten thousandths of seconds counter. The 
chip select and wnte lines must be law and Ine address 
must Oe neld at IF .... 



Functional Description (ContInued) 
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FIGURE'. Interrupt Register Formlt 

07 

I ,. INn_Run 
CONTROL 
RlGIST!" 

Q ADDRESS- 1'M 

lIMOUR 

I/OAY 

'/WEEK 

r I-- 'IIIO.TH 

: , 'NTlRRU" 
STATUS 
REG.STU 

Q ADDR£SS· 101M 

L 

INTtRRUPT f-l.OCIC 

Interrupt Timing -40·CsTA s8S"C. 4.5vsVoosS.5V. Vss"OV 

Parlmeter 

t,NTON Status RegIster Clock to INTERRUPT 
OUTPUT (F'in 13) HIgh (Note 1) 

tSBYON Compare Valid to STANDBY INTERRUPT 
(F'in 14) Low (Note 1) 

t'NTOFF TraIling Edge of Status Register 
Read to INTERRUPT OUTPUT Low 

ISBVOFF TraIling Edge of Write Cyc..,.le;.,.,..,..,..,.,...,.,. 
100 = 0: Address = 16 ... 1 10 STANDBY 
INTErlRUPT Off (High Impedance Statel 

Min 

INTURU" 
OUT'UT 
rACT1VE 
L.OGIC HIGMI 

c 
~ 

" .: 
u 
i 
C 

~ 
~ 

c 
u 

,. 

,. 
12 

10 

I I 

"aa IV, 

FIGURE 2. Typical Supply 
Current YS Supply Voltage 

MIX Units 

5 

5 

5 

5 

Note 1: The status '80lSIIr ClOCkS Ire: tMe correSDonCtno counter's re:llioyer to ItS f.set state orlne comcar. oec:oml"g villlO. Th. comOilr. oecomes yalla 51 .s 
attar tMe "'0.000 of .. second counter 1$ clocKed. It tne re.1 time counter aat. matcnes tne RAM OalL 

Read Cycle Timing -40·CsT .. sSS"C, 4.SVsVOOSS.SV. Vss=OV 

Parameter Min Max Units 

'AR Aadress Sus Valla to Reae Strooe 100 ns 

tes"" ChlO Selec: to Read Strooe 0 ns 

:~RY Read Strooe [0 Reaav Strooe ~SO I"IS 

t~yO Ready Strobe to Data VallC 800 ns 

tAO Aodress Bus Valla to Da:a Vailo 1050 ns 

t ..... Data i-1ole Time From Trailing Eage of Read Strooe 0 ns 

:"z Tra,l,ng Eoge oi Reac Strooe to TRI·SIATE Made 250 ns 

tqyP1 Read i-1ola Time atter Ready Strooe 0 ns 

tqA AOdress Sus HOIC Time trom TraIling Ecge at ReaC Strooe 50 ns 

HOi.2: It tAR a 0 or 'ow. a and Cnlp Select. Aooress Valid. Read or Write are COlncroent tnen tney must eXist tor 'O~O ns. 
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Write Cycle Timing -40·C sT ... s8S0C. 4.5V s Voos5.5V. Vss=OV 

Parameter Min Max Units 

t,.w Address Valid to Write Strobe 

tcsw Chip Select to Write Strobe 

tow Data Valid betore Write Strobe 

tWRY Write Strobe to Ready Strobe 

tRY ReadY Strobe Width 

~w Write Hold Time atter Ready Strobe 

two Data Hold nme atter Write Strobe 

tWA Address Hold Time atter WWe Strobe 

Dara Cua loading IS 100 pF. 

Reaay outout loacUno IS 50 DF and 20 kG puJl.fJQ. 

!nglolr and outout AC timing levetl: 
I.09lcal ona = 2.0V 
l..OOlcal zaro .. O.8V 

Read and Write Cycle Timing Diagrams 
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Typical Applications. 
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Block Diagram 
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NEe Electronics (Europe) GmbH NEe 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

INTELLIGENT GPIB 
INTERFACE CONTROLLER 

J,J.PD7210 

The /lPD721 0 TLC is an intelligent GPIB Interface Controller designed to meet all of 
the functional requirements for Talkers, Listeners, and Controllers as specified by the 
IEEE Standard 4B8·1978. Connected between a processor bus and the GPIB, the TLC 
provides high level management of the GPIB to unburden the processor and to simplify 
both hardware and software design. Fully compatible with most processor architectures, 
Bus Driver/Receivers are the only additional components required to implement any 
type of GPIB interface. 

• All Functional Interface Capability Meeting IEEE Standard 
SH 1 (Source Handshake) 
AH 1 (Acceptor Handshake) 
T5 or TE5 (Talker or Extended Talker) 
LJ or LE3 (Listener or Extended Listener) 
SR 1 (Service Request) 
RL 1 (Remote Local) 
PPI or PP2 (Parallel Port [Remote or Local Configuration)) 
DC 1 (Device Clear) 
DTl (Device Trigger) 
Cl·5 (Controller [All Functions)) 

• Programmable Data Transfer Rate 
• 16 MPU Accessible Registers - 8 Readl8 Write 
• 2 Address Registers 

- Detection of MTA, MLA, MSA (My Talk/Listen/Secondary Address) 
- 2 Device Addresses 

• EOS Message Automatic Detection 
• Command (IEEE Standard 488·78) Automatic Processing and Undefined Command 

Read Capability 
• DMA Capability 
• Programmable Bus T ranseeiver I/O Specification (Works with T.I JMotorola/1 ntel) 
• 1 to 8 MHz Clock Range 
• TTL Compatible 
• N Channel MOS 
• +5V Single Power Supply 
• 4~Pin Plastic DIP 
• 8080/85/86 Compatible 

TIR 1 VCC 
TIR 2 EOI 

CLOCK iiii5Ac 
RESET NRFi5 

T/R 3 DAv 
OMAREO DiOii 
OMAACK i5iO'i 

Cs DiOii 
RO iiiOs 
WR Dii54 
INT DiCi3 
00 Di02 
01 5iOi 
02 SR5 
03 ATN 

04 iffil 
05 IFC 
06 RS 2 
07 RS 1 

GNO RS 0 



,uPD7210 

PIN NAME 1/0 DESCRIPTION 
PIN IDENTIFICATION 

1 T/Rl 0 Transmit/Receive Control - InputlOutput Control Signal 
for the GPIB Bus Transceivers. 

2 T/R2 0 Transmit/Receive Control - The function of T/R2, T/R3 
are determined by the value of TRM1, TRMO of the 
address mode register. 

3 ClK I Clock - (HI MHz) Reference Clock for generating the 
state change prohibit times Tl, T6, T7, T9 specified in 
IEEE Standard 48B·1978: 

4 RST I Reset - Resets 7210to an idle state when high (activehigh). 

5 T/R3 0 Transmit/Receive Control - Function determined by 
TRMI and TRMO of address mode register (See T/R2). 

6 ORO 0 DMA Request - 7210 requests data transfer to the com· 
puter system, becomes Iowan input of DMA acknowledge 
signal DACK. 

7 DACK I DMA Acknowledge - (Active low) Signal connects the 
computer system data bus to the data register of the 7210. 

8 CS I Chip Select - (Active low) Enables access to the register 
selected by RSO·2 (read or write operation). 

9 RD I Read - (Active low) Places contents of read register 
specified by RSO·2 - on 00·7 (Computer Bus). 

10 WR I Write - (Active low) writes data on 00·7 into the write 
register specified by RSO·2. 

11 X a Interrupt Request - (Active High/low) Becomes active 

iNf 
due to any 1 of 13 internal interrupt fectors (unmasked) 
a~ive state software configurable, active high on chip reset. 

12·19 00·7 I/O Data Bus - 8 bit bidirectional data bus, for interface to 
computer system. 

20 GNO Ground. 

21·23 RSO·2 I Register Select - These lines select one of eight read 
(write) registers during a read (write) operation. 

24 IFC I/O Interface Clear - Control line used for clearing the inter· 
face functions. 

25 REN 110 Remote Enable - Control line used to select remote or 
local control of the devices. 

26 ATN 110 Attention - Control line which indicates whether data on 
010 lines is an interface message or device dependent message. 

27 SRO 110 Service Request - Control line used to request the can· 
troller for service. 

28-35 0101·8 110 Data Input/Output - 8 bit bidirectional bus for transfer 
of message on the GPIB. 

36 DAV 110 Data Valid - Handshake line indicating that data on 010 
lines is valid. 

37 mm5' 110 Ready for Data - Handshake line indicating that device is 
ready for data. 

38 NDAC 110 Data Accepted - Handshake line indicating completion of 
message reception. 

39 EOI I/O End or Identify - Control line used to indicate the end of 
multiple byte transfer sequence or to execute a parallel 
polling in conjunction with ATN. 

40 VCC +5V DC - Technical Specifications: +5V; NMOS; 
500 MW; 40 Pins; TTL Compatible; 1·8 MHz. 

2 
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The IEEE Standard 488 describes a "Standard Digital Interface for Programmable 
Instrumentation" which, since its introduction in 1975, has become the most popular 
means of interconnecting instruments and controllers in laboratory, automatic test and 
even industrial applications. Refined over several years, the 488·1978 standard, also 
known as the General Purpose Interface 8us (GPI8), is a highly sophisticated standard 
providing a high degree of flexibility to meet virtually most all instrumentation 
requirements. The IlPo721 0 TLC implements all of the functions that are required to 
interface to the GPI8. While it is beyond the scope of this document to provide a com· 
plete explanation of the IEEE 488 Standard, a basic description follows: 

The GPI8 interconnects up to 15 devices over a common set of data control lines. 
Three types of devices are defined by the standard: Talkers, Listeners, and Controllers, 
although some devices may combine functions such as Talker/Listener or Talker/ 
Controller. 

Data on the GPI8 is transferred in a bit parallel, byte serial fashion over 8 Data I/O 
lines (0101 - 0108). A 3 wire handshake is used to ensure synchronization of transmis· 
sian and reception. I n order to permit more than one device to receive data at the same 
time, these control lines are "Open Collector" so that the slowest device controls the 
data rate. A number of other control lines perform a variety of functions such as device 
addressing, interrupt generation. etc. 

The IlPD721 0 TLC implements all functional aspects of Talker, Listener and Controller 
functions ad defined by the 488-1978 Standard, and on a single chip. 

The /lPD721 0 TLC is an intelligent controller designed to provide high level protocol 
management of the GPI8, freeing the host processor for other tasks. Control of the 
TLC is accomplished via 16 internal registers. Data may be transferred either under 
program control or via oMA using the TLC's oMA control facilities to further reduce 
processor overhead. The processor interface of the TLC is general in nature and may 
be readily interfaced to most processor lines. 

In addition to providing all control and data lines necessary for a complete GPI8 imple­
mentation, the TLC also provides a unique set of bus transceiver controls permitting the 
use of a variety of different transceiver configurations for maximum flexibility. 

INTERNAL REGISTERS 

The TLC has 16 registers, eight of which are read and 8 write. 

AEGIITER NAME ADDRESSING SPECIFICATION 

R R R WR cs 
S WR cs 
0 WR cs 

Data In IORI 0 WR CS 017 01. OIS '014 013 012 

Int..-up! Sr.tUl' [1 A I 1 WR CS I CPT I APT OET eND Dec eRR 

'nt.rrupt SIM .. 2 (2AI a WR cs IAT I sl!li15i I..~K ~!M ~(5 C(5K~ 

kill Poll S*u. 13RI 1 WR CS I sa ! PEND sa 55 I 54 53 
Addt_ StaIUlI4A1 a WR CS I CIC I XTI\1 I SPMS CPAS ! TPAS LA 

CorNftliftd .... Througll (5R( 1 WR CS j ern I cptl ern CPT4 ! CPT3 cpn 
Add,.. 0 (&AI a WR cs x OTO QLP I ACH I ADi.o AD3.(J 
Add,.., 17 .. 1 1 WR cs EOI OTI OLI I ,1,05·1 I A04.' A03·1 

Byt_ Out (OWl a WR CS a07 e08 BOO BOO 803 I B02 

jn1en'up1 Mak 1 (1wl 1 WR CS CPT APT DET eNO Dec I ERR 

InterruPt MInk 2 IMI a WR cs SAQI DMAO I DMAI CO i LOKe 

SMilil Pall Mode 1M) 1 WR CS sa sa I 55 54 I 53 __ {<wI 
a WR CS ton Igo TRM1 I TRMO 

Au.lI....., Mode (5WI 1 WR cs ieNT2 CNT1 CNTO ! COM .. I COM3 I COM2 

Add, .. 0/1 (awl a WR CS lARS bf bL ADiS AD4 AQ3 

End of Str"" I7WJ 1 WR CS eC7 eco ecs ec. eC3 EC2 

INTRODUCTION 

GENERAL 

Olt I 010 

00 I 01 

I i!tl!~l! I AI5!~1 
I 52 I 51 I 
I TA I MJMNi 

I CPT1 I ePTol 
! ,1,02-0 j AOl-01 

I A02·1 I A01-1' 

I aOl BOO I 
I DO DI I 
! REMe AOSCI 

I S2 SI I 
! AOM1 ADMOI 

I COM1 COMO! 

A02 .0.01 I 
ECI ECO I 



J,LPD7210 

DATA REGISTERS 

The data registers are used for data and command transfers between the GPIB and the 
microcomputer system. 

DATA IN lOR) IDI7 DI6 DI5 I "D14 DI3 DI2 I Dll DID 

Holds data sent from the GP1B to the computer 

BYTE OUT lOW) I 80l I 806 I 805 1804 I B03 1802 1801 I BOO I 

Holds information written into It for transfer to the GPIB 

INTERRUPT REGISTERS 

The interrupt registers are composed of interrupt status bits, interrupt mask bits, 

and some other nontnterrupt related status bits. 

READ 
INTERRUPT 

STATUS 1 i 1 Rj I CPT APT OET ENu DEC ERR DO 

INTERRUPT 

01 

STATUS 2 12RJ liNT I SROl LOK REM CO I LOKC I REMC I AOSC I 

WRITE 
INTERRUPT 

MASK 1 11wl I CPT APT DET END I DEC ERR DO 01 

INTERRUPT 

MASK212Wl I 0 I SROl I OMAO I OMAI I CO I LOKC I REMC I AOSC I 
There are thirteen factors which can generate an interrupt from the pPD7210. each 
with their own status bit and mask bit. 

The interrupt status bits are always set to one if the interrupt condition is met. 
The interrupt mask bits decide whether the INT bit and the interrupt pin will be 
active for that condition. 

I nterrupt Status Bits 

INT OR of All Unmasked Interrupt Status Bits 
CPT Command Pass Through 
APT Address Pass Through 
DET Device Trigger 
END End (END or EOS Message Received) 
Dtc Device Clear 
ERR Error 

DO Data Out 
01 Data In 
SROI Service Request Input 
LOKC Lockout Change 
REMC Remote Change I 
ADSC Address Status Change I 
CO Command Output I 

Non Interrupt Status Bits 

LOK Lockout 
REM Remote/Local 
DMAO Enable/Disable DMA Out 

DMAI Enable/Disable DMA In 

5 
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SERIAL POLL REGISTERS 

READ 
SERIAL POLL 
STATUS 13R) sa 1 PEND 1 56 55 154 53 52 S1 

WRITE 
SERIAL POLL 
MODE 13W) sa rsv S6 S5 154 S3 S2 51 

The Serial Poll Mode register holds the STB (status byte: 58, 56·511 sent over the 
GPIB and the local messagerSV (request service). The Serial Poll Mode register 
may be read through the Serial Poll Status register. The PEND is set by rsv = I, and 

cleared by NPRS· i'Sii = 1 (NPRS = Negative Poll Response Statel. 

ADDRESS MODE/STATUS REGISTERS 

ADDRESS STATUS 14R) 

ADDRESS MODE 14WI 

I CIC ATIiI I $PMS 1 LPAS ITPAS LA TA 1 MJMN 1 
I ton Ion I TRM1 I TRMO I 0 I ADM1 1 AOMO 1 

The Address Mode register selects the address mode of the device and also sets the 
mode for T/R3 and T/R2 the transceiver control lines. 

The TLC is able to automatically detect two types of addresses which are held in 
address registers 0 and 1. The addressing modes are outlined below. 

ADDRESS MODES 

CONTENTS OF CONTENTS OF 
ADDRESS ADDRESS (0) ADDRESS 111 

ton Ion ADMI ADMO MODE REGISTER REGISTER 

1 0 0 0 Talk only Addreu Identification Not Necessary 
mode 

0 1 0 0 Listln only Not Used 
mode 

0 0 0 1 Address modi 1 Major talk address Minor talk address 
or Major listen or Minor listen 
address addreu 

0 0 1 0 Addr.ss mode 2 Primary address Secondary address 
(talk or listen) (talk or listen) 

0 0 1 1 Address mode 3 Primary address Primary address 
(major tal k or (minor talk or 
major listen~ minor I isten I 

Combinations other than above 
indicltlld Prohibited. 

Not.: A 1 - Either MTA or MLA reception is indicated by coincidence of either address with the 
received address. Interface function Tor L. 

A2 - Address register 0 ... primary. Address register 1 ... secondary. interface function TC 
or LC. 

Al - CPU must read secondary address via Commllnd Pass Through RegISter. TE or LC 
Command. 
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ADDRESS STATUS BITS 

ATN 
LPAS 
TPAS 
CIC 
LA 
TA 
MJMN 
SPMS 

ADDRESS REGISTERS 

Data Transfer Cycle (device in CSBS) 
Listener Primary Addressed State 
Talker Primary Addressed State 
Controller Active 
Listener Addressed 
Talker Addressed 
Sets minor TIL address Reset = Major TIL address 
Serial Poll Mode State 

ADDRESS 0 [6R] I x DTO DLO I ADS,() I AD4.() I AD3'() I AD2.() I AD1.() I 
ADDR ESS 1 [7R] Llli I DTl DLl I ADS·l I AD4-1 I AD3·1 I AD2·1 I ADl -1 I 
ADDRESS all [6W] lARS I DT DL I ADS I AD4 I AD3 I AD2 I 
Address settings are made by writing into the address all register. The function 
of each bit is described below. 

ADDRESS 0/1 REGISTER BIT SELECT[ONS 

ARS Selects which address register a or 1 
DT - Permits or Prohibits address to be detected as Talk 
DL - Permits or Prohibits address to be detected as Listen 
ADS - ADI - Device address value 
EO! - Holds the value of EOIline when data is received 

COMMAND PASS THROUGH REGISTER 
COMMAND PASS 
THROUGH [SRI 

ADl 

The CPT register is used such that the CPU may read the 010 lines in the cases of 
undefined command, secondary address, or parallel poll response. 

END OF STRING REGISTER 

END OF 
STRING [7W] I EC7 I EC6 ECS EC4 EC3 EC2 ECl ECOI 

This register holds either a 7 or 8 bit EOS message byte used in the GP[B system to 
detect the end of a data block. Aux Mode Ragister A controls the specific use of 
this register. 

AUXILIARY MODE REGISTER 

AUXILIARY 
MODE [SW] ICNT2 I CNTl CNTO COM4 I COM3 I COM2 COM1 COMO I 

7 
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This is a multipurpose register. A write to this register generates one of the following 
operations according to the values of the CNT bits. 

CNT COM OPERATION 
2 1 0 4 3 2 1 0 

0 0 0 C4 C3 C2 CI Co 
ISlues an auxiliary command specified by 
C4 to CO. 

The reterence cioek frequehcy is specified 
0 0 1 0 F3 F2 Fl FO and T1. TS. T7. Tg are determined as I 

result. 

0 1 1 U S P3 P2 P1 
Makes write operation to the parallal pol 
ragilter. 

1 0 0 A4 A3 A2 A1 AO 
Makes write operation to the aux. IA) 
register. 

1 0 1 84 83 82 81 80 
Makes write operation to the aUK. (8) 

register. 

1 1 0 0 0 0 El EO 
Make. write operation to the aux. I E) 
register. 

AUXILIARY COMMANDS 0 0 0 C4 C3 C2 Cl Co 

COM 

43210 
00000 iepon I mmediate Execute pon .;.. Generate local 

pan Message 
00010 crst Chip Reset - Same as External Reset 
00011 rrfd Release RFD 
00100 trig Trigger 
00101 rtl Return to Local Message Generation 
00110 seai Send EOI Message 
00111 nvld Non Valid (OSA reception) - Release DAC 

Holdoff 
01111 vld Valid (MSA reception, CPT, DEC, DET) -

Release DAC Holdoff 
OXOOI sppf SetiReset Parallel Poll Flag 
10000 gts Go To Standby 
10001 tea Take Control Asynchronously 
10010 tes Take Control Synchronously 
11010 tese Take Control Synchronously on End 

10011 Itn Listen 
11011 Itnc Listen with Continuous Mode 

11100 lun Local Un listen 
11101 epp Execute Parallel Poll 
lXl10 sifc Set/Reset I FC 
lXl11 sren SetiReset REN 
10100 dsc Disable System Control 

INTERNAL COUNTER 0 0 1 0 F3 F2 FIFO 

The internal counter generates the state change prohibit times (T 1, T 6, T7, T 9) 
specified in the IEEE std 488-1978 with reference to the clock frequency. 

AUXILIARY A REGISTER 1 0 0 A4 A3 A2 Al AO 

Of the 5 bits that may be specified as part of its access word, two bits control the 
GPIB data receiving modes of the 7210 and 3 bits control how the EOS message is 
used. 
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A, AO DATA RECEIVING MODE 

0 0 Normal Handshake Mode 

0 , R F 0 Holdoff on all Data Mode , 0 RFD Holdoff on End Mode , , Continuous Mode 

BIT 
FUNCTION 

NAME 

A2 
0 Prohibit Permits (prohibits) the setting of the END bit , Permit by reception of the EOS message. 

0 Prohibit 
Permits (prohibits) automatic transmission of 

A3 , Permit 
END message simultaneously with the trans-

mISsion of EOS message T ACS. 

A4 
0 7 bit EOS Makes the 8 bltsl7 bits of EOS register the , 8 bit EOS valid EOS message. 

AUXILIARY B REGISTER 1 0 1 B4 B3 B2 Bl BO 

The Auxiliary B Register is much like the A Register in that it control.s the special 
operating features of the device. 

BIT 
FUNCTION 

NAME 

1 Permit Permits (prohibits) the detection of undefined 

BO 
command. In other words, it permits (pro· 
hibits) the setting of the CPT bit on reception 

0 Prohibit of an undefined command. 

1 Permit Permits (prohibits) the transmission of the 

Bl 
0 Prohibit 

END message when in serial poll active state 
(SPAS). 

1 Tl 
Tl (high speed) as Tl of handshake after 

(high·speed) 
82 

Tl 
transmission of 2nd byte following data 

0 
(low-speed) 

transmission. 

83 
1 INT 

Specifies the active level of I NT pin. a INT 

SRQS indicates the value of 1 st level local 
message (the value of the parallel poll flag is 

1 1st = SRQS ignored). 

B4 SRQS = 1 ... lst = 1. 
SRQS=O ... lst=O. 

0 
1st = Parallel The value of the parallel poll flag is taken 
Poll Flag as the 1 st local message. 

9 
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AUXILIARY E REGISTER 1 1 0 0 0 0 E1 EO 

This register controls the Data Acceptance Modes of the T LC. 

BIT FUNCTION 

EO 1 Enable DAC Holdotf by initiation of DCAS 
0 Disable 

E1 1 Enable DAC Holdoff by initiation of DTAS 
0 Disable 

Parallel Poll Register o u S 

The Parallel Poll Register defines the parallel poll response of the I1PD7210. 

1

0 
11 I 1 I U I S~I t~'"''''G''''~''' 

OUTPUT LINE 10101 TO 01081 

SPECIFYING STATUS BIT 
POLARITY 

S • 1 : I N PHASE 
5 - 0: IN REVERSE PHASE 

U = 1 : NO RESPONSE TO PARALLEL POLL 

..... ------~ U = 0: RESPONSE TO PARALLEL POLL 
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n J::Jr[l"''""'"~ X, X2 

~:gj~ 
AD 

~PD808S _ 
WR 

ALE 

RESET OUT 

ClK I IWmH RST 7.5 .. 

~.7 I 

RESr'N I, :IT 
J BUS TRANSCEIVERS 

1J 

z 

~ !J ~I ~ ill P !;ll~ ~ ~ e ~I ~I ~ ill ~ ~I NO, wo ""'3:1 mtn;llo 

RST6.5 INTO !!l ~ do !!l ;: 
~PD7210 TIMER OUT 

RST 5.5 tjOMAREQ OMAACK "H" ~PD815S 
,~" m 

DEVICE CONTROL 

CI 
." 

iii 

1 
I 

110 T 

~~.7 1 
» -o ~~lol»lJn-n 
;b ~l ~J;;C:~ m 

m 
~PD8J55 -I cet--"H" 

PA7'(). PB7'() IORI--"H" 

~ 

» 
f 

J 
SWITCHES I DISPLAY 

s:: 
z 
s:: 
c 

::ES:: _co 
-i 0 :x: co 

U1 
1: en 
"-< °en '-I-i 
~m 
oS:: 

1: 
"lJ 

~ 
N .... 
o 
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.P07210 

~ 
~ 

15;0. 
~ 
liiCii 
DiOi 

TIR, 

TIR3 IEOIOEI 
lOT 

l5Ai7 

mml 

NDAc 

TIR21CICI 

m'l! 

:zmr 
1ml 

m' 

MC344BAX. 

DATA A BUSA 
DATA B BUS B 
OATAC BUS C 
DATA 0 BUS 0 

SIRA·O PEA_O 

DATAA BUSA 
DATA B BUS B 
OATAC BUSC 
DATA 0 BUSO 
S/RA.O PEA·O 

SIRA 
DATA A BUSA 
S/RB 
DATA B BUS B 
SIRC 
OATAC BUSC 
SIRO 
DATA 0 BUS 0 

PEA·O 

SIRA 

DATA A BUS A 
SIRB 
DATA B BUS B 
S/RC 
OATAC BUS C 
S/RO 
DATA 0 BUS 0 

PEA·C 

TT 
"H""L" "L"' 

GPIS 

OIOB 
0107 g:g: MINIMUM 8085 SYSTEM 

WITH ,uPD7210 (CONT.) 

EOI 

OAV 

NRFO 

NOAC 

SRO 

ATN 

REN 

IFC 

Note: In this example, high-speed data transfer cannot be made since the bus 
transceiver is of the open collector type (Set 82 = 0). 

01 B DB B8 , 0, 8, 

l5iOs 06 86 

lml5 05 85 

15;0. D. SN75160 8, 

01°3 03 83 

i5iOi 02 92 

iml'i 0, 9, 

TIR31PEI PE 
TE 

,uP07210 TIR, GPIS 

TE 
T/R2 (CIC) DC 

SAl! SRD 

ATN ATN 

I EOI SN75161 
15AV OAV 

NRI'li NRFO 

NDAC NDAC 

IFC 

N REN 

Note: In the case of low·speed data transfer (82 = 0), the T/R3 pm can be used as a 
TRIG output. The PE input of SN75160 should be cleared to "0." Using this 
conction. pass-control operation cannot be used. 



ABSOLUTE MAXIMUM 
RATINGS 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 

i PARAMETER SYMBOL TEST CONDITIONS 

ISuPPly VOltage 1 Vcc I 

Iinput Voltage V, 

IOUtpUT \iottll9f' ! Vo ! 

IOperltll"g Temperature I T opt I 

I Strltge T emperatufe i Tng 

T,=O"v+70"C.VCC"'5V':!: 10% 

PARAMETER )SYMBOL I TEST CONDITIONS 

! Input Low Voltage 

I Input ~·h9h VOltage 

! low Level Output Voltage ! VOL tOl " 2mA f4mA : T /A 1 Pin) 

1VOHI IOH " -400uA, Except I NT 

~Hlgh Lellel Output Voltage i'llOH2 

I 

i 10M" -400uA liNT Pm 

i 10M = -SOuA j" 
!Input llllk8(Jl! Current i IlL liN'" OV '\, VCC 

!Output Leak. Current i tOL lOUT" 0.45V '" VCC 

ISuppl y Current I ICC 

T .11= 25"C, Vee" GND ~ ov 

! PARAMETEFI SYMBOL TEST CONDITIONS 

I Input Capacitance C'N f = 1 MHz 

IOutput Capacitance CoUT AI! Pms Except Pin Under 
Test Tied to AC Ground 

1110 CapacItance CliO 

Ta= O"v +7(rc, Vee'" 5V =- 10"0 

I 
PARAMETER SYMBOL I TEST CONDfTIONS 

I 

I Address Setup to AD lAR 
I RS2·0 

cs 
I Address Hold from RD 'RA i 
j Ffij Pulse Width lRR I 
I Data Delay from Address lAD i 
!Dau Delay from RD ... lRO I 
!Output Float Delay from RD t I tOF ! 

l!fD Recovery Time lRV L 

i Address Setup to WA I 'AW 

IAddr •• Hold from WR I "NA I 
!iNA. Pulse Width I IWW i 
!Dna Setup to WR I tDw , 
!Date Hold from WR ! "NO 

!WR Recovery Time I 'RV I 

DMAREQ ~ Delay from DMAACK 

Data Delay from OMAACK 

J,LPD7210 

RATINGS UNITS 

I -0.5"'+7.0 V 

-0.5 'V +1.0 V 

-0.5 '\,.. +7.0 V 

i o '\, +70 ·c 

I -65"'·125 ·c 

MIN TVP 
LIMITS 

MAX 
UNITS 

-0.5 +0.8 V 

! + 2.0 VCc +0.5 

+0.45 V 

+24 

I +2.4 V 

+3.5 V 

-10 +10 uA ! 
-10 +10 uA I 

+180 mA I 

LIMITS 
UNITS 

M1N TV. MAX 

10 pF 

15 pF 

20 pF 

LIMITS 
UNITS 

MIN TV. MAX 

85 
n. 

0 

0 n, 

170 n. 

250 n. 

150 n. 

0 80 ns 

250 no 

J 0 L n. I 
! 0 n. I 
I 170 I ns I 
I 150 l ns I 

I 0 I n. I 
I 250 I n. I 

13 
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PARAMETER SYMBOL TEST CONDITIONS 
LIMITS 

UNITS 
MIN TVP MAX 

mI I~Dill tEODI PPS$"'" PPAS. ATN • True 250 n. 
m11~T/RI t tEOT11 PPSS"'" PPAS. ATN .. True 155 no 

Em t .... T/Rl + tEOT12 PPAS"'" PP55. ATN - Filse 200 n. 
ATN.t. .... ~+ tATNO AIDS'" ANRS. LIDS 155 n. 
Am ..... TIR1 '" tATTI TACS + SPAS -TAOS, CIOS 155 n. 
A"fN ,j. .... T/R2,j. tATT2 TACS + SPAS"" TAOS, CIOS 200 I n. 

DAY 1- DMAREO t 1OVRO ACRS ... ACOS. LACS 600 n. 
DAY I~NRFD 1 tQVNRl ACRS"ACD$ 350 n. 
DAY 1 ~ NiiAC t toVNDl ACRS .... Aces .... AWNS 650 n. 
DAV t -NDAC,j. 1OVND2 AWNS-+ANRS 350 n. 

DAV t ..... NRF'O t tQVNR2 AWNS"" ANRS'" ACRS 350 n. 
RDI~jijjfj!!jt tRNR 

ANRS ... ACRS 
LACS. 01 reg. selected 500 n. 

NOAC t ...,. DMAREQ t tNORQ STRS -SWNS -SGNS, TACS 400 n. 

NiiAC t -DAV t tNOQV STRS ... SWNS .... SGNS 350 ns 
Wij t ~ Dill 'WO' SGNS ..... SOYS, 80 reg. selected 250 ns 

NRFD t .... OAV + tNRDV SOYS-+STRS, Tl'"True 350 ns 

SGNS - SDYS - STRS 830 
YiRt ... i5AV. 'WDV BO reg, selected, RFO "" True +tSVNC n. 

NF = fc • 8 MHz. T1 (High Speed) 

TRIG PulseWidlh tTRIG 50 n. 

CS, RS2-0 

07-<l High Impedance Higtl Impedance /~ 

~ _______ tAD ______ ~1 

OMAREO 

___ ~CtAKD~ 
~tAKR01,--__ _ 

14 

CS, RS2-0 

07-0 

NEC cannot assume any responsibility for any circuits shown or 
represent that they are free from patent infringement. 
NEC reserves the right to make changes any time withollt notice 
in order to improve design and supply the best product possible. 

AC CHARACTERISTICS 

Dec. 1981 



APPENDIX I 

Product Error Report 

DEAR CUSTOMER, 

WHILE FORCE COMPUTERS HAS ACHIEVED A VERY HIGH STANDARD OF 

QUALITY IN OUR PRODUCTS AND DOCUMENTATION, WE CONTINUALLY SEEK 

SUGGESTIONS FOR IMPROVEMENTS. 

WE WOULD APPRECIATE ANY FEEDBACK YOU CARE TO OFFER. 

PLEASE USE ATTACHED "PRODUCT ERROR REPORT" FORM FOR YOUR COMMENTS 

AND RETURN IT TO ONE OF OUR FORCE COMPUTERS OFFICES. 

SINCERELY 

FORCE COMPUTERS 

I-I 





PRO D U C T ERR 0 R REPORT 

HARDWARE/SOFTWARE/SYSTEMS 

PRODUCT 

SERIAL NO. 

DATE OF PURCHASE 

ORIGINATOR 

COMPANY 

ADDRESS 

DATE 

TELEPHONE 

CONTACT 

AFFECTED PRODUCT: 

AFFECTED DOCUMENTATION: 

ERROR DESCRIPTION : 

SEND TO : 

FORCE Computers Inc. 
Marketing 
727 University Avenue 
Los Gatos, CA 95030 
U.S.A. 

EXT 

SOFTWARE 

SOFTWARE 

FORCE Computers GmbH 
Marketing 
Daimlerstrasse 9 
8012 Ottobrunn/Munich 
West Germany 

This box to be 
completed by FORCE 

DATE : 

PR# 

ACTION BY : 

Engineering 
Marketing 
Production 

HARDWARE 

HARDWARE 

SYSTEM 

SYSTEM 

FORCE Computers FRANCE 
[\~arketing 
11, rue Casteja 
92100 Boulogne 
France 




