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VME bus Enhanced Serial Highway Driver
2140

- Allows a computer VME bus to host a Serial Highway |

Features Typical Applications
* Provides a dedicated VME bus interface to the o Distributed data acquisition and control

CAMAC serial highway ¢ Systems requiring high throughput with minimum
e Supports the Enhanced highway mode with software overhead

throughput of 3 Mbytes/s

° Conforms to VMEbus specification (IEEE Standard
1014) '

* High-speed hardware list processing

 Available with software-selectable byte-packing
between 24-bit CAMAC and 32-bit VME words

s Available with CAMAC-standard D-port connectors
or fiber optic adapter

* Up to three kilometers between highway nodes at full
throughput using fiber-optic transmission

* Supports up to 62 nodes

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

The 2140 Serial Highway Driver (SHD) is implemented on two double-Eurocard form-factor printed circuit boards. As a
VMEbus master, the 2140 is capable of VME burst transfer rates of greater than four Mbytes/s. Two data FIFOs, one for read
data and one for write data, are used to buffer burst transfers between the 2140 and the VMEbus back plane. The size of the
transfer burst is programmable up to 256 transfers.

As aslave, the 2140 uses VME short (16-bit) I/O address space for on-board register access. The base address is switch-selec-
table on 256-byte boundaries. Interrupts for “Operation Complete” and “CAMAC Demand Message” sources are provided.
The interrupt levels and vectors used with these sources are fully programmable from the VMEbus.

The 2140 SHD operates with Serial Highway clock rates to five megahertz and supports up to 62 remote CAMAC crates for
distributed data acquisition and control. It includes a block-data “enhancement” to the Serial Highway that provides DMA
data throughput at rates up to three Mbytes/s.

The CAMAC Serial Highway protocol, as specified by IEEE Standard 595, provides for one CAMAC 24-bit Dataway oper-
ation per Serial Highway message. The highway block-mode enhancement contained in the 2140 uses a pipeline approach
and allows multiple Dataway operations to occur within one highway message, giving a DMA data throughput rate that is
greater than five 5 times the rate of non-enhanced SHDs.

Highway Options

The 2140 operates in bit-serial mode to five megabits per second or byte-serial mode to five Mbytes/s. It is available with the
standard D-Port highway connectors or self-contained fiber optic U-Port adapters. Regardiess of the port option chosen, the
2140 maintains the two-card VME profile. The 1740 D-Port or 1749 U-Port adapters are provided on separate PC card assem-
blies and must be ordered to form a complete Serial Highway Driver. When ordered together, the SHD with port adapter is
assembled as a unit at the factory.

List Processing

Full three megabyte data throughput is obtained for single-NAF block transfers between the VME backplane and a single
CAMAC module. Operation can be extended to multi-NAF scan operations by using the 3830 List Sequencer module in
remote crates. This module stores up to four NAF lists and operates with the enhanced highway protocol. A Command List
Processor is included in the 2140 Highway Driver. This List Processor contains an 8K x 32 RAM memory and supports a
large number of lists. Multiple block transfers can be included in a list.

Phone: (815) B38-0005 * FAX: (815) 838-4424 « E-mail: mkt-info @kscorp.com = Web: hitp://www.kscorp.com KineticSystems



2140 (continued)

Byte Packing

The 2140 contains two software-selected byte-packing modes: Standard and Special. In “Standard” mode, each 24-bit
CAMAC transfer is packed into a 32-bit VME word with the most-significant byte filled with ones. Also in this mode, two
16-bit CAMAC transfers are packed into one 32-bit VME word. “Special” mode supports only 24-bit CAMAC transfers, with
four 24-bit CAMAC words packed into three 32-bit VME words. This mode supports certain CAMAC modules that are byte
packed to increase highway throughput, such as the 3195-E1A DAC module and the 3595-E1A ADC module. Standard or
Special mode is selected on a command-by-command basis in the Command Memory.

Highway Compatibility

In addition to the Enhanced Mode, the 2140 includes software-selected operating modes for Q-Stop, Ignore Q, and Wait-until-
Q block transfers, making it usable with any Type L-2 serial crate controller (SCC) meeting the specifications of IEEE-595.
Enhanced-mode messages require use of the 3952-Z1E or 3952-Z1F Enhanced L-2 SCCs. The compatibility of the enhanced
protocol allows "Standard" and "Enhanced" L-2 SCCs to be mixed on the same highway, provided that the software directs
enhanced block messages only to the "Enhanced” SCCs.

Block Diagram

—
. Serial
Xmit ; F-O UPA - Hwy.
Highway . Out
FIFO Transmitter Transmittter
Note: The fiber-optic U-port option is shown. For the byte-serial
VMED VMEDbus Interface D-port option, the F-O transmitter and receiver are replaced
n /Oul;s — and with RS-422 transmitters and receivers.
Control
. e
) Receive
FIFO | Serial
. F-O UPA Hwy.
. Hnghv_vay Receiver m In
List I— Receiver
Processor Demand
Memory FIFO

Ordering Information

Model 2140-Z1A  Enhanced Serial Highway Driver, for VMEbus host
Note: A 1740 D-port or 1749 U-port Adapter must also be ordered to form a complete Serial Highway Driver.

Associated Products

Model 1740-D1A D-port Interface, bit-serial & byte-serial, for model 2140

Model 1749-Z1A U-port Adapter, byte-serial, fiber optic, 820 nm, for model 2140
Model 3830-Z1A List Sequencer for 3952 Serial Crate Controllers

Model 3939-Z1C U-port Adapter, byte-serial, fiberoptic, 1300 nm operation

Model 3939-Z2A U-port Adapter, byte-serial, fiberoptic, 1300 nm operation

Model 3952-7Z1G Enhanced Serial Crate Controller, type L-2, with standard relays
Model 3952-Z1H Enhanced Serial Crate Controller, type L-2, with high-gauss relays

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



Model 2140-Z1A
UNPACKING AND INSTALLATION

The Model 2140 Serial Highway Driver (SHD) is implemented on two VME ®B® size modules
and shipped in antistatic bags within styrofoam packing containers. Carefully remove the
modules from their static-proof bags and set the various options to conform to the operating
environment. The default settings on the 2140 are as follows:

Base address is set of $80000000 HEX
VME Bus Request is set to level three.
Highway speed is 5 MHz, byte.
Q-Repeat timeout is set to 15 seconds.
Spare byte is set to variable.

GU 0N

Refer to the section on Switch and Strap Selection (page 3) for more details of the various
option settings.

The 2140 requires both P1 and P2 VME backplane connectors. The VME slot in which the
2140 Receiver module will reside, requires the Bus Request (BR) and Interrupt Acknowledge
(IACK) straps to be removed for proper VMEbus operation. Any empty slots between the 2140
Receiver card and slot one should have their BR and IACK straps loaded. The 2140 Receiver
and Transmitter cards are connected through Row A and Row C pins of the P2 connector. A
jumper cable is provided for this connection. Install the jumper cable on the VME card cage
backplane. Note that the Receiver and Transmitter card must occupy adjacent slots.

SWITCH AND STRAP SELECTIONS
Device Address Selection

The 2140 is shipped from the factory to reside in the extended address space of the VMEbus
and responds to Address Modifier Codes (09, 0A, 0D, OE HEX). The switches SA31 through
SA08 determine the base address of the 2140. The 2140 must allocate 256 byte locations in
the VMEbus.

WHEN SELECTING A BASE ADDRESS, CARE SHOULD

BE TAKEN TO AVOID ADDRESSES ASSIGNED TO

OTHER DEVICES.

The bit pattern for the base address is shown below:

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SA31 | SA30 SA29 SA28 SA27 SA26 SA25 SA24 SA23 | SA22 | SA21 | SA20 | SA19 | SA18 | SA17 | sA16
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
SA15 | SAl4 SA13 SA12 SA11 SA10 SAD9 SA08 0 0 0 0 0 0 0 0

Bits 31 through 08 are user selectable via the address switches SA31-SA08.
Bits 07 through 00 are set to ®0® to indicate a block of 256 bytes.
Refer to Figure 1 (page 5 ) for switch location and switch settings.

Upon request the 2140 can be used in the standard (A24) or short I/O (A16) address space of

the VMEbus. A PROM in location U35 must be changed to recognize the proper Address
Modifier Codes. For standard addressing, the 2140 will respond to 39, 34, 3D, 3E HEX; while

3




Model 2140-Z1A

in short I/O addressing, the 2140 will respond to 29 and 2D HEX. Strap positions C, D, E and
F change settings. In standard addressing mode, switch SW4 is not used, while in short 1/O
addressing, switches SW4 and SW3 are not used.

VYMEbus Grant Selection

The 2140 can be selected for all four Bus Request (BR) settings. The 2140 uses the BR signals
to become a VME master for DMA operations. The BR straps on the VME backplane need to
be removed from the slot that the 2140 Receiver occupies. The default setting is BR #3. Refer
to Figure 1 (page 5) for location of Bus Request straps and settings.

Figure 1 (page 5) shows the 2140 Receiver card strap locations for Bus Grant In, Bus Grant
Out, Q-Repeat timeout and Auto-Trigger timer speed selections.

Bus Reduest is shown at level 3. BGIO through BGI2 are shown jumpered to BGOO through
BGO2. Q-Repeat timeout is strapped to 15 seconds. The Auto-Trigger straps are removed.
See the Auto-Trigger Speed Chart for trigger speed selection. Figure 1 (page 5) also shows
the Base Address switches SW1, SW3 and SW4 set to $80000000 HEX.

Highway Speed Selection (D-Port Only)

The 2140 can transmit serial highway bytes of information in either the bit-serial or byte-serial
mode. In bit-serial mode, the bytes are transmitted using one data signal and an accompanying
bit-clock signal. The eight-bit byte is transmitted with the least significant bit first. It is
preceded by a Start bit (logic 0) and followed by a Stop bit (logic 1).

In the byte-serial mode, the bytes are transmitted using eight data signals and an
accompanying byte-clock signal. The byte-serial mode increases serial highway data
throughput by a factor of ten. A front panel switch selection, on the D-Port option, allows the
user to select either bit-serial or byte-serial highway modes. The user also has the ability to
select a clock frequency at which the serial highway is to operate. Five D-Port highway
frequencies are front-panel switch selectable.

The following chart shows the positions of the switches necessary to obtain the desired serial
highway operating mode and speed.
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CHART I 2140 Highway Model and Speed Selection
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Model 2140-Z1A
SOFTWARE DRIVER

Software support is available in the form of device drivers and subroutine libraries. Consult
the factory for available versions.

I/0 THROUGHPUT

The estimated DMA I/O throughput for the 2140 Serial Highway Driver is as follows:

Transfer Type in List Operation Rate (per transfer)
Single CAMAC Transfer 4.5 microseconds
Inline :Write Transfer 5.5 microseconds
Normal Highway Mode Block Transfer 4.5 microseconds
Enhanced Highway Mode Block Transfer 1.0 microsecond

This data assumes that the 2140 is operating in byte-serial mode at a 5 MHz clock rate and
the VMEDbus is not limiting the rate. The rate per CAMAC Dataway operation is the same for
16-bit and 24-bit transfers. Setup and software overhead are not included.

FRONT-PANEL INDICATORS

RUN Is a one-shot extended indication of the Command List being
executed. RUN is turned on when the Command List is
triggered. RUN is turned off when a Command List HALT
instruction is executed or an Abort List condition occurs. RUN
is also turned off on power-up.

LAM This LED is turned on when the Demand Message FIFO is not
empty. LAM is turned off on power-up, when the Demand FIFO
is cleared and when the FIFO is read empty.

NO SYNC  This LED is normally off. It is on when the Serial Highway In
Clock is not received (open highway) or when the receiver
circuitry is not able to establish bit synchronization.

E3,E2E1 These three LEDs indicate the priority encoded result of the last
attempt to execute a Command List.
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Code

NO SYNC

ADNR (Crate-Address not recognized)
TMO (Highway Time Qut)

STE (Highway Transmission Error)
Not Used

NO X

NOQ

NO ERROR

olm|lv]|lwlelale |

See the Control Status Register for an explanation of each code. An ERROR code of zero is
the normal power-up state.

NO X NO X indicates that the last CAMAC operation executed resulted in an X
response of zero.

NO Q NO Q indicates that the last CAMAC operation executed resulted in a Q
response of zero.

2140 REGISTER LAYOUT

Registers with OFFSET = $00 through $4E must be read and written with D16 (Word Data).
= $60 through $7C must be read and written with D32 (Longword Data).

Registers with OFFSET

Channel Status/Error Register (CSE)

D16 OFFSET = $00

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
COC | W/U | NDT | ERR | ACT | N/U | N/U | RDY | R/U | W/U | NsU '
0=NO 0=NO |0=NO |0=NO ERROR CODE
1=YES| O |[1=YES|1=YES|1=YES| O 0 1 0 0 0 R
Device/Operation Contro! Register (DOC) D16 OFFSEY = $04
15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00
EXT | N/U | N/JU | B/U | OCR | N/U | H/U | B/U /U WE&AND H/U | N/U | /U | N/U
REQ BITS DIR SIZE
MODE{ O 1 1 §¢5:4)] o 0 0 0 0 0 1 0
Sequence/Channel Control Register (SCC) D16 OFFSET = $06
15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00
NOT USED W/U | H/U [SOFT | INT | /U | N/U | K/U
START ABORT] ENA
0 0 0 0 0 1 0 0 0 0 0 0 0
Hemory Trensfer Count Register (MTC) D16 OFFSET = $0A
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
T T T T T T | T T T -
Bit Bit {Bit Bit
15 < COUNT HRIGH > 08 § 07 < COUNT LOW 00

1

1 1

1
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Hemory Address Counter High (MACHI)

D16 OFFSET = $0C

15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00
| I T L] ) 1 1 { i ] g ) i i
A31 < COUNT HIGH > A24 [A23 < COUNTER MID-HIGH > A16
1 | ! ] 1] ! 1 1 1 i £ 1 | |
Hemory Address Counter Low (MACLO) D16 OFFSET = $0E
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
T T T T T T T ) T T 1§ T T T
A1 < COUNT HKID-LOW > A08 A07 <&————— COUNTER LOW > ADO
| | | ] 1 | I} 1 11 1 ] 1 i 1
LA® Interrupt Control Register D16 OFFSET = €40
Done Interrupt Control Register D16 OFFSET = $42
DMA Buffer Empty Interrupt Control Register D16 OFFSET = $44
List Abort Interrupt Control Register D16 OFFSET = $46
15 08 07 06 05 04 03 02 01 00
FLAG {FLG |VEC- INT BINT IRQ | IRQ | IRQ
< Not Used ——> BIT {AUTO-| TOR| ENA [AUTO |LEVEL|LEVEL|LEVEL
CLR CLR 2 1 0
LA¥ Interrupt Vector Register D16 OFFSET = $48
Done Interrupt Vector Register D16 OFFSET = $4A
DHMA Buffer Empty Interrupt Vector Register D16 OFFSET = $4C
List Abort Interrupt Vector Register D16 OFFSET = $4E
15 08 07 06 05 04 03 02 01 00
X T T T ] T T
Bit Bit
< Not Used —> 07 < Interrupt Vector > 00
1 1 | ] | 1 1
Address Modifier Register (AMR) D32 OFFSET = $60
15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00
A31 | A3D | A29 | A28 | A27 | A26 | A25 | A24 | N/U | LWD | AMS | AM4 | AM3 | AM2 | AM1 [ AMD
Command Memory Register (OR) D32 OFFSET = $64
3 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
D32 | 31 | D30 | D29 | D28 | D27 | D26 | D25 | D24 | D23 | D22 | D21 | D20 | D19 | D18 | D17
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
D16 | D15 | D14 | D13 | D12 { D11 | D10 | D9 D8 D7 Dé D5 D& D3 D2 D1
Command Wemory Address Register (CHA) D32 OFFSET = %68
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

Command Memory Address
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Commmand Word Count Register (D)

D32 OFFSET = $6C

3 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Word Count High
15 14 13 12 1 10 09 08 07 06 05 0% 03 02 01 00
Word Count Low
2's Complement of the number of 16/24-bit CAMAC data words
Demand Request Register (DRR) D32 OFFSET = $70
15 16 13 12 11 10 09 08 07 06 05 04 03 02 01 00
0 0 0 5 4 3 2 1 0 0 €32 | c16 c8 C4 c2 ci
CAMAC Data Register (CDR) D32 OFFSET = 74
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
032 | 031 | D30 | D29 | D28 | D27 | D26 | D25 | D24 | D23 | D22 | D21 | D20 | D19 | DiB D17
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
D16 | 015 | D14 | D13 | D2 | D11 | D10 | D9 D8 07 D6 DS D& p3 D2 D1
Data Burst Register (DBR) D32 OFFSET = $78
15 08 07 00
Burst Size
< Don't Care— >
0 —— 255
Control Status Register (CSR) D32 OFFSET = $7C
3 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DLY HO RPY NO NO
ABT 0 0 IN>23 | STE ERR | TMO [SYNC | ERR 0 LPE | TPE | ADNR| DIR X Q
15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00
DMD {CLEAR
DMD (OVER | DMD | SHD {DONE ERROR CODE Burst | Append Timer Trigger
Pend | RUN FIFO|Reset
DMA Controller Register

The DMA Controller has twelve 8-bit registers that need to be programmed prior to any DMA
transfer on the VMEbus. These twelve registers can be grouped as six 16-bit word registers
for ease of programming. Programming information on the DMA controller can be found below
in the register descriptions and also in the Technical Specifications included in APPENDIX B

of this manual.




Model 2140-Z1A
Channel Status/Error Register

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

Channel Status Register (CSR) Channel Error Register (CER)
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

COC | N/U | NTD | ERR | ACT | N/U | N/U | RDY § N/U { N/U N/U

0=NO 0=NO |0=NO {0=NO ERROR CODE
1=YES| O |1=YES|1=YEs[1=YEs| 0 | 0 | 1 o | o 0
DOB(EO) OFFSET = $00 DOB(EO) OFFSET = $01
D16 OFFSET = $00
BIT # MNEMONIC DESCRIPTION
15 CoC Channel Operation Complete. When this bit is

set, a DMA transfer has completed whether
successful or not. This bit must be cleared before
another transfer is started.

14 N/U Not used. Read as zero.

13 NDT Normal Device Terminate. When this bit is set,
the command list has aborted. Check the 2140 on-
board CSR register for the abort condition. This
bit must be cleared before another transfer is
started.

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

11 ACT Channel Active. This bit is set when the channel
has been started and remains set until the
operation is terminated.

10,9 N/U Not used. Read as zeros.

8 RDY Ready Input State. This bit indicates the 2140
is ready. This bit is always read as a one.

7,6,5 N/U Not used. Read as zeros.

4-0 ERR CODE Error Code. This Error Code indicates the éource

of the error when indicated by CSR #12. These
Error Code bits are clear when the CSR #12 is
cleared.

10
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ERROR CODES

00000 = No Error

01001 = Bus Error
10001 = Software Abort

Device/Operation Control Register

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

Device Control Register (DCR) Operation Control Register (OCR)
15 14 13 12 N 10 09 08 07 06 05 04 03 02 01 00
EXT | N/U | N/JU | NJU | OCR | N/U | N/U | N/U N/U OPERAND N/U | N/U | N/U [N/U
REQ BITS DIR SIZE
MODE| O 1 1 j¢5:4)1 O 0 0 0 0 0 1 0
DO8(EQ) OFFSET = $04 DO8(EOQ) OFFSET = $05

D16 OFFSET = $04

BIT # MNEMONIC DESCRIPTION

15 EXT REQ MODE External Request Mode. This bit is written
with a one in Cycle Steal mode. A value of zero
equals Burst mode.

14 N/U Not used. Read as zero.

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

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

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

7 DIR Direction

0 = Memory to 2140 (CAMAC writes)
1 = 2140 to Memory (CAMAC reads)

6 N/U Not used. Read as zero.

5,4 SIZE Operand Size. Operand size must be set to 11.
The 2140 transfers 32-bit data words.

11
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Bits 5, 4 Size

00= Byte

01= Word

10= Long Word

11 = Double Word
3,2 N/U Not used. Read as zeros.
1 N/U Not used. Read as one.
0 N/U Not used. Read as zero.

Sequence/Channel Control Register

The Sequence/Channel Control Register (SCCR) is used to initiate the start of a DMA

operation or to abort a DMA operation.

A register layout and description of the

Sequence/Channel Control Register is given below:

SEQUENCE CONTROL REGISTER (SCR) CHANNEL CONTROL REGISTER (CCR)
15 14 13 12 " 10 09 08 07 06 05 04 03 02 01 00
NOT USED N/U [ N/U |SOFT § INT | N/JU | K/U | N/U
START ABORT] ENA
0 0 0 0 0 1 0 0 0 0 0 0 0

DOB(EQ) OFFSET = $06

DO8(EQ) OFFSET = $07

D16 OFFSET = 306

BIT # MNEMONIC DESCRIPTION

15-11 N/U Not used. Read as zeros.

10 N/U Not used. Read as one.

9,8 N/U Not used. Read as zeros.

7 START Start operation. Setting this bit to a one will
initiate the DMA controller and set the Active bit
in the CSR. A pending start can only be reset by
a software abort being set in the CCR. ‘

6,5 N/U Not used. Read as zero.

4 SOFT ABORT Software Abort. Setting this bit stops a DMA

transfer.

12
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3 INT ENA Interrupt Enable. This bit must be set to zero.
The 2140 Bus Interrupter is used for BUFFER
EMPTY interrupts.

2-0 N/U Not used. Read as zeros.

Memory Transfer Count Register

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

MEMORY TRANSFER COUNT HIGH (MTCH) MEMORY TRANSFER COUNT LOW (MTCL)

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

X T T T T T T . " T T T ¥ T T LI
Bit Bit [Bit Bit

15 <————— COUNT HIGH ——oo > 08 | 07 <————— COUNT LOW ——— > Q0

! ! ! | ! 1 ! L ! 1 1 ! L I
DO8(ED) OFFSET = $0A DOB(EQ) OFFSET = $0B

D16 OFFSET = $DA
Memory Address Counter Register

The Memory Address Counter Register is a 32-bit register which programs the starting address
of a DMA transfer. Only the least significant 24-bits of the counter are implemented in the
DMA controller. If 32 operations are desired, the upper eight address bits can be programmed
in the 2140 Address Modifier Register. Two 16-bit Memory Address Counters must be loaded
before the start of a DMA transfer. A register layout of the Memory Address Counter Register
is given below:

Memory Address Counter High (MACHI)

MEMORY ADDRESS COUNTER HIGH (MACH) MEMORY ADDRESS COUNTER MID-HIGH (MACMH)
%1% 13 12 1 100 09 08 07 06 05 04 03 02 01 00
I T T ] T 1 T | i i ] i T I
A31  <————— COUNT HIGH ———> A24 [A23 <———— COUNTER MID-HIGH > A6
l i 1 1 1 { t | | ! i ! I 1
DOB(EO) OFFSET = $0C DOB(EO) OFFSET = $0D
D16 OFFSET = $0C
Memory Address Counter Low (MACLO)
MEMORY ADDRESS COUNTER MID-LOW (MACML) MEMORY ADDRESS COUNTER LOW (MACL)

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

A15  <——— COUNT MID-LOW ——— > A08 [A07 <—u COUNTER LOW ————> AQ0Q

1 ! ] 1 1 L 1 ] 1 ] i 1 1 !
DOB(EQ) OFFSET = $0E DOB(EQ) OFFSET = $OF

D16 OFFSET = $SOE
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BUS INTERRUPT REGISTERS

The Model 2140 uses the MC68153 Bus Interrupter to generate four separate interrupts. The
four conditions that can cause an interrupt are: 1) a LAM, 2) DONE bit in the CSR set, 3)
DMA Buffer Empty and 4) List Abort condition. If any two or more interrupts are set to the
same interrupt request level, MC68153 gives preference to the highest number requester; that
is, List Abort has the highest priority and LAM has the lowest. Programming information on
the Bus Interrupter can be found below in the register descriptions and also in the Technical
Specifications included in APPENDIX A of this manual.

Interrupt Control Registers

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

15 08 07 06 05 04 03 02 01 00

FLAG |FLG ([VEC- | INT {INT IR@ | IRQ { IRQ
Not Used —> BIT [AUTO-| TOR| ENA JAUTO (LEVEL [LEVEL|LEVEL

CLR CLR 2 1 0
Interrupt Control Register OFFSET
LAM D16 = $40 DOB(ED) = $41
DONE D16 = $42 DOB(ED) = $43
DMA BUFFER EMPTY D16 = $44 DOB(ED) = $45
LIST ABORT D16 = $46 DOB(ED) = $47
BIT # MNEMONIC DESCRIPTION
15-8 N/U Not used. These bits are shown only for clarity

when D16 operations are preformed. These bits
are read as ones.

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

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

5 VECTOR Vector. This bit must be set to zero, the 2140
uses internal vectors.

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

3 INT AUTO-CLR Interrupt Auto-Clear. Setting this bit to a one
will clear bit #4 (INT ENA) during an interrupt
acknowledge cycle responding to this request. To
re-enable, bit #4 must be written with a one.

14



Model 2140-Z1A

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

Interrupt Vector Registers

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

15 08 07 06 05 04 03 02 01 00
- T T T ¥ T T |
Bit Bit
% Hot Used —> 07 ¢——wr Interrupt Vector > 00
! 1 1 1 1 | 1
Interrupt Vector Register OFFSET
LAM D16 = $48 DOB(ED) = $49
DONE D16 = $4A DOB(ED) = $4B
DMA BUFFER EMPTY D16 = $4C DOB(EQ) = $4D
LIST ABORT D16 = $4E DOB(ED) = $4F

2140 ON-BOARD REGISTERS
Address Modifier Register

The Address Modifier Register (AMR) is a D16 write only register. Information written into
the AMR is used to provide the VMEbus Address Modifier signals and the upper eight address
signals (A31-A24) when the 2140 transfers data as a VMEbus master. The upper eight address
signals cannot increment during a DMA transfer. This is only an 8-bit latch register that is
enabled when the 2140 becomes a VMEbus master. A register layout and a description of the
AMR is given below:

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

A31 [ A30 | A29 | A28 | A27 | A26 | A25 | A24 | N/U | LWD | AMS | AM4 | AM3 | AM2 | AMT | AMO

D32 OFFSET = $60
BIT # MNEMONIC DESCRIPTION

15-8 A31-A24 VME Address Lines. These added address bits
are to make use of the full VME address range
when the 2140 becomes a VMEbus master. These
bits do not increment during a DMA transfer.

7 N/U Not used. Read as a one.
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6 LWD Longword. This bit must be clear because the
2140 only transfers 32-bit data words.

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

Command Memory Register

The 2140 Command Memory is an 8K x 32-bit RAM memory. All CAMAC commands are
executed from this memory. Data for one or more command lists is written or read as if the
memory was a single 32-bit register. The Memory Address is incremented automatically after
each write or read operation. If multiple lists are present, the list to be executed is selected
by first setting the Command Memory Address to that list. All lists must be CAMAC ®*Read”
or *Write®, with the following exceptions:

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

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

(a) Single CAMAC Transfer -- Read, Write, or Control
3N 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

W 0 0 N16 | N8 N4 N2 N1 A8 A4 A2 Al F16 | F8 F&4 F2 F1

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

CM T2 | TM1 | QM2 | aM1
W(2) 0 0 €32 | C16 | c8 C4 c2 c1 WS2 | WSl [ AD
] 0 0 0 0

D32 OFFSET = $64

(b) Single CAMAC Transfer -- Inline Write (usually in Read list)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Wi 0 0 N16 | N8 N4 N2 N1 A8 Ab A2 Al F16 | F8 F4 F2 Fi

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

CM ™2 | TMT | QM2 | QM1
W(2) 0 0 €32 | Cc16 § c8 C4 c2 c1 WS2 | WS1 | AD
0 1 1 0 0

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

W(3) X X X X X X X X W24 | W23 | W22 | W21 | W20 | W19 | W18 | W17
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15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

We4) | W16 | WIS | W14 | W13 T W12 [ Wit | W10 | W9 He W7 W6 W5 Wé W3 W2 W1

Note: Word #4 is a dummy word for 16-bit Inline Write operation.
D32 OFFSET = $64

(c) Block CAMAC Transfer
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

gD 0 0 N16 | N8 N4 N2 N1 A8 A4 A2 Al F16 § F8 F4 F2 F1

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

CM ™2 [ TM1 | QM2 } aM1
W(2) 0 0 €32 | C16 | C8 C4 c2 ci WS2 | WS1 | AD

31 16
WORD COUNT HIGH
H(3)
15 00
WORD COUNT LOW
W(4) (The 2's Complement of the number of 16-bit or 24-bit CAMAC transfers)
D32 OFFSET = $64
(d) JUMP instruction -- Jump to another command list.
15 14 13 12 1" 10 09 08 07 06 05 04 03 02 01 00
CM ™2 | TMI
W 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 0

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

W(2) 0 0 0 A12 | A11 | A0 | A9 A8 A7 A6 AS A4 A3 A2 Al AO

D32 OFFSET = $64

(e) HALT instruction -- End of Command list.
15 14 13 12 1" 10 09 08 07 06 05 04 03 02 01 00

CM TM2 | TM1 -
H(1) 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0

D32 OFFSET = $64

Any list can contain a combination of the above instructions, terminated by the HALT
instruction.
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The Mode word (word #1) in the list instructions is partitioned as follows:

BIT #
15-14

13-8

6,5

43

2,1

Command Memory Address Register

MNEMONIC
N/U

C32,C16,C8
C4,C2,C1

CM

T™2,TM1

QM2,QM1

WS2,WSsi1

DESCRIPTION

Not Used. Don’t care.

Crate. This 6-bit field selects one of sixty-two
3952 Crate Controllers.

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

Transfer Mode: CM = 0

0 0 = Single CAMAC transfer

0 1 = Normal Highway Mode Block Transfer

1 0 = Enhanced Highway Mode Block Transfer
11 = Single Inline write transfer

Transfer Mode: CM =1
0 0 = HALT instruction

0 1 = Not Used

1 0 = JUMP instruction

11 = Not Used

Q-Mode Transfer Type:

Normal Enhanced

0 0 = Q-Stop 00 = Q-Stop

01 = Q-Ignore 0 1 = Q-Ignore (Single NAF)
1 0 = Q-Repeat 10 = Q-Repeat

11 = Q-Scan 11 = Q-Ignore (3830 LSM)
Word Size:

0 0 = 24-bit CAMAC transfer

01 = 16-bit CAMAC transfer

1 0 = 24-bit Byte Packing (Enhanced only)
11 = 16-bit Word Reversed

Abort Disable. Data of zero will Abort a transfer
on an error (refer to the Operation Section of this
manual for a description of error for each mode).
Data of one disables Abort. :

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

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

< Command Memory Address >

D32 OFFSET = $68

Command Word Count Register

The Command Word Count (CWC) Register is a 32-bit read-only counter which contains the
2’s complement of the number of words not yet executed in a CAMAC block transfer read or
write operation. When a CAMAC block transfer is executed, this register is loaded by the
Command Memory Sequencer with the initial word count from the command list and
incremented as transfers occur for that block. When a block transfer is aborted, the "current”
word count can be determined by reading this register. Note that the data in this register
monitors the last block operation executed not the total word count for all the list operations.
A register layout for the Command Word Count Register is given below:

3 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

WORD COUNT HIGH

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

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

D32 OFFSET = $6C

Demand Request Register

The Demand Request Register (DRR) provides read-only access to Serial Highway Demand
messages. This register is the read port of a FIFO capable of ®holding® up to 512 Demand
messages. After a Demand word is read, the next Demand word (if present) is available for
reading. The DEMAND PENDING bit is set in the CSR as long as this FIFO is not empty.
If the Demand FIFO is full with 512 Demands and another Demand is received, the DEMAND
OVERRUN bit is set in the CSR. The Demand FIFO can be cleared without reading it by the
CLEAR DEMAND FIFO bit in the CSR.

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

0 0 0 SGL 0 0 CRATE

D32 OFFSET = $70
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CAMAC Data Register

The CAMAC Data Register provides the port for data transfer (read or write data) over the
Serial Highway. The 2140 SHD contains two first-in, first-out (FIFO) buffers, one for write
data and one for read data. If the Command List contains write commands, this register is
written to transfer data over the Serial Highway via the Transmit FIFO. If the Command List
contains read commands, this register is read to transfer data from the Serial Hgihway via the
Reply FIFO.

Single and block CAMAC data words are packed into one block for the entire transfer block
as selected by a write or read Command List. This list can contain a mixture of 16-bit and 24-
bit CAMAC transfers. The following diagrams show FIFO data packing when a Command List
contains mixtures of 16-bit and 24-bit commands.

31 24 23 00
ONES R/W24 26 -- () R/W1
ONES R/W24 24 - (D) R/W1

WS2, WS1 = 0 0 24-bit Normal
D32 OFFSET = $74

31 24 23 16 15 08 07 00
24 -- (1) HI 24 -- (1) MID 24 -- (1) Lo 24 -- (2) HI
24 -- (2) MID 24 -- (2) LO 24 -- (2) Kl 24 -~ (3) MID
24 -- (3) Lo 24 -- (3) HI 24 -- (3) MID 24 -- (&) LO

RS2, WS1 = 10 24-bit Packed
D32 OFFSET = $74

The 24-bit packed data transfer can only be used with enhanced data transfer commands.
During 24-bit packed transfers, four 24-bit CAMAC words are packed into three VME words.
If the total number of CAMAC words in the block are not divisible by 4, and if the packed
command being executed is followed by another type of command, one, two, or three bytes of
the FIFO are filled with ones.

31 24 23 16 15 08 07 00
16 -- (2) HI 16 -- (2) LO 16 -~ (1) HI 16 -- (1) LO
16 -- (4) HI 16 -- (4) LO 16 -- (3) HI 16 -~ (3) LO
Ws2, WSt =01 16-bit Normal
D32 OFFSET = $74
31 24 23 16 15 08 07 00
16 -- (1) HI 16 -- (1) LO 16 -- (2) HI 16 -- (2) LO
16 -- (3) HI 16 -- (3) LO 16 -- (4) HI 16 -- (4) LO

WS2, WS1 =11 16-bit Reversed
D32 OFFSET = $74
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When an odd number of data words are transferred by 16-bit Normal or 16-bit Reversed
commands and are followed by another type of command, two bytes of data in the FIFO are
filled with ones.

3 2k 23 16 15 08 07 00
ONES R/W24 26 (1) R/W1
26 -- (1) HI 26 -- (1) MID 2 -- () Lo 24 -- (2) HI
24 -- (2) MID 2 -- () L0 ORES ONES
ONES ONES 16 -- (1) HI 16 -- (1) LO
16 -~ (1) HI 16 -- (1) LO ONES ONES
ONES R/W24 24 (2) R/W1

D32 OFFSET = $74

The above diagram shows data for the following Command List:

Single 24-bit Normal transfers

Two 24-bit Packed transfers
One 16-bit Normal transfers
One 16-bit Reversed transfers
One 24-bit Normal transfers

Data Burst Register

The Data Burst Register is an 8-bit write-only counter, used to specify the 2s complement
number of VME data transfers which will occur for each DMA controller VMEbus arbitration.
The Data Burst Register retains its loaded value until a SHD Reset is preformed from the
Control Status Register (CSR) or a power-up occurs. If Burst Mode is specified in the CSR and
the Burst Register is zero, cycle steal VMEbus data transfers will occur.

DATA BURST REGISTER (DBR)

15 08 07 00

2s Complement for Number of VME transfers per burst

Control Status Register D32 OFFSET = 78

The Control Status Register (CSR) is used to set initial operating conditions, start operations
and monitor the results of those operations. A layout and description of the CSR is given
below:

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DMA DLY NO RPY NO NO
ABT DONE 0 (N>23 | STE | ERR | TMO |SYNC { ERR 0 LPE | TPE | ADNR] DIR X Q
15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00
DMD [CLEAR
DMD |OVER | DMD | SHD ZDONE ERROR CODE Burst|Append Timer Trigger
Pend | RUN | FIFO|Reset

D32 OFFFSET = $7C
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BIT #

1,0

05-02

MNEMONIC DESCRIPTION
Trigger Trigger is used to arm or start a list operation.

00 No trigger

01  Start list immediately, stop list when Halt
command occurs.

10 Arm a Command List. Execution
commences when the next timer “tic*
occurs. List is retriggered on each “tic”.
Operation is stopped by resetting to 0 0 or
by SHD Reset.

11 Not valid.

Timer This write/read field is used to select the timer

“tic” rate. It is cleared by power-up or SHD

Reset. All of the available rates are shown in the

following chart.

Timer Field Straps Straps Straps Straps
05,04, A--IN A --0OUT A IN A --OUT
03,02 B--IN B--IN B--0OUT | B--0UT

0 1 MEG 10K 100 1
1 100K 1K 10 g
2 500K 5K 50 b
3 333.3K 3.3K 33 .33
4 250K 2.56K 25 25
5 200K 2K 20 2
6 166.6K 1.6K 16 .16
7 83.3K 830 8.3 .083
8 100K 1K 10 1
9 10K 100 1 .01
A 50K 500 5 .05
B 33.3K 330 3.3 .033
C 25K 250 2.5 025
D 20K 200 2 .02
E 16.6K 160 1.6 016
F 8.3K 83 .83 .0083

Note: All frequencies shown are in HERTZ. Frequency tolerance is +.01%.

CHART II Internal Timer “TIC® Rate Selection
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BIT # MNEMONIC DESCRIPTION

06 Append When set, this write/read bit causes the 32-bit CSR

to be placed at the end of a read block operation.
In the event of an aborted operation, this word is
inserted after the last valid 32-bit read word
transferred. This bit has no effect on write block
operations.

07 Burst When set, this write/read bit will cause the DMA

Controller to transfer the number of data words
specified by the Burst Register per VMEbus
arbitration.

10-08 Error Code This three-bit read only field is the priority-

encoded result of the last execution (or attempted
execution) of a Command List. The errors are
listed in the order of priority (highest priority
first). The code represents the decimal value of

these bits.
Code Error Type
7 NO SYNC -- (See Bit 24)
6 ADNR -- (See Bit 19)
5 TMO -- (See Bit 25)
4 STE -- (See Bit 27)
3 NOT USED
2 NO X -- (See Bit 17)
1 NO Q -- (See Bit 16)
0 NO ERROR -- None of the errors defined above are present.

11 DONE This read-only bit is set when the 2140 has
completed or aborted a Command list. It is cleared
while the SHD is executing a list. Read data may
remain in the Reply FIFO after the assertion of SH
DONE (if not already transferred to the
memory). :

12 SHD Reset This write-only bit resets the 2140 to its power-up
state. This bit is read as ZERO.

13 Clear DMD FIFO This write-only bit clears the contents of the

Demand FIFO. This bit is read as ZERO.
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14 DMD Overrun
15 DMD Pend
16 NO Q

17 NOX

18 Dir

19 ADNR

20 TPE

21 LPE

22 0

23 RPY ERR
24 NO SYNC
25 T™O

26 DLY ERR

This read-only bit is set whenever the Demand
FIFO overflows. This bit is cleared by power-up,
RESET, or CLR DMD FIFO.

This read-only bit is set whenever the Demand
FIFO contains data. This bit is cleared by power-
up, RESET, or CLR DMD FIFO.

If set, the last CAMAC operation executed resulted
in a Q response of ZERO (indicating data not
accepted by a write operation, data not available
for a read operation, or a FALSE response to a
®test® command).

If set, the last CAMAC operation executed resulted
in an X response of ZERO (indicating that the
command was not executed by the target module).
Note that the unique flag from the 3830 List
Sequencer module, X=0 and Q=1, does not set the
NO X bit.

Direction Bit - Set for Write lists, cleared for Read
lists.

Address Not Recognized is set to indicate that
the Crate address in the last Command message
was not recognized by any Serial Crate Controller.
(The Command message returned to the SHD.)

If set, a transverse parity error was detected in the
last incoming Reply message to the 2140.

If set, a longitudinal parity error was detected in
the last incoming Reply message to the 2140.

Not used, read as zero.

If set, the Error (ERR) bit was TRUE in the last
Serial Highway message.

If set, the Serial Highway receiver in the 2140 is
not currently in synchronization.

Timeout is set when the 2140 initiates a Serial
Highway message and a valid Reply is not received
within a predefined time.

If set, indicates that the RPY ERR bit was set in
command prior to this one.
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217

28

29
30

31

[o]

o

o}

where:

STE

N>23

DMA DONE

ADNR (Address not recognized)
TMO (Highway timeout)

N>23 (Attempt beyond Slot 23)

A Serial transmission error occurred on the last
Serial Highway transaction.

STE = ERR + LPE + TPE

If set, a Q-mode address scan caused the CAMAC
station number (N) to be incremented beyond 23.

Not Used, read as ZERO.

Read only bit set upon the completion of the DMA
operation. DMA Buffer has been transferred.

This read-only bit is set when the Command List
is terminated by one or more of the following
Abort Definitions. (Refer to the Operating Mode
section of this manual for more information on the
definition of this bit.)

STE (Serial Transmission Error) - AD

QM3 (NOT Q-Scan) - NOX - AD
QMO (Q-Stop) - NO Q

TM2 (Enhanced block) - QM2 (Q-Repeat) - NO X - NO Q - WCO

AD (Abort Disable) is the LiSB of the Command Mode byte (Bit 0 0 of a Command List word).

QMzx is the decimal value of the Q Mode (Bits 04-03 of a Command List word).

TMx is the decimal value of the Transfer Mode (Bits 06-05 of a Command List word).

25



2140-Z1A
OPERATING MODES

The 2140 provides four types of operations based on the Q-Response received from the Serial
Crate Controller (SCC). These four types Q-Stop, Q-Ignore, Q-Repeat and Q-Scan are specified
in bits <04:03> of the Command Mode Byte.

Four transfer modes, Single, Normal (Standard) Block, Enhanced Block and Single Inline Write
are provided by the 2140. These four transfer modes are specified in bits <06:05> of the
Command Mode Byte.

The following is a detailed description of the transfer modes and the Q-types associated with
each.

Q-Stop Single Transfer (TM2=0:TM1=0, QM2=0:QM1=0)

When using the Q-Stop Single Transfer mode of operation, bits <06:03> of the Command
Mode byte are set to zero. Only one CAMAC/Serial Highway operation takes place for each
Single Transfer Command. If a NO Q condition exists after the execution of a Q-Stop
Command, the Command List is aborted, and the “ABORT®, ®DONE®, and “ERROR" bits
of the CSR are set.

ABORT = NO'Q + [AD(ERR + NO-X + TPE + LPE)]
Q-Ignore Single Transfer (TM2=0:TM1=0, QM2=0:QM1=1)

To select the Q-Ignore Single Transfer mode of operation, set Command Mode Bits <06:05>
to 00 and <04:03> to 01. Only one CAMAC/Serial Highway operation takes place per
command. The following is the definition of “ABORT" when using Q-Ignore Single Transfer:

ABORT = AD(ERR + NOX + TPE + LPE)

Q-Repeat Single Transfer (TM2=0:TM1=0, QM2=1:QM1=0)

To select the Q-Repeat Single Transfer mode of operation, set command Mode bits <06:05>
to 00 and <04:03> to 10. Multiple CAMAC/Serial Highway operations may occur depending
on the returned CAMAC Q-Response. The highway driver repeats the operation until a Q-
Response of one is obtained or a timeout occurs. A timeout Strap Option on the REC circuit
card (see Strap Option section of this manual) selects 15 seconds, 7 seconds or disable as the
time before a timeout ABORT takes place. When timeout is disabled, the driver will repeat a
command indefinitely if a Q=1 response is not received. In this case it is necessary to set the
“Reset Driver” bit in the CSR. The following is the definition of “Abort® when using Q-
Repeat Single transfer.

ABORT = TMO + [AD(ERR + NOX + TPE + LPE)]
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Q-Scan Single Transfer (TM2=0:TM1=0, QM2=1:QM1=1)

To select the Q-Scan Single Transfer mode of operation, set the Command Mode Byte bits
<06:05> to 00 and <04:03> to 11. Multiple CAMAC/Serial Highway operations may occur,
depending on the returned CAMAC Q-Response. During Q-Scan operations, the highway
driver uses the CAMAC Q-Response from the previous command to determine the station
number and subaddress for the next command. Q-Scan type operations are usually associated
with blocks of data as opposed to single words and is described in more detail under Normal
Block Transfers. The following equation is the definition of “ABORT” when using Q-Scan
Single Transfer:

ABORT = N >23 + AD(ERR + TPE + LPE)

Normal Block Transfers

The 2140 supports four types of normal speed (standard) block transfers; these are Q-Stop,
Q-Ignore, Q-Repeat and Q-Scan.

In the normal block transfer mode, transfers to/from the CAMAC crate are done in a
conservative fashion. For CAMAC reads, a command message is sent down the serial highway
and when the 2140 receives the Reply message, it determines if the data received is valid and
should be stored in the Reply FIFO. Data validity depends on parameters such as the selected
Q-Mode type, the CAMAC Q-and X- responses and also several other status indicators. After
the data is stored in the Reply FIFO, the 2140 examines the word count to see if additional
transfers are required. The 2140 then either fetches the next command from the Command
List or continues the above sequence.

When executing CAMAC writes, the 2140 examines the Write FIFO for data. When data is
present the command message is sent out on the serial highway. The 2140 then receives the
Reply message and determines if additional CAMAC writes are required. If additional transfers
are required, the above sequence continues until the word count is reached.

The following describes transfers in the Normal Block Mode:
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Figure 2 Ignore Q-Block Commands
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Q-Stop Normal Block Transfer (TM2=0:TM1=1, QM2=0:QM1=0)

To select the Q-Stop Normal Block Transfer Mode, set the Command Mode Byte bits <06:05>
to 01 and <04:03> to 00. During the Q-Stop block transfer operations, the CAMAC command
specified in the NAF is repeated until a Q-Response of zero is received or the word count is
exhausted. The block transfer will also terminate if an “Abort” is generated. The following
equation describes “Abort” when in the Q-Stop block transfer mode.

ABORT = N0-Q + AD(NO-X + ERR + TPE + LPE)
Q-Ignore Normal Block Transfer (TM2=0:TM1=1, QM2=0:QM1=1)

Q-Ignore Normal Block Transfer is selected by setting the Command Mode bits <06:05> to 01
and bits <04:03> to 01. During a Q-Ignore block transfer operation, the CAMAC command
specified in the NAF is repeated until the word count is exhausted. The block transfer will
also terminate if an “Abort” is generated. The following equation describes “Abort* when
in the Q-Ignore block transfer mode.

ABORT = AD(NO-X + ERR + TPE + LPE)
Figure Figure 2 is a simplified flow diagram for Q-Ignore reads and writes.
Q-Repeat Normal Block Transfer (TM2=0:TM1=1, QM2=1:QM1=0)

To select Q-Repeat Normal Block Transfer mode, set Mode bits <06:05> to 01 and <04:03>
to 10. During a Q-Repeat block transfer, the CAMAC command NAF is repeated for each data
word until a Q-Response of one is obtained. A Q-Response of one causes either new write data
to be fetched from the Write FIFO or Read Data to be stored into the Reply FIFO. The
command is repeated for each data word until the word count is exhausted. The driver could
repeat a command indefinitely if a Q=1 response is not received; therefore, a timeout strap
option is provided on the REC circuit board which selects 15 seconds, 7 seconds or disable as
the time before a timeout Abort takes place. When timeout is disabled and a Q=1 response
is never received, it is necessary to set the “Reset Driver” bit in the CSR to abort the
operation.

The following equation describes “Abort” when in the Q-Repeat block transfer mode:
ABORT = TMO + AD(NO-X + ERR + TPE + LPE)

Figure Figure 3 is a simplified flow diagram for Q-Repeat reads and writes.
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Q-Scan Normal Block Transfer (TM2=0:TM1=1, QM2=1:QM1=1)

To select the Q-Scan block transfer mode, set Command Mode bits <06:05> to 01 and bits
-<04:03> to 11. -During Q-Scan block transfer operations, the 2140 uses the Q-Response from
the previous command to determine the station number and subaddress for the next command.
A Q-Response of zero indicates that the last valid subaddress of the current station number
has been accessed. The 2140 responds to a Q=0 by resetting the subaddress, incrementing the
station number, and continuing the scan. A Q-Response of one indicates the last command was
executed to a valid CAMAC address. The 2140 responds to a Q=1 by either storing the read
data into the Reply FIFO or fetching new write data from the Write FIFO.

When a Q=1 is received, the 2140 updates the CAMAC address as follows: the subaddress is
incremented or, if the subaddress was 15, it is reset to zero, and the station number is
incremented. If, due to a programming error, the 2140 increments the station number beyond
23, the block transfer will terminate, the Command List will abort, and the “ERROR?” bit will
set.

The following equation is the definition of “Abort” when using Q-Scan block transfers:

ABORT = N >23 + AD(ERR + TPE + LPE)

Figures Figure 4 and Figure 5 are simplified flow diagrams for Q-Scan read and writes.
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Fast Serial Highway Block Transfers

The 2140 provides five types of Fast (Enhanced Speed) Serial Highway Block Transfers: Single
NAF Q-Stop, Single NAF Q-Ignore, Single NAF Q-Repeat (read only), List Sequence Q-Repeat
(read only), and List Sequence Q-Ignore. The two List Sequence operation modes require the
use of the KSC Model 3830-Z1A List Sequencer Module.

In the Fast Serial Highway mode of operation, transfers to (from) the CAMAC crate are done
in a pipelined fashion. Data transmitted onto (or received from) the Serial Highway are FIFO
buffered. The 2140 provides two FIFOs (one for write and one for read). When a fast block
write command is executed, data for that command may already be in the Write FIFO. In this
case, data is transmitted on the highway at maximum speed. If during long block transfers,
the VME channel cannot maintain the 3 Mega-byte data rate required by the serial highway,
the 2140 will insert “filler” words into the datastream to maintain data on the serial highway.
The crate controllers are able to detect these “filler” words, discard them, and report this in
the status byte of the Reply message. The 2140 receiver checks the status byte of each word.
If the status byte returned indicates a “filler” word, both the status byte and the following
data are discarded. If the status byte indicates a valid word, the status byte is stored in the
status register and read data (if a read command) is stored in the read reply FIFO.

Fast Serial Highway Command/Reply Sequence

The Block Write Operation Figure 6 (page 36) shows the bytes associated with the Fast Serial
Highway Command/Reply sequence for a CAMAC write operation. This byte stream is a logical
extension of the CAMAC Standard for single-transactions. A key element in the sequence is
the CONTROL byte. The two LSBs of this byte are decoded by the crate controller with the
following meaning:

D1 DO

0 0 The received word is not a “filler” word and it is not the last word in
the block.

0 1 The received word is not a “filler” word and it is the last word in the
block.

1 0 The received word is a “filler” word and it is not the last word in the
block.

1 1 The received word is a “filler” word and it is the last word in the block.

During write operation, the 2140 inserts “filler” words whenever the transmit data FIFO is
empty. As soon as additional CAMAC write data is loaded into the FIFO, the 2140 stops sending
“filler” words and resumes sending the actual write data. Due to the pipelined nature of the
transfer a word count of greater than 2 is needed for write operations.

During rfaad. operations, the 2140 inserts “filler” words whenever the reply FIFO exceeds the
half-full indicator so that read reply data already on the highway is not lost. As soon as the
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FIFO is less than half-full, the 2140 stops sending “filler* words and the actual read data is
then accepted.

“The status byte in the reply for each word provides an Q and X response from the module as

well as error information. After the first word in a block is received, bit 5 of the status byte,
normally set to a one to indicate a reply, is set to zero by the crate controller to indicate a
“filler* word. If the receiver encounters a “filler” word, it discards the status byte and the
following data:
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COMMAND/REPLY SEQUENCE FOR BLOCK WRITE OPERATION
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P m - m-——-
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RS DELIMITER e
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0 WRITE DATA 1 WAIT
0 WRITE DATA 1 WAIT
0 WRITE DATA 1 WAIT
0 WRITE DATA 1 WAIT
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0 WRITE DATA 1 WAIT
0 WRITE DATA 1 WAIT
0 WRITE DATA 1 WAIT
0 CONTROL-(0 or 2) 0 HEADER
0 WRITE DATA \ 0 STATUS
0 WRITE DATA i 0 SPACE
0 WRITE DATA 0 SPACE
0 WRITE DATA 0 SPACE
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0 SUM T3 STATUS
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0 SPACE 0 SPACE
0 SPACE 0 SPACE
0 SPACE 0 SPACE
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0 SPACE 0 SPACE
0 SPACE 0 SPACL
0 SPACE 0 SPACE
1 END 0 SPACE

T mEADEROR WAL |~ |1 ENDSUA

1 WAIT
7

Figure 6 Enhanced Writes
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The Block Read Operation, Figure 7 (page 38) shows a Fast Serial Highway Command/Reply
sequence for a CAMAC read command. This block mode transaction is very similar to a write
operation except that groups of four SPACE bytes are provided in the Command message to
allow space for read data (6 bits per byte) in the Reply message.

37



2140-Z1A

COMMAND/REPLY SEQUENCE FOR BLOCK READ OPERATION
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READ DATA
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Figure 7 Enhanced Reads
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The following is a description of the five Fast Serial Highway Block Transfer Modes:
Q-Stop Single NAF Fast Block Transfer (TM2=1:TM1=0, QM2=0:QM1=0)

To select the Q-Stop Single NAF Fast Block Mode of operation, set command Mode bits
<06:05> to 10 and <04:03> to 00. During Q-Stop block transfers, the CAMAC command
loaded in the NAF is repeated until a Q-Response of zero is received or the word count is
exhausted. The block transfer will also terminate if an “Abort” is generated. The following
equation describes “Abort” when in the Q-Stop block transfer mode:

ABORT = NO-Q + AD(NO-X + ERR + TPE + LPE)
Q-Ignore Single NAF Fast Block Transfer (TM2=1:TM1=0, QM2=0:QM1=1)

To select the Q-Ignore Single NAF Fast Block mode of operation, set command mode bits
<06:05> to 10 and <04:03> to 01. During a Q-Ignore block transfer, the CAMAC command
specified in the NAF is repeated until the word count is exhausted. The block transfer will
also terminate if an “Abort” is generated. The following equation describes “Abort” when
in the Q-Ignore block transfer mode:

ABORT = AD(NO-X + ERR + TPE + LPE)

Q-Repeat Single NAF Fast Block Transfer (TM2=1:TM1=0, QM2=1:QM1=0)

To select the Q-Repeat Single NAF Fast Block mode of operation, set command mode bits
<06:05> to 10 and <04:03> to 10. Q-Repeat Fast Block is a read-only mode.

When executing Q-Repeat reads, the 2140 places valid read commands on the Serial Highway
as long as the reply FIFO is not half-full. When valid read data with a Q=1 is returned to the
2140, it is stored into the reply FIFO and the Word Count Register is incremented. The block
transfer is complete when the word count is exhausted. But, during this time the 2140 will
have placed several extra reads onto the highway. Thus, care should be taken when using this
mode for CAMAC reads since there is no control on the number of actual CAMAC read cycles
performed. The driver will continue to place read commands onto the highway indefinitely if
a Q=1 response is not received. Therefore, a strap-selectable hardware timeout (see Strap
Option Section of this manual) has been implemented which will “Abort” the block. The
following equation describes “Abort” when in the Q-Repeat transfer mode:

ABORT = TMO + AD(NO-X + ERR + TPE + LPE)
Fast Serial Highway List Sequence Modes
List sequencing allows Fast Serial Highway operations to take place to a predefined list of
CAMAC commands. This is accomplished with the use of the KSC Model 3830-Z1A List
Sequencer Module. Each CAMAC data word transferred has a corresponding NAF loaded in

the List Sequencer Module (LSM) must be loaded with the CAMAC commands used during the
block transfer must contain either CAMAC write or CAMAC read commands, but not both.

39



2140-Z1A

Control commands may be present in either of the lists as long as data space is allocated to
them during the DMA operation.

"There are four lists available, two write and two read, in the LSM. Each of these lists can hold
512 CAMAC commands. It is also possible to load the LSM in such a way that only two lists
are available, one for reads and one for writes. In this case, each list is 1024 commands long.

List 0 and List 1 of the LSM contain sets of CAMAC read NAFs to be performed. List 2 and
List 3 contain sets of CAMAC write NAFs to be performed. When loading the 2140 to execute
list sequencing, a special CAMAC command must be loaded in the NAF. This command
informs the 3952 Block Transfer Serial Crate Controller (BTSCC)/LSM combination as to
which list to use for the block transfer.

Command  NAF List Data Type

N@BOF(12)A0) List0 Read
N@BO)F(12)A(1) List1 Read
N@O)F(12)A(2) List 2 Write
N@BO)F(12)A3) List3 Write

When the 3952 BTSCC receives one of these commands, it enables the list-mode block transfer.

- Before the list sequence block transfer can begin, the 3830 List Sequencer Module must be
loaded. Refer to the 3830-Z1A Operating Manual for loading procedure. After all the NAFs
have been loaded into the LSM, an additional word is loaded, which has bit 16 set, that
indicates the end of the list. If the end-of-list flag is overrun during list sequencing the LSM
will generate a Q=1 and X=0 response. This “special” Q and X response informs the 2140
that the list was overrun. The 2140 does not write this status byte to the status register.

When the 2140 receives the Q=1 X=0 response, it sets the “Abort” bit in the status register.
At this time the block word count is checked and if it is not zero and the command list abort
bit is set, the command list will abort. As seen before, the 2140 may execute more CAMAC
reads than are actually necessary. This will cause the LSM to overrun its list and return the
Q=1 X=0 response. Thus, the “Abort” bit is set upon completion of a Fast Serial Highway
List Sequence CAMAC read block transfer operation.

Q-Repeat Fast SH List Sequence Block Transfer (rmM2=1.T™M1=0, QM2=1:QM1=0)

To select the Q-Repeat Fast Serial Highway List Sequence Block Transfer Mode, set command
Mode bits <06:05> to 10 and <04:03> to 10.

This mode is only available for CAMAC read commands. During CAMAC reads, read reply data
is stored in the reply FIFO whenever a Q=1 response is received in the status byte A Q=1
response also causes the LSM to increment to the next NAF in the list. A Q=0 response
indicates to the LSM that valid data has not been received which causes the LSM to continue
executing the current NAF. The block transfer continues until the word count is exhausted.
The block transfer terminates if an “ABORT” is generated. This mode is not available for
CAMAC writes since CAMAC write data words are sent in a pipeline fashion.
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Before the block transfer read is initiated, the LSM must be enabled to operate in the Q-Repeat
mode. To enable the LSM for Q-Repeat, execute an F(26)A(0) to N (LSM). To disable Q-
Repeat, execute a F(24)A(0) to N (LSM).

The 2140/LSM repeats a command indefinitely if a Q=1 response is not obtained. In this case,
the hardware timeout may be used to abort the operation.

The following equation is the definition of “ABORT” when using Q-Repeat Fast Serial
Highway List Sequence block transfers.

ABORT = (NO-Q - NO-X) + AD(ERR + NO-X + TPE + LPE)

NOTE: " The “special” X=0 Q=1 response by the LSM is not loaded into the status
register by the 2140.

Q-Ignore Fast SH List Sequencer Block Transfer mw-1tv=o, om=0omi=1

To select the Q-Ignore Fast Serial Highway List Sequence block transfer mode, set command
mode bits <06:05> to 10 and <04:03> to 11. In this mode, the NAF pointer in the LSM is
incremented after every CAMAC cycle. The block transfer continues until the word count is
exhausted. The block transfer terminates if an “ABORT” is generated. The following equation
is the definition of "ABORT" when using Q-Ignore Fast Serial Highway List Sequence block
transfers.

ABORT = (NO-Q - NO-X) + AD(NO-X + ERR + TPE + LPE)
Fast Serial Highway Flow Diagrams

Figures 8 and 9 (pages 42 and 43) are simplified flow diagrams for Fast Serial Highway writes
and reads.
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Demands

The Model 3952 Serial Crate Controller (SCC) has the ability to alert the 2140 Enhanced
Serial Highway Driver (ESHD) that a CAMAC LAM is pending by asynchronously generating
and transmitting a Demand message on the serial highway. The contents of this message are
stored in the 2140 ESHD’s Demand FIFO. The Demand FIFO allows the 2140 ESHD to store
up to 512 Demand messages. If LAM Interrupt enable is set in the Interrupt Control Register,
OFFSET $40, and interrupt will be sent to the VMEbus. An interrupt routine, which resets
the LAM enable bit, reads one word from the Demand FIFO and then sets the LAM enable bit,
will send an interrupt to the VMEDbus for each word in the Demand FIFO.

Unbypass and Loop Collapse Operations

When executing a Unbypass or Loop Collapse operation to a 3952, special restrictions apply.
These two commands to the 3952 cause the serial highway to be momentarily broken. While
the highway if “broken”, random data is received by the 2140’s serial highway receiver
circuitry. This causes erratic operation of the receiver sequencer which results in erroneous
activity. To prevent this, the 2140 must know in advance that one of these operations is to
occur. To execute these operations successfully, follow the procedure below:

UNBYPASS Execute a selective-clear {F(23)} command to the 3952
with data = 4000,.

LOOP COLLAPSE Execute a selective-set {F(19)} command to the 3952 with
data = 2000,.
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APPENDIX A

MOTOROLA MC68153 BUS INTERRUPTER CHIP
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ABSOLUTE MAXIMUM RATINGS (Beyond which useful life may be impaired.)
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AC TEST CIRCUIT — AC Testing of All Outputs

Precccrenome oo

| i
| |
t Ve e 50V :
: I | 6.5V
| ' ®
|
! |
!
1 |
! | 21000 N
| | q
|
i ; Pin Under Test
[2a]
| 9 -4 b=
| 10 2 31 )
! g ]
| K 2 3¢ i
I : Q
18 of == 3
l 20 2 : CL = 15pF 2 s 500 N
! I
! !
! |
! I = =
I .; |
| 1
S |
NOTES:

1. Kot epplicable © epencoliesior eutunts.

1 Mot more B 60 VDU should ba shored 6t B tima for IDAYer than Bne second.

3 S Low 10 LUK High (Satup Time) of 18 ag Bin must be observed.

4 ACK Lo 1o CLK High and LACKIN Lew to CLK High 1Setup Times) of 18 Az Min must de sbserved.
8. Sea Tabdlo Y for podilonsl porformance guidelines.
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AC ELECTRICAL SPECIFICATIONS (Vee = 5.0V 25% Ta © 0°C to 70°C)

Voot Max

Peremater Number!S! {ns)

CLK High to Data Out Valid (Delay)3) 9 L]
CLK High to DTACK Low (Delay}3) 2 &
&S High to DTACK High (Dslay) 3 35
CLK High to Data Owut Vaiid {Detay)é) e 8%
CLK Migh to INTAE Low (Delay)(4! § &
TACK High 10 Dats Out High impedance (Delay) é 80
TACK High to DTACK High (Deley) ) as
&S5 High to Data Ow Migh (Daley) 8 45
Ei.'_*‘ﬂ'* 1o IRQ High (Delay) ] &0
TACK High to INTAE High (Delay) 10 35

GENERAL DESCRIFTION

The MCB8183 Bus Imterrupter Module (BIM) is de-
signec to serve as an interrupt requester for periphera!
devices in a microcomputer system. Up to 4 indepen-
dent devices can be interfaced to the system bus by the
MCB8183. Intended for asynchronous master/siave bus
operation, the BiM s compatible with YERSAbus, VME-
bus, MCE800C device bus, and other gystern buses. Fig-
ure 1 ghows 8 block disgram of 8 typical configuration.
In this example, three peripheral devices (bus slaves)
are connected 1o the system data bus. Each of these
devices coulc be paralie! VO, serial 1’0, or some other
tunction. An interrupt request from any device is routed
1o the MCE8153, and the BIM handles all interface to
the system bus. It generates a bus interrupt request as
aresult of the device interrupt request. When the system
interrupt handler or processor responds with an inter-
rupt ackrowledge cycle, the MCE81583 can answer sup-
plying an interrupt vector and handling all timing.

The functiona! block diagram of the MCE8153 is
ghown in Figure 2. The device containg circuitry to ac-
cept four separate interrupt sources (INTO = INT3). In.
terface to the system bus includes generstion of bus
interrupt requests (IRQY = IRQ7), response 10 8 bus in-
terrupt acknowledge cyele (sither supplying 8 vector or
passing on & daisy chain signal), end reiessing the bus
interrupt request signa! 81 the proper tirme, The BIM has
flexibility provided by eight programmable readiwrite
registers. Four 8-bit vector registers (VRO = VR3) contain
gtatus/sddress information and supply 8 bylte vector in
response 1o en interrupt acknowiedge eyele for the cor-
responding interrupt source. Four other 8-bit eontrol
registers (CRO - CR3) contain information that oversees
operation of the interrupt circuitry. The eontrol infor-
mation is programmable end includes interrupt request
lavel and interrupt enable and disable. Also eontsined
in the control registers sre flag-bits. These fiags are
usefu! for ask coordination, resource management, and
interprocessor communication,

@ PMOTOROLA Semiconduclor Products Inc.

SIGNAL DESCRIPTION

Throughout the gata sheet, signals are presentec us:
ing the terms asserted and negatecC independent of
whether the signal is asserted in the high voltage of
low voltage state. Active low signals are genctec by a
superscript bar.

BIDIRECTIONAL DATA BUS — D0 - D7
Pins DO = D7 form an 8-bit bidirectional gata dbus to
frorn the system bus. These are active high, 3-siate pins

ADDRESS INPUTS = A1- A3

These sctive high inputs serve tweo funcuons. One
function is 10 select one of the eight possible reg:stes
during a reac or write cycle. Secondly, dunirg aninte’-
rupt acknowledge Al = A3 show the leve! of interrupt
being acknowiedged. and the BIM uses these to gete’-
mine if 3 match exists with 8n internal jeve..

CHIP SELECT — CS

CS is an gctive low input used 1o selec the BIM's
registers for the current bus cycle. Agdress strobe. cata
gtrobe. and gppropriate adaress bits must be inclugec
in the chip select equation.

READWRITE — RW

The RW input ig 8 signal from the system bus used
to deterrnine if the eurrent busg cycle is 8 read (highj or
write (low).

DATA TRANSFER ACKNOWLEDGE - DTACK

DTACK is an open-collector, active low output that
gignals the completion of o read, write, or interrupt ac-
knowledge eycle. During resd or interrupt acknowledge
eycies, DTACK is asserted by the MCES8153 after data
has been provided on the dats bus; during write cycles
it is asserted afier data has been sccepted from the data
bus. A pullup resistor is required to maintain DTACK
high between bus cycles.




3
iz g
1 @ B B8
) o a0 a1 a
$ ¢ ¢
a = ) i M
7 BVl apeed .——J AL A A
W O e Tumang G 012 . E
-
¢ BEEDR e g I, t e
7 BEBR aapumed [P
a
[
Lo X RP]
1 -
Vo Congr Szpray ! >
- Ao‘:g— ‘-..;:d
Bes 013 ¢ o N
[ o ' e '
- 4e8 [
v ¢
t & v e I
A eiTAL"
- s — - n
B 012 ¢
[ o S— From
’: Conire
pomennd | Loy
c[:nw—:'r: [SRB ] l;.‘ —%‘ﬁf‘l
—.] (3% Jl L B e E
= _\"_a} t L Doe 7 -
| | a
s N Bes €12 -]
": L= : i HDoe =
\.lun : :l
| o ¥ 4 o i) 8
LS r '
t
3 '-{ o@ Tod 4
K [ LT E n % *
: l
LK ~\, : [ Doe
—_—__F [ S =t Tty
’ = ]
N Bt 1.2 ] n
o - % —{)oo'l':.’n R
N, 6 : ;]I
o ST ==
' ..D;‘I‘_"’ 8
G Coraver
tege
L &5 e
o &7 »
: F3 Y]
@0 o
v—:-m [ y—
—1 e 3
v
| — | Correl Dow Oua Ban | e L
Grasn Cosare! @ | Y 03 3B
$ w2 ‘1._ s M ) e 08 B
l ) { veme Boo (ua Ban [t 0. 3
L— ) (B B3 B
o t |
Bau & Bus : (D> O B
: | s ]

uJ Bfior

@ MOTOROLA Semiconductor Products Inc.




) BGURE 3 = LOGICAL PIN ASSIGNMENT
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INTERRUPT ACKNOWLEDGE SIGNALS — IACK,
CKIN, LACKOUT

These three pins suppon the interrupt acknowledge
cycle. A low leve! on the IACK input indicates an inter-
rupt acknowledge cycie has been initiated. This signal
is conditioned externally with Address Strobe and the
lower data strobe of an MCB8000 type bus. After IACK
is asseried the BIM compares the interrupt level pre-
sented on address lines A1, A2, and A3 with the current
levels generated internally and determines if 8 match
exists. Then, if input IACKIN is gsserted (driven low),
the BIM will either complete the interrupt acknowledge
eyele if 8 match exists or assert output IACKQUT if no
match exists.

LACKIN and IACKOUT form part of 8 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 leve! will not
respond to the same eycle. The requesting device (or
interrupter) rmust wait until IACKIN is ssserted and not
pess the signal on (assert LACKOUT) if it is to complete
the interrupt acknowiedge cycle.

BUS INTERRUPT REQUEST SIGNALS — IRQ1 - IRQ7T

These open-collector outputs are low when asserted,
indicating 8 bus interrupt is requested &t the corre-
sponding leve!. An open-collector buffer is normally re-
quired for sutficient drive when interfacing to 8 system
bus. A pullup resistor is required to maintain IRQ1 -
JRQ7 high between interrupt requests.
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DEVICE INTERRUPT REQUEST SIGNALS =
INTS - INT3__

INTO - INT3 are active iow inputs uses 1o incicate ¢
the BIM that 8 device wants a bus interrups.

INTERRUPT ACKNOWLEDGE ENABLE = INTAE

During an interrupt scknowiedge cycle, this outol!
pin is assened low to indicate that outputs INTALD arc
INTALY sre valid. These two outputs contain gn encooes
nurmber (x) eorresponding to the interrupt (INTx} beng
scknowledged. This festure can be used to signa! in-
terrupting devices, which supply their own vector, wher
to respond to the interrupt acknowliedge cycie with the
vector and 8 DTACK gignal.

INTERRUPT ACKNOWLEDGE LEVEL — INTALO,
INTALY

These active high outputs contain an encoded num.
ber corresponding 10 the interrupt level being scknow!-
edged. They are velid only when INTAE ig asseried iow.

CLOCK = CLK
The CLK input is used to supply the clock for internal
operations of the MCE8153.

RESET — €S, IACK

Although 8 reset input_iinot supplied, an on-board
reset is performed if CS and IACK are asserted
simultaneously.




AGURE 4 = PACS8153 REGISTER MODEL

3
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@
ADDRESS 817 | /0 o/ & E S &
B o a IS FSESE <
0 ol 0 E {eac| AR { IRE |mAC] 12 | LY | Lo CONTROL REGISTER O
0 0 | P (PAC| XiN | RE [IRAC] L2 | L1 | LO CONTROL REGISTER 1
o 1| o ¢ {PAC| XAN | IRE {IRAC| L2 | LY | LO CONTROL REGISTER 2
1 v F | Fac | xAN { IRE JIRAC) L2 | LY | LO CONTROL REG!STER 3
1 ol o v {ve|vs | va|vwva|wva]|wvi}]wo VECTOR REGISTER 0
| o |l v v {ve| vs lval{wvaiva]|wvi|w VECTOR REGISTER
1 100 | v [ vel| ve | va|wvalwva]wv[wo VECTOR REGISTER 2
1 Ty v lve | ve | va|va]|va]wvi]wve VECTOR REGISTER 3
7 ] 3 4 3 2 1 ° REGISTER
REGISTER B!T NAME

REGISTER DESCRIPTION

The MCBE153 contains B programmable read.write
registers. There are four control registers (CRO - CR3)
thet govern operation of the device. The other four
(VRO - VR3) are vector registers that contain the vestor
tate usec during an interrypt acknowledge cycle. Figure
4 iliystrates the device register mode!.

CONTROL REGISTERS '
There is 2 control register for each interrupt source,
i.e.. CRO controls INTO, CR1 controls INTY, etc. The con-
trol registe’s are divided into several fieids:
1. imterrupt level {L2, L1, LO) = The leas! significant
3-bit field of the register determines the level at
which an interrupt will be generated:

L2 L1 Lo IRQ LEVEL
] 0 0 DISABLED
0 0 1 IRQ1

0 1 0 IRQ2

0 1 3 1RQ3

1 0 0 IRQ4

i 0 1 IRQS

1 ] 0 IRQ6

1 1 1 IRQ7

A velue of zero in the field disables the interrupt.

2. Interrupt Enable {IRE) = This field (Bit 4) must be set
{high lavel) to enable the bus interrupt request 8s-
socisted with the control register, Thus, i the INTX
line is gsserted and IRE is clesred, no interrupt re-
quest (IROX) will be sssered.

3. interrupt Auto-Clear (IRAC) = if the IRAC is set (Bit
3), IRE [Bit 4) is cleared during 8n interrupt acknowl-
edge cycle responding 10 this request. This action of
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clearing IRE disables the interrupt reques: To re:
engbie the interrupt associated with this register, IRE
must be set again by writing 10 the control register

4. Externalinternal (X/IN) = Bit § of the control register
determines the response of the MC88153 auring ar
interrupt acknowledge cvele. If the XN bit is clea-
{low level) the BIM will respong with vector Cata_anc
8 DTACK signal, i.e., an internal response 1f X IN s
sel, the vestor is not supplied and no DTACK 1s giver
by the BIM, i.e., an external device shoulc respenc

8. Flag (F) — Bi1 7 is & fiag that can be usec in con-
junction with the tes: and set instruction of the
MCB8000. It can be changed without aHectng chip
operation. It is wuseful for processor-to-processcr
communication ang resource gliocation.

6. Flag Auto-Clear (FAC)— If FAC (B11 6} is set, the Fiag
bit is automatically cleared during an interrupt a<-
knowledge cycle.

VECTOR REGISTERS

€ach interrupt input has its own associsted vector
register. Each ragister is B bits wide end supplies & da'a
byte during its interrupt acknowledge cycle if the as-
socisted Externalinterna! (X/iN) control register bit 1s
elear. This data can be status, identification, or sddress
inforrnation depending on systermn wsage. The infor-
mation is prograrmnmed by the systern user,

DEVICE RESET

When the MCUB8153 is reset, the registers are setto 2
known eondition. The control registers are set to all
geros (low). The vector registers are set to SOF. This
value is the MCE8000 vector for an uninitialized interrupt
vector.




FUNCTIONAL DESCRIFTION

SYSTEM OVERVIEW

The MCEB153 is compatible with many system buses,
however, it is primerily intended for VMEbus, VERSA.
bus and MCBB000 applications. Figure S shows s system
eonfiguration gimiler 1o VMEDbus. In the figure only one
gysten Dats Tranmsfer Bus (DTB) master is used. The
Priority Interrupt structure provides @ fesns for pe-
ripheral siave devices to 8sk for an interrupt of other
processor (DTB master) activity end receive service
from the processor. The MCB8153 BIM pcts as en inter-
{ace 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
83 the MCE8153) receives slave requests for an interrupt
gnd hendies ali interface to the sysierm bus required to
ask for and respond to interrupt requests. The Interrupt
Handler receives the bus interrupt requests, determines
when gn interrupt acknowledge will occur and 8t which
leve!, anc finally either performs the interrupdt acknowl:
edge (IACK) cycie or tells the DTB master to execute the
IACK cycle.

The signa! lines in the Priority Interrupt structure in-
cluge (* = indicates active low):

1. IRQ1°-IRQ7°* = geven prioritized interrypt re-

D

2. IACK® = gignal line that indicstes an interrupt ac:
knowledge eycle i occurring.
3. IACKIN®AACKOUT® — two gignals that form pan
of 2 daisy chain that prio’-
itizes interrupters.

in addition Data Transfer Bus control signals are in-

volved in the IACK bus cycle:

1. AS°® — the Address Strobe ssserted low indicates

8 velid address is on the bus.

2. DSO*® = the lower Data Strobe asseried low in-
dicates 2 date transier will oeccur on bus
bits DOO-D07.

3. WRITE® — the Resd/Write is negated indicating
the data is 10 be reac from the inte’-
rupter.

4, AD1-A03 = Address lines AD1=-AQ3 contar the
encoged priority leve' of the |ACK
eycie.

g, DOC-D07 = Data bus lines DOC-D07 are usec 10
pass the interrupt vecior from the re-
sponding interrupter tc the interrun:
Handler,

6. DTACK® =~ Data Transfer Acknowlecge asserec
low signals that the Interrypter has

quest lines. pul the vecior on the data bus.
FIGURE § = SIMPLE VMEbus CONFIGURATION
et ket tatabedhste ——-mm—m
| || : : : ] 1 |
] t
| OB |i1t| DOTBSiave |!!|{|OT8 Sieve||DT8 Siave| |DTB Siave | !
! Master | | ! vo 3 L] vwe voe voe |,
i
I Tt T T\L < gﬂr |
! TR | ' !
it
: Interrupt t 11 | Imerrupter 1 "‘""g"" c’ !
'
: Handler : : (] : | | mcesisa :
I < I H I
| i L H L !
f
bew| |mee=| Laiztd] [Bi-] FIbedt] |Bt-e=] locmmeccaaa
§ § J ;) ;) & To Nen Inmerrupter
- L Z| |1 4 b
$Systemn — Sl k) Data Trensfer
Bus ! ! ! ! v Bus
4) Priority
=/ IAterrupt
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Figure 6 shows o flow diagrarm of a typica! interrupt
request and acknowledge operation, Briefly, the se-
quence of events is irst, an Interrupter makes o request,
nex: the Handler responds with an IACK cycle, then the
Interrupter passes 8 vidtor to the Handier completing
the LACK eycie, end finally the Handler uses the vector
to deterrnine edditional action. Typically, an interrupt
sarvice routine is stored in software and the vector
points to ite starting addraess.

Note the daisy chain operation. H the LACK level (on
AQ1-AQ3] does not match the Interrupters request lave!
or if no request is pending. the Interrupter passes the

MACKIN® gignal on gnd asserts IACKOUT®. This sequen-
‘tisl sction sutornatically prioritizes Requesters on the

game level (first one in line with a request pending gets
sarviced) and prevents two or more Interrupters from
responding sifmultaneously.

RAGURE ¢ — INTERRUPT REQUEST AND ACKNOWLEDGE
OPERATION AL.OW DIAGRAM

Requests interrupt)
Drive IR0O4° Low

L

INTERRUFPTER INTERRUPTER INTERRUPT
@ HANDLER
{Sigve B

;

Detect IRQ® Low

initigte tACK Cvecle

Piace 3-bit

leve! 4 code on ADS«AL3
Drive IACK® Low
{eausing IACK®

Da:gy Chairn 10 go Low !
Drive AS® 10 Low

Drive Write® High.

Drive DSO* to Low

{Da'sv Chain)

FaN
AN

L
\

Detec: IACK® Low.
Detect AS® Low.
Check 3-bit interrupt
Acknowledge Code
{Detect Matchl.
Detect DSO* Low.
Detect LACKIN® Low
from Deisy Chain.
Placa Vecior Byte
on Data Bus.

Drive DTACK® 1o Low"®.

l

AN

v

Datect DTACK® Low.
Reed Yector.
Relaase \ACK Cycle.
Initigte Interrupt
Service Sequence
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This discussion is 8 very cursor’ 100k 8t the bus op-
eratior. For mor> detsils including situstions witk raul-
tiple bus masters, the user is Gireciec 1o the VMEbus
Specification MVMEBS or VERSADuUS Specification
MBEKVES. Also, the MCBB153 can be used with other
buses having similar interrupt structures.

BIM BUS INTERFACE

Figure 7 shows & simplified block disgram of the
MCBB153 interface 1o VERSAbus or YMEbus. Address
Decode and Control Decode sre dependent on the ap-
plication and Must be Besigned to pusrantee BIM se
specifications. it is possible in meost cases that the de-
eode logic can be shared with the slave devices. Buffers
are proviged where shown 10 eomply with bug loading
and drive specifications. i is also possible that butfers
ean be shared with the slave bus interface.

READWRITE OPERATION
All gigh BIM registers con be accessed from the sys-

tarn bus in both reed and write modes. The BIM has an
asynchronous bus imerfsce, primarily designed for
MACERD0O-like buses. The following signels generste
read and write cycles: Chip Select {CS), ReadWrite (R’
W), Address Inputs (A1-A3), Data Bus (DO=D7). anc Data
Transfer Acknowledge (DTAGK). During reac and write
eycies the interna! registers are seleciec by AY, A2, and
A3 in compliance with the Figure & Truth Teble.

Figure B shows the device timing for 8 read eycle. R/
W and Al-A3 are latched on the falling edge of T5 and
fmugt mee! specifisd setup and hold times. Chip sccess
time for valid date and BTACK sre dependent on the
cliock frequency as shown in the figure.

Figure 8 shows the device timing for 8 write cycle. R/
W. A1-A3, and DO-D7 ere latchec on the falling ecge
of EE pnd must mee: specified setup and hold times.
Chip sccess time for BTACK is dependent on the clock
frequency 8s shown in the figure.

BGURE 7 == VMEbusVERSAbus INTERFACE BLOCK

DIAGRAM
Syser Bus
?
RC1e g ”
-IRZ7* " N
=850V
Dsata Bus
Doc- 207 | N~ oe=07 ) '_“_:=_L___”S_/
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— a1 oo
A - Roe
AL > A L RQs S A
@ A23 o <> Ad IRC 2
2 e AW Re e
Iy
g BTACK
y DAk 4‘ ] MCB81E3
P eS80V BIM
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s A23 Adgress ‘-¢-———___mT Device A
> AMO- | Decode ‘ INT1__ oovice 8 { DEvice
AMX ] ‘ INT2 Device € tnernapt
(] M vice Requests
| D'Vi:! D
psSoO° -
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17 Yot o Decode IACK ....'.'21.‘5__, Teo Slave dgevice
SYSRESET® P INTALO for axernal
INTALY tnterrupt Ack.
e nowiedge
LACKIN® lACKIu‘Y
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SYSCLK &
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ARGURE 8 — READ CYCLE
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INTERRUD, REQUESTS ,

The MCBB153 sccepts device interrupt rgequests on
Inputs TRTO, INT1, INT2, end INT3. Esch input is regu-
lated by Bit 4 (IRE} of the associzted control register
{CRO eontrols TNTO, CRY controls INT1, etc). H IRE {in.
terrupt Enable) is 28t and a device input is ssserted, an
interrupt Requast open-<colisctor output (TRO1-IRG7) is
ssseried. The asserted output is selected by the
value progrememed in Bits 0, 1, and 2 of the control
register (LD, L1, and L2). This 3-bit figld determines the
interrup! request level as set by softwere.

Two or more interrupt sources can be programmed
to the sare request level. That TROX output will remain
psserted until multiple interrupt scknowiedge cyeles re-
gpond to sll requests.

¥ thé interrupt request leve! is set to zere, the interrupt
is disabled because thers is no corresponding IRQ out-
put.

ENTERRUPT ACKNOWLEDGE

The response of an Interrupt Handler to 2 bus inter.
Fupt request is an interrupt ackmowledge cycle. The
LACK cycle is initisted in the MC68153 by receiving TACK
low. AW, A1, A2, A3 sre latched, and the interrupt leve!
on line A1-A3 is compared with any interrupt requests
pending in the chip. Further activity can be one of four
cases:

1. No further action required = This occurs if IACKIN
is not assered. Asserting TACK only starts the BIM
activity. if the daisy chain gignal never reaches the
MCE8153 (TACKIN is not asseried), another Inter:
rupter has responded to the TACK cycle. The cycle
will end, the chip IACK is negated, and no addi-
tional action is required.

2. Pass on the interrupt acknowledge daisy ehain —
for this case, IACKIN input is gsserted by the pre-
ceding daisy chain interrupter, end TACKOUT out-
pul is in turn asseried. The daisy chain gignal is
passed on when no interrupts are pending on @
matching level or when any possible interrupts are
disabled. The Interrupt Enable {IRE) bit of a control
register can disabie sny interrupt requests, and in
turn, gany possible matches.

3. Respond internally = For this ease, ATKIN is es-
esried and 8 match is found. The MCB8153 com-
pletes the IACK eyele by supplying an interrupt
veetor from the proper vector register followed by
8 BTACK signa! ssserted. [ACKOUT is not esserted
becsuse the interrupt acknowledge cyels is com-
plated by this devics.

For the MCE2153 1o respond in this mode of op-
gration, the EXTERNALANTERNAL eontrol register
bit (XAN) must be zero. For each source of interrupt
request, the associsted control register determines
the BiM response to 8n LACK cyele, and the XN
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bit sets this response either internally (XAN = 0)
or sxternally (XN & 1),

4. Respond extarnally = For the final case, 1ACKIN is
also agseried, s match is found and the associated
control register has X/IN bit set to one. The
MCE8153 does not sssert IACKDUT and does as-
sert INTAE low. INTAE signals that the requesting
device must eomplete the IACK cyele (supplying &
vector and DTACK) and that the 2-bit code con-
tained on outputs INTALD and INTAL1 shows
which interrupt source is being acknowiedged.

These esses are discussed in more detsil in the fol-
towing paragraphs.

internal Interrupt Acknowledge
For an imterna! interrupt acknowledge t0 occur, the
following conditions must be met:

1. One or more device interrupt inputs (INTO-INT3)
has been ssserted and corresponding control bit
IRE vaiuve is one.

2. TACK ssserted.

3. A match exists between [A3, A2, A1} and the (L2,
L1, LO] fie!d of an ensbled, requesting control reg-
ister. if two or more devices are requesting at the
serne interrupt level, preference is given 10 the
highest number requester, thatis, INT3 has highest
spriority and INTO has lowest.

8. Contro! register bit XAN of maiching interrupt
source raust be zero.

€. TACKIN ssserted.

The interna! interrupt ackrowledge cycle timing is
ghown in Figure 10. The 8-bit imerrupt Bcknowlecge
vector is presented 1o the data bus and BTACK is es-
sertec. Note also that INTALD and INTALY are vaiic anc
INTAE is esserted during this cycle although they wou'!d
normally not be used. The cycie is terrminated (Cata gnd
BTACK released) after ALK is negsted.

During the 1ACK cyele, the INTERRUPT AUTO-CLEAR
eontro! bit (IRAC) eornes into play. if the IRAC = one
for the responding interrupt source, the INTERRUPT EN-
ABLE (IRE) bit is sutomatically cleared during the IACK
gyele, thus disabling the essocisted interrupt input and
sny TRGX output ssserted due to thig interrupt input.
Before snother interrupt ean be requested from this
sourcs, IRE must be set 10 one by writing to the control
rogister.

Note that TACKOUT is not sasserted becsuse this de-
vice is responding to the LACK and does not pass the
dsigy chain signal on. Also, new device interrupt re-
quests occurring on INTO=INT3 ater IACK is assened
are locked out to prevent any race conditions on the
daigy chain.




RGURE 10 — INTERRUPT ACKNOWLEDGE CYCLE = INTERNAL YECTOR
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Externa! Interrupt Acknowledge

For an externa! interrupt acknowledge, the same con-
ditions 83 listed above are met with one exception. Con-
trol register bit X/IN of matching interrupt source must
be set to one. The tiring is shown in Figure 11, For this
eycle, the interrupt vecior and BTACK must be supplied
by en external device. INTAE is asserted indicating that
INTALD and INTAL1 are valid. The external device ean
wse these gignals to enable the vecter and DTATK. The
€ycle is terminated afier [ATK is negated.

The IRAC control bit acts in the externa! interrupt ac-
knowledge the sarmne as described for the internal re-
gponse (see above). Also, IACKOUT is not psseried and
new Oevice interrupts are disabled for reasons dis-
eussed sbove.

@ MOTOROLA Semiconductor Products Inc.

Pass On IACK Daisy Chain

i the MCE8153 has no interrupt request pending at
the same leve! as the interrupt acknowisdge, the IACK
doigsy chain gignal is passed on to the next device if
IACKIN is asseried. The foliowing conditions are thus
met:

1. TAEK ssserted.

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

3. TACKIN is esserted.

TAEKDUT is asserted i these conditions are valid. This
output drives [ACKIN of the next Interrupter on the daisy
¢hain, passing the signal slong. Figure 12 shows the
gming for this case. \%Exﬁu? is negated aher IACK is
negated.




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

Each eontrol register containg 8 Flag bit (F) and 8 Flag
Auto-Clear bit (FAC). Both bits can be read or altered
via @ register write without afecting the interrupt op-
aration of the device. The Fiag is useful as a status
indicator for resource Mmanspement and as a semaphor
in multitasking or multiprocessor systemns. Flag (F) is
tocated in bit position 7 end ean be used with the
BACESB000 Test and Set (TAS) instruction.

The Flag Auto-Clesr {FAC) is used to manipulste the
Flag bit if the Flag is set to one and the FAC is also one,
en interrupt acknowledge cycle 1o the associsted inter-
rupt source clears the Flag bit. This festure is useful in
getermining the interrupt status and passing messages.

RESET

There is no reset input, however, 8 chip reset is ac-
tiveted by ssserting both LS and TACK simultanecusty
{Figure 13). These inputs should be held low for & min-
imum of two clock cycles for 8 full reset function. The
eontrol registers are reset 1o 8ll 2eroes and the Vector
Registers are se! to & value of $0F. This vector value is
the uninitialized vector for the MC68000. See the
MCE8000 Users Manusa! for more details on this vector.

€LOCK

The ¢hip clock is required for interna! operation 1o
ececur. Typical frequency is 16 MHz in VMEDbus and
VERSAbus applications derived from the sysiem clock.
Any frequency can be used, however, up 10 25 MHz
(Figure 14).

FIGURE 13 = RESET
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FGURE 14 = CLOCK WAVEFORM
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TABLE 1
AC PERFORMANCE BPECIRCATIONS
fVee = 8.0V 26%, T4 = 6°C 10 70°C)

Numbaer __Chnnaorini: pAIR Bex Units Notes
1 AW, A1-A3 Valid 1o TS Low (Setup Time) 10 - ns )
2 €S Low to RAW, A1-A3 Invalid (Hold Time) 8.0 - ns
3 €8 Low to CLX High (Setup Tima) H - ne 1
4 CLK High to Dete Out Valid (Dsley) - 85 A 2
8 CLK High to DTACK Low (Delay) - a0 ns 2

4

6 BYACK Low to €S High ) Ae

? T3 High 1o BTACK High (Deley) - 35 ns 10

8 €5 High to Dets Out invalid (Hold Timae) ] o= ns

8 5 High to Dats Ount High-impedanes (Hoid Time) - 80 ne

10 €S High 1o TS or IACK Low 20 = ns

1 Dsts In Valid to £5 Low (Setup Time) 10 - s

12 €S Low to Deta In Invelid (Hold Time) B.0 - na

13 BTACK High to Dets Out Migh-tmpedance o 25 ng 10
14 TATK Low to CLK High (Setup Time) 18 - ns 1
48 A1-A3 Velid 1o IACK Low (Setup Tirme) 10 - ne

18 TACK Low to Al-A3 lnvslid (Hole Time) 5.0 - ns

17 LACKIN Low to CLK High (Setup Time) 15 = B 1.8
18 CLK High to Dets Out Valid (Delay) - L1 ns 3
19 CLK High to DTACK Lew (Deley) - a0 ns 3
20 CLK High to INTAE Low (Delay) - 40 ns 3
2 DTACK Low 1o IACKIN High 0 - ns |
23 ___ETACK Low 1o LACK High . 0 - ns
24 IACK High te Data Out invalid {Hold Time! 0 - ns
25 IACK High 1o Dsts Out High Impedance (Delay) = 80 ns
26 LACK High te BTACK High {Delsy) - 45 ns 10
27 TACK High 1o TNTAE High (Delay) - 38 ns
28 INTALD, INTALY Valid to INTAE Low (Setwup Time) 1.0 2.0 CLK Per
2 INTAE High to INTALD, INTAL1 invalid (Hoid Time) 1.0 20 CLK Per

30 LACK High to IRQx High (Delay} - 50 s 7. 10
3 LACK High 10 LACK or S Low 20 -— nsg

a2 CLK High to LACKOUT Low (Delay) -— ng L)
33 TACKIN Low to TACKOUT Low (Delay) - 3¢ ns 68
34 IACKOUT Low to IACKIN, LACK Kigh 0 - ns 8
35 IACK High to IACKOUT High {Delay) - .38 ns

36 IACK and CS both Low to CLK High (Setup Time) 15 - ng S
n CLK High to TATK or €S Migh (Hold Time) 0 - ns

38 WACK or CS High to LACK and CS High {Skew) - 1.0 CLK Per [
38 Clock Rise Time - 10 ns

40 Clock Fell Time - 10 ns

41 Ciock High Time 20 - ng

42 Clock Low Time 20 - ng

43 Ciock Pgriod a0 - ng

BOTES:

1. This spoctfication onty 8p6lies I the VBIM hod compietsd ofl opersrions initisted by the previous Bus cvei when &5 or TACE wes saseree Foliowing
8 normal Bus evele. il Dparstions oro Eampieied within 2 cloet cycies har C5 or AGK have been negated. W IACK or 8 @ sssersed pnor 1o
@mpigtion of thees coeratons, tha Row eycle. ond henm, DTALK @ posmonss.

@ the TAEK. TAEKIN or B8 sotup Bme b vielsted, BYAZK may bo sesonad es showm, ot May bo saseriad one ciaek cyele letor (s, TALK will not bo
veapgnized umil the Aem Faing edge of the stach).

& Asgures that § hoe boed WSt

2 Assurmes B\t 14 and 17 hove Both bsen st

& Amumes st 16 hos baon mat, (AERDUT esnact go low prise © TALKUN going low).

& Assumaon thet 16 has boon M@ end TALKIN has beeon low for @t 28 the emount of tiro specified by 3.

6 28 b ©w minimum shew betweeh B las Moment whon Both ALK ond LS o essenad 19 whon BOth bre Rsgoted. 1B Raure That B SZC8S CYTI
& ast unimsmionsfly Reraed.

9. Assurnes rs other TNz input b coveing TAGE ® bo grven tow.
& 0 nendaioy chain ByTioms, LALIUN mey be ted low.

8. Poikura to medt this epee. eouess RESET 0 e ignared for § Seck poniod. R is then recotsary ® kaep these s:gnals low for I toct persss instesd
o2

30. Deloy Mo @ epecihed from lngan sgna! o OpenLoliectior Outpan pulied High thry 1D & resistar 1 <85 V.
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OUTLINE DIMENSIONS
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APPENDIX B

SIGNETICS SCB68430 DIRECT MEMORY
ACCESS INTERFACE CHIP






Signetics

-

Microprocessor Products

DESCRIPTION

The SCB68430 Direct Memory Access
interface {DMAI) is & single channel
interlace circuil which i intended 1o
eomplement the periormance and archi-
tectura) espabilities of the SCN6800O
microprocessor. The DMAI functions by
transfeming a series of operands (dala)
between memory and a device: operand
gizes may be byle, word, or long word. A
block i3 a sequence ol operands: the
number of operands in the biock 1S
deterrmined by a transier count siored
within the DMAI. The SCE68430 can be
programmaed to utilize single cycle (Cycle
steaiing) or burst gata tansiers.

The DMAI provides two interlaces. The
rmictoprocessor interface is fully compat-
ible with the SCNEB0O00 microprocessor.
The device interface includes hines for
requesting, acknowledging. controling,
and uming the data transfers. The DMA
is 8 single-channel subse! of the other
68000 family DMA controliers (68440
ang 68450). it 15 software compatible
with these devices and proviges sirmnar
interfacing signals to both the system
bus ang the device.

The SCBEB430 is constructed using
Signeucs ISL bipolar technology.

SCB68430

Direct Memory Access
Interface (DMAI)

Preliminary Specification

FEATURES
e Bus compatible with SCNBE8000
microprocassor

e Software eompatible with other
68K family DMA eontroliers

e Singie sddress transfers

e Cycle stea! and burst mode
operation

e Busg srbitration daisy chain

o Automatic rerun on bus error

o Supports 32-bit transfers for VME
bus

e Supports SCNEBODO vectored
interrupts

e 24-bit sddress counter
e 16-bit transfer counter

e Maximum transfer rate of 5
Mbytes per second

e Signetics ISL bipolar technology

PIN CONFIGURATION
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Sonenss MiCroprocessor PIogucts Prenminony ipecmhzone-

Direct Memory Access Interface (DMAI) | SCB68430

ORDERING CODE

Yec& 5V 2 8%, T,20°C to 70°C
PACKAGES
T0MH2 12.5MH2
Cerarmic DIF SCB6B430CAILR 8CB68430CCI48
Plastic DIP SCB68430CANAS $C868430CCN48
Plasvec LCC SCBB8430CAAS2 SCB68430CCAS2
BLOCK DIAGRAM
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Signenes Microorocessdr oaucts

Pretiminory Soecticonio

Direct Memory Access Interface (DMAI) SCB68430

PIN DESCRIPTION

HNEMONRIC

PIM NO.

TYPE |

DESCRIFTION

Al = A7

AB - A3/

Bo-D18

ASN

UDSN

LDSN

R/WN

CSN

DTACKN

RESETN

CLK

IRON

LACKN

BRN

BGN

48 - 42

4137
35-25

24

17

10

16

11

1o

1o

170

170

170

170

170

|
|

Addrese Lines: Actve high, tivee-stale. in the MPU mode. these iow oroer 800/ess ines speciy whech
internal register of the DMAI is being 8ccesssd. in DMA mode, Al - A7 870 GuPULs wiich Provide the low oroer |
eddrass bris of the locaton Being accessed. Thvee-siated in IDLE Mode.

Address/Data Lines: Actve high, thvee-state. These knes are bme multiplexed for dala and address leads !

The tings OWNN, RWN, CSN, and DBENN are used 10 contro! the germulupienng of the eddress and dala -
using external gircuitry. in MPU mode, the bumlvectona! dsla tnes (D0 - D15) are uvsed o trenster gala |

botween the MPU and the DMAIL In the DMA mode, AB - A2) prowide the high erger adaress bits of the
iocaton being eccessed. Tivee-swated in IDLE mode.

Address Strobe: Active low, three-state. in MPU and IDLE modes. ASN is an input which indicates tha! he
eurtent bus masier has placed a valid 800ress on the bus. It 15 MORncred by the DMAI guring bus arbiraton 1o
ascerain hat the previous bus Mastier has completed the cument bus eycle. In DMA mode. 1t is an ouDw\
ingicating that the DMAI has placed 8 vaht sooress on the bus

Upper Data Stobe: Actve low, three-state. in MPU and IDLE modes. UDSN 13 an mput which indicates tha!
the upper cala byle of the aadressed word i bemg aodressed. In DMA moce. il 18 an outbul with the same
maaning

Lower Dats Strobe: Acive low, three-state. In MPU and IDLE modes. LDSN 15 an input which incicates tha:
the lower 0ats byle of the 800Iessed word 13 bang 800ressed. In DMA mode. 1115 a8n OUIPU! with the same
meaning

Read/Write: Active huigh 1or read, low for wnte, thvee-state. In MPU mode. R/WN 15 an input which controls
the direction of data fiow through the DMAl's input/outpul Gala bus nieriace and. it required. through an
exnernal dala bus buffer. R/WN high csuses the DMA! 1o place the Gala from the addressec register on e
data bus, while R/WN low causes the DMAI 10 accept data from the aata bus. in DMA mode, R/WN s ar
outpul 1o memory and I/0 conuoliers ingicatng the type of bus cytie. 11 18 held Ihree-stated cunng IDLE
rmode

Chip Select: Active low. Whan low, places the DMAI into the MPU mede. This mput signal is used 10 selec
the DMAI for programmed cata vensiers These tansfers take place over DO - D15 as convoliec by the
R/WN ang A1 = A7 inpuis The DMAI is deseleciet when CSN is hugh. CSN is ignored gunng DMA moce

Data Transfer Acknowledpge: AcCtve low, three-state. In MPU mode. DTACKN 15 assered on g wnte cycle ic
Ingicate that the dala on the bus has been igiched, and on & read cycle o interrupt acknowlecge cycie (o
incicate that valid data is present on the bus. The signal 18 negated (Srven tugh) whaen compielion of the cycre
is maicaled by negstion of the CSN or IACKN input, and returns 1o the inactve third slale & shon time aher nis
negated. in DMA Mode. DTACKN is an nput monttored by the DMAI 1o 6etlermine when the addressed gevice
(memory) has laiched the data (wnie cytle) or put vald data on the bus (reac cytle)

Master Resel: Actve low. Asserton of this pin clears nternal convol registers (See table 1), intaizes the
interrupt vectlor register to HOF. and sets the status register to the delaull value
80000 000X, where X 13 the stale of RDYN. All bidrectona! 170 knes are trvee-slaied and the DMAI 15 placed
in the IDLE mede,

Cleck: Actve high. Ususlly the system clock, but may be any clock mestng the slectncal specrhications. Used
by the DMAI 10 synehvonite device functions and extemal control knes, and May not be geled off al any Lme

interrupt Request Active iow, epsen collector. This cuiput is assered.  mtermupts e onabied, upon end o!
transier, on oceurrencs of & bus &rTor, ang on recaip! of an gbont rom the MPU. The CPU can read the staius

regisier lo Gotermune the interfupting condition(s). 67 €N respoNg with an intermup! acknowiedge cyctie to .
]

cavse the DMAI 1o cutant an imterrupt veclor en the data bus.

Interrupt Acknowledge: Active low. Wnen asseried, indicates thal the cument cycle i Bn mtemup! |

acknowiedpe cycle. The DMAI rormslily responds by placing the eonlents of the irternupt vector registe’ on .
the data bus and assertng DTACKN. IACKN 8 not gerviced o the DMAI has not gomrllod ah ntermup:
request.

Bus Request: Active low, cpen coliector. BRN ig asseried by the DiAI 1o reques! cwnership of the bus aher
2 DMA reques! is sensad on the REON input from the I/0 dewce. R is nagaled when the bus has been

grented (BGN low) and BGACKN has been asseried. or, in burst DMA request mode, il the 170 dewce |

negetes ils reques! a! least one €Iock cycle belore BGACKN © asseried

i
5
|
|
1
l

Bus Grant Active low. BGN indcates 10 tho DMAI taal # i8 10 be the next bus master. This wgnal 15 ongrnated |

by the MPU and propagated va 8 Baisy chain o 6ther pnontzeion mechamism. Aher BGN 1 8589n6C. the
DMAI wants until DTACKN, ASN, and BGACKN have become inactve belore assumng ownership of the bus
by ssserung BGACKN

l




Signencs Microoiocessor Plooucts

Pretrminory Soeciicetior

Direct Memory Access Interface (DMAI)

SCB68430

PIN DESCRIPTION (Continued)

DESCRIPTION

HNEMONIC |PIN NO.| TYPE
BGOUTN 14 (o]
BGACKN 15 70
RERUNN | 23 | 1
REON 22 !
ACKN 20 |0
RDYN 19 |
DTCN 21 e}
DONEN 18 170
OWNN 2 |0
modes
DBENN 1 (e}
Ve 12 1
Vgg 13 ' 1
Vgs 36 l [

Bus Grant Output Active low. Dasy chan output wiuch ia 8sseried by the DMAI when BGN 1 assenes and
the DMAI goos ROt have 8 bus requas! pending.

Bus Grent Acknowledge: Active low, three-slate. Ag 8n inpul. BGACKN iz monitored by the DMAI guning the
bus asbrrauon cytie W gelerrung when il can assume Gwnaership of the bus (BGACKN negated). In DMA |
fmooe. A is 8388ned by tha DMAI 10 ingicate thal d 8 the bus master. Tives-sialed i MPU and IDLE modes |

i
Rerun: Actve low. This mput B 8336ried by erernal errer getect logre 10 indicale B bus error. In DMA mode. |
| the DMAI 810ps Operauon end thvee-siates the data. 80dress. and control bnes. ercept BGACKN. it remains |
halted until RERUNN becomes mnactve. and then re-thes the last bus cycle. If RERLUINN i assened again, the l
i
!
i
i

enough SO that wan glates are nol requirec

Own: Actve low. epen coliector. Thus output is assened by DMAI duning the DMA mode 10 ndicate bus
mastershup. It can be used 10 enadle extemal aodress/aata and control butters. Inactive in MPU anc ID.E

Date Bus Enable: Acuve low. open coliector. Assered by the DMAI when CSN is agsered or when IACKN 15
assened and the DMAI has an mterrupt request pendng. Can be used 10 enable bidrectona! data butters o
D0 - D15, insctve in IDLE and DMA mode.

Power Supply: <5 volit power inpul.
Power Supply: < 1.5 voh power npul.
Ground: Sgnal and power ground mpul.

|
t

DMAI sets the ERR Bt in the status regisier. stops DMA pperation, releases the bus. and miemuplts the CPU .
NeUPLs are onabied, responaing with a spetal interrupl vecior when IACKN 8 asseried. Not montoreo in
MPU and IDLE moses.

DMA Requaest Actve low. This input trom the 170 dewvice requests service from the DMAI and causes the
DMA! to request control of the bus. In burst mooe. the NPyt 1$ leve! sansitve, and the DMAI releases the bus
aher REON 13 negeted and the current DMA cycle 13 compieted. in cycie steal mode. the REON input 1s -
negalve edge thogered. A negalive going eoge Must occwr 8l 1east one clock cycle before DTCN s assenec |
1o accompiish eonunwOUs VaNS!ar Cycles bul POt earer Lthan beginaing of masier cycle '
|

DMA Request Acknowlecge: Actrve low ACKN 13 8ssered by the DMA! 10 indicale that it has gainec the
| bus and the requested bus cycie 1S now deginning 1S assened at the beginming of every bus cycle ater ASN
has been assened. end 15 nefeled a! the enc of every bus cycle

i
Device Resay: Actve low. RDYN 13 assered by the requesung Sevice 10 indicale 10 the DMAI tha! valid cala |
has ether been s10re¢ Or Pul OR the Dus. i1 negeled, nt incicates that the Gala has no! been storec or
presented, causing the DMAI 10 enter wait states RDYN can ba held iow conunudusly if the device 15 tas! ‘
|
]
i
{
i

Device Transfer Compiete: Active low. In DMA mode, DTCN is asserned by the DMAI to indicate 1o the |
device that the requesied date transier 1s complete. On & writa 10 Merory Operation. it Indicales that the oa:a
provided by \he cewice has been successiully stored. On 8 read lrom memory operauon. 1t indicales 1o the
dowice thal the Gala .from memory 15 present on the data bus and should be laiched '

Done: Acuve iow, open collector. As an ovtputl, DONEN 15 assened by the DMAI concument with the ACKN
| output o maicate 10 the oewce that Lhe transier count 15 exhausted and that the DMAI's operaton 15 -
| compietec as & result of that ransler. As an input. if assened by the Gevice before the ransier count became :
zero. # causes the DMAL 10 abon sernce and genarate an snilerup! requesl, if interrupls are enadles I

PIN DESCRIPTION

The Pin Descnpon table describes the fune-
ton of each of the mins of the DMAL Spnal
nsmes enting in "N’ gre active low. AR other
gignais are actve hegh. In the GoSCNDLONS.
‘WMPL mode’ refers 10 the gtate when the
DiiALl i3 che selecied. The 1erm "DMA mode’
refers to the sle when the DMAI assurnes
ownrership of the bus. The DMAI i in the
‘IDLE mode’ at all othar ames.

in this €ata shee! spnals are discussesd using
the terms ‘actve’ and ‘Mactve’ ©f 'asserted’
and ‘negaied’ wwepensent o! whather the

eignal is BCtve in the high (o9 on3) BLate of
the lor (logie 2ero) siate. Reler to tha indmg-
un! gsn Gesenpuons for the gehmston of the
actve lovel ol sach agnal

REGISTERS AND COUNTERS

Register Map

The mierns! accessible repister croganization

of the DMAI i shown in table 1. The loliowing

asles apply to ell regsters

1. A reze ftrom g reserved localon in the
MAD results @ 8 reac from the 'Aull

register’. The mull register returns all ones
tor date ang results in a normal bus cycie
A wrie 10 610 Of thoso IBCaLONS rasulls
n @ ROMAS! bus Cyctle bul o wiie ocours
Unused bits of 8 gefined register are reac
88 ingicated in the register 6esCNPLONS
All registers gre sdoressable as B-bil
quantives. To tacinale operavon with the
68K MOVEP ingtrucuon, sdoresses are
orgered such thal eenan sets O reg:s:
ters Mmay 8lsO be 8CCessal 83 woros of
long words
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The speraton of the DMAI i3 prograrmmed by
emung EonUol words o the apopnate
repisters. Operatonal feedback B proviged
wia 5latus registers which can be read by the
CPU. The conlents of ceriain eonvol and
suanhs regsiers e initislzed en RESET.

To provide compatibility with the ether 68X
tamnidy DMA convoliers. eontrel and siatus

Teble 1. DMA! ADDRESS MAP

bits are mapped in b positons egquvalen! 10
whete (hay are localed in Bhe regster map of
“<he other Bevices. Bits wiuth are usad in the
ether devices But not in the DMAI are as-
signed defautt values. il upward compatibility
o the othe! controliers is requwed. the pro-
grammer shoult Use these delaull vales
when witng the Contel words 1o the reQ:s-

tors, aithough they have no etect in the
DAL wnen a regisier w resd. the cefaul
value & relurmed regarciess of the vaiue usec
when the reQister is prografmed. The delaul
vaiue © ingicated by '(x)° ¢ urwsed it pos-
tions in he regrister fermats, whueh are thus:

vated o bie 2.

12

s T ACRONYM REGISTER NAME MODE AFFECTED BY RESET
66000000 CSR Channel Sutus Regrster R/wW? Yes
6d00000N CER Channe! Error Register R Yes
gdg000010 Reserved

dadg 000011 Reservec

gog000100 DCR Dewvica Conwol Register R/w Yes
g cd0001 01 OCR Operaton Convol Register R/W Yes
¢ 6000110 SCR Seauence Conuol Register R/w* No
¢ o000 11 CCR Cnannel Control Regrster R/w Yes
¢gc001000 Reservecd

¢gdg001001 Reserveo

¢geg001010 MTCH Memory Transier Counter High R/w No
6001011 MTCL Momory Transter Counter Low R/W No
6001100 MACH Memory Adoress Counter High R/W* No
66001101 MACMH Memory Address Counter Miadie High R/W No
gd001 110 MACML Memory Address Counter Miwddie Low R/W No
ge001Y 1 v MACL Memory Acdress Counter Low R/W No
eg018d0d Reserved

dg1000¢c¢ Reserved

geg1Y00100 Reserved

¢¢100 110 VR interrupt Vector Regisier - Norma! R/w Yes
go10019110 Reserved

g6y O001 1 IVR interrupt Vector Register - Emror R/W Yes
601010 ¢¢0 Reserved

gdg101100 Reserved

€60101101 CPR Channe! Pnomy Regster R/w* No
g1 011190 Reserved

gc101 11y Reserved

¢geg11do0dd Reservec

ROTES:

1. AD = 0 for UDSN asserisd. AD = t tor LDSN asseried

2. ‘¢ Gosgnales 6on | care

3. A wme 1 Wus regusier May GoMlorm & BLBWE FESOTUNg BOBraLOn
d.'"unpwg:mmnwummwwmmmmmiuwwm A wAvie B Tus regmier PA3 RO ehel! Or

B DAl

Teble 2. REGISTER BIT FORMATS

DEVICE CONTROL REGISTER

BrTi5 Br7i4

BIT13 arri12 BrTi1

BIT10

BrTes

BITO8

EXTERNAL
REQUEST

MODE NOT USED

©

o= BURST
1=2CYCLE

STEAL

NOT USED
(1

HOT USED
n

HOT USED
‘)

HOT USED
{©

WOT USED

{0)

NOT USED '
©)

*Should be programmed &s ‘0 for SIZE (OCR|5:4]) = 00 and 8s '1' Otherwnse. Wnen resd. the vaiwe of this bit

i OCRI5). .OR.OCR(4)
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OPERATION EOWTROL REGISTER (OCR) .
BITO? BITOS BITO0S Br7o4 BI7o3 81702 BITO BITO0
DIRECTION ] OPERAND SIZE
0= MEM TO | 00 = BYTE
DCR DEV WOT USED 01 = WORD (16 BIT) NOT USED | WROT USED | NOT USED NOT USED
1= DEV 7O {0) ] 10 = LONG WORD" {0) (o) M {0
BEM ' 11 2 WORD (32-BIT)° !

*Long word and 32-bil word modes are not supponed by 68440. 32-bit word mode B PO\ BUPRCMed by 68450.

SEQUENCE CONTROL REGISTER (SCR)

. BIT1S BIT14 BIT13 8712 BIT1 BIT10 BITOS BITOR
| .
ScR NOT USED | NOT USED | NOT USED | NOT UsED | NoT used | moT usep | woT useo | wor used 5
() () (0) © (0) (1) (0) 0 !
CHANNEL CONTROL REGISTER (CCR)
BITO? BITOS BITOS BITO4 BI1703 BITO2 BITO1 BITOC
| | SOFTWARE | INTERRUPT i
START | ABORT ENABLE |
ceR 0=NO NOT USED | NOT USED i 0=NO 0= NO NOT USED | NOT USED | WOT USED |
1= YES (©) ; (0) I 1=YES 1= YES © (© © ]
. J
CHANNEL STATUS REGISTER (CSR)
BIT15 BIT14 BIT13 BIT12 BIT11 BIT10 BITOS BITOR
CHANNEL | NORMAL | READY !
OPERATION | DEVICE ermoR | ClANNE INPUT
csR COMPLETE | TERMINATE | STATE
O ————— 4
0=NO NOTUSED | ©0=KRO | 0=NO 0= NO NOT USED | NOT USED | ©0=LOw
1= YES (0) ! 1= YES ! 1= YES 1= YES (© (0) 1= HIGH |
CHANNEL ERROR REGISTER (CER)
BITO? BITOS BITOS BITO4 81703 81702 BITO" BITOC
| ERROR CODE ;
' i 60000 = NO ERROR i
cER NOT OUSED not‘:sso ! NOT“:.;SED . 01001 = BUS ERROR
© ) 10001 = SOFTWARE ABORT ,
CHANNEL PRIORITY REGISTER (CPR)
BITO? BITOS B8IT0S BIT04 81703 81702 BITO1 BITOO
ePh NOT_USED | MOT USED | NOT USED | NOT USED | NOT USED | NOT USED | NOT USED | NOT USED |
() © | © I © (©) (0 ©) © |

Device Contro! Register (DCR)

{18) External Request Biode

Trug bnt selects whether the DMAI operates m

burst or eycle staal mode.

© Burst mode. Thus mode allows 8 Gevice
10 requas! the vansfer of MulLiple opex-
8nds using conseculve bus cyties. in
this moade the requesi (REON) &ns 5 an
Bcuve iow mput whuch s Bssered by the
cowice 10 reQuest an 8perand tansier

The DMAI services the request by ardi-
trating for the bus. eblarung the bus. and
notfying the penpheral by asserung the
achnowieoge (ACKN) outpul. if the re-
Ques! bne 18 sctive whan the DMAI gs.
gerts ACKN, and rermains actve 8t least
until the DMA! asserts dgevice vanster
cornpiete [DTCN). the DMAI recognaes 8
vahd requas! 1or another aparand. whuch
wnll be vansferred gunng the rext bus
eycie. i the reques! the 8 ReRaIed be-

tore the DMA! sgseris DTCN. the DMA!
relnquishes the bus and waits 10r the
next reques. But the curtent tanster will
be compieled

i Cycle steal mode In this mode. Ihe
Gevice requests an operand ransler by
genaraung 8 faling edge on the reques!
{(REON) tne The DMAI semwces the
requas! by artsvaung for the bus. odlan-
g the bus. and noufying the penpheral
by ssserung the acknowiedge (ACKN)
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eutpul. The request bne must be n the

inacive slate 1o Bl laast one clock cycle

betore 8 request is maoe. Afer g requaest
Rhas been gsseried, i must remam at the
asservon love! for @t teast ene elock
eycie. H another request 8 recenved be-
fore the fws! operend part of g former
reques! © acknowietged, the second
request i Ot recognaed. Nermally, the
DAl will rolinquish the bus BRer servic-
ing 8 valid request However, il the device
@onerates @ Mew reouss! belore the
DiAT asserts DTCN for the iast operand
pan. the DMA! will retain cwnership of
the bus and thet reques! will be ssrnced
beafore the bus 15 relinquished

Operation Contro! Register
(OCR)

[7) Direction
0 Transfer 18 from rmemory 10 Cewvice.
1 Transfer 13 from oewce 1o memory.

{5:4) Operand Size

The programming of these bits determine

whether UDSN, LDSN, or both are generated

gunng the trangfer Cytle anc the incremant by
whith the memory address counter (MAC) is
changed in each transfer gycle.

00 Byte. The operand size is 8 bits. The
MAC 13 incremented by one aher gach
operand tansier. i the LSB of the MAT
15 8 ‘0, UDSN 15 assened dunng the
trangler. It the LSB o' a MAC is 8 '1’,
LDOSN 15 assened gunng the transfer. The
trangler counter cecrements by one be-.
fore each byle i Vansterred.

01 Woid. The operand sue 15 16 biis. The

MAC is :ncremented by two afer each

operand tansier. The vaive of the LSB of

the MAC 18 ignores anc both UDSN ang

LDSN are asseried eunng the transier.

The vansier counter decremants by ene

belore sach word is bansierned.

Long word The operand gize is 32 dits.

The operand is vansiemed as fwo 16-bit

words. The MAC @ incremented by two

afier sach 16-bit word s vansierred. The

10

-value of the LSB of the MAC & ighored

and both UDSN ang LDSN gre asseried
Guring B Yransfer. The vanster eounier
Gacremments by one belore the entire long
word s ransierned. Nole thatl this mode
B not endlemonted in the 68440

11 Double word. The operand size is 32 bits
The oporend i wenslermed as a single
32-bt word. The MAC & mcremented by
fowr gfiet sach operand ransier. The
veiue of the two LSBs of the MAC i
ignored (the Al output will always be a
20ro0 in this moce) and both UDSN ang
LDSN gre assenecd gunng the tanster.
The vansier counter gecrements by one
before the double word i3 Vensferred.
Mole thg! thus mooe B ROl iMBlemented

in the 68440 or 68450; it is ;ncluged m the
DAl 0 suppont VME bus eperatons.

Sequence Control Register
(SCR)

This register serves no function in the DMAL
it is nciuted only 1o provide compatidiity wath
the programming tor the 68440 eng 68450
DMA eontoiiers.

Channel Control Reglster (CCR)

[7) Stari Operation

0 Ne stan pending.

1 Stant eperavon. The stan bil B 88t o

infbate operaton of the DMAL The mem-
Ofy 8O00ress counler gnd the memory
trangfer counter shouid have been prevw
ously inualized. ang a!! bits of the chan-
nel staws register (CSR) should have
proviousty been rgsel. The DMAI inuates
opersuon by cleanng any pencing re-
-Quests. cleanng the stan bil. and setung
the channe! actrve bt :n the CSR. The
DMAI is then reaoy 10 recerve requests
for an operaton. The channe! cannol be
glaned it any of the nterna! slatus brs in
the CSR (CSR[15:11)) have not been
cleared.
A panoing slan cannot be reset by a wnite
10 the register. START can be cieared
only by the DMA! when it sians operaton
or by selung the software abonr bi
(CCR[4}).

(4) Software Abort

0 Do not abon.

1 Abon operaton. Sefung thus bit termi.
nates the currant operaton of the DMAI
end places nt in the IDLE state. The
channel operglon complete and error
bits in the CSR are sel, the enanne!
Betve bit in the CSR @ resel. and an
ABORT ERROR eongiion @ s:gnaled in
the CER. Setung thes bt causes a pend-
g slart o Be rese!.

{3) interrupt Ensble

0 itntempus not enabled.

1 Enable intemudis. An mtermupt reques! is
genorsied i the channel operguon com-
Blete bil i the CSR & sl When the
ACKN inpt 8 assened, the DMAI re-
brne the aormal vterrupl vector U the
@rror Bl in the CSR 8 not set or the emrer
terrupt vecior # ermer @ sel

Channe! Status Register (CSR)

A read of thus regisier proviges the Blalvs ol
the DMAL The COC, NDT, end ERR brts can
be cleared by wriling 8 1" 10 the brl posrons
of the register whuch are 10 be cleared. Those
bit posiuons wivch are emtien with a ‘0
remain unatiecied.

{15) Chennel (perastion Complete
Tres bt @ ea! folicwang the ‘terunaton,
enother eutcessiv! ©r nol. of any DMAI

oporalion and ingicates that the DMA rransie:
has compieted. Ths bt must be cleared 10
gtan andther ehanne! eperabon.

{13) Horma! Device Termination

This bit 13 861 when the device termingies I1Ne
DMA! operaton by asserung the DONEN ine
while the gevice was being acknowieogec
Thus bit mus! be ciesrec 1o stan anothe’
ehannal eperauion.

{12) Error

Tres bit 18 used 10 report that the DMALs
opersuon was temunsted oue 10 the occur-
rence of an error. The contivon which caused
the effor can be Celermuned by resding e
channel errof register (CER) This bt mus: be
clesred 10 slar enother channe! operatisn
when this bit s cleared, the CER 15 aisc
ciesreo.

[11) Chennel Active
This it 1 881 8he’ the channe! nas bee~
slaned 8nd remans gel ynul the channe
operalon terrunates. il 15 then gulomanca'y
ciegred by the DMA!L The bit 15 unatiecies by
the wnle operalons

[8) Ready Input Siate

Trs bit reliects the state of the RDYN inoy:
at the ume the CSR s reas The bitisa 'C «f
RDYN is low and 2 "' if RDYN 15 hign Tris
it 15 unatiecied by wrte or resal operations

Channe! Error Register {CER)

{4:0) Error Code

This field incicates the source of error whe-.
an error ig indicates in CER([12). The contents
of thus register are cleared wnen CER[12] 15
claared.

00000 No error.

01001 Bus error. A bus efror occumed dunng
the las! bus cycle generalec by Ihe
DMAL See rerun gascnpuon in OPER.
ATION secuon.

10001 Software aborl. The channel operation
was tertungled by a software abon
command. See CLCR|4).

Channe! Priority Register (CPR)
This regisier serves no tuncuon in the DMAI
il 8 incluged only 1o provitde compatibiity with
the programming for the other BBK family
DidA eonueliers

Memory Address Counter
(MACH, MACMH, MACKL,
MACL)

The 32-bit memory asdress counter B used
10 program the mamory oCsuon wherg the
fre! operand 1o be ranstered 13 10caied oOr IS
o be vansfermed 10, Gepanding on the drec-
ton of vansfer. The counter mus! be imbiai-
2ed pnor 10 beginning the vansier of a block
ol gala 8ng then meremants @omabcally
Sepenting On the Operanc lengih. as Oe-
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- peribed @ the Operaton Control Regsier
gascnplion,

Only the lsast significant 24 bits of the
counter (MACMH, MACML, ang MACL) are
tmpiemenied in the DMAIL The most aignif-
eant byle of the counter, MACH, & prowded
only 10 slicw compatibility with prograrming
©f tho 68440 ang 68450. Writing \o MACH
- has re effect on the DMAI eperation. Rasony
MACH ahways returns H'00'.

Memory Transfer Counter
(MTCH, MTCL)

The 16-bit Memory Vansier Counter programs
the number of opersnds to be Tanstened by
the DMAL The counter fus! be mnalzed
pror 10 beginning the tansfer of 8 block of
data and then decraments once per operand
vansier (regardiess of operand se) unul it
reaches the terminal value of zero. Channe!
pperation then terminates and the COC bnm
the CSR wall be sssenad.

interrupt Vector Register (IVR)
The IVR containg the velue 10 be placed On
the d@ats bus upon receipt of an intemud!
gcknowledge from the MPU. Only the seven
mos! significant bas of the programmaed value
gre used by the DMA! The output vecior from
the DMAI contgins & 2010 In the i8ast signile
gant bit posiuon if a8 normMmal lerminaton ok
eurred (eror bil RO1 38t) 8ng CONWINS & Ohe in
the leas! sigrulicant bit posibon it terminabon
was Oue 10 8n emnor (error bit 88l).

The contents of this register are inflalaed to
H'OF' by 8 resel. The vaive retumed will be
H'OF', regardiess of the 8rTor giate, untl the
regisier is programmed by the MPU.

To provide compalibility with the other 83K
tamily DMA eonvoliers, the VR has two
s6dresses (see table 1). I program compal-
pility is requved, the vaive wrfien 8t e
normal IVR address should have @ 2er0 &S RS
LSB. and the valve wrinen at the eror VA
260ress should be the same but with the LSB
equa! @ ene. .

OPERATION

A DMAI pparstion proceéds in three principg)
phases. During the inializaton phass. Be
MPU configures the channe! contol regisiers.
toads the initie! memory address and tansier
eount and staris the chennel. Duang the
vansier phase, the DMAI eccepls requests
for wansiers from the device, arbirates for
and pcqures cemarship of the bus. and
provides for sagresung snd bus controls for
the transfers. The lerminalion phass ooows
gher the operation i3 complete, when e
DMA! roporis the slatus ©f the operaton

Operation initiation
Aner hawng programmed the eonuel rems.
213, the Memory pOGI88S FEAIG, BNG The

memory gensler coumer, the MPU 8sts the
stan B (CCR[7)). The DMA! niusies the
operaton by clearng any panting requesis.
clsaring the stant bit, and seting the channel
active bit in thae CSR. The DMAI is then ready
to recewe vekd requests for an operalion.

The channs! canno! be staned if any of the
intlernal g1atus bits in the CSR (CSR[15:11))
have not been cleared. An emor i3 RO! 8ig-
naled i Bus condition eccurs. The onty mdica-
tion of this s\ste i3 that the stlan bil remains
g8t in the CCR. A pending stant eannot be
resat by a wie 10 the register. START can be
cleared only by the DMA! when # slans
operaton of by seting the eoftware abon bit
(CCR|[4)).

Device/DMAI Communication
Communicaton batwedn the penphera! de-
vico and the DMAI is accormmogated by five
signal bnes

Request (REQN)

The device makes & reques! for sernce by
asserong the request kne. The DMAI can
ooerate m ether the burs! reques! mode of
the cycle sleaing reques! mode. as Pro-
grammed by the external request mode bil
(DCR[15))

The burs! mode allows 8 device 10 feQuest
the transfer of multiple operands using con-
secutive Dus cycies. In this mode the request
une ig an actve low inpul. The DMAI gservices
the reques! by arbivatng for the bus. obdtain-
ing the bus, 8ng NOUtying the peripheral by
asserung the acknowieoge (ACKN) output. I
the reques! line is aclve when the DMAI
paserts ACKN, and remans actve al least
unt! the DMA! asseris device tansgter com-
piete (DTCN), the DMAI recognizes a vaid
reques! for another operand, which will be
tansferred gunng the nexl bus cycle. If the
requast Ene i negated before the DMAI
asseris DTCN, the DMAI relingquishes the bus
gnd wans for the rexi reguest For long word
wansters (2x 16). the reques! must be as.
goried o\ lsast untl the acknowiedge for the
gacond pan of the operand has been as-
soned.

in the eycle steal mode, the dovice requests
an operand wansier by generating 8 falling
e8ge on the reques! kne. The DMAI services
the request by erbrrating for the bus, oblamn-
ing the bus, and nolfying the peripheral by
assering the echnowiesge (ACKN) outpul
The reques! bno mus! be i the inactive Blate
for ot leas! one ¢tk cycle belore 8 requas!
B made. Ahet a regues! has bsen assened, il
must remain 8! the asseruon leve! for al least
one ciock eycle. H another request is receved
belore the hrst operand pan of a former
reoues! B BChknowieded. the second 1eques!
s not recognized. Normally, the DMA' will
rebnoush the bus eher gorcing 8 vaid
reauest However, il the Gewce gonarales &

Rew reouas! before the DMAI assents DTCN
tor tho last operand parl the DMAI will retan
cemnarship of the bus and tha! reques! wil be
serviced before the bus i3 rebnouishsd

Acknowledge (ACKN)

The DMAI gsseris the echnowietge bne,
which irmplicrlly a8dresses the 8avice making
e requesl. dunng transiers 1o and from the
gavice. The bne May Be used 10 convol
bufienng ercuis berween the dats bus anc
the MAPL bus

Daring burst mode. REON must not be cisas-
sared for iass than one CLK penod plus tour
RC tme constants, where R i3 the value of
e resistor vsed 1o the puliud on BRN and C
has & typical vaiue of 20pF

Ready (RDYN)

Ready i$ B8R BCTVE oW INDUL which 1S 2SS8M6C
by the requesung Gewice to ¢xdicale 10 the
DMAI that vahd Gale has enner been siored
or put on the bus I ReQatec R makcates tha:
the dala has no! been slored or Presantec.
causing the DMAI 10 enter wan glales unul
ADYN 13 assenec. RDYN can be helo low
continuousty f the device is tast enough S0
that wait sta188 &re no! required. The current
slate of 1he ready INput is rehecied in CSR(8)

Done (DONERN)

Done is & bigrectional actve low signal. As
an ouipul it i gssened and negated by he
DMA! concurent with the ACKN outowt of the
last oparand pan 1o moicatlo 10 the oevice
that the memory ransier count i exhausied
and tha! the DMAl's operadon s compieted
as a result of tha! gansfe’.

The DMAI siso moniors the state of the hne
while acknowiedging 8 dewvice |f the cewce
asserts DONEN, the DMAI wli terrunate
operaton sher the tansfer o he cunen:
operand. In this case the DMAI dlears the
ehannel actve bit and sets the channel ope’:
glioh coMPiele 8N ROIMMA! GEWCe teTunalon
bits in the CSR. i both the DMAL and the
device assert DONEN, the dewce tertunauon
B not recognzed. bul the epsrauon G0es
terrenate.

Dovice Transfor Compiete (DTCHN)

OTCN iz an ectve low eutt which 3 as-
sened by the DMAI 1 indicate 1o the Gevice
tha! the requasted dats ransier is compiele
On g wrile 10 Memory Opersuon, it inoicates
tha! ths catd provided by the 6ence has been
successhully siored. On a read from memory
oparaton, il indicates o the 6evcs tha! the
gata from Mmemory is presem on the ¢ala bus
and ghouid be lalched. DTCN s not assened
¥ gsserton of the RERUNN rguAl tenTengies
the bus cycle.

Bus Arbitration

Upon reconing 8 vakd reguest tor 8 transier
from the Gowce. the DMAI wi! arorate 1o
ang ocblain cemearghup of the gystem Dus
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The DMAI indicates that it washes 10 become
the bus Masier by 88sering ns bus reques!
{BRN) eutout. Thus is 8 wire-ORed apns! tha!
trdicates o the MPU thel eome exernal
Govice requiras convol of the bus. Tha pro-
ez8sdr i eflectively at @ lower prionty lave!
than exriernal devices and will rebnguish the
Bus afler 1t has compleled tha last bus cycle it
has sared. The processor puls the bus up
for erterng! erbiration by esserdng ds bus
grent (BGN) output This sgnal may be routed
tvough 8-daisy chain (such as proviged by
the DMAI) or thvough gome olher phonty-
encoced network. When the DMAI making
the bus reques! recerves the bus grant (inth.
cated by ns BGN input bong assened), n 13 10
Do the next bus master. It waits undi 806ress
strobe (ASN), dsta tangier acknowiedge
(DTACKN) anc bus grant acknowledge
(BGACKN) become inactve and then as-
sumes ownership of the bus by asserung #s
own BGACKN ouiput. The DMAI then ne-
gates the BRN oulput and proceeds with the
Gala vransier phase. After this phase 13 com.
pleled. the DMAI relinqurshes bus ownarship
by negatng the BGACKN output

In burst DMA mode, gelecton of an active
tow reques! input atter the DMAI operation
fhas been started will begin the bus artriration
cycle. Howeve: if the Gewice negales ils
requos! a1 least one clock Cycie before the
DMAl assens BGACKN, the DMA!I will negate
s dus reques! and will ROt BsSUMe Ownership
of the bus.

Data Transfers

The aclual transier o dasla berween the
memory end the device otcurs gunng the
data vansier phase. All ransfers occur dunng
8 mngle cycle except in the case of long word
operands, in which case two cycies are used
to vansier the operand as two 16-bil words.
The transfers take place using @ ‘single
godrass’ protocol the DMAI sddresses the
memory via the bus address Enes. wisle the
Bevice is implicitly addresgsed via the acknowl-
egpe eutput

. When B reques! 8 generated using the fe--

auel! method programmad i the control
register, ‘the DMA! eblaing the bus and as-
gens acknowiedge to notify the device that o
wansfer i 1o take place. The DMAI assers all
$83000 bus convol signals mseded lor the
transfer and holds them untl the device
responds with ready. The bus eycls then
termingles normally. Ready may Be uad low
(asserted) il the device @ (ast ensuph.

When the transier i3 from memory 1© the
Govice, gal is valhid when DTACKN i as-
geried by the mamory Bnd remains valid until
the dats svoba(s) bre negeted. The asseruon
o! DTCN tiom the DMAI can be uess 10 latch
e data. 82 the dals sUebos &re NO! rermoved

wAt! ens-hall eiock afier the asserton of
DTCN.

wWhan the transfer is from device o memory,
the gal2 must be valid on the bus belore the
DAl gsseris the dala sirobe(s). The device
ingicates velid gata by asserting resdy. The
DiiA! then asserts the stobes and holds
them asseried unlil the MemMory aEoepts the
data, intheated by the asseruon of DTACKN.
The DMA! then asseris DTCN end negates
the gai strobes.

Flow chants lor these 6perations 8re shown in
figures 1 and 2. Refer o the timing secuon for
the equivaien! brung Giagrams.

Operation Termination
Termunation of the dlock trangier ocours un-
ger the conchuons detailed below.

Terminal Count

As pan of each transfer of an operand. the
DMAI decrements the memory transier
counter. If thug counier i decremented 10
zero. the operand is the last eperand of the
biock. The DMAI operation 1 complete and 1
notties the device of completion by asserting
the DONEN output dunng the last operand
transier cycle. When the transfer has been
compleied, the channe! actve bil in the CSR
is clesred and the COC bit i3 el uniess an
OrTOr OSEUrs.

Device Termination

The OMA! monitors the slate of the DONEN
hne while acknowledging 8 device transier
request If the dewce assens DONEN, the
DMA! will terrungte operauon gher the vans.
fer of the current operand. When the transter
has been completed. the DMAI cisars the
channe! acive bil and sets the COC and
normal dewice terrenation bits ¢ the CSA. It
Botn the DMA! and the Gevice assen DONEN,
the Gevice 1erMuNaton B ROL recopnized, bul
the cperalion @oes lerminate.

Boftware AboR

The softiware abor bit (CCR(4)) alicwrs the
BMPU 10 aborl the aurTent eperation o! the
DAL The COC and errer bits in the CSR are
sel. the channel active bit in the CSR is
eisared. and an BbOR enor eondition is 8ig-
nated in the CER.

Rerun Eerer

The DMA! provigdes 8 renun input (RERUNN)
to indicatle @ bus exceplion condition.
RERUNN mus! amive pnor 1o ©f in EBiRti-
gence with DTACKN in erder o be recog-
nized. ard tha DAL verilies that the ne has
been stable for two ciock cycies before acung
en it The ecourrence ©! 8 rerun gunng @
DMAI bus cycie terces it 10 termungte the bus
eycie © an Greefly Manne!.

When the ssseruon of rerun is veriliad. the
DMA! glops Bperabon ang thvee-siates the
data. 86cress. 8ng contrel knes, ezcep!

BGACKN, 20 that ft retans gwnarship of the
pus. | remans halled unll rerun becomes
hactve. 8RS then re-tnas the l8s! bus cyctie I
terun @ assered apsin, the DMAI siops DMA
eperauon, 16168865 the bus. sels the enc’
and COC bits in the CSR, clears the acuve b
in the CSRA, eng sets the eror eovs 1n the
CER 10 mgicsie & bus emor

While 5100890¢ 68U 1O B83@MON Of rerun. the
DMAI 6088 Nt genarate afy bus cytles an:
will ROt RONO! BNY rEQUESIS UNLI R 1§ reMOove:
However, the DMAI sull recognes reoues:s

Error Recovery Procedure

Il gn error ooturs dunng 8 DMA vansfer suc”
tha! the DMAI stops the DMA operaud”
MIOMMaLon 13 avaiable 10 1he Operaung sys-
tern 1or 8n Ofror 1eCovery rouune.

The miormgluon availgble 10 the Operan~g
syslem consists ©f the mermory sdoress
COunle’. the Memory ransier counter, anc
the conuol, glalus. and enor registers Tre
DMAI decrements the memory transte’
counte’ betore atternpting 8 DMA operaucr
80 the regisier will contain the count rminus
one of the anempled transfer. The memory
address counter will contgn the agoress &!
which the DMA operauon was anemptec

Rese!

The reset input (RESETN) provices & means
of resetung 8nd iniualizing the DMAL from 2~
exnierna! source i the DMAI 15 3 bus mas:e’
whon rese! 1s recerved. the DMAI relinquishes
the bus. Rese! ciears the conlrol ang enc’
registars. sets all bits o the slatus registe”
except CSR(8) 1o zero. BAY wulatizes tne
interrup! vecior register to M OF

interrupts

The mierrupt enable bit (CCR(3]) celerrmnes
whether the DMA| genersies wterrud! re-
guests. When the bn 8 881 en miermud:
reques! 8 genrerated § the enanne! ooerauch
compigle bit in the CSR i 88l When tre
ACKN nput i gsseried. and the DMAI nas
an inempt requas! pencing. the DMAIL re
arng 2h inlermupt vesier en the dala bus

The inerup!t vectior @sued € the contents o!
the [VR. Ondy the seven most significant bas
of the programmed vakse 8re used Dy the
DAL The vecior from the DMAI conuans &
gero in e LSB posiuon il 8 Rormal terming.
Bon ceourted (error bit hot gel) 2nd contans &
one in e LSB posron il termenauon was oue
© en ermor (error bit sel)

The contents of tus regisie! are invlislzed 1o
H'OF By & resel. The value returmned will be
HOF', 1egardioss of the error siate. ULl the
register 8 programmes by the MPU.

To prowse eompaubitty wath the other 88K
famly DMA egontrollers. the VR has two
socresses (see table V). If erogram comosl-
bty B reaured. the velue wnnen al the
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DAl MEMORY DEVICE
DAl MEMORY D.EVICE .. ‘
initiate Reques!
1. Assert REON
inltisio Request l
1. Agsen REON
] hAequlre Bue .
Aeguire Bus |

-~ Address Memory
. S9! RWN 10 reac
. Place anaress on A1-A23
Agsan ASN
. Agsert UDSN ana/or LDSN
. Asgen ACKN

L_—'—_ﬁ

Presont Data
1. Decoce a0oress
. Piace oats on gata bus
. Assert DTACKN

O

\i
Aequire Data
1. Loac cala
2. Assen RDYN

L~ ]

w N

Terminate Transater
3. Assen DICN
2. Negate UDSN and/or LOSN
8no ASN
3. Nepate ACKN ang DTCN

—

Terminate Cycle
1. Nepste DTACKN

Rellnguish Bus

oo om O

Start Mozt Cyele

oo
Figure 1. Trenafer from Bemory le Device Flowechart

Address Memery
1. So! BWN 10 write
2 Piace 8901088 on AV-A2)
3. Assert ASN
4. Assent ACKN

v

Present Data

1. Place cata on
gata bus

2. Assen RDYN
J

Eneble Data
1. Assert UDSN ano/or LDSN

|

Acquire Dats
1. Decooe aooress
2. Loao gata
J. Assert DTACKN

|

Terminate Transfor
1. Assen DTCN
2. Negate UDSN and/or LDSN
ang ASN
3. Nepate ACKN and DTCN

|

Terminate Cycle
1. Negate DTACKN

1

Relinquish Bus

B O g

Stert Meat Cycle
CZEmrwn

Flgure 2. Transfer from Device te Memory Flowchan
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rormal IVR podress shouid have s zerc s s DESIGN NOTE
LSB. and the veiue wrmen 81 the emor IVR  wnen cisanng the error bit in CSR (bit 12) | B¢ —-D_ BUF DTCN
80dress shouid be the same but with the LSB  grier s DMAI abon dus 1o 8 double RERUNN, rasm |
equal 1 one. ACKN gnd DTCN will both go lew conturtent %
with CSN and DTACKN for ons CLK eycle. Q:D—' paks l
APPLICATIONS To provent the possibility that the device may | ":D..u; aAcEN
Figute 3 dlustates 8 typical inlerconnection  TBInteryet thase signals, it o suggesied that acw -
of the DMAI in 3 BBO0O based Bystem. these spnals be ANDed with CSN (see figure ! :
below). i i
e ,
1 1 !
oiR arwN !
06018 <:> 2w X wo l
EW \[ I
T i SBERN meon vee :
ACKN o '
B 144 ;
88423 ¢ au ¥ et 2or 1 oevice e |
EN e DYCx S tw !
Y DONIR 13 '
OwNN ' Vos o=t !
or Lt s =oF !
1R | !
€N CONTROL
o 1
< 5
CONTROL
UKES
P20 - ' @ 103
Figure 3. DMAI Application Figure 4. Recommended Vgg !
' Test Crrcuit
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ABSOLUTE MAXIMUM RATINGS'

PARAMETER RATING unt |
Suppty vollapes Ver and Vgg =05 10 ¢+27.0 v |
lnput voilage =05 o +55 v ]
Operatng temperature range’ 0o +70 °c '
Siorage temperature -85 10 + 150 °C )

DC ELECTRICAL CHARACTERISTICS ver = 5.0V £5%, Vgg= Figwre 4, T, = 0°C to «70°CY4"
i LTS
PARAMETER TEST CONDITIONS UNIT
. : Bdin dMax
Vi hput low vollage 0.8 v
Vin input high voltage 20 v
Vou Output low vollage loyr = 5.3mA 0.5 v
Vow Output high voltage. lout @ =400uA 2.5 v
all outpuls excep! open collector ouputs®
I input low cunten! Vine 0.4V =400 A 1
[ tnput tugh current Vine 2.7V 20 73
oc Open coliector off state current’ Vour ® 2 4V 20 A
lgc Outou! shon ercurt curren:® | Vee @ max =40 =109 mA
ice Vee supply curent | - 13¢C mA |
lgg Vgg supply current Vee = max 275 ! mA \
NOTES:

1. Svesses above thowe ksted Lnoer ADSCIVIe Maomum Raungs M3y Cause DEManen! 8amege 10 INe 6evica. The B BV ELs rabRg Ol and fuNCLoNna O0DB!IENOA ¢!
the Gewte at these O 8l BNy Other coNOLONs Other Than those NSLaied f 1he Eleclics! Charatiensucs $6CLon Of Uus 82W BNoo! 8 NO! #MDIeC

2 For operoung ol 0iovatles temOeratres T Covice Mus! b Goraled Dased on < 150°C manmum WNCUoN 10MBSYBlNe

3. Peremeiers a0 valht over EpECHEC 10MOBTBNIre rANGe

4. All vollage masswrements are reierenced 10 grount (Veg) For lesung, all esgnals swang betwesn 0.4V and 2.4V enth § Fanarson Ume 0! 20ns Manmurm Al ume
MOANTOMONIS 210 relerenced 8! Pt vorages o 0.8V and 2.0V as appropnate

S IRON. BRN, DONEN. anc OWNN are ooen coliscior cutDvls

€ No more han one GV BACUC DA EDANECIED 10 (POUNC 3l ONe hihe

7. Capscrve les! load B V00DF for all g excest DTON wheeh has & J5pF capaoive test oao

AC ELECTRICAL CHARACTERISTICS Ver =50V 25%, Vgp = Frgure 4, Ta= 0°C 1o +70°C%¢’

TENTATIVE LIMITS !
NO. | FIGURE CHARACTERISTICS 10MHz 125MH; | UNIT |
fAin Meax bin bax
] 8 Al - A7, ASN, RWN, selwup 1o UDSN. LDSN fow © 0 ns
2 L DO-D15 Istate o Fwakd daws rom ASN, CSN, ang UDSN & LOSN iow 10 10 ns
3 5 DTACKN 3-s1ate to fegh from ASN, CSN, angd UDSN or LDSN tow 10 10 ns
4 5 CSN low afier UDSN or LDSN low : 25 25 ns
5 5.6 DBENN tow sher ASN and CSN low | 60 60 ns
6 5 'D0-D15 vakd data from ASN, CSN, and UDSN or LDSN low 100 100 ns !
7 _5 DTACKN low sfier DO - D15 vaid daia =15 | 30 | -15 | 30 ns
8 TT§ T | A1=A?, ASN, RWN or CSN hoid after UDSN and LDSN high ) o ns
] 8 6 DBENN hgh from erther ASN oz CSN high 45 45 ns
10 8 D0-D15 1o 3-glate from UDSN end LDSN high 80 80 ns
11 [ D0 -D15 © #wakd data om UDSN and LDSN high 10 10 . ns
12 58 DTACKN high from UDSN and LDSN high 55 8g s
13 5.6 DTACK 3-sute from either CSN or ASN high 85 es ns
14 6 Al=A7, ASN, RWN pal.® 10 UDSN, LDSN tow 50 50 ne/s !
15 é CSN el before UDSN or LDSN tow 20 20 ns
16 6 DTACKN 3-sale 1o high afier CSN and ASN fow 10 10 s
7 [] D0 -D15 vaid atter UDSN or LDSN low 0 0 ns
18 3 DTACKN lo= from UDSN o LDSN tow 100 100 ns |
19 6 UDSN and LDSN low ome 115 100 rs
20 [ Al = A7 hold sfier UDSN and LDSN hugh 0 [} ns
21 [ ASN, RWN and CSN hold afier UDSN ang LDSN hgh 0 0 ns
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AC ELECTRICAL CHARACTERISTICS (Continued)

TENTATIVE LIMITS I
O, FIGURE CHARACTERISTICS 10MMz 12.5MH2 UNIT |
#in idax in bax ‘
22 6 DO -D18 holg aher UDSN and LDSN migh ° 0 ns |
23 7 DBENN tow from last tow of ASN, IACKN, LDSN €5 &5 ns |
24 7 00 - D7 valig shier last tow of ASN, IACKN, LDSN 105 105 ns !
25 7 DTACKN 3-state 10 hegh afier iast low of ASN, IACKN, LDSN 100 100 fs |
26 7 DTACKN towr gfier last tow of ASN, LACKN, LDSN 110 110 ns
27 7 DBENN tegh afier frst mgh of ASN, IACKN, LDSN 85 55 ns
28 7 00 -D7 hold afier trst fugh of ASN, IACKN, LOSN &0 &0 ng
29 7 D0 - D7 3-state stier frst hugh of ASN, IACKN, LDSN 80 80 ns
30 7 DTACKN high sher first hugh of ASN, tACKN, LDSN 60 60 ns
N 7 DTACKN 3-state afier first fugh of ASN, IACKN, LDSN 85 85 ns |
32 8 BRN hgh from CLK tugh €5 65 ns
a3 8. 11, 12 BGACKN low from CLK low 75 75 ns
34 8. 11, 12 OWNN low from CLK Pigh 75 75 ns
35 B BGACKN high from CLK low . 75 75 ns
36 811,12 OWNN high trom CLK Pugh (load ocependent) 50 50 ns
37 10 REON sel-up belore CLK low 30 30 ns |
a8 10 REON nold ater CLK hugh 20 20 ns
38 10 BRAN low from CLK high 80 80 ns
41 11, 12 ASN, UDSN, LDSN, RWN 3-state to high from CLK low 75 75 ns
43 11, 12 At < A23 to vehd ASN ¢} 0 ns
e 11, 12 ASN fow from CLK hugh €5 €8 ns
45 1, 12 LDSN, UDSN low from CLK high 90 $0 ns
46 11,12 ACKN low from CLK high €5 85 ns
47 11,12 DTACKN set-up 10 CLK high 30 30 ns
48 11,12 RDYN ssi-up to CLK low 30 30 ns
49 11,12 DTCN tow from CLK high 70 70 ns
50 11, 12 ASN hgh from CLK high 75 75 ns
81 1, 12 LDSN. UDSN, tigh from CLK hugh 80 90 ns
52 11,12 DTACKN, RDYN holg after CLK Pigh 0 o] ns
- 11, 12 ASN, LDSN, UDSN, high from DTCN low -20 -20 ns
83 11, 12 ACKN migh from CLK high 50 50 ns
54 11, 12 DTCN hgh from CLK hugh 50 50 ns
85 11, 12 Agdress valid aher CLK low 10 10 ns
- 11, 12 Address valid aher ASN high 0 10 ns
56 11, 12 DONEN (output) low from CLK low 120 120 ns
87 1, 12 DONEN (output) hugh from CLK fugh 50 50 ns
58 11, 12 DONEN (mput) sel-up low belore CLK low 30 30 ns
59 11, 12 DONEN (input) hoid low sfier CLK hugh 0 0 ns
60 11, 12 BGACKN, ASN, UDSN. LDSN, RWN to 3-state from CLK low 75 75 ns
62 11, 12 Al = A23 vaid 10 J-state from CLK high 100 100 ns
&3 12 R/WN low from CLK hugh es 65 ns
64 12 R/WN high from CLK hugh 75 75 ns
85 13 RERUNN sel-up low belore CLK high 30 30 ns
66 - RERUNN hold tow from CLK high 20 20 ns
87 13 Al = AZ] o igle state from CLK low 100 100 ng
8 13 Al= A3 to vehd atier CLK tow 85 as ns
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1749-Z1A

INSTALLATION
The Model 1749 U-Port Adapter consists of Printed Circuit card PC

302529
If the

and Front Panel FP222140.

1749 U-Port is to be installed in place of an existing 1740

D-Port do the following:

1.

Remove the four screws which hold the D-Port to Transmitter
card PC502103.

. Remove the handles and module hold-in screws from the front

panel (These parts will be used for the U-Port).
Separate the D-Port and Transmitter cards.

Remove the half-inch round spacer from the lower front of
the Transmitter card.

Carefully line-up the two 20-pin connectors between the U-
Port PC302529 and Transmitter PC502103 cards and mate
together.

Use three of the four screws removed in step 1 to attach
the boards.

Attach PC302529 to FP222140 with HEX-NUTS on Fiber Optic
Transmitter and Receiver.

Assemble handles and hold-in screws onto FP222140.

PERFORMANCE SPECIFICATIONS

Parameter Condition Min Typ Max Units
Optical Output 50um/.21NA Fiber -21 -14 dbm
Optical Output 62.5um/.29NA Fiber -16 -09 dbm
Optical Output 100um/.3NA Fiber -11 -04 dbm
Optical Wavelength 820 nm
Optical Input 50-100um Core Dia. =29 -08 dbm
Dynamic Range 21 dbm

Input Wavelength 820 nm



STRAP OPTIONS

STRAP
5MHZ/2 .5MHZ

STP2-STP3

MSB

TEST POINTS

DESCRIPTION
These two (2) straps select the serial highway
speed. When selecting either 5 MHZ or 2.5 MHZ
operation, both the transmitter and receiver
strap must be moved. No other adjustments are
required.

These two (2) transmitter symmetry straps com-
pensate for transmitter circuit delay variat-
ions. These straps are set at the factory and
should not need to be moved.

Normally the 2140 SHD puts out 9 Space bytes
for read commands and 13 Space bytes for write
commands. If for some reason the Serial Crate
Controller being driven by the 2140 requires
More Space Bytes installing this strap will in-
crease the Space bytes for both reads and
writes to 16.

Test Points, in the form of holes in the printed circuit card, have
been provided to allow scope probing of strategic points in the
circuitry. A list of these points and a brief description of the
circuit function at each point follows:

TP1

TP2

TP3

TP5

TP6

TP7

TP8

Positive ECL level Manchester data into the
data/clock separator latch.

Ground, a convenient point to ground the scope
probe. The scope probe must be grounded at the
tip when looking at these high frequency sig-
nals.

Positive ECL level data separator clock.

Manchester encoded transmitter data output. The
hole nearest the TP5 label is ground and the
hole next to it is the signal.

Transmitter byte clock. This point can be used
to sync the scope when looking at other test
points.

TTL level 50 MHZ VCO clock.
Delimiter, a high-to-low transition at this

point signals the start of a CAMAC command
sent to the transmitter.



GENERAL DESCRIPTION

The Model 1749 U-Port Adapter uses fiber optic cables to provide
transmission that is immune to electromagnetic interference and
does not cause signal radiation. Being a nearly perfect insulator,
the fiber optic cable allows operation with a high voltage
potential difference between the Serial Highway Driver and the
crates on the highway. The 1749 converts the byte clock and data
signals into a self clocking Manchester encoded signal that is
transmitted optically through the cable. The 1749 is intended for
use with the Model 3939 in-crate U-Port Adapter.

The 1749 normally operates at five megabytes per second. Strap-
selection is provided for 2.5 megabytes per second in mixed systems
where-the "twisted-pair" portion of the highway limits the maximum
speed. Since the limiting factor in a fiber is optical loss and not
data rate, a five megabyte per second rate can be achieved up to
the one kilometer limit, per cable length, of the system.

OPERATION

The Model 1749 U-Port Adapter (UPA) consists of two sections the
Transmitter Section and the Receiver Section.

The Transmitter Section generates a crystal controlled byte clock
and then uses a basic phase-locked loop, locked to the byte clock,
to produce a bit clock 10X the frequency of the byte clock.

Byte data is loaded into shift-register "U1l7" when decade counter
"U6" overflows. Data with a start-bit and a stop-bit attached is
shifted into biphase latch "U30". A differential current amplifier.
is used to switch approximately 65 ma peak-to-peak through the
transmitting LED.

The Receiver Section uses a transimpedance amplifier and three
stages of limiter amplification, to convert current from the PIN
diode to an ECL level, Manchester biphase encoded, data signal. The
biphase data signal is separated into NRZ data and clock signals by
latch "uU42".

Chips "U20", "U21", "U27" and associate gates, form a state machine
which frames incoming bit-serial data into byte-serial data. This
state machine also produces a symmetrical byte clock, a sequencer
clock, and a read clock for the 2140 Serial Highway Receiver card.



