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Am9516A

Universal DMA Controller (UDC)

FINAL

DISTINCTIVE CHARACTERISTICS

Transfer Modes: Single, demand dedicated with bus
hold, demand dedicated with bus release, demand

interleave
16 MB physical addressing range

Automatic loading/reloading of control parameters by

each channel
Optional automatic chaining of operations

Channel interleave operations

Interleave operations with system bus

Masked data pattern matching for search operations
Vectored interrupts on selected transfer conditions
Software DMA request

Software or hardware wait state insertion

Transter up to 6.66 MB/second at 10 MHz clock
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The Am8516A Universal DMA Controller (UDC) is a high
performance peripheral interface circuit for 8086 and 68000
CPUs. In addition to providing data block transfer capability
between memory and peripherals, sach of the UDC's two
channels can perform peripheral-to-peripheral as well as
memory-to-memory transter. A special Search Mode of
Operation compares data read from a memory or peripheral
source to the content of a pattern register

For all DMA operations (search, transfer, and transfer-and-
search), the UDC can operate with either byte or word data
sizes. In some system configurations it may be necessary
to transfer between word-organized memory and a byte-
oriented peripheral. The UDC provides a byte packing/
unpacking capability through its byte-word funneling trans-
fer or transfer-and-search option. Some DMA applications
may continuously transfer data between the same two
memory areas. These applications may not require the
flexibility inherent in reloading registers from memory ta-
bles. To service these repelitive DMA operations, base
registers are provided on each channel which re-iniialize
the current source and destination Address and Operation
Count registers. To change the data transfer direction

GENERAL DESCRIPTION

under CPU control, provision is made for reassigning the
source address as a destination and the destination as a
source, eliminating the need for actual reloading of these
address registers

Frequently DMA devices must interface to slow peripherals
or slow memory. In addition to providing a hardware WAIT
input, the Am3516A UDC allows the user to select indepen-
dently for both source and destination addresses and
automatic insertion of 0, 1, 2 or 4 wait states. The user may
even disable the WAIT input pin function altogether and use
these software programmed wail states exclusively.

High throughput and powerful transter options are of limited
usefulnass f a DMA requires frequent reloading by the host
CPU. The Am3516A UDC minimizes CPU interactions by
allowing each channel to load its control parameters from
memory Into the channel's control registers. The only
action required of the CPU is to load the address of the
control parameter table into the channel's Chain Address
register and then issue a ""Start Chain”’ Command to start
the register loading operation.

The Am8516A UDC is packaged in a 48-pin DIP and uses a
single +5 V Power Supply
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Top View
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Note: Pin 1 is marked for orientation.
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( ORDERING INFORMATION

Standard Products

AMD standard products are avaitable in several packages and operating ranges The order number (Valid Combination) 1s
formed by a combination of: a. Device Number

b. Speed Option (if applicable)

c. Package Type

d. Temperature Range

e. Optional Processing

AMI516A -4 8] C B
I_____,, - e. OPTIONAL PROCESSING
Blank = Standard processing
H B = Burn-in

- —-—————————d. TEMPERATURE RANGE"
C = Commercial (0 1o + 70°C)

—- ¢. PACKAGE TYPE
P = 48-Pin Plasuic DIP (PD 048B)
D = 48-Pin Side Brazed Ceramic DIP (SD 048)
J = 68-Pin Plastic Leaded Chip Carner (PL 068)

——- — b. SPEED OPTION
-4 - 4 MHz
-6 =6 MHz

a. DEVICE NUMBER/DESCRIPTION
Am9516A
Universal DMA Controller

Valid Combinations ] Valid Combinations
AMO516A-4 ‘ Valid Combinations st configurations planned to be
AM9516A-6 BC, BCB, PC C | supported in volume for this device. Consult the local AMD
AMY516A-8 i sales office to confirm availabilty of specific valid
AMI516A-1 o ] combinations, to check on newly released combinations, and

to obtain additional data on AMD's standard military grade

roducts
*This device is also available in Military temperature range. P

“*Prehminary, to be announced.
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MILITARY ORDERING INFORMATION
APL Products

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination)
for APL products is formed by a combination of: a. Device Number

b. Speed Option (if applicable)
. Device Class
. Package Type
. Lead Finish

[ -S> ]

>
o
<
b
>
'
IS
I\

X <
l——i e. LEAD FINISH
C = Gold Leads

--—--— —d. PACKAGE TYPE
X = 48-Pin Sidebrazed Ceramic DIP (SD 048)

- o-- - ——- ¢. DEVICE CLASS
/B = Class B

o

. SPEED OPTION
-4 =4 MHz
-6 =6 MHz (Preliminary)

DEVICE NUMBER/DESCRIPTION
AMIS516A
Universal DMA Controller

Valid Combinations

Valid Combinations list configurations planned 1o be

supported in volume for this device. Consult the local AMD

sates office to confirm availability of specific valid

Valid Combinations combinations, 10 check on newly released combinations, and

AMO516A-4 ] /BXC to obtain additional data on AMD's standard military grade
products.

Group A Tests

Group A tests constst of Subgroups
1,2,3 7, 8,9, 10, 11
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PIN DESCRIPTION

Pin No.

Name

1/0

Description

veo

+5 v Power Supply

26

Vss

Ground

46

CLOCK

Clock

46

CLOCK

{Clock). The Clock signal controls the internal operations and the rates of data transfers It (s usually
derived from a master system clock aor the associated CPU clock. The Clock input requires a high
voltage input signal. Many UDC input signals can make transitions independent of the UDC clock, these
signals can be asynchronous to the UDC clock On other signals, such as WAIT inputs, transitions musl
meet setup and hold requiremanis relative 1o the UDC clock. See the Timing diagrams for details

5-20

ADq - ADys

110

(Address-Data Bus, Three-Stata). The Address Data Bus s a time-muliliplexed, bidrectional, active-
high, three-state bus used for all i/O and memory transactions. HIGH on the bus corresponds to 1 and
LOW corresponds to 0 ADg 1s the least signiticant bit position and ADy5 1s the most significant The
presence of addresses is defined by the iming edge of ALE, and the asserted or requested presence of
dala 1s defined by the DS signal. The status oulpul ines M/I0 and N/5 indicate the type of transaction,
either memory or 1/0 The R/W iine indicates the direction of the transaction. When the UDC is in
control of the system bus, it dominates the AD Bus, when the UDG 1s not in control of the system bus,
ihe CPU or other external devices dominate the AD Bus

The presence of address of data on the ADg - AD 5 bus 1s defined only by ALE and D3 when the UDC
1s not in control of the bus, there is no required relation between the presence of address or data and
the UDC clock This aflows the UDC 1o be used with a system bus which does not have a bussed clock
signal

43

10

{Data Strobe, Three-State). Dala Strobe 1s a bidirectional, aclive-low, three-state signal. A LOW on this
signal indicales thal the ADg - AD15 bus is being used for data transter. When the UDC 1s not in control
of the system bus and the external system is transferring information o or from the UDC, DS is a iming
mput used by the UDC to move data to or from the ADg - ADy5 bus. Data is written into the UDC by the
external ststem on the LOW-to-HIGH DS transition Data s read from the UDC by the external system
white DS 15 LOW There are no timing requirements between DS as an input and the UDC clock; this
alows use of the UDC with a system bus which does not have a bussed clock. During a DMA operation
when the UDC 1s in control of the ststem, B3 is an output generated by the UDC and used by the system
to move data to or from the ADg - ADys5 bus When the UDC has bus control, 1t wntes to the external
system by placing data on the ADy - AD;5 bus bafore the HIGH-to LOW DS transition and holding the
dala stable until after the LOW-to-HIGH transition; while reading from the external system, the LOW-
to-HIGH transition of DS inpuls data from the ADg - AD15 bus into the UDC (see Timing diagram)

41

R/W

170

(Read/Wrnite, Three-State). Read/Wnte 1s a bidirectional, thres-state signal. Read polarity 1s HIGH and
write polanty is LOW. R/W indicates the dala drection of the current bus transaction, and i1s stable
starting when ALE is HIGH until the bus transaction ends {see Timing diagram). When the UDC s not in
control of the system bus and the external system is transfernng information to or from the UDC, R/W s
a status input used by the UDC to determine if dala is entering or leaving on the ADg - AD15 bus during

time In such a case, Read (HIGH) indicates that the system is requesting data from the UDC, and
Write (LOW} indicates that the system is presenting data 1o the UDC. There are no timing requiremenls
between R/W as an input and the UDC clock, iransitions on R/W as an input are only defined relative to
D3 when the UDC s in control of the system bus. B/W s an output generated by the UDC, with Read
incdicating that data 1s being requesled from the addressed location or device the addressed location or
device and Write indicating that data 1s being presented to the addressed location or device Flyby DMA
operalions are a specal case where R/W is vaiid for the normally addressed memory or pernipheral
locations and must be interpreted in reverse by the 'Flyby  penpheral that uses t

33

(Transmit Buffer Enable, Open Drain). Transmil Buffer Enable is an active-low, open drain output When
UDC 1s a bus master, a LOW on this output indicates that the data (s being transferred from the UDC to
the data bus lnes through the buffer. The purpose of this signal is to eliminate bus contenton. When
UDC is not in control of the system bus, these pins floal to three-state OFF

32

{Receive Bufler Enable, Open Drain). Receive Bufter Enable is an active-low, open drain output. When
UDC 1s 1n controf of system bus, a LOW on this output indicales that the data is being transferred from
the data bus lines 1o the UDC through the buffer The purpose of this signal s to eliminate bus
contention. This pin floats to three-state OFF when the UDC s not in control of the system bus.

45

ALE

(Address Latch Enable). This active HIGH signal 1s provided by the UDC to latch the address signals
ADg - ADy5 into the address latch. This pin s never floated

44

p/D

(Pointer/Data). Pointer/Data s an input signal to indicate the information 1s on the ADg - AD15 bus only
when the UDC 1s the bus slave. A HIGH on this signal indicates the information 1s on the AD bus s an
address of the interna! register to be accessed The data on the AD bus is toaded into the Pointer
register of UDC. A LOW on this signal indicates that a dala transter 1s taking place between the bus and
the intarnal register designated by the Pointer register. Note that if a transaction is carried out with R/W
HIGH and P/D HIGH, the contents of the Pointer register will be read

31

M/ 10

{Memory/Input-Outpul, Three-State). This signal specifies the type of transaction. A HIGH on this pin
indicates a memory transaction. A LOW on this pin indicates an )/0 transaction. it floats to lhree-stale
OFF when UDC is not in control of the ststem bus.

30

N/S

{Normal/System, Three-State) This output 15 a Ibree-state signal activated only when the UDC is the
bus master. Normal is indicated when N/5 s HIGH, and System is indicated when N/3 is LOW This
signal supplements the M/TO line and is used to Indicate which memory or 170 space is being accessed.

35

(Byle/Word, Three-State). This output indicates the size of data transferred on the ADg - ADy5 bus
HIGH indicates a byte (B-bit) and LOW indicates a word {16-bit) transter. This output 1s activated when
ALE 1s HIGH and remains valid for the duration of the whole transaction (see Timing diagram). All word-
sized data are word-aligned and must be addressed by even addresses (Ap = 0). When addressing byte
read transaclions, the least significant address bil determines which byte is needed; an even address
spectties the most significant byle (ADg - ADy5). and an odd address specifies the least significant byle
(ADg - AD7) (Note that the higher address specifies the least significant byte!} This addressing
mechanism applies to memory accesses as well as [/0O accesses. When the UDC is a slave, it ignores
the B/W signal and ttis pin floats fo three-state OFF
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PIN DESCRIPTION (continued)

Pin No. | Name 110 Description

42 s ! {Chip Select) This pin s an active low input A CPU or other external device uses CS 1o activate the
UDC for reading and writing of s internal registers There are ne iming requirements betweon the T8
nput and the UDC clnck, the TS input tming requirements are only defined retative to DS, This pin 1s
ignored when JD( & contr yslom hus

34 WAIT | WAIT) This gm 15 an active-low input S\:)w memones ar\d perpheral dcwccs may use WAIT to extend
B8 and RBEN o TBEN durng operation Unlike the CS input. transitons on the WATT input must meet
certain timing requirements relative to the UDG clock See Timing Diagram 4 tor details The wait
function may be disabled usstg a Lontiol bt in the Master Mode register (MMZJ

3 BREQ (Bus Request) Bus Hpquest 1s an ac ive-HIGH signalsignal used by the UDC to oblain control of the bus
from the CPU BREQ hnes trom multiple devices are connected to a pnonty encoder

2 BACK 1 {Bus Acknowledge) BACK 15 an aclive-HIGH, asynchronchronous input, indicaling thal the CPU has
rehnquished the bus and that no higher prionty device bas assumed bus control Since BACK s
internally synchronized by the UDC hefore being used. transtions on BACK do not have to be
synchronous with the UDC clock The BACK inpul s usually connected to the HL DA hine from the CPU
or to Ihe uutput m a prionty du otfur

1 INT O Ume'rrupl Ruqu»“ﬂ ﬂum\ Orainy \r\l( rrupt Rt*qups! 15 an activ \ow output used to Interrupt the CPU Itis
driven LOW whuouver the [P and CIE Wits of the Status Register are set 1t s cleared by UDC after
receving a cinar [ind \,UH’"WdH\i

48 INTACK i ({Interrupt Apknow\udq.:) Immruw Ac k'mwh-r)qu 15 an active-iow input indicating that the request for
interrupt has been granted The UDC witl place a vector onto the AD bus if the No Vector or Interrupt bit
{MM3) 1s reset

- ———
47 RESET | (Reset) Reset s an tve low input 1o dw;ab\p the UDC and clear its Master Mode register
36, 37 DREQ,, DREG; | (DMA Request) The DMA Requast hnes are two active-low nputs. one per channel They may make

transihons independent of the UOC clock and are used by external logic to initiate and control DMA
operalions performed by the UDC

40, 39 DACK;. DACK; O {DMA Acknowledye) The DMA Acknowledge lines are aclive-low outputs, one per channel, which
incicate that the channel s performing a DMA operaton DACK 1s pulsed, held active or held inactive
during DMA operations as programmed in the Channel Mode register For Flowlhru operations. the
penpheral is fully addressed using the conventional 140 addressing protocols and therefore may choose
10 ignore DACK DACTK 15 always output as programmed in the Channel Mode register for a DMA
operation, even when Ihe operaton is inbated by a CPU software request command or as a result of
chairing DACK 15 not output during the chaining operations

38 EOP 1O (End of Process) FOP is an active-low. open-drain. bidirectional signal It must be pulied up with an
external resistor of 1 8 kohm or more The UDC emits an output puise on EOP when a TC or MC
termination occurs, as defined later An external source may terminate a DMA operation in progress by
driving EOP low ECP a}ways applies to the active channel, if no channel 1s active, P 15 ignored

29-27 Avg - Apg O {Upper Address Bus, Three-state)l The A‘s Az3 address hnes are three-state outputs activated only
25 - 21 when the UDC s cantrolling the system bus Combined with the lower 16 address bits appeanng on ADg
through ADqs raspectivaly, this 24.bit inear address aliows the UDC to access anywhere within 16
megabytes of memory

Note: All inputs to the UDC, except the clock, are direclly TTL compatible
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Figure 1. UDC Configurations

PRODUCT OVERVIEW
Register Description

The AmMS516A UDC Block Dragram dlustrates lhe internal
registers. Figure 2 lists each register along with its size and
read/wrile access restrictions. Registers which can be read by
the CPU are either fast (F) or slow (S) readable Fast registers
can be read by a normal CPU I/O operation without additional
wait states Reading slow registers requires multiple wait
states Registers can be written 1o by the host CPU (W) and/or
can be loaded by the DMA channe! itself during chaining (C)
All reads or writes must be word accesses since the UDC
ignores the B/W line in slave mode. It is the responsibility of
the user to supply the necessary external logic If slow
readable registers are to be read.

The UDC registers can be categorized into chip-level registers,
which control the overall operation and configuration of the
UDC, and channel-level registers which are duplicated for
each channel. The five chip-level registers are the Master
Mode register the Command register, the Chain Control
register, the Pointer register and the Temporary register The
Master Mode register selects the way the UDC chip interfaces
to the system. The Command register i1s written to by the host
CPU to initiate certain operations within the UDC chip, such as
reselting the unit. The Chain Control register 1s used by a
channel while it 1s reloading i1s channel-level registers fram
memory. The Pointer register is written to by the host CPU
when the P/D input is HIGH. The data in Pointer register 1s the
address of the internal register to be accessed. The Tempo-
rary register is used to hoid data tor Flowthru Transter/
Transfer-and-Searches

The channel-level registars can be divided into two subcatego-
ries  general purpose registers, which would be found on most
DMA chips, and special purpose registers, which provide
additional features and functionahty. The general purpose
registers are the Base and Current Operation Count registers,
the Base and Current Address regislers A and B and the
Channel Mode register. The special purpose registers are the
Pattern and Mask registers, the Status register, the Interrupt
Vector reqgister, the Interrupt Save register and the Chan
Address register

The internal registers are read or written in two steps. First, the
address of the register to be accessed is written to the Pointer

162

register, when the P/D input s HIGH. Then, the data is read
from or wntten into the desired register, which is indicated by
the Pointer register, when P/D input is LOW. Note thal a read
with P/D HIGH causes the contents of the Poinler register to
be read on AD,; through ADg

Master Mode Register

The 4-bit Master Mode register, shown in Figure 3, controls
the chip-level interfaces It can be read from and written to by
the host CPU without wall states through pins ADg - ADj3, but
it is not loadable by chamning. On a reset, the Master Mode
register 1s cleared ta all zeroes. The function of each of the
Master Mode bits 1s described 1n the following paragraphs

The Chip Enable bit CE = 1 enables the UDC to request the
bus. When enabled, the UDC can perform DMA Operations
and reload regislers |t can always issue interrupts and
respond to nterrupt acknowledges When the Chip Enable bit
is cleared, the UDC 1s inhibited from requesting control of the
system bus and, therefore, inhibited from performing chairung
or DMA operations

The CPU Interlcave it enables interleaving between the CPU
and the UDC

The Warnt Line Enable bit 1s used to enable sampling of the
WAIT line dunng Memory and |/0O transactions. Because the
UDC provides the ability to insert software programmabie wait
states, many users may disable sampling of the WAIT pin to
ehminate the logic driving this pin. The Wart Line Enable bit
provides this flexibiity See the "'Wait States' section of this
document for detals on wait state insertion

The "No Vector on Interrupt’” bit selects whether the UDC
channel or a penpheral returns a vector dunng interrupt
acknowledge cycles When this bit 15 cleared, a channel
receiving an interrupt acknowledge will drive the contents of
s Interrupt Save register onto the ADg - AD15 dala bus while
INTACK 1s LOW If this bit is set, interrupls are serviced in an
identical manner, but the ADg - ADys data bus remains in a
high-impedance state throughout the acknowledge cycle.

Pointer Register

The Pointer register contans the address of the internal
register to be accessed. It can be read from or written to by
the CPU when the P/D line 1s HIGH

Am9516A



i Access Port Address
Name Size Number Type CH-1/CH-2
Master Mode Register 4 s 1 FW 38
Painler Register & bits 1 Fw
Chain-Control Register 10 ats 1 c
Temporary Register 16 tuls 1 D
Command Register 8 bits 1 w 2Ei2C"
Current Address Register - A
Up-Addr/Tag field 14 bits 2 CFW 1418
Lower Address field 16 bits 2 CFW 0A/08
Current Address Register - B
Up-Addr/Tag field 14 bits 2 CFW 1210
Lower Address field 16 bils 2 CFW 02/00
Base Address Regster - A
Up-Addr/Tag held 14 bas 2 CFW 1EANC
Lower Address held 16 bis 2 CFW DE/OC
Base Address Reqister - B
Up-Addr/Tag feld 14 bits 2 CFW 16714
Lower Address lwid 16 hits P CFW 0604
Current Operation Count 1 bits 2 CFW 32/30
Base Operation Count 16 s 2 CFW 3634
Pattern Regisler 16 oits 2 CSW 4A148
Mask Register 16 tats o CSW 4E/4C
Status Regster 16 bits 2 F 2E/2C
interrupl Save Register 16 bits 2 F 2A/28
Interrupt Vector Register 8 bits 2 CSW 5A/58
Channe! Mode Register - HIGH 5 bits 2 Ccs 56/54
Channel Mode Register - LOW 18 bits 2 CSw 52/50
Chain Address Register
Up-Addr/Tag held 10 bits 4 CFW 26/24
Lower Address field 16 s 2 CFW 22/20
Access Codes C = Chan Loadabie
D = Accessible by UD(C channe!
F = Fast Readable
S = Slow Readable
W = Writable by CPU

Note The address of the register to be accessed 1s stored n the Poinler register

"Port addresses of the Command register can be used alternately far both channels except when issuing

a “'set or clear IP' command

Chain Control Register

When a channel starts a chaining operation, it fetches a
Reload word trom the memory location pomnted to by the
Chain Address register (Figure 10). This word 15 then stored in
the Chain Control register. The Chain Control register cannot
be wnitten to or read from by the CPU. Once a channet starts a
chain operation, the channel wil not relinquish bus control
until all registers speciied in the Reload word are reloaded
unless an EOP signal 1s issued to the chip. Issuing an ECP to a
channel during chaining will prevent the chain operation from
resuming and the contents of the Reload Word register can be
discarded.

IMMII‘UZIM’MIMI

Chip Ensble

CPU Iinterieave
Enable

Wait Line Enabile

No Vector on
tnterrupt

DF003470

Figure 3. Master Mode Register

Temporary Register

The Temporary register is used to stage data during Flowthru
transfers and to hotd data being compared dunng a Search or
a Transfer-and-Search The temporary register cannot be
written to or read from by the CPU. In byte-word funneling,

Figure 2. UDC Internai Register

data may be loaded into or from the Temporary register on a
byte-by-byte basis, with bytes sometimes moving between the
low byte of the data bus and the high byte of the Temporary
register or vice-versa See the "Transfer'” section for details.

Command Register

The UDC Command register (Figure 19} 1s an 8-bit wnte-only
register written 1o by the host CPU. The Command register s
loaded from the data on AD7 - ADg; the data on ADy5 - ADg is
disregarded A complete discussion of the commands is given
in the "Command Descriptions' section

Current and Base Address Registers A and B

The Current Address registers A and B (Current ARA and
ARB) are used 1o point to the source and destination
addresses for DMA operations. The contents of the Base ARA
and ARB registers are loaded into the Current ARA and ARB
registers at the end of a DMA operation it the user enables
Base-to-Current reloading in the Completion Field of the
Channel Mode reqgister. This facilitates DMA operations with-
out reloading of the Current registers. The ARA and ARB
regislers can be loaded dunng chaining, can be written 10 by
the host CPU without wait states and can be read by the CPU.

Each of the Base and Current ARA and ARB registers consists
of two words organized as a 6-bit Tag Field and an 8-bit Upper
Address in one word and a 16-bit Lower Address in the other.
See Figure 5. The Tag Field selects whether the address is to
be incremented, decremented or left unchanged, and the
status codes associated with the address. The Tag field also
allows the user to insert 0, 1, 2 or 4 wait states inlo memory or
1/0 accesses addressed by the offset and segment fields.

AmS516A
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The Address Reference Select Field in the Tag field selects
whether the address pertains to memory space or /0 space
Note that the N/S output pin may be erther HIGH (indicating
Normal) or LOW (indicating Syslem) for space. At the end of
each iteraton of a DMA Operation, the user may select to
leave the address unchanged or o mcrement it or 1o decre-
ment «t 1/O addresses, if changed, are always Incremented/
decremented by 2. Memory addresses are changed by 11f the
address points to a byte operand (as programmed in the
Channel Mode register's Operation field) and by 2 if the
address points to a word operand Note that, if an {/O or
memory address 1s used to pont to a word operand, the
address must be even to avod unprediclable results An
address used to point to a byte operand may be even or odd
Since memory byte operand addresses will increment/decre-
menl by 1. they will toggle belween even and odd values
Since /O byte operand addresses will ncrement/decrement
by 2, once programmed to an even or odd value, they will
remain even or odd, allowtng consecutive /(0 operations to
access the same half of the data bus. High bus 1s for even
address and low bus for odd

Current and Base Operation Count Registers

Bolh the Current and Base Operation Count registers may be
loaded during chaiming and may be written to and read from by
the host CPU

Acdress Retersnce Fiakd
00 = System I/Q

01 : System Memory
10 - Normat I/Q

11 = Normal Memory

15 8 7 6

The 16-bil Current Operation Count register (s used to specity
the number of words or bytes to be transferred, searched or
transferred-and-searched  For word-to-word operations and
byte-word funnehng, the Current Operation Count register
must be programmed with the number of words to be
transterred or scarched

Each time « datum is transferred or searched, the Operation
Count register 15 decremented by 1. Once alt of the data s
transferred or scarched, the transfer or search operation will
stop, the Current Operation Count register will contain all
zeroes. and the TC bit in Status Register will be "1 If the
transter or search slops before the Current Cperation Count
register reaches O, the contents of the register will indicate the
number of bytes or words remaining to be transferred or
searched. This allows a channel which had been stopped
prematurely to be restarted where it left off without requinng
reloading of the Current Operation Counlt register

For the byte-to-byle operalions, the Current Operation Count
register should specify the number of bytes 1o be transterred
or searched The maximum number of bytes which can be
specified 1s B4k bytes by setting the Current Operation Count
register to N000

ADDRESS CONTROL FIELD
00 = Increment Address

01 - Decremeni Address
1X . Hokl Address

WAIT CONTROL FIELD
00 - 0 Wait States
01 - 1 Wait States
10 = 2 Wait States

Upper Address (Ay-Agg)

I

11 4 Wait States
3 2 1 0
T T T
TAG [
Lo
Lowsr Addreas (A s-Aq}
DF003390

Figure 4. Address Registers A and B
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Pattern and Mask Registers

The 16-bit Pattern and Mask registers are used n Search and
Transfer-and-Search operations. Both the Pattern and Mask
registers may be loaded by chaining, may be written to by the
host CPU and may be read from by the host CPU, provided
wait stales are inserted, since these registers are slow
readable. The Pattern register contains the pattern that the
read data is compared to. Setting a Mask register bit to "' 1"
specifies that the bit always matches. See the "Search’’ and
"Transfer-and-Search’’ sections for further detals

Status Register

The two 16-bit Status registers, depicted in Figure 5, are read-
only registers which can be read by the CPU without wait
states. Each of these registers reporls on the status of its
associaled channel.

The Interrupt Status Field in the Status register contains lhe
Channel Interrupt Enable (CIE) and Interrupt Pending (I1P) bits
These bits are described in detail in the "interrupt’ section of
this document.

The UDC status field contains the current channel status. The

“channel initalized and waiting for request’” status is not
explicitly stated — it is reflected by Status register bits STyp
through STq being all zero. The ''Waiting for Bus'' (WFB)
stalus will cause bil STyp to be set and indicates that the
channel wants bus control to perform a DMA operation The
channel may or may not actually be asserting BREQ HIGH,
depending on the programming of the Master Mode Chip
Enable bit (MMO) when the channel decided it wanted the
bus See the ''Bus Requesl/Grant” section for details If a
channel completes a DMA operation and neither Base-to-
Current reloading nor auto-chaiming were enabled, the No
Auto-Reload or Chaining (NAC) bit will be set The NAC it will
be reset when the channel receives a "‘Start Chain Com-
mand.” If two interrupts are queued, the Second Interrupt
Pending bit (SIP) will be set and the channel will be inhibited
from further actnaty until an interrupt acknowledge occurs See
the “Interrupt” section for details. Finally, f the channel 1s
issued an EOP duning chaining, the Chaining Abort (CA) and
the NAC will be set These bits are also set when a 'resetl’” is
tssued to the UDC The CA bit holds the NAC bit in the set
stale. The CA bit 1s cleared when a new Chan Upper Address
and Tag word or Lower Address word is loaded into the

channel
]

Am3516A




The Hardware Interface Field provides a Hardware Request
{HRQ) bit which provides a means of monitoring the channels
DREQG input pin. When the DREQ pin 1s LOW. the HRQ bil will
be 1" and vice-versa. The Hardware Mask (HM) bit, when
set. prevents the UDC from responding to a LOW on DREQ
Note, however, that the Hardware Requesl bit always reports
the true (unmasked) status of DREQ regardiess of the setting
of the HM bil

The Completion Freld stores data at the end of cach DMA
operation. This data indicates why the DMA operation ended
When the next DMA operation ends, new data 1s loaded into
these bits overwriting, thereby erasing the old setting. Three
bits indicate whether the DMA operation ended as a result of a
TC, MC or EGP termination The TC bit will be "1 if the
Operation Count reaching zero ended the DMA gperation. The
MC bit will be 1" 1t an MC termination occurrad regardiess of
whether Stop-on-Match or Stop-on-no-Match was selecled
The EOP bit 1s set only when an external EOP ends a DMA
transfer; (t1s not set for EOP 1ssued during chaiming Note that
two or even all three of MC. TC and EOP may be sct if multiple:
reasons exist for ending the DMA operation The MCH and
MCL bits repert on the match state of the upper and lower
comparator bytes, respectively These bits are set when the
associated comparator byte has a match and are resel
otherwise, regardiess of whether Stop-on-Match or Stop-on-
no-Match 1s programmed. Regardiess of the DMA operation
performed. these bits will reflect the comparator status al the
end of the DMA operation These two tits are provided Lo help

INTERRUPT
STATUS ]

determine which byle matched or did not match when using 8-
bit matches with word searches and transfer-and-searches
The three reserved bits return zeroes during reads !

Interrupt Vector and Interrupt Save Registers

Each channel has an Interrupt Vector register and an Interrupt
Save registec The Interrupt Vector 1s 8-bit wide and 1s written
to and read from on ADg - AD7 The Interrupt Save register
may be read by the CPU without wait slates The Interrupt
Vector register contains the vector or identifier to be output
duning an Interrupt Acknowledge cycle. When an interrupt
accurs (1P = 1), ether because a DMA operation terminated or
berause FOP was driven | OW dunng chaining, the contents
of the Interrupt Vector register and part of the Channel Status
register are stored in the 16-bit Interrupt Save register (see
Figure 6)

Because the vector and status are stored, a new vector can be
loader into the Interrupt Vector register during chaining, and a
new DMA operation can be performed before an interrupt
acknowledge cycle occurs {f another interrupt occurs on the
channel before the first 15 acknowledged. further channel
activity 15 suspended

As soon as the tirst clear IP command is issued, the status and
vector for the second interrupt are loaded into the Inlercupt
Save register and Channel Operation resumes. The UDC can
retain only two interrupts for each channel; a third operation
cannot be imtiated untl the first interrupt has been cleared
See the 'interrupt” section for further details

HARDWARE

COMPLETION

I‘S[HI‘C’[‘?I"IWIQIB‘?

[TLLL

CIE - HM
RESEAVED - HRQ ——n]
w» MCH
CA MCL
NAC MC
wFB EoP
Sip A8

INTERFACE
RESERVED STATUS
uocC
STATUS STATUS
N S SN N ‘_j_
I ¢ l >

Figure 5. Status Register
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Figure 6. Interrupt Save Register
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Channel Mode Register

The Channel Mode registers are two words wide. There are 21
bits defined in each Channel Mode register; the other 11 bits
are unused. See Figure 7. The Channel Mode registers may be
loaded during chaining and may be read by the host CPU. CPU
reads of the Channe! Mode register are slow reads and require
insertion of muitiple wait states. The Channel Mode Low word
(bits 0-15) may be written to directly by the host CPU. The
Channel Mode register selects what type of DMA operation
the channel is to perform, how the operation is to be executed,
and what action, if any, 15 to be taken when the channel
finishes.

The Data Operation Field and the Transfer Type field select
the type of operation the channel is to perform. It also selects
the operand size of bytes or words {see Figure 8 for code-
definiion). The different types of operations are described in
detail in the 'DMA Operations'' section. The Fhp bit is used to
select whether the Current ARA register points to the source
and the Current ARB register points to the destination or vice-
versa.

GACK CONTROL ———~———
MASK MATCH

SOFTWARE AEQUEST FIELD
P

o 20|mw|is]?)e

nODOoDDonnE

-

P
~
©

JC MC EOP TC MC EOP TC MC EOP
i e ivre—. o — " ~— —————  —
CHAIN B -C RELOAD INTEARUPY OPERATION
ENABLE EMABLE ENABLE FIELD
FLIP @Y
COMPLE TION FIELD 0. ARA SRC. ARS - DESY

1 - ARA - DEST. ARB - SRC
TRANSFER YYPE FIELD

DFO003420

Figure 7. Channel Mode Register

The Completion Field is used to program the action taken by
the channel at the end of a DMA operation. This field is
discussed In the ""Completion Options' section. The 2-bit
Match Control field selects whether matches use an 8-hit or
16-bit pattern and whether the channel is to stop-on-match or
stop-on-no-match. See Figure 8 and the "'Search’ section for
details. The Software Request bit and Hardware Mask bit can
be set and cleared by software command in addition to being
loaded in parallel with other Channel Mode bits These bits are
described in detail in the "'Imitiating DMA Operations™’ section.

The DACK Control bit is used to specify when the DACK pin is
driven active. When this bit 1s cleared, the channet's DACK pin
will be active whenever the channel 1s performing a DMA
Operation, regardless of the type of transaction. Note that the
pin will not be active while the channel is chaining. If this bit is

set, the DACK pin will be inactive duning chaining, during both
Flowthru Transters and Flowthru Transfer-and-Searches, and
during Searches. but DACK will be pulsed active during Flyby
Transtfers and Flyby Transfers-and-Searches at the time
necessary to strobe data into or out of the Flyby peripheral.
Flyby operations are discussed in detail in the "' Flyby Transac-
tions'' section

DATA OPERATION FIELD
Operand Size
Transaction
Code/Operation ARA ARB Type
Transter
0001 Byte Byte Flowthru
100X Byte Word Flowthru
0000 Word Word Flowthru
0011 Byte Byte Flyby
0010 Word Word Flyby
Transter-and-Search
0101 Byte Byte Flowthru
110X Byte Word Flowthru
Q100 word Word Flowthru
0111 Byte Byte Flyby
0110 Word Word Flyby
Search
1111 Byte Byle N/A
1110 Word Word N/A
101X lilegal
TRANSFER TYPE FIELD AND MATCH CONTROL FIELD
Transfer Type Code | Match Control
Single Transfer 00 Stop on No Match
Demand Dedicated:Bus Hold (03] Stop on No Match
Demand Dedicated/Bus Rulease 10 Stop on Word Malch
Demand Interleave 1" Stop on Byte Malch

Figure 8. Channel Mode Coding
Chailn Address Register

Each channel has a Chain Address register which points to the
chain control table in memory containing data to be loaded
into the channel's reqisters. The Chain Address register, as
shown in Figure 9,15 two words long. The first word consists of
an Upper Address and Tag field. The second word contains
the 16-bit Lower Address portion of the memory address. The
Tag field contains 2 bits used to designate the number of wart
states to be inserted during accesses to the Chain Control
Table.

The Chain Address register may be loaded during chaining
and may be read from and written to by the host CPU without
wail states. If an EOP isssued to the UDC during chaining, the
Chain Address register holds the old address. This is frue even
if the access failure occurred while new Chain Address data
was being loaded, since the old data is restored uniess both
words of the new data are successtully read. Note, however.
that EOPs that occur when chaining and while loading a new
Chain Address cause the new data to be lost.

PROGRAMMABLE WAIT FIELD
00 = 0 Wait States
01 = 1 Wait States
= 2 Wait States
11 = 4 Wait States

DF003430

 —— [
10
15 L] 7 3 2 1 0
Upper Address I I 1AG
Lower Address
Figure 9. Chain Address Register
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DETAILED DESCRIPTION

Any given DMA operation, be it a Transfer, a Search, or a
Transter-and-Search operation, consists of three phases. In
the first phase, the channel's registers are iniakzed to specify
and control the desired DMA operation. In the second phase,
the DMA operation itself is started and performed. The final
phase nvolves terminating the DMA operation and performing
any aclions selected to occur on termination. Each of these
different phases 1s descnbed in detail in the following secticns

Reset

The UDC can be reset either by hardware or software The
software reset command is described in the "Commands™
section. Hardware resets are applied by puling RESET LOW
The UDC may be in control of the bus when a reset 1s applied
BACK is removed internally causing the outputs to go tri-state
it BACK remains BIGH after reset, the UDC will not drive the
bus unless BREQ is active. As soon as BACK goes inactive,
the UDC places the ADg - AD15, Ajg - AD23, R/W, DS, N/5,
M/I0 8/W, TBEN and RBEN signals in the high-mpedance
state.

Both software and hardware resets clear the Master Mode
register, clear the CIE, IP and SIP bits, and set the CA and
NAC bits in each Channel's Status register. The contents of all
other UDC registers will be unchanged for a software reset
Since a hardware reset may have been apphed partway
through a DMA operation being performed by a UDC channel,
the channel's registers should be assumed to contain indeter-
minate data following a hardware reset

The Master Mode register contains all zeroes after a resel
The UDC 1s disabled, and the CPU interleave and hardware
wait are inhibited

Because the CA and NAC bits in the Status register are set by
a resel, the channel will be prevented from starting a DMA
operation until its Chain Address register's Segment. Tag and
Otiset fields are pregrammed and the channel 1s 1ssued a
"Start Chain’” Command.

ubc
CHANNEL

CHAIN ADOR
REGISTER

Channel Initialization

The philosophy behind the Am3516A UDC design is that the
UDC should be able to operate with a mimmum of interaction
with the host CPU. This goal 1s achieved by having the UDC
load its own control parameters from memory into each
channel The CPU has to program only the Master Mode
register and each Channel's Chain Address register. All other
registers are loaded by the channels themselves from a table
located in the System memory space and pointed to by the
Chain Address register. This reloading operation is called
chaining, and the table is called the Chain Control Table.

The Upper and Lower Address fields of the Chain Address
register form a 24-bit address which points to a location in
system memory space Chaining i1s performed by repetitively
reading words from memory. Note that the Chain Address
register should always be loaded with an even Address;
loading an odd Address will cause unpredictable results. The
2-bt Tag field facilitates interfacing to slow memory by
allowing the user to select 0, 1, 2 or 4 programmable wait
states The UDC will automatically insert the programmed
number of wait states in each memory access during chaining.

The Chain Address register points to the first word in the Chain
Control Table This word 1s called the Reload Word. See
Figure 10. The purpose of the Reload Word is to specify which
registers n the channel are to be reloaded. Reload Word bits
1C - 15 are undefined and may be 0 or 1. Each of bits O
through 9 1n the Reload Word correspond to either one or two
regsters in the channel (see Figure 11). When a Reload Word
bitis " 1." 1t means that the register or registers corresponding
to that bit are 1o be reioaded. If a Reldad Word bitis "0, the
register or registers corresponding to that bit are not to be
retoaded. The data to be loaded into the selected register(s)
follow the Reload Word in memory (i.e., the data are stored at
successively larger memory addresses). The Chain Control
Table is a variable length table. Only the data to be loaded are
in the table, and the data are packed together

SYSTEM
MEMORY .
RELOAD WORD
REGISTER ContThoL
DATA TABLE 1
NEW CHAIN ADDR.
RELOAD WORD
CHAIN
CONTROL
AEQISTER
pyed TABLE_2
AFQ03110

Figure 10. Chaining and Chain Control Tables

Am9516A
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CURRENT ARA (2 WORDS)
CURRENT ARB (2 WORDS)
CURRENY OP-COUNT (1 WORD)
BASE ARA (2 WORDS)

BASE ARB (2 WORDS)

BASE OP-COUNT {1 WORD)
PATTERN AKRD MASK (2 WORDS)
INTERAUPY VECTOR () WORD)
CHANNEL MODE (2 WORDS)
[— CHAIN ADDRESS (2 WORDS)

JefrfoleleleTe 1 e

DF003440
Figure 11. Reload Word/Chain Control Register
When the channel is to reload itself. 1t first uses the Chain request the bus and perform transfers. See the description of
Address register contents to load the Reload Word into the the software request command for details.
UDC’s Chain Control register. Next, the Chain Address regis-
ter contents are incremented by two to point to the next word T
in memory. The channsel than scans the Reload Word register EXAMPLE .1
from bit 9 down 10 bit O to see which registers are to be - 'l‘l‘l‘]‘l'l']‘]‘l‘
reloaded. If no registers are specified (bits 9 - 0 are all 0), no CURRENT ARA (2 WORDS)*
registers will be reloaded. If al least one of bits 9~ 0 is set to
"1, the register(s) corresponding to the set bit are reloaded, CURRENT AR (2 WORDS)"
the bit is cleared and the Chain Address register is mcrgment- CURRENT OP COUNT (1 WORD)
ed by 2. The channel continues this operation of scanning the
bits from the most significant to least significant bit position, BASE ARA (2 WORDS)*
clearing each set bit after reloading its associated registers
and incrementing the Chain Address register by 2. If all of bits BASE ARB (2 WORDS)"
9 to 0 are set, all the registers will be reloaded in the order:
Current ARA, Current ARB, Current Operation Count,. . BASE OP COUNT (1 WORD)
Channel Mode and Chain Address. Figure 12 shows two ;:m::;:?;?vf&w&m)
examples ot Chain Control Tables. Example 1 shows the
ordering of data when all registers are to be reloaded. In ///% "“"}',“;7;;’,,‘,””
example 2 only some registers are reloaded. Once the
channet s reloaded, «t is ready 1o perform a DMA operation. CHANNEL MODE (2 WORDS)
Note when loading address registers, the Upper Address and CHAIN ADDRESS (2 WORDS)*
Tag word are loaded first, then the Lower Address word. Also,
the Pattern register is loaded before the Mask register. <4 4
Initiating DMA Operations 1 T
exawpie 2 EOoa0oonnne

DMA operations can be initiated in one of three ways — by
software request, by hardware request and by loading a set CURRENT ARA (2 WOROS)"
software request bit into the Channei Mode register during CURRENT OP COUNT (1 WORD)
Chaining

CHANNEL MODE (2 WORDS)
Starting After Chalning CHAIN ADDRESS (2 WORDS)"
If the scoftware request bit of the Channel Mode register is 1 L

toaded with a ' 1"' during chaining, the channel will perform the
programmed DMA operation at the end of chaining. If the
channel is programmed for Single Operation or Demand, it will
perform the operation immediately. The channel will give up Figure 12. Examples of Chain Control Table
the bus after chaining and before the operation if the CPU
interleave bit in the Master Mode register is set. See the
"Channel Response’ section for details. Note that once a
channel starts a chaining operation by feiching a Reload

Word, it retains bus control at least until chaining of the last ]
register's data is performed. Hardware Requests

DF003450

*Load the Upper Address and Tag Word first, then the
Lower Address Word

DMA operations will often be started by applying a LOW on
Software Requests the channel's DREQ input. The '‘Channel Response’’ section
describes when the LOW DREQ signals are sampled and
when the DREQ requests can be applied 1o start the next DMA
operation after chaining (see Timing Diagrams 1 and 2)

The CPU can issue Software Request commands to start
DMA operations on a channel. This will cause the channel to
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Bus Requé'slr/(;aiﬁrtﬂ

Hefore the UDC can perform a DMA Operation, it must gain
control of the system pus The BREQ and BACK interface pins
provide connectians between the UDC and the host CPU and
other devices, It present, to arbitrate which device has control
of the system bus When the UDC wants to gain bus control, it
drives BREQ HIGH

Some period of time after the UDC drves BREQ HIGH, the
CPU will relinquish bus control and dnve its HLDA signal
HIGH When the UDC's BACK input goes HIGH, it may begin
performing operations on the system bus When the UDC
finishes 11s operation, it stops driving BREQ HIGH

When more than one device 15 used. a prionty encoder and a
prionty decoder are used to decide the bus grant prionty

DMA Operations

There are Ihree types of DMA operations: Transfer, Search.
and Transfer-and-Search Transfers move data from a source
location 10 a destination location Two types of transfers are
provided Flowthru and Flyby. Searches read data from a
source and compare the read data to the contents of the
Pattern register. A Mask register allows the user to declare
“'don’t care'' bils

The user can program thal the search 15 1o stop aither when
the read data malches the masked pattern or when the read
data fails to match the masked pattern This capability is called
Stop-on-Match and Stop-on-no-Match  Transfer-and-Search
combines the two functions to tfaciMate the transferning of
vanable length data blocks Like Transfer. Transfer-and-
Search can be performed n either Flowlhru or Flyby mode

Transfers

Transfers use four of the Channel registers to control the
transter operation' the Current ARA and ARB registers, the
Current Operation Count register, and the Channel Mode
register Channel Mode register bit CMy4 1s called the Flip bit
and 1s used to select whether ARA s to point 1o the source
and ARB s 1o pomt lo the destination or wice-versa The
Current Operation Count register specifies the number of
words or bytes to be transterred

Bits CM3 - Mg in the Channel Mode register program whether
a Flowthru or Flyby transfer is to be performed. Flowlhru
transfers are performed in either two or three steps. First, the
channel outputs the address of the source and reads the
source data into the UDC's Temporary register. In two-step
Flowthru Transter, the channel will then address the destina-
tion and write the Temporary register data to the destination
location The three-step Flowthru operation {1 e , the byle-word
funneling) 1s described later In this section. The source and
destination for Flowthru Transfers can both be memory
locations or both perpheral devices, or one may be a memory
location and the other a penpheral device. The DACK output
for the transferring channel may be programmed to be inactive
throughout the transfer or active dunng the transter. This s
controlled by bit CMyg in the Channe! Mode register

Flyby transfers provide improved transfer throughput over
Flowthru but are restricted to transfers between memory and
penpherals or between two penpherals. Flyby operations are
described in detail in the “Fiyby Transactions'™ section

Transfers can use both byte- and word-sized data. Flowthru
byte-to-byte transfers are performed by reading a byte from
the source and writing a byle to the destination. The Current
Operation Count register must be loaded with the number of
byles to be transferred. Both the Current ARA and Current
ARB registers, If programmed to increment/decrement, will

change by *1 it the register points to a memory space

Am9516A

(TGg, - 2} and by ' 2 if the register poinls to an 1/0 space

(TG =y

Flowthru word-to-word transfers require that the Current
Operation Count specify the number of words to be trans-
ferred Both the Current ARA and Current ARB registers, if
programmed to increment/decrement., will change by +2
regardless of whether the register points to memory or /0O
space

Byte-word funneling provides packing and unpacking of byte
data to taciitate high speed transfers between byte and word
peripherals and/or memory. This funneling option can only be
used In Flowthru mode. Funneled Flowthru transters are
performed in three steps. For transfers from a byte source lo a
word destination, two consecutive byte reads are performed
from the source address. The data read s assembled into the
UDC's Temporary register. In the third step, the Temporary
register data s wrilten 1o the destination address in a word
transter  Funneled transfers from a word source to a byte
destination are performed by first loading a word from the
source: nto the UDC’s Temporary register. The word is then
written out 1o the destination n two byte wntes. For funne!
operations, the byte-orniented address must be in the Current
ARA register, and the word-criented address must be in the
Current ARB register. The Flip bit (CM4) in the Channe! Mode
register 1s used to specify which address 1s the source and
which 1s the destination. When the byte address is to be
incremented or decremented, the increment/decrement oper-
ation occurs after each of the two reads or writes. The Current
Operation Count Register must be loaded with the number of
words to be transferred

In byle-to-word funneling operations, it is necessary 1o specy
which half of the Temporary register {upper or lower byte) i1s
loaded with the first byte of data. Similarly, for word-to-byte
funnelng operations, it s necessary to define which half of the
Temporary register is written out first. Figure 13 summarizes
these charactenstics for both byte-to-word and word-to-byte
funneling operations. The criterion used to determine the
packing/unpacking order 1s based on whether the Current
ARB register 1s programmed for incrementing or decrementing
of the address Note that if the address s to remain un-
changed (1e f bit TG4 in the Tag Field of the Current ARB
register s 1), the increment/decrement bit (bit TG3) stil
specihes the packing order

Search

Searches use five of the Channel registers to control the
operation’ either the Current ARA or ARB, the Operation
Count, the Pattern and Mask registers, and the Channel Mode
register. Channel Mode register bit CM4 15 called the Flip bit
and is used to select either Current ARA or ARB as the
register specifying the source for the search. Only one of the
Current Address registers is used for search operations since
there is no destination address required. The Current Opera-
tion Count register specifies the maximum number of words or
bytes to be searched

Search operations involve repetitive reads from the penpheral
or memory until the specified match condition is met. The
search then stops. This 1s called a Match Condition or MC
termination. Each time a read is performed, the Source
address, if so programmed. is incremented or decremented
and the Operation Count is decremented by 1. [f the match
condition has not been met by the time the Operation Count
reaches zero, the zero value will force a TC termination,
ending the search., Searches can also stop due to a LOW
being appled to the EOP interface pin. During a Search
operation, the channel's DACK output will be either inactive or
active throughout the search. This is controlied by bit CMyg in
the Channel Mode register. The reads from the peripheral or
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memary performed during Search tfollow the timing sequences
described n the "~'Flowthru Transactions'' sections.

On each read during a Search operation, the UDC's Tempo-
rary register is loaded with data and compared to the Pattern
register. The user can select that the Search is to stop when
the Pattern and Temporary register contents match or when
they don't match. This Stop-On-Match/Stop-On-No-Match
feature 1s programmed n bit CMy7 of the Channel Mode
register. CMp 1s an enable tor the outpul of the comparator
and allows the MC signal to be generated. A Mask register
allows the user to exclude or mask selected Temporary
register bits from ihe comparison by setting the corresponding
Mask register bit to "'1."" The masked bils are defined to
always match. Thus, in Stop-On-Match, successtul matching
of the unmasked bits, in conjunction with the always-matched
masked bits, will cause the search to stop. For Stop-On-No-
Match, the always-matched masked bits are by dehnition
aexcluded from not matching and therefore excluded from
stopping the search

For word reads the user may select either 8-bit or 16-bit
compares through the Channel Mode register bit CMyg. In an
8-bit, Stop-On-Match, word-read operation, successful match-
ing of either the upper or lower byte of unmasked Pattern and
Temporary registers bits will stop the search. Both bytes do
not have to match. In 16-bit Stop-On-Match with word reads,

all unmasked Pattern and Temporary register bits must match
to stop the search In an B-bit or 16-bit, Stop-On-No-Match,
word-read Search operation, fadure of any bit to match will
terminate the Search operation.

In an 8-bit Stop-On-Malch with byte-reads, the Search will
stop if either the upper or lower byte of unmasked Pattern and
Temporary register bits match. For an B-bit Stop-On-No-Match
with byte reads, failure of matching in any unmasked Pattern
and Temporary register bit will cause the Search to stop. For
8-bit searches, the upper and lower bytes of the Pattern and
Mask register should usually be programmed with the same
data. Failure to set the upper and lower bytes of the Pattern
and Mask registers 1o identical values will result in different
comparison criteria being used for the upper and lower bytes
of the Temporary register. Users failing to program identical
values for the upper and lower bytes can predict the results by
recognizing that in 8-bit Stop-On-Match, the search wil! end if
all the unmasked bits in either the upper or lower bytes match,
and for 8-bit Stop-On-No-Maich, the failure of any unmasked
bit to match wilt end the Search. For accurate predictions, it is
also necessary to know that for word reads the Temporary
register high and low bytes are loaded from ADy5 - ADg and
AD7 - ADg respectively. In byte reads, lhe read byte is
duplicated in both halves of the Temporary register except In
funneling.

Funneling Current ARB Increment/Decrement and
Direction Tag Field Packing/Unpacking Rules
TG4 TG3
Word to-Byte ¢ 0 increment ARB, Write High Byte First
(CMg = 1) 0 1 Decrement ARB, Wite Low Byte First
1 0 Hold ARB, Write High Byte First
1 1 Hold ARB, Write Low Byte First
Byte-lo-Word el 0 Increment ARB, Read tiigh Hall of Word Firsl
{CMy =0) 0 1 Dacrement ARB, Read Low Half of Ward Firsi
1 0 Hold ARB, Read High Half of Word First
1 1 Hold ARB, Read Low Hall of Word First

Figure 13. Byte/Word Funneling

Transfer-and-Search

Transtfer-and-Search combines the operations of the Transter
and the Search ftunctions. The registers used to control
Transfer-and-Searches are the Current ARA and ARB regis-
ters, the Operation Count register, the Pattern and Mask
registers, and the Channel Mode register.

A Transfer-and-Search operation will end when the data
transferred meets the match condition specified in Channel
Mode register bits CM17-CMyg. The Mask and Pattern
registers indicate those bits being compared with the Tempo-
rary register contents, Like Transfers and Searches, Trans-
fers-and-Searches will also be terminated if the operation
count goes to zero or if a LOW is applied to the EOP pin.
Regardless of whether Transfer-and-Search stops because of
a TC, MC or EOP, it will always complete the iteration by
writing to the destination address before ending (writing twice
for word-1o-byte funneling).

tn Flowthru mode, the Transfer-and-Search timing is identical
to Flowthru Transfer. While the data is in the Temporary
register, it 1Is masked by the Mask register and compared to
the Pattern register. For word Transfer and Transfer-and-
Search, the high and low bytes of the Temporary register are
always written to and read from AD4s - ADg and AD7 - ADg
respectively. For byte Transfer and Transfer-and-Search, the
byte read is always loaded into both halves of the Temporary
register, and the entire register is driven directly out onto the
ADys - ADg bus. Transter-and-Search can also be used with

byte word funnehng in funneling, the match i1s an 8-bit match
or 16-bit match as determined by the setting of bit CMyg.

Fiyby Transfer-and-Search can be used to increase through-
put for fransfer between two peripherals or between memory
and a peripheral. Memory-to-Memory Flyby is not supported.
Also, in Flyby, the operand sizes of the source and destination
must be the same, funneling is not supported. A complete
discussion of Flyby timing is given the "'Flyby Transactions"
section. During a Flyby Transfer-and-Search, data is loaded
into the Temporary register to facilitate the comparison
operation, and at the same time, data is transferred from the
source to the destination. When byte operands are used, data
is loaded into both bytes of the Temporary register, from the
AD1s - ADg bus if the Current ARA register is even and from
AD7 - ADg line it the Current ARA register is odd. This will
alternate for memory bytes so the user must drive both halves
of the bus 1o use the search. When word operands are used,
data is loaded directly from ADq5 - ADg and AD7 - ADp into
the Temporary register's high and low bytes respectively

Channel Response

Channel Mode register bits CMg - CMsg select the channel's
response o the request to start a DMA operation. The
response tails into either of two types: Single Operation or
Demand. There are three subtypes for Demand operations:
Demand Dedicated with Bus Hold, Demand Dedicated with
Bus Release, and Demand (nterleave. To make discussions
clear, it is necessary to define the term ''single iteration of a
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DMA operation.” For Search operations, one iteration consists
of a single read operation and a comparison of the read data
to the unmasked Pattern register bits. The Operation count will
be decremented by 1, and the Current Address register used
incremented or decremented if so programmed. For Transfer
and Transfer-and-Search operations, a single iteration com-
pnses reading a datum from the source, writing it to the
destination, comparing the read datum to the unmasked
Pattern register bits (Transfer-and-Search only), decrementing
the Operation count by 1 and incrementing/decrementing the
Current ARA and ARB registers if so programmed. In byte-
word funneling, a single iteration consists of two reads
followed by a wrnte (Byle-to-Word funneling) or one read
followed by two writes {Word-to-Byte funneting). In all Transfer
and Transfer-and-Search cases, the iteration will not stop unti
the data in the Temporary register is written to the destination.
See Appendix B for fiowchart.

Single Operation

The Single Operation response 1s inlended for use with
peripherals which transfer single bytes or words at irreguiar

*TIMING DIAGRAM 1. Sampling DREQ During Single Transfer DMA Operations
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OMA ITERATION

e

(WOTE 1)

e

intervals. Each application of a Software request command
will cause the channel to perform a single iteration of the DMA
operation. Similarly, f the Software request bit 1s set by
chaming, at the end of chaining the channel will pertorm a
single iteration of the DMA operation. Each apphication of a
HIGH-10-LOW transition on the DREQ input will also cause a
single iteration of the DMA operation [f the Hardware mask bit
15 set when the transition 1s made, the iteraton will be
performed when the mask is cleared, providing the DMA
operation has not terminated. See the Set/Clear Hardware
mask bit command for details. Each time a Single Operation
ends, the channe! will give up control of the bus unless a new
transition has occurred on DREQ The new transtion can
occur anytime after the HIGH-to-L OW ALE transition of a read
or Flyby memory or 1/0 access of the DMA iteration. Timing
Diagram 1 shows the times after which a new transition can be
apphed and recognized to avoid giving up the us at the end of
the current iteration

LAST ACCESSOF = = [
DMA TERATION
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]
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t
‘3-—-—1,0?{044{@

WF007460
Notes: 1. HIGH-to-LOW DREQ transitions will only be recognized after the HIGH-to-LOW transition of the clock
during Ty of a read or flyby DMA iteration.
2. A HIGH-to-LOW DREQ transition must meet the conditions in Note 1 and must occur TsDRQIc)
before state T3 of the last access of the DMA iteration if the channel i1s to retain bus control and
immediately start the next teration. DREQ may go HIGH before TsDRQ(c) if it has met the TwDRQ
parameter
3. Flyby and Search transactions have only a single access. parameter TsDRQ(c) should be referenced
to the start of Tq of the access. All other operalions will always have two or lhree accesses per
iteration
‘See Appendix D for timing parameters
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TIMING DIAGRAM 2. DREQ Sampling in Demand Mode

(a) Sampling of DREQ while in Bus Hold Mode
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{b) DREQ Sampling in Demand Mode During DMA Operations
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request 15 recognized.
2. Falure to meet this setup tme will result in the channe! releasing the bus
3. Ts 1s a selup state. generated betore entering DMA aperation cycle

Notes' 1 DREQ must be LOW trom the start of TsDRQ(c) to the end of ThOREQI(c) to ensure that the \
|

4 TAUz, TAUj and TAU4 are auto-reload states, followed by TCD (rham decision) stale \
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Demand Dedicated With Bus Hold

In Demand Dedicated with Bus Hold {(abbreviated Bus Holdj.
the application of a Software request command or the setting
of the software request bit during chaining or applying a LOW
level on the DREQ input will cause the channel to acquire bus
control

if DACK is programmed as a level output (CMyg = 0), DACK
wilt be active from when the channel acquires bus control to
when 1t relinguishes control. A Software Request will cause
the channel to request the bus and perform the DMA
operations untd TC, MC or EQOP

Once the channel gains bus control due to a LOW DREQ
level, it samples DREQ as shown in Timing Diagram 2. If
DREQ 1s LOW, an iteration of the DMA operation s pertormed
It DREQ is HIGH, the channel retains bus control and
continues to drnive all bus control signals active or inactive, but
performs no DMA operation Thus the user can slart or stop
execution of DMA operations by modulating DREQ. Once TC,
MC or EOP occurs, the channel will either release the bus or, if
chaining or Base-to-Current reloading 1s to occur, perform the
desired operation After chaining or Base-to-Current reloading,
if the channel s still in Bus Hold mode and does not have a set
software request bit (set either by chaining or command), the
chanrel will relinquish bus contral uniess a LOW DREQ level
occurs within the time limits

Demand Dedicated With Bus Reiease

in Demand Dedicated with Bus Release {abbreviated Bus
Release), the application of a Software Requesl will cause the
channel to request the bus and perform the programmed DMA
operation until TC, MC or EOP. If the channe!l was pro-
grammed for Bus Release and the software request bit was
set during chaining. the channel will start the DMA operation
as soon as chaning ends, without releasing the bus and will
continue performing the operation until TC, MC or EOP

When an active LOW DREQ s applied to a channel pro-
grammed for Bus Release, the channel will acquire the bus
and perform DMA operations: (a) untl TG, MC or EOP or (b)
untii DREQ goes inactive. Timing Diagram 2 shows when
DREQ is sampled to determine if the channel should perform
another cycle or release the bus. Note that this sampling also
occurs on the last cycle of a chaining operation. If a channel
has an active DREQ at the end of chaining, it will begin
performing DMA operations immediately, without releasing the
bus. When a TC, MC or EOP occurs, terminaling a Bus
Release mode operation, the channel, if enabled for chaining
and/or Base-to-Current reloading, will perform reloading and/
or chaining (assuming the Status register's SIP bad is clear)
without releasing the bus.

If the SIP bit in the Channel Status register 1s set when a DMA
termination occurs, the channel will relinquish the bus control
until an Interrupt Acknowledge has been received and the SIP
bit is cleared. After an interrupt has been serviced, the channel
will perform the Base-to-Current reloading and/or chaining if
enabled for the termination.

If an active request is not applied and the channel is in
Demand Dedicated with Bus Hold, the channel will go into
state THLD (see Timing Diagram 2(a)). if an active request is
not applied and the channel is in Demand Dedicated with Bus
Release or Demand Interleave mode, it will release the bus.
Note that even if an active request is applied in Demand

interleave. the channel may sull release the bus The request

for Demand Interleave should continue to be apphed to ensure
that the channel eventually responds to the request by
acquiing the bus (1o, the request s nol iatched by lhe
channel)

Demand Interleave

Demand Interleave behaves in ditferent ways depending on
the setting of Master Mode register bit MM. {f MM s set. the
UDC will always relinquish bus control and then re-request it
after each DMA iteration. This permits the CPU and other
devices to gain bus control. If MM is ctear, control can pass
from one UDC channel o the other without requinng the UDC
to release bus control. If bolh channels have active requests,
control will pass to the channel which did not just have control
For instance if MM s clear and both channels have active
requests and are :in Demand Interleave mode, control will
toggle between the channels after each DMA operation
tteration and the UDC will retain bus control until both
channels are fimshed with the bus. if MM is set and both
channels have active requests and are in Demand Interleave
maode, each channel will relinquish control to the CPU after
each iteration resulting in the following control sequence
channel 1. CPU, channel 2, CPU, etc. Note that if there are
other devices on the bus, they may gain control during the part
of the sequence labelled CPU. See Appendix B for flowchart

A software or hardware request will cause a channel pro-
grammed for Demand interleave to perform interleaved DMA
operations until TC, MC or EOP. If the Software request bit i1s
set during chaining, the channel will retain the bus after
chaining and will immediately start performing a DMA ileration
and will interleave all DMA iterations after the first. {f DREQ is
LOW on the last cycle dunng chaining, the channel will
perform a single iteration immediately after chaining and
intericave thereafter until: (a) TC, MC or EOP or (b) DREQ
goes HIGH. {f (b) occurs, the channet will reiinquish the bus
until DREQ goes LOW again and the channel again starts
performing interleaved operations. If (a) occurs, the channel
will not interleave before first performing chamning and/or
Base-to-Current reloading (assuming SIP is cleared)

The waveform of DACK is programmed in Channel Mode
Register (CM1g). The Pulsed DACK is for flyby transaction
only. See Timing Diagram 3. Note: This figure shows a single
Search or Flyby iteration. State TWA is optionally inserted f
programmed. For more than one iteration, the level DACK
output would stay active during the time the channet had bus
control. When CMyg is set, the DACK output will be inactive
for all nonflyby modes

Wait States

The number of wait states to be added to the memory or I/0
transfer can be programmed by the user as 0, 1. 2 or 4 and
can be separately programmed for the Current Address
registers A and B and for the Chain Address register. This
allows different speed memories and pernipherais to be associ-
ated with each of these addresses. The Base Address
registers A and B also have a Tag Field which is loaded into
the Current ARA and ARB registers during Base-to-Current
reloading. Because many users ulilizing the software program-
mable wait states will not need the ability to generate
hardware wait states through the WAIT pin, the wait function
can be disabled by clearing the Wait Line Enable bit (MM3) in
the Master Mode register

Am9516A

2-173



TIMING DIAGRAM 3. DACK Timing
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Notes: 1. Level DACK RE occurs as shown if aulo-reloading is not programmed: otherwise, it stays LOW for

2. This extra DACK pulse occurs only at EOP. It should be used to distinguish which channel got the

During DMA transactions, the WAIT input is sampled in the
middle of the T state. If WAIT is HIGH, and 1f no programma-
ble wait states are selected, the UDC will proceed to state Tj.
Otherwise, at least one wait state will be inserted. The WAIT
line is then sampled in the middle of state TWA. If WATT is
HIGH, the UDC will proceed to state T3. Otherwise additional
wait states will be inserted. {See Timing Diagram 4.)

Consider what happens in a transaction when both hardware
and software wait slates are inserted. Each time the WAIT line
is sampled, if it is LOW, a hardware wait state will be inserted
in the next cycle. The software wait slate insertion will be
suspended until WAIT is sampled and is HIGH. The hardware
wait states may be inserted anytime during the software wait
state sequence. It is important to know that hardware wait
states are served consecutively rather than concurrently with
software wait states. For example, assume for a Flowthru 110
Transaction that a user has programmed 4 software wait
states. Driving a LOW on the WAIT input during T2 for 2 cycles
would insert 2 hardware wait states. Driving WAIT HIGH for 3
cycles would allow insertion of three of the four software wait
states. Driving WAIT LOW for 2 more cycles wouid insert 2
more hardware wait states. Finally, driving WAIT HIGH would
allow the final software wait state to be inserted. During this
last software wait state, the WAIT pin would be sampled for
the fast time. It it is HIGH, the channel will proceed to state T3.
If the pin is LOW, the channe! will insert hardware wait states
until the pin goes HIGH and the channel would then enter
state T3 to complete the 1/O transaction.

DMA Transactions

There are three types of transactions performed by the
Am3516A UDC: Flowthru, Flyby and Search. Figures 14 and
15 show the configurations of Flowthru and Flyby Transac-
tions.

Flowthru Transactions

A Flowthru Transaction consists of Read and Write cycles.
Each cycle consists of three states: Ty, Tp, and T3 as shown

in Timing Diagram 5. The user may select to insert software
wait states through the Tag fields of the Current ARA and ARB
registers. In addition, if Master Mode register bit MMy = 1,
hardware wait states may be inserted by driving a LOW signal
on the WATT pin.

The M/IO and N/5 tines will reflect the appropriate level for
the current cycle early in Ty. The TGg and TGy bits of the
current ARA and ARB registers should be programmed
properly. The ALE output will be pulsed HIGH to mark the
beginning of the cycle. The offset portion of the address for
the peripheral being accessed will appear on ADg-AD5
during Ty. The R/W and B/W lines will select a read or write
operation for bytes or words. The R/W, N/3, M/I0 and B/W
lines will become stable during T1 and will remain stable until
after Ts.

1/0 address space is byte-addressed, but both 8- and 16-bit
data sizes are supported. During 17O transactions the B/W
output signal witl be HIGH for byte transactions and LOW for
word transactions. For 1/0 transactions, both even and odd
addresses can be output; hence, the address bit output on
ADg may be C or 1.

The channel can perform both 1/O read and 1/0 write
operations; the M/10 line will be LOW. During an 170 read, the
ADg - ADqs bus will be placed in the high-impedance state by
the UDC during T,. The UDC will drive the DS output LOW to
signal the peripheral that data can be gated onto the bus. The
UDC will strobe the data into its Temporary register during T3.
DS will be driven HIGH to signal the end of the /O
transaction. During 1/O write, the UDC will drive the contents
of the Temporary register onto the ADg - AD15 bus and shortly
after will drive the DS output LOW until T3. Peripherals may
strobe the data on AD bus into their internal registers on either
the falling or rising edge. If the peripheral is to be accessed in
a Flyby transaction also, data should be written on the rising
edge of DS only
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TIMING DIAGRAM 4. WAIT Timing
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Figure 14. Configuration of Flowthru Transaction

Figure 15. Configuration of Flyby Transaction

For byte 1/0 writes, the channe! will drive the same data on
data bus lines ADg - AD7 and ADg - AD4s. During byte 1710
reads when the address bit on ADg s 0, the UDC will strobe
data in from data lines ADg -~ AD¢s. During byte 1/0 reads
when the address bit on ADg is 1, the UDC wili strobe data in
from data lines ADg - AD7. Thus, when an 8-bit peripheral 1s
connected to the bus, its internal registers will typically be
mapped at all even or ail odd addresses. To simplify accesses
to B-bit peripherais, byte oriented |/O addresses are incre-
mented/decremented by 2.

The channel can perform the /O read and memory write
operation, the memory read and 1/O write operation, and the
memory read and memory write operation, also. The timing tfor
all Flowthru transactions 1s the same.

Dunng chaining operations the UDC reads words from an
address in System memory pointed to by the active channel's
Chain Address register. Those chaining operations are per-
formed identically to the Flowthru memory read transactions,
except that the data is loaded into an internal UDC channel
register rather than the Temporary register. Note that chaining

never causes a write or a byte read; thus, all memory writes or
all byte accesses are due to DMA operations. A typical
memory operation consists of three states: Tq, To, and T3, as
shown in Timing Diagram 5. The user may select to insert 1, 2
or 4 software wait states after state T, and before state T3 by
programming the Tag field of the Current Address register or
the Chain Address register. If the Wait Line Enable bit in the
Master Mode register is set, the user may also insert hardware
wall states after state T and before state T3 by driving a LOW
on the WAIT lne. The operation of Flowthru memory transac-
tions is performed identically to the Flowthru /O transactions.
(See Timing Diagram 5.)

Flyby Transactions

Fiyby Transfer and Flyby Transter-and-Search operations are
performed in a single cycle, providing a transfer rate signifi-
cantly faster than that available from Flowthrus. In Flyby,
operations can only be performed between memory and
peripheral or between peripheral and peripheral. Memory-to-
Memory operations cannot be performed in Flyby mode; these
must be done using Flowthru.

Am9516A
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TIMING DIAGRAM 5. Flowthru Transactions
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The Flyby Transaction can only be used with penpherals
having a special Flyby signal tnput or with external logtc. This
Fiyby input is connected to the channel's DACK output. For
memory-peripheral Flyby, the address of the source memory
location must be programmed in the Current ARA register. The
Current ARB register must be programmed with the destina-
tion memory location for pernipheral-memory Flyby. For Flyby
peripheral-to-peripheral transaction, if both peripherals have a
Flyby input, only one (called "flyby penpheral''} should be
connected to DACK; the other penpheral's Flyby input should
be held high during the Flyby operation The address of the
peripheral (called "' non-flyby penipheral’') not connected to the
channel's DACK output should be programmed in the Current
ARB register when it is a destination. When the non-flyby
peripheral (s a source, its address should be programmed in
the current ARA register Note that a set Flip bit (CMy = 1) s
for Flyby peripheral to Non-Flyby peripheral or Memory Write
transaction (defined as ''From Flyby Transaction™) and a
clear Flip bit (CM4 =0) is for the memory or non-flyby
peripheral read to Flyby peripheral transaction (defined as "' To
Flyby Transaction'’)
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A Flyby operation i1s performed using three states: Ty, Ty, and
Ta. During Ty the channel pulses ALE and outputs the address
information. See Timing Diagram 6. The R/W line is HIGH for
"To Flyby" Transaction, and the R/W ling is LOW for "“From
Flyby'" Transaction

The channel's M/I0 and N/S lines are coded as specified by
the Current ARA or ARB Tag field. The B/W line indicates the
operand size programmed in the Channel Mode register
Operation field. Dunng state Ty the channel dnives R/W hine to
indicate the transaction direction. Dunng state Tp the channel
drives both DS and DACK active. The Flyby Penpheral
connecled to DACK inverts the R/W signal to delermine
whether it s being read from or wntten to (see Figure 17)
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Figure 16. Flyby Peripheral Interface

The pulsed DACK input serves two purposes: to select the
peripheral for the Read/Write, and to provide timing informa-
tion on when to drive data ontc or input data from the
ADg - AD1s bus. Note that because the "Flyby Penpheral”
never gets explicitly addressed by ADg - AD¢5. it must know
which internal register is to be loaded from or driven onto the
ADg ~ AD1s bus. On state T3, the DS and DACK lines are
driven inactive to conclude the transter. In Transfer-and-
Search mode, data is loaded into the UDC's Temporary
register on the LOW-lo-HIGH DS transition to perform the
Search function.

To provide adequate data setup ime, the nsing edge of DS or
DACK should be the edge used to perform the write to the
transter destination. To extend the active time of DS and
DACK, wait states can be inserted between To and Tj.
Software wait states can be inserted by programming the
appropriate code in the Tag fieid of the Current ARA or ARB
registers. Hardware wait states can be inserted by pulling
WAIT LOW if the Wait Line Enable bit in the Master Mode
register 15 set. The WAIT line 1s sampled in the middle of the
To or TWA state

Termination

There are three ways a Transfer-and-Search or Search
operation can end and two ways a Transfer operation can end
When a channel's Current Operation count goes to 0, the
DMA operation being performed will end. This is called a TC or
Terminal Count termination. A DMA operation can aiso be

stopped by dniving the EOP pin LOW with external logic. This
is cailed an EOP termination. Search and Transfer-and-Search
operations have a third method of terminating called Match
Condition or MC termination An MC termination occurs when
the data being Transferred-and-Searched or Searched mests
the match condition programmed in Channel Mode register
tits CMy7 - CMy6. These bits allow the user 10 stop when a
match occurs between the unmasked Pattern register bits and
the data read from the source, or when a no-match occurs
Both byte and word matches are supported. MC terminations
do not apply to Transter operations since the pattern matching
logic s disabled in Transfer mode.

End-of-Process

The End-of-Process (EOP) intertace pin 1s a bi-directional
signal Whenever a TC, MC or EOP termination occurs, the
UDC will drive the EOP pin LOW. During OMA operations, the
EOP pin 1s sampled by the UDC to determine it the EOP is
being driven LOW by external logic. Timing Diagram 7 shows
when internal EOPs are generated marking termination ot all
Transfers. These figures also show the point during the DMA
iteration when the EOP pin is sampled. The generation of
nternal EOPs and samphing of external EOPs for Transfer-
and-Searches follow the same timing used for Transfers
Since there (s a single EOP pin for both channels, ECF should
only be driven LOW by a channel while that channel is being
serviced This can be accomplished by selecting a level DACK
output {CMR1g = 0) and gating each channel's EOP request
with DACK, as shown in Figure 17

If an ECP 1s detected while the channel s trying to reload the
Chain Address register, the new Chain Address Offset and
Segment are discarded and the old address + 2 is preserved
to allow inspection of the erroneocus address.

Programming Completion Options

When a channel ends a DMA operation, the reason for ending
1s stored In the Completion Status Field of the channel's
Status register. See Figure 5. This information s retained until
the next DMA operation ends at which time the Status register
is updated to reflect the reason(s) for the latest termination
Note that it is conceivable that more than one bit in the
Completion Field could be set. An as extreme example, it a
channel decremented its Current Operation count to zero,
causing a TC termination; input data from the source generat-
ed a malch causing an MC termination; and there was a LOW
on the ECP pin resulting in an EQP termination, all three of the
channel's Stalus register completion bits would be set.
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TIMING DIAGRAM 7. EOP Timing

(a) EOP Sampling and Generation During DMA Operations

-—T Ty — = Tie — Taut

o/ /N

TEIOL @ -
INTERNAL

EOP

WF007560

(b) Sampling of EOP During Bus Hold

CHANNEL HOLDS BUS

THLD

Taus

CLOCK 2

TES (BH)

EXTERNAL
({24

WEFQ07570

Notes: 1. The diagram lists state names for both 170 and memory accesses Sampling of EOP will occur on
the falling edge of state Ty
2. State Tip is a pseudo-Ty state, generated following termination of any OMA operation.
3. Tausr is an auto-intialization state, generaled following the TC, MC or EGP termination.

DREG 1
PERIPHERAL 1

DACK 1

+5V
uoC

P

DREQ 2
PERIPHERAL 2

DACK 2

gi SYSTEM BUS \

AF003150

Figure 17. EOP Connection
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When a DMA operation ends, the channel can

{a) Issue an interrupt request {1.e , sething the 1P or SIP bit of
the channel's Status register),

(b) Perform Base-to-Current reloading:

{c) Chain reicad the next DMA operation

(d) Perform any combination of the above. or
(e) None of the above.

The user selects the action to be performed by the channel in
the Completion option field of the Channel Mode register For
each type of termination (TC, MC or EOP), lhe user can
choose which action or actions are 1o be taken. if no reloading
1s selected lor the type of termination that occurred. the NAC
bit in the Stalus register will be set

More than one action can occur when a DMA operation ends
This may arise because more than onc action was pro-
grammed for the applicable termination The prionties of those
actions are Interrupt request first, Base-to Current reloading
second. and then chaining. The Interrupt cannot be serviced
unless the UDC has relinquished the bus

Interrupts

To allow the UDC to slart executing a new DMA operation
after issuing an Interrupt, but before an Interrupt acknowledge
1s received, a two-deep Interrupt queue s implemented on
each channel The following discussion will descrbe the
standard Interrupt structure and then elaborate on the addi-
tional Interrupt gueuing capabiity of the UDC

A complete Interrupt cycle consists of an interrupt request
followed by an inlerrupt-acknowiedge transaction The re-
quest, which consists of INT being pulled | OW. notifies the
CPU that an Interrupt is pending. The Interrupl-acknowledge
transaction, which 1s imtiated by the CPU as a result of the
request, pertorms two functions: 1t selects the pernpheral
whose Interrupt is to be acknowledged, and it obtains a vector
that identihies the selected device and operation — the cause
of the Interrupt

A peripheral can have one or more sources of Interrupt. Each
Interrupt source has two bits that control how 1t generales
Interrupts. These bits are a Channel interrupt Enable bit (CIE)
and an Interrupt Pending bit {IP). On the UDC, each channel is
an Interrupt source. The two Interrupt control bits are located
in bits CMy5 and CMy3 of each channel's Status register

Each channel has 1s own vector register for identifying the
source of the Interrupt during an Interrupt acknowledge
transaction. There 1s one bit {MM3) in the Master Mode
register used for controlling interrupt behavior for the whole
device.

Once a channel i1ssues an interrupt, it is desirable to aliow the
channel to proceed with the next DMA operation before the
Interrupt 1s acknowledged. This could lead to problems 1f the
UDC channel attempted to chain reload the Vector register
contents. In such a situation, it may not be clear whether the
old or new vector would be returned during the acknowledge
This dilemma s resolved in the UDC by prowviding each
channel with an Interrupt Save register. When the channel
sets IP as part of the procedure followed to issue an Interrupt,
the contents of the Vector register and some of the Status
register bits are saved In an Interrupt Save register See Figure
7. When an Interrupt Acknowledge cycle s performed, the
contents of the Interrupt Save register arc driven onto the bus
Although the use of an Interrupt Save register allows the

channel (0 procced with a new task,

problems can stil
polentially anse f a second Interrupt 1s to be 1ssued by the
channel before the first Interrupt 1s acknowledged To avoid
confhicts between the first and second Interrupt, each channel
has a Second interrupt Pending (SIP) bit in its Status register
When a sovond Interrupt 15 to be issued before the first
Interrupt s acknowledged, the SIP bit is set and the channel
relinquishes the bus until an acknowledge occurs. For compat-
ibility with polled Interrupt schemes, the Interrupt save register
can be read by the host CPU without wait states. As an aid 1o
debugging a system’s Interrupt logic, whenever IP s set, the
Interrupt Save register 1s loaded from the Vector and Status
registers

Note that the SiP bit 1s transferred to the (P bit when (P is
cleared by the host CPU. Whenever CIE is sel, INT will go
LOW as soon as P s set

Base-to-Current Reloading

When a channel finishes a DMA operation, the user may
select to perform a Base-to-Current reload. (Base-to-Current
reloading 1s also referred 1o as Auto-reloading in this docu-
ment.) In this type of reload, the Current Address registers A
and B are loaded with the data in the Base Address registers A
and B respectively, and the Current Operation Count register
1s loaded with the dala n the Base Operation Count. The
Base-to-Current reload operation faciitates repetiive DMA
operations without the multipie memory accesses required by
chamning Although the channel must have bus control to
perform Bas:-to-Current reloading, the complete reloading
operation occurs in four clock cycles (ie., TAUy through
TAU4). Note that if the channel had to relinquish the bus
because two unacknowledged interrupts were queued, it will
have to regain bus control to perform any Base-to-Current
retoading {or chawng, for that matter). In this case it acquires
the system bus once an Interrupt acknowledge 1s received,
even if L )mmediately afterward wilt relinquish the bus because
no hardware/soltware request s present

Chaining

If the channel 1s programmed to chain at the end of a DMA
operation, il wiil use the Chain Address register 1o pont to a
Chain Contro! Table in memory. The first word in the table is a
Reload word, specifying the register(s) to be toaded. Following
the Reload word are the data values to be transferred into the
register(s) Chamning 1s descrnbed in detad in the “'Channel
Intiahzation’” section

Because chairing occurs after Base-to-Current reloading, it 1s
possible to reset the Current Address registers A and B and
the Current Operation Count register to the values used for
previous DMA operations, then chain reload one or two of
these registers to some special value o be used, perhaps, for
this DMA operation only. i the Base values are not reloaded
during chaining. the channel can revert back to the Base
values at a later cycle

If an all zero Reload word 1s fetched during chaining, the chain
operation will not reload any registers, but in all other respects,
it will perform hkc any other chaining operation. Thus. the
Chain Address will be incremented by 2 to point to the next
word tn memory, and at the end of the all Zero-Reload word
chain operation, the channel witl be ready to perform a DMA
operation. All Zero-Reload words are useful as ""Stubs'’ to
start or terminate linked ists of DMA operations traversed by
chaining. On the other hand, care must be taken in thewr use
since the channel may perform an erroneous operation if it is
unintentionally started after the chaining operation.

Am9516A




COMMAND DESCRIPTIONS

Figure 18 shows a list of UDC commands The commands are
execuled iImmediately after being wntlen by the host CPU into
the UDC's Command register (Figure 19} A description of
each command follows

Reset (00)

This command causes the UDC to be set to the same slate
generated by a Hardware Reset The Master Mode register 1s
set to all zeros; the CIE, IP and SIP bits are cleared; the NAC
and CA bits in each channel's Status register are sel; and the
channel activity 1s forbidden The Chain Address must be
programmed since its state may be indeterminate alter a
Reset. The lockout preventing channel activity is cleared by
issuing a Start Chan command

Start Chain Channel 1/Channel 2 (Ag/A1)

This command causes the selected channel to clear the No
Auto-Reload or Chain (NAC) bit in the channel's Status
register and to start a chain reload operation of the channel's
registers, as described in the "'Channel Initiahzation™ section
These effects will take place even «f the fetched Reload word
is all zeros This command will only be honored i the Chain
Abort (CA) bit and the Second Interrupt Pending (SIP) bit in the
channel's Status register are clear. If ether the CA or SIP bit1s
set, this command 1s disregarded

When the Waiting For Bus (WFB) bit of Status register is set, if
the "Start Chain'' command 1s 1ssued, the channel will honor
the command after one DMA iteration. It 15 nearly impossible
for lhe CPU 1o 1ssue a command when WFB = 1 and the UDC
15 enabled

Opcode Bits
T Example
Command 7654 3210 Code HEX
Reset N00x XXXX 00
Start Chain Channul 1 101% XXX0 AD
Start Chain Channel 2 101X XXX Al
Set Software Request Channel 1 42
Set Software Request Channel 2 43
Ciear Software Reques! Channel 1 40
Clear Soltware Request Thannes 2 41
Set Hardware Mask Channet 1 82
Set Hardware Mask Channel 2 83
Clear Hardware Mase Channel 1 BO
Clear Hardware Mask Channel 2 a1
Set CIE or. 1P Channgl 1 DAt AP 3z’
Set CIE, or, IP Uhannet 2 Sk xP 33,
Ciear CiE, or 1P {hannel 1 IS xP00 30,
Clear ClE, or. P Channel 2 DGTE XxPO1 31
Sel Fhp Bit Channel ¢ 01X XX10 62
Sat Fhip Bit Channel 2 UARDY xXX11 63
Clear Flip 8it Channei 1 011x XX 60
Clear Flip Bit Channet 2 AREY XX01 61

‘Noles 1 E - Set 10 1 to perform set/ciear on CIE, Claar to 0 for no effect on CIE
2 P Selto 1 to perform seticlear on P, Glear to 0 lor no effect on 1P
3. X ="don't care” it This bt 15 not decoded and may be O or 1

Figure 18. UDC Command Summary

Lo fofofooforfofo]
FUNCTION FIELD :!

‘-— Channel 2/Channel 1

Set Ciear
000 Resal Interrupt Pending
001 Interrupt Control .
010 Software Request Don't Care
011 Flip But Channel Interrupt Enable
100 Hardware Mask
101 Start Chain
110 Not Recognized

111 Nol Recognized

DF003460

Figure 19. Command Register

when the channel receives an Interrupt acknowledge. One
way to clear the NAC bitis to 1ssue a Start Chain command to
the channel If the felched Reload Word s all zeros, the
channel's registers will remain unchanged and the software
request Dit, if set earher by command, will cause the pro-
grammed DMA operation to start immediately. If dunng
chaining new information is loaded into the Channel Mode
register, thus new nformation will, of course, overwrie the
software request bit

Software Request Channel 1/Channel 2
(Set: 42/43, Clear: 40/41)

This command sets or clears the scftware request bit in the
selected channel's Mode register. If the Second Interrupt
Pending (SIP) bit and No Auto-Reload or Chain (NAC) tatin
the channel's Status register are both cleared, the channel will
start executing the programmed DMA operation. if either the
SIP or NAC bit is set, the channel will not stant execuling a
DMA operation until both bits are cleared. The SIP bit will clear
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Set/Clear Hardware Mask 1/Mask 27
(Set: 82/83; Clear: 80/81)

This command sets or clears the Hardware Mask bit in the
selected channel's Mode register. This command aiways
takes effect. The Hardware Mask bit inhibits recognition of an
active signal on the channel's DREQ input; this bit does not
affect recognition of a software request. If the channel i1s in
single transfer mode, it performs DMA operations upon receipt
of a transition on DREQ rather than in response to a DREQ
level. Transitions occurning while the Hardware Mask bit is set
will be stored and serviced when the Hardware Mask 1s
cleared, assuming the Channet has not chained. The UDC will
request the system bus 1 1/2 to 2 clocks after the receipt of
any DREQ, after which a minimum of one DMA iteration is
unavoidable. DREQ transitions are only stored for the current
DMA operation. If the channel performs a chain operation of
single transfer mode, any DREQ transition stored for later
service 1S cleared.

Timing Diagrams 1 and 2 show the mimimum Umes when a
new DREQ can be applied if it is 10 be serviced by the new
DMA operation. Note in Diagram 1 the notation of First
iteration and Last teration. This means, for example. DREQ
may be asserted dunng the write cycle Ty of a Flowthru

INTACK

TIMING DIAGRAM 8. AC Timing when UDC is a Bus Slave

transaction. but may never be asserted during Tq1 of a Flyby
transaction because Flyby is done in one iteration.

Set/Clear CIE, and IP Channel 1/Channel 2 (see Figure 18)

This command allows the user to either set or clear any
combination of the CIE and IP bits in the selected channel's
Status register  These bits control the operation of the
channel's Interrupt structure and are described in detail in the
"Interrupts’ section. Setting the (P bit causes the Interrupt
Save register to be loaded with the current Vector and Status,
The IP bit 1s cleared to facilitate an efficient conclusion to the
processing of an interrupt.

Set/Clear Flip Bit Channel 1/Channel 2
(Set: 62/63; Clear: 60/61)

The Flip Bit in the selected channel's Mode register can be
cleared and set by this command. This allows the user to
reverse the source and destination and thereby reverse the
data transfer direction without reprogramming the channel.
This command will be most useful when repetitive DMA
operations are being performed by the channel, using Base-to-
Current reloading for channel reinitialization and using this
command to control the direction of transfer. Chaining new
information into the Channel Mode register will, of course,
overwnte the Flip bt

P
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ADy ADyg
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f
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j TIMING DIAGRAM 9. AC Timing when UDC is a Bus Master
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TIMING DIAGRAM 10. Upper Address Rollover Timing
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e e e
TIMING DIAGRAM 11. Bus Exchange Timing
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Notes. 1 Under no circumstance can BACK be removed pnor to BREQ

2.0ne extra ALE occurs each time the 9516 releases the bus No DS accompanies it, so this should nol
present a problem

TIMING DIAGRAM 12. Reset Timing
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TIMING DIAGRAM 13. Clock Waveform
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TIMING DIAGRAM 14. Timing During Chaining
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APPLICATIONS INFORMATION
Figures 20a and 20b show the configuration of an Am9516A
UDC and an AmB086 microprocessor on the same board

Figure 21 shows a configuration for them when the Am9516A
UDC 1s on a difterent board. The configuration of an Am9516A

—

UbC to 68000 VCPU”I(»‘HGHBCE! 1s shown in F;gu;;/EE An

example of an AmB086 initialization program is shown in
Figure 23 Figure 24 shows the reload table for chaining The
detalls of the Programmable Array Logic {PAL®) for those

nterfaces are descnbed in Appendix B

AmPAL16L8 PALASM FILE

PAL16LB
Pai 001

Advanced Micro Devices

It (/HLDA} DS = RD + WR
it {(/HLDA) RW = DT

It (HLDA) RD = /AW * DS
i (HLDA) WR = RW * DS
ALE = fALEP * /ALED

Aq = /ADg*/BW*HLDAALED +
/ADo"BW"HLDAALED +

DESCRIPTION

it (/HLDA) TBEN = /DT*/SEL*DEN
If (/HLDA) RBEN = DT*/SEL*DEN

AmI516A to AmB086 min mode interface chip

NC ALED ALEP HLDA BW ADg DT/DEN/SEL GND
NC/RBEN/RD ALE Ag/RW/DS/WR/TBEN Ve

/ADg"/HLAD*ALEP + Ag"/ALEP + Ag*/ALED

Figure 20a. Am9516A UDC to Am8086 CPU Interface (Minimum Mode)

This PAL converts the control signals to interface the Am8086 in
min mode to the Am3516A DMA controller. Another example
shows how lhis is dene in max mode.

HOLD BREQ
WLDA BACK
3
DW/R ov/R | e ToEw
DEN [ ) RbEn ABEN
AmB0s6 ALE(O) ALE' Ames18A
ALE(P} EL
AmPALSLE
ADg ol _
— yw a/w
o 3 3
WR AW R/W
ALE / /
_ cs
L /0
! Q
DECOOER
AMISL 138
G -
LATCH T TRANSCEVER
Am28L8373 5 AmIsee
M0 AD WR

AF003161

2-186

Am9516A




.
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Figure 20b. Am9516A UDC to 8086 CPU Interface (Maximum Mode)
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Timing Diagram of AmPAL16R6
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AmPAL16R6 PALASM FILE

AMPAL16R6

PAT003

Am8086 1o AmZB5XX Pernpheral intertace
Advanced Micro Devices

CLOCK RESET CLK/Sp/S1/S; NC NC NC GND
/OE/AS/P{/RW/DS/PO/LACK/RDY CLKD Veg

Po: = /RESET*Sq*/Pp* /Py
/RESET*S:*/Pg* /Py
/RESET'Sp* /Py* /Py
/RESET*Sg"Py
/RESET*S;*P;
JRESET*S*Py

+ o+ 4+ o+ o+

Py: = /RESET Pg* /P,
/RESET*Py*Sp
/RESET*P4*S;
/RESET"Py*Sp

+ + +

DS: = /IACK"/Py*P1*Sp"/51*Sy +
/IACK*/Pg*P1*/Sg*S1°Sy +

2-188

\

l
w

IACK*Sg"S1*Sp +

DS*Pp'Py ¢

RW: = S¢*/S, \

IACK: = /RESET'Sp*S1"S,; + IACK'Pg"P1*/DS + |
IACK* /Py /P

RDY. = /RESET"Sg*/S1"S,"Po*Py +
/RESET*/Sp*S1"Sp Pp Py +
/RESET*DS*RDY*Po*Py

/CLKD = CLK

AS = /CLKD*Py* 7P /IACK*CLK

DESCRIPTION

This PAL translates AmB8086 bus signals to compatible
signats for the Am9516A 11 1s also applicable to AmZ85XX
penpherals by altering/BW and /DS to/RD and /WR One flip-
flop ts available to give the necessary delay to the falling edge
of/WR

Note: The CLK signal must be externally inverted for this
design
A
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RG/GT

AmPAL16R4 Timing

L

41 ——i

U)ML&U
\

PROCESSOR
ACKNOWLEDGE

AmPAL16R4 PALASM FILE

B - Type Am38516A PAL

PAL16R4

AmB80BE 1o Am9516A nterface

Advanced Micro Devices

CLK/RQGT HOLD NC NC NC/RW/DS MIO GND
/OE/MWTC/MRDC HLDA/D2/R2/Ry/IOWCHORC Vg

It {(HLDA) IORC = /MIO*DS*/RW
It (HLDA) IOWC = /MIO*DS*RW
i (HLDA) MRDC = MIO*DS*/RW
It (HLDA) MWTC = MIO*DS*RW

Ry =HOLD
Ry = /R4
0o =Ry

/HLDA: = /Ry + /Dp*/HLDA + /RQGT"/HLDA

DESCRIPTION

This device converts the min mode signals HOLD and HLDA to
the max mode /RQGT protocol. Additionally, it generates the 8288
equivalent control outputs /MRDC, /MWTC. /IORC, and /IOWC
This PAL was used 1o connect the Am9516A to the AmB086 in
max mode

B

Note: If HOLD Is taken away prior to grant pulse, design will not work correctly because the release pulse

will overlap the grant pulse

|
N
—
| o [
L

WF007660

Am9S516A
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Figure 22. The Am9516A UDC to 68000 CPU Interface
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PAL16R4 PAL DESIGN SPECIFICATION
PATO06 JOE BRCICH 9/01/83

68000 TO Am9516A INTERFACE WITH DATA HOLD CORRECTION
ADVANCED MICRO DEVICES

ClLk  RW AO BREQ /BG /DS /AS  /BW /CS
/QE  /LDS JUDS DSO /C BACK /BR /TB /RB

IF (/BACK) RB = /CS * RW * UDS +
/CS * RW * LDS

IF /BACK) TB = /CS * /RW
IF (BACK) UDS = DSI " /AD * /BW +
BW * DSI
I+ (BACK) LDS = DSI * AD * /BW +
BW * DSI
BR = BRFQ ° BG * BR * AS +
BREQ * /BG * /BACK
/BACK - = /BREQ +
/BREQ * /BG +
/BREQ * AS +
/BREQ * /BACK +
/BG * /BACK +
AS * /BACK
C = UDS * /BACK +
LDS * /BACK
/DSC .= BACK +

/BACK * /RW * C

DESCRIPTION

IF BREQ'BACK IS TRUE THE Am9516A HAS THE BUS, OTHERWISE THE 68000 HAS THE BUS
THIS PAL CONNECTS THE Am9516A TO THE 68000 WITH ONE WAIT STATE DURING WRITES

WHILE SHORTENING /DS TO ACHIEVE PROPER DATA HOLD TIME

IT ALSO CONVERTS THE
BUS EXCHANGE PROTOCOL INTO 68000 FORMAT. THIS DESIGN ASSUMES NO OTHER BUS

MASTERS IN THE SYSTEM /RB AND /TB CONTROL THE TRANCEIVERS WHEN CPU IS BUS

MASTER /CS MUST BE FUNCTION OF ALL DEVICES CONNECTED TO THE CPU BUS NOT

JUST THE Am9516A /CS AS SHOWN HERE.

The /CS to /DS set-up time of 30ns is met in the following ways:

(1) During a read cycle the only effect from not meeting this set-up time is that the data vald

access time from the Am9516A will be delayed by a proportional amount. Since the minimum
/DS Low width from the 10-MHz 68000 (during a read) is 193ns and the minimum /DS Low

width to the Am9516A 15 150ns, we have 43ns margin not counting gate delays which will

further increase this margin.
(2

due to the Wait state

AmPAL16R4 68K9516M PALASM File

Am8516A

Durning a wre cycle this 1s not an issue since the /DS comes later and is stretched longer




PAL16LS PAL DESIGN SPECIFICATION 9518MBC
PAT 003 JOE BRCICH 26 JULY 84
MULTIBUS CONTROL FOR Am9516A

ADVANCED MICRO DEVICES

BACK  MIO NC NC /DACK  NC NC NC fCEN GND
NC /RD /IORC /DS /MWTC  /MRDC  /IOWC /RW /WR vCC
IF (BACK) IORC = /MIO " DS * /RW * CEN

IF (BACK) IOWC = /MIO * DS * RW * CEN

IF (BACK) MRDC = MIO * DS * /RW * CEN

IF (BACKY MWTC = MIO * DS * RW * CEN

RD = DACK * RW * BACK +

IORC * /BACK
WR = DACK * /RW " BACK +
IOWC * /BACK

IF (/BACK) DS = IORC + IOWC
IF (/BACK) RW = |OWC

DESCRIPTION

THIS PAL CONVERTS MULTIBUS SIGNALS INTO Am9516A COMPATIBLE SIGNALS AND VICE
VERSA. IT ALSO SUPPORTS THE 8530 IN FLYBY MODE.

MULTIBUS Control for Am9516A (AmPAL16L8)

PAL16R4 PAL DESIGN SPECIFICATION 9516MBA
PAT 004 JOE BRCICH 30 July 84
MULTIBUS ARBITER FOR Am9516A

ADVANCED MICRO DEVICES

/BCLK /XACK  BRQ /BSY  /BPRN /DS NC /IORC  /CS GND
/0E JRBEN  /TBEN  BACK /CEN  /BREQ /BUSY /BPRC /WAIT  VCC
IF (/BACK) TBEN = IORC * CS

IF (/BACK) RBEN = /IORC * CS

WAIT = /XACK * BACK

BREQ - = BRO

BPRO = /BRQ * BPRN

/BACK ' = /BUSY

BUSY := BREQ * BPRN * /BSY * /BUSY +

BREQ * BUSY * BPRN +
BREQ * BUSY

CEN : = BACK

DESCRIPTION

/CEN DELAYS THE COMMANDS TO MEET THE MULTIBUS REQUIREMENT THAT ADDRESS
AND DATA BE VALID AT LEAST 50NS PRICR TO CONTROL ACTIVE. /IOWC WAS NOT USED

SINCE USING /ICRC IMPROVES HOLD TIME. THIS DESIGN DOES NOT SUPPORT THE /CBRQ
FUNCTION

MULTIBUS Arbiter for Am9516A (AmPAL16R4)
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BO 38 MOV
E6 12 ouT
88 07 00 MOV
E7 10 ouTW
BO 26 MOV
E6 12 ouTt
g88 00 00 MOV
E7 10 ouUTW
80 22 MOV
E6 12 ouT
B8 20 10 MOV
E7 10 OouUTW
80 2C MOV
€6 12 ouT
B0 A0 MOV
E6 10 ouT

AL.38H
t2H
AX.007H
10H

AL, 26H
12H
AX,0000H
10H
AL.22H
12H

AX 1020H
10H
AL.2CH
12H

AL AOH
10H

{LOADING POINTER OF MASTER

,MODE REGISTER

,LOADING MMR CODE

[LOADING POINTER OF CHAIN

\ADDRESS REGISTER'S SEGMENT
{LOADING SEGMENT OF CAR-1

'LOADING POINTER OF CHAIN

LADDRESS REGISTER'S OFFSET

LOADING OFFSET OF CAR-1

JLOADING POINTER OF COMMAND
{REGISTER
LOADING "START CHAIN" COMMAND
ISSUING "START CHAIN" COMMAND

Figure 23. Initialization Program for 8086 CPU

Notes: The P/D nput 1s connected to A1 hne; CS 1s decoded from A7 through A4 (alt O).

Reload
Word

e edd

ADDRESS 0 2 4 6 8 A c E
1000 0000 1020 0000 1020 0007 0005 0006 0005
1010 0002  AAAA 0009  00A0 0004 0042 0042 0001
0000  1FO0 0000 1060 0010 0000  1FOC
1030 0000 1080 0012 0000  FFFF 0001 0000 8020
1040 0000 1020  t11% 1111 0000  FFFF 2004 0000
1050 0010 0000 0000 1020 0018 1020 2222 1007
1060 CACA CACA CACA CACA CACA CACA CACA CACA
1070 CACA CACA CACA CACA CACA CACA CACA CACA
TB0ON00A4

Figure 24. Reload Table for Chaining
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature .. ... ... .. .. ...-65°C to +150°C

Voo with Respect 1o Vgg oo, =05 Vo +70 V Commercial (C) Devices

All Signal Voltages with Respect to Vgg-0.5 V to +70 V Temperature (Ta) 0 to +70°C
Stresses above those listed under ABSOLUTE MAXIMUM Supply Voltage (Vo) BV S%
RATINGS may cause permanent device failure. Functionality Military (M) Devices

at or above these limits 1s not implied. Exposure to absolute Temperature (T¢) . s .....=55 10 125°C
maximum ratings for extended penods may affect device Supply Voitage (Vi) BV 0%
reliability.

Operating ranges define those hmits between which the
functionality of the device is guaranteed

DC CHARACTERISTICS over operating range (for APL Products, Group A, Subgroups 1, 2, 3 are tested
unless otherwise specified)

Parameters Description Test Conditions Min Max Units
VeH Clock Input High Voltage Driven by External Clock Ge Voo +03 Volts
ol Clock Input Low Voltage Driven by External Cloch G> 5 045 Volls
Vin Input High Voltage [ AUl Pins Except 2. 36, 37 38, 47, 48 | 20 Voo +03 | voms |
ViHz Input High Volitage Pins 2, 36, 37, 38, 47, A:B 22 Veg +03 Volis
ViU Input Low Vollage T T D T 08 Volts
VOH1 Output High Voitage 1305}; = ~250uA (Except Pins 1, 32, 33, 24 Volts
VoH2 Oulput High Voltage Ion = - 200 pA. Pins 1, 32, 33, 28 20 Volts
Vo Outpul Low Voltage oL = 32ma T T o Volts
m Input Leakage B R T A
low Qutput Leakage Vgg = Voyt © Voo I A MAA Y10 uA ]
Icc Vee Supply Current Ta=0C — LIz -4 350 mA
Ta = 70°C MIL T¢ = ¢ 125 200 mA
Unmeasured pins returned 1o ground
CCLK Input Capacitance (Clock) f=1 MHz over speched temperature 25" pF
range
CiIN Input Capacitance (Except Pin 46) Unmeasured pins returned 10" pF
Cout Output Capacitance to ground 1 = 1MHz over 15° pF
Cvo Bidrectional Capacitance specitied temperalure range 200 | pF ]

*Guaranteed by design; not tested
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Standard Test Conditions

Commercial

The characteristics below apply for the following slandard test conditions, unless otherwise noted. All voltages are referenced to
GND. Positive current flows into the referenced pin. Standard conditions are as follows:

+475< Vopt +525 V
GND =0V
0°C <" TA < +70°C

Standard Test Load Open-Drain Test Load
+8Y Y
22K
FROM QUTPUT 2.2
UMDER TEST
FROM QUTPUT
UNDER TEST
50 pF 250 uA
SOpF:[
TC002011 TC002021

Standard Test Conditions

Military

The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are referenced to
GND. Positive current flows into the referenced pin. Standard conditions are as follows:

+4.75< Voo = +525 V
GND =0 V
-85 < Tt +125°C
Yee

22% 0

THRESHOLD

VO TAGE THRESHOLD

DUT PIN VOLTAGE DUT PIN

VT Vi
*C( = 100 pF ¢ 20 pF | = 100 pF 2 20 pF

104 INEGATIVE )

10K INEGATIVE)

‘Taradyne J941 Channel Capacitance
nchuding DIB

TC004381 TC004381

*Teradyne J941 Channel Capacitance
including DIB

A. Standard Dynamic Load B. Open-Drain Dynamic Load

2-196 Am9516A



SWITCHING TEST WAVEFORMS

DRIVE 43 V
DRIVE 02 V
WF024210
A. External CLOCK Generator
DRIVE 26 V
TEST POINT 20 V
TEST POINT 08 V
DRIVE 045 V
WF024220

B. BACK, DREQ1, DREQZ2, RESET, INTACK, and EOP only

DRIVE 24 V
TEST POINT 20 V

TEST POINT 08 V

DRIVE 045 V
WF024230

C. ALL pins except BACK, DREQ1, DREQ2, RESET, INTACK, and EOP.

Am9516A
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range uniess otherwise specified
TIMING FOR UDC AS BUS MASTER

Preliminary
4 MHz 6 MHz 8 MHz 10 MHz
Number | Parameters |Description Min | Max | Min | Max | Min | Max | Min | Max |Units
1 TcC Clock Cycle Time 250 [ 2000 | 165 | 2000 | 125 | 2000 | 100 | 2000 ns
2 [twen Clock Width (HIGH) 105 | 1000 | 70 | 1000 | 55 45 ns
3 |TwCl Clock Width (LOW) - s | | 70 | 55 45 ns
s [Tic Clock Fall Tme T20 10 5 5 | ns
5 TrC Clock Rise Time .‘ T 1 %. 15 10 5 ns
6  [TdCiAULY) Clock RE to Upper Address (A1g Ap3) Valid Delay g0 [ 80 60 50 | ns
7 |ThCiAUv) Clock RE to Upper Address valid Hold Time 5 | AL:E: 5 5 ns
8 TAC(ST) Clock RE to R/W and B/W Valid Delay 110 90 60 50 ns
9 |rdca) Clock RE to Lower Address (Ag-Ajs) Valid Delay T o0 90 60 50 | ns
10 [|TdC(Az) Clock RE 1o Lower Address (Ag-Ays) Float Delay §0 | | 60 50 40 | ns
11 [TdCiALn Clock RE 10 ALE RE Delay R o T 60 50 30 | ns
12 TAC(AL) Clock FE 1o ALE Delay 60 50 40 ns
13 [TdC(DS) Clock RE to DS (Read) FE Delay T T e T 60 50 40 | ns
14 |TdC(DSh Clock FE 10 D3 (Write) FE Delay T ] en 60 50 a5 | ns
" 15 fraciosn Clock FE 1o D3 RE Delay Te0 50 50 40 | ns
16 [TdC(DO) Clock AE to Data Out vald Delay 1 9 90 65 60 | ns
17 [TsDI(C) Data n to Clock FE Set-up Time 20 | T s 10 10 ns
18 [TOAAL) Address Valid to f«iE;ﬁEﬂ[}e{ay o 50 | BRENEE 20 ns
19 ThAL{A) ALE FE to Lower Address Vald Hold Time 60 40 30 30 ns
20 [TwAL ALE Widih (HIGH) 80 "1 e0 15 40 ns
21 TdAZ(DS) Lower Address Fioat to DS LOW Delay [} 0 Q o] ns
22 [TdAL(DS) ALE FE to D3 (Read) FE Delay 75 35 35 35 ns
23 TdAL(D)) ALE FE to Data n Requrred Valid Delay 300 215 190 150 ns
24 [T4A(DD Address Valid to Data in Required Valid Delay “Tare 305 240 190 | ns
25  [TdDS(A) B3 RE to Address Active Delay 80 | | 45 30 20 ns
26 [TdDS(AN DS RE 10 ALE Rl Delay i 75 w0 | 20 35 ns
27 [TdA(DS) Address Vald to DS (Read) FE Delay T e [ T 10 30 70 ns
28 |TdDO(DSr)  |Data Out Vaid to DS RE Delay 20 | 150 125 80 ns
29 [TdDO(DSH) Data Qul Vald to DS FE Delay 54 ) 35 20 15 ns
30 [ThDS(DO) DS AE to Data Out Valid Hold Time 85 | 15 40 25 ns
31 |TdDS(O) DS (Read) FE to Dala in Required Vaid Delay 205 155 125 100 | ns
33  [ThDHDS) DS RE to Data in Hold Time 0 0 o 0 ns
34 TwOSmw B3 (write) Width {LOW) 185 1"10 105 80 ns
35 TwDSmr D3 (Read) Width (LOW) 275 220 160 130 ns
36  [TdC(RBN) Clock FE to RBEN RE Delay* T T 65 50 30 | ns
37 [ThDS(ST) D3 RE to B/W, NS, R/W and M/ID valid Hold Time 70 45 40 25 ns
38 TdC(TAN Ciock RE 1o TBEN or RBEN FE Delay 60 60 50 35 ns
39 TdC(TRr) Clock RE 1o TBEN RE Delay ) 60 60 45 45 ns
40 TdC(ST) Clock RE fo M/I0 and N/3 valid Delay 90 75 65 50 ns
41 TdS(AL) R/W. M/T0, B/W and N/S Vvalid to ALE FE Delay 60 | 35 20 20 ns
42 [TswWT(C) WATT 10 Clock FF Setup Time 20 20 10 10 ns
43 [ThWT(C) WATT to Clack FE Hoki Time 20 =0 35 35 ns
44 [TwDRQ DRAEG Puise Width (Single Transfer Mode) 20 20 20 20 ns
45  |TsDRQ(C) DREQ valid to Clock RE Set-up Time 60 50 30 20 ns
46  |ThDRQ(C) Clock RE to DREC Vahd Hold Time - 20 | 20 20 20 ns
47 |[TdCONTY Clock FE to INT FE Delay 150 150 105 105 | ns

“These must not occur simullaneously.

Note: RE = rising edge

FE = falling edge
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SWITCHING CHARACTERISTICS over MILITARY operating range (for APL Products, Subgroups 9, 10, 11
are tested unless otherwise specified)
TIMING FOR UDC AS BUS MASTER
Preliminary
4 MHz 6 MHz
Number Parameters | Description Min, Max. Min. Max. Unit
1 TcC Clock Cycle Time 250 2000 165 2000 ns
TwCh Clock Width {HIGH) 105 1000 70 1000 ns
) " Clock width (LOW) - 105 70 ns
B Clock Fall Time ) 20 10 ns
[ Clock Rise Time 20 15 ns
- TdC(AUv) | Clock RE to Upper Address (Ayg-Apg) Vald Delay 90 80 ns
T W}BC;(‘AUW "qélock RE 1o U})per Address valid Hold Time 5 5 ns
e TaC(ST) | Ciock RE 1o R/W and B/W vand Delay 110 20 ns
TdC{A) Clock RE to Lower Address (Ap-Ays) Vald Delay 90 90 ns
10 TdC(A2) R Clock HVE"io—"Lower Address (Ag-Aqs) Float Delay 60 60 ns
11 ] raciaLn Clock RE to ALE RE Delay ’ 70 60 ns
12 TAC(AL) "1 Clock FE 1o ALE FE Delay 70 60 ns
13 TdC(DS) Clock RE to DS (Read) FE Delay ) 80 60 ns
14 TdCIDS) T Clock FE 10 DS (Write) FE Delay 60 60 ns
15 i TdC(DSr) ’ Clock FE to DS RE Delay 80 60 ns
16 TdC(DO) [ Clock RE 10 Data Out Vald Delay 30 90 ns
17 TsOIC) Data in o Clock FE Setup Time T 20 15 ns
18 T 7aaay 7T Address vand to ALE FE Delay 50 35 ns
19 ThAL(A) Pitf l:'E 10 Lq@rfﬁddress vaid Hoid Time 80 40 ns
20 TwAL ALE Width (HIGH) 80 60 ns
21 TdAz{DS) Lower Address Float to DS LOW Delay o 0 ns
22 TOALDS) | ALE FE to D5 (Read) FE Delay 75 35 ns
23 ’ TdAL(DY ALE FE 1o Data in Requied vahd Delay 300 215 ns
24 o TdA(DI) B A‘d‘dr’e’si; Vaha Viiorbra!a in Required Vald Delay 410 KDEY ns
25 TdDStA) DS RE to Address Actve Delay o 80 45 ns
[ 26 TADS(AN) D3 RE to ALE RE Delay 75 40 ns
27 TdA(DS) Address Vahd to D3 {Read) FE Delay 160 110 ns
28 TdDOOSH | Data Out vaid to DS RE Delay 230 150 ns
29 TdDO(DSH Data Qut Valid to D3 FE Delay 55 35 ns
0 ThDS(DO) D3 RE to Data Qut Vald Hold Time a5 45 ns
31 TdOS(DI} DS (Read) FE to Dala n Requrred Valid Delay 205 155 ns
33 ThDHDS) D3 RE to Dala in Hold Time 0 0 ns
34 TwDSmw B3 (write) Width (LOW) 185 110 ns
35 TwDSme D3 (Read) width (LOW) 275 220 ns
36 TAC(RBr) Clock FE to RBEN RE Delay® 70 65 ns
37 ThDS(ST) B3 RE to B/W, N/3, R/W and M/I0 Vahd Hold Time 70 45 ns
38 | TdcRn T "Clock AE to TBEN or ABEN FE Delay 60 60 ns
|39 "] TecitRy | Clock RE to TBEN RE Delay 60 60 ns
40 T 1acisTy | “Clock RE to M/ID and N/3 vald Delay 90 75 ns
4 TdS(AL) | R/W, M/ID. B/W and N/3 Vald lo ALE FE Delay 60 35 ns
42 TSWT(C) | "WAIT to Clock FF Setup Time 20 20 ns
43 TThWT(C) "I TWAIT to Clock FE Hold Time 20 20 ns
44 TwDRQ DREQ Puise Width (Single Transter Mode) 20 20 ns
45 TsDAQ(C) DREG vaid to Clock RE Setup Time 60 50 ns
46 ThORQ(C) Clock RE to DREQ Vald Hold Time 20 20 ns
47 TACHNTY) Clock FE to INT FE Delay 150 150 ns
‘These must no! occur simullaneously
Nots. RE = nsing edge
FE = falhing edge
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Am9516A CLOCK-CYCLE-TIME-DEPENDENT CHARACTERISTICS

The parameters listed below are also shown in the Switching specification However, they are dependent on the actual vaiues of
the clock perods. The equations below define that dependence so that the exacl it for these parameters may be determined for
any given system in refation to its specific clock charactenstics

Number Parameters Derivation

18 TdA (AL) 05TcC_ #9+ (#12 1)

19 ThAL (A} T T osTeC

21 TaAz(OS) | #

22 TJAL(DS) | 05TcC - #12+ #13

23 TaAL Oy oTeC- #12- #17

24 TdA (DI) T 25TcC- #9- #17

25 T4DS (A) - 05TcC- #15+ #9
Tz [ 7sbsan | ostcC- #4154« #11ALE BEY ]

27 TdA DS TcC- #9+ #13 T ]

28 Td0O (OSn 1STcC- #16 + #15

29 TdDO (DSh B 05TcC- #16+ #14

30 [ mhos oo 05TeC- #15+ #232 o

3 TdDS (DY) 15TcC- #13- #17 ]
[ T34 T T Tw0Smw [ TcC-w1at w15

35 TwDSmr T T istec - #13« # 15 T

37 ThOS (5T Tostcc-#15+ (#a0 vy B

41 TdS (AL) losTeC o440+ (412w T

NOTE tr (norminal) = 10ns
#32 CLCK RE to Dala Out Not Vald Delay = 200s (4 and 6 MHz)
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AIT Timing

£

cLOCK ’
TawT(c) @

@ ThWT(c) | I O ThWT(c)
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Sampling DREQ During Single Transfer DMA Operations

WFO0 7680

READ OR FLYBY -~ ... __ LASY ACCESS OF |
OMA ITEAATION Ml DMA ITERATION -
T I 1 WA or T, | T

1 ' ™ T : -1

S U U i N A U

@ doren

OREC

|

S Y p— @]

Notes: 1. HIGH-to-LOW DREQ transitions wilt only be recognized after the HIGH-to-LOW transiion of the clock
during Ty of a read or flyby DMA iteration.

2 A HIGH-to-LOW DREQ transition must mest the conditions in Note 1 and must occur TsDRQ(c) before
state T3 of the last access of the DMA iteralion if the channel is to retain bus control and immediately
start the next teraton. DREQ may go HIGH before TsDRQ(c) it ¢ has met the TWDRQ parameter

3.Flyby and Search transactions have only a single access; parameter TsDRQ(c} should be referenced to
the start of T3 of the access. All other operations will always have two or three accesses per iteration

WFO07670
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified
UDC AS BUS SLAVE BUS EXCHANGE

Preliminary
4 MHz 6 MHz 8 MHz 10 MHz
Number | Parameters Description Min | Max | Min | Max | Min | Max | Min | Max |Units
61 TdIN(DO) INTACK FE to Data Qutput Vald Delay [RD 135 120 10 | ns
62 |TON(DOz)  NTACK RE to Data Output Float Delay an ! a0 a5 3 | s
63 |TADS(DO) DS FE (IOR) 10 Data Output Orven Delay | 135+ Ts [ a0 Y10 | ns
64 TdDS(DOz) [DS RE (1OR) to Data étjlpg!flgal Delay | ‘7747[) 80 45 a0 [ hs
65 TsOIDS) Data vaid 1o DS AE (IOW) Set-up Time a0 40 40 35 ns
66 [ThDS(DI) RE (IOW) to Data Vald Hold Time I T 30 0 0 BES
67  |TwDS DS Low Width Tiso- | 7 s0r 125 100 | ns
68 [TwIN INTACK Low widih R TN (e ™ e [ oo ns
89 |ThDS(CS) DS RE to C3 vahd Hold Tme T | 2 20 15 10 ns
70 ThOS(PD) D3 RE to P/D vaiid Hold Time 20 20 15 10 ns
i lrepoios) P/B Vaid to D5 FE Setup Time (1OR) e ] 10 10 10 o
P/D vald to DS FE Setup Time (IOW) 50 “0 40 30
[ 72" Tscsips) T [CS vaid 1o DB FE Setwp Tme | 30 30 20 10 ns
73 oS "7 IB3 BE 10 DS FE Recovery Time (for Commands Onlyy | aTec 4TeC| 4Tcc 4Tce ns
74 [TwRST IRESET Low Width R B areC aTce ITce ns
75 [TdC{BRQY)  [Clock RE to BREQ RE Delay T e 0o | ns
76 [TdC{BRQr)  (Clock FE to BREQ FE Delay T 150 100 | ns
77 |TdBRQ(CTAZ [BREQ FE 1o Contol Bus Float Delay an 140 100 60 | ns
78 |TdBAQ(ADz) |[BREQ FE to AD Bus Float Delay R o | 1e0 100 60 | ns
79 |TdBRQ(BAK) 0 ) 0 0 ns
80  [TsBAK(C) e Do ] ; 30 20 ns
81  |TORES(ADZ) e 135 125 100 | ns
82 TARES(CTRz) [(Reset) FE to Conl-ol Hus floatl Delay 1 100 75 ns
83  |TORES(DS2) |(Resel) FE to DB Float Delay T T an [ 60 | ns
84  [TsRW(DS) R/W vaiid to DS FE Setup Tme (OWy | 2 | ] ns
85  |[ThDS(RW) RE to R/W valid Hold Time (10W) T T o ns
86 [TsRW(DS)  |R/W vaid lo DS FE Selup Time (IOR) a7 ns
87 [ThDS(AW)  [DS RE to R/W Vald Hold Time (IOR) NS 20 15 15 ns
“2000ns for stow readable registers (worst case)
Note RE = nsing edge
FE = falling edge
SWITCHING CHARACTERISTICS (continued)
UDC-PERIPHERAL INTERFACE
Preliminary
4 MHz 6 MHz 8 MHz 10 MHz
Number | Parameters Description Min | Max | Min | Max | Min | Max | Min | Max |Units
90 [TCHOL ‘CF',"YCD'; RE 1o Pulsec W FE Delay 100 85 50 40 | ns
92 [TDSK E%gs :ys:'ifgnlzﬁns%g;’:ay 10 10 10 10 ns
91 [toAD Clock RE to Level DACK vald Delay 1 100 | es 60 50 | ns
94 |TOAH Clock FE to Level DACK vald Hold Time 100 | 85 60 50 | ns
95 TEIDL IClock FE to Internal EOP LOW Delay 10 1 90 80 70 ns
96 [TEIDH [Clock FE 1o internal EOP RE Delay B 1o 90 80 70 | ns
o7 [TES e ot Ovorcen, % E Satue 10 10 10 10 ns
98 TEW External EOP Puise w;m;meuquvred Dunng Operation 20 20 20 20 ns
99 [TES(BH) Extornal EOP Vaiid to Clock FE Set-up Time During Bus Hold| 10 o 10 10 1 ns
100 [TEW(BH) External EOP Pulse Width Requred Duning Bus Hold 20 20 20 20 ns
Note: RE = nsing edge

FE = falhng edge
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SWITCHING CHARACTERISTICS over MILITARY operating range (for APL Products, Subgroups 9,
10, 11 are tested unless otherwise specified)
UDC AS BUS SLAVE BUS EXCHANGE
Preliminary
4 MHz 6 MHz
Parameter Parameter
No. Symbol Description Min. [ Max. | Min. | Max. Unit
61 TdIN(DO) INTACK FE to Data Output Valid Delay 135 135 ns
62 TdIN(DOz) INTACK RE to Data Output Fioat Delay 80 80 ns
63 TdDS(DO) DS FE (IOR) to Data Output Driven Delay 135* 135 ns
64 TdDS(DOz2) DS RE (IOR) to Data Output Float Delay 80 80 ns
65 TsDI(DS) Data Valid to DS RE (IOW) Setup Time 40 40 ns
66 ThDS(D1) DS RE (IOW) to Data Valid Hold Time 40 30 ns
67 TwDS DS LOW Width 150* 150" ns
68 TwiN INTACK LOW Width 150 150 ns
69 ThDS(CS) DS RE to TS Vaiid Hold Time 20 20 ns
70 ThDS(PD) DS RE to P/D Vvalid Hold Time 20 20 ns
P/D Vvalid to DS FE Setup Time (IOR) 10 10
71 TsPD(DS) — - ns
P/D Valid to DS FE Setup Time (IOW) 50 50
72 TsCS(DS) CS valid to DS FE Setup Time 30 30 ns
73 DS SEWTE to DS FE Recovery Time (for Commands 4TcC 4TeC ns
74 TWRST RESET LOW Width 3TcC 3TcC ns
75 TdC(BRQf) Clock RE to BREQ RE Delay 165 150 ns
76 TdC(BRQr) Clock FE to BREQ FE Delay 150 150 ns
77 TdBRQ(CTRz) BREQ FE to Control Bus Float Delay 140 140 ns
78 TdBRQ(ADz) BREQ FE to AD Bus Float Delay 140 140 ns
79 TdBRQ(BAK) BREQ RE to BACK RE Required Delay 0 0 ns
80 TsBAK(C) BACK Valid to Clock RE Setup Time 50 45 ns
81 TdRES(ADz) RESET FE to A and AD Buses Float Delay 135** 135 ns
82 TJRES(CTRz) RESET FE to Control Bus Float Delay 100** 100 ns
83 TdRES(DSz) RESET FE to DS Float Delay 90** 90 ns
84 TsRW(DS) R/W Valid to DS FE Setup Time (IOW) 2 2 ns
85 ThDS(RW) DS RE to R/W Valid Hold Time (IOW) -10 -10 ns
86 TsRW(DS) R/W Valid to DS FE Setup Time (IOR) 20 20 ns
87 ThDS(RW) DS RE to R/W Valid Hold Time (IOR) 20 20 ns
*2000 ns for slow readable registers (worst case)
**Guaranted but not tested.
Note: RE = rising edge
FE = falling edge
UDC-PERIPHERAL INTERFACE
Preliminary
4 MHz 6 MHz
Parameter Parameter
No. Symbol Description Min. | Max. | Min. | Max. Unit
w | ow o oo e oK e D w |
o TCHOH (T Fyby Transacions onyy " 100 B |
w | o P B T o " " .
93 TDAD Clock RE to Level DACK Valid Delay 100 85 ns
94 TDAH Clock FE to Level DACK Valid Hold Time 100 85 ns
95 TEIDL Clock FE to Internal EOP LOW Delay 110 90 ns
96 TEIDH Clock FE to Internal EOP RE Delay 110 90 ns
v | P Do oyt " <7 " " .
98 TEW External EOP Pulse Width Required During Operation 20 20 ns
9 TES(BH) E:}tﬁrnal EOP Valid to Clock RE Setup Time During Bus 10 10 ns
100 TEW(BH) External EOP Pulse Width Required During Bus Hold 20 20 ns
Note: RE = rising edge
FE = falling edge
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CLOCK

AC Timing when UDC is a Bus Master
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AC Timing when UDC is a Bus Slave
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APPENDIX A
UDC REGISTER SUMMARY

Master Mode Register

Address [—X o t+ 1t 1 0 0 Tl

Fast Readable
Writable

([ o]

Chip Ensbls

CPU Interieave
Enable

Wait Line Enable

No Vector on
Interrupt

DFO03470

Miscellaneous Registers

A7 AQ
Address X 0 1 1 0 0 1 X Current Operation Count

7* “O 1 ) 771 o] 0 0 X Current Operation Count
V‘; 7767 !; 1 OAH??‘_ 1 7(7‘ Base Operation Count

X 707 1 1 0 ‘1 0 X Base Operation Count
FT(ng} 0 0 1 0 1 X Paitern

x 1- 0 0 1 ) 0 0 X Paittern
X 1 0 0 11 1 X | Mas
—_; ‘A1 0 0 1 1 o] X Mask

Chain Loadable

Writable

Pattern and Mask - Slow Readable
Operation Count - Fast Readable

[stleJDwarDJDmlDwo—ﬁngDefD7lDale

04103102]D1|00|

CH1
CH2
CH1
CH2
CH1
CH2
CH1
CH2

Chain Control Register

Chain Loadable Only

Current ARA (2 Words)
Current ARB (2 Words)
Current Op-Count (1 Word)
Base ARA (2 Worde)

Base ARB (2 Worde)

Base Op-Count (1 Word)
Pattern and Mask (2 Words)
Ioterrupt Vector (1 Word)
[—— Channel Mode (2 Words)

Chain Address {2 Words)
TTTT T T

DF003480
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Command Ré;i;(é;

A7 AD
Address X 0t 0 1 1 1 X CH1
Wiitable Only X 0 1t 0 1t 1 0 X CH2

CT=T]

IDJID?IDVlbol

FUNCTION FIELD :———

000 Reset

001 interrupt

010 Software Request
011 Fip Bit

100 Harcdware Masik
101 Siart Chawny

110 Not Recognized
111 Not Recognized

[— Channel 2.Channel 1

SetCraar
Interrupt Pending

Channel Interrupt Enable

DF003490
Status Register
A7 AD
Address X 0 v o0 1t 1 1t X CH1
X 0 1 0 1 1 0 X | CH2

Fast Readabie

upc

STATUS
INTERRUPT
SYATUS

-

RESERVED

— HARDWARE
WTERFACE

COMPLETION

STATUS

SYATUS ’r—

EnnoDEDDBRROROnD

CIE J
RESERVED
»

ca
NAC
WFB
S

DF003500

Am9516A
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Ihterrupt Save Register

A7 AO
Address x 0o 1 0 1t 0 1 X CH1
X 0 1 0 1t 0 0O X CH2

Fast Readable

OpEEnonoEnnn

3[ZI|IDI

L. Vecior

Channe! Number
M cht 1-ch2)

TC

EOP
MC
- Chain Aborted
MCL
— MCH
Request
DLFO03510
Channel Mode Register
A7 A0
X 1 0 1 0 1 1 X | HghCHt
X 1 0 1 0 1 0 X | HghCH2
"X 1 0 1 0 0 1 X |lowCHI
X 1 0 1 0 G 0 X | LowCH2
Chan Loadable
Writable (Lower 16 bits)
Slow Readable
MATCH CONTROL FIELD
DACK CONTROL 00 Stop on No Match
01 Stop on No Match
HAROWARE MASK ————— 10 Stop on Word k
SOFTWARE AEQUEST 4| 11 Stop on Byts Match
20[w]|18]17]18
vs]ulnlnzlnlwlola|7|els afafja]r]oe

TC MC EOP TC MC EQP TC MC EOP
—— e et ettt e

CHAIN  B-C AELOAD INTERRUPT
ENABLE ENABLE ENABLE DATA OPERA
COMPLETION FIELD Code/Ope:

Transter
0001

TRANSFER TYPE FIELD 100X

Code IVIHI‘.’ Type 0011

00 Single Transfer 0010

0 Demand Dedicated'Bus Hold

10 Osmand Dedicated/Bus Release Transter.

1 Demand Interisave and-Search
0101
110X

FLIP BIY 100

0 - ARA = SAC. AR® - DEST o1t

1 - ARA = DEST, ARB - SRC 0110
Search
"N
1o
101X

2-208 Am9516A

TION FIELD

Operand Size Jeansaction

ARS  Type
Byte Byle Flowthru
Byte Word Flowthru
Word Word Flowthru
Byte Byte Fiyby
Word Word Fiyby
Byte Byte Frowthru
Byte Word Flowthru
Word Word Flowthru
Byte Byte Flyby
Word Word Flyby
Byte Byte NA
Word Word NA
Hegal

DF003520




Chain Address Register
A7 A0
Address | X 0 t 0 0 1t 1 X | Up-Addr CH1
X 0 1 0 0 1 0 X | UpAddr CH2
X 0 1 0 0 0 1 X | Low-Addr CH1
X 0 1 0 0 0 0 X | Low-Addr CH2
PROGRAMMABLE WAIT FIELD
00 = 0 Wait States
01 = | Walt Statas
10 = 2 Wait States
= 4 Wait States
18 s 7 3z v
o room ‘ ]
LOWER ADDRESS J
DF003530
Address Registers
A7 AC
Address X 0 o} 1 1 Q 1 X Current ARA Up-Addr/Tag CHY
X 0 0 1 1 o] 0 X Current ARA Up-Addr/Tag CH2
X 0 0 0 1 o] 1 X Current ARA Low-Addr CH1
X 0 Q o] 1 0 0 X Current ARA Low-Addr CH2
X o] ¢] i 0 0 1 X Current ARB Up-Addr/Tag CH1
X 0 0 1 0 0 8} X Current ARB Up-Addr/Tag CH2
X 0 0 0 0 ¢ 1 X Current ARB Low-Addr CH1
X 0 0 0 0 0 0 X Current ARB Low-Addr CH2
——q
X 0 0 1 1 1 1 X Base ARA Up-Addr/Tag CH1
X 0 0 1 1 1 0 X Base ARA Up-Addr/Tag CH2
X Q Q 0 1 1 1 X Base ARA tLow-Addr CH1
X 0 0 0 1 1 0 X Base ARA Low-Addr CH2
X o] 0 1 0 1 1 X Base ARB Up-Addr/Tag CH1
X o] 0 1 0 1 0 X Base ARB Up-Addr/Tag CH2
X 0 0 0 0 1 1 X Base ARB Low-Addr CH1
X 0 0 0 0 1 0 X Base ARB Low-Addr CH2
Chain Loadable
Fast Readable and Writable
ADORESS REFERENCE FIELD ADDRESS CONTROL FIELD
00 = Increment Address
01 = Decrement Address
1X = Hold Addrees
MEMORY/(i/0) PROGRAMMABLE WATT FIELD
00 = O Walt States
NORMAL /SVSTEM 01 = 1 Walt Stele
I 10 = 2 Walt States
11 = 4 Wait States
15 ¢ 7 & 5 4 3 2 % 0
T
UP-ADDR 1 [.} TAG
1 i
LOWER ADDRESS
OF003540
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~ APPENDIX B

Flow Charts of DMA Operations
Figure Bt shows the basic DMA operations with sofiware or hardware request. The Demand Interleave operations are shown in

—_—— S -

Figure B82. o
(c) Demand Dedicated with Bus Release

(a) Single Operation
(Hardware Request)

ONE DMA ITERATION

INTERRUPT
BTOCLOAD INTERRUPT
CHAINING BTOC LOAD
CHAINING
OTHER
OTHER
CHAMNNEL CNA(;‘“EL
OR
RELEASE BUS RELEASE BUS
PF001250 PF001260
(b) Demand Operation when Software (d) Demand Dedicated with Bus Hold
Requesting (Hardware Request)
ONE DMA ITTERATION
NO EOP ves | WVERRUPT INTERRUPT
TC, MC BTOCLOAD BTOCLOAD
’ CHAMING CHAMNING
OTHER OTHER
CHANNEL CHANNEL
OR oR
RELEASE BUS RELEASE BUS
PFO01270 PFO01280

Figure B1. Basic DMA Operations of Am9516A UDC

. . .
NT**Multibus is a trademark of intel Corp.
T INTERLEAVE CH 't DEMAND INTERLEAVE CHY OCEMAND INTEALEAVE CH 1 DEMAND INTERLEAVE Tt DEMANG INTERLEAVE
CH2 INTERLEAVE CH2 DEMANDBUS MEL EASE CH 2 OEMAND:BUS ROLD CH 2 DEMANDBUS ALLEASE Crn 7 DEMAND/BUS HOLD GR BUS Wi EASE
CPU  WNTERLEAVE CPU  NO INTERLEAVE CPU MO INTERLEAVE CPU INTERLEAVE CPU  INTERLEAVE
CH1 INTERLEAVE CHT INTERLEAVE saes. | |
CH2 INTERLEAVE CH 2 SOFTWAAE DEMAND Acvrv(’ ACTIvE
CHU MO INTERLEAVE CHU INTERLEAVE . -
' O O,
[ e
O OO O, 10,
we () Ch € [ G
s ACTIVE TERMINALE |
GREQ, [ tni !
@ ACTIVE i ACTIVE o LOCREG OUT |
cHa ! PN
LOCKED i i
out i | BALG, | / bRt | i
! INACTIVE NACTIVE !
] | © S G
WACTIVE INAT VN% N
; / 547G, a3, |
@ | ALTIVE ! ACTIVE i
! |
oReS; (ke 0 crt 0 l GREG, o i 330
ACTIVE TERMINATE TERMINATE ' ACTIVE ! TEAMINATE
DREG; OALS; ! !
INACTIVE i INACTIVE | ! _J
€ | @)
¢ ! '
! ORED; f |
4 ACTIVE \l
T e O
TERMINATE v
OAEQ; I
I @ NACTIVE ¢ | @
BATE,
ACTIVE
PFO01300

Figure B2. Demand Interleave Operations of Am9516A UDC
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APPENDIX C
Am9516A STATE DIAGRAM

i"— UPPER ADDRESS UPDATING —+—— TRANSFER/SEARCH % SETUP —i i WLE “‘

Am9516A INTERNAL OPERATION ROUTINES

1. "'Start Chain" command issued or start updating rou-
tine* after an interrupt has been served.””

. Normal DMA operation
. Demand with Bus hold while DREQ is inactive.
. DREQ is active while bus hetd.

o s W N

. Single transfer, CPU interleave enabled, or demand
with bus release while current DREQ is inactive and
no DMA request is pending.

6. Single Transfer or Demand/Bus release while current
DREQ (s inactive, but the other DMA request is pend-
ing.

7. TC, MC or EOP termination occurs.

8. One DMA or chain transaction 1s done and the upper
address is not changed.

9. One DMA or chain transaction is done and the upper
address is changed.

ACKNQWLEDGE

AF003180

10. Base-to-current auto-reloading 1s enabled.

11. Base-to-current aulo-reloading is disabled.

12. Chaining is enabled

13. Chaining 1s disabled and another DMA request is
pending

14. Chaining is disabled and no DMA request is pending.

15. Chaining ends and another DMA request is pending.

16. Chaining ends and no DMA request is pending.

17. EOP termination of Bus Hold.

*Updating routine includes baece-to-current auto-retoading
and chaining.

**When a second interrupt is to be issued before the
first interrupt is acknowledged, the SIP bit of a Status
register is set and the channe! relinquishes the bus un-
til the first interrupt has been served. !f the channel
was to perform the updating routine, once the SIP bit
is cleared, DTC will reacquire the bus and perform the
appropriate operation (1.e., 1).
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