KS82C37A

PROGRAMMABLE DMA CONTROLLER

FEATURES/BENEFITS

¢ Pin and functional compatibility with the industry
standard 8237/8237A

¢ High Speed — 8MHz and 10MHz versions available

¢ Four independent maskable DMA channels with
autoinitialize capability

o Independent polarity control for DREQ and DACK
signals

o Address increment or decrement selection
o Cascadable to any number of channels

o Memory-to-memory transfer

o Fixed or rotating DMA request priority

¢ Low power CMOS impiementation

e TTL input/output compatibility

« 8080/85, 8086/88, 80186/286/386 compatible
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Figure 1: KS82C37A Block Diagram

DESCRIPTION

The KS82C37A is a high performance, programmable
Direct Memory Access (DMA) controller offering pin-
for-pin functional compatibility with the industry standard
8237/8237A. It features four channels, each independently
programmable, and is cascadable to any number of
channels. Each channel can be programmed to autoini-
tialize following DMA termination.

In addition, the KS82C37A supports both memory-to-
memory transfer capability and memory block initiali-
zation, as well as a programmable transfer mode.

The KS82C37A is manufactured using a proven CMOS
technology to produce a powerful, reliable product. It is
designed to improve system performance by allowing
external devices to transfer data directly from the system
memory. High speed and very low power consumption
make it an attractive addition in portable systems or
systems with low power standby modes.
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K882C37A PROGRAMMABLE DMA CONTROLLER

Table 1a: 40-Pin DIP Pin Assignment

Pin # |Pin Name | Pin # |Pin Name | Pin # |Pin Name | Pin # | Pin Name | Pin # |Pin Name | Pin # | Pin Name

1 [IOR 8 |ADSTB 15 |DACKj 22 |DBg 29 |DB; 36 |EOP

2 [1ow 9 |AEN 16 |DREQs 23 iDBs 30 |DBy 37 |A,

3 |MEMR 10 |HRQ 17 |DREQ, 24 |DACK;, 31 |vee 38 |As

4 |MEMW 11 |CS 18 |DREQ 25 |DACKq 32 {Ag 39 |Ag

5 [NC. 12 |CLK 19 |DREQq 26 |{DB4 33 |A 40 |A;

6 |READY 13 |RESET 20 |Vgs 27 |DBj 34 (A

7 |HLDA 14 |DACK, 21 DBy 28 |DB, 35 |A;

Table 1b: 44-Pin PLCC Pin Assignment

Pin # |Pin Name | Pin # | Pin Name | Pin # |Pin Name | Pin # | Pin Name | Pin # | Pin Name | Pin # | Pin Name
1 [|iIOR 9 [HLDA 17 |N.C. 25 |DBg 33 |DB, 41 (A
2 [iow 10 |ADSTB 18 |DACKj 26 |DBs 24 |DBy 42 |(Ag
3 |MEMR 11 |AEN 19 |DREQj 27 |DACK; 35 |Vee 43 |Ag
4 |MEMW 12 [HRQ 20 |DREQ; 28 |DACKg 36 |Ag 4 |A;
5 |N.C. 13 |CS 21 |DREQq 23 |N.C. 27 |A
6 |READY 14 |CLK 22 |DREQq 30 |DB,4 38 |Ap
7 |NC. 15 |RESET 28 |vgs 31 |DB; 39 |A;
8 |NC. 16 |DACK2 24 |DBy 32 |DB, 40 |EOP
Table 2: Pin Descriptions
Symbol Type Name and Function
Ag-3 I/0 | Low Address Bus: Bi-directional, 3-state signals. The 4 least significant address lines.

Idle Cycle (Inputs). Addresses the KS82C37A control register to be loaded or read.
Active Cycle (Outputs). Lower 4 bits of the transfer address.

Agy o) High Address Bus: 3-state output signals. The 4 most significant address lines representing
the upper 4 bits of the transfer address. Enabled during DMA service only.
ADSTB o] Address Strobe: Active HIGH output signal to control latching of the upper address byte.

Drives the strobe input of external transparent octal latches. During block operations, ADSTB
is activated only if the upper address byte needs updating, eliminating Sy states and
accelerating operation.

AEN O Address Enable: Active HIGH output signal to enable the 8-bit latch containing the higher
order address byte onto the system address bus. During DMA transfers, it can disable other
system bus drivers.

CLK | Clock Input: Generates timing signals to control internal operations and data transfer rate.
Input can be driven from DC to maximum frequengy. CLK may be stopped in Active or Idle
Cycle for standby operation.
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PROGRAMMABLE DMA CONTROLLER

Table 2: Pin Descriptions (Continued)

Symbol Type Name and Function

cs I Chip Select: Active LOW input signal to select the KS82C37A as an 1/0 device (ldle Cycle) for
CPU communication on the data bus.

DACKg-3 0 DMA Acknowledge: Individual channel active LOW (RESET) or HIGH output lines. Informs a
peripheral that the requested DMA transfer has been granted.

DBg-7 /0 | Data Bus: Bi-directional 3-state data lines connected to the system data bus.

Idle Cycle. During 1/0 Read (Program condition), outputs are enabled and contents of
KS82C37A internal registers are read by the CPU. In I/O Write, outputs are disabled and data
from the data bus are written into the registers.

Active Cycle. The upper byte of the transfer address is output to the data bus during DMA 1/0O 2
device-to-memory transfers. In memory-to-memory transfers, datais read into the KS82C37A
Temporary Register from data bus inputs during the read-from-memory transfer, and written
to the new memory location by data bus outputs during the write-to-memory transfer.

DREQq-3 | DMA Request: Asynchronous DMA service request input lines from 170 devices. DMA service
is requested by activation of the channel from a specific device. DREQ must be maintained
until DACK (service acknowledge) is activated.

1/0 Device Priority. Order of service is programmable. Priority may be fixed (descending order
from channel 0 or rotating (most recent channel served gets the lowest priority).

EOP 1/0 | End of Process: Active Low bi-directional 3-state signal. The KS82C37A terminates DMA
service when EOP is activated.

Internal EOP (Output). EOP is activated when the word count for any channel tums over from
0000(H) to FFFF(H) and a TC pulse is generated. In memory-to-memory transfer, service is
terminated when TC for channel 1 occurs.

External EOP (Input). An external EOP signal pulling ‘EOP LOW terminates active DMA
service. An EOP signal also resets the DMA request. If autoinitialize is enabled, the base
registers are written to the current register of the channel. If the channel is not programmed for
autoinitialize, the mask bit (Mask Register) and TC bit (Status Register) are set for the
currently active channel. The mask bit is not changed if the channel is set for autoinitialize.
Since EOP is driven by an open drain transistor on-chip, it shouid be maintained HIGH with a
pull-up resistor in order to avoid erroneous EOP inputs.

HLDA I Hold Acknowledge: Active HIGH input signal from the GPU, following an HRQ. Notifies the
KS82C73A that the CPU has released control of the system buses.
HRQ (o] Hold Request: Active HIGH output signal to the CPU. Requests control of the system buses.

HRQ is issued following a request for DMA service (DREQ) from a peripheral, and is
acknowledged by the HLDA signal.

10R I/0 | TOR Read: Active LOW bi-directional, 3-state signal.

Idle Cycle. CPU input control signal for reading the Control Registers.

Active Cycle. Output control signal to read data from a peripheral device during a DMA cycle.

Iow I/0 | IOW Write: Active LOW bi-directional, 3-state §ignal.

Idie Cycle. CPU input control signal for loading information into the KS82C37A.
Active Cycle. Output control signal to load data to a peripheral device during a DMA cycle.

‘g §wAmcnsnSUNG ' 527




KS82C37A

PROGRAMMABLE DMA CONTROLLER

Table 2: Pin Descriptions (Continued)

Symbol Type Name and Function

MEMR (o] Memory Read: Active LOW 3-state output signal. KS82C37A reads data from a selected
memory address during a DMA read or memory-to-memory transfer.

MEMW (o} Memory Write: Active LOW 3-state output signal. KS82C37A writes data to a selected memory
address during a DMA write or memory-to-memory transfer.

READY | Ready: A LOW ready signal extends the memory read and write pulse widths from the
KS82C37A to accommodate slow I/0 peripherals or memories. Transition must not be made
during the specified setup/hold time.

RESET I Reset: Active HIGH asynchronous input signal. Clears the Command, Status, Request and
Temporary Register, the Mode Register Counter, and the First/Last Flip-Flop. The Mask
Register is set to ignore DMA requests. The KS82C37 is in Idle Cycle following Reset.

Vee — Power: 5V £ 10% DC supply.

Vss — | Ground: OV

FUNCTIONAL DESCRIPTION

The KS82C37A DMA controller is a state-driven address
and control signal generator designed to acceleratedata
transfer in systems moving data from an 1/0 device to
memory, or a block memory to an I1/O device. Data
transfer is direct, bypassing storage in a temporary
register.

The KS82C37A also mediates memory-to-memory block
transfers and will move data from a single location to a
memory block. Temporary storage of data is required,
but the transfer rate is significantly faster than CPU
processes. The device provides operating modes to
carry out both single byte transfers and memory block
transfers, allowing it to control data movement with
software transparency. An operational flowchart of the
KS82C37A is shown in Figure 3.

The organization of the KS82C37A is outlined in the
block diagram. It is composed of three logic blocks, a
series of internal registers and a counter selection. The
logic blocks include the Timing and Control and Priority
Encoder circuits.

The Timing Control block generates internal timing
signals from the clock input and produces external
control signals.

Command Control decodes incoming instructions from
the CPU, and the Priority Encoder block regulates DMA
channel priority.

The internal registers hold internal states and instruction
from the CPU. Addresses and word counts are computed
in the counter section.

OPERATIONAL DESCRIPTION

DMA Operation

Inasystem, the KS82C37A address and control outputs
and data bus pins are usually connected in parallel with
the system buses with an external latch required for the
upper address byte. When inactive, the controller's
outputs are in a high impedance state. When activated
by a DMA request (and bus control has been relinquished
by the host), the KS82C37A drives the buses and
generates the control signals to perform the data transfer.
The operation performed by activating one of the four
DMA request inputs has previously been programmed
into the controller via the Command Mode Address, and
Word Count Registers.

For example, if a block of data is to be transferred from
RAM to an I/O device, the starting address of the data is
loaded into the KS82C37A current and Base Address
Registers for a particular channel, and the length of the
block is loaded into that channel’'s Word Count Register.
The corresponding Mode Register is programmed for a
memory-to-1/O operation (read transfer), and various
options are selected by the Command Register and
other Mode Register bits. The channel’s mask bit is
cleared to enable recognition ofa DMA request (DREQ).
The DREQ can be generated by a hardware signal or by
a Software Command.

Once initiated, the block DMA transfer proceeds as the
controller outputs the data address, simultaneous MEMR
and IOW pulses, then selects an I/0 device via the DMA
acknowledge (DACK) outputs. The data byte flows
directly from the RAM to the I/O device. After each byte
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KS82C37A

is transferred, the address is automatically incremented
(or decremented) and the Word Count is decremented.
The operation is then repeated for the next byte. The
controlier stops transferring data when the Word Count
Register underflows, or an external EOP is applied.

To better understand KS82C37A operation, consider the
states generated by each clock cycle. The DMA controller
operates in two major cycles, active and idle. After being
programmed, the controlier is normally idle until a DMA
request occurs on an unmasked channel, or a software
request is given. The KS82C37A then requests control of

the system buses and enters the active cycle. The active

cycle is composed of several internal states, depending
on the options that have been selected and the type of
operation that has been requested.

When performing I/O-to-memory or memory-to-I/O
DMA the KS82C37A can enter seven distinct states,
each composed of one fult clock period. State 1 (S,) is
the idle state. It is entered when the KS82C37A has no
valid DMA requests pending, at the end of a transfer
sequence, or when a Reset or Master Clear occurs.
While in 8¢, the DMA controlleris inactive, though it may
be in the process of being programmed by the processor
(Program Condition).

State 0 (Sp) is the first state of a DMA service. The
KS82C37A has requested a hold but the processor has
not yet returned an acknowledge. The KS82C37A may
still be programmed until it has received HLDA from the
CPU. An acknowledge from the CPU will signal that
DMA transfers may begin. Sy, Sy, Sg, and S4 are the
working states of the DMA service. If more time is
needed to complete a transfer than is available with
normal timing, wait states (Sw) can be inserted prior to
the execution of the S4 cycle by use of the Ready line on
the KS82C37A.

Note that the data is transferred directly from the I/O
device to memory (or vice versa) with IOR and MEMW
(or MEMR and IOW) being active at the same time. The
data is neither read into nor driven out of the KS82C37A
in I/O-to-memory or memory-to-l/O transfers.

Table 3: Memory-to-Memory Transfer States

State
Transfer States Numbers Notes
Read-from-Memory St1, S12 | Memory-to-Memory
Sq3, S14 |transfers require 8
states per transfer. 4
states for the Read-
Write-to-Memory S, Spo gg:;: oh:'e;c;ry“ Write-
S23, S24 to-Memory states to
complete the transfer.

PROGRAMMABLE DMA CONTROLLER

The KS82C37A can enter eight distinct states when
performing memory-to-memory DMA, each composed
of one full clock period. Four states are required for the
read-from-memory step, and four for the write-to-
memory operations. Data bytes in transit are stored in
the Temporary register.

idie Cycle

When none of the channels are requesting service, the
KS82C37A enters the Idle cycle and performs S, states.
In this cycie, the KS82C37A samples the DREQ lines on
the falling edge of every clock cycle to determine if any
channel is requesting a DMA service.

Note that DMA requests will be ignored in standby
operation where the clock has been stopped. The device
will respond to a CS (chip select), in case of an attempt
by the microprocessor to write or read the internal
registers of the KS82C37A. When CSis low and HLDA is
low, the KS82C37A enters the Program Condition. The
CPU can then establish, change or inspect the internal
definition of the part by reading or writing the internal
registers.

The KS82C37A may be programmed with the clock
stopped, provided HLDA is low and at least one rising
clock edge occurred after HLDA was driven low, so the
controller is in an S state. Address lines Ag - A3 are
inputs to the device and select which registers are read
orwritten. The IOR and IOW lines are used to selectand
time the read or write operations.

Due to the number and size of the internal registers, an
internal flip-flop is used to generate an additional
address bit. This bit is used to determine the upper or
lower byte of the 16-bit Address and Word Count
Registers. The flip-flop is reset by a Master Clear or
Reset. Separate software commands can also set or
reset this flip-flop.

Special software commands can be executed by the
KS82C37A in the Program Condition. These commands
are decoded as sets of addresses with CS, IOR, IOW,
and do not make use of the data bus. The commands
include: Set and Clear First/Last Flip-Flop, Master Clear,
Clear Mode Register Counter, and Clear Mask Register.

Active Cycle

When the KS82C37A is in the Idle cycle, and a software
requests or an unmasked channel requests a DMA
service, the device outputs an HRQ to the micro-
processor and enters the Active cycle. It is in this cycle
that the DMA service will take place, in one of the four
modes described below:
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Single Transfer Mode

In Single Transfer Mode, the device is programmed to
make one transfer only. The Word Count is decremented
and the address decremented or incremented following
each transfer. When the Word Countrolls over from zero
to FFFFH, a terminal count bitin the status register is set,
an EOP pulse isgenerated, and the channel autoinitializes
if this option has been selected. If not programmed to
Autoinitialize, the mask bit is set, along with the TC bit
and an EOP pulse is generated.

DREQ must be held active until DACK becomes active. If
DREQ is held active throughout the single transfer, HRQ
goes inactive and releases the bus to the system. lt again
goes active and, upon receipt of a new HLDA, another
single transfer is performed, unless a higher priority
channel takes over. in 8080A, 8085A, or 8088/86 systems,
this ensures one full machine cycle execution between
DMA transfers. Details of the timing between the
KS82C37A and other bus control protocols depends
upon the characteristics of the microprocessor involved.

Block Transfer Mode

In Block Transfer Mode, the KSB2C37A is activated by
DREQ or software request and continues making data
transfers during the service until a TC, caused by word
count going to FFFFH, or an external End of Process
(EOP) is encountered. DREQ need only be held active
until DACK becomes active. Again, Autoinitialization
occurs at the end of the service if the channel has been
programmed for that option.

Demand Transfer Mode

in Demand Transfer Mode the KS82C37A continues
making transfers until a TC or an external EOP is
encountered, oruntil DREQ goesinactive. Thus, transfers
continue until the I/O device has exhausted its data
capacity. When the 1/O device has caught up, DMA
service is reestablished by means of a DREQ. In the
interim between services when the microprocessor is
allowed to operate, the intermediate values of address
and word count are stored in the KS82C37A Current
Address and Current Word Count registers.

Higher priority channels may intervene in the demand
process, once DREQ has gone inactive. Only an EOP
can cause an Autoinitialization at the end of the service.
The EOP is generated either by TC or by an external
signal.

Cascade Mode

This mode is used to cascade more than one KS82C37A
for simple system expansion. The HRQ and HLDA
signals from additional KS82C37A devices are connected

PROGRAMMABLE DMA CONTROLLER

Figure 4: Cascaded KS82C37As
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to the DREQ and DACK signals respectively of achannel
for the initial KS82C37A. This allows the DMA requests
of the additional devices to propagate through the
priority network circuitry of the preceding device. The
priority chain is preserved and the new device must wait
for its turn to acknowledge requests. Since the cascade
channel of the initial KS82C37A is used only for setting
the priority of additional devices, it does not output an
address or control signals of its own. These could
conflict with the outputs of the active channel in the extra
devices.

The KS82C37A will respond to DREQ and generate
DACK but all other outputs except HRQ will be disabled.
An external EOP will be ignored by the initial device, but
will have the usual effect on the added device.

Figure 4 shows two additional devices cascaded with an
initial device and using two of the initial device’s channels.
This forms a two-level DMA system. More KS82C37As
could be added at the second level by using the
remaining channels of the first level. Additional devices
can also be added by cascading into the channels of the
second level devices, forming a third level.

When programming cascaded controllers, start with the
first level device (the one closet to the microprocessor).
After Reset, the DACK outputs are programmed to be
active low and are held in the high state. If they are used
to drive HLDA directly, the second levei device(s) cannot
be programmed until DACK polarity is selected as active
high on the initial device. In addition, the initial device's
mask bits funciton normally on cascaded channels, so
they may be used to inhibit second-level services.
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Transfer Types

Each of the three active transfer modes can perform
three different types of transfers. These are Read, Write
and Verify. Write transfers move data from an |/0 device
to the memory by activating MEMW and IOR. Read
transfers move data from memory to an I/0 device by
activating MEMR and IOW (refer to Table 4).

Verify transfers are pseudo-transfers. The KS82C37A
operates like Read or Write transfers, generating ad-
dresses and responding to EOP, etc., however the
memory and I/O control lines all remain inactive. Verify
mode is not allowed for memory-to-memory operation.
Note that Ready is ignored. during verify transfers.

Auftoinitialize

By programming a bit in the mode register, a channel
may be set up as an Autoinitialize channel. During
Autoinitialization, the original values of the Current
Address and Current Word Count Registers are auto-
matically restored from the Base Address and Base
Word Count Registers of that channel following EOP.
The Base Registers are loaded at the same time as the
Current Registers by the microprocessor and remain
unchanged throughout the DMA service. The mask bitis
not set when the channel is in Autoinitialize. Following
Autoinitialization, the channel is ready to perform another
DMA service, without CPU intervention, as soon as a
valid DREQ is detected, or software request is made.

Table 4: 1/0-Memory Transfer States*

PROGRAMMABLE DMA CONTROLLER

Memory-to-Memory

The KS82C37A incorporates a memory-to-memory
transfer feature, to perform block moves of data from
one memory address space to another with minimum of
program effort and time. Programming bit 0 in the
Command Register selects channels 0 and 1 to operate
as memory-to-memory transfer channels.

The transfer is initiated by setting the software or
hardware DREQ for channel 0. The KS82C37A requests
a DMA service in the normal manner. When HLDA goes
high, the device, using four-state transfers in Block
Transfer mode, reads data from the memory. The channel
0 Current Address Register is the source for the address
used and is decremented or incremented in the normal
manner. The data byte read from the memory is stored in
the KS82C37A internal Temporary Register. Another
four-state transfer moves the data to memory using the
address in the channel 1 Current Address Register. The
Current Address is incremented or decremented in the
normal manner, and the channel 1 Current Word Count
is decremented.

When the word count of channel 1 goes to FFFFH,a TC
is generated, causing an EOP output which terminates
the service. When Channel 0 word count decrements to
FFFFH the channel 0 TC bit in the status register is not
set nor is an EOP generated in this mode. However,
channel 0 is Autoinitialized, if that option has been
selected.

Operational State Description Notes
S, AEN High S, state is omitted if there is no
Low Order Bits: Ag - A7 change in the 8 high order bit
High Order Bits: DBy - DB transfer address during demand
ADSTB High and block mode transfers.
DACK Active
S, IOR Low or MEMR goes Low S, State (and Sg) are 1/0 or
memory I/0O timing control states.
S3 IOW Low or MEMW goes Low S3 is omitted when compressed
timing is used.
S4 10R High S4 state completes the DMA
IOW High transfer of one word.
MEMR High
MEMW High
Word Count Register Decremented by 1
Address Register Incremented (or Decremented) by 1

* In 1/0 memory transfers, data is transferred directly without being handled by the KS82C37A.
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PROGRAMMABLE DMA CONTROLLER

If fuil Autoinitialization for a memory-to-memory oper-
ation is desired, the channel 0 and channel 1 word
counts must be set to the same value before the transfer
begins. Otherwise,should channel 0 underflow before
channel 1, it Autoinitializes and sets the data source
address back to the beginning of the block. Should the
channel 1 word count underflow before channel 0, the
memory-to-memory DMA service terminates, and
channel 1 Autoinitializes but not channel 0.

In  memory-to-memory mode, Channel 0 may be
programmed to retain the same address for all transfers,
allowing a single byte to be written to an entire block of
memory. This channel § Address Hold feature is selected
by bit 1 in the command register.

The KS82C37A responds to external EOP signals during
memory-to-memory transfers, but only relinquishes the
system buses after the transfer is complete (i.e. after an
Sp4 state). Data comparators in block search schemes
may use this input to terminate the service when a match
is found. The timing of memory-to-memory transfers is
found in Figure 14b. Memory-to-memory operations can
be detected as an active AEN with no DACK outputs.

Priority

The KS82C37A has two types of priority encoding
available as software selectable options. The first is
Fixed Priority which fixes the channels in priority order
based upon the descending value of their numbers. The
channel with the lowest priority is 3 followed by 2, 1 and
the highest priority channel, 0. After a channel has been
recognized for service, the other channels are prevented
from interfering with the service until it is completed.

The second scheme is Rotating Priority. The last channel
to get service becomes the lowest priority channel with
the others rotated accordingly. The next lower channel
from the channel serviced has highest priority on the
following request: Priority rotates every time control of
the system buses is returned to the CPU.

With Rotating Priority in a single chip DMA system, any
device requesting service is guaranteed to be recognized
after no more than three higher priority services have
occurred. Thus any one channel is prevented from
monopolizing the system.

Note that regardless of which priority scheme is chosen,
priority is evaluated every time a HLDA is returned to the
KS82C37A.

Compressed Timing

In order to achieve even greater throughput where
system characteristics permit, the KS82C37A can com-
press the transfer time to two clock cycles. From Figure
3, it can be seen that state Sz is used to extend the access

time of the read pulse. By removing state S3, the read
pulse width is made equal to the write pulse width and a
transfer consists only of state S, to change the address
and state S4 to perform the read/write. S states will still
occur when Ag - Ays need updating (see Address
Generation). Timing for compressed transfers is found
in Figure 3. EOP will be output in S, if compressed
timing is selected. Compressed timing is not aliowed for
memory-to-memory transfers.

Table 5: Priority Decision Modes

Priority Mode Fixed Rotating
Service Terminated Channel| — |CHg |[CH, |CH, [CHj
Highest CHO CH‘ CH2 CH3 CHO
Order of CH; |CH, | CHg|CHg | CH,
Priority or next
DMA CH, [CH; |CHp |CH4 |CH,
Lowest | CHs |CHg |CH;|CH, [CH3

Address Generation

In order to reduce the pin count, the KS82C37A muiti-
plexes the eight higher order address bits on the data
lines. State S, is used to output the higher order address

" bits to an external {atch from which they may be placed

on the address bus. The falling edge of Address Strobe
(ADSTB) is used to load these bits from the data lines to
the latch. Address Enable (AEN) is used to enable the
bits onto the address bus through a three-state enable.
Lower order address bits are output by the KS82C37A
directly. Lines Ag - A7 should be connected to the
address bus. The timing diagram of Figure 3 shows the
time relationships between CLK, AEN, ADSTB, DBq -
DB7 and Ag - A7.

During Block and Demand Transfer mode service, which
include multiple transfers, the addresses generated will
be sequential. For many transfers the data held in the
external address latch will remain the same. This data
need only change when a carry or borrow from A7 to Ag
takes place in the normal sequence of addresses. To
save time and speed transfers, the KS82C37A executes
the S, states only when updating of Ag - A5 in the latch
is necessary. This means for long services, S1 states and
ADSTB may occur only once every 256 transfers, a
saving of 255 clock cycles for each 256 transfers.

External EOP Operation

The EOP pin is bidirectional and open drain, and can be
driven by external signals to terminate DMA operation. It
is important to note that the KS82C37A will not accept
external EOP signals when itisin an S; (Idle) state. The
controller must be active to latch external EOP. Once
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latched, the external EOP will be acted upon during the
next S, state, unless the KS82C37A enters an idle state
first. In the latter case, the latched EOP is cleared.
External EOP puises that occur between active DMA
transfers in demand mode are not recognized, since the
KS82C37A is in an Sy state.

INTERNAL REGISTERS

The KS82C37A contains 27 registers that are used
internally for control and temporary data storage. These
registers are listed in Table 6 below, and described in the
subsections following.

Base Address and Base Word Count Registers

Each of the four (4) channels has a pair of Base Address
and Base Word Count Registers. These 16-bit registers
store the original value of their associated current
registers. During Autoinitialize these values are used to
restore the current registers to their original values.

The base registers are written simultaneously with their
corresponding current register {in 8-bit bytes) by the
microprocessor when in the Program Condition. These
registers cannot be read by the microprocessor.

Table 6: Intemat Registers

Name Number | Size
Base Address Registers 4 16-Bit
Base Word Count Registers 4 16-Bit
Command Register 1 8-Bit
Current Address Registers 4 16-Bit
Current Word Count Registers 4 16-Bit
Mask Register 1 4-Bit
Mode Registers 4 6-Bit
Request Register 1 4-Bit
Status Register 1 8-Bit
Temporary Address Register 1 16-Bit
Temporary Regisfer 1 8-Bit
Temporary Word Count Register 1 16-Bit

Command Register

The operation of the KS82C37A is controlled by the 8-bit
Command Register. it is programmed by the micropro-
cessor and is cleared by a Reset or a Master Clear
instruction. Figure 5 lists the function of the command
bits, while Table 7 contains the Read and Write addresses.

PROGRAMMABLE DMA CONTROLLER

Figure 5: Command Register

0 | FIXED PRIORITY Jl

7 {1 | ROTATING PRIORITY

0 | LATE WRITE SELECTION ]
! | 1 | EXTENDED WRITE SELECTION |
(x| FeTa=-1

[0 | DREQ SENSE ACTIVE HIGH ]

1 | DREQ SENSE ACTIVE LOW

1 0 | DACK SENSE ACTIVE LOW ]
711 | DACK SENSE ACTIVE HIGH

Current Address Register

Each of the channels has a 16-bit Current Address
register. This register holds the value of the address used
during DMA transfers. The address is automatically
incremented or decremented after each transfer, with
the values of the address stored in the Current Address
register during the transfer.

This register is written or read by the microprocessor in
successive 8-bit bytes. it may also be reinitialized (by an
Autoinitialize) back to its original value, where an
Autoinitialize takes place only after an EOP.

In memory-to-memory mode, the channel 0 current
address register can be prevented from incrementing or
decrementing by setting the address hold bit in the
command register.

Current Word Register

Each of the channels also has a 16-bit Current Word
Count register which is used to determine the number of
transfers to be performed. The actual number of transfers
is one more than the number programmed in the Current
Word Count register (i.e. programming a count of 100
will result in 101 transfers). The word count is decre-
mented after each transfer, and when the value in the
register goes from zero to FFFFH, a terminal count (TC)
is generated.

This register is loaded or read in successive 8-bit bytes
by the microprocessor in the Program Condition.
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Following the end of a DMA service it may also e
reinitialized by an Autoinitiatization back to its original
value. Autoinitialization can occur only after an EOP or
TC. if not Autoinitialized, this register will have a count of
FFFFH after TC.

Mask Register

Each of the channels has associated with it one mask bit
in the 4-bit Mask register which can be set to disable an
incoming DREQ. Each mask bitis set when its associated
channel produces an EOP if the channel is not pro-
grammed to Autoinitialize. Each Mask register bit may
also be set or cleared separately or simuitaneously
under software control.

The entire register is also set by a Reset or Master Clear.
This disables all hardware DMA requests until a clear
Mask register instruction allows them to occur. The
instruction to separately set or clear the mask bits is
similar in form to that used with the Request register.
Refer to the Figure 6 and Table 7 for details.

When reading the mask register, bits 4-7 will always read
as logical ones, and bits 0-3 will display the mask bits of
channel 0-3, respectively. The 4 bits of the mask register
may be cleared simultaneously by using the Clear Mask
Register command (see software commands section).

Figure 6: Mask Register

PROGRAMMABLE DMA  NTROLLER

=

CHANNEL 0 SELECTED

Mode Register

Each of the channels has a 6-bit mode register associated
with it. When this register is being written to by the
microprocessor in the Program Condition, bits 0 and 1
determine which channel Mode register is to be written.
When the processor reads a mode register, bits 0 and 1
are both ones. See Figure 8 and Table 7 for mode register
functions and addresses.

Figure 8: Mode RegMe‘r

rrlsisjajsj2li10

ADORESS INCREMENT SELECT

0
{1 | ADDRESS DECREMENT SELECT

i

]

1 | CHANNEL 1 SELECTED
0 [ CHANNEL 2 SELECTED
1 | CHANNEL 3 SELECTED

10 [ MASK BIT CLEARED
(1 | MASK BIT SET

L NOT USED }

L]
]
1
1

Figure 7: All Four Size Bits of the Mask Register May
Also Be Written with a Simple Command

7 ﬂﬂﬂﬂ
-

DON'T CARE

» 0 MEHORVTO—HE"ONV DISABLE
MEMORY-] TO-IiHOIV ENABLE
MEMORY-] TO-HEIOIV DISABLE

MEMORY- TD-HEIOI'V ENABLE

0 | MEMORY-TO-MEMORY DISABLE i
MEMORY-TO-MEMORY ENABLE

0 | MEMORY-TO-MEMORY DISABLE !
MEMORY-TO-MEMORY ENABLE i

Request Register

The KS82C37A responds to requests for DMA service
initiated by the software and by a DREQ. Each channel
has a non-maskable request bit associated with it in the
4-bit Request Register. These are subject to prioritization
by the priority Encoder network with each bit set or reset
separately under software control. To set or reset a bit,
the software loads the proper form of the data word. The
entire register is cleared by a Reset. See Table 7 for
register address coding, and Figure 9 for request register
format.

A software request for DMA operation can be made in
block or single modes. For memory-to-memory transfers,
the software request for channel 0 should be set. When
reading the request register, bits 4-7 will always read as
ones, and bits 0-3 will display the request bits of
channels 0-3 respectively.
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PROGRAMMABLE DMA CONTROLLER

Figure 9: Request Register

SELECT CHANNEL 0
SELECT CHANNEL 1
SELECT CHANNEL 2

Note that the Temporary Register always contains the
last byte transferred in the previous memory-to-memory
operation, unless cleared by a Reset or Master Clear.

Figure 11: Definition of Register Codes

]
9
1
1

SELECT CHANNEL 3

0 | RESET REQUEST BIT
(1| seT reauesy BiT
DONT CARE; WRITE BITS 4-7

ALL ONES; READ

Status Register

The KS82C37A Status register can be read by the
microprocessor. It contains information about which
channels have reached a terminal count and which
channels have pending DMA requests.

Bits 0-3 are set every time a TC is reached by that
channel or an external EOP is applied. These bits are
cleared upon Reset, Master Clear, and on each Status
Read.

Bits 4-7 are set whenever their corresponding channel is
requesting service, regardless of the mask bit state. If the
mask bits are set, software can poll the status register to
determine which channels have DREQs, and selectively
clear a mask bit, thus allowing user defined service
priority. Status bits 4-7 are updated while the clock is
high, and latched on the falling edge. Status Bits 4-7 are
cleared upon Reset or Master Clear.

Figure 10: Status Register

1| CHANNEL 0 HAS REACHED TC
| CHANNEL 1 HAS REACHED TC
{ 1 | CHANNEL 2 HAS REACHED TC
1 | CHANNEL 3 HAS REACHED TC

1 | CHANNEL 0 REQUEST
| 1 | CHANNEL 1 REQUEST
1 | CHANNEL 2 REQUEST
1 [ CHANNEL 3 REQUEST

Temporary Register

The Temporary Register is used to hoid data during
memory-to-memory transfers. When the transfers are
completed, the last word moved can be read by the
MiCroprocessor.

_______SIGNALS

Register | Operation |CS IOR IOW A; A, A, Ag
Command | Write 0 1 0 1 0 0 O
Mode Write o 1+ 0o 1 0 1 1
Request Write 0 1 o 1 0 0 1
Mask Set/Reset [0 1 0 1 0 1 O
Mask Write o t o 1 1 1 1
Temporary |Read 0o o0 1 1 1 0 1
Status Read o 0o 1 1 0 0 O
PROGRAMMING

The KS82C37A accepts programming from the host
processor any time that HLDA is inactive, and at least
one rising clock edge has occurred after HLDA has gone
low. It is necessary for the host processor to ensure that
programming and HLDA are mutually exclusive.

Note that a problem can occur if a DMA request occurs
on an unmasked channel while the KS82C37A is being
programmed. For example: Where the CPU is starting to
re-program the two byte address register of channel 1
when channel 1 receives a DMA request: If the KS82C37A
is enabled (bit 2 in the Command register is set to 0), and
channel 1 is unmasked, then a DMA service will occur
after only one byte of the Address register has been
reprogrammed. This condition can be avoided by dis-
abling the controlier (bit 2 in the Command register is set
to 1) or masking the channel before programming any of
its registers. Once the programming is complete, the
controller can be enabled or the channel unmasked.

Software Commands

There are special software commands which can be
executed by reading or writing to the KS82C37A. These
commands do not depend on the specific data pattern
on the data bus, but are activated by the 1/0 operation
itself.

The KS82C37A Software Commands are summarized
below:

Clear First/Last Flip-Flop

This command is executed prior to writing or reading
new Address or Word Count information to the KS82C37A.
This initializes the flip-fiop to a known state so that
subsequent accesses to register contents by the micro
processor will address upper and lower bytes in the
correct sequence.
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Table7: Software Command Codes and Register Codes

Operation As | Ag | Ay | Aq [TOR TOW
Read Status Register 1/]0{0(0{0 |1
Write Command Register 1/0|0j0{1]0O
Read Request Register 110|010 1
Write Request Register 1100111 0
Read Command Register 1]0|1])]0]01}1
Write Single Bit Mask 1{o0(1]0]1 0
Read Mode Register 1{o0|[t1t]1]01|1
Write Mode Register 1{0f{1 11 0
Set Byte Pointer F/F 1/1|]0]|]0]0 11
CLR Byte Pointer F/F 1{1}j0|]0{11{0
Read Temporary Register 11|01 ]0]|[1
Master Clear 1(t1(0]1]1 0
CLR Mode RegisterCounter | 1 |1 (1 (0] 0 | 1
CLR Mask Register 1(t1{1]0{1 0
Read All Mask Bits 1{t{1]1(101}1
Write All Mask Bits 1]1}11 (1 1 [¢]

Set First/Last Flip-Flop

This command will set the flip-flop to first select the high
byte first on read and write operations to Address and
Word Count Registers.

Master Clear

This software instruction has the same effect as the
hardware Reset. The Command, Status, Request, and
Temporary Registers, and Internal First/Last Flip-Flop
and Mode Register counter are cleared and the Mask
Register is set. The device then enters the Idle cycle.

Clear Mode Register

This command clears the mask bits of all four channels,
enabling them to accept DMA requests.

Clear Mode Register Counter

Since only one address location is available for reading
Mode Registers, an internal two-bit counter is included
to select Mode Registers during read operations.

To read the Mode Registers, first execute the Clear Mode
Register Counter Command, then do consecutive reads
untit the desired channel is read. Read order ischannel 0
first, channel 3 last. The lower two bits on aill Mode
Registers will read as ones.

APPLICATIONS

Figure 12 shows an application for a DMA system
utilizing the KS82C37A DMA controller and an 80C88
microprocessor. The KS82C37A DMA controller is used
here to improve system performance by allowing an I/0
device to transfer data directly to or from the system
memory.

Components

The system clock is generated by the KS82C84A clock
driver and is inverted to meet the clock high and low
times required by the KS82C37A DMA controller. The
four OR gates are used to support an 80C88 micro-
processor in minimum mode by producing the control
signals used by the processor to access memory or /0.
A decoder is used to generate the chip select for the
DMA controller and memory.

Since the most significant bits of the address are output
on the address/data bus, an octal latch is used to
demultiplex the address. Hold Acknowledge (HLDA)
and Address Enable (AEN) are ORed together to insure
that the DMA controller does not encounter bus conten-
tion with the microprocessor.

Operation

A DMA request (DREQ) is generated by the I/0 device.
After receiving the DMA request, the DMA controller
issues a Hold Request (HRQ) to the microprocessor.
The system buses are not released to the DMA controller
until a Hold Acknowledge signal is returned to the DMA
controller from the 80C88 processor. After the Hold
Acknowledge has been received, addresses and control
signals are generated by the DMA controller to ac-
complish the DMA transfers. Data is transferred directly
from the 1/0O device to memory (or vice versa) with IOR
and MEMW (or MEMR and IOW) being active. Recall
that data is not read into or driven out of the DMA
controller in I/O-to-memory or memory-to-I/O data
transfers.
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Table 8: Word Count and Address Register Command Codes

_______SiGNALs intemal | Data Bus
Channel Register Operation (CS IOR IOW Ay A, A, A, | Flip-Flop | DBy-DB,
0 Base and Current Address Write Q 1 0 1] 0 0 0 0 Ag - A7
o 1 0 0 ©0o 0 O 1 Ag - Ass
Current Address Read 0 0 1 0 0 0 O 0 Ag - Ay
6 0o 1t 0 0o 0 O 1 Ag - Ass
Base and Current Word Count Write 0 1 0 0 0 0 1 0 Wo - W;
o 1 0 0 0 0 1 1 Wg - Wys
Current Word Count . Read 0 0 1 0 0 0 1 0 Wo - W;
0 o 1 o0 0 0 1 1 Wg ~ Wys
1 Base and Current Address Write 0 1 0 1] o] 1 0 0 Ag - A7
o 1 0 0 0 1 O 1 Ag - Ass
Current Address Read 0 0 1 0 0 1 0 0 Ag - Ay
o o 1 0 0 1t 0 1 Ag - Ass
Base and Current Word Count Write 0 1 0 0 0 1 1 0 Wy - Wy
» o 1t o0 0 0 1 1 1 Wg -~ Wys
Current Word Count Read 0 0 1 0 0 1 1 0 Wg - Wy
o 0o 1 o0 0 1 1 1 Wg - Wis
2 Base and Current Address Write 0 1 0 0 1 4] 0 0 Ao - A7
6 1 0 0 1 0 © 1 Ag - Asg
Current Address Read 0 0 1 0 1 0 0 0 Ag - Ay
0o o0 1 0 1 0 0 1 Ag - Ass
Base and Current Word Count Write [ 1 0 0 1 0 1 4] Wp - Wy
o 1 o o 1 0 1 1 Wg - Wis
Current Word Count Read 0 0 1 0 1 o] 1 0 Wy - Wy
o o 1 o0 1 0 1 1 Wg - Wys
3 Base and Current Address Write o 1 0 0 1 1 0 0 Ag - Ay
o t o 0 1 1 © 1 Ag - Ags
Current Address Read 0 0 1 0 1 1 0 0 Ag - Ar
o 0 1 0 1 1 0 1 Ag - Ass
Base and Current Word Count Write o 1 o o 1 1 1 ] W - Wy
o 1 0 o 1 1 1 1 Wg - Wy
Current Word Count Read 0 0 1 0 1 1 1 0 Wo - W;
o o 1 o0 1 1 1 1 Wg - Wys

E SAMSUNG w90



KS82C37A

PROGRAMMABLE DMA CONTROLLER

Figure 12: Application for DMA System
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Table 9: Recommended Operating Conditions

DC Supply Voltage

+4.0V to +6.0V

Operating Temperature Range Commercial 0°C to 70°C
Industrial -40°C to +85°C
Table 10: Absolute Maximum Ratings
DC Supply Voltage +7.0V

Input, Output or 1/0 Voltage Applied

Vgg - 05V 10 Vg + 0.5V

Storage Temperature Range

-65°C to +150°C

Maximum Package Power Dissipation

w

Note: Stresses beyond those listed above may cause permanent damage to the device. These are stress ratings only, and functional operation
of the device at these or any other conditions beyond those indicated in the operational sections of this specification is not implied.

Exposure to maximum rating conditions for extended periods may affect device reliability.

Table 11: Capacitance (T = 25°C, Ve = OV, Viy = +5V or Vgg)

Symbol Parameter Test Conditions Typ Units
Cio 1/0 Capacitance 20 pF
: FREQ = 1MHz
O Input Capacitance Unmeasured Pins Returned to Vsg 5 PF
Cout Output Capacitance 15 pF
Table 12: DC Characteristics (T = 0°C to 70°C, V¢e = 5V £ 10%, Vss = 0V)
Limits
Symbol Parameter Test Conditions Min Max Units
lop Operating Power Supply Current Vg = 5.5V — 20 mA/MHz
VIN = VCC or Vss
Outputs Open
lopsa Standby Power Supply Current Vee = 5.5V — 100 pA
Vin = Vgc of Vsg
Outputs Open
Input Leakage Current
e for Unidirectionals 0V =Vin = Vee -0 .0 A
Input Leakage Current
o for Bidirectionals OV =Vin = Vce -100 +100 HA
lot Output Leakage Current OV < Vouyr < Ve -10.0 +10.0 UA
Vin Logical One Input Voltage 20 — \
ViL Logical Zero Input Voltage — 08 \
VoH Output High Voltage lon = ~2.5mA 24 — v
lon = —100uA Vee - 04 — v
VoL Output Low Voltage loL = +3.2mA — 04 v
Notes:

1. Input timing parameters assume rise and fall transition times of 20ns or less.
2. The net TOW or MEMW pulse width for a normal write will be tey - 100ns, and for an extended write will be 2 - tcy - 100ns.
The net IOR or MEMR pulse width for a normal read will be 2 - toy - 50ns and for a compressed read will be tcy - 50ns.

s w

DREQ should be held active until DACK is returned.
. DREQ and DACK signals may be active HIGH or active LOW. The timing diagrams assume active HIGH.
. Successive read and/or write operations by the external processor to program or examine the controller must be timed to

allow at least 100ns (KS82C37A-10) and 200ns (KS82C37A-5) as recovery time between active read or write pulses.

N,

. EOP is an open drain output, and requires a pullup resistor to V¢c.
Pin 5 can be either tied to Vpg, or left unconnected.
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Table 13: AC Characteristics, DMA (Master) Mode (T,=0 to 70°C, Vec=5V £ 10%, Vss=0V)

Limits (8MHz) Limits (10MH2)
Symbol Parameter Units
Min Max Min Max

tacL AEN HIGH from CLK LOW (S,) Delay Time — 105 - 90 ns
taer AEN LOW from CLK HIGH (S,) Delay Time — 80 —_ 80 ns
taeas ADR Active to Float Delay from CLK HIGH — 55 — 55 ns
tarc READ or WRITE Float Delay from CLK HIGH - 75 — 75 ns
taroe DB Active to Float Delay from CLK HIGH — 135 — 100 ns
taur ADR from READ HIGH Hold Time ter-75 — ter-75 - ns
tans DB from ADSTB LOW Hold Time 25 — 20 - ns
tanw ADR from WRITE HIGH Hold Time tev-50 — tcv-50 - ns
DACK Valid from CLK LOW Delay Time — 105 - 90 ns

tax EOP HIGH from CLK HIGH Delay Time — 105 — 90 ns
EOP LOW from CLK HIGH Delay Time - 60 - 60 ns

tasm ADR Stable from CLK HIGH — 60 — 60 ns
tass DB to ADSTB LOW Setup Time 85 — 75 — ns
ten CLK HIGH Time 55 - 45 — ns
ter CLK LOW Time 50 — 45 — ns
tov CLK Cycle Time 125 — 100 - ns
tocL CLK HIGH to READ or WRITE LOW Delay - 120 - 90 ns
tocrr READ HIGH from CLK HIGH (Si) Delay Time — 115 — 95 ns
toctw WRITE HIGH from CLK HIGH (S,) Delay Time — 80 — 80 ns
toas HRQ Vatid from CLK HIGH Delay Time — 75 - 75 ns
toaz HRQ Valid from CLK HIGH Delay Time — 75 — 75 ns
ters EOP LOW from CLK LOW Setup Time 25 — 25 — ns
tepw EOP Pulse Width (ext. EOP) 135 - 80 — ns
traas ADR Float to Active Delay from CLK HIGH - 60 — 60 ns
teac READ or WRITE Active from CLK HIGH - 90 — 90 ns
traos DB Float to Active Delay from CLK HIGH — 60 - 60 ns
tus HLDA Valid to CLK HIGH Setup Time 45 — 45 — ns
tion Input Data from MEMR HIGH Hold Time 0 - 0 — ns
tios tnput Data to MEMR HIGH Setup Time 90 — 80 — ns
toow Output Data from MEMW HIGH Hold Time 15 — 15 - ns
toov Output Data Valid to MEMW HIGH 85 — 65 — ns
tas DREQ to CLK LOW (S, S4) Setup Time 0 — 0 — ns
tan CLK to READ LOW Hold Time 20 — 10 — ns
trs READY to CLK LOW Setup Time 35 - 35 — ns
tsrL ADSTB HIGH from CLK HIGH Delay Time — 50 — 50 ns
terr ADSTB LOW from CLK HIGH Delay Time - 90 — 90 ns
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Table 14: AC Characteristics, Peripheral (Slave) Mode (Ta = 0 to 70°C, Vg = 5V + 10%, Vgg = 0V)

Limits (8MH2z) Limits (10MH2)
Symbol Parameter Units
Min Max Min Max
tan ADR Valid or CS LOW to READ LOW 10 — 0 — ns
taw ADR Valid to WRITE HIGH Setup Time 100 —_ 60 — ns
tow CS LOW to WRITE HIGH Setup Time 100 — 85 — ns
tow Data Valid to WRITE HIGH Setup Time 100 — 90 — ns
tra ADR or CS Hold from READ HIGH o] — 0 - ns
troe Data Access from READ — 120 - 95 ns
tror DB Float Delay from READ HIGH 0 70 0 70 ns
trsto Power Supply HIGH to RESET LOW Setup Time 500 — 500 — ns
trsts RESET to First IOWR 2'tcv —_ 2-(cv - ns
tRsTW RESET Puise Width 200 — 100 — ns
taw 110 Read Width 155 — 120 _ ns
twa ADR from WRITE HIGH Hold Time 0 — 0 — ns
twe CS HIGH from WRITE HIGH Hold Time 0 — 0 - ns
two Data from WRITE HIGH Hold Time 10 —_ 10 - ns
twws WRITE Width 100 — 1] - ns
Figure 13: AC Test Circuits
) PINS v, R, c,
il All Outputs Except EOP 17V 5200) 100pF
Ry EOP Vee 1.6KQ S0pF
DEVICE UNDER TEST TEST POINT
. C
z
Figure 14: AC Testing input, Output Waveforms
INeuT OUTPUT
Ve +0.4V Vou
15V 1.5V
ouTPuT ouTPUT
Z—» LORH Z—» LORH
2V Vou Vou Vo - 045V
08V Vou Vou 045V
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Figure 15: Timing Diagrams (Master Mode)

a) DMA Transfer Timing
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¢) Compressed Transfer Timing
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d) Ready Timing
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Figure 16: Timing Diagrams (Slave Mode)

a) Slave Mode Read Timing
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& __\ tew
R — Mc{v?
| twws

- taw twa
l—
Ag-A; j INPUT VALID
\ "
| tow
DBo-DBy __—% INPUT VALID

o

¢ SAMISUNG

Electronics



KS82C37A

PROGRAMMABLE DMA CONTROLLER

PACKAGE DIMENSIONS
Units: Inches

Plastic Package 44 Pin PLCC

ORDERING INFORMATION & PRODUCT CODE DIMENSIONS

KS 82C37A X X X

SAMSUNG Packaging
SEMICONDUCTOR P — Plastic DIP
L — Plastic Leaded Chip Carrier
(PLCC)
Part Number l—-
Speed Temperature
C — Commercial (0°C to +70°C)
-8 8MHz ‘ t — Industrial (-40°C to +85°C)
-10 10MHz

SAMSUNG products are designated by a Product Code. When ordering, please refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact the SAMSUNG MOS Products Group.
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