




















































































































































































































































































































































































































































































































































































































82(C325-16 AC Characteristics PRELIMINARY
(TA =00C to 700C, VCC =5V + 5%, A.C. load = 85pf)

CPU CYCLES:

OUTPUT DELAYS Min |Max |Unit
t501 LD valid to MD valid, -MSTR inactive 22 ns
t502 LD invalid to MD invalid, -MSTR inactive 18 ns
t503 LD to MP delay, -MSTR inactive 30 ns
t504 LD invalid to MP invalid, -MSTR inactive 30 ns
t507 MD, MP active to LD active, MSTR inactive 20 ns
t510 -DRD inactive to LD in Hi-Z -MSTR inactive 30 ns
t513 MD (0-15) active to LD(16-31) active 23 ns
t514 MD (0-15) inactive to LD(16-31) inactive | 23 ns
t515 LD(16-31) active to MD(0-15) active 23 ns
t516 LD(16-31) inactive to MD(0-15) inactive 23 ns
t517 MD(0-7) active to LD(8-15) active | 23 ns
t518 MD(0-7) inactive to LD(8-15) inactive 23 ns
t519 LD(8-15) active to MD(0-7) active 23 ns
t520 LD(8-15) inactive to MD(0-7) inactive 23 ns
t521 MD(0-7) active to LD(24-31) active |23 |ns
t522 I\;[D(O-7) inactive to LD(24-31) inactive 23 ns
t523 LD(24-31) active to MD(0-7) active 23 ns
t524 LD(24-31) inactive to MD(0-7) inactive 23 ns
t525 LD(0-15) active to LD(16-31) active 23 ns
t526 LD(0-15) inactive to LD(16-31) inactive 23 ns
t527 LD(16-31) active to LD(0-15) active 23 ns
t528 LD(16-31) inactive to LD(0-15) inactive 23 ns
t529 LD(0-15) active to MD(16-31) active 23 ns
t530 LD(0-15) inactive to MD(16-31) inactive 23 ns
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82C325-16 AC Characteristics PRELIMINARY
(TA =00C to 700C, VCC =5V + 5%, A.C. load = 85pf)

OUTPUT DELAYS (continued) Min |Max |Unit
t531 MD(16-31) active to LD(0-15) acfive 23 ns
t532 MD(16-31) inactive to LD(0-15) inactive 23 ns
t533 MD(0-15) active to MD(16-31) active 23 ns
t534 MD(0-15) inactive to MD(16-31) inactive 23 ns
t535 MD (16-31) active to MD(0-15) active 23 ns
t536 MD (16-31) inactive to MD(0-15) inactive 23 ns
PARITY RELATED OUTPUTS (OUTPUT DELAYS) Min |Max |Unit
t542 MD(16-31) inactive to MP(2-3) inactive 20 né
t543 MD(0-15) active to MP(2-3) active 20 ns
t544 MD(16-31) inactive to MP(2-3) inactive 20 ns
t551 -PCEN(0-3) active to -CHCKO active . | 18 ns
t553 -PCEN(0-3) active to -NMI active (from Hi-Z) 20 ns
t555 -CHCKO active to -NMI active 20 ns
t574 LD(0-15) to MP(2-3) valid 22 ns
t577 MD(0-15) valid to MP(2-3) valid 30 ns
t578 MD(0-15) invalid to MP(2-3) invalid | 36

t579 LD(0-15) invalid to MP(2-3) invalid 33 ns
t580 LD(0-15) valid to MP(2-3) valid 30 ns
MASTER CYCLES (OUTPUT DELAYS) Min |Max |Unit
t537 MD invalid to LD invalid , for 32 bit MSTR 20 ns
t538 MD .vaild to MP valid, for 32 bit MSTR 30 ns
t539 MD invaild to MP invalid, for 32 bit MSTR 22 ns
t540 -DRD active to LD in Hi-Z for 32 bit MSTR 22 ns

Rev 1.0 Page 141




82C325-16 AC Characteristics
(TA =00C to 700C, VCC =5V + 5%, A.C. load = 85pf)

PRELIMINARY

MASTER CYCLES (OUTPUT DELAYS continued) Min |Max |Unit
t541 -DRD active to MP in Hi-Z for 32 bit MSTR 20 ns
547 -DRD active to MD(0-7) valid for internal register | 35 ns
access by MSTR.
t575 -DRD inactive to MD in Hi-Z for 32 bit MSTR 38 ns
MISCELLANEOUS (OUTPUT DELAYS) Min |Max | Unit
t546 -VGACMD active to LD valid for Register access by 32 ns
CPU.

t552 -XIOWR inactive to -CHCKO inactive 20 ns
t554 -XIOWR inactive to -NMI inactive(to Hi-Z) 20 ns
t556 -XA(0-9), -OBIOP valid to -KBDCS active 30 ns
t557 -XA(0-9), -OBIOP invalid to -KBDCS inactive 15 ns
t558 KBDP24 active to -IRQ1 active 15 ns
t559 -XIORD active to -IRQI1 inactive 15 ns
t560 KBDPZS active to -IRQ12 active 15 ns
t561 -XIORD active to -IRQ12 inactive 15 ns
t562 -XIORD, -XIOWR active to XDIR low 15 ns
t563 -XIORD, -XIOWR inactive to XDIR high 15 ns
t564 -XIOWR inactive to -VGASETUP, VGAEN low 20 - |ns
t565 -XIOWR inactive to VGASETUP VGAEN high 15 ns
t566 -XIOWR active -P74WR, -P75WR active 15 ns
t568 -XIORD, -XIOWR active to -PGMP(0-2) active 15 ns
t569 -XIORD, -XIOWR inactive to -PGMP(0-2) inactive 15 ns
t570 -INTA active to XDIR low 15 ns
t571 -INTA inactive to XDIR high 12 ns
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82C325-20 AC Characteristics
(TA =00C to 700C, VCC =5V + 5%, A.C. load = 85pf)

PRELIMINARY

CPU CYCLES:

OUTPUT DELAYS Min |[Max |Unit
t501 LD valid to MD valid, -MSTR inactive 22 ns
t502 LD invalid to MD invalid, -MSTR inactive 18 ns
t503 LD to MP delay, -MSTR inactive 20 ns
t504 LD invalid to MP invalid, -MSTR inactive 18 ns
t507 MD, MP active to LD active, MSTR inactive 20 ns
t510 -DRD inactive to LD in Hi-Z -MSTR inactive 30 ns
t513 MD (0-15) active to LD(16-31) active 23 ns
t514 MD (0-15) inactive to LD(16-31) inactive 23 ns
t515 LD(16-31) active to MD(0-15) active 23 ns
t516 LD(16-31) inactive to MD(0-15) inactive 23 ns
t517 MD(0-7) active to LD(8-15) active 23 ns
t518 MD(0-7) inactive to LD(8-15) inactive 23 ns
t519  LD(8-15) active to MD(0-7) active 23 |ns
t520 LD(8-15) inactive to MD(0-7) inactive 23 ns
t521 MD(0-7) active to LD(24-31) active 23 ns
t522 MD(0-7) inactive to LD(24-31) inactive 23 ns
t523 LD(24-31) active to MD(0-7) active 23 ns
t524 LD(24-3 1) inactive to MD(0-7) inactive 23 ns
t525 LD(0-15) active to LD(16-31) active 23 ns
t526 LD(0-15) inactive to LD(16-31) inactive 23 ns
t527 LD(16-31) active to LD(0-15) active 23 ns
t528 LD(16-31) inactive to LD(0-15) inactive 23 ns
t529 LD(0-15) active to MD(16-31) active 23 ns
t530 LD(0-15) inactive to MD(16-31) inactive 23 ns
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82C325-20 AC Characteristics

(TA =00C to 700C, VCC = 5V + 5%, A.C. load = 85pf)

PRELIMINARY

OUTPUT DELAYS (Continued) Min |[Max |Unit
| t531 MD(16-31) active to LD(0-15) active 23 ns
t532 MD(16-31) inactive to LD(0-15) inactive 23 ns
t533 MD(0-15) active to MD(16-31) active 23 ns
t534 MD(0-15) inactive to MD(16-31) inactive 23 ns
t535 MD (16-31) active to MD(0-15) active 23 ns
t536 MD (16-31) inactive to MD(0-15) inactive 23 ns
PARITY RELATED OUTPUTS (OUTPUT DELAYS) Min |Max |Unit
t542 MD(16-31) inactive to MP(2-3) inactive 20 ns
t543- MD(0-15) active to MP(2-3) active 20 ns
t544 MD(16-31) inactive to MP(2-3) inactive 20 ns
t551 -PCEN(0-3) active to -CHCKO active 18 ns
t553 -PCEN(0-3) active to -NMI active (from Hi-Z) 18 |ns
t555 -CHCKO active to -NMI active 15 ns
t574 LD(0-15) to MP(2-3) valid 19 ns
t577 MD(0-15) valid to W(2-3) valid 21 ns
t578 MD(0-15) invalid to MP(2-3) invalid 36 |ns
t579 LD(0-15) invalid to MP(2-3) invalid 33 ns
t580 LD(0-15) valid to MP(2-3) valid 19 ns
MASTER CYCLES (OUTPUT DELAYS) Min |Max Unit
t537 MD invalid to LD invalid , for 32 bit MSTR 20 ns
t538 MD vaild to MP valid, for 32 bit MSTR 18 ns
t539  MD invaild to MP invélid, for 32 bit MSTR 20 ns
t540 -DRD active to LD in Hi-Z for 32 bit MSTR 20 ns
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82C325-20 AC Characteristics
(TA =00C to 700C, VCC = 5V + 5%, A.C. load = 85pf)

PRELIMINARY

MASTER CYCLES (OUTPUT DELAYS continued) Min |Max |Unit
t541 -DRD active to MP in Hi-Z for 32 bit MSTR 20 ns
t547 -DRD active to MD(0-7) valid for internal register 35 ns
access by MSTR.
t575 -DRD inactive to MD in Hi-Z for 32 bit MSTR 38 |ns
MISCELLANEOUS OUTPUTS (OUTPUT DELAYS) Min |Max |Unit
t546 -VGACMD active to LD valid for Register access by 32 ns
CPU.

t552 -XIOWR inactive to -CHCKO inactive 17 ns
£554 -XIOWR inactive to -NMI inactive(to Hi-Z) 15 ns
t556 -XA(0-9), -OBIOP valid to -KBDCS active 30 ns
t557 -XA(0-9), -OBIOP invalid to -KBDCS inactive 12 ns
t558 KBDP24 active to -IRQ1 active 12 ns
t559 -XIORD active to -IRQ1 inactive 15 ns
t560 KBDP2S5 active to -IRQ12 active 11 ns
t561 -XIORD active to -IRQ12 inactive 15 ns
t562 -XIORD, -XIOWR active to XDIR low 13 ns
t563 -XIORD, -XIOWR inactive to XDIR high 10 ns
t564 -XIOWR inactive to -VGASETUP, VGAEN low 15 ns
t565 -XIOWR inactive to VGASETUP VGAEN high 15 ns
t566 -XIOWR active -P74WR, -P75WR active 15 ns
t568 -XIORD, -XIOWR active to -PGMP(0-2) active 15 ns
t569 -XIORD, -XIOWR inactive to -PGMP(0-2) inactive 12 ns
t570 -INTA active to XDIR low 12 ns
t571 -INTA inactive to XDIR high 9 ns
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82C325-25 AC Characteristics

(TA =00C to 700C, VCC =5V + 5%, A.C. load = 85pf)

PRELIMINARY

CPU CYCLES:

OUTPUT DELAYS Min |Max |Unit
t501 LD valid to MD valid, -MSTR inactive 22 ns
t502 LD invalid to MD invalid, -MSTR inactive 18 ns
t503 LD to MP delay, -MSTR inactive 20 ns
t504 LD invalid to MP invalid, -MSTR inactive 18 ns
t507 MD, MP active to LD active, MSTR inactive 20 ns
t510 -DRD inactive to LD in Hi-Z -MSTR inactive 30 ns
t513 MD (0-15) active to LD(16-31) active 23 ns
t514 MD (0-15) inactive to LD(16-31) inactive 23 ns
t515 LD(16-31) active to MD(0-15) active 23 ns
t516 LD(16-31) inactive to MD(0-15) inactive 23 ns
t517 MD(0-7) active to LD(8-15) active 23 ns
t518 MD(0-7) inactive to LD(8-15) inactive 23 ns
t519 LD(8-15) active to MD(0-7) active 23 ns
t520 LD(8-15) inactive to MD(0-7) inactive 23 ns
t521 MD(0-7) active to LD(24-31) active 23 |ns
t522 MD(0-7) inactive to LD(24-31) inactive 23 ns
t523 LD(24-31) active to MD(0-7) active 23 ns
t524 LD(24-31) inactive to MD(0-7) inactive 23 ns
t525 LD(0-15) active to LD(16-31) active 23 ns
t526 LD(0-15) inactive to LD(16-31) inactive 23 ns
t527 LD(16-31) active to LD(0-15) active 23 ns
t528 LD(16-31) inactive to LD(0-15) inactive 23 ns
t529 LD(0-15) active to MD(16-31) active 23 ns
t530 LD(0-15) inactive to MD(16-31) inactive 23 ns
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82(C325-25 AC Characteristics

(TA =00C to 700C, VCC = 5V + 5%, A.C. load = 85pf)

PRELIMINARY

OUTPUT DELAYS (continued) Min [Max [Unit
t531 MD(16-31) active to LD(0-15) active 23 ns
t532 MD(16-31) inactive to LD(0-15) inactive 23 ns
t533 MD(0-15) active to MD(16-31) active 23 ns
t534 MD(0-15) inactive to MD(16-31) inactive 23 ns
t535 MD (16-31) active to MD(0-15) active 23 ns
t536 MD (16-31) inactive to MD(0-15) inactive 23 ns
PARITY RELATED OUTPUTS (OUTPUT DELAYS) Min |Max |Unit
t542 MD(16-31) inactive to MP(2-3) inactive 20 ns
t543 MD(0-15) active to MP(2-3) active 20 ns
t544 MD(16-31) inactive to MP(2-3) inactive 20 ns
t551 -PCEN(0-3) active to -CHCKO active 18 |ns
t553 -PCEN(0-3) active to -NMI active (from Hi-Z) 18 ns
t555 -CHCKO active to -NMI active 15 ns
t574 LD(0-15) to MP(2-3) valid 19 ns
t577 MD(0-15) valid to MP(2-3) valid 21 ns
t578 MD(0-15) invalid to MP(2-3) invalid 36 ns
t579 LD(0-15) invalid to MP(2-3) invalid 33 ns
t580 LD(0-15) valid to MP(2-3) valid 19 ns
MASTER CYCLES (OUTPUT DELAYS) Min |Max |Unit
t537 MD invalid to LD invalid , for 32 bit MSTR 20 ns
t538  MD vaild to MP valid, for 32 bit MSTR 18 ns
t539 MD invaild to MP invalid, for 32 bit MSTR 20 ns
t540 -DRD active to LD in Hi-Z for 32 bit MSTR 20 ns
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82(C325-25 AC Characteristics
(TA =00C to 700C, VCC = 5V + 5%, A.C. load = 85pf)

PRELIMINARY

MASTER CYCLES (OUTPUT DELAYS continued) Min |[Max |Unit
t541 -DRD active to MP in Hi-Z for 32 bit MSTR 20 ns
t547 -DRD active to MD(0-7) valid for internal register 35 ns
access by MSTR.
t575 -DRD inactive to MD in Hi-Z for 32 bit MSTR 38 ns
MISCELLANEOUS (OUTPUT DELAYS) Min |Max |Unit
t546 -VGACMD active to LD valid for Register access by 32 ns
CPU. ‘

t552 -XIOWR inactive to -CHCKO inactive 17 ns
t554 -XIOWR inactive to -NMI inactive(to Hi-Z) 15 ns
t556 -XA(0-9), -OBIOP valid to -KBDCS active 30 ns
t557 -XA(0-9), -OBIOP invalid to -KBDCS inactive 12 ns
t558 KBDP24 active to -IRQ1 active 12 ns
t559 -XIORD active to -IRQ1 inactive 15 ns
t560 KBDP2S5 active to -IRQ12 active 11 ns
t561 -XIORD active to -IRQ12 inactive 15 ns
t562 -XIORD, -XIOWR active to XDIR low 13 ns
t563 -XIORD, -XIOWR inactive to XDIR high 10 ns
t564 -XIOWR inactive to -VGASETUP, VGAEN low 15 ns
t565 -XIOWR inactive to VGASETUP VGAEN high 15 ns
t566 -XIOWR active -P74WR, -P75WR active 15 ns
t568 -XIORD, -XIOWR active to -PGMP(0-2) active 15 ns
t569 -XIORD, -XIOWR inactive to -PGMP(0-2) inactive 12 ns
t570 -INTA active to XDIR low 12 ns
t571 -INTA inactive to XDIR high 9 | ns
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82C223 DMA CONTROLLER PRELIMINARY

FEATURES

n Eight Independent DMA channels

| Extended Mode Operation

| 64K 1/O addressing capability. I/O address generation optional.

] Register/Program Compatibility with 8237 in the compatible mode.
| 16 MByte memory addressing capability

| Data transfer between memory and I/O

| Status signals compatibility to 80286

| Serial DMA operation

| Read Verification mode

[ Virtual DMA support for channels 0 and 4

| Each channel individually programmable to support either byte or word transfer
] DRAM refresh Logic support for 256KB, 1IMB and 4MB DRAMS
FUNCTIONS

The 82C223 DMA Controller performs the following functions in a CHIPS/250 or CHIPS/280
implementation. Figure 7-1 Shows the block diagram of 82C223.

NMI Bus time out capability

Error recovery mechanism

Refresh clock generation

Central Arbitration Control Point (CACP) intergrated on chip:
16 Arbitration Levels

Central Arbitration

Local Arbitration
Burst Mode Operation

* % ¥ ¥

Fabricated in 1.5 micron CMOS technology
100% compatibility with IBM PS/2 family
Auvailable in 84 pin PLCC or 100 pin PFP packages.
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82C223 DMA CONTROLLER PRELIMINARY

1.0 OVERVIEW

The 82C223 DMA Controller incorporates the micro channel Central Arbitration Control Point
(CACP), eight programmable DMA channels, 11-bit wide memory refresh, and other
miscellaneous logic.

While maintaining complete compatibility with the DMA implementation on IBM PS/2 Models,
the chip integrates additional features like error recovery and refresh clock generation logic. The
82C223 along with the CHIPS/250 or the CHIPS/280 CHIPSet, provides a highly integrated high
performance solution for IBM PS/2 compatible implementation.

The 82C223 DMA controller is implemented using advanced CMOS technology and is available
in either 84 pin PLCC or 100 pin PFP packages.

2.0 CACP

The Central Arbitration Control Point allows slave DMA devices or external Bus Masters to
share control of the system bus. It supports bursting devices and implements a "Fairness" scheme
that ensures all requesting device get access to the system bus. It supports up to sixteen
arbitrating devices such as slave DMA peripherals or intelligent Bus Masters.

The micro channel has two states, one called the arbitration state and the other called the grant
state distinguished by the level of the ARB/-GNT signal. If ARB/-GNT is high, then it is in the
arbitration state and when low, it is in the grant state.

Each local arbiter (MASTER or a DMA slave) on the channel is assigned a unique 4 bit
arbitration level. Level O has the highest priority and level 15 the lowest. The level 15 is reserved
for the system CPU.

A DMA slave requests the use of the MCA by activating the -PREEMPT line. The Central
Arbitration Control Point (CACP) raises the ARB/-GNT line signifying the start of an arbitration
cycle. During this interval, the DMA slave drives its arbitration levels onto the 4 ARB pins.

If any other device also requests the bus, it or they also assert their priority levels on the 4 ARB
pins. Each competing device compares the levels it is driving on the pins with the levels already
on the pins. If the device sees a higher priority level on the bus than it is trying to assert, then it is
declared a loser. The highest priority device is declared the winner.

At the end of the arbitration cycle (signified by the CACP dropping the ARB/-GRNT line) each !
device that participated in the arbitration cycle will know if it won or lost the bus. If the device
won the bus, it raises the -PREEMPT line. ‘

During arbitration, HOLD is asserted, if not already active. When the 82C223 samples HLDA ‘
active, it enters the grant state. The winning arbiter (one with the highest priority) must drive its |
arbitration levels throughout the grant state. If no local arbiter is requesting the bus, the HOLD is
not asserted and the system CPU receives the channel control.

Devices that want to perform multi-byte transfers must assert -BURST until the last byte is
transferred. A burst cycle is terminated by the requesting device, after the programmed number
of transfers or if another device asserts its -PREEMPT line. If burst transfer is interrupted by
another device requesting channel access, the remaining bytes or words will be transferred when
the bursting device gains control of the bus after participating in another arbitration cycle.
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82C223 DMA CONTROLLER PRELIMINARY

If the DMA transfer is completed, as indicated by the activation of terminal count, the channel is
awarded to the next higher priority device or to the system processor.

The 82C223 supports a "Fairness" feature, which if enabled in an adapter, preempts the current
bus master within a specified time. When the bursting device samples -PREEMPT active during
its transfer, it should complete the current cycle and de-assert the -BURST output. It should not
participate in any further arbitration cycles until it samples -PREMPT inactive.

If the bursting device continues to hold -BURST active after detecting the activation of the
-PREEMPT signal, an error condition is assumed after 7.8 micro seconds, and an NMI is
generated. When an NMI is generated, the arbitration register bit <6> and bit <5> (Bus Time
Out indication) is set to a one and the ARB/-GNT is driven to the high state, forcing the bursting
device to terminate the cycle. The NMI interrupt handler should clear this condition by writing a
zero to bit <6> or by activating reset.

The arbitration mechanism can be disabled by writing a one at the arbitration register bit <6> at
the I/O address 90 (hex). The arbitration period is 300 ns if the arbitration register bit <5> is set
to zero; otherwise it is 600 nsec (Note: During read operation bit <5> gives the status of the Bus
Time Out condition. During write cycles, this bit determines the duration of the arbitration
cycle). The period may be longer if a refresh cycle occurs during the arbitration state or the
HLDA signal, if required, does not become asserted in time. The arbitration register bit <7>
controls the HOLD signal during the arbitration state.

3.0 DMA CONTROLLER
The 82C223 supports § DMA channels which generate the memory address and control signals
to transfer information between peripheral and memory directly without requiring CPU

intervention. Each DMA channel can be independently programmed for byte or word transfers.

The DMA channels have a 24 bit address register and a 16 bit transfer count register, allowing it
to access up to 16 MBytes of memory and transfer blocks as large as 65536 words.

The DMA controller offers:

m  Register/program level compatibility with the 8237 DMA controller in the
"compatible mode."

m  Direct interface to the processor status lines in the "program mode". In the
Master mode, it generates address, status and control signals that emulate the
timing of the 286 CPU.

m  Eight independently programmable DMA channels that can perform either byte
or word transfers.

m  Unlike the PC/AT implementation which supports single cycle transfer, the
82C223 supports two cycle transfers, i.e. a read from a peripheral device followed by a
write to a memory device and vice versa.

m  Supports extended mode
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3.1 DMA Operation

The 82C223 performs a two cycle transfer with a minimum cycle time of 200 ns for both I/O and
memory accesses. This cycle can be extended by asserting -CHRDYRTN inactive. When
transferring data between I/O peripherals and memory, data is first obtained from the source
device and held in a temporary holding register. During the second cycle, data is transferred
from the holding register to the target device. The 82C223 can be programmed not to generate
/O addresses during DMA transfers. When programmed to operate in this mode, the I/O
addresses are forced to be all zeroes.

A local arbiter may be assigned a level that is in turn assigned to a particular DMA channel. If
the arbiter requires the services of the DMA controller, it has to participate in the arbitration
cycle and win the channel. If the channel is unmasked, the DMA channel is the bus controller
carrying out the requested data transfer. On the other hand, if it is masked off, the bus master
logic of the local arbiter must perform data transfers.

The 82C223 supports single transfers, burst transfers or perform read verification. In the single
byte transfer mode, data is transferred on a byte-by-byte basis. In the burst transfer mode, data is
transferred as long as the -BURST output is active and no terminal count is received. In the Read
Verification mode, one byte is read from memory.

Upon reset, DMA channels O through 7 are assigned to the arbitration levels O through 7,
respectively. The DMA channels 0 and 4 may be programmed to different arbitration levels
through their ’Arbus’ register.

3.2 DMA Cycles

The 82C223 DMA controller emulates the timing of a 10 MHz 80286 processor and connects
directly to the processor status lines. In the program state, it receives programming information
from the CPU controller. In the Master mode, it has three states (similar to the 286 CPU):

1. The idle state
2. The status state
3. The command state

3.3 Idle State

It is in the idle state, when after initialization, no DMA requests are received or following reset
when it is in the program mode.

3.4 Status State

When the 82C223 receives a DMA request from an unmasked channel, it asserts HOLD to the
CPU. Upon getting HLDA from the CPU, it asserts the appropriate status lines to perform the
requested data transfer. This could be either a transfer from memory to a peripheral device, or a
transfer of data from the peripheral to memory. In either case, data is first read from the source
device and latched into a temporary register. A second cycle is performed to transfer data from
the register to the target device.
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3.5 Command State

It is during the command state, which is the cycle following the status state, that the 82C223
receives data from the selected device if it is a read operation, or transfers data from the
temporary register to the target device during a write operation. This cycle can be extended by
-CHRDYRTN to accommodate slower memory devices or peripherals.

A DMA bus cycle consists of one or two memory cycles and one I/O cycle, which are
inseparable. A transfer may be 8 bit or 16 bit, but it must always be from memory to I/O or I/O
to memory. No memory to memory transfers are supported. However, during a verify operation,
only a memory read cycle is executed. 16 bit memory transfers at odd address boundaries are
split into two consecutive 8 bit memory cycles by the 82C223. If a 16 bit I/O transfer occurs at
an odd address boundary, the 82C223 will force the 1/O address to be even (LAO is forced to
zero) and then performs one 16 bit transfer cycle. Each data transfer cycle is terminated by the
synchronous -READY pulse asserted.

Either -LS1 for a read or -LSO for a write becomes asserted at the beginning of a bus cycle. The
LM/-10 is HIGH if it is a memory cycle, and it is low if an I/O cycle. When a multiple data
transfer is required, the -BURST signal must be asserted by the winning arbiter using the DMA
channel until the last transfer cycle, or until the -TC (Terminal Count) is pulsed.

Once the terminal count is reached, the channel is masked off. The -LBHE signal becomes
asserted whenever the upper half of the data path is used. The DMA channel of interest must be
programmed with its starting address, I/O address (if the I/O address generation option is
selected), transfer count, transfer direction, and transfer size (either byte or word transfer)
through the PC/AT compatible mode or the extended mode.

3.6 REFRESH

The 1.19 MHz clock input is divided by 18 internally to cause a refresh request every 15.1 usec.
During the refresh cycle, the 82C223 drives the -PREMPTO signal for an arbitration cycle. Once
the ARB/-GNT signal goes HIGH and the system CPU is in a hold state, the refresh cycle is
completed with the ARB/-GNT signal in the ARB state (HIGH). Memory refresh can never be
disabled after a reset. The refresh address is 11-bits wide and the refresh cycle is the same as a

memory read cycle with the -RFSH signal asserted. The upper 13 address lines are unknown and
the -LBHE is always HIGH.

3.7 LOCAL ARBITER

The 82C223 has a local arbiter with a level 2 priority for the system diskette controller, which
asserts the DSKDREQ for a DMA service. It then drives the -PREMPTO signal for an
arbitration cycle. Once the arbitration state is entered, the local arbiter participates in arbitration
using the ARBO<3:0> lines. When the local arbiter wins, it asserts disk acknowledge
-DSKDACK, at which point the DSKDREQ may be deactivated. If channel 2 is masked off, the
DSKDREQ is simply ignored, and level 2 is available for another arbiter.
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Symbol Type

PLCC

PFP Description

ARB/-GNT O

23

14 When LOW, i.e in the "grant
"state, this signal indicates
that the winning arbiter is in
control of the micro channel.
‘When HIGH or in the
"arbitration" state, an
arbitration cycle is in
progress and/or the
arbitration has been masked
off.

-PREEMPT I

32

24 This input signal, if active,
causes an arbitration cycle to
occur. A requesting arbiter
should stop driving this
signal when it is granted
control of the micro channel.

-PREMPTO O

26

18 This signal is a "prempt"
request, and is driven in the
grant state, when an NMI is
generated, or if the local
arbiter for channel 2
(Diskette interface) requests
channel access. This signal
should be fed back to the
-PREEMPT input pin
through an open collector
driver.

ARBO-ARB3 I

28
29
30
31

20 ARB <3:0> are driven by the
21 arbiters requesting bus cotrol
22 at the beginning of an

23 arbitration cycle. After the
arbitration has been settled
and ARB/-GNT goes LOW,
only the winning arbiter
drives these lines until the
next arbitration cycle occurs.
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Symbol Type PLCC PFP Description
ARBOO-ARBO3 o 17 8 These signals are driven by
18 9 the local arbiter inside the
19 10 82C233. These lines should
20 11 be fed back to the ARB
<3:0> inputs through open
collector drivers.

-TCO 0 24 15 This signal generates a short
pulse during an J/O Read or
and I/O Write cycle to
indicate that the terminal
count of the current DMA
channel has been reached.

-BURST I 27 19 This signal must be asserted
(LOW) if the bus owner (the

winning Arbiter) wants to
carry out more than one bus
cycle.

DSKDREQ I 8 96 This is a special channel 2
request input and is normally
used by the system diskette
controller.

-DSKDACK O 7 95 Acknowledges that the
diskette request on channel 2
has been granted, and the
DMA channel is now in
control of the micro channel.
This is valid throughout the
entire grant state.

-HDDISK o 11 99 This output is driven low for
high density diskette drives.
It is high for all other
accesses.

HOLD O 6 94 This is the hold request for

the system CPU. The signal
becomes active during the
arbitration state when a
refresh, a DMA channel or a
MASTER requests for the
micro channel.
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Symbol

Type

PLCC

PFP

Description

HLDA

I

97

This is the acknowledgement
from the system CPU to the
HOLD request.

LM/-10

93

When one of the status
signals (-LS1 or -LS0)
becomes active, an I/O cycle
is starting if LM/-10 is LOW,
or a memory cycle if it

is high.

-LS1
-LSO

81
80

83
82

The status signals (-L.SO and
-LS1), indicate the beginning
of a valid bus cycle. In both
the DMA slave and master
modes, only one status signal
should be active to be a valid
cycle for the 82C223. When
-LS0 is LOW, it is a Write
cycle and when -LS1 is
LOW, itis a Read cycle.

-LBHE

51

47

This signal, normally HIGH,
becomes actively driven
when the 82C223 enters
master mode. When LOW,
the upper half of the 16 bit
data bus is used. When
HIGH the upper half is not
used for data transfers.

10

98

This is an open drain bi-
directional signal which
allows the wire OR’ing of
NMI sources. When a bus
time-out is detected by the
82(C223, this signal is driven
LOW. When the signal is
detected LOW at the pin, the
channel arbitration is
disabled, i.e., the ARB/-G
signal is driven HIGH and
remains HIGH until
unmasked by software.
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Symbol Type PLCC PFP Description

-BTO o 13 3 This signal is asserted when a
bus time-out is detected by
the 82C223.

INTR I 12 1 Interrupt request input.
Allows 82C223 to Pre-empt a
burst DMA when a CPU
interrupt is pending.

-READY I 79 81 This is an input synchronous
to the 20MHz clock used to
terminate the current DMA
bus cycle.

-CMD I | 14 4 This signal is used in both
master and slave modes. In
master mode, the signal
should be synchronized with
the 20 MHz clock, and
during a DMA Read cycle its
rising edge is used to latch
the data in the 82C223. In
slave mode, the rising edge is
used to terminate the
82C223’s internal operation.

DMASRDY 0 16 7 This signal is normally HIGH
and goes LOW when the
82C223 is accessed until it is
ready to finish the cycle.

-DMADS16 0 15 5 This is asserted whenever the
address on the bus falls
within the 82C223 I/O
address range.

1.19MHz I 21 12 This is the clock source for

the internal refresh request
generation which occurs at
15usec intervals.

-RFSH O 25 17 This is asserted LOW,
whenever a refresh cycle is in
progress.
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Symbol Type PLCC PFP Description

LDO B 33 26 LD<15:0> is the 16 bit data
LD1 B 35 28 bus used during master and
LD2 B 37 30 slave modes. Even address
LD3 B 39 32 byte data must use the lower
LD4 B 41 36 half of the bus and odd

LD5 B 45 40 address byte data must use
LD6 B 47 42 the upper half of the bus.
LD7 B 49 45

LD8 B 34 27

LD9 B 36 29

LD10 B 38 31

LD11 B 40 34

LD12 B 44 39

LD13 B 46 41

LD14 B 48 44

LD15 B 50 46

LAO B 52 48 LA <15:0> are bi-directional
LAl B 53 49 signals. If a valid address is
LA2 B 54 51 within the 8§2C223s I/O
LA3 B 55 52 space, it responds to the cycle
LA4 B 56 54 In the master mode, these are
LAS B 57 55 driven by the 82C223.

LA6 B 58 56

LA7 B 59 58

LAS B 60 59

LA9 B 61 60

LA10 B 62 61

LA1l B 65 64

LA12 B 66 65

LA13 B 67 66

LA14 B 68 67

LA1S B 69 68

LA16 0] 70 70 LA<23:16> are tri-stated
LA17 o 71 71 outputs, driven only during a
LA18 0] 72 72 DMA master cycle by the
LA19 0] 73 73 82C223.

LA20 o 74 74

LA21 0 76 77

LA22 O 77 79

LA23 0] 78 80
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Symbol Type PLCC PFP Description
-MASTERO o 82 85 This signal is asserted
whenever both HOLD and
HLDA are active, and it is
not a refresh or DMA cycle.
RESET4 I 4 92 This is the reset input.
-CDSPEN O 3 90 This signal becomes asserted
whenever the address on the
bus falls in the I/O address
range 100 hex through 107
hex.
CLKA I 2 89 40 MHz input clock with
50% duty cycle.
CLKB 0] 83 86 20 MHz output clock with
50% duty cycle.
POWER SUPPLIES
Symbol PLCC PFP Description
VDD 42 25 Power Supply (+5V)
84 50
63 75
100
VSS 1 13 Ground
22 38
43 63
64 76
88
NC 2,6,16 Not Connected
33,35,
37,43
53,57
62,69
78,84,
87,91
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82C233 REGISTER DESCRIPTIONS

Arbitration Register

I/O Address: 90H

Bit

Access

Description

7

Read/Write

When set to "1", no HOLD is asserted to the CPU during an
arbitration cycle. When the CPU is not the bus owner, and this
bit is set to "0", then HOLD is maintained until the end of the
arbitration cycle. Default =0

Read/Write

Setting this bit to a 1, masks off the arbitration mechanism and
drives the ARB/-GNT signal HIGH. This bit is also set to a 1 if
an NMI occurs. ARB/-GNT can be cleared by writing a O to this
bit. Default =1

Read/Write

During write accesses, setting this bit to a 1, extends the ARB/
-GNT signal from a 300 ns minimum cycle time to a 600 ns
minimum cycle time. During read operations, if this bit is set, a
bus time out has occurred (This bit is set internally by the bus
time out logic). It can be cleared by writing a 0 to bit <6>
above, or by a reset. Default =0

Write

Should be set to zero

Read

These are read only bits which are used following a bus time-
out condition during diagnostics, and represent the arbitration
level of the winning arbiter at the last grant state. Always write

these bits as 0.
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4.0 COMPATIBLE MODE

In the compatible mode, channels O through 3 are configured as 8 bit DMA channels, and the
remaining channels are configured as 16 bit channels. The I/O address is fixed to the value of
0000 (hex).

Registers shared by the DMA channels are described below:

Status Register( Read Only )

The status of the DMA channels can be determined by reading the Status Register. Information
is available to determine if a channel has reached the terminal count and whether an external
service request is pending. Bits <3:0> are cleared by RESET or each time the status register is
read. Bits <7:4> are set every time the corresponding channel has controlled the bus and cleared
by RESET. These bits are not affected by the state of the Mask Register bits. All bits are cleared
following a reset condition or if the status register is read.

Bits Function

Channel 3 or 7 Request

Channel 2 or 6 Request

Channel 1 or 5 Request

TC on Channel 3 or 7

7
6
5
4 Channel O or 4 Request
3
2

TC on Channel 2 or 6

1 TC on Channel 1 or 5

0 TC on Channel O or 4
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Mask Register ( Write Only )

Each channel has an associated mask bit, which is used to inhibit external DMA requests from
generating transfer cycles. Each mask bit can be programmed to be set or cleared. Following
reset, all mask bits are set. A RESET or Clear Mask Register command clears all the mask bits.

Bits Value Function
7-3 Must be zero
2 0 To clear mask bit
1 To set mask bit
1,0 These two bits select the specific mask bit which is to be set or
reset.
00 Selects channel 0 or 4
01 Selects channel 1 or 5
10 Selects channel 2 or 6
11 Selects channel 3 or 7

Write Mask ( Write Only )

This command sets or resets all the mask bits.

Bits Value Function

7-4 Must be O.

3 0 To unmask channel 3 or channel 7
1 To mask channel 3 or channel 7

2 0 To unmask channel 2 or channel 6
1 To mask channel 2 or channel 6

1 0 To unmask channel 1 or channel 5
1 To mask channel 1 or channel 5

0 0 To unmask channel O or channel 4
1 To mask channel 0 or channel 4

Master Clear ( Write Only )

This command has the same effect as a hardware RESET. A write into this register clears the
status register and masks off the channel.
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Clear Mask ( Write Only )

A write into this register unmasks all the channels in the group.

Clear Byte Pointer ( Write Only )

This command is normally executed prior to reading from or writing to the address or word
count registers. This initializes the flip flop to point to the low byte of the register and allows the
CPU to read or write to the register bytes in the correct sequence.

Memory Address ( Read/Write )

This register is logically 2 bytes long. After the byte pointer has been cleared, each byte can be
written in or read out in succession from the lower byte to the upper byte at the same byte

register location.

Upon reset the contents of this register are unknown.

Transfer Count ( Read/Write )

The transfer count is 2 bytes long. After the byte pointer has been cleared, each byte can be
written in or read out in succession from the lower byte to the upper byte at the same byte
register location.

Upon reset the contents of this register are unknown.

Page Table ( Read/Write )
This is the most significant byte of the 24 bit memory address.

Upon reset the contents of this register are unknown.
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Each channel has a mode register associated with it. All the Mode Registers reside at the same
/O location. Bit 0 and 1 of the Mode Register determine which channels’ Mode Register gets

written to. The remaining six bits control the mode of the selected channel.

Bits Value Function

7,6 Reserved. Must be 0

5 Reserved. Must be O

4 Reserved. Must be O

3,2 00 For Verify Operation
01 For Write Operation
10 For Read Operation
11 Reserved

1,0 00 Selects channel O or 4
01 Selects channel 1 or 5
10 Selects channel 2 or 6
11 Selects channel 3 or 7

Upon reset the contents of this register are unknown.
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5.0 EXTENDED MODE

The extended mode uses two byte locations, called the Extended Address register (18 hex) and
the Extended Data register (1A hex), to program all the DMA and CACP registers. Only the
features that are different from the compatible mode are described in detail in the following
section.

When programming in extended mode, operations that require data transfer must set up the
Extended Address register appropriately and then access the Extended Data register for actual
data transfer. Other operations need to access only the Extended Address register for what is
called direct execution.

The extended address register uses the lower nibble to specify which channel is used. The upper
nibble specifies the operation to be performed. Whenever the register is accessed, the byte
pointer is cleared.

Bits <7:4> Register/Bits Accessed
hex

0 I/O Address ,Register

1 Reserved

Memory Address Register( Write Only )

Current Memory Address ( Read Only )

Transfer Count Register( Write Only )

Current Transfer Count ( Read Only )

Status Register (Read Only)

Extended Mode

Arbus Register

Set Single Mask Bit (direct execution)

Reserved

Reserved

Master Clear (direct execution)

Reserved

2
3
4
5
6
7
8
9
A Reset Single Mask Bit (direct execution)
B
C
D
E
F

Reserved

Upon reset the contents of this register is unknown.
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Extended Mode ( Read/Write )

Through the extended mode register (one per DMA channel), in addition to the features offered
through the compatible mode, any channel can be programmed to perform 8 bit or 16 bit
transfers with or without programmed I/O address.

Bits Value Function
7 0 Reserved
6 0 For 8 bit transfer
1 For 16 bit transfer
5 0 Reserved
4 0 Reserved
3 0 For Read Memory
1 For Write Memory
2 0 For Verify
1 For Data Transfer
1 0 Reserved
0 0 For I/O address = 0000
1 For Programmed I/O Address

I/O Address ( Read/Write )

The I/O address must be programmed when the Extended Mode register bit <0> is set to one.
Upon reset the contents of this register are unknown.

Status ( Read Only )

Once the Extend Address register is set to point to the Status Register, the two status registers for
channel O/channel 3 and channel 4/channel 7 can be read successively.

Arbus ( Read/(Write)

This is a 4 bit wide register and uses the lower nibble. The upper nibble reflects the contents of
the Arbus register for Channel 4. The channel portion of the Extended Address register must be
set within the range O through 7. This register can be written to only if the channel is either O or
4. If read, the register returns the channel number for the channels 1, 2, 3, 5, 6, & 7. For channels
0 & 4, the register returns whatever value the register was programmed with previously.

Master Clear ( Write Only )
This masks off all the DMA channels.
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REGISTER SUMMARY
ADDRESS REGISTER
0000 Channel 0 Memory Address (LOW, MIDDLE)
0001 Channel 0 Transfer Count
0002 Channel 1 Memory Address (LOW, MIDDLE)
0003 Channel 1 Transfer Count
0004 Channel 2 Memory Address (LOW, MIDDLE)
0005 Channel 2 Transfer Count
0006 Channel 3 Memory Address (LOW, MIDDLE)
0007 Channel 3 Transfer Count
0008 Channel<0:3> Status Register
000A Channel<0:3> Mask Register
000B Channel<0:3> Mode Register
00oC Clear Byte Pointer
000D Channel<0:3> Master Clear
000E Channel<0:3> Clear Mask
00QF Channel<0:3> Write Mask
0018 Extended Address
001A Extended Data
0081 Channel 2 Memory Address (HIGH)
0082 Channel 3 Memory Address (HIGH)
0083 Channel 1 Memory Address (HIGH)
0087 Channel 0 Memory Address (HIGH)
0089 Channel 6 Memory Address (HIGH)
008A Channel 7 Memory Address (HIGH)
008B Channel 5 Memory Address (HIGH)
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ADDRESS REGISTER
008F Channel 4 Memory Address (HIGH)
0090 Arbitration
00CO Channel 4 Memory Address (LOW, MIDDLE)
00C2 Channel 4 Transfer Count
00C4 Channel 5 Memory Address (LOW, MIDDLE)
00C6 Channel 5 Transfer Count
00C8 Channel 6 Memory Address (LOW, MIDDLE)
00CA Channel 6 Transfer Count
0ocC Channel 7 Memory Address (LOW, MIDDLE)
00CE Channel 7 Transfer Count
00DO Channel <4:7> Status Register
00D4 Channel <4:7> Mask Register
00D6 Channel <4:7> Mode Register
00D8 Clear Byte Pointer
00DA Channel <4:7> Master Clear
00DC Channel <4:7> Clear Mask
00DE Channel <4:7> Write Mask
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(TA =00C to 700C, VCC =4.75V to 5.25V, A.C. load = 80pf)

82C233 Absolute Maximum Ratings

Parameter Symbol _ Min Max Units

Supply Voltage VCC 7.0 A"

Input Voltage VIN -0.5 VCC+05 V

Storage Temperature TSTG -40 1250 C

Note: Permanent device damage may occur if absolute maximum ratings are exceeded.
Functional operation should be restricted to the conditions described under operating conditions.

82C223 DC Characteristics

Parameter Symbol __Min Max Units
Input Low Voltage VIL -0.5 0.8 v

Input High Voltage VIH 2.0 Vece+05 VvV

Output Low Voltage VoL 0.45 V (Note 1)
Output High Voltage VOoH 24 V (Note 2)
Input Leakage Current I -10 10 uA(Note 2)
Output Float leakage Current Ioz1 -10 10 uA(Note 3)
Power Supply Current mA

Note 1: IOL = 4mA and IOH = -4mA for all output and I/O pins.

Note 2: 0<Vin <VCC
Note 3: 0.45 < Vout< VCC
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82C223 AC Characteristics
(TA =00C to 700C, VCC =4.75V to 5.25V, A.C. load = 80pf)
SLAVE MODE TIMING (I/O Read/Write to the Min |Max |Units |Notes
82C223)
t300 Address setup to status active 5 ns
t301 -DMADSI16 active from Address Valid 5 30 ns
t303 Status width 50 300 {ns
t304 Status to DMASRDY inactive 30 ns
t305 Read data set up to DMASRDY 0 ns
t306 Read data hold from -CMD inactive 0 25 ns
t307 Write data setup time to -CMD active ‘0 ns
t308 Write data hold from -CMD inactive 0 ns
ARBITRATION TIMING Min |Max |Units | Notes
t320 Arbitration pulse width (300ns nominal) 290 ns
t321 Arbitration pulse width (600ns nominal) 590 ns
t322 ARB (0:3) turn-on from ARB/GNT- high 50 ns
t323 ARB (0:3) stable before ARB/GNT- low 10 ns
t324 Last -CMD or -BURST to ARB/GNT- high 50 ns
MASTER MODE TIMING (I/O or Memory Read/ Min |Max |Units | Notes
Write controlled by the 8§2C223)
t330 Address, M/-10 valid delay 5 30 ns
t331 Status active delay 12 15 ns
t332 Status inactive delay 2 15 ns
t333 -LBHE active from clock 2 12 ns
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82C223 AC Characteristics PRELIMINARY
(TA =00C to 700C, VCC = 4.75V to 5.25V, A.C. load = 80pf)

MASTER MODE TIMING (continued) Min |Max |Units | Notes
t334 -LBHE turn off from clock 2 12 ns
t335 -READY set up to clock 20 ns
t336 -READY hold from clock 8 ns
t337 Read data set up to clock 20 ns
t338 Read data hold from clock 15 ns
t339 Write data delay from clock 0 25 ns
t340 Write data hold from clock 50 ns
t341 -TC active delay from clock 0 12 ns
t342 -TC active hold from clock 30 ns
REFRESH TIMING Min |Max |Units | Notes
t350 Address, M/-IO, active delay 5 30 ns
t351 -RFSH active delay 5 30 ns
t352 -RFSH inactive delay 5 30 ns
t353 Status active delay 2 15 ns
t354 Status inactive delay 2 15 ns
t355 -LBHE active from clock 5 20 ns
t356 -LBHE turn off from clock 5 20 ns
t357 -READY set up to clock 20 ns
t358 -READY hold from clock 30 ns
t359 ARB/-G to grant from clock 100 ns
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82C226 SYSTEM PERIPHERAL CONTROLLER

FEATURES

| Two Intel 8259 compatible interrupt controllers
| Intel 8254 Compatible Timer

n Watchdog Timer

m Motorola 146818 Compatible real time clock

| 114 bytes of CMOS battery Backed RAM

| 8 bit Bi-directional Parallel Port

] System Control Registers

| Card Setup Signals

] Fabricated in 1.5 micron CMOS Technology

| Available in 84 pin PLCC or 100 pin PFP packages

PRELIMINARY

The 82C226 along with the CHIPS/250 or the CHIPS/280 CHIPSet, provides a highly integrated,

high performance solution for PS/2 family compatible implementation.

The 82C226 is fabricated using CMOS technology and is available in 84 pin PLCC or 100 pin
PFP packages.

1.0 OVERVIEW

The 82C226 is an LSI implememtation of the standard peripherals required to implement a PS/2

compatible system board. This device contains the following:

One MC 146818 compatible Real Time Clock
Two 8259 compatible Interrupt Controllers
One 8254 compatible Timer/Counter

Three system control registers

One parallel port

Programmable I/O decode signals to be used in a CHIPS250 integrated system.

Figure 9-1 shows the configuration of the System Peripheral Chip 280 (SPC). The SPC’s
Function Control Unit provides control signals to meet all the related features found in PS/2

systems:
] Security lock function
] Level sensitive interrupt

Watch dog timer function
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The 82C226 supports sixteen sources of interrupts. These channels are partitioned into two
cascaded controllers INTC1,INTC2) with each supporting eight interrupt requests.

The 82C226 provides three timer/counters: channel 0, channel 1 and channel 2. Channel 0 and
channel 2 are driven from the 1.19 MHz clock input. Counter 0 is connected to IRQO of Interrupt
Controller 1. Counter 1 may be programmed to generate pulses or square waves for use by
external devices. In a CHIPS/250 and CHIPS/280 implementation, this is used for tone
generation for the speaker. The third channel, Channel 2 is used to monitor correct system
operation. It monitors IRQO to determine if it is being serviced.

A Real Time Clock is included in the 82C226 for maintaining the time and date. This subsystem
also contains 128 bytes of non volatile memory. The clock calender and the RAM are kept active
when the system is powered down, by connecting this sub-system to an external battery.

The 82C226 additionally includes a bi-directional parallel port that allows attachment of various
devices that transfer 8 bits of parallel data at standard TTL levels. The parallel port is designed to
be compatible with the parallel port implementation of the PC/AT. Additionally, it can be
programmed to support bi-directional input output functions.

2.0 REAL TIME CLOCK
2.1 Functional Description

This section of the SPC combines a complete time-of-day clock with alarm and one hundred
year calendar, a programmable periodic interrupt and 128 bytes of nonvolatile RAM. The
internal clock circuitry uses 14 bytes of this memory. Provisions are made to enable the device to
operate in a low power (battery back-up) mode to protect the contents of the RAM and clock
during system power down. The RESET1- input, when active (low), puts the SPC in low-power
mode. '

2.2 Register Access

Reading or writing to the 128 locations in the Real Time Clock is accomplished by performing
an output to port 070H with the output data (XDO0-6) equal to the Index Address of the location
you wish to access. The address will be latched into the Index Address Register on the rising
edge of -JOWR. The Index Address Register is then used as a pointer to the specific byte in the
Real Time Clock, which may be read or written by asserting -XIORD or -XIOWR with an
address on the XA<9:0> inputs of 071H.

When performing I/O operations to the Real Time Clock addresses, interrupts should be

inhibited to avoid having interrupt routines change the address register before data is read or
written.

The following steps are required to access the Real Time Clock:

1. Out to port hex 070 with the RTC address that will be accessed. Bits <6:0> determine
which of the 128 bytes is to be accessed.

2. An In or Out operation from/to port 0071 should be performed to access data from the
RTC.

Note: The NMI mask bit resides at port hex 070, Bit 7.
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The -MASTER signal is a status from DMA controller indicating that the current bus owner is an
external intelligent controller. When -MASTER is active, the decode unit inhibits accesses to the
RTC internal registers. Additionally, the RTC decode unit monitors the SECLOCK (Security
Lock) signal (System Control Register A, bit 3). When SECLOCK is sampled active, it disables
accesses to the secured area, 38-3F hex, inside the RTC. The secured area is used to store the
user’s password in the PS/2 system. Note that only locations 38-3F hex are prevented from being
accessed if SECLOCK is active.

2.3 Address Map

Table 9-1 illustrates the internal register/RAM organization of the Real Time Clock. The 128
addressable locations are divided into 10 bytes which normally contain the time, calendar and
alarm data, four control and status bytes and 114 general purpose RAM bytes. All 128 bytes are
readable by the CPU. The CPU may also write to all locations except Registers C, D, Bit 7 of
Register A and Bit 7 of the Seconds (00 hex) Byte which is always 0.

Table 9-1 Address Map for Real Time Clock

Index Function

00 Seconds

01 Seconds Alarm
02 Minutes

03 Minutes Alarm
04 Hours

05 Hours Alarm
06 Day of Week
07 Date of Month
08 Month

09 Year

0A Register A

0B Register B

0C Register C

0D Register D
OE-7F User RAM
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2.4 Time Calendar and Alarm Bytes

The CPU can obtain the time and calendar information by reading the appropriate locations in
the Real Time Clock. Initialization of the time, calendar and alarm information is accomplished
by writing to these locations. Information is stored in these locations in binary-coded decimal
(BCD) format.

Before initialization of the internal registers can be performed, the SET bit in Register B should
be set to a "1" to prevent Real Time Clock updates from occurring. The CPU then initializes the
first 10 locations in BCD format.

Table 9-2
Index Register
Address Function BCD Range
0 Seconds 00-59
1 Seconds Alarm 00-59
2 Minutes 00-59
3 Minutes Alarm 00-59
Hours 01-12 (AM)
(12 hour mode) 81-92 (PM)
4 Hours 00-23
(24 hour mode)
Hours Alarm 01-12 (AM)
(12 hour mode) 81-92 (PM)
5 Hours Alarm 00-23
(24 hour mode)
6 | Day of Week 01-07
7 Day of Month 01-31
8 Month 01-12
9 Year 00-99

Table 9-2 above shows the format for the ten clock, calendar and alarm locations. The 24/12 bit
in Register B determines whether the hour locations will be updated using a 1-12 or 0-23 format.
After initialization the 24/12 bit cannot be changed without re-initializing the hour locations. In

12 hour format the high order bit of the hours byte in both the time and alarm bytes will indicate
PM whenitisa"1".
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During updates, which occur once per second, the 10 bytes of time, calendar and alarm
information are unavailable to be read or written by the CPU for a period of 2ms. These 10
locations cannot be written during this time. Information read while the Real Time Clock is
performing an update will be undefined. The Update Cycle section shows how to avoid Update
Cycle/CPU contention problems.

The alarm bytes can be programmed to generate an interrupt at a specific time or they can be
programmed to generate a periodic interrupt. To generate an interrupt at a specific time, the user
need only program the time that the interrupt is to occur into the 3 alarm bytes. Alternately, a
periodic interrupt can be generated by setting the high order two bits in an alarm register to a
"1", which turns that byte into a "don’t care". For instance, an interrupt can be generated every
hour by programming a COH into Register 5, or an interrupt can be generated once a second by
programming the same value into all three alarm registers.

2.5 Static RAM

The 114 bytes of RAM from Index Address OEH to 7FH are not affected by the Real Time
Clock. These bytes are accessible during the update cycle and may be used for whatever the
designer wishes. Typical applications will use this as nonvolatile storage for configuration and
calibration parameters since this device is normally battery powered when the system in turned
off.

2.6 Control and Status Registers

The 82C226 contains four registers (A,B,C and D) used to control the operation and monitor the
status of the Real Time Clock. These registers are located at Index Address 0AH-ODH and are
accessible by the CPU at all times.

Register A (0AH)

(Read/Write register except UIP)

msb Isb

b7 b6 b5 b4 b3 b2 bl b0

UIP [DV2 |DV1 [DVO |RS3 [RS2 |RS1 |RSO

UIP Update in progress flag is a status bit used to indicate when an update cycle is about to take
place. A "1" indicates that an update cycle is taking place or is imminent. UIP will go active
(High) 244us prior to the start of an update cycle and will remain active for an additional 2ms
while the update is taking place. The UIP bit is read only and is not affected by Reset. Writing a
"1" to the SET bit in Register B will clear the UIP status bit.

DV2-DV0 These three bits are used to control the Divider/Prescaler on the Real Time Clock.
While the 82C226 can operate at frequencies higher than 32.768 Khz, this is not recommended
for battery powered operation due to the increased power consumption at these higher
frequencies. These bits are not affected by reset.
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Register A (0AH) (continued)

PRELIMINARY

DV2 DVl [DV0 |OSCIFregq. Mode
0 0 0 4.194304 MHz Operate
0 0 1 1.048576 MHz Operate
0 1 0 32.768 Khz Operate
1 1 X Reset Divider Options
Divider Options

RS3-RS0 These four bits control the Periodic Interrupt rate. The Periodic interrupt is derived
from the Divider/Prescaler in the Real Time Clock and is separate from the Alarm Interrupt.
Both the alarm and periodic interrupts do however, use the same interrupt channel in the
Interrupt Controller. Use of the Periodic Interrupt allows the generation of interrupts at rates
higher than once per second. Below are the interrupt rates for which the Real Time Clock can be

programmed.

Rate Selection

RS3 RS2 RS1 RSO

R R R E =S S OO0 OO OO OO
R PR EREOOOOHEHROOOO
PR OORROORROOR=OO
R ORORORORORROROMD

Time Base (OSCI Input)
4.194304 MHz
1.048576 MHz 32.768 Khz
None None
30.517 us 3.90526 ms
61.035 us 7.8125 ms
122.070 us 122.070 us
244.141 us 244.141 us
488.281 us 488.281 us
976.562 us 976.562 us
1953125 ms 1.953125 ms
3.90625 ms 3.90625 ms
7.8125 ms 7.8125 ms
15.625 ms 15.625 ms
31.25 ms 31.25 ms
62.5 ms 62.5 ms
125 ms 125 ms
250 ms 250 ms
500 ms 500 ms

Note: As shown above, the periodic interrupt rate is independent of time base when
RS3-0 = 0011 or higher (assuming DV2-0 are correctly set to match the actual OSCI input

frequency.)
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Register B (0BH)

(Read/Write Register)
msb Isb
b7 b6 b5 b4 b3 b2 bl b0

SET |PIE |AIE |UIE |0 0 24/12 DSE

SET Writing a "0" to this bit enables the Update Cycle and allows the Real Time Clock to
function normally. When set to a "1" the Update Cycle is inhibited and any cycle in progress is
aborted. The SET bit is not affected by reset.

PIE The Periodic Interrupt Enable Bit controls the generation of interrupts based on the value
programmed into the RS3-RSO0 bits of Register A. This allows the user to disable this function
without affecting the programmed rate. Writing a "1" to this bit enables the generation of
periodic interrupts. This bit is cleared to a "0" by reset.

AIE The generation of alarm interrupts is enabled by setting this bit to a "1". Once this bit is
enabled the Real Time Clock will generate an alarm whenever a match occurs between the
programmed alarm and clock information. If the don’t care condition is programmed into one or
more of the Alarm Registers, this will enable the generation of periodic interrupts at rates of one
second or greater. This bit is cleared by PSRSTB.

UIE (Update-ended Interrupt Enable). When set to 1, this bit enables the Update Ended Flag
Bit (UF) in Regiater C to assert INTR. The PSRSTB- pin going low or the SET bit going high
clears UIE.

24/12 The 24/12 control bit is used to establish the format of both the Hours and Hours Alarm
bytes. If this bitis a "1", the Real Time Clock will interpret and update the information in these
two bytes using the 24 hour mode. This bit can be read or written by the CPU and is not affected
by reset.

DSE The Real Time Clock can be instructed to handle daylight savings time changes by setting
this bit to a "1". This enables two exceptions to the normal time keeping sequence to occur. On
the last Sunday in April an exception is processed which increments the time from 1:59:59 AM
to 3:00:00 AM. On the last Sunday in October a similar exception is executed which will cause
the time to change from 1:59:59 AM to 1:00:00 AM. Setting this bit to a "0" disables the
execution of these two exceptions. PSRSTB/and RESET4 have no effect on this bit.
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Register C (0CH)
(Read only register)

msb Isb

b7 b6 b5 b4 b3 b2 bl b0

IRQF |PF |AF |UF |0 0 0 0

IRQF The Interrupt Request Flag bit is set to a "1" when any of the conditions which can cause
an interrupt is true and the interrupt enable for that condition is true. The condition which causes
this bit to be set, also generates an interrupt. The logic expression for this flag is:

IRQF= PF & PIE
+ AF & AIE
+ UF & UIE

This bit and all other active bits in this register are cleared by reading the register or by
activating the PSRSTB/ input pin. Writing to this register has no effect on the contents.

PF The Periodic Interrupt Flag is set to a "1" when a transition, which is selected by RS3-RS0,
occurs in the divider chain. This bit will become active, independent of the condition of the PIE
control bit. The PF bit will then generate an interrupt and set IRQF if PIE is a "1".

AF A "1" appears in the AF bit whenever a match has occurred between the time registers and
alarm registers during an update cycle. This flag is also independent of its enable (AIE) and will
generate an interrupt if AIE is true.

UF Update-ended interrupt flag. This bit is set after each update cycle. If UIE in Register B is
set, then IRQF will be set when UF becomes set, and INTR will be generated. The UF bit is
cleared by PSRSTB- or by reading Register C.
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Register D (0DH)
(Read only register)

msb Isb

b7 b6 b5 b4 b3 b2 bl b0

UIP |DV2 [DV1 |DVO [RS3 |RS2 [RS1 |RSO

VRT The Valid RAM and Time Bit indicates the condition of the contents of the Real Time
Clock. This bit is cleared to a "0" whenever the PSRSTB- input pin is LOW. This pin is
normally derived from the power supply which supplies Vcc to the device and will allow the
user to determine whether the registers have been initialized since power was applied to the
device. RESET4 has no effect on this bit and it can only be set by reading Register D. All
unused register bits will be "0" when read and cannot be written to.

Note: The power sense and reset functions normally available separately in a 146818 are tied
together in the 82C226. The combined signal is PSRSTB- (Power Sense/Reset Strobe) and
never goes inactive except during battery disconnect or manual "CMOS discharge."”

2.7 UPDATE CYCLE

During normal operation the Real Time Clock will perform an update cycle once every second.
The performance of an update cycle is contingent upon the divider bits DV2-DVO0 not being
cleared, and the SET bit in Register B cleared. The function of the update cycle is to increment
the clock/calendar registers and compare them to the Alarm Registers. If a match occurs
between the two sets of registers, an alarm is issued and an interrupt will be issued if the alarm
and interrupt control bits are enabled.

During the time that an update is taking place, the lower 10 registers are unavailable to the CPU.
This is done to prevent the possible corruption of data in the registers or the reading of incorrect
data. To avoid contention problems between the Real Time Clock and the CPU, a flag is
provided in Register A to alert the user of an impending update cycle. This Update In Process
Bit (UIP) is asserted 244us before the actual start of the cycle and is maintained until the cycle is
complete. Once the cycle is complete the UIP bit will be cleared and the Update Flag (UF) in
Register C will be set. Figure 9-2 illustrates the update cycle. CPU access is always allowed to
Registers A through D during update cycles.

Two methods for reading and writing to the Real Time Clock are recommended. Both of these
methods will allow the user to avoid contention between the CPU and the Real Time Clock for
access to the time and date information.

The first method is to read Register A, determine the state of the UIP bit and if it is "0", perform
the read or write operation. For this method to work successfully the entire read or write
operation (including any interrupt service routines which might occur) must not require longer
than 244us to complete from the beginning of the read of Register A to the completion of the last
read or write operation to the Clock Calendar Registers.
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The second method of accessing the lower 10 registers is to read Register C once and disregard
the contents. Then subsequently continue reading this register until the UF bitis a "1". This bit
will become true immediately after an update has been completed. The user then has until the
start of the next update cycle to complete a read or write operation.

2.8 POWER-UP/DOWN

Most applications will require the Real Time Clock to remain active whenever the system power
is turned off. To accomplish this the user must provide an alternate source of power to the
82C226. This alternate source of power is normally provided by connecting a battery to the Vcc
supply pin of the device. A means should be provided to switch from the system power supply
to the battery. A circuit such as the one shown in Figure 9-3 may be used to eliminate power
drain on the battery when the entire 82C226 is active. The circuit shown here will allow for
reliable transitions between system and battery power without undue battery power drain.

Note: The Vin maximum specification should never be exceeded when powering the
system up or down. Failure to observe this specificaiton may result in damage to
the device. Also, the battery voltage should not be high enough to cause a net
increase in VCMOS when +5V power is turned off. Otherwise, VCMOS will
continue to be powered by the battery even when +5V is on, and in addition, Q1 will
conduct in the reverse direction, resulting in even more drain on the battery when
+5Vison.

A pin is provided on the device to protect the contents of the Real Time Clock and reduce power
consumption whenever the system is powered down. This pin (PWRGD) should be low
whenever the system power supply is not within specifications for proper operation of the
system. This signal may be generated by circuitry in either the power supply or on the system
board. The PWRGD input will disable all unnecessary inputs during the time the system is
powered down to prevent noise on the inactive pins from causing increased Icc. This pin must
therefore be inactive for the remainder of the device to operate properly when system power is
applied.

One pin is provided to initialize the device whenever power is applied to the 82C226. This pin
(PSRSTB) will not alter the RAM or Clock/Calendar contents but it will initialize the necessary
control register bits. (See previous sections for discussion of the control register bits affected by
PSRSTB) Assertion of PSRSTB disables the generation of interrupts and sets a flag indicating
that the contents of the device may not be valid. A recommended circuit for controlling the
PSRSTB input is also shown in Figure 9-3.
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3.0 SYSTEM CONTROL REGISTERS

Several bits in I/O port 0061 hex (System Control Port B) and I/O port 92 (System Control Port
A) are allocated to this chip to perform the control or status functions. Note that the other bits of
those I/O ports reside in the CPU controller or BUFFER chip. Care is required in designing with
these three chips to avoid bus contention.

4.0 INTERRUPT CONTROLLER

The system provides 16 levels of interrupts. The interrupt requests can be masked individually.

Note: The main difference between the interrupt controller implementation on the PC/AT and
the PS/2 family is that in the PS/2, the controller is programmed to operate in the level
sensitive mode as opposed to the edge triggered mode.

Figure 9-1 shows the system connections used in a PS/2 system.

The programmable interrupt controllers in the 82C226 function as a system wide interrupt
manager in a CHIPS/250 and CHIPS/280 system. They accept requests from peripherals,
resolve priority on pending interrupts and interrupts in service, issue an interrupt request to the
CPU, and provide a vector which is used as an index by the CPU to determine which interrupt
service routine to execute.

A variety of priority assignment modes are provided,which can be re-configured at any time
during system operation, allowing the complete interrupt subsystem to be restructured, based on
the system environment.

4.1 Overview

Two interrupt controllers, INTC1 and INTC2, are included in the 82C226. Each of the interrupt
controllers is equivalent to an 8259A device operating in iAPX86 Mode. The two devices are
interconnected and must be programmed to operate in Cascade Mode (see Figure 9-4) for proper
operation of all 16 interrupt channels. INTCI is located at addresses 020H-021H and is
configured for Master operation (defined below) in Cascade Mode. INTC2 is a Slave device
(defined below) and is located at 0AOH-OA1H. The Interrupt Request output signal from INTC2
(INT) is internally connected to the interrupt request input Channel 2 IR2) of INTC1. The
address decoding and Cascade interconnection matches that of the PS/2 .

Two additional interconnections are made to the interrupt request inputs of the interrupt
controllers. The output of Timer 0 in the Counter/Timer subsystem is connected to Channel 0
(IR0) of INTC1. Interrupt request from the Real Time Clock is connected to Channel 0 (IRQS8)
of INTC2. Table 9-3 lists the interrupt assignments as used in a PS/2 compatible
implementation:
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Table 9-3 Interrupt Assignments

Interrupt

Level Function

IRQO Timer

IRQ1 KeyBoard

IRQ2 Cascade to slave interrupt controller (INTC2)
TRQ3 Primary Serial Port

IRQ4 Alternate Parallel Port

IRQ5 Not used

TIRQ6 Diskette Controller

IRQ7 Parallel Port

IRQS8 Real Time Clock

IRQ9 Redirect Cascade

IRQ10 Not used

IRQ11 Not used

IRQ12 Mouse Interrupt

IRQ13 80387/80287 exception interrupt
IRQ14 Hard Disk

IRQ15 | Not used

Description of the Interrupt Subsystem will pertain to both INTC1 and INTC2 unless otherwise
noted. Wherever register addresses are used, the address for the INTCI register will be listed
first and the address for the INTC2 register will follow in parenthesis. Example 020H (0AOH)
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4.2 Controller Operation

Figure 9-5 is a block diagram of the major elements in the interrupt controller. The Interrupt
Request Register IRR) is used to store requests from all of the channels which are requesting
service. Interrupt Request its are labeled using the Channel Name IR7-IR0. The In-Service
Register (ISR) contains all the channels which are currently being serviced (more than one
channel can be in service at a time). In-Service Register bits are labeled IS7-ISO and correspond
to IR7-IR0. The Interrupt Mask Register IMR) allows the CPU to disable any or all of the
interrupt channels. The Priority Resolver evaluates inputs from the above three registers, issues
an interrupt request, and latches the corresponding bit into the In-Service Register. During
interrupt acknowledge cycles, a master controller outputs a code to the slave device which is
compared in the Cascade Buffer/Comparator with a three bit ID code previously written. If a
match occurs in the slave controller, it will generate an interrupt vector. The contents of the
Vector Register are used to provide the CPU with an interrupt vector during Interrupt
Acknowledge (INTA) cycles.

4.3 Interrupt Sequence

The 82C226 allows the CPU to perform an indirect jump to a service routine in response to a
request for service from a peripheral device. The indirect jump is based on a vector which is
provided by the 82C226 on the second of two CPU generated INTA cycles (the first INTA cycle
is used for resolving priority and the second cycle is for transferring the vector to the CPU). The
events which occur during an interrupt sequence are as follows:

1. One or more of the interrupt requests (IR7-IR0) becomes active, setting the
corresponding IRR bit(s).

2. The interrupt controller resolves priority based on the state of the IRR, IMR and ISR
and asserts the INTR output if appropriate.

3. The CPU accepts the interrupt and responds with an INTA cycle.

4. During the first INTA cycle, the highest priority ISR bit is set and the corresponding
IRR bitis reset. The internal Cascade address is generated and the XD7-XDO outputs
remain tri-stated.

5. The CPU will execute a second INTA cycle, during which the 82C226 will drive an 8-
bit vector onto the data pins XD7-XDO0, which is in turn latched by the CPU. The
format of this vector is shown in Table 9-4. Note that V7-V3 in Table 9-4 are
programmable by writing to Initialization Control Word 2 (see Initialization Command
Words section below).

6. At the end of the second INTA cycle, the ISR bit will be cleared if the Automatic End
Of Interrupt mode is selected (see End Of Interrupt section below). Otherwise, the ISR
bit must be cleared by an End Of Interrupt (EOI) command from the CPU at the end of
the interrupt service routine.
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Table 9-4
D7 D6 D5 D4 D3 D2 D1 DO

IR7 Vi V6 V5 V4 V3 1 1 1
IR6 Vi V6 V5 V4 V3 1 1 0
IRS Vi V6 V5 V4 V3 1 0 1
IR4 Vi V6 V5 V4 V3 1 0 0
1IR3 Vi V6 V5 V4 V3 0 1 1
IR2 V7 V6 V5 V4 V3 0 1 0
IR1 Vi V6 V5 V4 V3 0 0 1
IRO Vi V6 V5 V4 V3 0 0 0

If no interrupt request is present at the beginning of the first INTA cycle (i.e., a spurious
interrupt) INTC1 will issue an interrupt level 7 vector during the second INTA cycle.

End Of Interrupt

EOI is defined as the condition which causes an ISR bit to be reset. Determination of which ISR
bit is to be reset can be done by a CPU command (specific EOI) or, the Priority Resolver can be
instructed to clear the highest priority ISR bit (non-specific EOI).

The 82C226 can determine the correct ISR bit to reset when operated in modes which do not
alter the fully nested structure, since the current highest priority ISR bit is necessarily the last
level acknowledged and serviced. In conditions where the fully nested structure is not preserved,
a specific EOI must be generated at the end of the interrupt service routine. An ISR bit that is
masked, in Special Mask Mode by a IMR bit, will not be cleared by a non-specific EOI
command. The interrupt controller can optionally generate an Automatic End Of Interrupt
(AEOQI) on the trailing edge of the second INTA cycle.

Priority Assignment

Assignment of priority is based on an interrupt channel’s position relative to the other channels
in the interrupt controller. After the initialization sequence, IR0 has the highest priority, IR7 has
the lowest, and priority assignment is fixed (Fixed Priority Mode). Priority assignment can be
rotated either manually (Specific Rotation Mode) or automatically (Automatic Rotation Mode)
by programming Operational Command Word 2 (OCW?2).

Fixed Priority Mode - This is the default condition which exists unless rotation (either manual
or automatic) is enabled, or the controller is programmed for Polled Mode. In Fixed Priority
Mode, interrupts are fully nested with priority assigned as shown:

Lowest Highest
Priority Status 7 6 5 4 3 2 1 0
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Nesting allows interrupts of a higher priority to generate interrupt requests prior to the
completion of the interrupt in service. When an interrupt is acknowledged, priority is resolved,
the highest priority request’s vector is placed on the bus and the ISR bit for that channel is set.
This bit remains set until an EOI (automatic or CPU generated) is issued to that channel. While
the ISR bit is set, all interrupts of equal or lower priority are inhibited. Note that a higher
priority interrupt which occurs during an interrupt service routine will only be acknowledged if
the CPU has internally re-enabled interrupts.

Specific Rotation Mode - Specific Rotation allows the system software to re-assign priority
levels by issuing a command which redefines the highest priority channel.

Before Rotation

Lowest Highest
Priority Status 7 6 5 4 3 2 1 0

(Specific Rotation command issued with Channel 5 specified)

After Rotation

Lowest Highest
Priority Status 5 4 3 2 1 0 7 6

Automatic Rotation Mode - In applications where a number of equal priority peripherals are
requesting interrupts, Automatic Rotation may be used to equalize the priority assignment. In
this mode a peripheral, after being serviced, is assigned the lowest priority. All peripherals
connected to the controller will be serviced at least once in 8 interrupt requests to the CPU from
the controller. Automatic rotation will occur,if enabled, due to the occurrence of EOI (automatic
or CPU generated).

Before Rotation (IR4 is highest priority request being serviced)

ISR Status Bit IS7 |1S6 |IS5 |IS4 |IS3 |{IS2 |IS1 [ISO

Lowest Highest
Priority Status 7 6 5 4 3 2 1 0
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After Rotation (IR4 service completed)

ISR Status Bit IS7 |IS6 |IS5 |IS4 |IS3 |IS2 |IS1 |ISO

Lowest Highest
Priority Status 4 3 2 1 0 7 6 5

4.4 PROGRAMMING THE INTERRUPT CONTROLLER

Two types of commands are used to control the 82C226 interrupt controllers, Initialization
Command Words ICW) and Operational Command Words (OCW).

Initialization Command Words

The initialization process consists of writing a sequence of 4 bytes to each interrupt controller.
The initialization sequence is started by writing the first Initialization Command Word (ICW1)
to address 020H (0AOH) with a 1 on bit 4 of the data byte. The interrupt controller interprets this
as the start of an initialization sequence and does the following:

The Initialization Command Word Counter is reset to zero.
ICW1 is latched into the device

Fixed Priority Mode is selected

IR7 is assigned the highest priority

The Interrupt Mask Register is cleared

The Slave Mode Address is setto 7

Special Mask Mode is disabled

The IRR is selected for Status Read operations

O~ NDAD W=

The next three I/O writes to address 021H (0A1H) will load ICW2-ICW4. See Figure 9-6 for a
flow chart of the initialization sequence. The initialization sequence can be terminated at any
point (all 4 bytes must be written for the controller to be properly initialized) by writing to
address 020H (0AOH) with a 0 in data bit 4. Note, this will cause OCW2 or OCW3 to be
written.
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ICW1 - Address 020H (0A0H)
(Write Only Register)

msb Isb

b7 b6 b5 b4 b3 b2 bl b0

X X X SI LM |X SM|X

SI Bit-4 indicates to the interrupt controller that an Initialization sequence is starting and must
be a 1 to write ICW1.

LTM Bit-3 selects level or edge triggered inputs to the IRR. If a 1 is written to LTM, a "high"
level on the IRR input will generate an interrupt request. The IR must be active until the first
INTA cycle is started to generate the proper interrupt vector (an IR7 vector will be generated if
the IRR input is de-asserted early) and the IR must be removed prior to EOI to prevent a second
interrupt from occcuring.

SM Bit-1 selects between Single Mode and Cascade Mode. Single Mode is used whenever only
one interrupt controller (INTC1) is used and is not recommended for this device. Cascade Mode
allows the two interrupt controllers to be connected through IR2 of INTC1. INTC1 will allow
INTC2 to generate its own nterrupt vectors if Cascade Mode is selected and the highest priority
IR pending is from an INTC2 input. INTC1 and INTC2 must be programmed for Cascade Mode
for both devices to operate.

ICW?2 - Address 021H (0A1H)
(Write Only Register)

msb Isb

b7 b6 |b5 b4 b3 b2 bl b0

V7 |V6 |V5 |Vv4 V3 |X X X

V7-V3 These bits are the upper 5 bits of the interrupt vector and are programmable by the CPU.
The lower three bits of the vector are generated by the Priority Resolver during INTA (see Table
9-4). INTCI and INTC2 need not be programmed with the same value in ICW2.
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ICW3 Format for INTC1 - Address 021H
(Write Only Register)

msb Isb

b7 b6 b5 b4 b3 b2 bl b0

S7 S6 S5 S4 S3 S2 S1 SO

S7-S0 Select which IR inputs have Slave Mode controllers connected. ICW3 in INTC1 must be
written with a 04H for INTC2 to function.

ICW3 Format for INTC2 - Address 0A1H

msb Isb

b7 - |b6 b5 b4 b3 b2 bl b0

0 0 0 0 0 ID2 |ID1 |IDO

ID2-ID0 Determine the Slave Mode address the controller will respond to during the cascaded
INTA sequence. ICW3 in INTC2 should be written with a 02H for Cascade Mode operation.
Note, b7-b3 should be zero.

ICW4 - Address 021H (0A1H)
(Write Only Register)

msb Isb

b7 b6 b5 b4 b3 b2 bl b0

X X X EMI |X X AEOI'| X

EMI Bit 4 will Enable Multiple Interrupts from the same channel in Fixed Priority Mode. This
allows INTC2 to fully nest interrupts, when Cascade Mode with Fixed Priority Mode are both
selected, without being blocked by INTC1. Correct handling of this mode requires the CPU to
issue a non-specific EOI command to INTC2 and check its In-Service Register for zero, when
exiting an interrupt service routine. If zero, a non-specific EOI command should be sent to
INTCI. If non-zero, no command is issued.
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AEOI Auto End Of Interrupt is enabled when ICW4 is written with a zero in bit 1. The
interrupt controller will perform a non-specific EOI on the trailing edge of the second INTA
cycle. Note, this function should not be used in a device with fully nested interrupts unless the
device is a cascade Master.

Operational Command Words

Operational Command Words (OCW’s) allow the 82C226 interrupt controllers to be controlled
or re-configured at any time while operating. Each interrupt has 3 Ocw’s which can be
programmed to affect the proper operating configuration and a Status Register to monitor
controller operation.

Operational Command Word 1 (OCW1) is located at address 021h (0A1h) and may be written
any time the controller is not in Initialization Mode. Operational Command Words 2 and 3
(OCW2,0CW3) are located at address 020H (OAOH). Writing to address 020H (OAOH) with a 0
in bit 4 will place the controller in operational mode and load OCW?2 (if data bit 3 = 0) or OCW3
(if data bit 3 = 1).

OCW1 - Address 021H (0A1H)
(Write Register)

msb Isb

b7 b6 b5 b4 b3 b2 bl b0

M7 M6 |M5 |M4 (M3 |M2 |Ml1 |MO

M7-M0 These bits control the state of the Interrupt Mask Register. Each Interrupt Request can
be masked by writing a 1 in the appropriate bit position (MO controls IR0 etc.). Setting an IMR
bit has no effect on lower priority requests. All IMR bits are cleared by writing ICW1.
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OCW?22 - Address 020h (0AOh)

(Write Only Register)

msb Isb
b7 b6 b5 b4 b3 b2 bl b0
R SL |EOI |SI 2/3 |L2 |L1 LO

PRELIMINARY

R This bit in conjunction with SL and EOI selects operational function. Writing a 1 in bit 7

causes one of the rotate functions to be selected.

R SL EOI Function
1 0 0 Rotate on auto EOI enable *
1 0 1 Rotate on non-specific EOI

* This function is disabled by writing a zero to all three bit positions.

SL This bit in conjunction with R and EOI selects operational function. Writing a 1 in this bit

position causes a specific or immediate function to occur. All specific commands require L2-1.0

to be valid except no operation.

R SL EOI |Function

0 1 0 No operation

0 1 1 Specific EOI Command

1 1 0 Specific Rotate Command

1 1 1 Rotate on specific EOI
Rev 1.0
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EOI This bit in conjunction with R and SL selects operational function. Writing a 1 in this bit
position causes a function related to EOI to occur.

R SL EOI |Function

0 0 1 Non-specific EOI Command
0 1 1 Specific EOI Command

1 0 1 Rotate on non-specific EOI
1 1 1 Rotate on specific EOI

SI Writing a 0 in this bit position takes the interrupt controller out of initialize mode and writes
OCW?2 or OCW3.

2/3 If the I/O write places a 0 in bit 4 (SI), then writing a 0 in bit 3 (2/3) selects OCW?2 and
writing a 1 will select OCW3.

L2-L0 These three bits are internally decoded to select which interrupt channel is to be affected

by the Specific command. L2-LO must be valid during three of the four specific cycles (see SL
above).
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OCWS3 - Address 020H (0A0H)
(Write Only Register)

msb Isb

b7 |b6 |b5 |b4 [b3 [b2 |bl |bO

0 ESMM|SMM |SI 2/3 |PM |RR |RIS

ESMM Writing a 1 in this bit position enables the Set/Reset Special Mask Mode function
controlled by bit 5 (SMM). ESMM allows the other functions in OCW?3 to be accessed and
manipulated without affecting the Special Mask Mode state.

SMM If ESMM and SMM both are written with a 1 the Special Mask Mode is enabled.
Writing a 1 to ESMM and a 0 to SMM disables Special Mask Mode. During Special Mask
Mode, writing a 1 to any bit position inhibits interrupts and a 0 enables interrupts on the
associated channel by causing the Priority Resolver to ignore the condition of the ISR.

SI See SI above.
2/3 See 2/3 above.

PM Polled Mode is enabled by writing a 1 to bit 2 of OCW3, causing the 82C226 to perform
the equivalent of an INTA cycle during the next I/O read operation to the controller. The byte
read during this cycle will have bit 7 set if an interrupt is pending. If bit 7 of the byte is set, the
level of the highest pending request will be encoded on bits 2-0. The IRR will remain

frozen until the read cycle is completed at which time the PM bit is reset.

RR When the RR bit (bit 1) is 1, reading the Status Port at address 020h (0AOh) will cause the
contents of IRR or ISR (determined by RIS) to be placed on XD7-XD0. Asserting PM forces
RR reset.

RIS This bit selects between the IRR and the ISR during Status Read operations if RR = 1.

Rev 1.0 Page 190



82C226 SYSTEM PERIPHERAL CONTROLLER PRELIMINARY

5.0 Timer/Counters

The IPC integrates an 8254 compatible timer/counter. The timer subsection provides
three programmable timer/counters; Channel 0, Channel 2 and Channel 3. Channel O and
Channel 2 are similar to Channel 0 and Channel 2 of the IBM personal computer systems
and corresponds to Channel 0 and Channel 2 in the 8254. Channel 3, called watch dog
timer, is implemented with Channel 1 in the 8254. The control function unit has to
monitor various situations while writing the command words to 8254 to guarantee that
each channel is programmed correctly.

Channel 0 : System Timer

GATEQ is always enabled, which will make timer mode 1 and mode 5 invalid for
Channel 0.

CLKQO is driven by 1.19MHZ.

OUTO’s rising edge will set IRQO latch which is connected to INTC. The latch may be
cleared by a system reset, an interrupt acknowledge cycle with a vector 08, or an I/O
write to port hex 061 with bit 7 equal to 1. Signals derived from OUTO are used to gate
and clock Channel 3. For proper operation of Channel 3 (Watch Dog Timer) timeout
function, Channel O must be programmed to either timer mode 2 or timer mode 3.
Channel 0’s Counter can either be programmed to operate in 16-bit binary or BCD count
down

Channel 2 : Speaker Tone Generation

GATE?2 is controlled by bit 0 of I/O port 0061 hex. Setting this bit causes GATE2 to go
high. CLK2 is driven by 1.19MHZ. OUT2 goes to two places:

1. Input port 0061 hex bit 5

2. OUT?2 is also Logically And’ed with I/O port 0061 hex bit 1. The AND
gate’s output drives the "Audio Sum Node" signal.

This channel supports all program modes (mode O - 5). Channel 2’s counter may be
programmed to operate in 16-bit binary or BCD count down mode.

Channel 3: Watch Dog Timer
The 8254’s Channel 1 is used to emulate the Watch Dog Timer function.
GATEI1 is tied to IRQO, which is set by the rising edge of Timer 0 output.

CLK1 is driven by inverted Channel 0’s OUTO. In the PS/2 system the Watch Dog Timer
uses the rising edge of Channel 0’s OUTO to decrement the counter, while in 8254, the
falling edge of the clock input is used to decrement the counter.

OUT1 is And’ed with -WDTDIS and generates the -WDTOUT signal which is normally
floating and goes low when the Watch Dog Timer is enabled and time out situation had
occurred. This condition is usually caused by the IRQO not being serviced within a
specified period of time. The time depends on the count value set for Channel 3. The
activation of WDTOUT triggers the NMI and sets port 092h, bit 4.
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Channel 3 only operates in mode 0 and 8-bit binary count. Channel 3 operation is defined
only when Channel 0 is programmed to operate in mode 2 or mode 3. Channel 3 is
enabled (-WDTDIS = 1) by writing 10h to I/O port 0047h, followed by writing a count
value to I/O port 0044h. Channel 3 is disabled (-WDTDIS = 0) by writing 10h to port
0047h and NOT writing a count value to port 0044h, or by systems reset. When Channel
3 is enabled and IRQO is active for more than one period of Channel 0’s OUTO, an
INHIBIT signal is generated which prevents writing data to Channel O (port 0040h) or
Channel 3 (port 0044h). INHIBIT is never active when Channel 3 is disabled

Control Function

Following are I/O registers allocated to system timer/counters:
0040h Read/Write Counter 0

0042h Read/Write Counter 2

0043h Write only Control Byte for Channel 0 or 2

Channel 0 Count Register

Before accessing Port 040H, port 043 must be programmed with the appropriate control
word followed by an initial count value to port 040H.

Channel 2 Count Register

Before accessing Port 042H, port 43H must be programmed with the appropriate control
word, followed by an initial count value to port 42H

Control Word (Port 43H)

The Control Word register is a write only register. The bit definitions are as follows:

F3 - FO - Bits 7 through 4 determine the command to be performed.

M2 - MO - Bits 3 through 1 determine the counter’s mode during Read/Write Counter
Commands or select the counter during a read back command.

BCD - Bit 0 selects binary coded decimal counting format during Read/Write Counter
Commands.
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Bit 7 Bit 6 Function

F3 F2

0 0 Select counter 0

0 1 Reserved

1 0 Select counter 1

1 1 Reserved

Bit 5 Bit 4 Function

F1 FO

0 0 Counter latch command

0 1 Read/write counter bits 7-0 only
1 0 Read/write counter bits 15-8 only
1 1 Read/write counter bits 7-0 first then bits 15-8
Bit 3 Bit 2 Bit 1 Function

M2 M1 MO

0 0 0 mode 0

0 0 1 mode 1

X 1 0 mode 2

X 1 1 mode 3

1 0 0 mode 4

1 0 1 mode 5
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Bit 0

BCD

0 16-bit binary count

1 BCD count(4 decades)

0044h Read/Write Counter 3
0047h Write only Control Byte for Channel 3

Count Register for Channel 3 (I0 Port 44H)

Before accessing Port 044H, port 47H must be programmed with the appropriate control
word, followed by an initial count value to port 44H

Control Byte (Port 47H)

This is a write only register. The bit definitions are as follows:

Bit 7 Bit6

SC1 SCo

0 0 select counter 3

0 1 reserved

1 0 reserved

1 1 reserved

Bit 5 Bit 4

RW1 RWJ(

0 0 counter latch command select counter 3
0 1 read/write counter bits 7-0 only
1 0 reserved

1 1 reserved

Bit3-0=0  mode 0 and binary count only
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6.0 Parallel Port Controller

The 82C226 integrates a parallel port to provide support for devices that require 8 bit
parallel data transfer. Unlike the PC-AT implementation where the parallel port was used
to transfer data in one direction only, namely output, the parallel port implementation on
82C226 supports an extended mode which supports bi-directional data transfers.
Additionally, the port supports a level sensitive interrupt and adds a register that reflects
the status of the interrupt.

Parallel Port Programmable Option Select

The parallel port can be programmed to reside at three different I/O locations, and the
desired location can be selected by setting bits <5,6> in system POS register 102.

Bit 6 Bit 5 Function
0 0 Parallell

0 1 Parallel 2
1 0 Paralle] 3

Parallel Port Configuration

The corresponding address assignments are shown below:

Data Address Status Address Parallel Control

Hex Hex Address in Hex
Parallel 1 03BC 03BD 03BE
Parallel 2 0378 0379 037A
Parallel 3 0278 0279 027A

Parallel Port Extended Mode

The extended mode option of the parallel port can be selected b y setting port 102 bit 7 to
a zero. In the extended mode, the parallel port is configured to support bi-directional data
transfers.

Mode Access Bit 7 Direction System
Reg 102 Reset
Extended Write 0 0 1
Extended Write 0 0 0
Extended Read 0 1 0
Compatible Write 1 not allowed 0

Rev 1.0 Page 195



82C226 SYSTEM PERIPHERAL CONTROLLER PRELIMINARY

Data Address Port

The normal PC/AT mode and the extended mode access the data address port. In the
PC/AT mode, the data presented at this port is transferred directly to the outputs. During
a Read operation, the data that was written during the last access is read back.

In the extended mode, the data presented to the Data Address port is transferred to the
output only if the direction bit is set to the write mode. During a read operation, if the
direction bit is set to the write mode, then the data last written to the data address register
is read back. If the direction bit is set to read, then the data presented at the parallel port
is read back.

Status Port (PSP)

The Status Port is a read only register. The bit definitions are as shown below:

Bit Function Description

7 -BUSY When low, it indicates that the port is currently busy
and cannot accept new data.

6 -ACK This bit provides a handshake mechanism for data
transfer. When active, it signals that the 8 bit parallel
device, normally a printer, is able to accept another
byte of data.

5 PE This bit, when set, indicates an error condition, that
requires users attention. When interfacing to a printer,
this bit indicates an error condition such as paper end.

4 SLCT This bit when set, indicates that the device has been
selected.
3 | -ERROR This bit when set, reports an error condition.
2 -IRQ When this bit is set to 0, the printer has acknowledged
Status he previous transfer using the *-acknowledge’ signal.
1,0 Not used
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Parallel Port Control (PCP)

The Parallel Control port is a read or write port. A write operation to this port latches
the six least-significant data bits of the bus. The sixth bit corresponds to the direction
control bit and is only applicable in the extended mode. The remaining five bits are
compatible with previous implementations as shown in the following figure. A read
operation to the Parallel Control Port presents the system microprocessor the data that
was last written to it, with the exception of the write-only direction bit.

Bit Function Description
7,6 Reserved
5 Direction This bit controls the direction of the data port. This is

a write-only bit.

4 IRQEN This bit enables the parallel port interrupt. When this
bit is set to 1, an interrupt occurs when the
’-acknowledge’ sign changes from active to inactive.

3 SLCT IN This bit controls the ’select in’ (SLCT IN) signal.
When this bit is set to 1, the printer is selected.

2 -INIT This bit controls the ’initialize printer’ (-INIT) signal.
When this bit is set to O, the printer starts.

1 AUTO FDXT | This bit controls the ’automatic feed XT’ (AUTO FD
XT) signal. Then this bit is set to 1, the printer will
automatically line feed after each line is printed.

0 STROBE This bit controls the ’strobe’ signal to the printer.
When this bit is set to 1, data is pulse-clocked into the
printer.
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System Control Registers
The last section of the SPC contains three system control registers and a decoder.
Port 0061h: System Control Register B

System Control Register B is accessed by I/O read or write operations to I/O address
0061h. The bit definitions are shown below:

The external master cannot access this port.

Bit Function Description

7 PARITY CHECK

write A write operation with this bit set to 1,
resets IRQO latch Default = 0

read This bit indicates the state of the parity
check latch. A high means that a priority
error has occurred. Default = 0

6 CHANNEL CHECK

write Reserved

read This bit returns the state of the Channel
Check latch. A high shows that a channel
check has occurred. Default =0

5 TIMER 2 OUT

write Reserved

read This bit returns the condition of
timer/counters Channel 2’s OUT signal

4 REFRESH TOGGLE

write Reserved

read This bit is toggled for each refresh request.

3 CHAN. CHK. ENABLE

write A write operation with this bit set to 0
enables Channel Check. This bit is st to
high during a power on reset.

read A read operation reflects the last write
result.
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Port 0061h: System Control Register B (continued)

2 PARITY CHK. ENABLE

write Set this bit to 0, enable parity check.
During power on reset, set this bit to 0.

read Return result of the last write to this bit.

1 SPEAKER ENABLE

write A write operation with bit set to 1, enables
speaker data. This bit is set to 0 during a
power on reset.

read Return result of the last write to this bit.

0 TIMER 2 ENABLE

write A write operation with this bit is set to 1,
enables the gate input of timer/counter
Channel 2. Default = 0.

read Return result of the last write to this bit.

Rev 1.0 Page 199




82C226 SYSTEM PERIPHERAL CONTROLLER PRELIMINARY

Port 0092: System Control Register A
The external master cannot access this port.

The following shows the definition of each bit in I/O port 0092h.

Bit Type Function

5 Reserved

write Reserved =0

read Reserved, always return 1

4 WATCHDOG TIMEOUT]

write Reserved

read This read only bit reflects watch dog timer

output state, a high indicated that the
watch dog timer timed out.

3 PASSWORD LOCK

write Setting this bit to 1 locks the 8-byte
(38-3F) secured area reserved for password.
This bit can be cleared only by the power on
reset signal once being written to 1.

read Return result of the last write.

2 (RESERVED)

write Reserved

read Reserved, always return 1

1 A20 ENABLE

write Setting this bit 0 disables the A20 set to 0
during system reset.

read Return result of the last write.
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Port 0092: System Control Register A (continued)

Bit

Type

Function

0
write

read

ALT RESET

This bit is set to 0 by a system reset or a
write operation. When set to 1, the
alternate reset signal will be pulsed for 100
to 125 ns. The reset occurs after a
minimum delay of 6.72 micro seconds.
This bit remains high after the reset pulse.
If this bit is a 0, Power-On-Self-Test
(POST) assumes the system was just
powered on. If this bitis a 1, POST
assumes a switch from the Protected mode
to the Real mode has taken place.

See description of the write section.
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82C226 SYSTEM PERIPHERAL CONTROLLER PRELIMINARY
Port 0096: Channel Position Select Register

Each channel position has a unique "setup” line (-CDSTUP) associated with it. Prior to a
setup cycle, an I/O operation to port 0096h sets the bit pattern to select the channel
position to which the subsequent setup operation will occur. The following table shows
the valid bit-patterns

Channel Selected Bit7 Bit6  BitS Bit4 Bit3 Bit2 Bitl Bit0
none 0 0 0 0 0 X X X
1 0 0 0 0 1 0 0 0
2 0 0 0 0 1 0 0 1
3 0 0 0 0 1 0 1 0
4 0 0 0 0 1 0 1 1
5 0 0 0 0 1 1 0 0
6 0 0 0 0 1 1 0 1
7 0 0 0 0 1 1 1 0
8 0 0 0 0 1 1 1 1
Channel reset 1 0 0 0 X X X X

Note: Bits 6, 5 and 4 return highs when port 0096 is read since they do not exist.

Port 0096h is cleared by a system reset. The Channel reset signal is also enabled during a
system reset.

The external master can not access this port.

Other Registers

System Board Setup/Enable Register (Port 94f)

When this bit 7 of Port 94H is set to 1, it enables the various functions of the system
board and system board resident I/O functions. When set to zero, these functions are

placed in set up.

The default state of this bitis "1’ (enable state).

Model 60 Support

SPC also provides a signal to control I/O port 0076H’s access. The -P76EN signal will
becomes active when the 1/O port 0076H is accessed. The IPC has to force this signal
high in the system power off situation. The P76ENB is qualified by the MASTERB
signal
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82C226 PIN DESCRIPTION PRELIMINARY

Symbol Type PLCC PFP Description

XD7-XDO0 /O 24-31 18-25 DATA BUS: The data lines are tri-state
bi-directional lines connected to
peripheral data bus. The outputs are
actively driven by the SPC during I/O
read to the Interrupt Controller registers
(Interrupt Request Register, In-Service
Register and the Interrupt Mask
Register), the Timer/Counter registers
(namely the contents of these counters
and the status of the System Timer
(Channel 0), Tone Generator

(Channel 2), and Watch Dog Timer
(Channel 3), the Real Time Clock
internal registers and on-chip
configuration registers and I/O ports
61H, 92H, 96H and 102H. The XD bus
drivers are disabled and inputs are read
from the CPU during I/O write cycles
when CPU is programming the
Interrupt Controller registers, the
Timer/Counter registers and the Real
Time Clock registers and RAM and
on-chip configuration registers and I/O
ports. During the interrupt
acknowledge sequence, the interrupt
controller puts the interrupt vector byte
on the XD- bus. Data bus XD7-XD0
also acts as multiplexed address/data
bus for the Real Time Clock.

XA9-XA0 I 34-43 30-39 ADDRESS BUS: This is the latched
peripheral address bus used to address
various registers in the interrupt
controllers, Timer/Counters, registers
and I/O ports.

RESET4 I 16 10 RESET4: Reset is active high input. It
does not affect clock functions.

-ADL I 18 12 ADDRESS LATCH: SPC uses -ADL
to latch XA(9:0) and -OBIOP. -ADL
also resets parallel port interrupt.
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82C226 PIN DESCRIPTION PRELIMINARY

Symbol Type PLCC PFP Description

-XIORD I 65 66 I/O READ: I//O Read is active low
command from the CPU to read the
SPC internal registers. The data from
the SPC internal registers is driven on
SPC XD-bus. The external bus master
cannot access any of SPC registers
except the interrupt controller registers.

-XIOWR I 52 49 I/O WRITE: I/O Write is an active low
command from the CPU to write into
the internal SPC registers. The data on
the XD bus is written into the register
selected by the XA bus. The external
bus master cannot access any SPC
registers except interrupt controller
internal registers.

-MASTER I 33 29 EXTERNAL BUS MASTER: (Active
Low) When active low it indicates
external bus master has control of the
lens. -MASTER is used to qualify all
on chip register decodes (except
Interrupt Controller registers) to ensure
that external bus master cannot access
on chip registers except those to
interrupt controllers.

-OBIOP I 17 11 ON BOARD I/O
PERIPHERAL: (Active Low)
-OBIOPB decodes XA1S -
XA10. When XA15 - XA10 are
all zero, this signal goes low.
This signal is used to qualify all
on chip register decodes.
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82C226 PIN DESCRIPTION PRELIMINARY

INTERRUPT CONTROLLER

Symbol Type PLCC PFP Description

-IR15:9 I 76-82 81-87 INTERRUPTREQUESTS:

-IR7:6 83,84 88,89 Asynchronous inputs. An interrupt is
-IR5:3 1-3 91-93 generated by applying proper level

-IR1 4 94 interrupt is generated by applying
proper level to any Interrupt Request
pin.

-INTA I 14 8 INTERRUPT ACKNOWLEDGE:
(Active low) This pin is driven by
the CPU controller to instruct the
interrupt controller to put the
interrupt vector data on the XD bus
by a series of two -INTA pulses

INTR 0] 70 71 INTERRUPT: (Active High). This pin
goes high whenever a valid interrupt
request is asserted. Itis used to
interrupt the CPU controller and is
connected to CPU INTR input pin.

TIMER

Symbol Type PLCC PFP Description

TMRCLK I 23 17 TIMER CLOCK: Clock input
for Timer/Counter Channel 0
and 2. (1.19 MHz)

AUDIO 0] 19 13 AUDIO SUM NODE: Output
of Timer 2.Timer 2 is used for
tone generation for speaker and
is clocked by 1.19 MHz clock
(TMRCLK pin).

WDT 0] 20 14 WATCH DOG TIMER
TIMEOUT: Output of timer 3
(Watch Dog Timer). The clock
input of this timer is internally
connected to OUTO and gate
input is internally connected to
IRQO. Open drain output.
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82C226 PIN DESCRIPTION

REAL TIME CLOCK

PRELIMINARY

Symbol

Type

PLCC

PFP

Description

OSCI

I

72

73

OSCILLATOR INPUT: The
time base(32.768 Khz) for time
functions is connected to this

pin.

PSRSTB

13

POWER SENSE, RESET: This
pin does not affect clock
calendar or RAM functions.
When PSRSTB and TEST pin
are both low, the following
occurs:

a) Periodic Interrupt Enable
(PIE) bit is cleared to zero.

b) Alarm Interrupt Enable (AIE)
bit is cleared to zero.

c¢) Update ended Interrupt
Enable (UIE) bit is cleared to
Zero.

d) Update ended Interrupt Flag
(UF) bit is cleared to zero.

e) Interrupt Request Status Flag
(IRQF) is cleared to zero.

f) Periodic Interrupt Flag (PF)
bit is cleared to zero.

g) The part is not accessible by CPU

h) Alarm Interrupt Flag (AF) bit

is cleared to zero.

1) Square Wave output enable
bit is cleared to zero.
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82C226 PIN DESCRIPTION

REAL TIME CLOCK (continued)

PRELIMINARY

Symbol

Type

PLCC

PFP

Description

PWRGD

I

12

POWER GOOD: Power Good
pin must be high for bus cycles
in which the CPU accesses the
RTC. When PWRGD is low, all
address, data, data strobe and
R/W pins are disconnected from
the processor.

TEST

15

TEST: Test is an active high
input.It initializes various
internal registers so that the test
program starts in a known state.
It should be tied low in normal
operation.

PARALLEL PORT

Symbol

Type

PLCC

PFP

Description

BUSY

I

68

69

PRINTER BUSY: Active High.
When active it indicates the
printer is busy and cannot accept
data.

-ACKB

67

68

PRINTER ACKNOWLEDGE:
Active Low.When low, it
indicates that printer has
received a character and is ready
to accept another.

PE

69

70

PRINTER PAPER END:
Active High. This pin indicates
that printer has detected end of

paper.

SLCT

71

72

SELECT PRINTER: Active
High. When this pin is ’1’, it
indicates that the printer has
been selected.

-ERROR

73

74

PRINTER ERROR: Active low.
When this input is low, it
indicates that printer has
encountered an error condition.
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82C226 PIN DESCRIPTION

PARALLEL PORT (continued)

PRELIMINARY

Symbol

Type

PLCC

PFP

Description

PP(7:4)
PP(3:0)

I/0

54-57
59-62

55-58
60-63

PARALLEL PORT: Printer
data port.

-SLCTINO

0]

8

98

SELECT IN SIGNAL FOR
PRINTER: Active low, open
drain. When active, this signal
indicates the printer is selected.

-INITO

97

INITIALIZE PRINTER: Active
low, open drain. When active, it
initializes the printer.

-ATFDXTO

96

AUTOFEED XT: Active low,
open drain.When low, the
printer will automatically line
feed one line after each line is
printed.

-STROBEO

95

STROBE SIGNAL TO THE
PRINTER: Active low. When
low, the data is pulse clocked
into the printer.

-PDPRD

10

100

PARALLEL DATA PORT
READ: Active low.This signal
is the parallel data port’s
transceiver direction control
signal. When low, it indicates
read.

-PCPRD

99

PARALLEL PORT CONTROL
REGISTER READ:Active low.
When low it enables the Parallel
Port Control Register signals
(-SLCTIN, INIT, -ATFDXT,

| -STROBE) onto the system data bus.
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82C226 PIN DESCRIPTION PRELIMINARY

CHANNEL SET UP

Symbol Type PLCC PFP Description

-CDSPEN I 66 67 CHANNEL SETUP ENABLE: Active
low. This signal goes low
when I/O operation in the
address range 100gy - 107y is
performed.

-CDSTUPS8:1 |O 51-44 48-41 CHANNEL SETUP: Active
low. Each channel position has
a unique set up signal (CDSTUP).
When low, it indicates that
channel has been selected for
subsequent set up.

CHRST o 64 65 CHANNEL RESET: Active
high. When high it resets the
channel.

-P76ENB O 22 16 PORT 76 ENABLE: Active low. Any
I/O operation to port 76 drives this
signal active. This signal is forced high
during system power down
(PWRDN=0).

POWER SUPPLIES

PLCC PFP Description

53,11 1,5 Ground

21,24 15, 50

58,74 51,59

75,76

26, 27
32,63 64,79 VCC
75 80
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82C226 PIN DESCRIPTION PRELIMINARY

82C226 Absolute Maximum Ratings

Parameter Symbol Min. Max Units
Supply Voltage Vce 7.0 v
Input Voltage Vin -0.5 Vee+0.5V
Storage Temperature Tstg -40 125 oC

Note: Permanent device damage may occur if absolute maximum ratings are exceeded.
Functional operation should be restricted to the conditions described under operating conditions.

82C226 DC Characteristics
Operating Conditions: TA = 00C to 700C, VCC =4.75 to 5.25V

Parameter Symbol _Min. Max Units

Input Low Voltage Vil -0.5 0.8 v

Input High Voltage Vih 20 Vee+0.5V

Output Low Voltage Vol 0.45 V(Note 1)
Output High Voltage Voh 24 V(Note 1)
Input Leakage Current Il -10 10 uA(Note 2)
Output Float Leakage Current Tozl -10 10 uA(Note 3)
Power Supply Current | mA

Note 1:

Iol =4mA and Ioh = -4mA for INTR, AUDIO, -WDT, -PDPRD, -CDSTUPi, -P76ENB.
Iol = 8mA and Ioh = -8mA for XDi.

Iol = 24mA and Ioh =-15 mA for PPi, CHRST.

Iol =20mA for -STROBEO, -ATFDXTO, -INITO, -SLCTINO.

Note 2:

0 <Vin< Vcc
Note 3:

0.45 < Vout < Vcc
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82C226 SYSTEM PERIPHERAL CONTROLLER PRELIMINARY

CPU INTERFACE Min |Max |Units
t600  Address setup to command active 30 ns
t601 Command active period 100 ns
t602  Address hold time from command inactive 0 ns
t603 Data valid delay 100 |ns
t604 Data hold time from XIOR inactive 0 ns
t605  Tristate to driving D8-DO0 from XIOR active 5 40 ns
t606 Data setup time XIOW inactive 80 ns
t607 Data hold time from XIOW inactive 0 ns
t608 XIOR, XIOW Command recovery time 90 ns
INTERRUPT CONTROLLER TIMING Min |Max |Units
t620 Interrupt output delay 300 |ns
t621 End of INTA to next INTA within an INTA

sequence only 80 ns
REAL TIME CLOCK Min |Max |Units
t630 Real time clock cycle time 500 |ns
t631 PSRSTB High Delay from Vcc 5 us
t632 PSRSTB Low Pulse Width 5 us
t633  VRT Bit Valid Delay 2 us
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82C226 AC Characteristics PRELIMINARY
TA=0-70C, VCC =4.75 to 5.25 VDC, Output Load = 80 pF

TIMERS | Min |Max |Units
t640 TMRCLK Period 100 ns
t641 TMRCLK low time 50 ns
1642 TMRCLK high time 50 ns
t643 TMRCLK low to NMI active 200 ns
PARALLEL PORT Min |Max |Units
t650 Data output delay from XIOW high 20 ns
t651 Data setup time to XIORD 15 ns
1652 Data hold time from XIORD 10 ns
t653 CTRL/STATUS setup to XIORD high 20 ns
1654 CTRL/STATUS hold from XIORD high 10 ns

Rev 1.0 Page 212



XA<0:9>

XIOR
INTA

XD<0:7>

XA<0:9>

=
o
=

XD<0:7>

t600 — K— <— 1602
1601
\
K——— 1603 t604 —}
Y, >—
£605— K—
Figure 10.1 226 PERIPHERAL READ/INTA CYCLE

t600—>

t601

1602

_____1¢;x§_ﬁ_

t606

t607 —)

Figure 10.2 226 PERIPHERAL WRITE CYCLE



— k—tsso
PPDATA OUT [l(
XIORD \ '8
£651 £652

PPDATA IN D

K 653 654 |
CTRL/STATUS IN

Figure 10.3 PARALLEL PORT

t608 —ﬁ
XIORD , XIOWR \ N /

Figure 10.4 226 COMMAND RECOVERY

F t630 '
& S /S
| |
Figure 10.5 226 RTC ACCESS



A. C. Testing Load Circuit
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84-Pin Plastic Leaded Chip Carrier (PLCC)
Socket = AMP 821573-1 or Equivalent
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Dimensions: mm (in)
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100-Pin Plastic Flat Pack (Rectangular) (PFP)
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