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CHIFS

requiring only 24 logic components plus
memory devices.

The CS8221 NEAT CHIPSet™ consists of the
82C211 CPU/Bus controller, the 82C212
Page/Interleave and EMS Memory controller,
the 82C215 Data/Address buffer and the
82C206 Integrated Peripherals Controller (IPC).

The NEAT CHIPSet™ supports the local CPU
bus, a 16 bit system memory bus, and the AT
buses as shown in the NEAT System Block
Diagram. The 82C211 provides synchroniza-
tion and control signals for all buses. The
82C211 also provides an independent AT bus
clock and allows for dynamic selection bet-
ween the processor clock and the user select-
able AT bus clock. Command delays and wait
states are software configurable, providing
flexibility for slow or fast peripheral boards.

The 82C212 Page/interleave and EMS Memory
controller provides an interleaved memory
sub-system design with page mode operation.
It supports up to 8 MB of on-board DRAM
with combinations of 64Kbit, 256Kbit and 1Mbit
DRAMs. The processor can operate at 16MHz
with 0.5-0.7 wait state memory accesses, using
100 nsec DRAMs. This is possible through
the Page Interleaved memory scheme. The
Shadow RAM feature allows faster execution
of code stored in EPROM, by down loading
code from EPROM to RAM. The RAM then
shadows the EPROM for further code execu-
tion. In a DOS environment, memory above
iMb can be treated as LIM EMS memory.

The 82C215 Data/Address buffer provides the
buffering and latching between the local CPU
address bus and the Peripheral address bus.
It also provides buffering between the local

CPU data bus and the memory data bus. The
parity bit generation and error detection logic
resides in the 82C215.

The 82C206 Integrated Peripherals Controller
is an integral part of the NEAT CHIPSet™. It
is described in the 82C206 Integrated Peri-
pherals Controller data book.

System Overview

The CS$8221 NEAT CHIPSet™ is designed for
use in 12 to 16 MHz 80286 based systems
and provides complete support for the IBM
PC/AT bus. There are four buses supported
by the CS8221 NEAT CHIPSet™ as shown in
Figure 1: CPU local bus (A and D), system
memory bus (MA and MD), I/0 channel bus
(SA and SD), and X bus (XA and XD). The
system memory bus is used to interface the
CPU to the DRAMs and EPROMSs controlled
by the 82C212. The /O channel bus refers to
the bus supporting the AT bus adapters which
could be either 8 bit or 16 bit devices. The X
bus refers to the peripheral bus to which the
82C206 IPC and other peripherals are attached
in an IBM PC/AT.

Notation and Glossary

The following notations are used to refer to
the configuration and diagnostics registers
internal to the 82C211 and 82C212:

REGnH denotes the internal register of index
n in hexadecimal notation.

REGnH<:y> denotes the bit field from bits x
to y of the internal register with index n in
hexadecimal notation.

N
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82C211 Pin Description

Pin
Type

Symbol

Description

Clocks

5

CLK2IN

CLOCK 2 input from a TTL crystal oscillator having a
maximum of twice the rated frequency of the 80286 pro-
cessor clock.

PROCCLK

PROCESSOR CLOCK output for the 80286 and the 82C212,
It is derived from CLK2IN. It can also be programmed to
be derived from ATCLK.

76

ATCLK?

AT Bus Clock 1 input source from crystal or oscillator.
This clock input is used for the AT bus operation and is
only required if the AT bus state machine clock, BCLK
(internal) will not be derived from CLK2IN. This clock
input should be tied low if not used. Its frequency should
be lower than CLK2IN. BCLK is the AT bus state machine
clock and can be programmed to be equal to ATCLK.

81

ATCLK2

AT Bus Clock 2 output is connected to the crystal (if a
crystal is used to generate AT bus clock). A series damping
resistor of 10 chms should be used to reduce amplitude of
the resonant circuit. It should be left open if a TTL oscillator
is used.

83

SYSCLK

AT System Clock output is buffered to drive the SYSCLK
line on the AT bus 1/0 channel. It is half the frequency of
BCLK and should be between 6 and 8 MHz for maintaining
correct AT 10 bus timing compatibility with the IBM™
PC/AT.

Control

13

RESET1

RESET1 is an active low input generated by the power
good signal of the power supply. When low, it activates

RESET3 and RESET4. RESET1 is latched internally.

51

RESET2

RESET? is an active low input generated from the keyboard
controller (8042/8742) for a “warm reset” not requiring the
system power to be shut off. It forces a CPU reset by
activating RESET3.

38

RESET4

RESETA4 is an active high output used to reset the AT bus,
82C206 IPC, 8042 keyboard controller, 82C212 memory
controller. It is synchronized with the processor clock.

50

RESET3

RESETS3 is an active high output to the 80286 when RESET1
or RESET2 is active. It is also activated when shut-down
condition in the CPU is detected. RESET3 will stay active
for at least 16 PROCLK cycles.
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82C211 Pin Description (Continued)

Pin
Type

Symbol

Description

CPU Intertace

71

VO

READY

READY as an output, is driven low to terminate the current
CPU cycle after IOQOCHRDY is high and QWS is high, or if
“time out” condition is detected. During all other cycles, it
is an input from the 82C212. It is an open collector output
requiring an external pull-up resistor of 1KQ and is con-
nected to the 80286 READY pin.

79, 80

STATUS is an active low input from the CPU. The status
signals are used by the 82C211 to determine the state of
the CPU. Pull up resistors of 10KQ each should be pro-
vided.

72

M/10

MEMORY INPUT/OUTPUT is the signal from the CPU.
When high, it indicates a memory access, when low it
indicates an 1/O access. It is used to generate memory and
I/0 signals for the system. A 10KQ pull up resistor is
recommended.

55

HOLD

CPU HOLD REQUEST is an active high output to the CPU.
It is activated during DMA, Master or refresh cycles.

37

HLDA

HOLD ACKNOWLEDGE is an active high input generated
by the CPU to indicate to the requesting master that it has
relinquished the bus. When active, it forces all commands
(IOR, IOW, MEMR, MEMW, INTA) to be tri-stated.

49

110

BHE

BYTE HIGH ENABLE is an active low signal which indi-
cates the transfer of data on the upper byte of the data
bus. In conjunction with AQ, it is input during CPU cycles
and in conjunction with XAOQ, it is output during DMA,
MASTER cycles. A pull up resistor of 10KQ is required.

39

NMI

NON MASKABLE INTERRUPT is an active high output to
the NMI pin of the CPU and is generated by the 82C211 to
invoke a non-maskable interrupt.

41

IALE

ADDRESS LATCH ENABLE (INTERNAL) is an active high
output synchronized with PROCCLK and controls address
latches used to hold addresses during bus cycles. It is not
issued for halt bus cycles.




82C211 Pin Description (Continued)

Pin
Type

Symbol

Description

170 Channel Interface

31

IOCHRDY

170 CHANNEL READY is an active high input from the AT
bus. When low it indicates a not ready condition and
inserts wait states in AT-1/0 or AT-memory cycles. When
high it allows termination of the current AT-bus cycle. A
series damping resistor of 53Q2 at the AT bus connector is
recommended to limit the negative under shoot. A 1KQ
pull up resistor is required for this open collector line.

30

IOCHCK

I/0 CHANNEL CHECK is an active low input from the AT
bus causing an NMI to be generated if enabled. it is used
to signal an 170 error condition from a device residing on
the AT bus. A 10KQ pull up resistor is required.

11

PARERR

PARITY ERROR is an active low input from the 82C215
which causes an NMI if enabled. It indicates a parity error
in local system memory.

44

ALE

ADDRESS LATCH ENABLE is an active high output to the
AT bus and is synchronized with the AT state machine
clock. It controls the address latches used to hold the
addresses during bus cycles. This signal should be buffered
to drive the AT bus.

73

EALE

EXTERNAL ADDRESS LATCH ENABLE is an active low
output used to latch the CPU A17-A23 address lines to the
LA17-LA23 lines on the AT bus.

DMA Interface

40

o)

HLDA1

HOLD ACKNOWLEDGE 1 is an active high output when a
bus cycle is granted in response to HOLD REQUEST 1.

26

HRQ

HOLD REQUEST is an active high input when DMA/Master
is requesting a bus cycle. For an AT compatible archi-
tecture, it should be connected to the HOLD REQUEST
signal from DMA1 and DMA2.

27

AEN1

ADDRESS ENABLE 1 is an active low input from one of
the two DMA controllers enabling the address latches for 8
bit DMA transfers.

28

AENZ2

ADDRESS ENABLE 2 is an active low input from one of
the two DMA controllers enabling the address latches for
16 bit DMA transfers.

48

ROMCS

ROM CHIP-SELECT is an active low input from the 82G212.
it is used to disable parity checks for local ROM cycles.
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82C211 Pin Description (Continued)

Pin Pin

No. Type Symbol Description

Bus Inputs

12 | MEMCS16 MEMORY CHIP SELECT 16 is an active low input from the
AT bus indicating a 16 bit memory transfer. If high it
implies an 8 bit memory transfer. A pull up resistor of
33002 is required.

33 | I0CS16 I/0 CHANNEL SELECT 16 is an active low input from the
AT bus indicating a 16 bit I/O transfer. If high it implies an
8 bit I/O transfer. A pull up resistor of 330Q2 is required.

69 | oOWS ZERQO WAIT STATES is an active low input from the AT
bus, causing immediate termination of the current AT bus
cycle. Memories requiring zero wait states use this line to
speed up memory cycles. It requires a 330Q pull up resistor.

Device Decode

35 O 8042CS 8042 CHIP SELECT is an active low signal for the keyboard
controller chip select.

82 0] ASRTC ADDRESS STROBE to Real Time Clock is an active high
signal used on the 82C206.

Refresh

52 | REFREQ REFRESH REQUEST is an active high input initiating a
DRAM refresh sequence. It is generated by the 8254 com-
patible timer controlier #1 of the 82C206 IPC in a PC/AT
implementation.

58 /7O REF REFRESH is an active low signal. As an open drain output,
it initiates a refresh cycle for the DRAMs. As an input, it
can be used to force a refresh cycle from an 1/O device.
An external pull up of 62002 is required.

X Bus Interface

9 I/0 XMEMR X BUS MEMORY READ is an active low control strobe
directing memory to place data on the data bus. it is an
output if the CPU is controlling the bus and is an input if a
DMA controller is in control of the bus.

10 I/0 XMEMW X BUS MEMORY WRITE is an active low control strobe

directing memory to accept data from the data bus. It is an
output if the CPU is controlling the bus and is an input if a
DMA controiler is in control of the bus.
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82C211 Pin Description (Continued)

Pin Pin

No. Type Symbol Description

70 170 XIOR X BUS I/0 READ is an active low strobe directing an I/0
port to place data on the data bus. It is an output if the
CPU is controlling the bus and is an input if a DMA
controller is in control of the bus.

56 170 XIOW X BUS IO WRITE is an active low strobe directing an 1/0
port to accept data from the data bus. It is an output if the
CPU is controlling the bus and is an input if a DMA
controller is in control of the bus.

57 1/0 XBHE X BYTE HIGH ENABLE is an active low signal indicating
the high byte has valid data on the bus. It is an output
when the CPU is in control of the bus and is an input
when a DMA controller is in control of the bus. A 47KQ
pull-up resistor is required on this line.

59-62 1/0 XD<7:4> X DATA BUS bits <7:0>

65-68 170 XD<0:3>

— NC

8 No Connect

75 O TMRGATE TIMER GATE is an active high output that enables the
timer on the 8254 compatible counter timer in the 82C206
to enable the tone signal for the speaker.

53 | TMROUT2 TIMER OUT 2 is an active high input from the 8254
compatible counter timer in the 82C206 that can be read
from port B.

77 (@) SPKDATA SPEAKER DATA is an active high output used to gate the
8254 compatible tone signal of the 82C206 to the speaker.

54 0O INTA INTERRUPT ACKNOWLEDGE is an active low output to
the 82C206 interrupt controller. It is also used to direct
data from the X to S bus during an interrupt acknowledge
cycle.

Buffer Control

34 O SDIRO SYSTEM BUS DIRECTION 0 for the low byte. A low sets
the data path from the S bus to the M bus. A high sets the
data path from the M bus to the S bus.

36 O SDIR1 SYSTEM BUS DIRECTION 1 for the high byte. A low sets
the data path from the S bus to the M bus. A high sets the
data path from the M bus to the S bus

47 (@) ACEN ACTION CODE ENABLE is an active low output that

validates the action code sighals AC<1, 0> that are used
by the 82C215 address/data buffer.
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82C211 Pin Description (Continued)

Pin Pin

No. Type Symbol Description

46, 45 0] AC<1, 0> ACTION CODE is a two bit encoded output command for
bus size control and byte assembly operations performed
in the 82C215.

Memory Control

78 | AF16 AF16 is an active low input indicating that the current
cycle is a local bus cycle. A high indicates an AT bus
cycle. A 10KQ pull up resistor is required.

23-25 A<0:2> ADDRESS lines A0-A9 are input from the CPU. These

18-21 1/0 A<3:6> lines are output during refresh. A1 is used to detect shut

14-18 AT 9> down condition of the CPU. A0 is used to generate the
enable signal for the data bus transceivers.

29 /O XAQ ADDRESS line XAOQ0 from the X bus. it is an output during

CPU accesses on the X bus and is an input for 8 bit DMA
cycles.

CoProcessor interface

NUMERIC COPROCESSOR CHIP SELECT is an active
low output signal used to select the internal registers of
the 80287 NPX.

BUSY is an active low output to the CPU initiated by the
80287 NPX, indicatig that it is busy. A 47KQ pull up
resistor is required.

NUMERIC COPROCESSOR BUSY is an active low input
from the NPX, indicating that it is currently executing a
command. It is used to generate the BUSY signal to the
CPU. A 4.7KQ pull up resistor is required.

ERROR is an active low input from the NPX indicating that
an unmasked error condition exists. A 4.7KQ pull up
resistor is required.

6 o NPCS

7 0] BUSY

74 i NPBUSY
32 I ERROR
4 0] NPINT

NUMERIC COPROCESSOR INTERRUPT is an active high
output . It is an interrupt request from the 80287 and is
connected to the IRQ13 line of the 82C206 IPC in a PC/AT
environment. A 10KQ pull up resistor is required.

10

TN

O
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82C211 Pin Description (Continued)

Pin Pin
No. Type Symbol Description
' !“ 3 O NPRESET NUMERICAL PROCESSOR RESET is an active high reset

to the 80287. It is active when RESET4 is active or when a

write operation is made to Port OF 1H. In the later case, it i8
active for the period of the command.

Power Supplies

42, 63,84 — vDD POWER SUPPLY.
1,17, 22 — VSS GROUND.
43, 64

11
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82C212 Pin Description

Pin Pin

No. Type Symbol Description

Clocks and Control

83 | PROCCLK PROCESSOR CLOCK input from the 82C211

23 | X1 CRYSTAL 1 input from the 14.31818 MHz crystal.

24 O X2 CRYSTAL 2 output to the 14.31818 MHz crystal.

18 0] 0SsC OSCILLATOR output for the system clock at 14.31818 MHz
and has a drive capability of 24mA.

21 O 0OS8C/12 OSCILLATOR divided by 12 is an output with a clock
frequency equal to 1/12 of the crystal frequency across
the X1, X2 pins.

12 | RESET4 RESET 4 is the active high reset input from the 82C211. It
resets the configuration registers to their defauit values.
When active, RAS<0:3> and CAS<00:31> remain high,
OSC and OSC/12 remain inactive.

20 i REF REFRESH is an active low input for DRAM refresh control
from the 82C211. It initiates a refresh cycle for the DRAMs.

65, 63 | s, 0> STATUS input lines from the CPU are active low. These
lines are monitored to detect the start of a cycle.

54 I M/10 MEMORY /0O signal from the CPU. If high it indicates a
memory cycle. If low, it indicates an 1/O cycle.

15 | XIOR I/0 READ command, input active low.

14 | XIOW I/0 WRITE command, input active high.

17 I XMEMR X BUS MEMORY READ command, input active low.

16 | XMEMW X BUS MEMORY WRITE command, input active low.

19 | HLDA1 HOLD ACKNOWLEDGE 1 is an active high input from the
82C211. It is used to generate RAS and CAS signals for
DMA cycles, in response to a hold request.

13 O ROMCS ROM CHIP SELECT is an active low chip select output to
the BIOS EPROM. It can be connected to the output
enable pin of the EPROM.

48, 74, 82 A<0:2>

2-8 A<3:9>

456 A10

9-11 | A<11:13> ADDRESS input lines A<0:23> from the CPU local bus.

47 Al4

49-53 A<15:19>

55-58 A<20:23>

12



82C212 Pin Description (Continued)

Pin Pin
No. Type

Symbol

Description

34 I

BHE

BYTE HIGH ENABLE is an active low input from the CPU
for transfer of data on the upper byte.

29 1’0

READY

READY is the system ready signal to the CPU. It is an
active low output after requested memory of I/0 data
transfer is completed. It is an input when the current bus
cycle is an AT bus cycle and is an output for local memory
and /O cycles.

59 o

AF16

AF16 is an active low output asserted on local memory
(EPROM or DRAM) cycles. It is high for all other cycles.
This signal is sampled by the 82C211.

DRAM Interiace

77-80 O

RAS<3.0>

ROW ADDRESS STROBES 3 to 0 are active low outputs
used as RAS signals to the DRAMs for selecting different
banks. RAS3 selects the highest bank and RASO selects
the lowest bank. These signals should be buffered and line
terminated with 75Q resistors to reduce ringing before
driving the DRAM RAS lines.

41 o

CAS00

COLUMN ADDRESS STROBE 00 is an active low output
used to select the low byte DRAMs of bank 0. This signal
should be line terminated with a 75Q resistor to reduce
ringing before driving the DRAM CAS line.

CASO1

COLUMN ADDRESS STROBE 01 is an active low output
used to select the high byte DRAMs of bank 0. This signal
should be line terminated with a 750 resistor to reduce
ringing before driving the DRAM CAS line.

39 O

CAS10

COLUMN ADDRESS STROBE 10 is an active low output
used to select the low byte DRAMSs of bank 1. This signal
should be line terminated with a 75Q resistor to reduce
ringing before driving the DRAM CAS line.

CAS11

COLUMN ADDRESS STROBE 11 is an active low output
used to select the high byte DRAMs of bank 1. This signal
should be line terminated with a 75Q resistor to reduce
ringing before driving the DRAM CAS line.

37 O

CAS20

COLUMN ADDRESS STROBE 20 is an active low output
used to select the low byte DRAMs of bank 2. This signal
should be line terminated with a 75Q resistor to reduce
ringing before driving the DRAM CAS line.

13



82C212 Pin Description (Continued)

Pin
No.

Pin
Type

Symbol

Description

38

O

CAS21

COLUMN ADDRESS STROBE 21 is an active low output
used to select the high byte DRAMSs of bank 2. This signal
should be line terminated with a 75Q resistor to reduce
ringing before driving the DRAM CAS line.

35

CAS30

COLUMN ADDRESS STROBE 30 is an active low output
used to select the low byte DRAMSs of bank 3. This signal
should be line terminated with a 75Q resistor to reduce
ringing before driving the DRAM CAS line.

36

CAS31

COLUMN ADDRESS STROBE 31 is an active low output
used to select the high byte DRAMSs of bank 3. This signal
should be line terminated with a 75Q resistor to reduce
ringing before driving the DRAM CAS tine.

28

MWE

MEMORY WRITE ENABLE is an active low output for
DRAM write enable.

45

DLE

DATA LATCH ENABLE is an active high output used to
enable the local memory data buffer latch in the 82C215.

33

DRD

DATA READ is an active low output used to transfer data
from the memory bus to the local CPU bus in the 82C215.
If high it sets the data path from the local CPU bus to the
memory bus.

81

DLYOUT

DELAY LINE OUT is an active high output to the delay line
for generating the DRAM control signals.

73, 75, 76

DLY<0:2>

DELAY IN 0, 1, 2 are active high inputs from the first to
third taps on the delay line used to generate DRAM control
signals.

26

XDEN

X DATA BUFFER ENABLE is an active low output asserted
during I/O accesses to locations 22H and 23H. These
locations contain the index and data registers for the
NEAT CHIPSet™. It is used to enable the buffers between
the XD and MA buses for accessing the 82C212 internal
registers.

27

XDIR

X BUS DIRECTION is used to control the drivers between
the X and S buses. The driver should be used such that
data flow is from the S to X bus when XDIR is high and in
the other direction when XDIR is low.

71-72

MA<8:9>

MULTIPLEXED DRAM ADDRESS lines MAS, MA9. These
lines should be buffered and line terminated with 750Q
resistors before driving the DRAM address lines.

14

/‘\
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82C212 Pin Description (Continued)

Pin Pin

No. Type Symbol Description

66-70 170 MA<3:7> MULTIPLEXED DRAM ADDRESS lines MAOD to MA7. Also

60-62 /O MA<0:2> used as bi-directional lines to read/write to the internal
registers of the 82C212. An external 74ALS245 buffer is
required to isolate this path during normal DRAM operation.
These lines should be buffered and line terminated with
750 resistors before driving the DRAM address lines.

Miscellaneous

31 170 GA20 ADDRESS line 20 is the gated A20 bit which is controlled
by GATEAZ20.

30 | GATEA20 GATE ADDRESS 20 is an input used to force A20 low
when GATEA20 is low. When high it propagates CPUA20
onto the A20 line. It is used to keep address under 1Mb
during DOS operation.

25 0] LMEGCS LOW MEG CHIP SELECT is an unlatched active low
output asserted when the low Meg memory address space
{0 to 1024 Kbytes) is accessed or during refresh cycles. It
is used to disable SMEMR and SMEMW signals on the AT
bus if accesses are made beyond the 1Mbyte address
space to maintain PC and PC/XT compatibility.

Power and Ground

32,42, 84 — vDD POWER SUPPLY.

1,22, 43, — VSS GROUND.

64

15



82C2153 Pin Description

Pin Pin

No. Type Symbol Description

Controls

14 I ACEN ACTION CODE ENABLE is an active low input from the
82C211 that validates the action codes.

12, 13 | AC<1:0> ACTION CODES input from the 82C211 are used for bus
sizing and byte assembly operations. They are discussed
in Section 1.2.4.

76 | DLE DATA LATCH ENABLE is an active high input from the
82C212 used to enable the local memory data buffer latch.

74 | DRD DATA READ is an active low input from the 82C212 used
to transfer data from the M data bus to the CPU data bus.
If high, it sets the data path from the CPU data bus to the
M data bus.

53 | HLDAT1 HOLD ACKNOWLEDGE 1 is an active high input from the
82C211 used for address and data direction control during
DMA cycles.

15 | IALE ADDRESS LATCH ENABLE (INTERNAL) is an active high
input from the 82C211 used to latch the CPU address lines
on to the X address lines.

11 | BHE BYTE HIGH ENABLE is an active low input from the CPU.
It is used to enable the high byte parity checking.

10 ! A0 ADDRESS line A0 is input from the CPU. It is used to
enable the low byte parity checking.

Address

25-31 /0 A1 7> ADDRESS lines A1-A16 from the CPU. They are input

33-41 1/0 A<B:16> during CPU and refresh cycles and output during DMA/
Master cycles.

44-52 170 XA<16:8> X ADDRESS lines XA16-XA1 (latched) are connected to

54-60 170 XA<T:1> the peripheral bus in the IBM™ PC/AT architecture.

Data

2, 4,6, 170 D<15.0> DATA lines D15-D0O from the CPU.

8, 16, 18,

20, 23, 3,

57,9,

17, 19,

21, 24
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82C215 Pin Description (Continued)

Pin Pin

No. Type Symbol Description

82, 80, 1/0 MD<15:0> MEMORY DATA lines MD15-MDO from the memory bus.

73, 71, 69,

67, 65, 62,

81,79, 72,

70, 68, 66,

63, 61

Parity

78, 77 170 MP1, MPO MEMORY PARITY bits MP1, MPO are the parity bits for the
high and low order bytes of the system DRAMSs. These
lines are input during memory operations for parity error
detection and are output during memory write operations
for parity generation.

83 O PARERR PARITY ERROR is an active low output to the 82C211
which goes active upon detecting a parity error during a
system memory read operation. It is used to generate a
non-maskable interrupt to the CPU.

Power and Ground

32,42, 84 — vDD POWER

1,22, 43 — VSS GROUND

64, 75
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1. 82C211 BUS CONTROLLER

1.1 Features

m Clock generation with software speed se-
lection.

® Optional independent AT bus clock.
® CPU interface and bus control.

® Programmable command delays and wait
state generation.

B Port B register.

1.2 Functional Description

The 82C211 Bus Controller consists of the
following functional sub-modules as illustrated
in figure 1.1;

@ Reset and Shut down logic

& Clock generation and selection logic

RESET1 RESET

m CPU state machine, AT bus state machine
and bus arbitration logic

m Action Codes generation logic

® Port B register and NMI logic

® DMA and Refresh logic

®  Numeric Coprocessor interface iogic

a Configuration registers

1.2.1 Reset and Shut Down Logic

Two reset inputs RESET1 and RESET2 are
provided on the 82C211 bus controller.
RESET1 is the Power Good signal from the
power supply. When RESET1 is active, the
82C211 asserts RESET3 and RESET4 for a
system reset. RESET2 is generated from the
8042 (or 8742) keyboard controller when a
“warm reset” is required. The warm reset
activates RESETS3 to reset the 80286 CPU.

RESET3

e
RESETZ & " RESET4
SHUTDOWN LOGIC
CLK2IN PRO
ATCLKY  —nf cLOCK CCLK
ATCLK2 GEN/SELECT ™ SYSCLK
LOGIC
INTERNAL BUS

5210 CPU STATE M/C READY

M/IQ — & READY

AF16 TIME OUT LOGIC
\OCHROY XIOR, XMEMW
OWS __ —1 a7 gTATE M/C SMENR a:
MEMCS16 EMR, XAO
10C518 J’ EMULATION LOGIC ALE, EALE
AO, BHE iNTA, SDIRO

SDIRY, IALE

ACTION CODE

AEN2 GENERATION AC< 10
A<g0> -w—m] CONFIGURATION ACEN
REGISTERS/DECODE
o T . g
XOIR
10CHCK "O:‘TB NMI
TMROUTZ ] > SPKDATA
PARERR NMI LOGIC TMRGATE
BUS ARBITRATION oo,
HLDA & ACK
Q REFRESH LOGIC
HRQ le—s  REF
NPCS
80287 NPCS
NPBUSY BUSY
— ] INTERFACE - BUSY

NPRESET

Figure 1.1 82C211 Block Diagram
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RESET3 is also activated by the 82C211 when
a shut down condition is detected in the
CPU. Additionally, a low to high transition in
REG60<5> causes RESET3 to be active after
the current /O command goes inactive.
RESET3 is asserted for at least 16 PROCCLK
cycles and then deasserted. RESET4 is used
to reset the AT bus, 82C206 IPC, 8042 key-
board controller and the 82C212 memory
controller. It is synchronized with respect to
PROCCLK and is asserted as long as the
Power Good signal is held low.

After a shut down condition is detected,
RESETS3 is asserted and held high for at least
16 PROCCLK cycles and then deasserted.
RESET3 resulting from a shut down condition
is synchronous with PROCCLK, ensuring
proper CPU operation. Both RESET3 and
RESET4 meet the setup and hold timing re-
quirements of the 80286 CPU.

1.2.2 Clock Generation and Selection Logic

The 82C211 provides a flexible clock selection
scheme as shown in Figure 1.2. It has two
input clocks; CLK2IN and ATCLK. CLKZ2IN is
driven from a TTL crystal oscillator, running
at a maximum of twice the processor clock
(PROCCLK) frequency. ATCLK is derived
from a crystal. Typically, it should be of a
lower frequency than CLK2IN. ATCLK and
CLK2IN can be selected under program con-
trol.

The 82C211 generates processor clock,
PROCCLK, for driving the CPU state machine
and interface. SCLK (internal) is PROCCLK/2
and is in phase with the internal states of the
80286. BCLK (internal) is the AT bus state
machine clock and is used for the AT bus
interface. SYSCLK is the AT bus system clock
and is always BCLK/2.

PROCCLK can be derived from CLK2IN or
from ATCLK. In the synchronous mode, both
PROCCLK and BCLK are derived from
CLK2IN, so that the processor state machine
and the AT bus state machine run synchro-
nous. In the asynchronous mode, BCLK is
generated from the ATCLK and PROCCLK is
generated from CLK2IN or the ATCLK. In this
case, the processor and AT bus state ma-
chines run asynchronous to each other. The
following clock selections are possible:

Synchronous mode

1. PROCCLK = BCLK = CLK2IN
SYSCLK = BCLK/2 = CLK2IN/2

2. PROCCLK = CLK2IN
BCLK = CLK2IN/2
SYSCLK = BCLK/2 = CLK2IN/4

3. PROCCLK = BCLK = CLK2IN/2
SYSCLK = BCLK/2 = CLK2IN/4

CLK2IN o~
MUX » PROCCLK

1/2 h—
SCLK
4L- 1/2 - o
Mux BCLK

ATCLK o —

—| 12 » SYSCLK

Figure 1.2 Clock Selection Block Diagram
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Asynchronous mode

1. PROCCLK = CLK2IN
BCLK = ATCLK
SYSCLK = BCLK/2 = ATCLK/2

2. PROCCLK = ATCLK
BCLK = ATCLK
SYSCLK = BCLK/2 = ATCLK/2.

Under normal operation, CLK2IN should be
selected as the processor clock (PROCCLK)
to allow the processor to run at full speed.
BCLK can either be a sub-division of CLK2IN
or the ATCLK. ATCLK may be selected to
generate PROCCLK only when it is desired
to slow down the processor for timing de-
pendent code execution. Once the options
for clock switching are set, the switching
occurs with clean transition in the asynchro-
nous or synchronous mode. During clock
switching, no phases of PROCCLK are less

than the minimum value or greater than the
maximum value specified for the 80286 CPU.
The clock source selection is made by writing
to REG62H<0:1> first and then to
REG60H<4>, which default to: PROCCLK =
CLK2IN, SYSCLK = CLKZ2IN/4.

Figures 1.3 and 1.4 illustrate the sequence of
events that switch PROCCLK from high to
low speed and from low to high speed, upon
receiving a request from the configuration
register. In Figure 1.3, the falling edge (A) of
PROCCLK is used to latch the command
inactive condition (1). On the falling edge
(B), CLK2IN is disabled on the PROCCLK
line. This ensures that clock switching will
occur when PROCCLK is low. Once CLK2IN
has been disabled, the first rising edge (C) of
BCLK latches this condition as denoted by
sequence (2). BCLK then enables itself on
the PROCCLK line on the falling edge (D) as

fe— TSg T=5 Ts1 ‘ Tco TIC Tc
CLK2IN | I e e e e
g5 |\ /
BCLK jm © ® ® ® L
cmp |/ @ ®> ®>
PROCCLK [ ; ® | .

Figure 1.3 Sequence Diagram for High to Low Frequency Transition

—Tc

$0.81

Ts Te
I Tcy Tso Ts1 Teo Te1 —
ckan | [ L[ | (‘ | ( } ] | I .
© ® ®
L ]
1 @

BCLK | I ‘

CMD

/ @ l
© k \
PROCCLK ® | | | I L

Figure 1.4 Sequence Diagram for Low to High Frequency Transition
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denoted by sequence (3). This ensures a glitch
free transition between the two clocks. It also
does not violate the min and max 80286 CPU
clock specifications. If BCLK is asynchronous
with respect to CLK2IN, it is possible that
sequence (2) could violate setup time require-
ments with respect to edge (C). In this case,
edge (D) will register the state of PROCCLK
as still being high in sequence (3). Hence,
edge (E) samples PROCCLK to be low and
edge (F)} enables BCLK on the PROCCLK
line. This case does not violate the min and
max 80286 CPU clock specifications.

In Figure 1.4, the rising edge (A) of PROCCLK
latches command inactive as denoted by se-
quence (1). Edge (B) disables BCLK on the
PROCCLK line. In sequence (2), edge (C) of
CLK2IN latches PROCCLK low. Edge (D) then
enables CLK2IN on the PROCCLK line as
denoted by sequence (3). If sequence (2)
does not meet setup time requirements of
edge (C), then the state of PROCCLK is
sampled as being high in sequence (2}. In
this case, edge (D) samples PROCCLK low
and edge (E) enables CLK2IN on the
PROCCLK line. In this case aiso, PROCCLK
does not violate the min and max 80286 CPU
clock specifications.

1.2.3 CPU State Machine, Bus State Machine
and Bus Arbitration

In order to extract maximum performance
out of the 80286 on the system board, it is
desirable to run the system board at the rated
maximum CPU frequency. This frequency may
be too fast for the slow AT bus. In order to
overcome this problem, the 82C211 has two
state machines: the CPU state machine which
typically runs off CLK2IN, and the AT bus
state machine which runs off BCLK. The two
state machines maintain an asynchronous
protocol under external mode operation.

CPU State Machine

interface to the 80286 requires interpretation
of the status lines S0, S1, M/IO during TS0

and the synchronization and generation of

READY to the CPU upon completion of the
requested operation. IALE is issued in res-

ponse to the beginning of a new cycle in TS1
by the 82C211. If AF16 is detected as being
inactive at the end of the processor TS state,
control is handed over to the AT bus state
machine. The CPU state machine then waits
for READY to be active to terminate the
current cycle. All local memory cycles are 16
bit cycles. If AF16 is asserted in response to a
new CPU cycle and READY is not returned to
the 82C211 within 128 clocks, and REGE60H<2>
is enabled, then an NMI is generated to signal
bus time-out, if NMI has been enabled.

AT Bus State Machine

The AT bus state machine gains control when
AF16 is detected inactive by the CPU state
machine. It uses BCLK which is twice the
frequency of AT system clock SYSCLK. When
ATCLK is selected as the source for BCLK, it
also performs the necessary synchronization
of controf and status signals between the AT
bus and the processor. The 82C211 supports
8 and 16 bit transfers between the processor
and 8 or 16 bit memory or I/O devices located
on the AT bus. The action codes ACO, AC1
qualified by ACEN are used for bus sizing
and 8, 16 bit bus conversions by the 82C215.
They are discussed in section 1.2.4.

The AT bus cycle is initiated by asserting
ALE in AT-TS1.0On the falling edge of ALE,
MEMCS16 is sampled for a memory cycle to
determine the bus size. It then enters the
command cycle AT-TC and provides the se-
quencing and timing signals for the AT bus
cycle. For an I/0 cycle, I0CS16 is sampled in
the middle of the processor TC state. These
control signals emulate the lower speed AT
bus signals. The command cycle is terminated
when IOCHRDY is active on the AT bus and
all programmed wait states have been exe-
cuted.

it is possible to provide software selectable
wait states and command delays to the AT
state machine. Providing command delays
causes the commands (XMEMR XMEMW. XIOR
or XIOW)to be delayed from going active in
BCLK steps. Providing wait states causes
READY to be delayed to the CPU in steps of
the AT command cycles (AT-TC). The defaults
and settings are discussed in section 1.4.
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Figure 1.5 Refresh/DMA Sequence

Bus Arbitration

The 82C211 controls all bus activity and pro-
vides arbitration between the CPU, DMA/
Master devices, and DRAM refresh logic. It
handles HRQ and REFREQ by generating
HOLD request to the CPU and arbitrating
among these requests in a non-preemptive
manner. The CPU relinquishes the bus by
issuing HLDA. The 82C211 responds by issu-
ing REF or HLDA1 depending on the request-
ing device. During a refresh cycle, the refresh
logic has control of the bus until REF goes
inactive. XMEMR is asserted low during a
refresh cycle and the refresh address is pro-
vided on the AO0-A9 address lines by the
82C211 to be used by the 82C212 memory
controller. During a DMA cycle, the DMA
controller has control of the bus until HRQ
goes inactive. The 82C211 puts out the action
codes for bus sizing. ALE, EALE and ACEN
are active during DMA cycle.

Figure 1.5 is a sequence diagram for Refresh/
DMA cycles. Upon receiving a refresh request

(REFREQ) it is internally latched by the
82C211. On the first rising edge of SYSCLK,
HOLD is output to the processor in sequence
1. Depending on the current activity of the
processor, a hold acknowledge (HLDA) is
issued by the processor in sequence 2, after
a DMA latency time. The 82C211 responds
with REF active in sequence 3. LMEGCS from
the 82C212 goes active in sequence 4. XMEMR
is asserted low on the second rising edge of
SYSCLK after REF is low in sequence 5. The
82C212 pulls all its RAS lines (RASO-RAS3)
high when REF goes low. The RAS lines go
active in sequences 6 and 7 when the refresh
address is active on the A0-A9 lines of the
82C211. The 82C212 uses the A0-AS lines to
generate the refresh address on the MAQ-MA9
address lines. XMEMR goes inactive in se-
quence 8 followed by the RAS lines going
inactive in sequences 9, 10. REF, LMEGCS
and HOLD go inactive in sequence 11. Con-
trol is transferred to the CPU after HLDA
goes inactive in sequence 12.

If a DMA device requests control of the bus,
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the 82C211 receives HRQ1 active. After a DMA
latency time, the CPU relinquishes the bus to
the requesting device by issuing HLDA1 in
sequence 14. HLDA1 is active as long as
HRQ1 is active. Once the DMA device de-
asserts HRQ1, HLDA1 is deasserted by the
82C211 in sequence 15, to return control to
the processor.

1.2.4 Action Codes Generation Logic

The AT state machine performs data conver-
sion for CPU accesses to devices not on the
CPU or Memory Bus.The AT bus conversions
are performed for 16 to 8 bit read or write
operations. Sixteen bit transfers to/from the
CPU are broken into smaller 8 bit AT bus or

Table 1.1
Action Codes Enable (ACEN) Generation

Operation ACEN

DMA/MASTER]| 0

CPU (local) 1

0 for write

0 qualified by command for
read and interrupt
acknowledge cycles

CPU (AT bus)

REFRESH

1 qualified by REF

AT-Bus CPU Cycles HLDA1 = 0

peripheral bus reads or writes. The action AC | O i
codes are generated as shown in Table 1.1 to peration
control the buffers in the 82C215. The action 00 16 bit write and 8 bit write (low byte)
codes are in response to signals MEMCS16, - -
I0CS16. o1 16 bit read and 8 bit read (low byte)
10 8 bit write (high byte)
11 8 bit read (high byte)
Ts (. Tc Tc ] T Te/Ty —
CLK2IN l::Too-—-}-—Tn——l-— Tco —={s— Ter Teo —f=—Ter P Teco I T Tso —=| 1
~PROCCLK | | | | I | | S B
il I ' I =
ADDRESS, \ \
wie ADDRESS VALID /I NEXT ADDRESS VALID _ \
g )
IALE oML
— / /
WEWCEH l 7 \ | X
ALE \- @ @] @l @{ I
¢ oo ! -
COMMAND EVEN BYTE 1 <\ opDpBYIE
@\
READY N\ ®
ACEN & \® [® \® [®
ACO:1 Y X ) 8
xao \ EVEN ADDRESS ODD ADDRESS 1\
l I !

gegEE W.S. = WAIT STATUS, C.D. = COMMAND DELAYS, R = READ CYCLE, W = WRITE

Figure 1.6 Quick Mode Bus Conversion Cycle (OWS, 0CD)
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DMA/MASTER Cycles, HLDA1 = 1

AC | Operation

00 MD bus tri-stated from the 82C215
for 16 bit and 8 (low byte) read/write
operations

01 Reserved

10 High memory write MD0-7 to MD8-15

1 High memory read MD8-15 to MDO-7

Figure 1.6 shows a sequence diagram for a
data conversion cycle in Quick mode with zero
wait states (0 W.S.) and zero command delays
(0 C.D.). Quick mode is discussed in section
1.3.2. In Quick mode ALE is issued on the AT
bus as shown in sequences 1 and 2. MEMCS16
from an external device is sampled high by
the 82C211 in sequence 3, initiating a bus
conversion cycle. The first command also
goes active in sequence 3 for the first byte
operation and is terminated in sequence 4. In
order to provide sufficient back to back time
between the two 8 bit cycles, the second byte
command is issued two PROCCLKs later in
sequence 5 and is terminated in sequence 6.
No second ALE is issued for the second byte
operation since only address line XAO changes
from zero to one. READY is asserted low in
sequence 7 and is sampled low by the pro-
cessor in sequence 8, to terminate the current
cycle. ACEN and ACO, AC1 are issued by the
82C211 for bus conversion as shown.

1.2.5 Port B and NMI generation logic

The 82C211 provides access to Port B defined
for the PC/AT as shown in Figure 1.7.

10 ADDR} 7 6 5 4 3] 2 1 0
TZGI PORT B

61H | PCK|CHK|T20| RFD| EIC |EPR| SPI

Figure 1.7 Port B

Read/

Bits | Write Function

7 R PCK-System memory parity
check

5] R CHK-{/0O channel check

5 R T20-Timer 2 QOut

4 R RFD-Refresh Detect

3 R/W EIC-Enable 1/0 channel
check

2 R/W ERP-Enable system memory
parity check

1 R/W SPK-Speaker Data

0 R/W T2G-Timer 2 Gate (Speaker)

Table 1.2 Port B register definition

The NMI sub-module performs the latching
and enabling of I/O and parity error condi-
tions, which will generate a non-maskable
interrupt to the CPU if NMI is enabled. Read-
ing Port B will indicate the source of the error
condition (IOCK and PCHK). Enabling and
disabling of NMI is accomplished by writing
to /O address 070H. On the rising edge of
XIOW, NMI will be enabled if data bit 7 (XD7)
is equal to 0 and will be disabled if XD7 is
equal to 1.

Numeric Coprocessor Interface

Incorporated in the 82C211 is the circuitary to
interface an 80287 Numeric Coprocessor to
80286. The circuitary handles the decoding
required for selecting and resetting the
Numeric Coprocessor, handling NPBUSY and
ERROR signals from the 80287 to the CPU,
and generating interrupt signals for error
handling.

The NPCS signal is active for 1/O addresses
OF8H-0FFH, used to access the internal regis-
ters of the 80287. It is also active for 1/O
addresses 070H-NMI mask register, OFOH-
Clear Numeric Coprocessor BUSY signal, and
OF1H-Clear the Numerical Coprocessor and
Numerical Coprocessor BUSY signal. While
executing a task, the 80287 issues an NPBUSY
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signal to the 82C211. Under normal operation,
it is passed out to the CPU as BUSY. If
during this busy period, a numeric coproces-
sor error occurs, ERROR input to the 82C211
becomes active, resulting in latching of the
BUSY* output and assertion of NPINT. Both
signals stay active until cleared by an 1/0
write cycle to address OFOH or OF1H. A system
reset clears both NPINT and BUSY latches
in the 82C211. The 80287 is reset through the
NPRESET output, which can be activated by
a system reset or by performing a write oper-
ation to 1/0O port OF1H.

1.3 Modes of Operation of the 82C211
The 82C211 has 4 modes of operation for
different CPU and AT bus clock selections:

Normal mode
Quick mode

Delayed mode
External mode

LOCAL CYCLE

1.3.1 Normal mode

This mode is enabled by default (without
writing to the internal registers of the 82C211).
Under Normal mode:

PROCCLK = CLK2IN
BCLK = CLK2IN/2
SYSCLK = CLKZIN/4

Since the CPU state machine clock and the
AT bus state machine clock are derived from
CLK2IN, this is a synchronous mode. ALE
and commands (XMEMR, XMEMW, XIOR,
XIOW) are issued only for AT bus cycles and
not for local cycles. If activated by default,
1/0 cycles will have one command delay, 8 bit
AT memory cycles will have 4 wait states, 16
bit AT memory cycles will have 1 wait state.

Figure 1.8 shows the sequence diagram of a
Normal mode local cycle folliowed by an AT
bus cycle with zero wait states (0 W.S.) and

AT-BUS CYCLE

Ts Tc Ts Tc Tc Tc Tc Ts/Tq
iy e | | | | | ]
=PROCCLK AR ‘._I HpEpEpEpERN LI U |_| U L

sosi |\ ( <] I\ i \ ]
ADDF;E,% ) | J XA
1ALE \ \ [\
1| L
AF16 [T P AN I
le—AT-Tg1 AT-Tcg~»ta—AT-Tc14 r
ALE \® I ]
COMMAND NAY , @k
A
READY _i® / A | S
SYSCLK |

Figure 1.8 Normal Mode Local Cycle Foliowed by AT Bus Cycle (OWS, 0CD)
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CHIPS

Ts Tc Tc Tc Tc Ts —
Tso | Ts1 | Tco | Ter | Teo | Ter | Teo | To1 [ Teo | Ter | Tso | Tsq
-PROGOLK | M oo
551 |\ / L/
aporess 7 XX
To
l=Tay
IALE l_L .IL---‘\ ]
are [N ]] L I T T T 777X
AT-Tg AT-Te
LK || 11 | I
ALE I_—_\
COMMAND ]
READY ‘L-T- G I

NOTE: TD = DELAYED HOLD TIME, TN = NORMAL HOLD TIME.

Figure 1.9 Normal Mode AT Bus Cycle with Additional Hold Time (0WS, 0CD)

zero command delays (0 C.D.). In sequences
1 and 2, IALE is generated from CLK2IN.
AF16 is sampled to be low in sequence 2.
ALE and AT buss commands (XIOR, XIOW,
XMEMR, MEMW) are not generated since it is
a local cycle. For a zero wait state cycle,
ready is sampled low by the 80286 CPU in
sequence 3 and the cycle is terminated. For
the AT bus cycle, AF16 is sampled high in
sequence 4. Control is transferred to the AT
bus state machine. BCLK then generates the
AT bus states. ALE is generated in sequences
5 and 6. The AT bus command is generated
in sequences 6 and 7, for zero command
delays programmed in the 82C211. For a zero
wait state cycle, ready is asserted low as
shown in sequences 8 and 9, to be sampled
by the CPU in sequence 7. This terminates
the AT bus cycle.

On the AT bus, certain slow peripherals re-
quire between 50 to 60 nanoseconds between
command going inactive to the next ALE
going active, to provide sufficient data re-
covery time. The sequence diagram in Figure

1.9 shows a Normal mode AT bus cycle with
additional hold time. The dotted IALE signai
would have been valid, if the additional hold
time register had not been enabled in RA1<7>,
Instead, IALE is delayed by one T state of
the processor by asserting READY one T¢
cycle later. The 82C212 provides an extended
DLE to the 82C215 in this mode, so that data
is available to the CPU during write cycles. If
this mode was not invoked, then READY
would have been asserted earlier as shown
by the dotted line. In Delayed mode, the
82C211 provides an extended data hold time.
This additional hold time can only be pro-
grammed in the Normal mode.

1.3.2 Quick mode

This mode is also a synchronous mode and is
enabled by writing a zero to REG61<6> and
the following clock selections have been made:

PROCCLK = BCLK = CLK2IN
SYSCLK = CLK2IN/2

In Quick mode, an ALE signal is generated
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Figure 1.10 Quick Mode Local Cycle Foliowed by AT Bus Cycle (0WS, 0CD)

on the AT bus for both AT bus and local bus
cycles. However, the commands (XMEMR,

XMEMW, XIOR, XIOW) are not issued for
local bus cycles.

The sequence diagram for a Quick mode
local cycle followed by an AT bus cycle is
shown in Figure 1.10. In this mode, both IALE
and ALE are generated in sequences 1 and 2
for the local cycle. Hence, an ALE is issued
on the AT bus for AT or non-AT bus cycles.
The local cycle is terminated when READY is
sampled low by the 80286 in sequence 3. For
the AT bus cycle, the command is issued
after AF16 is sampled high in sequence 5. For
write cycles, ACEN is activated in sequence
4. For read cycles, ACEN is activated in se-
quence 5. If the next cycle is not an AT bus
write cycle, then ACEN is negated in sequence
6. READY is sampled low by the 80286 in

# T\ sequence 6, to terminate the cycle. As seen

in Figure 1.10, the AT bus states coincide
with the CPU states for AT bus cycles. Hence,
Quick mode is performance efficient when
switching between iccal and AT bus cycles.
This mode is useful for high speed add-on
cards such as Lazer Printer interface cards.

1.3.3 Delayed mode

This mode is another synchronous mode and
is enabled when Quick mode is disabled and
the following clock selections have been
chosen made:

PROCCLK = CLKZ2IN
BCLK = CLKZ2IN
SYSCLK = CLKZ2IN/2

In Delayed mode, ALE and commands are
issued only for AT bus cycles like in the
Normal mode, except that BCLK = CLK2IN.
ALE and commands are not issued for local
cycles. Figure 1.11 shows a Delayed mode
AT bus cycle. IALE is generated in sequences
1 and 2. ALE is asserted in sequence 3 after
sampling AF16 high and it is deasserted in
sequence 4. Hence the AT bus states, though
synchronous, are delayed with respect to the
processor states. Figure 1.11 is an example
with two command delays and three wait
states. The dotted lines A and B show com-
mand going active for 0 and 1 command
delays. Sequence 5 shows command going
active for programmed 2 command delays.
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ACEN O\ ®

Figure 1.11 Delayed Mode AT Bus Cycle (3WS, 2CD)

Dotted lines D, E, F show command going
inactive for 0, 1, 2 wait states. Sequence 6
shows command going inactive for program-
med 3 wait states. READY is sampled by the
80286 in sequence 6 to terminate the current
cycle. Since the AT bus states are delayed
with respect to the processor states, the Local
Address lines LA17-LA23 (typically un-latched)
are not valid when ALE is active. In order to
have the LA17-LA23 lines valid when ALE is
active, they are latched by EALE as shown in
sequence 7. Sequences 8, 9 show when
ACEN is asserted for AT bus write (W) and
read (R) cycles. ACEN is deasserted in se-
quence 10. This mode is useful for slow peri-
pheral AT add-on cards.

1.3.4 External mode

This is an asynchronous mode and is enabled
when ATCLK is selected as the source for
BCLK. The following clock selections are re-
quired in this mode:

PROCCLK = CLK2IN

BCLK = ATCLK
SYSCLK = ATCLK/2

Since ATCLK is asynchronous to CLK2IN,
the CPU state machine runs asynchronous to
the AT bus state machine. ALE and commands
(XMEMR, XMEMW, XIOR, XIOW) are issued
only for AT bus cycles. These signals are
inactive for local cycles. Figure 1.12 shows a
sequence diagram for an External mode AT
bus cycle. AF16 is sampled high in sequence
2 and is latched internally, using CLK2!N.
The asynchronous BCLK samples this latched
state on the next rising edge of BCLK. In the
example shown, edge A samples the latched
AF16 signal (internal) high. This causes the
AT state machine to issue an ALE in se-
quences 3 and 4. For a zero command delay,
zero wait states cycle, the command is issued
on the AT bus in sequences 4 and 6, syn-
chronized with BCLK. For write cycles, ACEN
is asserted in sequence 1 and for read cycles,
it is asserted in sequence 5. ACEN is de-
asserted in sequence 7. The command inactive
state is sampled by CLK2IN on every rising
edge. In this case, edge D of CLK2IN samples
command high (sequence 8). It is followed by
the assertion of READY in sequence 9, syn-
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Figure 112 External Mode AT Bus Cycle (OWS, 0CD)

chronized with CLK2IN. The CPU samples
READY low in sequence 10 and terminates
the current cycle.

1.4 Configuration Registers

There are three bytes of configuration regis-
ters in the 82C211; RAO, RA1 and RA2. An
indexing scheme is used to reduce the 170
ports required to access all the registers re-
quired for the NEAT CHIPSet. Port 22H is
used as an indexing register and Port 23H is
used as the data register. The index value is
placed in port 22H to access a particular
register and the data to be read from or
written to that register is located in port 23H.
Every access to port 23H must be preceded
by a write of the index value to port 22H even
if the same register data is being accessed
again. All reserved bits are set to zero by

default and when written to, must be set to
zero. Table 1.3 lists the three registers:

Table 1.3

Register Register

Number Name Index
RAC PROCCLK Selector 60H
RA1 Command Delay 61H
RA2 Wait State/ 62H

BCLK Selector
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1.4.1 Register Description

PROCCLK Register RAO
Index register port: 22H
Data register port: 23H
Index: 60H

o706 |ps[ 0403 [o2]p1]D0]

READY
TIME-OUT (R)

——— RESERVED

READY NMI
ENABLE (R/W)

RESERVED

PROCCLK
SELECT (R/W)

CPU RESET (W)

VERSION (R)

] g20c21

Bits

Function

7.6

82C211 revision number. 00 is the
initial number.

Alternate CPU reset. A low to high
transition in this bit activates a CPU
reset. Once active, it remains active
for 16 PROCCLK cycles and then
goes low.

Processor clock select is by default
set to zero and selects PROCCLK =
CLK2IN. If high, it selects PROCCLK
= BCLK.

Reserved.*

Local bus READY timeout NMI en-
able. A one enables the NMi and a
zero disables it. Default is 0

Reserved.”

Local bus READY timeout. A one
indicates that READY timeout has
occurred 128 PROCCLK cycles after
AF16 has been asserted. A zero in-
dicates that READY time cut has not
occurred.

Command Delay Register RA1
Index register port: 22H

Data register port: 23H

Index: 61H

o706 |5 [p4[o3]o2[01]00]

COMMAND DELAY
(R/W)

| . } AT BUS 110

MEMORY
COMMAND
DELAY (R/W)

}AT BUS 8 BIT

MEMORY

AT BUS 16 BIT
} COMMAND

DELAY (R/W)
QUICK MODE

ENABLE (R/W)
HOLD TIME

DELAY (R/W)

Bits

Function

1,0

AT Bus I/O cycle command delay.
Specifies between 0 to 3 BCLK cycle
command delays for AT 1/O cycles.
Default is 1.

AT Bus 8 bit memory command
delay. Specifies between 0 to 3
BCLK cycle command delays for 8
bit AT memory cycles. Default is 1.

5 4

AT Bus 16 bit memory command
delay. Specifies between 0 and 3
BCLK cycle command delays for 16
bit AT memory cycles. Default is 0

Quick mode enable. A zero enables
Quick mode and a one disables it.
Default is 1.

Address hold time delay. A one en-
ables extra address bus hold time
and a zero disables it. Default is 0.
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Wait States Register RA2
Index register port: 22H
Data register port: 23H
Index: 62H

[o7|oe{os|p4s|D3]|p2| D1]00 |

BCLK SELECT
{R/W)

8 BIT AT CYCLE
WAIT STATE (R/W)

18 BIT AT CYCLE
WAIT STATE (R/W)

)
I
|

] —

Bits Function
1, 0 Bus clock (BCLK) source select.
Default is 00.

00 BCLK = CLK2IN/2
o1 BCLK = CLK2IN
10 BCLK = ATCLK

11 Reserved

3, 2 8 bit AT cycle wait state generation.
Default is 5.

00 2 wait states

o1 3 wait states

10 4 wait states

11 5 wait states

5, 4 16 bit AT cycle wait state generation.
Default is 3.

a0 0 wait states

01 1 wait state

10 2 wait states

11 3 wait states

7, 6 Reserved.*

*The reserved bits are recommanded to be initial-
ized to 1.
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1.5 Absolute Maximum Ratings

Parameter Symbol Min. Max. Units )
Supply Voltage Vee — 7.0 Vv ‘
Input Voltage \ -0.5 55 \'
Output Voltage Vo -0.5 55 v
Operating Temperature Top -25° 85° C
Storage Temperature Tstg -40° 125° 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.
1.6 82C211 Operating Conditions
Parameter Symbol Min. Max. Units
Supply Voltage Ve 4.75 5.25 v
Ambient Temperature Ta 0° 70° C
1.7 82C211 DC Characteristics m
Parameter Symbol Min. Max. Units
Input Low Voltage Vi — 0.8 v
Input High Voitage Vi 20 — \
Output Low Voltage VoL -— 0.45 v
lor = 4mA
Output High Voltage Von 24 — v
loy = -4mA
Input Current b — +10 HA
0<VN<V¢c
Power Supply Current @ 16MHz lco — 50 mA
Qutput High-Z Leakage Current loz1 +10 LA
0.45<Vo1<Vcc
PROCCLK Output Low Voitage VoL — 0.45 v
@ lp. = 5MA (/\“
PROCCLK Output High Volitage Voue 4.0 — Vv
@ loy = -1TMA
Standby Power Supply Current lccse — 1.5 mA




1.8 82C211-12, 82C211-16 AC Characteristics

(Tp = 0°C to 70°C, Ve = 5V + 5%)

Sym Description Min. TYP. Max. Units
t1 ALE active delay from SYSCLKI -1 6 (10) ns
12 ALE inactive delay from SYSCLK! —1 6 (10) ns
13 COMMAND active delay from SYSCLKI 0 8 ns
t4 COMMAND inactive delay from SYSCLK! 0 6 ns
t5 EALE active delay from SYSCLKI 10 ns
t6 MEMCS16 set-up time to SYSCLK! 10 ns
17 MEMCS16 hold time to SYSCLK! 4 ns
t8 1OCS16 set-up time to SYSCLKI 10 ns
19 10CS16 hold time to SYSCLKI 10 ns
t10 OWS set-up time to SYSCLK! ns
t11 OWS hold time to SYSCLK! ns
t12 IOCHRDY set-up time to SYSCLK! 11 ns
113 IOCHRDY hold time to SYSCLK! 4 ns
t14 IALE active delay from PROCCLK! 10 ns
t15 IALE inactive delay from PROCCLKI 1 11 (16) ns
t16 AF16 set-up time to PROCCLK! 15(19) ns
t17 AF16 hold time to PROCCLKI 11(13) ns
118 'READY input set-up time to PROCCLKI 11 ns
t19 READY input hold time PROCCLK! 8 ns
120 RESETS3 active delay from PROCCLKI 2 12 ns
t21 RESET3 inactive delay from PROCCLK! 2 16 ns
t22 RESET4 active delay from PROCCLKI 0 8 ns
{23 RESET4 inactive delay from PROCCLKI 1 16 ns
t24 SDIR<1:0> active delay from SYSCLKI 3 11 ns
125 SDIR<1:0> inactive delay from SYSCLK! 1 10 ns
126 ACEN active delay from SYSCLKI 0 7 ns
t27 ACEN inactive delay from SYSCLK! 0 6 ns
t32 ACO active delay from PROCCLKI 6 17 ns
t33 ACO inactive delay from PROCCLKI 6 18 ns
134 AC1 active delay from PROCCLKI 7 18 ns
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1.8 82C211-12, 82C211-16 AC Characteristics {Continued)
(TA = 0°C to 70°C, VCC =5v <t 5%)

Sym Description Min. Typ. Max. Units
135 AC1 active delay from PROCCLKI 7 18 ns
t38 Hold active delay from SYSCLK! 0 6 ns
139 Hold inactive delay from SYSCLK! 0 6 ns
t40 REF delay from HLDA 3 14 ns
t43 REF inactive delay from SYSGLK! 0 ns
t44 XMEMR active delay from SYSCLK! ns
t45 XMEMR inactive delay from SYSCLK1 0 ns
t46 HRQ1 set-up to SYSCLK! 10 ns
147 HRQ1 hold time to SYSCLK! ns
t49 HLDA1 active delay from HLDA!? 17 ns
t51 HLDA1 inactive delay from HLDA! 12 20 ns
152 NPCS active delay from PROCCLK! 1 21 ns
t53 Overlap of NPBUSY & ERROR (both low) 8

154 NPINT delay from NPBUSY, ERROR low 16 ns
155 NPINT inactive delay from ERRORt! 11 ns
156 NPBUSY active pulse width 13

157 ERROR hold time with respect to NPBUSY! 0

t58 ERROR set up time to NPBUSY! 3

59 ERROR min low pulse 8

t60 BUSY active delay from NPBUSY! 8 18 ns
t61 BUSY inactive delay from NPBUSY! 8 15 ns
t62 BUSY delay from 1OW 2 12 ns
163 NPRST active delay from 1ALE 9 19 ns
164 NPRST inactive delay from TALE 4 15 ns
Note: Values inside ( ) are 12 MHz timing.































For normal mode of gperation, only one bank
of DRAMs may be used. However, for the
page/interleaved mode of operation, RAM
bank pairs must be used.

Shadow RAM Feature

For efficient execution of BIOS, it is preferable
to execute BIOS code through RAM rather
than through slower EPROMs. The 82C212
provides the shadow RAM feature which if
enabled allows the BIOS code to be executed
from system RAM resident at the same phy-
sical address as the BIOS EPROM. The soft-
ware should transfer code stored in the BIOS
EPROMs to the system RAM, before enabling
the shadow RAM feature. This feature signifi-
cantly improves the performance in BIOS-call
intensive applications. Performance improve-
ments as high as 300 to 400% have been
observed in benckmark tests on the shadow
RAM. The shadow RAM feature is invoked by
enabling the corresponding bits in the ROM
enable register and the RAM mapping register.

If more than 1 Mbyte of system RAM exists, it
is mapped as shown in Figure 2.7, if the
shadow RAM feature is not invoked. This
means that RAM in the 640 Kbyte to 1 Mbyte
area cannot be accessed. If the shadow RAM
feature is used, then the RAM is mapped as

SYSTEM RAM MAPPING  ADDRESS

amb _——— 3FFFFFH
-— RAM

———— 300000H

3Mb 2FFFFFH
— RAM

—_——— 200000H

2Mb IFFFFFH
-— RAM

_———— 100000H

TMb 771 T7] oFFFFFH
Y

e 000000H

640Kb 09FFFFH
— RAM

oKb _———— 000000H

Figure 2.7 RAM/ROM Mapping Without
Shadow RAM (More Than 1MB of RAM)

shown in Figure 2.8, overlapping or Shadowing
the EPROM area. In beoth cases, for accesses
beyond the 1 Mbyte address range, the pro-
cessor is switched from real to protected
mode from BIOS.

SYSTEM
RAM MAPPING ADDRESS
4Mb —— 3FFFFFH
- RAM
—_———— 300000H
3Mb 2FFFFFH
-— RAM
———— 200000H
2Mb 1FFFFFH
— RAM
1Mb —_———F >\ 100000H
[ SHADOW' | OFFFFFH
3= RAM_ | 500000m
640Kb }—J———
09FFFFH
— RAM
OKb —_—— 000000H

Figure 2.8 RAM Mapping with Shadow
RAM (More Than 1MB of RAM)

EMS Address Translation Logic

Expanded Memory System or EMS is a
memory mapping scheme used to map a 64
Kbyte block of memory in the EPROM area
DOO000OH-DFFFFH to anywhere in the 1 Mbyte-
8 Mbyte area. This 64 Kbyte memory block is
segmented into four 16 Kbyte pages. Through
a translation table, each 16 Kbyte segment
can be mapped anywhere in the 1 Mbyte to 8
Mbyte area. Since the B2C212 uses the trans-
lation table in the EMS mode, address lines
A14 to A22 are translated by the appropriate
EMS mapping register. Hence, this scheme
does not require switching between user and
protected mode. Figure 2.9 shows the EMS
organization with a possible translation
scheme. It is possible for the 82C212 to map
this 64 Kbyte block to anywhere in the 0 to 8
Mbyte area. However, it is desirable to map
this block above the 1 Mbyte area in order to
not use the RAM space in the 0 to 640 Kbyte
area. Aithough the EMS scheme translates
the 64 Kbyte block in the DOOOOH-DFFFFH




CHIPFS

SYSTEM RAM
PHYSICAL
ADDRESS
8Mb
7Mb
TRANSLATION
EMS PAGES ® ° FTIIIIEIII I
SOFTWARE BIOS-ROM SMb
ADDRESS AREA
ODFFFFH
OFFFFFH 16Kb PAGE 3
0DC000 SMb
ODBFFFH
SDFFFEH 16Kb]| PAGE 2
0D0000H 0D8000H IIIITEIIIsssss 4Mb
OD7FFFH
16Kb| PAGE 1
0D4000H
000000H
OD3FFFH 3Mb
16Kb PAGE 0 VIIIIITI I
0D0000 2Mb
I IIITTTTI7T
1Mb
oMb

Figure 2.9 EMS Mapping

area, it is possible to select a 64 Kbyte block
from any other area.

Refresh Logic

During a refresh cycle, the 82C211 puts out
the refresh address on the AQ-A9 address
lines and asserts the REF signal low to the
82C212. The 82C212 uses these signals to
generate the refresh address on the MAO-
MA9 address lines, the RAS signals and
LMEGCS. Figure 1.5 is a sequence diagram
for a refresh cycle. As seen, the 82C212 per-
forms a staggered mode refresh to reduce
the power supply noise generated during RAS
switching. Prior to a refresh, all RAS lines are
pulled high to ensure RAS precharge. Fol-
lowing this, RASO and RAS3 are asserted low.

RAS1 and RAS2 are staggered by one delay
unit using an external delay line, with respect
to RASO and RAS3. The RAS0O-RAS3, RAS1-
RAS2 bundling is provided so that staggering
is effective for a minimal 2 bank or a fult 4
bank configuration.

Memory Configurations

It is possible to use 1Mbit or 256K bit (and in
one case, 64K bit) DRAMs for system memory
in the NEAT CHIPSet™. Each memory bank
can be implemented with eighteen 1 bit wide
DRAMs or four 4 bit wide DRAMs with two 1
bit wide DRAMs. Possible configurations for
onboard memory are listed in Table 2.1. Each
bank is 16 bits wide plus two bits for parity.
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Table 21 2.5 Configuration Registers
DRAM Type Total EMS Thgre are_twelve configuration and diagnostics
Bank0] Banki] Bank2| Bank3] Memory | Range registers in the 82C212, RBO-RB11. These are
0 0 0 0 disable |0 accessed througl:r 10 pgrts 22H and 23H
normally found in the interrupt controller
2 |256K |0 o o 512Kkb [0 module of the 82C206 IPC. An indexing
1M 0 o] o 2Mb 1Mb to scheme is used to reduce the number of {/0
2Mb addresses required to access all of the regis-
256K |64K (0O 0 640Kb |0 ters needed to configure and control the
5 |256K |256K |0 0 1Mb 1Mb to memory gontroiler. P_on 22H is usgd as an
1.384Mb index register that points to the required data
P ETY ™ o 0 aMb 1Mb 1o valug accessed through port_ 23H. A w.rnte of
4Mb the index value for the required data is per-
formed to location 22H. This is then decoded
7 256K 256K 256K |0 1.5Mb }I\sn't;“t)o and controls the multiplexers gating the ap-
. propriate register to the output bus. Every
8 |256K 256K |1M (0 3Mb ;mg to access to port 23H must be preceded by a
write of the index value to port 22H even if the
8 M 1M (1M 10 6Mb 1Mb to same data register is being accessed again.
6Mb All bits marked as Reserved are set to zero by
10|256K |64K (256K |256K |1.64Mb | 1MD to default and must be maintained that way
1.64Mb during write operations. Table 2.2 lists these
11[256K | 256K |256K [256K |2Mb 1Mb to registers.
2Mb
12|256K |64K |1M LY 4.64Mb | 1Mb to Table 2.2
4.64Mb
13|256K [256K [1M |1M  [5Mb 1Mb to Register | Register
5Mb Number | Name Index
14| 1M ™ ™ M 8Mb 1Mb to RBO Version 64H
8Mb
RB1 ROM Configuration 65H
Page/interleaving is possible for only those B
combinations with similar pairs of DRAMSs. In RB2 Memory Enable-1 66H
table 2.1, page/interleaving is possible with RB3 Memory Enable-2 67H
combinations 5, 6, 11, 13 and 14.
RB4 Memory Enable-3 68H
2.4 Clock Generation Logic RB5 Memory Enable-4 69H
The 82C212 has an oscillator circuit which
RB6 Bank 0/1 Enabl 6AH
uses a 14.31818 MHz crystal to generate the n nab'e
OSC and OSC/12 clocks. The 1.19381 MHz RB7 DRAM Configuration 6BH
OSC/12 clock is used internally to generate
the RAS timeout clocks, one for each bank. RB8 Bank 2/3 Enable 6CH
RAS is deasserted for each bank when its RAS RB9 EMS Base Address 6DH
time out counter times out after about 10 -
microseconds. RB10 EMS Address Extension | 6EH
RB11 Miscellaneocus 6FH
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2.5.1 Register Description

Version Register RBO
Index register port: 22H
Data register port: 23H
Index: 64H

[o7]ps[ps]pa]o3 02| D1]D0]|

| RESERVED

J

} 82C212 VERSION

(R)
MEMORY
CONTROLLER
IDENTIFIER (R)
Bits Function
7 NEAT memory controller identifier.
0 = 82C212
6, 5 82C212 revision number. 00 = initial
revision number
4-0 Reserved and default to 0*

ROM Configuration Register RB1
Index register port: 22H

Data register port: 23H (R/W)
Index: 65H

[p7]oe]os]pa]p3[p2]01]p0]
=)

ROM ENABLE/
DISABLE IN 84K
SEGMENTS FOR
SHADOWING

SHADOW RAM

WRITE

[ PROTECTION IN
64K SEGMENTS

Bits

Function

ROM at FOOOOH-FFFFFH (BIOS).
Default = 0 = ROM enabled. ROMCS
is generated.

ROM at EO00OH-EFFFFH. Default =
1 = ROM disabled, Shadow RAM
enabled. ROMCS is not generated
unless bit is set to O.

ROM at DOO0OH-DFFFFH. Default =
1 = ROM disabled, Shadow RAM
enabled. ROMCS is not generated
unless bit is set to 0.

RCM at CO000H-CFFFFH (EGA).
Default = 1 = ROM disabled, Shadow
RAM enabled. ROMCS is not gener-
ated unless bit is set to 0.

Shadow RAM at FOO00OH-FFFFFH in
Read/Write mode. Q0 = Read/Write
(default), 1 = Read only {Write pro-
tected).

Shadow RAM at EOQ000H-EFFFFH
in Read/Write mode. 0 = Read/Write
(default), 1 = Read only (Write pro-
tected).

Shadow RAM at DO0OOH-DFFFFH
in Read/Write mode. 0 = Read/Write
(default), 1 = Read only (Write pro-
tected).

Shadow RAM at CO000H-CFFFFH
in Read/Write mode. 0 = Read/Write
(default), 1 = Read only (Write pro-
tected).
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Memory Enable-1 Register RB2
Index register port: 22H

Data register port: 23H

Index: 66H

{o7]|o6|o5]pa]o3[p2[p1]00]
| -

4

[ RESERVED

J

128K
RESOLUTION

RAM ENABLE
(R/W)

Bits

Function

0-6

Reserved and default to 0*

Address map RAM on system board
in 80000H-9FFFFH area. 0 = Address
is on the 1/0 channel (Default), 1 =
Address is on the system board and
is put out by the 82C212,

Memory Enable Register-2 RB3
Index register port: 22H

Data register port: 23H (R/W)
Index: 67H

7| s |ps[pa]pa[p2] p1]D0]

RAM ADDRESS
B000OH-B3FFFH

RAM ADDRESS
B4000H-B7FFFH

RAM ADDRESS
B8000OH-BBFFFH

RAM ADDRESS
BCO000H-BFFFFH

RAM ADDRESS
AQ0COH-A3FFFH

RAM ADDRESS

A4000H-A7FFFH
RAM ADDRESS

A8000H-ABFFFH
RAM ADDRESS

ACO00H-AFFFFH

Bits

Function

Enable Shadow RAM in B0OOOOH-
B3FFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in B4000H-
B7FFFH rea. Disable = 0 Enable = 1.

Enable Shadow RAM in B8000OH-
BBFFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in BCOOQQH-
BFFFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in AQ0000H-
A3FFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in A4000H-
A7FFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in AS8000H-
ABFFFH area. Disabile = 0 Enable = 1.

Enable Shadow RAM in ACO00H-
AFFFFH area. Disable = Q0 Enable = 1.

Memory Enable-3 Register RB4
Index register port: 22H

Data register port: 23H (R/W)
index: 68H

|p7]pe]os|p4a]p3]p2]o1]D0]

RAM ADDRESS
CO000H-C3FFFH

lee—— RAM ADDRESS
C4000H-C7FFFH

RAM ADDRESS
C8000H-CBFFFH

RAM ADDRESS
CCO00H-CFFFFH

RAM ADDRESS
DCOOOH-D3IFFFH

RAM ADDRESS

D4000H-D7FFFH
RAM ADDRESS

D8000H-DBFFFH
RAM ADDRESS

DCO0OH-DFFFFH

Bits

Function

Enable Shadow RAM in CO0000H-
C3FFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in C4000H-
C7FFFH area. Disable = 0 Enable = 1.

48

/
4

~



T

—

CHIFS

Enable Shadow RAM in CB8000H-
CBFFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in CCO00H-
CFFFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in DO0O00OH-
D3FFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in D4000H-
D7FFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in D8000H-
DBFFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in DCO00H-
DFFFFH area. Disable = 0 Enable = 1.

Memory Enable-4 Register (RB5)
Index register port: 22H

Data register port: 23H (R/W)
Index: 6SH

[o7]pe]ps]palps{p2| D1[D0|

RAM ADDRESS
E0000H-E3FFFH

| RAM ADDRESS
E4000H-E7FFFH

RAM ADDRESS
EB000H-EBFFFH

RAM ADDRESS
ECO000H-EFFFFH

RAM ADDRESS
FOOOOH-F3FFFH

RAM ADDRESS

F4000H-F7FFFH
RAM ADDRESS

F8000H-FBFFFH
RAM ADDRESS

FCO00H-FFFFFH

Function

Enable Shadow RAM in EOQQ0H-
E3FFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in E4000H-
E7FFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in EB8000H-
EBFFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in ECO00H-
EFFFFH area. Disable = 0 Enabile = 1.

Enable Shadow RAM in FOO00OH-
F3FFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in F4000H-
F7FFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in F8000H-
FBFFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in FCOOOH-
FFFFFH area. Disable = Q0 Enable = 1.

Bank 0/1 Enable Register RB6
Index register port: 22H

Data register port: 23H

Index: 6AH

[07]p6][ps]pa[o3 02| D1]D0]

* RESERVED
NUMBER OF
BANKS (R/W)
DRAM TYPES
(R/W)

Bits Function

0-4 Reserved and default to 0*

5 Number of RAM banks used.
0 = one bank, non-interleaved mode
(Default), 1 = two banks

7.6 These bits contain the information

for the DRAM types used on the
system board. POST/BIOS should
use the DRAM configuration data
stored in the CMOS RAM of the
82C206 IPC.

6 DRAM Types

0 0 Disabled

0o 1 256K and 64K bit DRAMs
used (for 640 Kbyte com-
bination only)

1 0 256K bit DRAMs used

(Default)
1M bit DRAMSs used
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DRAM Configuration Register RB7

; . 7 Page/Interleaved mode enable. A 0
g;ixr:;?slf:rp%%r_t'ziﬂ_' (R/W) disables the page/interleaved mode, 2
Index: 6BH ’ allowing useage of normal mode [~

for the DRAMs (Default). A 1 en-

ables page/interleaved mode for the
07|06 |ps|paJos{p2]p1]o0] DRAMs.

}ROM WAIT STATES Bank 2/3 Enable Register RB8
- Index register port: 22H
Data register port: 23H

’EMS WAIT STATES Index: 6CH

[p7]o6|ps|pao3 02| D1]D0]

EMS ENABLE

RAM WAIT STATES

MEMORY
RELOCATION RESERVED
1M RAM
PAGE/INTER-
LEAVED MODE
4-WAY
INTERLEAVE
Bits Function ENABLE
. NUMBER OF
1,0 ROM access wait states control. BANKS (R/W) /
1 0 | Wait States } DRAM TYPE
(R/W)
0O 010
o 1 1 -
Bits Function
1 0|2
1 1 3 (Default) 0-3 Reserved and default to 0*
3 2 EMS memory access wait states.
4 A zero enable the 2-way page inter-
3 2 | Wait States leaved mode. A one (Default) en-
0 0 ables the 4-way page interleaved
0 mode if all 4 banks are the same
4 EMS enable bit.If set to 0, EMS is DRAM devices.
fi_isabled (Default). if set to 1, EMS 5 Number of local RAM banks used.
is enabled. 0 = one bark used, non-interleaved
5 RAM access wait states. If set to 0, mode only (Default). 1 = two banks
accesses have 0 wait state. If set to used.
1 (Default), accesses will have 1 7.6 These bits indicate the local DRAM
wait state. type as listed: /
6 640Kbyte to 1Mbyte RAM relocation r
bit. A zero does not relocate local 7 6 | DRAM Type
RAM. A one (Default) relocates local 0 o none (Default
RAM from OAOQOOO00-OFFFFF to 0 1 Resenfed )
100000H-15FFFFH, provided total 1 0 256 Kbit
local RAM is 1 Mbyte only. 1 1 1 Mbit
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EMS Base Address Register RB9 D4000H, D8000H
Index register port: 22H 0 1 0 0| D0000OH, D4000OH,
Data register port: 23H (R/W) D8000H, DCO00H

N Index: 6DH 0 1 0 1| D4000H, D800OOH,
‘ DCO00H, EOCOOH
|07106]Ds|m]03[02[m|nlti 0110 28000:' EDng%?_'H

¢ 1 1 1| DCO00H, EOOOOH,

E4000H, EBCOOH

NEMORY PAGE 1 0 0 0| E00OOH, E4000H,
REGISTER 1/O ES8000H, ECO00H

BASE ADDRESS

EMS Address Extention Register RB10
| Index register port: 22H
Data register port: 23H (R/W)

EXPANDED .
MEMORY BASE index: 6EH
ADDRESS
J [o7]pé|ps|pajoa]o2|p1fD0]
EMS PAGE 3
Bits Function S
\7\ 0-3 These bits are used for the EMS
/ page register 1/0 base address. The EMS PAGE 2
: bits are encoded as follows, with
unused combinations being reserved:

———— m—— —— “———

3 2 1 0|I/O Base EMS PAGE 1

0 0 0 O] 208H/209H

0 0 0 1|218H/219H EMS PAGE 0

0 1 0 1] 258H/259H

0 1 1 0] 268H/269H

1 0 1 0] 2A8H/2A9H . N

1 0 1 1|2B8H/2BIH Bits Function

1 1 1 0| 2E8H/2E9H 1(A22)} EMS Page 3 address extension bits.
7-4 These bits are used for selecting 0(A21) Block of EMS Memory

the expanded memory base ad-
dresses. They are encoded as fol-
lows, with all unused combinations
being reserved:

0 Mbyte to 2 Mbyte
2 Mbyte to 4 Mbyte
4 Mbyte to 6 Mbyte
6 Mbyte to 8 Mbyte

- -0 0 -h
—~O0O=0]0

7 6 5 4|EMS Base Addresses 3(A22)| EMS Page 2 address extension bits.
0 0 O 0| C0000H, C4000H, 2(A21)
C8000H, CC000H Block of EMS Memory

0 0 0 1 |C4000H, CBOOOH,
CCO000H, DOOCOH
0 0 1 0{C8000H, CCOO0H,
DO00OH, D4000H
0 0 1 1|CCO000H, DOOOOH,

0 Mbyte to 2 Mbyte
2 Mbyte toc 4 Mbyte
4 Mbyte to 6 Mbyte
6 Mbyte to 8 Mbyte

- - 00w
- O -<0OfIN
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5(A22) EMS Page 1 address extension bits. 2 This bit is used to enable the RAS
time-out counter for page mode
4A21)1 5 4 | Block of EMS Memory operation. The counter is disabled /
if set to 0 (Default) and is enabled if
0 0 | 0 Mbyte to 2 Mbyte set to 1.
o 1 2 Mbyte to 4 Mbyte
1t 0 | 4 Mbyte to 6 Mbyte 3,4 Reserved and default to 1 (bit 4), 0
1 1 | 6 Mbyte to 8 Mbyte (bit 3).
7(A22)| EMS Page 0 address extension bits. 7-5 These bits are used to set the EMS
6(A21) memory space according to the fol-
7 6 | Block of EMS Memory towing coding:
0 0 | 0 Mbyte to 2 Mbyte .
0o 1 2 Mbyte to 4 Mbyte 7 6 5 | EMS Memory Size
1 0 | 4 Mbyte to 6 Mbyte 0 O 0] less than 1 Mbyte
1 1 6 Mbyte to 8 Mbyte 0 0 1] 1 Mbyte
0 1 0] 2 Mbytes
Address lines A22 and A21 are used in EMS 0 1 1| 3 Mbytes
Address translation logic. 1 0 0| 4 Mbytes
Miscellaneocus Register RB12 1 0 1] 5 Mbytes
Index register port: 22H 1 1 0| 6 Mbytes
Data register port: 23H 1 1 1|7 Mbytes
Index: 6FH /
EMS Page Registers
[p7]06|05]p4[p3]p2]01]00] Page 0  2X8/2X9H
L reserveo Page 1  42X8/42X9H
GA20 CONTROL Page 2 82X8/82X9H
o (RW) Page 3 C2X8/C2X9H
RAS TIME-OUT Bits Function
ENABLE (R/W) 0-6 0-A14
RESERVED 1 - A15
2-A16
3 - A17
EMS MEMORY 4-A18
SIZE (R/W) 5-A19
6 - A20
7 0 - page disable
Bits Function 1 - page enable
0 Reserved and default to 0. X canbe 0, 1,5, 6, A, B, E
1 This bit is used for Address line
A20 control and provides 05/2 . . I 1
optimization while switching bet- i;l'éelge?ferved bits are recommanded to be initial- //'

ween real and protected modes: If
the bit is set to 0 it enables CPUA20
onto A20. The bit default to 1 and
sets A20 = 0.
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2.6 Absolute Maximum Ratings

Parameteor Symbol Min. Max. Units
Supply Voltage Vee —_ 7.0 \
Input Voltage A -0.5 5.5 \
Output Voltage Vo 05 55 v
Operating Temperature Top -25° 85° C
Storage Temperature Tsta -40° 125° 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.
2.7 82C212 Operating Conditions
Parameter Symbol Min. Max. Units
Supply Voltage Vee 4.75 525 Vv
Ambient Temperature Ta 0° 70° C
2.8 82C212 DC Characteristics
Parameter Symbol Min. Max. Units
Input Low Voltage VL — 0.8 A
Input High Voltage Vin 20 — \
Output Low Voltage VoL — 0.45 \
|0|_ = 4mA
Output High Voltage Von 24 — v
IOH = -4mA
Input Low Current I — +10 LA
O<Vin<Vecc
Power Supply Current @ 16MHz lce — 75 mA
Output High-Z Leakage Current loz1 +10 LA
0-45<VOUT<VCC
Standby Power Supply Current lccss — 1.0 mA
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2.9 82C212-12, 82C212-16 AC Characteristics

(Ta = 0°C to 70°C, V¢ = 5V + 5%)

Sym Description Min. Typ. Max. Units (J g
t RAS; active delay from CLK2I 1 16 ns
t2 RAS; inactive delay from CLK2I 15 25 ns
13 DLYOUT active delay from RAS,| 0 4 ns
t4 DLYOUT inactive delay from RAS;! 0 6 ns
t5 Column address stable from DLYO! 8 18 ns
t6 Column address hold from DLYO0! 6 ns
t7 _(‘:A_S, active delay from DLY11t 7 14 ns
t8 CAS; inactive delay from DLY1! 11 18 ns
t9 AF16 active delay from CLK2!) 7 16(19) ns
t10  AF16 inactive delay from CLK2! 8 18(21) ns
t11 READY active delay from CLK2! 15 25 ns
t12 READY inactive delay from CLK2! 11 20 ns
113 DRD active delay from CLK2! 10 19 ns /’
t14 DRD hold from DLEI 13 ns
t15 DLE active delay from DLY1! 16 ns
t16 DLE inactive delay from CLK2I 18 ns
t17  LMEGCS active from CLK2! 12 21 ns
118  LMEGCS inactive from CLK2! 1 20 ns
t19 GAZ20 valid delay from CPU <A20> valid 7 16 (20) ns
t20 GAZ0 invalid delay from CPU <A20> invalid 4 12 (16) ns
t22  MWE active delay from CLK2! 11 20 ns
t23 MWE inactive delay from CLK2! 4 12 ns
126 CAS; active delay from CLK2! 10 19 (25) ns
127  CAS; inactive delay from CLK2! 1 21(26) ns
128 DRD inactive delay from CLK2i 12 23 ns
29 CAS; inactive delay from DLE inactive 2 ns
t30 RAS; active delay from CLK2! 10.5 16 ns r
t31 Row address set up time to RAS;! 8 ns
132 Row address hold time from CLK2! 6 22 ns
t33 RAS; inactive delay from CLK2I 15 25 ns
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2.9 82C212-12, 82C212-16 AC Characteristics (Continued)
(Ta = 0°C to 70°C, Vge = 5V + 5%)

Sym Description Min. Tvp. Max. Units
t34  RAS; precharge time (Interleaved Mode) 4 x CLK2

t35  ROMCS active from CLK2i 11 20 ns
t36  ROMCS inactive from CLK2| 10 20 ns
t37 DLE hold time from DRD 0 7 ns
t38 RAS5 inactive from REF! 13 24 ns
t39  RASys active from XMEMRI 9 17 ns
140  RASy4 inactive from XMEMR! 10 19 ns
141 WSFZ active from ml 7 15 ns
t42  RAS,, inactive from RAS ! 1 20 ns
143 Address setup time from XMEMR! 10 ns
t44  Address hold time from REF! ns
145 Refresh address delay 0 ns
t47 LMEGCS delay from REF! 8 16 ns
t48 LMEGCS delay from REF! 10 19 ns
149 RAS,; inactive from HLDA1! 11 20 ns
t50  RAS; active from command active 10 18 ns
t51 RAS; inactive from command inactive 12 21 ns
154 Column address stable from DLYOt 9 18 ns
t55 CTSl active delay from DLY1! (while XMEMW active) 6 14 ns
156 CAS, inactive detay from command inactive 9 18 ns
t57 AF16 active from command active 9 17 ns
158 AF16 inactive from command inactive 6 14 ns
Note: Value inside ( ) are 12 MHz timing.
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il Ei 25325, L2232

2.10 82C212 Timing Diagrams

Ts

R

3

Ts o

|

/3

r T)

|

fs— t1

Valid if Ts

j——t2

j—— 19

AF16

t10

tm

READY

DRD

DLE

LMEGCS

GA20

—-—-%ﬁg

f— t13

12

114

[l+—t15

t16 —=

[—117

je—— 118

——

120

Valid if Tg

Non-Interleave Mode—Read, OWS
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2.10 82C212 Timing Diagrams (Continued)

jo——————wRITE cYCLE

Ts Tc Te Tc

cLK2 \_I_Jt__,_—-‘[ [ 1 [ J j—_ﬂ__fﬂ\__j_

§.80 |\ _f /

o Vaiio [ Address 777 772777777777,

—] j—t1 — — i1 —_— 2
— ["_
Si

i pa— 13 —1{ 13 |— — 14

DLYOUT F [__
] ts —

DiY0 I_ \__
MA9-0 X

pLY1 J \_

—_—] 7 p—
CAS; \_..._.___
—_— {9 [—— —| |e—t10 — -~—110
‘AF16 f
ti —_— i1
AEADY .
—{122[+—
AWE A
i

READ CYCLE

Non-Interieave Mode—Write Followed by Read, OWS




2.10 82C212 Timing Diagrams (Continued)

TcOR T, Ts Tc Ts OR T,
akz \_ [ X [ X} _/J / / /
§1, 50 — [

A,:?,;g Y valid Address X Valid If Tg
11 2
RAS;
DLY1 [
MA9-0 X X
f—13 H— 14—
. .
CAS; F
15 — |——1t6
AF16
t7 o] 8
I r—
READY
orRo [ [[///][]][]
19— f=—110
DLE
m 112
MWE

Non-interleave Mode—0WS, Write
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2.10 82C212 Timing Diagrams (Continued)

Tcor T Ts Te Te Tg or Tt
ewe [\ LY Y M W
§1,50 \ / \__Valid it Ts
£ X Valid Address Y Valid If Tg
— 12
RAS;
DLYOUT / \
MAS~-0 X ) ¢
CAS; \
19 — o je—10
AF16
— ——— 111 ] |— 12
READY - [
122 (R) —f f—123
MWE N

Non-interleave Mode—1WS, Read, Write
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2.10 82C212 Timing Diagrams (Continued)

CLK2

§1, 50

A23-0

M/

RAS;

MA%--0

CAS;

AF16

READY

Interleave Mode—Write Cycle with RAS Being Inactive, 0OWS

_* Ts Tc TsorT
\ /
{ )|
—{ |+—130
— ] 131 |a— 132
*Row Address * COLUMN ADDRESS
—»]  Je—126 —a 127

—

A
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2.10 82C212 Timing Diagrams (Continued)

TgorT Ts Tc Tc TsorT
ewe — \ ] e N . S S S e W
51,50 \ J \__varid i Ts
A23-0 : -
WO X Valid Address X valid If Tg
——»I fe——130
RAS;
t3t [e— —q 132
MA9-0 Row Address Column Address
—f |+—126 127
CAS;
KFT6 \ /
AEADY \ /
bAD \ /
DLE / \
MWE

Interleave Mode—Read Cycle with RAS Being Inactive, OWS
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2.10 82C212 Timing Diagrams (Continued)

TcorT Ts Tc Tsor T
cikz [ [ [ /3 [ X
51,50 \ i Valid If Tg
A23-0
T X XL TTTX
RAS;
MA9—0 Column Address
—] Je—126 le— 127
CAS; .
IO PR — f—t10
AF16
t11 I t12
READY r
DRD
15— S E—— l— 16
DLE
122 t23
N .,
MWE

Interleave Mode —Write, OWS (RAS active)
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2.10 82C212 Timing Diagrams (Continued)

Ts

CLK2 "Jr /

Tc

s1, S0 \

A23-0
M/10

Valid Address

alid Address

RAS;

MAS—~0

[+— 126

CAS;

j— 19

AF16

[— t27

[— t26

—— t10

fe— t9

le— t11

READY

ja-r— 127

[+—110

P t12

DRD

DLE

Mwe T\

|——- WRITE CYCLE

READ CYCLE

Interleave Mode—Read After Write, OWS (RAS active)
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2.10 82C212 Timing Diagrams (Continued)

TcorT Ts Tc TsorT
ck2 _f / xS S
§1, 50 \ J
A2
" /:'360 Valid Address X Valid If Ts
RAS;
MAS~0 Column Address
t26 t27
CAS;
t9 110
AF16 ]Ih
t1 112
READY 4
R ‘I:—HS le——t28
DRD
t15 — le—— 129
DLE -
MWE
t17 118
LMEGCS 4

Interlevae Mode—Read, OWS (RAS active)




2.10 82C212 Timing Diagrams (Continued)

Ts Tc Tc Tc Tc

ck2z \ Y A Y . Y Bk T B WY B T B
§1, 50 \ I

8 C X

— | (133

RAs 134

MA9—0 X Row Address X Column Address

TAS, | U
AFT6 \ /
READY \

DRD \

DLE f \

Interleave Mode—Read Miss Cycle
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2.10 82C212 Timing Diagrams (Continued)

Ts Tc

cLK2 -J‘_/_l /L /-iﬁ-\ [\

Ig Oor 1

I\

57, 50 \ /

|

A23-0 ( D

M/10
—-1 -—135
ROMCS L

AFE -\ /

oro  \

— | 137 |——

ROM Read Cycle




2.10 82C212 Timing Diagrams (Continued)

cwe [\ T\ /L

EF .
XMEMR o T+
—o 138 fo— —a] |e—y3n —=] j—1d0
RASo,3
— 138 [+— —=1 141 |=—— —fa2|—
RAS12
-— 143 —=| — [—taa
Ao [SLITTTITNI T Valid_Address L LTI
—| a5 ] 146 [~
Maso /7T TR TR Valid_Address N LT
— 147 —a 148 |—
LMEGCS

£
' Refresh Cycle
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2.10 82C212 Timing Diagrams (Continued)

ewe [\ [\ [\ M\ /w1

XMEMR
XMEMW % G
— |+— 149 — [=—150 | |a— 151
RAS; y
DLYO \
DLY? i A
— 154
MAS—~0 X
— |«—— t55 — te— 156
CAS;
—l 157 |+ —»]| |[—158
AF16
DMA Cycle
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3 82C215 DATA/ADDRESS BUFFER

3.1 Features

m Bus Conversion logic for 16 bit to 8 bit
transfers

m Parity generation/detection iogic

3.2 Functional Description

Figure 3.1 is a block diagram of the 82C215
Data/Address buffer. It consists of four
modules:

m Address buffers and latches
m Data buffers and latches
m Bus conversion logic

m Parity generation/detection logic

3.2.1 Address Buffers and Latches

The 82C215 provides the address buffering
between the CPU address lines A1-A16 and
the XA1-XA16 lines. These buffers drive 4 mA
output low currents (lo, ). The CPU address
lines are latched by IALE to generate the X-
Address lines when HLDA is inactive.

3.2.2 Data Buffers and Latches

The 82C215 provides the buffering between
the CPU data bus (D0-D15) and the memory
data bus (MDO-MD15). The D0O-D15 lines drive
4 mA output low currents (g ). The MDO-
MD15 lines drive 8 mA lg,. The enable signal
for the latch between the Memory Data bus
and the CPU Data bus is controlled by DRD,
HLDA and the action codes. This allows 16
bit reads from 8 bit peripherals controlled by
the 82C211.

A1-A16 XA1-16
D
a
IALE E
_DJ MDO-15
¢
L—D Q
D0-¥5 ————¢ — e
paRITY [ MPO1
LOGIC
XA0,XBHE PARERR
ACO-1 i
CONTROL
ACEN LOGIC
DLE

Figure 3.1 82C215 Block Diagram




CHIFS

82c215
r-- - - - - -~ - =-"—-—"=—-—"—=-=- — - 1
] < g1 ! <
wos K& B ey k>
] l> D ,MD15 [> SD15
| |
| S |
CPU-BUS : VANBAV/ : AT-BUS
i A :
1
! <] P <] lwpo- 4 sDo-
oveT : : S ‘> MD7? sD7
| [> [> | D
L - - - - _ _ _ _ _____ d

Figure 3.2 Bus Conversion Data Paths

3.3.3 Bus Conversion Logic

The 82C215 provides data bus conversion
when the 16 bit CPU reads from or writes to 8
bit devices. It also provides bus conversion
for Master/DMA cycles. There are six possible
cases, as seen in Table 3.1 in conjunction
with Figure 3.2. These conversions are con-
trolied by the action codes which are qualified
by ACEN from the 82C211.

3.3.4 Parity Generation/Detection Logic

For local RAM write cycles, the 82C215 gener-
ates even parity for each of the two bytes of
the data word. These valid even parity bits
are written to the parity bits MPO, MP1 in the
local DRAMs. During a local memory read
cycle, the 82C215 checks for even parity for
each MD byte read. If the parity is detected
as being odd, the 82C215 flags a parity error
on the PARERR output line to the 82C211.
The 82C211 distinguishes between local ROM
and RAM cycles before sampling PARERR.
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Table 3.1

AC1 ACO0 Cycle Operation Data Path

0 o CPU 16 bit write A-B-D-E-F-G and H-J-L-M-N-P
0 0 CPU 8 bit LO write H-J-L-M-N-P

0 1 CPU 16 bit read G-F-E-D-B-A and P-N-M-L-J-H
0 1 cPU 8 bit LO read P-N-M-L-J-H

1 0 CPU 8 bit HI write A-B-C-K-L-M-N-P

1 1 CPU 8 bit Hi read P-N-M-L-K-C-B-A

1 0 DMA/MASTER 8 bit HI write P-N-M-L-K-C-D-E-F-G

1 1 DMA/MASTER 8 bit HI read G-F-E-D-C-K-L-M-N-P

3.4 Absolute Maximum Ratings

Parameter Symbol Min. Max. Units
Supply Voltage Veo — 7.0 Vv
Input Voitage A -0.5 5.5 Vv

. Output Voltage Vo -0.5 5.5 v
Operating Temperature Top -25° 85° C
Storage Temperature Tsta -40° 125° 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.

3.5 82C215 Operating Conditions

Parameter Symbol Min. Max. Units
Supply Voltage Vee 475 5.25 v
Ambient Temperature Ta 0° 70° C
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3.6 82C215 DC Characteristics

Parameter Symbol Min. Max. Units
Input Low Voltage Vi — 0.8 \
Input High Voltage ViH 20 — v
Output Low Voltage VoL - 0.45 \
loL = 4mA
Output High Voltage Vou 24 —_ \"
lon = -4mA
Input Current I — +10 LA
0V inNVee
Power Supply Current @ 16MHz lec — 80 mA
Output High-Z Leakage Current lozs +10 UA
0.45<Voyur<lVec
Standby Power Supply Current lccse — 1.0 mA
3.7 82€C215-12, 82C215-16 AC Characteristics
(Ta = 0°C to 70°C, Ve = 5V + 5%)
Sym Description Min. Typ. Max. Units
t1 MD bus 3-stated after DRD active 75 24 ns
t2 MD bus valid to D bus valid 8 18.5 ns
t3a MD bus being driven after DRD inactive 7.5 28 ns
t3b MPO, MP1 being driven after DRD inactive 6 23 ns
t4 D bus invalid after DRD inactive 4 13 ns
t5 D bus 3-stated after DRD inactive 6 15 ns
t6 D bus valid to MD bus valid 11 19 ns
t7 D bus valid to MP1, MPQ valid 11 20 ns
t8 ACEN active to D bus valid 16 27 ns
t9 AC code valid to MD bus valid 10 19 ns
t10 AC code invalid to MD bus invalid 11 20 ns
t11 DLE inactive to PARERR enabled 17 30 ns
t12 DRD inactive to PARERR disabled 17 28 ns
t13 IALE active to XA bus valid 11 19 ns
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3.7 82€215-12, 82C215-16 AC Characteristics (Continued)
(Ta = 0°C to 70°C, Vg = 5V + 5%)

Sym Description Min. Typ. Max. Units
t14 XA bus valid to A bus valid 7 16 (19) ns
t15 MD, MP setup time to DLE trailing edge 0.0 ns
t16 MD, MP hold time from DLE trailing edge 6.0 ns
t17 DRD setup time tc DLE trailing edge 12 ns
t19 MD bus hold time from ACEN trailing edge 7.5 ns
t20 MD bus valid to MP valid during DMA 14 24 ns

memory write cycle
t21 MD high byte valid to MD low byte 10 19 ns

valid during DMA high memory read cycle
t22 AC code valid to MD high byte valid 9 18 ns

during DMA high memory write cycle
t23 AC code valid to MP valid during DMA 17 28 ns

high memory write cycle
Note: Values inside ( ) are 12 MHz timing.
3.8 82C215 Timing Diagrams

11—
DRD* ‘:1 X 13a (or t3b)
MD - -~
{or MP)
Y { ----- 3 ————————
12— 14—
15— foo——
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3.8 82C215 Timing Diagrams (Continued)

DLE

DRD*

PARERR"

IALE

_______________ X 1___________
—— e . ) S
-------------- t—————__ )y ————
’.—-n—.'
18—
— /
______________________ ) Sup——
/ L0
t17
-
<—~_t12—7
— N y—
t11
/ T\
____________ Ve [ S,
f— 13—
fa—t14 —y
_____________ e
__________________ V-
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3.8 82C213 Timing Diagrams (Continued)

| DLE /

DRD* \
MDMP — —— e e e e e e e e P —————
115 —— l—— 116
ACEN* AN /
L o < Y.
——]  le—119
HLDA /-
MD —m—— -4 ) T ——
t20
™ MP e e e = y————————-
HLDA /
ACCOUE mm e —— e < 1T derm—me———————
MD high =— —m e e e e = S ———
21 [
MDIOW s e e e e e = < y—————————
HLDA /
ACcode ———m——— ——— 3 10 ——m—— e ——
MDIOW —memmmm—m—— -( )_ ________
122 f+—»!
MD high — - e e e -_——— -
! F \ 123
- MP —— e m 3 —_———————-
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Load Circuit Measurement Conditions

Parameter Output Type Symbol CL(pF) R, () R, (Q) SW, SW,
Propagation Totem pole t
- PLH

Delay 3-state N 50 - 1.0K OFF ON
Time Bidirectional
Propagation  Open drain or tpLH _ OFF
Delay Time Open Collector tpHL 50 05K ON

. . 3-state tpLz OCN
Disable Time ;i ectional torz 5 05K 1.0k OFF ON

. 3-state tezL CN ON

Enable Time  g;5irectional tpzh S0 05K 1.0K OFF ON

INPUT

OUTPUT
(DELAY)

/l.-
w
<

v s
T

OUTPUT
(ENABLE/DISABLE)

rav

/!

VIH=3V, VL =0V, t;r =10 ns, t, = 5 ns

-

-

Vce
Lsm
%Rl‘
R
e
SW2

-0

Figure 10. Load Circuit and AC Characteristics Measurement Waveform

———————— VoL
[+ tPzL>] tpLs
\\,.3v
0.5V
4 I.— —_——————— Vor
[etPHZ > B tpzH| v
< hse s - — — —— — — OH
i N 0.5V
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100-PIN PLASTIC FLAT PACKAGE

r 29(.787) TYP.

4 2.9(114)
............................. N\ ¥ 23089

.8(.031
!‘ 21.8(.858) ¥ 1.7}.967}
- 22.8(.898) -

- 23.6(.925)
e 26.7(1.012)

—h -
oo
[--X- ]
—_

T
u

—_— 17 (.670)
.787)

L

T ATRRRARAE

3(.012
PIN #1 .65 (.0256) TYP. ——I |<— TQY A ) PIN #30

ALL DIMENSIONS IN MILLIMETERS (INCHES).
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84-PIN PLASTIC LEADED CHIP CARRIER

[aTalalalalslislalalalislalalalalelealalalel

50 MAX L

Ordering Information

Order Number Package Type
P82C211/212/215/206 PLCC-84 pins
F82C211/212/215/206 PFP-100 pins

Note:
1. PLCC = Plastic Leaded Chip Carrier
PFP = Plastic Flat Pack

UNIT (mm)

Q.71 + 0.07 127

292102

" 30.23 + 0.2
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I8M, AT, XT, PS/2, Enhanced Graphics Adapter, Color Graphics Adapter, Monochrome Adapter,
IBM Color Display, |BM Monochrome Display are trademarks of International Business Machines.

Intel, iIAPX 286 are trademarks of Intel Corporation.
MOTOROLA is a trademark of Motorola.
Hercules Graphics is a trademark of Hercules Computer Technology.

Lotus is a trademark of Lotus Corporation.
Microsoft is a trademark of Microsoft.

CHIPSet, CHIPSpak, CHIPSport, SharpScan EGA NEAT are trademarks of Chips and Tech-
nologies, Inc.

Copyright® 1985, 1986, 1987 Chips and Technologies, Inc.

Chips and Technologies, Inc. makes no warranty for the use of its products and bears no
responsibility for any errors which may appear in this document.

1 Chips and Techonologies, Inc. retains the right to make changes to these specifications at any
‘ time without notice.
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