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100% IBM™ PC/AT Compatible New En-
hanced CHIPSet™ for 12MHz to 16MHz
systems

Supports 16MHz 80286 operation with only
0.5-0.7 wait states for 100ns DRAMS and 12
MHz operation with 150ns DRAMSs, 0 wait
stale 12MHz operation with 80ns DRAMs

Separate CPU and AT Bus clocks

Page Interleaved Memory supports singie
bank page mode, 2 way and 4 way page
interleaved mode

B Integrated Lotus-Intel-Microsoft Expanded
Memory Specification (LIM EMS) Memory
Controller. Supports EMS 4.0.

The CS8221 PC/AT compatible NEAT
CHIPSet™ is an enhanced, high performance
4 chip VLSI impiementation (inciuding the
82C206 1PC) of the contro! logic used on the
eIBM"‘ Personal Computer AT. The flexible

to be used in any 80286 based system

CS$8221 NEW ENHANCED AT (NEAT™) DATA BOOK
82C211/82C212/82C215/82C206 (IPC) CHIPSet™

m Software Configurable Command Delays,
Wait states and Memory Organization

m Optimized for 0S/2 operation

B Shadow RAM for BIOS and video ROM to
improve system performance

m Complete AT/286 system board requires
only 28 logic components plus memory
and processor

m Targeted at Desktop PC/ATs, Laptops and
CMOS Industrial Control Applications

W Avaijlable as four CMOS 84-pin PLCC or
100-pin PFP components.

architecture of the NEAT CHIFSet™ allows it

The CS 8221 NEAT CHIPSet“' prowdes a
complete 286 PC/AT compatible system,
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Figure 1. NEAT System Block Diagram O
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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 controllar,
the 82C215 Data/Address buffer and the
82C206 Integrated Peripherals Controller (IPC).

The NEAT CHIPSet™ supports the local CPU
bus, a 16 bit system memaory 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 selectiot bet-
ween the processor clock and the user selact-
able AT bus clock. Command delays and wait
states are software configurable, providing
flexibility for slow ar fast peripheral boards.

The 82C212 Page/interieave 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
DRAMSs. 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 tc RAM. The RAM then

shadows the EPROM for further ¢ode execu-

tion. In a DOS environmient, memory above
1Mb can be treated as LIM EMS memory.

The 82C215 Data/Address buffer provides the
buffering and latching betwéen the local CPU
address bus and the Peripheral addrass 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 Feri-
pherals Controller data book.

System Overview

The CS8221 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 C88221 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 EPROMs 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 |PC and other peripherals are attached
in an IBM PC/AT. - T

No'tation and Glossary

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

REGnH denotes the internat register of index

_n in_ hexadecimal notation.

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

82C211 Pin Description

Pin Pin
No. 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. . ;

2 ©  PROCCLK  PROCESSOR CLOCK output for the 80286 and the 82C212. .
It is derived from CLK2IN. 1t can also be programmed to
be derived from ATCLK. —— -

76 | ATCLK1 AT Bus Clock 1 input source from cr'ystal or_oscillator.

This clock input is used for the AT bus operation and is
only required if the AT bus state rnachine c¢lock, BCLK
(internai) wiii not be derived from CLKZIN. This giock
input should be tied low if not used. Its frequency should
be lower than CLK2IN. BCLK is the AT buys state machine
clock and can be programmed to be equai to ATCLK.

81 0 ATCLK2 AT Bus Clock 2 output is connected to the crystal (if a
crystal is used to generate AT bus clock). A serfes damping
resistor of 10 ohms should be used to reduce amplitude of
the rasonant circuit, It shguld ha left onen if a TTL oscg!!ator

. : is used. - s

83 o SYSCLK . AT System Clock output is buffered to drive the SY_SCL,K
line on the AT bus 1/O channel. It is half the frequency of
BCLK and should be between 6 and 8 MHz for maintajning

correct AT {/O. bus timing compatlbuhty wlth the IBM™
PC/AT

-~ e
LOnro

13 1 "RESETH 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 Jatched mternally

51 [ RESET2 RESET 2isan actlve low lnput generated from the keyboard
controller (8042/8742) for_a “warm reset” not requiring the
system power to be shut off. It forgces a CPU reset by
activating RESETS .

38 O - -RESET4 RESET4 is an active high output used to reset the AT bus B _“'

820206 IPC, 8042 keyboard controller, 82212 memory

) controller. 1t is synchronized with the processor clock.
‘ 50 o RESET3 RESETS is an active high output to the 80288 when RESET1
or RESET?2 is active. It is also activated when shut-down

condition in the GPU is detected. RESET3 will stay active
for at least 16 PROCLK cycles.,

~-
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CHIFS

82C211 Pin Description (Continued)

Pin Pin
No. Type Symbol Description

CPU Interface . .

71 170 READY =~ READY as an output, is driven low to terminate the current
CPU cycle after IOCHRDY is high and GWS 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 toc the 80286 R’DﬁﬁY pin.

79, 80 I 806, §7 STATUS is an active low input from the GPU. The status
signals are used by the 82C211 to determine the state of
the CPU. Pull up resistors of 10K each should be pro-
vided.

72 i MG . " MEMORY INPUT/OUTPUT Is the signal from the CPU.
When high, it indicates a memory access, when low [t
indfcates an /O access. it is used to generate memory and

/O signals for the systam. A 10KQ pull up resistor Is
recommended,

55 o] HOLD CPU HOLD REQUEST is an active high output to the CPU,
: [t is activated during DMA, Master or refresh cycles. 6

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, 1OW, MEMR, MEMW, INTA) to be tri-stated.

49 170 BRE . 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 AD, 1t is input during CPU cycles
and in conjunction with XAO, it is output during DMA,
MASTER cycles. A pull up resistor of 10K is required.

39 0 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 h
latches used to hold addresses during bus cycles. It is not
issued for halt bus cycles.

I 209811k 0009104 3TD MW
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82C211 Pin Description (Continued)

Pin Pin
No. Type Symbol Description
. 170 Channel lnlerface
31 H IOCHRDY  1/O CHANNEL READY is an ac‘tlve high |nput from the AT

bus. When low it indicates a not ready condition and__
inserts wait gtates in AT-1/O or AT-memory cycles. When
high it allows termination of the current AT-bus cycle. A
series damping resistor of 53Q at the AT bus connector is.
recommengded to limit_the negative under shoot. A 1KQ
pull up resistor is required for this open collector line.

30 T IOCHCK 1/0 CHANNEL CHECK is an active 16w input from the AT
bus causing an NMi to be generated if anabled. It is ysed i
to signal an I/Q error condition from a device residing on i
the AT bus. A 10KQ pull up resistor is required.

11 1 PARERR PARITY ERROR Is"an active low input from' the 82'0215
which causes an NMI if enabled. It indicates a parity error
in local system memory.

44 o) ALE - - ADDRESS LATCH ENABLE is an active high output tothe °
J AT bus and is synchronized with the AT state machine
clock. It controls the address latches used to hon the

' . addresses during bus cycles. This signal should be buffered
to drive the AT bus. hed

—

73 . o EALE ~  EXTERNAL ADDRESS LATCH ENABLE i§ an actlve fow
output used to latch the CPU A17-A23 address [ines’to the
LA17-LA23 lines on the AT bus.

DMA Interface B - T T - T T ex

|

f = S e - By —a—.\x PERgrTT — . - rwe-rar= il -

‘ 40 o HLDAT HAOLD ACRNOWLEDGE 1 s an active high output when a

I bus cycle is granted in response t¢ HOLD REQUEST.

‘ 26 i 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 o the HOLD REQUEST
| signal from DMA1 and DMA2.

. 27 I AENT ~ ~ ADDRESS ENABLE 1 is an active low input tror ond of’
the two DMA controllers enabling the address latches, for 8
bit DMA transfers. .

28 1 " AENZ ADDRESS ENABLE 2 is an actlve—[i)w input from one of
! the two DMA controllers enabling the address latches for N
. 16 bit DMA transfers. -
48 1 ROMCS “ROM CHIP-SELE@T' isan aq‘fi‘ve Ioanput from the 820212 : s

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 I 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 reslstor of
. 3300 is requnred
33 | 10CS16 170 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 bnt |/0 transfer. A puli up resistor of 330Q) is requlred
69 H ows ZERO 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 3300 pull up resistor.
Pevice Decode
35 o 8042CS 8042 CHIP S‘ELECT is an active low slgnal for the keyboard
controller chlp select.
82 O .. ASRTC ADDRESS STROBE to Real Tnme Clock is an active high
signal used on the 82C206. - -
Refresh . . ‘
52 { REFREQ REFRESH REQUEST is an input active on rising edge ’
initiating a DRAM refresh sequence. 1t is generated by the
8254 compatible timer controller #1 of the 820206 IPCina
PC/AT Implemsntatlon
58 17O REF . REFRESH is an active low signal, As an open drain output,

it initiates a refresh cycle for the DRAMS. As an input, it
¢an be used to force a refresh cycle from an 1/0 device.
An external pull up of 62002 is required.

X Bus interface

et

X BUS MEMORY READ I8 an active low control strobe

] 170 XMEMR
directing memory to place data on the data bus. [t i3 an
output if the CPU is controlling the bus and is an Tnput if a
_ DMA cantroller is in control of the bus.
10 170 XMEMW X BUS MEMORY WRITE is an active low oontrol strobe

directing memory 1o accept data from the dara 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.
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82C211 Pin Description (Continued} o Cm e e

Pin Pin ’ oo T

No. Type Symbol Description
. 70 170 XIOR X BUS I/O READ is an active low strobe directing an /O . ]

port to place data on the data bys. It is an output if the
CPU is controlling the bus and is an input |f a DMA
controller is in control of the bus, .

PO

56 10 . XIOW X BUS 1/0 WRITE is an actwe low strobe _dlrecting an I/O
part to accept data trom the data bus, Itis an oUtput ifthe =
CPU is contrglling the bus and is an input i€ a DMA
controller is in control of the bus.

- ce

57 /O XBHE X BYTE HIGH ENABLE is an actwe > low s:gnal indmmng
the high byte has valid data on the bus. It is an dutput T
when the CPU is in control of the bus and is an input
when a DMA controller is in control of the bus. A 4,7KQ
pull-up resistor is required on this llne.. -

-

59-62 _ I/O XD<7:4> X DATA BUS bits <70>  © RS
6568 10 XD<0:3> R el T E
o g G o i T P T - mpe—
8 - NC No Connect ) o : '
75 o TMRGATE  TIMER GATE Is an active high_output that enables the
. timer on the 8254 compatible counter timer in the §2C206
to enabie the tone signal for the speaker.

53 I TMROUT2  TIMER OUT 2 is an active high input from the 8254
compatible counter timer_ijn the 820206 that can be read .
from port B, : S )

77 Q SPKDATA SPEAKER DATA is an active high output usgd to gate the
8254 compatible tone signal of the 82C206 t¢ the speaker.

54 (o] "INTA iNTERRUPT ACKNOWLEDGE is an active low output to

the 82C206 interrupt controller. 1t js also used to direct ~
data from the X to § bus during an interrupt acknowledge
cycle.

Butfer Control ’ - ' o

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.

38 (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 § bus

ACTION CODE ENABLE is an aclive low Gutput that
validates the action code signals AC<1, 0> that are used
by the 82C215 address/data buffer.

47 o ACEN

B 2098116 0009107 OOT W

I T ...




CHIPS

82C211 Pin Description (Continued)

Pin Pin
No, Type Symbol Description
46, 45 o] ACL1, 0> ACTION CODE is a two bit encoded output command for .
bus size control and byte assembly operations performed
in the 82C215. e - =
Memory Conirol - o ; . . - .-
78 i AFi6 ~  AF16 Is an active low input lndlcatxng that the current
cycle is a local bus cycle. A h:gh indicates an AT bus
cycle. A 10KQ pull up resistor is requnred o
23-25 A<02> =ADDRESS lines AG-A9 are input from the CPU. These
18-21 /O . AZ6> “lines are output dunng refresh. A1 is used to detect shut
14-18 A<Z:9> " down condition of the CPU. A0 is used to generate the
enab!e signal for the data bus transceuvers
29 110 XAO ADDRESS line XAD 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

6 ) NPCS NUMERIC COPROCESSOR GHIP SELECT Is an active
low output signal used to select the internal regusters of .

the 80287 NPX.

7 ‘ o BUSY BUSY is an active low output to the CPU injtiated by the
80287 NPX, indicatig that It is busy. A 4.7KQ pull up
resistor is required.

74 ! NPBUSY NUMERIC COPROCESSOR BUSY Is an active low input
from the NP¥X, Indicating that it is currently executing a
command. It is used to generate the BUSY signal to the
CPU. A 4.7KQ pull up resnstor is required.

2. - .0 "~ ERROR ERROR is an active low input from the NPX indicating that
an unmasked error condition exists. A 4.7KQ pull up
resistor is requ!red -

4 O NPINT ‘ NUMERIC COPROCESSOR INTERRUPT is an active hlgh
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
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g82Cc211 Pin Descript_ion (Continued)
Pin Pin
No. Type Symbol Description
’ 3 o NPRST NUMERICAL PROCESSOR RESET s an active high reset
. to the 80287, 1t is active when RESET4 is active or when a
write operation is made to Port OF1H, In the later case, It is
active for the period of the command. -
Power Sunnliss o
42,63,84 — vDD POWER SUPPLY.
= -
1,17,22  — - vs§§ = GROUND. ~ L e L
43, 64 ) ’ :
@
11
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82C212 Pin Description

Pin Pin
No. Type Symbol Description
Clocks and Control . .
83 { PROCCLK PROCESSOR CLOCK iriput from the 82C211
23 l X1 CRYSTAL 1 input from the 14.31818 MHz crystal. o
24 o X2 _ CRYSTAL 2 output to the 14.31818 MHz crystal. ’
18 o) osC OSCILLATOR output for the system clock at 14.31818
MHz and 24 mA (on the 82C212 only).
18 vo OSC/ADTL  (On the 82C212B only.) Either ADTL input from the
82C631 Mapper chip, or OSC output, depending on the
External EMS bit at register index 6FH, bit 4.
21 ©  O0SC/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 default values.
When active, RAS<0:3> and CAS<00:31> remain high,
0OSC and OSC/12 remain [nactive.. .
I REF REFRESH s an active low input for DRAM refresh control 6
from the R2C211, It inltiates 3 refresh cvcle far the DRAMs.
65,63 . | . 8<1,0> . STATUS input lines from the CPU are active low. Thase
lines are monitored to detect the start of a cycle. N
{ M0 MEMORY /O signal from the CPU. if high it indicates a o
memory cycle. If low, it indicates an I/O cycle.
15 1 XIOH 1/0 READ command, input active low. T
14 ! XiOwW 170 WRITE cgmmand mnut active high.
17 S XMEMR X BUS MEMORY READ command, input active low.
16 ! XMEMW X BUS MEMORY WRITE command, input active low. .
19 I HLDA1  HOLD ACKNOWLEDGE 1 is an active high input from the )
82C211. It is used to generate RAS, CAS signals for DMA
cycles, in response to a hold request.
13 e} ROMCS ROM CHIP SELECT Is an active low chip selm-t eJtpL! to
the BIOS EPROM. It can be also connected to the output
enable pin of the EPROM.
48,74,82 | A<O:2> ADDRESS input lines A<0:2> from the CPU local bus. .
2-8 I A<3:9>  ADDRESS input lines A<3:3> from the CPU local bus.
46 ) A0 ADDRESS input line A10 from the CPU local bus.
8-i1 i A<I1:13> ADDRESS input lines A<i1:13> from the CPU local bu
47 1 Al4  ADDRESS input line A14 from the CPU local bus.
12
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82C212 Pin Description (Continued)

Pin Pin
No. Type Symbol Description
,.. 4953 | AL15:19> ADDRESS Input lines A<15:19> from the CPU local bus.

55-58 t A<20:23> ADDRESS input lines A<20:23> from the CPU local bus.

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

29 7{e) READY READY is the system ready signal to the CPU. It Is an
active low output after requested memory or /O 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 1/0 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 Interface

77-80 QO . BAS<30> ROW ADDRESS STROBES 3 to. 0 are active low outputs

used as RAS signals to the DRAMSs for selecting different
banks. RAS3 selects the highest bank and RASD selects
the lowest bank. These signals should be buffered and line

g terminated with 750 resistors to raduce rmgmg before
drmng the DRAM RAS lines.

41 o] CAS00 - COLUMN ADDRESS STROBE 00 Ts ari active fow oufpui
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.

44 QO ~ 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 75Q resistor to reduce
ringing before driving the DRAM CAS line.

39 .. 0 . CAST0 = 'COLUMN ADDRESS STROBE 10 is an active low output =
used to select the low byte DRAMs of bank 1. This signal
should be line terminated with a 75Q resistor to reduce
ringing before driving the DRAM CASline.

40 o] CAST1 COLUMN ADDRESS STROBE 11 fs an active low output
used to select the high byte DRAMSs of baiik 1. This signal
should be line terminated with a 75Q resistor to reduce
ringing before driving the DRAM CAS line.

. 37 0 CAS20 COLUMN ADDRESS STROBE 20 is an active low output ‘
used to select the low byte DRAMS of barik 2, This signal
should be line terminated with a 750 resistor t6 reduce
ringing before driving the DRAM CAS line.

13
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82C212 Pin Description (Continued)

Pin Pin
No. Type Symbol Description
38 C  CAs2M COLUMN ADDRESS STROBE 21 is an active low output .

used to select the high byte DRAMs of bank 2. This signal
should be line terminated with a 75Q resistor to reduce
ringing before driving the DRAM CAS line.

35 o CAS30 " COLUMN ADDRESS STROBE 30 is an active low cutput
used to select the low byte DRAMSs of bank 3. This signal
should be line terminated with a 750 resistor to reduce
ringing before driving the DRAM CAS line.

38 O CAS31’ COLUMN ADDRESS STROBE 31 is an active low output =~
used to select the high byte DRAMs of bank 3. This signat
should be line terminated with a 750 resistor to reduce
ringing before driving the DRAM CAS line.

28 [5) MWE MEMORY WRITE ENABLE is an active low output for
DRAM write enable. . ]
o DLE - DATA LATCH ENABLE s an active high output used to =~
~ enable the local memory data buffer latch in the 82C215. -
[6) DRD " DATA READ is an active low output used to transfer data
from the memory bus to the local CPU bus in the 82C215. i
if high it sets the data path from the local CPU bus to the .
memory bus.
81 o  DLyout DELAY LINE OUT is an active high output to the defay line
for generating the DRAM control signals.
73,75, 76 | DLY<Q:2> °~ "DELAY IN 0, 1, 2 are active high inputs from the first to
third taps on the delay line used to gensrate DRAM control
signals.
26 0 XDEN "X DATA BUEFER ENABLE Is an acfive low oufput asserfed

during [/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.

or 0 XDIR X BUS DIRECTION s 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.

7172 o MA<8:9>  MULTIPLEXED DRAM ADDRESS lines MAS, MA9. These .

lines should be buffered and line terminated with 75Q
resistors before driving the DRAM address lines.

14
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82C212 Pin Description (Continued)

Pin Pin
No. Type Symbol Description
. 66-70 o MAZ3: > MULTIPLEXED DRAM ADDRESS lines MAQO to MA7Z. Also

60-62 170 .. . MA<0:2>  used as bi-directional linés'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 /O GA20 ADDRESS line 20 is the 'gated A20 bit whlch is controlled
by GATEAZ0.

30 } "GATEA2U™ ~ "GATE ADDRESS 20 is an mput used to ?orce A20 low

when GATEAZ20 is low. When high it propagates CPUA20
onto the A20 line. It is used to keep address under 1Mb
durmg DOS operation.

25 . S ... LMEGCS ‘LOW MEG.CHIP SELECT s an unlatched active Iow
output asserted when the [ow Meg memory address space
{0 to 1024 Kbytes) is accessed gr 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 compat'btltty

Power and Ground

32, 42 84 — VDD POWER SUPPLY. T
1,22, 43, —.  vss GROUND. ~ - . . . o
64

15 .
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82C215 Pin Description

Pin Pin
Neo. Type Symbhol Description
Controls .
14 { ACEN  ACTION CODE ENABLE is an active low Input from the ’
82C211 that validates the action_codes. )
12, 13 | © ACKL1:0> ~ ACTION CODES input from the 82C211 are used for bus
sizing and byte assembly operations. They are discussed
in Section 1.2.4. _ .
76 I DATA LATCH ENABLE is an active high input from the

DLE
A 82C212 used to enable the local memory data butfer latch.
——m

74 I 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 I HLDA1 HOLD ACKNOWLEDGE 1 is an active high input from the
82C211 used for address and data direction controt during
DMA cycles. .
15 I 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.
1t is used to enable the high byte parity checking. .
10 | AQ ADDRESS line AQ is input from the CPU. it is used to
enable the low byte parity checking.
Address ’
25-31 o - A<IT> ADDRESS lines A1-A16 from the CPU. They are input
3341 170 AZBI18> during CPU and refresh cycles and output during DMA/
Master cycles.
44-52 10 XA<16:8> X ADDRESS lines XA16-XA1 (latched) are connected to
54-60 /O XALT 1> the peripheral bus in the IBM™ PC/AT architecture.
Data '
2, 4,8, V) D<15:0> DATA lines D15-D0 from the CPU.
8, 16, 18,
20, 23,3, ‘ ) ‘ ) -
57,09,

17, 18,
21, 24 .

16
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82C215 Pin Description (Continued) - o
Pin Pin
No. Type Symbol Description

. 82, 80, /o] MD<15:0> °~ MEMORY DATA lines MD15-MDO from the memory bus.
73, 71, 69, ] . o .
67, 65, 62, o - o e
81, 79, 72, : : ’ i ‘ _ o o -
70, 68, 66, ) :
63, 61 _
Parity o
78, 77 /0 MP1, MPO MEMORY PARITY bits MP1, MPC are the parity bits for the

high and low order bytes of the system DRAMs. These
lines are input during memory operations for parity error ~
detection and are output during memory write operations
for parity generation.

83 [3) 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 o
1,22,43 — . VSS GROUND
64, 75 - ’ '

17
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1. 82C211 BUS CONTROLLER

1.1 Features

s Clock generation with software speed se-
lection.

u Optional independent AT bus clock.
m CPU interface and bus control.

® Programmable command delays and wait
state generation.

® Port B register.
1.2 Functional Description

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

m Reset and Shut down logic

= Clock generation and selection logic

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

Action Codes generation logic
"Port B register and NM! logic

DMA and Refresh logic

Numeric Coprocessor interface logic
Configuration registers

1.2.1 Reset and Shut Down Logic

Two reset inputs RESET1 and RESETZ 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. RES is generated from the
8042 (or 8742) keyboard controller when a
“warm reset” is required. The warm reset
activates RESET3 to reset the 80286 CPU.

RTEN u:str‘ nlsm‘
o SHUTDOWN LOGIG - RESET
! PROCCLK
ATC00) ——‘ Lo
ATCUC PO Ly SYSCLK
LG _—
INTERNAL B8 _
s<10>
L cPU I‘T:TE we — REABY
TIME OUT LOGIC
IOCHROY ﬂg_&, YRENW
ows ___ AT STATE WE !ﬂﬂl v
g k
S1 ENULATION LOGKC 1
a0, Bt 'GI’ - [___.5 * SODIRO
— SOIRY, IALE
o
i ACTION CODE
GENERATION . lostor
Ape> a—n] _CONFIO
AEGISTERS/
XO<7:8> Loaic 4
I X0k
poaT 8 .
WU —1  wmibo SPRDATA
[—1 sueansitramion | HOALD
HLDA x ACK
REFREQ ng Lacic
HRO [ REF
3
20287
= 508y
= —ad  wTERFAGE [
NPRESEY

Figure 1.3 82C211 Block Diagram

18

B 2098116 0009116 Oic WA

R T
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RESETS3 is also activated by the 82C211 when
a shut down condition ls detected in the
CPU. Additionally, a low to high transition in
REG60<5> causes RESETS3 to be active after
the current I/O command goes inactive.
RESETS3 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,
RESETS 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 hoid tlmmg 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. CLK2IN is
driven from a TTL crystal oseillator, 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
CLKZIN can be selected under program con-
trol.

-and is always BCLK/2.

The 82C211 genctates 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

PROCGCLK can be derived from_CLK2IN or
from ATCLK. In the synchrondus mode, both
PROCCLK and BGLK 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 = 8CLK = CLK2IN
SYSCLK = BCLK/2 = CLK2IN/2

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

3. PROCCLK BCLK = CLK2IN/2
. 8YSCLK = BCLK/2 CLK2INI4

CLK2IN &
MUX b= » PROCCLK "~
1, e g
"2 IS
= 12 .
| mux BOLK
ATCLK
2 SYSCLK

Figure 1.2 Clock Selection Biock Dlagram
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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

Ts

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
REG80H<4>, which default to: PROCCLK =
CLK2IN, SYSCLK = CLK2IN/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
fine. 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 danoted by
sequence (2). BCLK then enables Itself on
the PROCCLK line on the falling edge (D) as

le— T8g TsT Teo i Te
CLK2IN [ ) | S A | R
wma |\ X I .
8CLK _ I - §1c) @ fe HOZ ]
cup _| f/ @ @) @) ’
PROCCLK | O @} I | ] |
Figure 1.3 Sequence Diagram for High to Low Frequency Transition
~Te Tg Te
} Ter Tso Ts1 Teo Ter —=y
cean - L L1 11 I I | | |
®© @ ® L
50.51 | /
BCLK | } @ — |
@é
cmp \ \
@
PROGCLK ® @ I L] L1 1

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. {t also
does not violate the min and max 80286 CPU
clock specifications. If BCLK is asynchronous
with respect to CLKZ2IN, 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 PRQCCLK
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 lgw. 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 also, PROCGLK

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 {or the slow AT bus. In order to _

overcome this problem, the 82G211 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 compietion of the
requested operation. 1ALE 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 AFi6 is asserted In response to a
new CPU cycle and READY is not returned to
the 82C211 within 128 clocks, and REGE0H<Z>
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
tfrequency of AT system clock SYSCLK, When

ATCLK is selected as the source for, BCLK, it N

also performs the necessary synchronization

- of control and status signals between the AT

»

bus and the processor. The 82CG211 supports
8 and 16 bit transfers between the processor
and 8 or 16 bit memory or 1/0 devices lqcated
on the AT bys. 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 sactlon 1.24.

Cune s ———————— Y

The AT bus cycle is Imtlated by asserting
ALE in AT-TS1.On the falling edge of ALE,
MEMCS16 is sampled for 2 memory cycle to
determine the bus size.
command cycle AT-TC and_provides the se-
quencing ahd timing signals for the AT bus
cycle. For an i/0 cycle, IQCS16 Is sampled in

* the middle of the processor TC state. These

control signals emulate the lower speed AT

" bus signals. The comrmand cycle is terminated

when TOCHRDY is active on the AT bus and
all programmed wait states have been exe-
cuted

e e e = —ali

It is possible 1o provlde 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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rsvscu.x
REFREQ X
HOLD L
HLDA /
REFRESH e
SEQUENCE REF
T XMEMR L L ®
= ®
DMA
SEQUENCE
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 legic. It
handles HRQ arid 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 AO-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 agtion

codes for bus sizing. ALE, EALE and ACEN
are active during DMA cycle.

Flgure 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, & 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
§YSCLK after REF is low in sequence 5. The
820212 puils all its RAS lines (RAS0-RAS3)
high when REF goes low. The RAS lines go
active in sequences 6 and 7 when the refresh
address is active on the AQ-A9 lines of the
82C211. The 82C212 uses the AD-AS Jines to
generate the refresh address on the MAG-MAS
address lines. XMEMR goes inactive in se-
quence 8 followed by the RAS lines goin
inactive in sequences 9, 10, REF, LMEGE%
and HOLD go inactlve 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 HRQ active. After a DMA Table 1.1 oI
latency time, the CPU relinquishes the bus to Action Codes Enable (ACEN) Generation
the requesting device by Issuing HLDA1 in fon (ACEN) G- "
sequence 14. HLDAT is active as long as HRQ
‘ Is active. Once the DMA device deasserts

"Operation | ACEN

HRQ, HLDAT Is deasserted by the 82C211 in DMA/MASTER| 0
sequence " 15, to return control to the
processor. o CPU {local) !

CPU (AT bus) | 0 for write

0 qualified by command for
The AT state machine performs data conver- - | read and interrupt

slon for CPU accesses to devices not on the . .. | acknowledge cycles

CPU or Memory Bus.The AT bus conversions -REFRESH | 1 qualified by REF

1.2.4 Actlen Codes Generation Logic

are performed for 16 to 8 bit read or write
operations. Sixteen bit transfers to/from the

CPU are broken intoc smaller 8 bit AT bus or AT-Bug CPU Cycles HLD_M =0 e e
peripheral bus reads or writes. The action

codes are generated as shown in Tabie 1.1 to AC | Qperation

control the buffars in the 82C215. The action .. 00 .| 16 bit write and 8 bit write (low byte)
codes are in rasponse to signals MEMCS16, - -

OCSTE. ponse fo sis 01 | 16 bit read and 8 bit read (low byte)

10 | 8 bit write (high byte)
11 8 bit read (high byte)

LN .—'l‘u—::—Tu—u Tco s Ter Tco J:—Tﬁ Teo e Tet Tso ..::n-‘-
st M M1 a7 T A FA T AT 1
Bl e e | ==
ADDRESS, \ )
wid K XDRESS YALID IRENAS NEXT ADDRESS VALID |
N I = I =
AT, / \ {
WEWCSR { / u\ 1 X
ALE \'J @ @ @{ ® '
g \ 1 { \ _
COMMAND EVEN BYTE & “§\ oppBYTE N
@\
READY ® '
- ACER \® \® i® \® i®
Aco1 ¥ Y Y
. xs0 \ EVEN ADDRESS ODD ADDRESS | VR
o | l |

té%&_w.s. = WAIT STATUS, C.D, = COMMAND DELAYS, R = READ CYCLE, W = WRITE

Figure 1.6 Quick Mode Bus Conversion Cycle {0WS, 0CD)

mm 2098116 0009323 uaT I

R R R




CHIFS

DMA/MASTER Cycles, HLDA1 = 14 Read/
AC | Operation Bits | Wrlte Function
00 | MD bus tri-stated from the 82C215 7R POK System memory parity
for 16 bit and 8 (low byte} read/write
operations 6 R CHK-1/0 channel check
o1 Reserved 5 R T20-Timer 2 Out
10 High memory write MD0-7 to MD8-15 4 R RFD-Refresh Detect
11 | High memory read MD8-15 to MD0O-7 3 R/W EIC-Enable 1/O channel
check
Figure 1.6 shows a sequence diagram for a 2 R/W ERP-Enable system memory
data conversion cycle in Quick mode with parity check
zero walt states (0 W.S.) and zero command
delays (0 C.D.). Quilck mode is discussed in 1| RW | SPK-Speaker Data
section 1.3.2. In Quick mode ALE is issued 0 R/W T2G-Timer 2 Gate (Speaker)

on the AT bus as shown in sequences 1 and
2. MEMCS16 from an external device is sam-
pled high by the 82C211 in sequencs 3, initi-
ating a bus conversion cycle. The first com-
mand also goes active in sequence 3 for the
tirst byte operation and. is terminated in
sequence 4. In order to provide sufficient
back to back time between the two 8 bit
Gycles, the second byle command is issued
two BCLKs later in sequence 5 and is termin-
ated 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 processor in sequence 8,
to terminate the current cycle. ACEN and
ACD, AC1 are issued by the 82C211 for bus
conversion as shown.

1.25 Port B and NMI generation logic

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

woaoor| 7| 6|s|a]a

sm!pergond oo

2] 1]o0

REDREIC

Figure 1.7 Port B

i

Table 1.2 Port B register definition

The NMI sub-module performs the latching
and enabling of /O and parity error condi-
tions, which will generate 2 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). Enabiing and

disabling of NMI Is accomplished by writing
to 1/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, which is used to access the
interal registers of the 80287, is active for
I/0 addresses OF8M-OFFH. Address OFOH
clears the Numeric Coprocessor BUSY signal,
and address OF1H resets the Numeric Co- -
processor and Numeric Coprocessor BUSY
signals. Whils executing a task, the 80287
issues an NPBUSY signai to the 82G211.
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Under normal operation, it is passed out to
the CPU as BUSY. If during this busy period,
a_numerical coprocessor error occurs,
ERROR input {o the 82C211 becomes active,
resulting in latching of the BUSY* output and
assersion of NPINT, BUSY* stays active until
cleared by an I/0 write cycle to address O0FQH.
The 80287 is reset through the NPRST output,
which can be activated by a system reset or
by performing a write operation to 1O 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

1.3.1 Normal mode._ —— e -
This mode is enabled by default (without

Under Normal mode:

PROCCLK = CLK2IN
BCLK = CLK2IN/2 o

SYSCLK = CLK2IN/4

- 5.waitstates, and 16-bit AT memory cycles

Since the CPU state machine clock and the
AT bus state machine clock are derived from -

CLKZIN, this Is a Synchronous mode. ALE and _ .

commands (XMEMR, XMEMW, XIOR, XIOW) _
are issued only for AT bus cycles and not for
local cycles. By default, I/0 cycles have one *
command delay, 8-bit AT memory cycles have =

e Bl
oy poma baudly Mo

have 3 waitstates. ’ -

Figure 1.8 shows the sequence diagram”of a

Normal mode local cycles followed by an AT =

bus cycle with zero wait states (0 W.S.) and

l— LOCAL CYCLE AT-BUS CYCLE —Siomreee ]
le—Tg — Te Ts Te Te Tc Te Ts/Tq
Toomf Tt on] | | | | | ]
“PROGGLK SApupipEpEpEpinin L.I_LT_LJ?_I_I_I'?_I'I_
sost I __ . \_(__l
‘°°“§§—g | 5 AR ) $) !

IALE 0) A A\ \ I\
cuing |1 [ | s A f [ L
aes [N @ [T I A A T T I AT

T-Tso AT-Tg1 ATTco—»leATTgyle]
ALE ‘© 1 AD
COMMAND N\ ( CDK'
@
READY \ @ / \\©_ @
SYSCLK N

Figure 1.8 Norma! Mode Local Cycle Followed by AT Bus Cycle (OWS, 0CD)
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Ts—I—Tc—-‘——-Tc te— Tg —mee—Te Ts —
Tsol'rg1 Too | Ter ng[chchuITm To°|Tc1 Tso | Tat
procax |4 LI LT LI Iy I e O
wF |\ |/ L/
ADDRESS Y
wio
To {
Ty
1ALE o N?""h J‘— -
e [N I[]] \\EEXEVERRRRARRRRRRL N RRENRIINENN)
AT AVTg
=CLKZIE I 1 f | S T
ALE I\
CONMAND |
READY kY S f

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

Figure 1.8 Normal Mode AT Bus Cycle with Additional Hold Time (OWS, 0CD)

zero command delays (0 C.D.). In sequences
1 and 2, 1ALE is generated from CLK2(N.
AF16 is sampled to be low in_sequence 2.

ALE and AT bus commands (XIOR, XIOW, '

XMEMR, MEMW) are not generated since it is
a locat 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 cycls, 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
5and 6. The AT bus command is generated
in sequences 6 and 7, for zero command
delays programmed in the 82C211. For a zeto
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 sfow peripherals re-
quire between 50 to €0 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 fold time. The dotted IALE signal
would have been valid, If the additional hoid
time register had not been enabled in RA1<7>.
Instead, JALE is delayed by one Tq state of
the processor by asserting READY one T¢
cycle later. The 82C212 provides an extended
DLE to the 82C215 in this mods, 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 mods 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 = GLK2IN
SYSCLK = CLK2IN/2

In Quick mode, an ALE signal is generated
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I 209811k 0009124 199 W
I I T




LOCAL CYCLE AT-BUS CYCLE—
Ts Te- AT-Ts ATTE
be—Tso Tgt Tco Tt —wta= ATTg0 vt AT 5y —onttm AT-T 0 —nfem AT-T Y -]
“PROCCUC RGN l_( A T 11 I i1 ]1J L
585 |\ - / Y /
poness. TN ! [T T
0] 63
IALE }‘ D \
’ '/ ” Y
AF6 1D I[ / |
s N—S, \
A
CONMAND ) J‘ )
READY D f l \ g ol
@ 1] ®
, e = N

Figure 110 Quick Mode Local Cycle Followed by AT Bus Cycle (OWS, 0CD)

on the AT bus for both AT bus and local bus
cycles. However, the commands (XMEMHS,
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 of 7ioti-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 sequence 5.
if the_next cycie is not an AT bus write cycle,
then ACEN is negated in sequence 6. READY
is sampled low by the 80286 in sequence 7, 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 local and AT bus cycles. This mode

ie neafi il fnr hiah cnaad add_an aarde erinty o
o ol U Thignd 99000 aUG=0N CAIGS SUCH

Lazer Printer interface cards. -

.. 13.3 Delayed mode

This mode is another synchronous mode and |
is enabled when Quick mode is disabled and

the following clock selections have besn
chosen made: . -

PROCCLK = CLK2IN _
BCLK = CLK2IN
SYSCLK = CLK2IN/2

In Delayed mode, ALE and commands are
issued only for AT bus cycles like ip 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. tALE is generated in sequences

i and Z. ALE js asseried in séquence 3 ailer

sampling AF16 Figh and it is deasserted in

sequence 4. Hence the AT bus states, though
synchronous, are delayed with respect to the
processor stateés. 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

dalays, Sequence 5 shows cgmmaﬁd gg!ng

SEAY Are i g M N

- active for programimed 2 command delays.
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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 8
shows command going inactive for program-
med 3 wait states. READY is sampled by the
80286 in sequence 6 to terminatethe current
cycle. Since the AT bus states are delayed
with respect to the processor states, the Local
Address linas 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 perl-
pheral AT add-on cards. -

1.3.4 External mode

This is an asynchronous mode and is enabled
when ATCLK is selectad 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. Figitra 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 CLKZ2IN.
The asynchronous BCLK samples this latched
state on the next rising edge of BCLK. in tha
example shown, edge A samples the latched
AF16 signal (internal) high. This cayses 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 B, syn-
chronized with BCLK. Far 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 1.12 External Mode AT Bus Cycle (OWS, 0CD)
—  chronized with CLK2IN. The CPU samples default and when written to, must be set to
READY low in sequence 10 and terminates . zero. Table 1.3 lists the three registers:
the current cycle. - .
Table 1.3
1.4 Configuration Registers
: : Register Register
There are three bytes of configuration regis-
ters in the 82C211; RAQ, RAT and RA2. An Number | Name Index
indexing schesme is used io reduce the 1/O RAO : PROCCLK Selector 60H
ports required to access all the registers re- . -
quired for the NEAT CHIPSet. Port 22H is RA1 .| Command Delay 61H
used as an indexing register and Port 28His ~ gao Wait State/ 62H
used as the data register. The index value is BCLK Selector ’
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. - s
Every access to port 23H must be preceded
by a write of the index valie 10 port 221 even
if the same register data Is being accessed -
. again. All reserved bits are set to zero by

2g -~
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1.4.1 Register Description

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

|o7[os]os|o4{o3[o2]p1]D0]

L Reapy
TIME-OUT (R}
L @mesenveo

. READY NMI
ENABLE
I——— RESERVED

. PROCCLK
SELECT (R/W)

CPU RESET (W)

82021
] VERSION {R)

Bits Function

7.6 82C211 revision humber, 00 initially
{may vary with future revisions).

Command Delay Register RA1
Index register port: 22H
Data register port: 23H

Index: 61H .

{o7[os[os|pafos[p2]o1]o0]

AT BUS VO
COMMAND DELAY
L ) (RW)

AT BUS & BIT
MEMORY
COMMAND
DELAY (R/W)

L ) AT BUS 16 BIT

} MEMORY

COMMAND
DELAY (R/W)

QUICK MODE
ENABLE (R/W)

HOLD TIME
DELAY (R/W)

Bits Function

1,0 AT Bus {/0 cycle command delay.

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

5 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.

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

Reserved.”

2 Local bus READY timeout NM! en-
able. A one enables the NMI and a
Zero disables it. Default is 0

Reserved.”

0 Local bus READY timeout. A one
Indlcates that READY timeout has
occurred 128 PROCCLK cycles after
AF16 has been asserted. A zero in-
dicates that READY time out has not
occurred, .

3,2 AT Bus 8 bit memory command

: delay. Specifies between 0 to 3
BCLK cycle command dejays for 8
bit AT memory cycles. Defauit is 1.

5.4 AT Bus 15 bit memory command
delay. Specifies between 0 and 3
BGLK cycle command delays for 18
bit AT memory cycles. Default is 0

6 Quick mode enable. A zero enables
Quick mode and a one disables it.

Default is 1.

7 Addrass hold time delay. A one en-
ables axtra address bus hold time
and a zero disables it. Default is 0,

-
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Walt States Register RA2 - - o
index register port: 22H Bits Function
Data register port: 23H . 1, 0 Bus clock (BCLK) source Select.
. Index: 62H ’ Default is 00.
[o7]os [05 |04 [o2 [o2] o7 ]50) 00| BCLK = CLK2IN/2 B
01 BCLK = CLK2IN
BCLK T ’ - i
L ‘(HIW) SELEe 10 BCLK = ATCLK .
) 1" Reserved - T
} WAIT STATE (0 3, 2 { 8bit AT cycle wait state generation.
Default is 5. - .
_— lw o a7 cvces 00| 2waitstates _
R 01 3 wait states
| 10| 2 wait states :
RESERVED - '
i 1 5 wait states
5 4 16 bit AT cycle wait state generation
Default is 3.
00 0 wait states
. m 1 wait state
10 2 wait states -
11 3 wait states
7, 6 Reserved.”

*The reserved barsare recommended to be initial-
ized to 0.
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1.5 Absolute Maximum Ratings

Parameter Symbol Min. Max. Units

Supply Voltage Vee -_— 7.0 v .
Input Voltage Vi -0.5 55 v

Output Voltage Vo =0.5 _5.5. \' . .
Operating Temperature Top -25° 85° C

Storage Temperature Tste -4p°  128° © _

NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional

operation should be restricted ta the conditions described under Operating Conditions.

1.6 82C211 Operating Conditions

Paramster Symbol Min, May K  lUnits
Supply Voltage Veo: 4,75 525 v
Ambient Temperature Ta 0° 70° C
1.7 82C211 DC Characteristics .
Parameter Symbol Min. Max. Units
Input Low Voltage ViL - 0.8 v .
Input High Voltage Vi 2.0 - \'2
Output Low Voltage Voo - 0.45 v
lo'_ = 4mA
Output High Voltage Vou 24 — v
iOH = ~4mA
Input Current e - +10 HA
0<V|N<VCC - - - . o - - -
Power Supply Current @ 16MHz lee — 50 mA
Output High-Z Leakage Current lozy £10 J77.3
0.45<Va 7<Vec . _

PROCCLK Output Low Voitage Vore -_— 0.45 v o
@ lo|_ =5mA PR
PROCCLK Output High Voltage Vanre 4.0 - v .

@ loy = -1mA
Standby Power Supply Current lecse - 15 mA
|
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CHIFS

1.8 82C211-12, 820211-16 AC Characteristics
(Ta=0°C 10 70°C, Vi = 5V % 5%)

16 MHz 20 MHz

12/12.5 MHz

. Sym Description Min. Max. Min. Max. Min. Max.
t1  ALE active delay from SYSCLKI -10 0. A0 10 -10 10
t2  ALE inactive delay from SYSCLK! -0 .12 . -10..12  -10 12
t3 ~ COMMAND active delay from SYSCLKI -10 .16 . -0 16 -10 18
t4  COMMAND inactive delay -10 15 . <10 .12  -10 12
from SYSCLK! ’ - ST T ' '
t5 _EALEactivedelaytromSYSCLKI .. @ .40 0 35 0 30
tsa  EALE inactive delay from PROCCLK! 1 25 20 1 .18 o
6  MEMCST6 set-up time to SYSCLK! 10 .. .10 .10 '
t7  MEMCST6 hold time to SYSCLK]. 4 4 B 4 _ -
8 TOCST6 set-up time to SYSCLKJ .10 10 10 .
19 1OCSI6 hold time to SYSCLK! ) 10 10
t10  OWS set-up time to SYSCLK! ) 9 K -3
ti1  OWS hold time to SYSCLKI 4 .. 4 . 4
. ti2 IOCHRDY set-up time to SYSCLK! ~ 11 LB . 1" B
t13.  IOCHRDY hold time to SYSCLK! 4 4 4
t14  IALE active delay from PROCCLK} 20 - 15 1 12 ’
t15  [ALE inactive delay from PROCCLKI 1 20 1 15 1 12
t16  AF16 set-up time to PROCCLKI 19 . - T P
t17  AF16 hold time to PROCCLKI 13 1 1M1
t18  READY Input set-up time 25 20 15
to PROCCLK! _ L L
t19 READY input hold time PROCCLK: 10~ . 10 . 10
120 .. RESET3 active delay 5 22 3 17 0 15
from PROCCLK! - S .
21 RESETS inactive delay 5 22 3 17 0 .15~
from PROCCLK! ’ ) el
22 RESET4 active delay from PROCCLK! 3. 22 . 3 - 17 o .15
. 123 RESET4 inactive delay 3 2 3- 17 0o 15
from PROCCLKI ’ T
24 SDIR<1:0> active delay from SYSCLKI 3~ 40 3 40 2 40
25 SDIR<KL1:0> inactive delay 1 1 1 21 1 20

from SYSCLK!

Note: Units of measurement for all ratings are given in nanoseconds. -

3
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1.8 82C211-12, 82C211-16 AC Characteristics (Continued)
(Ta = 0°C to 70°C, Vg = 5V + 5%)

12/12.5 MHz 16 MHz 20 MHz
Sym Description Min. Max. Min. Max. Min. Max. .

26 ACEN active delay from SYSCLK! 0 3 0 33 0 30
127  ACEN inactive delay from SYSCLKI 0 21 0 21 0 2
132 ACO active delay from PROCCLKI 5 35 8 8 5 35
133 ACO inactive delay from PROCCLK! 5 35 8 38 5 35
134 AC1 active delay from PROCCLK! = § 3B .5 3 5 3
185 AC1 inaitive delay from PROCGLKI 5 3 5 8 5 3% )
t38  Hold active delay from SYSCLK! -0 50 -0 50 -0 S0 _ )
19 Hold inactive delay from SYSCLKI __—10 80 10 8 10 50
140 REF delay from HLDA 0 5 0 so oS0 -
43 REF nactive delay fromSYSCLKt 0 28 0 25 o 2 -
44  XMEMR active delay from SYSCLKt 1 15 15 15
445  XMEMR inactive delay from SYSCLKt 0 2 0 12 o0 12
146 HRQ set-up to SYSCLK 10 1 10 - ‘
t47 HRQ hold time to SYSCLK _ 4 4 L
149 HLDAT active delay from HLDA! ) 0 4 0 40 o 40 .
151 HLDAYinactivedelay fromHLDAL 0 40 0 40 0 a0 .
152 NPCS active delay from PROCCLKI 0 42 0 a2 o0 4 ’
53  Overlap of NFBUSY & 50 - 50 50
ERROH (both low) _ - . .
t54  NPINT delay from NPBUSY, "o 3. o0 3 o l
ERROR low » B o
155  NPINT inactive delay from ERROR! 0 % 0 3% o0 3
156 NPBUSY active puise width 2 . % 25 ) -
t57 ERROR hold time with respect 0 .0
to NPBUSY! ‘ )
158 ERROR set up time to NPBUSY! 3 _ 3 3 _
159 ERROR min [ow pulse _ 25 25 . 25 ‘
160  BUSY active delay from NPBUSY! 8 '3 8 18 8 14

Note: Units of measurement for all ratings are given in nanoseconds.

B 209811k 0009132 265 W

T




]
§ B ooty e
CHIFS
1.8 82C211-12, 82C211-16 AC Characteristics (Continued) . B
(Ta = 0°C t0'70°C, Vg = 5V £ 5%) ..
12/125MHz 16 MHz 20 MHz
. Sym Description Min. Max. Min. Max. Min. Max.
1 BUSY inactive delay fom NPBUSYI 8 88 8 23 . 8 23
62 BUSY inactive delay from XIOW ~ -10 . 20 -10 20 -0 20
t63  NPRST active delay from YIE)WV -0 27 -0 27 0 o7 e
164 NPRST inactive delay from XiOW 10 27 10 27 -10 2T
6550, S sefup time fo PROCOLKI 20 1 T
167 READY aciive delay from PROCCLKI 0 30 o 8 o 21
168 READY inactive delay from PROCCLK! 0~ 28 o0 ~ 26 o0 22
Note: Units of measuremént for all ratings are given in nanoseconds, -
1.9 82C211 Timing Diagrams
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1.9 82C211 Timing Diagrams (Continued)
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1.9 82C211 Timing Diagrams (Continued)
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1.9 82C211 Timing Diagrams (Continued)
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2 82C212 PAGE/INTERLEAVE AND
EMS MEMORY CONTROLLER

2.1 Features

®m Page mode access Including single bank,
2 way and 4 way page interleaved, pro-
viding higher performance over conven-
tional DRAM accessing schemes,

Supports 100ns DRAMSs at 16MHz using
page interleaved operation

Supports up to 8Mbytes of on board
memory

Provides automatic remapping of RAM
resident in 640K to 1Mbyte area to the top
of the 1Mbyte address space,

Supports Lotus intel Microsoft-Expanded

Memory System (LIM-EMS 4. 0) address
translation logic

Shadow RAM feature for efficient Basic
Input/Output System (BIOS) execution

0S/2 optimization feature allows fast
switching between protected and real mode

Staggered refresh to reduce power supply
ndise

2.2 Overview o _
The 82C212 performs the memory control
functions in the NEAT system, utilizing page
mode access DRAMS. The various memory
array configurations possible and Page/
interleaved mode operation are discussed in
this sectlon. Figure 2.1 is a block diagram of

the 82C212 chip.

221 Array Conﬁguratlon

The 82C212 organizes memory as banks of
18 bit modules, consisting of 16 bits of data

INTERNAL INTERNAL INTERNAL
ADDRESS STATUS CONTAOL
BUS BUS
"’c{»,_"‘ j——— XBEN
STOR, oW t8aic [ OL&
CONFIG, p—— DRD
REGISTERS
MASTO>  ——]
oLY<: 0>
STATE P18
AS-A23 [ MaCHINE |
|| ADDRESS | | oRAM |
AopReas | °% RRS<a.0>
Eﬂsistggios: 'g{" }—— CTASt0.1
woaic LoGIC g;wﬁm
- R
STS5MAD
TNERR, I__ GA20
XWERMWHLDAT I TS
on STA‘TUS
- f— MAT>
LATEH DRAM
1 ADRS | maces>
PROCCLK
] CLOCK
x1x2 cLock osc.0scnz
RESETA =]
REFRESH
REFRESH LOGIC

Figure 21 82C212 Block Diagram
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and 2 bits of parity information. The. 16 bits of
data are split into high and low order bytes,
with one parity bit for each byte. This configu-
ration can be implemented by using eighteen
1-bit wide DRAMS or by using four 4-bit wide
DRAMSs for data with two 1-bit wide DRAMs
for parity. The minimum configuration can be
a single bank operating in non-interleaved
mode or can be & pair of DRAM banks oper-
ating in two way interleaved mode. If the
82C212 uses a two way interleaving scheme,
the DRAMs within a pair of banks must be
identical. However, each bank of DRAM pairs
can be different from other pairs. For example,
Banks 0, 1 may have 256K by 1 bit DRAMs
and Banks 2 and 3 could have 1M by 1bit
DRAMs. A typical system may be shipped
with one or two banks of smaller DRAM types
(eg. 256K by 1 bit DRAMs) and iater upgraded
with additional pairs of banks of larger DRAMs
(eg. 1M by 1 bit DRAMS).

2.2.2 Page/Interleaved Operation

The 82C212 uses a page/interleaved design
that Is different from most interleaved memory
designs. Typical two way interleaving schemes

e T p——end

L S

use two banks of DRAMS with even word
addresses on one bank and odd word ad-
dresses on the other bank. If memory ac-
cesses are seqUential, the RAS* prechargs
time of one bank overlaps the access time of
the other bank. Typically, programs consist
of instruction fetches interspersed with
operand accesses. The instruction fetches
tend to be sequential and the operand ac-

- cesses tend to be random.

Figure 2.2 is a sequence diagram for 2 memory

interleaved scheme using two banks 0 and 1.
The RAS signals of the two banks are inter-
leaved so that the RAS precharge time (T,5)
of one bank is used for the RAS active timeTn
the other bank. This requires sequential ac-
cesses to be alternating between the two
benks. For non-sequential accesses, it is pos-
slble to get walt states due to a ‘miss’. Typi-
cally, this results in a 50% hit ratio (possible
zero walt state accesses).

Figure 2.3 is a sequence diagram of a paged
mode DRAM operation. In paged mode
DRAMS, once a row access has been made, it

- L I

TAS LI L] L
DATA sm—————{ DATAT Joe{"DATA2 }—{"DATAT }o!{ DATA2 }—{ DATA) Juee{ DATAZ
RASH L L 1 T
cas i — 1T
Figure 2.2 DRAM Intetleaved Operation
le—Tepm
TAE 1 , | | i { ‘
ADDR

Row X corumn ~ X cotumn X coitmn X coLumn X COLUMN

DATA VALID VALID VALID }———e{ VALID }—emee{ VALID }—

Figure 2.3 DRAM Page Mode Operation
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is possible 10 access subsequent column ad-
dresses within that row, without the RAS pre-
charge penalty. However, after a RAS' active
which typt_[xoccurs every 10 microseconds.
Since the CAS precharge time Tep Is small, it
is possible to make fast random accesses
within a selected row. Typically, page mode
access timas are half the normal DRAM ac-
cess times. For 256K = 1 DRAMS, each row
has 512 bits. If eightesn 256K % 1 bit DRAMs
are used to implement a bank, a page would
have 512 x 2 bytes {excluding 2 bits for parity)
= 1 Kbytes. Thus paged mode DRAMs could
be interleaved at 1 Kbyte boundaries rather
than 2 byte boundaries as in the regular inter-
leaved mode operation. Any access to the
currently active RAS page would occur in a
short page access time and any subsequent
access could be anywhere in the same 1Kbyte
boundary, without incurring any penalty dus
to RAS precharge. If memory is configured to
take advantage of this DRAM organization,

significantly better performance can be a--

chigved over normal interleaving because:

1. Page mode access time is shorter than
normal DRAM access time. This allows
more time in the DRAM criticat paths, to
achieve penalty free accesses or ‘hits’.

2. The possibility of the next access being

fast Is significantly higher than in a regular
interleaving scheme. This is because in~
structions and data tend to cluster together
by principle of locality of reference.

82C212 supports both two and Tour way inter-
leaved. mode. lf four way interleaved mode is
used, the DRAMs used. in the four banks
must be {dentical. Table 2.0 shows the 0 wait
state hit space for possible banks configur-

_ations.

0S/2 Oplimization

The NEAT architecture features 0s/2 optlmf-
zation using REGEF<1> of the 82C212 in
conjunction with REG60<5> of the 82c211.
05/2 makes frequent DOS calls while oper-

‘ ating in protected mode of the 80286 CPU. In

arder to service these DOS cdlis, the 80288
CPU has to switch from protected to real
mode quickly. Typical PC/AT architectures
require the processor to issue two commands
to the 8042 (or 8742) keyboard controller in
order to reset the processor (to switch i into
protected mode) and to activate GATEA20.

REGE0<5>> of the 826211 Is to used to invoke _
a software reset to the 80286 processor and

REGEF<1> s used.to activate GATEA20.
Since this involves two 1/O writes, it is possible

“to execute a “Fast GATEAZ0”. in an OS/2

environment, where frequent DOS calls are

_made, this feature provides slgmﬂcant per-

formance improvement.

4
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) EVEN BYTE , ODD BYTE
I‘ +PAR}'(\,')Y BIT - +PARg)Y -ing
exem D "{_"—“_".'ﬁ“f'“_ﬁl
MWE i — - | .
] — I
¢+—{WE DRAM +{WE DRAM |
CASH = .l : RS | BANKD
[ 256K x 9 256K x 9
(1M x 9) i (1M x 9} 1
' RA! . ! m 1
RAZD t 1 —-- |
CAsT I "-:—_. R T
| !
I L |We DraM | L WE DRAM |
CAS10 = =i CAS ! } ! BANK?Y
1 256K x 8 | 256K x 2
| 1M x 9) (1M x 9) 1
R R
= L
AAS -
| A [ D A 2
cash — i }
| |
| b—{WE DRAM t +—{wE oram |
CAS?0 = CAS ; I cas - | BANK2
| 256 x 9 I 256K x 9
| (1M x9) (M x 9) |
| RAS _! RAS 1
o = e e | ¢
—— e —— — — USRS — -
[T v53] b } !
| L WE DRAM : L{WE DRAM |
CASan 1 €AS i CA3 !
| 256K x © 256K | BANK3
l (1M x 9) | (1M x 9) |
RAS I RAS !
RAS3 'f I i . l
. e —_tlt———_—— 1 — -z
Figure 24 DRAM Organization
Table 2.0 Average 0 Wait State Hit Space
DRAM Type
Bank 0 Bank 1 Bank 2 Bank 3 Two Way Interleaved Four Way Interleaved
256K 256K 0 o] 2K NA
256K . 256K 256K 256K 2K 4K .
256K 256K 1M 1™ 3K NA ‘
™M 1M 0 0 4K N  NA
™ 1M 1™ 1M 4K ' . 8K

42
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2.3 Functional Description

Flgure 2.1 is a block diagram of the 82C212
memeory controller. it consists of the following
suti-modules: . ,

® EPROM and DRAM control logic
B System Control logic

® Memory Mapping and Refresh logic
m Oscillator clock generation logic

m  Configuration registers

2.3.1 EPROM and DRAM Control Logic

The EPROM and DRAM control {ogic in the
82C212 is_responsible for the generatlon of
the RAS, TAS and MWE signals for DRAM
accesses and the generation of ROMCS for
EPROM accesses. This sub-module algo
generates READY to the CPU upon comiple-
tion of the desired local memory operation.

The appropriate number of walt states are_.

inserted, as programmed by software (or by
default) in the wait state register of the
82C212. Figure 2.4 is a block diagram of the
DRAM organization for the NEAT architecture.
As seen, each RAS line drives each 256K * 18
bit bank {or 1M x 18 bit bank). The CAS lines
are used to drive individual bytes within each
bank. MWE is connected to each DRAM bank
write enable input.

2.3.2 System Control Logic

This Sub-rodule of the 82C212 generat&e
XDEN DLE, DRD, AF16 for system control.
XDEN s issued for I/O accesses to the in-
ternal registers of the 82C212, It Is used to
enable the XDO-7 lines onto the MAD-7 lines
from an external buffer, for accessing the
internal registers of the 82C212. The DLE and
DRD signals are generated for enabling and
controlling the direction of data between the
CPU data bus and the memory data bus (MD
bus). AF16 is issled by the 82C212 stats
machine. It is active for local memory ac-
cesses and meets the set up and hold times
with respect to PROCCLK for the 82C211,

. 2.3.3 Memory Magping and Refresh Logic

- The 82C212 has an extensive set of memory

mapping registers for various memory organi- -

zations. The registers are discussed in section
2.3.5. Through the memory mapprng logic,
for up to 1 Mbyte of systern RAM, it is possible

‘to map RAM that overlaps the EPROM area

{840Kbyte-1Mbyte) to the top of the 1Mbyte
area, as shown in Figure 2.5. Hence, for 1
Mbyte of on board RAM, the software can
address it from 0 to 640 Kbytes and from 1
Mbyte to 1.384 Mbytes. The EFROM can be
addressed from the 640 Kbyts area to the 1
Mbyte area.

+

MAPPING  ADDRESSES y
15FFFFH  (1.384 Mb)
”
rd
g RAM . AAM AREA
SYSTEMRAM .7 " -
100000 b
b , ” JOFFFFFH (el 1.
- BIOS ROM
. g ROM AREA
-~
DAGODOH  (640Kb r_ -
sa0Kh oot B )
-— RAM RAM AREA
Kb b ) 000000H (OKb)

Figure 2.5 System RAM/ROM Mapping for 1MB System RAM
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For normal mode of operation, 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 cdbde through RAM rather
than through slower EPROMs. The 82C212
provides the shadow RAM feature which if
enabled aflows 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-cali
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 2.6, it 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 ——— IFFFFFH
— RAM

—_— 300000H

3Mb 2FFFFFH
—— RAM

2Mb —_ 2000004

AFFFFFH
— AAM

b —_—— 100006H

77 FFFFH

/72%/ o

———— 000DA0H

640K OOFFFFH
— RAM

OKb - 000000H

Figure 2.6 RAM/ROM Mapping Without
Shadow AAM (More Than 1MB of RAM)

shown in Figure 2.7, overlapping or Shadowing
the EPROM area. In both cases, for accessas
beyond the 1 Mbyte address range, the pro-
cessor is switched from real to protected
mode from BIOS. '

SYSTEM
RAM MAPPING ADDRESS
4Mb IFFFFFH
sl RA“
200000H
ML 2FFFFFH
B e RAM
e 200000H
2Mb 1FFFFFH
B e ARAM
1Mb ——rmme- 100000H
sHADOW ! OFFFFFH
S 0000C0H
640Kb 09FFFFH
— RAM
oKb 000000H
Figure 2.7 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
DO00OH-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 82C212 uses the trans-
lation table in the EMS mode, address lines
Al4 to A22 are translated by the appropriate
EMS mapping register. Hence, this scheme
does not require switching between user and
protected mode. Figure 2.8 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. Although the EMS scheme translates
the 64 Kbyte block in the DOOOOH-DFFFFH
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SYSTEM RAM
PHYSICAL
ADDRESS
8Mb
® -
TR
EMS PAGES ANSLATION
soFTwape  BIQ3-POM : 6Mb
ADDRESS _~"TooFerru '
OFFFEFH 16Kb| PAGE3
2DCo00 5Mb
ODBFFFH S y
ODFFFFH 16Kb | PAGE 2
aDoooaH OD80CH XTI 4Mp
OD7FFFH
16K | PAGE 1
0D40g0H
Q00000H
ODIFFFH ) sue
16Kb PAGE 0 VEPIIIEEII20 04
0D0000 2Mb
SIIrsIrsss
1B
®

Figure 2.8 EMS Mapping

area, it is possible to select a 64 Kbyte block

RAS1 and RAS? are staggered by one delay
from any other area.

, unit using an external delay line, with res ect
to RASO and RASS, The RASG-RASS,

Refresh Logic RAS2 bundling is provnded so that staggering

During a refresh cycle, the 82C211 puts out is effective for a minimal 2 bank or a fult 4 _

the refresh address on_the AO-A9 address bank configuration. ol

lines and asseris the REF signal low to the . ' )

82C212. The 82C212 uses these signals to .
generate the refresh address on the MAO- .

MAS 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, ail RAS lines are
pulled high_to ensure RAS precharge. Fol-
lowing this, RASC and RAS3 are asserted low.

Memory Configurations

It is possible to use 1Mbit or 256K bit (and in_
one case, 64K bit) DRAMs for systém memory
in the NEAT CHIPSet™. Each memory bank
can be implemented with eighteen 1 bit wide
DRAMS or four 4 bit wide DEAMs_with two 1
bit wide DRAMs. Passible configurations for

onboard memory are listed in Table 2.1, Each
bank is 16 blts w1de plus two bits for parity.
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Table 21

DRAM Type Total EMS
Bank0 Bank1 Bank2 Bank3 Memory Range

10 0 0 0 -~ disable 0

2 25K 0 "0 @ S12kb @

3 M 0 0 0 2Mb iMb to
2Mb

4 256K 64K O O 640Kb O

2.5 Configuration Registors

There are twelve configuration and diagnostics
registers in the 82C212, RBO-RB11. These are
accessed through 10 ports 22H and 23H
normally found in the jnterrupt controller
module of the 82C206 IPC. An indexing
scheme is used to reduce the number of 1/Q
addresses required to access all of the regis-

ters needed to configure and control the

memory controller. Port 22H is used as an
index registar that points to the required data
value accessed through port 23H, A write of
the index value for the required data is per-
formed to [ocation 2214. This is then decoded
and controls the multiplexers gating the ap-
propriate register to the output bus. Every
access to port 28H must be preceded by a
write of the index vaiue to port 22H4 even if the
same data register is being accessed again.
All bits marked as Reserved are set to zero by
default and must be maintained that way
during write operations. Table 2.2 lists these
registers.

266K 266K 0 0  1Mb  1Mbto
1.384Mb
6 1M M 0 0 4Mb 1iMbto
aMb
7 256K 256K 256K 0  15Mb iMbto
1.5Mb
8 256K 256K M 0 3Mb  Mbto
‘ 3Mb
9 1M 1M M 0 6Mb 1Mbto
6Mb
10 256K 64K 256K 256K 1.64Mb 1Mb to
1.64Mb
11 256K 256K 256K 256K 2Mb  iMbto
2Mb
12 256K 64K 1M 1M  464Mb 1Mbto
4.84Mb
13 256K 256K 1M 1M SMb  TMbto
5Mb
141 1M 1M M 8Mb  IMbtlo
8Mb

Page/interleaving is possible for only those
combinations with similar pairs of DRAMS. In
Table 2.1, page/interleaving is possible with
combinations 5, 6, 11, 13 and 14. -

2.4 Clock Generation Logic

The 82C212 has an oscillator circuit which
uses a 14.31818 MHz crystal to generate the
OSC and 0SC712 clocks. The 1.18381 MHz
OSC/12 clock is used Internally to generate
the RAS timeout clocks, one for each bank.
RAS is deasserted for each bank when its RAS
time out counter times out after about 10
microseconds.,

Table 2.2

"Register | Register

Number | Name Index
RBO Version 64H
RB1 ROM Configuration 65H
RB2 Memory Enable-1 66H
RB3 Memory Enable-2 67H
RB4 Memory Enable-3 68H
RBS Memory Enable-4 69H
RB6 Bank 0/1 Enable 6AH
RB7 DRAM Configuration 6BH
RB8 Bank 2/3 Enable 8CcH
RB9 EMS Bass Address 6DH
RB10 EMS Address Extension | 6EH
RB11 Miscellaneous 6FH
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2.5.1 Register Description Bits Function
Version Register RBO 7 NEAT memory controller idantifier.
Index register port: 224 0 = 82C212 T
Data register port: 23H e
. o oot 6,5 | 82C212revision number. 00 = inifially
{may vary with future revisions)
[p7]oe]os]o4 |03 [p2]D1fD0 | ' 4-0 Reserved and default to 0*
RESERVED
820212 VERSION
}(m A i o o
MEMORY
CONTROLLER
IDENTIFIER (R)
*
! ———
47 -
_ gy .
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ROM Configuration Register RB1
Index register port: 224 -~

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

io7|os]os|os]os]o2[01]oe]

ROM ENABLE/

SHADOWING

S
e —
-

SHADOW RAM
WRITE
PROTECTION IN

64K SEGMENTS

ROM at DODOOH-DFFFFH. Defauit =

= ROM disabled, Shadow RAM
enabled ROMGS is not generated
unless bit is set 1o 0. .

ROM at COO000H-CFFFFH (EGA).
Default = 1 = ROM disabled, Shadow
RAM enabled. ROMCS is not gener-
ated unless bit is set to 0.

Shadow RAM at FOO00OH-FFEFFH in
Read/Write mode.0 = Read/Write
{default), 1 = Read only (Write pro-
tectad).

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

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

Shadow RAM at CO000iH-CFFFFH
in Read/Write mode. 0 = Read/Write
(default), 1 = Read only (Write pro-
tected).

Bits Function

0 ROM at FODOOH-FFFFFH {B10S).
Default = 0 = ROM enabled. ROMCS
is generated.

1 ROM at EODOOH-EFFFFH. Default =

= ROM_disabled, Shadow RAM

enabled. ROMCS is not generated
unless bit is set to 0.

L

-
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Momory Enable-1 Register RB2
Index register port: 22H
Data register port: 23H

Index: 66H
. |o7]os]os]04]o3Ip2] o1]e0]

Memory Enable Register-2 RB3
Index register port; 22H
Data register port: 23H (R/W)

Index: 67H

Drlnslnslmlnalnz]m]_—l

RAM ADDRESS
B0000H-BIFFFH
RAM ADDRESS
B4000H-BTFFFH
~———— { RESERVED 'RAM ADDRESS
88000H-BBFFFH
- _ dgm | ADDRESS
— RAM ADDRESS
T T ADGOOH-ASFFFM
ADDRESS
M
"ﬂ,‘g% 00H-ATFFFH
. - RAM ADDRESS
:%(mmou ABGOOH-ABFFFH
‘ vl ADDRESS
:t% ENABLE m A Ape
Bits Function Bits Funetion
0-6 {On 82C212 only) 0 Enable Shadow RAM in BOOOOH-
. Reserved and default to 0*. ~ B3FFEFH area. Disable = 0 Enaple =1
0-4 {82C212B and later revision only) 1 Enable Shadow RAM in B400OH-
Reserved and default to 0*. - . B7FFFH area. Disable = 0 Enable = 1.
5 (82C212B and later revision only) 2 Enable Shadow RAM in BS00OH-
Map 0-256K memory: BBFFFH area. Disable = 0 Enable = 1.
9 {defai) to system board 3 Enable Shadow RAM in BCODOH-
g BFFFFH area. Disable = § Enable =1,
6 (82C212B and later rev,snon only) 4 Enable Shadow RAM in AGOOOH-
Map 256-512K memory. ASFFFH area. Disable = 0 Enable = 1
0-——(default) to system board
1—to 1/O channel _ 5 Enable Shadow RAM in A4000H-_
7 Address map RAM on system board ATFFFH area. Disable = 0 Enable 1,
In BODOOH-9FFFFH aréa. 0 = Address 6 Enable Shadow RAM in ABOOOH-
is on the I/O channel (default), 1 = - ABFFFH area. Disable = 0 Enable = 1.
Address is on the system board and -
Enable Shadow RAM in ACO00H-

is put-out by the 82C212.

AFFFFH area. Disable = 0 Enable = 1.

M 209811k 0009147 79L WA
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Memory Enable-3 Register RB4
Index register port: 22H

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

|o7]os[os]0a]pa Jo2]o1 b0

RAM ADDRESS
CO000H-CIFFFH

be——- RAM ADDRESS
CA000H-CTFFFH

RAM ADDRESS
CH000H-CBFFFH

RAM ADDRESS
CCODOH-CFFFFH

RAM ADDRESS
DOODOH-DIFFFH

RAM ADDRESS

D4000H-DTFFFH
RAM ADDRESS

D8000KH-DBFFFH
RAM ADDRESS

DCOQOH-DFFFFH

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

Data register port: 23H (R/W)
Index: 69H

|o7icelos[pajmaioaloifoe]

RAM ADDRESS
EQQOOH-EIFFFH

RAM ADDRESS
E4000H-E7FFFH

RAM ADDRESS
ES000H-EBFFFH

— . RAM ADDRESS
CO0OH-EFFFFH
—_—

RAM ADDRESS
FOUOOH-F3FFFM

RAM ADDRESS

FA00OH-F7FFFH
RAM ADDRESS

FBO0OH-FBFFFH

HAM ADDRESS
FCUOOH-FFFFFH

Bits

Function

Bits

Function

Enable Shadow RAM in CQOOQ0H-
C3FFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in E000OH-
E3FFFH area. Disable =0 Enable =1,

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

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

Enable Shadow RAM in C8000H-
CBFFFH area. Disable =0 Enable =1,

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

Enable Shadow RAM in CCOO0H-
CFFFFH area. Disable = 0 Enable = 1.

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

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

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

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

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

Enable Shadow RAM in D80QOH-
DBFFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in FBO0OH-
FBFFFH area. Disable = 0 Enable = 1.

Enable Shadow RAM in DOOGOH-

DFFFFH area, Disable = 0 Enable = 1.

Enable Shadow RAM in FCOOOH-
FFFFFH area. Disable = 0 Enable = 1.
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Bank 0/1 Enable Register RB6 Bils Funcfion_ e
Index register port: 22H
Data register port: 23H 0-4 Reserved and default to 1
' index: BA S Number of RAM banks used.

0 =1 bank,non-interleaved mode
(default), 1 = two banks.

These bits contain the information
for the DRAM types used on the
system toard. POST/BIOS should
use the DRAM configuration data
stored in the CMOS RAM of the
* RESERVED 82C206 IPC.

o7|os]os{pa[oa[o2]o1]De] T 7.6

| -
6 | DRAM Types
’ 0 0 | Disabled
WUMpEROF . . 1 0 1]|256K and 64K bit DRAMs
DRRRS Ry used (for 640 Kbyte com-
DRAM TYPES ) bination only)
(RrW) 1 0 [256K bit DRAMs used
{default)
1~ 1{1M bit DRAMs useq

L 4
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DRAM Configuration Register RBY 32 EMS memory access wait states.
Index register port: 22H
Data register port: 23H (R/W) 3 2 | Wait States
Index: 6BH
0o o0]o .
o7]os|os|ososfo2[ 1[0 ] , 0 1|1
| 1 x|2
_}“" WATSTATES % EMS enable bit.f set to 0, EMS is
disabled (default). If set to 1, EMS
is enabied.
EMS WAIT STATES
} 5 RAM access wait states. If set to 0,
accesses have 0 wait states, If set to
EMS ENABLE 1 (default), accesses will have 1 wait
———————————— RAM WAIT STATES state.
MEMORY 6 640Kbyte to 1Mbyte RAM relocation
SELOCATION bit. A zero does not relocate local
PAGE MODE RAM. A cne (default} relocates loca!
ENABLE RAM from OAOQCOH-OFFFFFH to
100000H-15FFFFH, (implement only
Bits | Function if local RAM = 1 MB). If RAM does
1,0 ROM access wait states control. not equal 1 MB, set bit to 0.
7 Page mode enable. 0 disables page
1 0 | Wait States mo%e. allowing use of normal moge
0 olo for the DRAMs. 1 enables page .
o 111 i . mode for the DRAMs. On the
1 o2 820212, the default is 0; on the
1 1 3 (default) 82C212B, default is 1. 20 MHz only
run page mode.
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Bank 2/3 Enable Register RB8 o Bits Funclion
Index register port: 22H : _
Data register port; 23H - C-3 Reserved and default to 1.
Index: 6CH _ ‘ 4 A zero enables the 2-way page inter-
|p7]os)ps[os]oa]oz]o1[00] L . leaved mode. A one (default) en-
ables the 4-way ‘page interleaved "
mode if all 4 banks are the same
L DRAM devices. B
RESERVED -
5 Number of local RAM banks used.
0 -1 Bank used, non-Interleaved
—_— mode only (Default] 1 -2 bhanks
2/4-WAY PAGE used.
IE!ﬁ\’ERLEAVE a4
Nw‘m:n oF . 7,8 These bits indlcate the Iocal DRAM
BANKS (R/W) type as Ilsted
] DRAM TYPE 7 6 | DRAM Type
(R/W)
0 0 | none (Default)
¢ 1 | Reservad
1 0 | 256 Kbit
T 1 [ 1Mbit
53 _— -
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RB9

ﬁ-,%:ﬁ:;?sgd;x gffﬂ"'“ 8 7-4 These bits are used for selecting

i . R/W) the expanded memory base ad-

ﬁ%’:{?ﬁsﬁer port: 23H { dresses. Thay are encoded as fol-

. lows, with all unused combinations
[o7]oeos{os]os[p2]o1]o0] being reserved:

7 6 5 4|EMS Base Addresses
—— | EXPANDED

| MEMORY PAGE G 0 0 0|CO0000H, C4000H,
BASE ADDHESS C8000H, CCO00H
0 0 0 1|C4000H, C8000H,
CCO00H, DO0OOH
0 1 0 |CB000H, CCOOOH,
DOOCOH, D400OH

0 1 1 |CCO00H, DO0OOH,
D4000H, DB0OOH

DO0OOH, D4000H,
D800OH, DCOOOH
1| D4000H, DBOOOH,

EXPANDED
MEMORY BASE
ADDRESS

e © o o © o
-
o ©
o

DCO000H, EOCO0H
Bits | Function 1 1 0| D8000H, DCOOOH,
0-3 These bits are used for the EMS EOOOOH, E4000H
page register I/0 base address,. The 1 1 1| DCO00H, EQOOOH,
bits are encoded as follows, with E4000H, EBOOOH
unused combinations being reserved: 1 0 0 0| EO0DOH, E4000H,
- ES000H, ECO00H
3 2 1 0} /O Base
0 0 O 0] 208H/209H
0 0 0 1]218H/219H
0 1 0 1]258H/259H
0 1 1 0|268H/260H
1 0 1 0]2A8H/2A8H
1 0 1 1]2B8H/2BSH
1 1 1 0]2E8H/2E9H
54
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EMS Address Extention Register RB10

>P ‘ i nsk Y it .'
index register port: 22H _ ?{2;2) EMS Page 2 address extension bits
Data register port: 23+ (R/W) )
Index: 6EH 3 2 | Block of EMS Memory
0 0 | 0 Mbyte to 2 Mbyte
. {o7}os]es|oa]os foz{o1fos 0 1|2 Mb{(tte to 4 Mb;:tte
— 1 0 | 4 Mbyte to 6 Mbyte
EMS PAGE 3 1 1 | 6 Mbyte to 8 Mbyte
5(A22)| EMS Page 1 address extension bits.
l EMS PAGE 2 “AZY} 5 4 | Block of EMS Memory
| 0 0 | O0Mbyte to 2 Mbyte
0 1 | 2'Mbyte to 4 Mbyte
}E"s PAGE 1 1 0 | 4 Mbyte to'6 Mbyte
1 1! 6 Mbyte to 8 Mbyts
‘ EMS PAGE 0 7({A22){ EMS Page 0 address extension bits.
.~ 82} 77 7¢ [ Block of EMS Memory
Bits | _Function 0 0 | 0Mbyte to2 Mbyte
1(A22)|] EMS Page 3 address extension bits. 0 1| 2Mbyte to 4 Mbyte
O{A21) - 1 o 4 Mbyte to 6 Mbyte
1 0 | Block of EMS Memory 1 1 6 Mbyte to 8 Mbyte
. 0 0 { 0Mbyte to 2 Mbyte Address lines A22 and A21 are used in EMS
0 1 | 2Mbyle to 4 Mbyte Address translation logic.
1 0 | 4 Mbyte to 6 Mbyte
1 1 | 6 Mbyte to 8 Mbyte . i
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Miscellaneous Register RB11
Index register port: 22H
Data register port; 23H
Index: 6FH

|n7|o6[os[pa]os[p2] p1]o0]

RESERVED
GA20 CONTROL
(R/W)

—— RAS TIME-OUT

4 (82C2128 or later revision only)
External EMS.
0—(default) disable

_ 1—enable .
7-5

These bits are used to set the EMS
memory space according to the fol-
lowing coding:

-

& EMS Memory Size

Less than 1 Mbyte
1 Mbyte

2 Mbytes

3 Mbytes

4 Mbytes

§ Mbytes

6 Mbytes

7 Mbytes

-k SO0 O0
SO0 - 00
woawowo=ofwm

ENABLE

} RESERVED
EMS MEMORY
SIZE (R/W)

Bits Function

0 Reserved and c_lefault to 0.

1 This blt is used for address line A20

control and provides OS/2 optimi-
zation white switching between real
and protected modes. If the bit is set
to 0 it enables CPUA20 onto A20.
When set to 1, A20 = CPUA20 whean
GATEAZ20 = 1, and A20 = 0 when
GATEA20 = 0. The 82C212 default
is 0, and bit must remain 0. 82C212B
defauit is 1.

EMS Page Registers

Page 0 2x8/2x9H ’

Page 1 42x8/42x9H

Page 2 B2xB8/82x9H .
Page 3 C2x8/C2x8H

2 This bit is used to enable the RAS
time-out counter for page mode
operation. The counter is enabled if
set to 0 (default) and is disabled if
set to 1.

Bits Function
-6 A14-A20 (bit 0 for A14)
7 O-page disable

1-page enable

3,4 (82C212 only) Reserved and default
0.

3 (82C212B or later revisions only)
Enable EMS address to translation
logic. .

0—(defauit) at beginning of Ts state
1—before beginning of Ts state

Xcanbe0,1,5,6 A, B, e

*The reserved bits are recommended to be initial-
ized to 0.
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2.6 Absolute Maximum Ratings
Parameter Symbol Min. Max. Units
. Supply Voltage . ot T Ve i _ — . =707 "V _
Input Voltage - v, -0.5 5.5 v N
Output Voltage . : Vo -0.5 55 . VT
Operating Temperature . Top -25° 8° . C
Storage Temperature Tsre - T-40° 128 C T

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 82€212 Operating Conditions

Parameter Symbol Min. Max. Units
Supply Voitage Veo ~ - 475 525 v .
Ambient Temperature Ta 0° T T70° c

2,8 82C212 DC Characteristics

‘ Parameter Symbol Min. _Max._ Units
Input Low Voltage ' ViL -.. .08 Vv
Input High Voltage ViH 2.0 Y]
Output Low Voltage (See Note 1) VoL ) -~ . 045 \

IOL = 4mA . S
Output High Voltage (See Note 1) Vou 24 — v
IOH = -4mA . } ) I
Input Low Current Iy — _+0 _ pA
wW<Vee . ] - - o
Power Supply Current @ 16MHz : lee - - D 4] ©mA
Output High-Z Leakage Current ] lozy +10 HA )
0-4 OUT<vcc ) i o - - e .
Standby Power Supply Current lcose c—=—=-10  mA

NOTE 1: 8202128 output currents (RASx and CASxx) are: ) . oL
low = 8 mA, loy = -8 mA

I 20981lt 0009155 &k2 WA
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CHIFS

2.9 82C212-12, 82C212-16 AC Characteristics
(Ta = 0°C 10 70°C, Vg = 5V = 5%)

12/12.5 MHz 16 MHz 20 MHz

Sym Description Min. Max. Min. Max. Min. Max. .
t1  RAS; active delay from CLK2I 0 6 0 % 0 16
(non-page mode}
t2  RAS;inactive delay from CLK2!' 5 "2 5 25 5 25
(non-page mode) . .
3 DLYOUT active delay from RAS,! 0 o 07 -
14 DLYOUT inactive delay from RAS;t 0 0 o B
t5 Column address stable from DLYO! 5 20 5 20 5 20
6  Column address hold from DLYO! 0 22 o 2 o 22
7 CAS; active delay from DLY1! g 18 5 1B 5 18 -
8 CAS inactive delay from DLY1! 6 2 6 22 6 22 :
19 AF16 active delay from CLK2} 0 19 0 % 0 12
t10  AF16 Inactive delay from CLK2 8 4 "8 3 § 25 _
111 READY active delay from CLK2! - 12 0 12 3 12 3 )
12 READY inactive delay from CLK2l 6 3 ° 6 30 6 25 .‘
113 DRD active delay from CLK2! 10 19 o 18 10 18
t14  DRD hold from DLE! 13 R 13
ti15  DLE active delay from DLY1! 0 40 ] 35 ] )
16  DLE inactive delay from CLK2! 6 % o 25 o 2 .
117 LMEGCS active from CLK2! 0 40 0 3 0 25 )
118 LMEGCS inactive from CLK2! 0 90 o @& o 2 _
19  GAZD vaiid delay from CPU 0 30 0 25 0 20 .
<A20> valid : -
120 GA20 invalid delay from CPU o0 ® o0 = 0 2
<A20> invalid . _
22 MWE active delay from CLK2) 0 % 6 2 o 2 T
128 MWE inactive delay from OLK3! - o 25 0 20 o 18
126  CAS; active delay from CLK2} 0 28 0 24 o 20 _
27 CAS; inactive delay from CLK2] 0 % 0 2 0o 2z _ .
128 DRD inactive delay from CLK2} 5 25 5 .20 5 18 i
120 CAS, inactive delay from DLE inactive 2 e 2 ;
t30  RAS; active delay from CLK2| 8 30 8 24 8 8

{page mode}

Note: Units of measurement for ali ratings are given in nancseconds.

§8 .
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2.9 82021 2-12, 82C212-16 AC Characteristics (Continued)
(Ta =0°C'te 70°C, Vg = 5V £ 5%)

12/12.5 MHz 16 MHz 20 MHz
. Sym Description Min. Max. Min. Max. Min. Max.
131 Row address set up time to RASt ~ "8 "7 7 e e 8 -
©2 PRowaddressholdtimefromCLK2l 6 ~ 35 °~ 6 28 6~ 25
133  RAS; inacive delay from CLK2! b 3 70 25 0 20 o
(page mode) . =
t34 RAS; precharge time (Interleaved Mode) o ..,.. 4 x CLK2 v I -
135 ROMCS active from CLK24 . 0 % . 6 % 0 25" ;_‘
t36  ROMGS inactive from CLK2| 6 8 0 "9 o 25
t37  DLE hold time from DRD 0 3 .0 .25 o . 2 B
138  RAS,; inactive fr'om REF! o ?’4 -’ 0 24 "’_o_ S
139 RASy; active from XMEMR 5° 24 8 24 5 24
140  RASy; Inactive from XMEMR! "3 13 .3 19 3 .18
t41 RAS,, active fom RABeg! 7 % 17 3B .7 25 ;
‘ 142 RAS,, inactive from RASqsl L ) -
143 Address setup time from XMEMR} v 10 0 .
44 Address hold time from REF! 4 4 4
145  Refresh address delay 0 ] 0 .. 0. * -
147  LMEGCS delay from REF 5 30 5 @ 5 . 20
148 LMEGCS delay from REF! 10 30 16 %0 10 0 _
49 RASy inactive from HLDATH" 0" "4 & s 0 40 -
150 RAS; active from command active 5 20 5 20 5 .20
151 RAS, inactive from command inactive 8 2% 8 25 B 25"
t54  Column address stable from DLYO! 3 18_ 3 . 18 3 18
155 CAS, active delay from DLY! 5 25 5 25 & 25
(while XMEMW active) . ;
156  CAS; inactive delay from = -~ =~ 9 2 9 22 s . 2% . L
command inactive . ) L o
. t57  AF16 active from command active 5 20 § 7 20 20
t58  AF16 inactive from command inactive 9 3. "9 B 25 -
159  XDEN active delay from XIOR| _ 4 24 4 o4 24
or Xlow: -

'
oy
i

Note: Units of measurement for all ratings are given in nanasaconds.
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2.9 82C212-12, 82C212-16 AC Characteristics (Continued)
(Ta = 0°C to 70°C, Vg = 5V £ 5%) o

12/12.5 MHz 16 MHz 20 MHz .
Sym Description Min. Max. Min. Max. Min. Max.
160 XDEN inactive delay from XIORt 2 20 2 20 2 20
or XIOW!
t61  XDIR active delay from XIOR! 4 24 4 24 4 24
t62 XDIR inactive delay from XIORt . 2. 20 2 20 2 20

Note: Units of measurameant for all ratings are given in nanoseconds.

2.10 82C212 Timing Diagrams

Ts ) Tec Tsor T
PROCCLK J‘_/ Y Y
51, 5 — I
AMZ?%J Valid if Ts
—] et —] |2
3 — ®
DLY1 7[ 9
MAS~0 X
CAS; I
—_—f p—t —wi | 110
AF16
———t | o £11 —_— F 12
READY L -
—— be— 13 ] 114
DRD ] r
| |[—t15 116 —=f mana
DLE p
MWE
uz —— {18
LMEGCS [ i .
——e t19 - 2o
GA20 Valid if Tg

Non-Page Mode—Read, 0WS
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2.10 82C212 Timing Diagrams (Continued)

Ts Tec Ts 7 Te . . TTe
b I A A H A A~
s% -\ [ I
e Vaiid | Address X/ /7 Valld | Address LA LLAL AL
——] f—t1 —_— |2 — —1 —_ b2
S ) J S
o3 —el [t —t] {3 f— — ‘-—ll
oLYoUT s .t
s et — s —
pLYD —1- R
MAS~0 ! X X
- L
—»] (7 o= -] 1B r——
cas, T | W
o] 19 e — o —] 19— — 110
AFTE 3 4
. m —y et —_— f—trt
REAGY ’ Y y . . - GO
e —'—ml .
f————— whrE cYOLE READ CYCLE: |

Non-Page Mode—Write Followed by Read, OWS

61
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2.10 82C212 Timing Diagrams (Continued)

TcORT Ts - Te TsORT ‘
mocck \_ [ Y [ ¥ [ I r_f_Jg_
fm T\ I}
s X Vaiid Address )4 Valld If Tg
t — be—1.12
RAS, -
DLY1 ﬂ
MAS-0 X
[T e
—
CaS;
et 19 |t 110 e
AF16
— 1] |f— - 112
AEAD F ‘
oro [/ IIITT1TT B
HS—] lo— imted  [—116
DLE ) —
— 122 — s
i —

Non-Page Mode—OWS, Write
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2.10 82C212 Timing Diagrams (Continued)

. Toox T Ts Te N Tc Tsor Ty
PROCCLK L_!"—J :
51,50 - \ [ \ Vaildwrs -
a0 Y Valid Address ) { Valld il Tg -
R h — —] f——12
BAS;
DLYOUT ' —\
MAS-0 X ) & -
CASy \ [rt——
e o pmd & —i — 10 ~ ' -
AF18
— m —] e 2.
READ -
22 R) —{ — {23
— ——————————— ———

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

T i Te TsorT _.
ey 4~ 4
o / -
- | O -
] a0
ms X
91 far 132
MA9~0 mnwﬁ{ COLUMN ADDRESS
fe—126 — le—127
m —-‘ lr_
RERDY N [
ORD
MWE l_ ‘ —_

Page Mode—Write Cycle with RAS Belng Inactive, OWS
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2.10 82C212 Timing Diagrams {Continued)

s® / C\_vanenTs
o ) Valid Adaress X X VetianT,
JE .

Lren

13t pe— e 132
MA9~0 Row Address Column Addrass
t

—] {126 — p—t
s
AFTS \ I B - '
RERDY L —
ov5 \ _ -
- -
m .

Page Mode—Read Cycle with RAS Being Inactive, OWS -
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2.10 82C212 Timing Dlagrams (Continued)

TeorTt Ts Tc Tgor Ty -
rrocck [ Y X [ x [ 3 LJ—JF— .
51,50 \ f vala i Tg
o TIIITTX | -
M/C 1 -
RAS; ) B
MAS~0 Column Address
— |—128 —_—] |—t7
CAS; :
—{19 fe—— 10
AF16
—_— i1 —_— j——t12
REAGY 2
GRD
—] |16
DLE I r
———] — 122 B —— le——123 ‘
AWE 2

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

PROCGLK Jf_J t Y Y x> x
5_,53_....\ — /
e Valid Address B { Y Valld Address
AAS;
MA9~0
— (o 126 —_— f— 27 —] Jo—128 — fe— 27
CAS;
— . = [e=——1t10 — f—g —| f—t10
o - i S -
— |oe—t1t —a] fo—t12 ] b—1
READY X . ’ : — _ - e
DRB
= j—u3

.DI.E — | ’___—\_
mwE o\ S

l—-——wnn‘e CYCLE i - READ CYCLE {

INTERLEAVE MODE, READ AFTER WRITE, 0 WS

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

Tecor Ty Ts Tc . ) TsarTi ’
PROCCLK _F‘J;__/'—!t__/“‘;_/"‘:__/'ﬂr_f—ﬂk_/_’L_/' .
51,50 \
‘,j,‘,’;,-ﬂ Valld Address X Valid i Tg
RAS; T
MAS~-0 Column Address
—t e 126 —_— 27
CAS; -
—— jo—19 — 110
AFs
—] p—1it1 112
READY 4
——te! fe—113 | |e——128
DRB
— ] fe—ms 29
- ; °
WE
——] je—t17 s
[MEGCE 4

Page Mode—Read, OWS (RAS active)
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2.10 82C212 Timing Diagrams (Continued)

' Te g T SRS T
I e e i e I U By

5,50 \ /
i X
——f | 33
— — ‘,‘ Lo

MA~0 X Row Address X Coiumn Address
CAS, \ /
AFG \ 1/ . -

AEADY | W
DRD \ .
DLE [ —\

’ Page Mode~Read Miss Cycle
69
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2.10 82C212 Timing Diagrams (Continued)

Ts. Te Tc 1ger i
erocax 3% | U aia 1_4:__/_\_/—!:_/—\_1— ‘
51,5\ / N - .. | U
Az ( X
M0 - o
——1 — F
ROMCS r‘_ 5% - N
— —
5AB - _ F o
— a7 [
e ____ [ . R A

ROM Read Cycle

70
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2.10 82€212 Timing Dlagrams (Continued)

. PROCCLK 3 o
XMEMR e
cemeted 138 et —eped ——1:?9’ — e $40
RASo3 - 1 o
-] 13§ p— =~ t41 fo— —f {42 [
RASq2 -
-— 143 —>] N — f-— ta4
Ao ST TTTATTT) Valid Address T
~—1 14§ 2 =t e (46 em - . .
Waro //// /ST AT vaid addcems NI
—f 147 —.Jus?—
iMEGTS ' T ) L
Aefresh Cycle

71
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2.10 82C212 Timing Diagrams (Continued)

HLOAY ] 7 1 7 .

XMEMR
XMEMW 4 p—
—ed fe— 149 — fo— 950 — 51
Ras e
DLYO o
oLyt T - "
—] 'o—-tSA
——t] Pt {55 — |t {58
CAS;
—n 57 —] |58
AF18 -
DMA Cycle .
& —
TOR . i _
—— G ‘
XIoW . [
E——— le— 159 —_— fo—— 160 =l — 159 — fmee 160
XDEN 2
——— P 5T — P tG2
XDIR
72
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3 82C215 DATA/ADDRESS BUFFER
3.1 Features

m Bus Conversion Ioglc for 18 bit to 8 bit
transfers

® Parity generation/detection logic

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 iatches

m Bus conversion logic

W 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 {lp, ). The CPU address
lines are latched by IALE to generate the X-
Address lines when HLDA is inactive.

3.22 Data Buffers and Latches

The 82C215 provides the buffering between
the CPU data bus (D0-D'15) and the memory
data bus ( (MDO-MD15) The DO-D15 lines drive
4 mA output low currents (lg). The MDO-
MD15 lines drive 8 mA.l. The enable slgnal
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. ) S )

At-A16

XA1-16

JALE
—D] MDO-15
L0 O}—
D015 g
—
PAo,g-'rg ——r——————— - MP0-1
L
XADXBRE PARERR
ACO-1 ?
r&n CONTROL
BBED LOGIC
DLE

Figure 3.1 82C215 Block Diagram
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Fo— - EEE
| < B L ooe | < o
! [> A —:l> [> E,ums |> :sms:
[
. G : |
CPU-BUS : A v : AT-BUS
) A I
| |
! q IMDO- q SD0-,
mor T * = <>
] D ] D IMD? D SD7Y

Figure 3.2 Bus Conversion Dala Paths

3.3.3 Bus Conversion Logic

The 82C215 provides data bus ceonversion
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-
trolled by the action codes which are qualified
by ACEN from the 82G211.

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 DRAMSs. 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,

74
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Table 3.1
ACt - ACO  Cycle Operation Data Path D )
. 0 0 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-NP , - N
0 1 cpPy 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-G-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 Vohage Vee Crm— 7.0 V.
Input Voltage Vv 05 85 .. v _ . -
Output Voltage ' Vo -0.5 .85 A
’ Operating Temperature Top -25° g5 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

Parametor Symbol Min. Max. Units
Supply Voltage Vee - 475, 5.25 v
Ambient Temperature Ta 0t 70e c
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3.6 82C215 DC Characteristics
Parameter Symbol Min. Max. Units
Input Low Voltage Vi . T 0.8 V.
Input High Voltage Vin 20 — Vv
Output Low Voltage VoL -_ 0.45 v
lop =4mA . . . . ..
Output High Voltage Vou 24 - Y
lon = ~4mA _
Input Current Iy . - 10 pA
0<Vin<Vee . : . . L
Power Supply Current @ 16MHz Ice L - 80 mA
Output High-Z Leakage Current loz1 +10 HA
0'45<VOUT<VCO : ‘ . o -
Standby Power Supply Current lecss ) - 1.0 mA

3.7 82C215-12, 82C215-16 AC Characteristics (Continued)
(Ta = 0°C 0 70°C, Vg = 5V £ 5%)

12/12.5 MHz 16 MHz

20 MHz ‘

Sym Description Min. Max. Min. Max. Min. Max.
t1  MD bus 3-stated after DRD active 75 .24 75 24 15 24
2 MD bus valid to D bus valid 8 18.5 8 185 8 ~ 18.5"
©8a  MD bus being diven after DRD inactive 75 ~ 28 ~ 7.5 28 75 28
t3b  MPO, MP1 being driven after 8 23 . 6 7 238 23
DRD inactive
t4 D bus invalld after DRD Inactive 4 13 13 4 13
15 D bus 3-stated after DRD inactive 6 15 6 15 6 15
t6 D bus valid to MD bus valid 1 35 .11 8 11z
7 Dbusvalid to MP1, MPOvalid 11 35 1 3% 11 27
18 ACEN active to D bus valld 5 40 5 9 5 40
9 AC code valid to MD bus valid ] 42 0 2 0 42
110 AC code invalid to MD bus ir_walid .0 42 i o 42 0] 42
t11  DLE inactive to PARERR enabled 0 45 0 45 0 45
112 DRD inactive to PARERR disabled 0 45 O 45 0. 45
t13  1ALE active to XA bus valid 0 _50 0 46. O 38

Note: Units of measurement for all ratings are given in nanoseconds.
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3.7 82C215-12, 82C215-16 AC Characteristics
(TA=0°Cto 70°C, Voo =5V £5%) =~~~ o T

- 12/12.5MHz 16 MHz 20 MHz
. Sym Description Min. Max. Min. Max. Min. Max.
t14 XA bus valid to A bus valid 0 40 0 40 o] 40 .
t15 MD, MP setup time to DLE 0 ¢ * D
trailing edge . o
t16 MD, MP hold time from DLE . 7 7 R
trailing edge .
t17 DRD setup time to DLE trailing edge 30 S8 LD om0
t19  MD bus hold time from ACEN _ 9 R 9.
trailing edge ‘
20 MDbusvalidto MP valid duringDMA 0 46 . 0 46 0 . .46
memory write cycle . - . .
21 MD high byte vaild to MD low byte . 0 46 0 48 0 46
valid during DMA high memory ) N
read cycle . _
22  AC code valid to MD high byte valid 6 2 .6 25 6 25 .
during DMA high memory write cycle . — ;
. t23  AC code valid to MP valid during DMA 10 30 10 30 10 30

high memory write cycle

Note: Units of measurement for all ratings are given in nanoseconds,

3.8 82C215 Timing Diagrams

1 et . - . — de o aee-
oRD* _J: A @a (or 13b) D

— -
MD £ F—-1
{or MP) ,
[ J—— —-————a ————————
. e {2 | 14— S .
15—nd
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3.8 82C215 Timing Diagrams (Continued)

D —_— Pm-’ T Y ———— —_—— .

MD e = —— . )....-—“_—-

mp -~ )
—r—r]

BLE - / !L _ . p

- (]

DRD* > L C
2
Jo— j:__,r
f—t11
IALE / ~ } N\ _
A ed :  —m————
L
XA e e e e e
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3.8 82C215 Timing Diagrams (Continued)

. DLE . V4 _\_

DRD* \ B /
MOMP s e e et e e e e e e em———
5 ——  p—t16
ACEN" - -
MD —m e e e e e ————— - -~ 1—:— ------
—!  fe—t12
HLDA I
MD — e 4 L rm——————— -
e 420 el .
MP - e e 4 e ——————
HLDA / » )
AC code me e el 1 I
MD high me— e e e ) ST —-———
I - —
MD oW = e D
HLDA / ‘
L L —— 0 W;—;:';--L;——- -
MD low _-__-._-—-( - ”j'—"'“‘f—_—'—-
122 (e—! - ' .
MD high - e e e o e e ——— :
Y B~ _ |
. MP e e - D ,
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Load Circuit Measurement Conditions

Parameter Output Type Symbol C,(pF}) R, (Q) R, (Q) SwW, Sw,
Propagation  Totem pole to .
- LH . )
Detay 3-state tere 50 it 1.0K OFF ON
Time Bidirectional
Propagation  Open drain or tor —
Delay Time Open Collector  tpy S0 0.5K : - ON  OFF, -
. 3-state toLz ' ON
Disable Time gigirectional  tmyy 5 0SK. MK oFF on .
s 3-state tozy ON  ON
Enable Time . gidirectional  tpopy 50 --05K 10K OFF ON
Vin
INPUT
Vi
Vour
Ut
o B
OUTPUT Vou
(ENABLE/DISABLE) Von
ViH=3V, VL =0V, b, S 10 ns, &, = 5 ns
Yec
st‘l
A4
O —Q
Re
T ®
SWyz
Figure 0. Load Circuii and AC Characieristics #easurement Waveform
80
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CHIPS

100-PIN PLASTIC FLAT PACKAGE (RECTANGULAR)

——

| 319 (o128) Max
ii!——_ﬁ {D.O71) RAX

26.0 (L024) ] ™

TR

{ f€—0.65 (0.0256) TYP . 14—0.3 {0.012) TYP

PiN #i

DIMENSIONS: mm (in)
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CHIPS

100-PIN PLASTIC FLAT PACKAGE (SQUARE)

428 (0.168) __, .
0.8 (0.031) TYP 0.35 (0.014) TYP 368 (0144) ‘ ,

i i’
HEREREE Tk
: 282 (1.119)
3 274 (1.079)

DIMENSIONS: mm {in)
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84-PIN PLASTIC LEADED CHIP CARRIER

Q UNIT (mm)

Ordering Information

Order Number Package Type

P82C211/212/215/206  PLCC—84 pins

F82C211/212/206 PFP-100 pins e e
{Rectangular)

F82C215 PFP-100 pins ' z
(Square) -

Note:

1. PLCC = Plastic Leaded Chip Carrier
PFP = Plastic Flat Pack
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Chips and Technologies, Inc.
3050 Zanker Road, San Jose, CA 95134 408-434-0600 telex 272929 CHIPS UR

CHIPS, CHIPSet, NEAT, NEATsx, LeAPSet, LeAPSeatsx, PEAK, CHIPS/280, CHIPS/250, CHIPS/230,
CHIPS/450, MICROCHIPS, CHIPSPak, CHIPSPort, CHIPSIink are trademarks of Chips and Tech-
nologles, Inc., . - oo . .
IBM AT, XT, PS/2, Micro Channel, Personal System/2, Enhanced Graphics Adapter, Color Graphics
Adapter, IBM Color Display, IBM Monochrome Display are trademarks of International Business
Machines. . ’ . o - .
Intel, iAPX 386 are trademarks of intel Corporation. _ . - -
Motorola Is a trademark of Motorola.

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

Copyright 1988, 1989 Chips and Technologies, Inc. -

These data sheets are provided for the general information of the customer. Chips and Technologies,
Inc. reserves the right to modify these parameters as necessary and customer should ensure that it
has the most recent revision of the data sheet. Chips makes no warranty for the use of its products
and bears no responsibility for any errors which may appear in this document. The customer should
be on notice that the field of personal computers is the subject of many patents held by different
parties. Customers should ensure that they take appropriate action so that their use of the products
does not infringe upon any patents. It is the policy of Chips and Technologies, In¢. to respect the
valld patent rights of third parties and not to infringe upon or assist others to infringe upon such

rights.
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