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PREFACE 

This manual provides the reader with a preliminary technical reference for VLSI Technology, lnc.'s VL82C486 
Single Chip 486 (SC486™) System Controller device for use in PC/AT-compatible applications. If you should 
require performance or functions not included in this manual, please contact your local VLSI Technology Design 
Center or Sales Office. The addresses are listed on the last page of this manual. 

Since computer technology is extremely fast-moving, it is planned that VLSl's Personal Computer Products Division 
will revise, update, and publish this manual often. This will allow timely publication of data on new products, as well 
as improvements on existing ones. The most current information may also be obtained from your local VLSI 
Technology, Inc. Sales Office, Representative, or the Personal Computer Division in Tempe, Arizona. 

Readers are encouraged to send their comments, corrections, or suggestions to: 

Director, Marketing Communications 
VLSI Technology, Inc. 

8375 South River Parkway 
Tempe, AZ 85284 
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SINGLE-CHIP 486 (SC486™) CONTROLLER 
FEATURES 
• Fully compatible 486-based PC/AT 

systems 

Up to 33 MHz CPU operation 

Replaces the following peripheral 
logic on the motherboard: 
- Two 82C37A OMA controllers 
- 74LS612 memory mapper 

(extended to support 64 MB) 
- Two 82C59A interrupt controllers 
- 82C54timer 
- 82284 clock generator and ready 

interface 
- 82288 bus controller 

Includes: 
- Memory/refresh controller 
- Port A, B, and NMI logic 
- Bus steering logic 
- Parity generation/checking for on-

board DRAM 
- Turbo Mode control 
- Hidden off-board, stolen on-board 

refresh 
- Staggered RAS refresh 
- Three-stateable outputs for board 

testing 

• Memory controller features include: 
- Page Mode DRAM access 
- One to four banks 32 bits wide 
- One or two banks 64 bits wide 
- Two- or four-way interleave support 
- Programmable -RAS/CAS timing 
- Burst support 

• Supports: 
- Up to 64 MB system memory 
- 256K, 1 M, or 4M DRAM 
- Double-sided SIMMs 
- Secondary cache interface 
- 8- or 16-bit wide BIOS ROM 
- Shadow RAM in the 640K-1 M area 
- Flash memory for BIOS ROM 
- Asynchronous ISA bus operation 

up to 16 MHz 
- Relocation of slot ROMs 

• Power saving features include: 
- Sleep Mode 
- Slow DRAM refresh 

Other features: 
- Programmable for 10- or 16-bit 

internal 1/0 addressing 

SYSTEM DIAGRAM (VL82C486-BASED PC/AT) 
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- Programmable drive on DRAM and 
ISA bus signals 

- Programmable memory access to 
define "fast-bus", local bus, slot 
bus, and non-cacheable and write
protect areas 

- Input pin defines access to local 
bus devices 

• 1.0-micron CMOS technology 

• 208-lead metric quad flat pack 
(MQFP) 

DESCRIPTION 
The VL82C486 is a Single-Chip High 
Performance Controller for 486- and 
486SX/487SX-based PC/AT systems. 

The VL82C486 includes the dual 
82C37A OMA controllers, dual 82C59A 
programmable interrupt controllers, 
82C54 programmable interval timer, 
82284 clock_ and ready generator, 
82288 bus controller and the logic for 
address/data bus control, memory 
control, shutdown, refresh generation 

-and refresh/OMA arbitration. 

ORDER INFORMATION 
Part 
fllumber Package 

VL82C486-FC Metric Quad Flat Pack 

Note: Operating temperature range is 
0°cto+10°c. 

SC486 is a trademark of VLSI Technology, Inc. 

June 1992 
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OVERVIEW 
The VL82C486 Controller is designed 
to perform in 486DX- or 486SX/487SX
based PC/AT-compatible systems 
running up to 33 MHz. The VL82C486 
replaces the following devices on the 
motherboard: 

Two 82C37A OMA controllers 
Two 82C59A interrupt controllers 

• 82C54 timer 
74LS612 memory mapper 

• 82284 clock generator and ready 
interface 
82288 bus controller 

VL82C486 BLOCK DIAGRAM 

June 1992 
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The controller also includes the 
following: 

• Memory/refresh controller 
Port B and NM! logic 
Bus steering logic 
Turbo Mode control logic 
Parity checking logic 
Parity generation logic 
Support for Weitek numeric 
coprocessors 

The memory controller logic is capable 
of accessing up to 64 MB. There can 
be up to four banks of 256K, 1 M, or 4M 
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VL82C486 can drive four banks without 
external buffering. Built-in Page Mode 
operation and up to .four-way interleav
ing allow the PC designer lo maximize 
system performance using low cost 
DRAMs. Programmable DRAM timing 
is provided for RAS precharge, RAS-to
CAS delay, and CAS pulse width. 

Shadowing features are supported on 
16K boundaries between AOOOOh and 
FFFFFh (640 KB to 1 MB). Simulta
neous use of shadowed ROM and 
direct system board access is possible 
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in non-overlapping fashion throughout 
this memory space. Control over four 
access options is provided: 

1. Access ROM or slot bus for reads 
and writes. 

2. Access system board DRAM for 
reads and writes. 

3. Access system board DRAM for 
reads ar>d slot bus for writes. 

4. Shadow Setup Mode. Read ROM 
or slot bus, write system board 
DRAM. 

A special mode is supported for erasing 
and programming flash memories for 
the case where such devices are used 
as the BIOS ROMs. 

Three special programmable address 
regions are provided. The fast-bus 
clock region allows accesses to certain 
memory regions at a faster ISA clock 
rate for fast on-board or off-board 
devices. A non-cacheable region and/ 
or a write-protected region may be 
defined by a set of six registers that 
allow memory in the region 640 KB to 1 
MB to be marked as non-cacheable 
and/or write-protected in increments of 
16 KB. A further set of registers allows 
a memory range anywhere in the first 
64 MB of memory to be marked as a 
DRAM region, an ISA bus region, or a 
local bus region either cacheable or 
non-cacheable in increments of 2 KB, 
64 KB, or 1 MB. 

Further support for devices that reside 
on the 486 local bus is provided through 
use of the -LBA (local bus access) 
input, which deselects the VL82C486 
during CPU cycles. Also, a memory 
range anywhere in the first 64 MB of 
memory can be programmed via the 
internal Mapping Registers to make the 
VL82C486 access a local bus device as 
a 486 bus memory device during DMA 
or Master Mode transfers. 

The VL82C486 handles system board 
refresh directly and also controls the 
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timing of slot bus refresh. Refresh may 
be performed in Synchronous, Asyn
chronous, or Decoupled Mode. In 
Synchronous Mode, the slot bus and 
on-board DRAM refresh cycles proceed 
simultaneously and all memory cycles 
are held until both have completed. 
The Asynchronous Mode allows on
and off-board refreshes to be initiated 
simultaneously, but to complete 
asynchronously, aiiowing sooner 
access to DRAM. In Decoupled Mode, 
a separate refresh counter is used for 
slot bus refresh, allowing on-board 
DRAM and system refreshes to 
proceed independently, with DRAM 
refreshes initiated during bus idle 
cycles. GAS-before-RAS refresh is also 
supported. Refreshes are staggered to 
minimize power supply loading and 
attenuate noise on the VDD and ground 
pins. The VL82C486 supports the 
standard PC/ AT refresh period of 
15.625 µs as well as 125 µs. 

Support for write-through cache 
controllers is provided through the use 
of a -MISS pin to detect cache-hits and 
cache-misses. 

The interrupt controller logic consists of 
two 82C59A megacells with eight 
interrupt request lines each for a total of 
16 interrupts. The two megacells are 
cascaded internally and two of the 
interrupt request inputs are connected 
to internal circuitry allowing a total of 13 
external interrupt requests. There is 
special programmable logic included in 
the VL82C486 which allows deglitching 
of inputs on all the interrupt request 
pins. 

The interval timer includes one 82C54 
counter/timer megacell. The counter/ 
timer has three independent 16-bit 
counters and six programmable counter 
modes. 

The DMA controllers are 82C37A 
compatible. The DMA controllers 
control data transfers between an 1/0 

3 

channel and on- or off-board memory. 
DMA can transfer data over the full 64 
MB range available. There are internal 
latches provided for latching the middle 
address bits output by the 82C37A 
megacells on the data bus, and the 
74LS612 memory mappers are 
provided to generate the upper address 
bits. 

The VL82C486 can be programmed to 
generate the ISA bus timing from the 
CPU clock oscillator or a separate 
asyncronous oscillator. 

The VL82C486 also performs all of the 
data buffer control functions required for 
a 486XX processor-based PC/AT 
system. Under the control of the CPU, 
the VL82C486 routes data to and from 
the CPU's D bus, the internal XO bus, 
and the slots (SD bus). During CPU 
ISA bus reads, the data is latched for 
synchronization with the CPU. Parity is 
checked for D bus DRAM read opera
tions. The chip does not generate 
parity for CPU writes to DRAM. 

When the OMA requester or external 
bus master is the bus owner, the 
VL82C486 allows data transfer between 
the slot SD bus and the CPU local D 
bus. The chip also performs low-to
high and high-to-low byte swaps on the 
16-bit SD bus. Parity is generated by 
the VL82C486 during DMA or Master 
writes to on-board DRAM. The chip 
also provides a single input, -TRI, to 
disable all of its outputs for board level 
testability. This is a dual function pin 
SPKR/-TRI. Care must be taken so 
that the pin is sampled high at the rising 
edge of POWERGOOD. A coupling to 
the speaker circuit is recommended. 

The VL82C486 Controller functions are 
programmable via a set of internal 
configuration registers. The state of 
various interface pins on reset is used 
to determine the default configuration. 
A dip switch can be used to establish 
the initial configuration. 
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PIN DIAGRAM 

DRQ3 1 
DRQ2 2 
DR01 3 
DRQO 4 
IRQ15 
IR014 
IR012 7 
IRQ11 8 
IR010 
IRQ9 10 
IRQ7 11 
IR06 12 
IRQ5 13 
IRQ4 14 
IRQ3 15 
vss 16 
031 17 
030 18 
029 19 
028 20 
027 21 

VDD 22 
026 23 
025 24 
024 25 
023 26 
022 27 
vss 28 
021 29 
020 30 
019 31 
018 32 

VDD 33 
017 34 
016 35 
015 36 
014 37 
013 38 
012 39 
011 40 
010 41 
09 42 
08 43 
07 44 
06 45 
05 46 
04 47 
03 48 
02 49 
01 50 
DO 51 

vss 52 
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156 vss 
155 TURBO 
154 -WSIJ 
153 IOCHRDY 
152 -IOCHCK 
151 osc 
150 SAO 
149 SA1 
148 -IOCS16 
147 -MEMCS16 
146 -LBA 
145 A31 
144 A29 
143 A26 
142 A25 
141 VDD 
140 A24 
139 A23 
138 vss 
137 A22 
136 A21 
135 A20 
134 A19 
133 A18 
132 vss 
131 A17 
130 A16 
129 A15 
128 A14 
127 A13 
126 A12 
125 A11 
124 A10 
123 A9 
122 AB 
121 A7 
120 A6 
119 AS 
118 A4 
117 A3 
116 A2 
115 vss 
114 -RAMW 
113 -RAS3 
112 -RAS2 
111 -RAS1 
110 -RASIJ 
109 VDD 
108 MA10 
107 MA9 
106 MAB 
105 MA7 
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PIN TYPE BY OPERATIONAL STATE 
Pin Input Drive 

Pin# Pin Name Type Type (mA) 

1 DRQ3 I-PU TTL-S 

2 DR02 I-PU TTL-S 

3 DR01 I-PU TTL-S 

4 DRQO 1-Pl_I TTl-S 

5 IR015 I-PU TTL-S 

6 IRQ14 I-PU TTL-S 

7 IRQ12 I-PU TTL-S 

8 IR011 I-PU TTL-S 

9 IR010 I-PU TTL-S 

10 IR09 I-PU TTL-S 

11 IRQ7 I-PU TTL-S 

12 IR06 I-PU TTL-S 

13 IR05 I-PU TTL-S 

14 IR04 I-PU TTL-S 

15 IRQ3 I-PU TTL-S 

16 vss GND 

17 D31 10 TTL 8 

18 D30 10 TTL 8 

19 D29 10 TTL 8 

20 D28 10 TTL 8 

21 D27 10 TTL 8 

22 VDD PWR 

23 D26 10 TTL 8 

24 D25 10 TTL 8 

25 D24 10 TTL 8 

26 D23 10 TTL 8 

27 D22 10 TTL 8 

28 vss GND 

29 D21 10 TTL 8 

30 D20 10 TTL 8 

31 D19 10 TTL 8 

32 D18 10 TTL 8 
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Pin Input Drive 
Pin# Pin Name Type Type (mA) 

33 VDD PWR 

34 D17 10 TTL 8 

35 D16 10 TTL 8 

36 D15 10 TTL 8 

37 D14 10 TTL 8 

38 D13 10 TTL 8 

39 D12 10 TTL 8 

40 D11 10 TTL 8 

41 D10 10 TTL 8 

42 D9 10 TTL 8 

43 DB 10 TTL 8 

44 D7 10 TTL 8 

45 D6 10 TTL 8 

46 D5 10 TTL 8 

47 D4 10 TTL 8 

48 D3 10 TTL 8 

49 D2 10 TTL 8 

50 D1 10 TTL 8 

51 DO 10 TTL 8 

52 VSS GND 

53 CLK 0 24 

54 CLKIN I CMOS 

55 -FLUSH 10 (Note 2) TTL 8 

56 -IGNNE 10 (Note 2) TTL 8 

57 -FERR I-PU TTL 

58 RESCPU 0 8 

59 TCLK2 I CMOS 

60 vss GND 

61 -EADS 0 8 

62 -RDY 10-PU TTL 8 

63 -BLAST 10 TTL 8 

64 VDD PWR 
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PIN TYPE BY OPERATIONAL STATE (Cont.) 

Pin Input Drive 
Pin# Pin Name Type Type (mA) 

65 -BROY 10-PU TIL B 

66 HLDA I TIL 

67 HOLD 0 B 

6B W/-R_DK2 10 TIL B 

69 D/-C_DK1 10 TIL B 

70 M/-IO_DKO 10 TIL 8 

71 -ADS 10 TIL 8 

72 -MISS I TIL 

73 -KEN 0 B 

74 -EALE 10 (Note 2) TIL 8 

75 -SLEEP I TIL 

76 -BLKA20 10 (Note 2) TIL 8 

77 vss GND 

7B NMI 0 8 

79 -BEO 10 TIL 8 

BO -BE1 10 TIL 8 

B1 -BE2 10 TIL B 

B2 -BE3 10 TIL B 

B3 -FMPRG 10 (Note 2) TIL 8 

B4 INTR 0 8 

BS SPKR/-TRI 10-PU TIL 24 

B6 MBEO 0 B 

B7 MBE1 0 8 

BB MBE2 0 8 

B9 MBE3 0 B 

90 vss GND 

91 CASO 0 12 

92 CAS1 0 12 

93 CAS2 0 12 

94 CAS3 0 12 

95 MAOY 0 12/24 

96 VDD PWR 

June 1992 

ArDVAINJCIE ~ !NlfORMAT~OINJ 

VL82C486 

Pin Input Drive 
Pin# Pin Name Type Type (mA) 

97 MA1 0 12/24136/4B 

9B MAOX 0 12/24 

99 MA2 0 12/24136/4B 

100 MA3 0 12/24136/4B 

101 MA4 0 12/24136/48 

102 MAS 0 12/24136/48 

103 MA6 0 12/24136/48 

104 vss GND 

105 MA7 0 12/24136/4B 

106 MAB 0 12/24136/48 

107 MA9 0 12/24136/48 

10B MA10 0 12/24136/48 

109 VDD PWR 

110 -RASO 0 12/24 

111 -RAS1 0 12/24 

112 -'RAS2 0 12/24 

113 -RAS3 0 12124 

114 -RAMW 10 (Note 2) 12/24136/48 

115 vss GND 

116 A2 10 TIL B 

117 A3 10 TIL 8 

11 B A4 10 TIL B 

119 AS 10 TIL 8 

120 A6 10 TIL B 

121 A7 10 TIL B 

122 AB 10 TIL B 

123 A9 10 TIL B 

124 A10 10 TIL 8 

125 A11 10 TIL 8 

126 A12 10 TIL B 

127 A13 10 TIL 8 

12B A14 10 TIL 8 

6 
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PIN TYPE BY OPERATIONAL STATE (Cont.) 

Pin Input Drive 
Pin# Pin Name Type Type (mA) 

129 A15 10 TTL 8 

130 A16 10 TTL 8 

131 A17 10 TTL 8 

132 vss GND 

133 A18 10 TTL 8 

134 A19 10 TTL 8 

135 A20 10 TTL 8 

136 A21 10 TTL 8 

137 A22 10 TTL 8 

138 vss GND 

139 A23 10 TTL 8 

140 A24 10 TTL 8 

141 VDD PWR TTL 

142 A25 10 TTL 8 

143 A26 10 TTL 8 

144 A29 10 TTL 8 

145 A31 10 TTL 8 

146 -LBA I CMOS 

147 -MEMCS16 I TTL 

148 -IOCS16 I TTL 

149 SA1 10 TTL 12/24 

150 SAO 10 TTL 12/24 

151 osc I TTL 

152 -IOCHCK I TTL 

153 IOCHRDY (Note 1) 10-0D TTL 12 

154 -WSO I TTL 

155 TURBO I TTL 

156 vss GND 

157 -REFRESH (Note 1) 10-0D TTL 24 

158 BUSOSC I-PU TTL 

159 TC 0 12/24 

160 -IOW (Note 1) 10 TTL 12/24 
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Pin Input Drive 
Pin# Pin Name Type Type (mA) 

161 -IOR (Note 1) 10 TTL 12/24 

162 -PPICS 10 (Note 2) TTL 8 

163 -ROMCS 10 (Note 2) TTL 8 

164 PARO 10 TTL 8 

165 PAR1 10 TTL 8 

166 PAR2 10 TTL 8 

167 PAR3 10 TTL 8 

168 vss GND 

169 -MDENX 0 12 

170 -MDENY 0 12 

171 -SBHE 10 TTL 12/24 

172 VDD PWR 

173 RSTDRV 0 8 

174 -SMEMR (Note 1) 0 12124 

175 SYSCLK 0 12/24 

176 -SMEMW (Note 1) 0 12/24 

177 -MEMR (Note 1 ) 10 TTL 12/24 

178 POWERGOOD I-PU TTL-S 

179 -MEMW (Note 1 ) 10 TTL 12/24 

180 DKEN 10 (Note 2) TTL 12/24 

181 -MASTER I TTL 

182 BALE 0 TTL 12/24 

183 AEN 0 TTL 12/24 

184 SD15 10 TTL 12/24 

185 SD14 10 TTL 12/24 

186 SD13 10 TTL 12/24 

187 vss GND 

188 SD12 10 TTL 12124 

189 SD11 10 TTL 12/24 

190 S010 10 TTL 12/24 

191 SD9 10 TTL 12/24 

192 SD8 10 TTL 12124 
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PIN TYPE BY OPERATIONAL STATE (Cont.) 

Pin Input Drive 
Pin# Pin Name Type Type (mA) Pin# Pin Name 

193 VDD PWR 201 SDO 

194 SD? 10 TTL 12124 202 DRQ7 

195 sos 10 TTL 12/24 203 OROS 

196 sos 10 TTL 12/24 204 DRQS 

197 SD4 10 TTL 12/24 205 -IRQ8 

198 SD3 10 TTL 12/24 206 WEIRQ 

199 SD2 10 TTL 12124 207 IRQ1 

200 SD1 10 TTL 12124 208 vss 

Notes: 1. These pins require an external pull-up resistor (1 O kn is recommended). 

2. These pins are inputs only during POR (power-on reset). 

Legend: CMOS CMOS-compatible input 
I Input-only pin 
10 Bidirectional pin 
GND Ground pin 
0 Output-only pin 
OD Open drain 
PWR Power supply pin 
TTL TTL-compatible input 

Pin Input Drive 
Type Type (mA) 

10 TTL 12124 

I-PU TTL-S 

I-PU TTL-S 

I-PU TTL-S 

I-PU TTL-S 

I-PD TTL 

I-PU TTL-S 

GND 

-PD Indicates a high-impedance with approximately 10 kn minimum resistance to VSS (internal pull-down 
resistor on pin). 

-PU 

-S 
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Indicates a high-impedance with approximately 10 k.Q minimum resistance to VDD (internal pull-up resistor 
on pin). 

Indicates a Schmitt-trigger input with hystersis for noise immunity. 
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SIGNAL DESCRIPTIONS 

Signal Pin 
Name Number 

CPU INTERFACE SIGNALS 
A31, A29, 145, 144, 
A26-A2 143, 142, 

140, 139, 
137-133, 
13i-i 16 

-ADS 71 

-BE3--BEO 82-79 

-BLAST 63 

-BROY 65 

CLK 53 

CLKIN 54 

M/-IO_DKO 70 
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Pin 
Type 

10 

10 

10 

10 

10-PU 

0 

10 

Signal 
Description 

Address bus - This bidirectional address bus is driven by the bus master. It is 
driven out by the VL82C486 during Non-Master Mode OMA and refresh cycles 
when HLDA is active and -MASTER is inactive. The signals A25-A2 allow 
access to 64 MB of system memory. The upper two bits of the bus, A31 and 
A29, are used for accessing system ROM and the Weitek numeric coprocessor 
A26 is used to provide a non-aliased unused address space above 64 MB to 
assist memory sizing routines. 

Address Status - The active low Address Status (-ADS) signal is driven by the 
486 as an indication that the address and control signals currently supplied by 
the CPU are valid. This signal is used internally to indicate that the data and 
command are valid and determine the beginning of a memory or 1/0 cycle. 

-ADS is driven by the VL82C486 when HLDA is active, and is made low for 
one CPU clock cycle at the beginning of OMA or Master Mode cycles when a 
local bus region is selected by the PMR Registers. 

Byte Enable bits 3 through O - These signals are normally inputs to the 
VL82C486 and indicate which bytes on 031-00 are involved in a memory or 1/0 
access. They are ignored during all DRAM reads. 

-BE3 - -BEO are driven by the VL82C486 when HLDA is active and indicate 
which one or two bytes are involved in an 8- or 16-bit OMA or Master Mode 
transfer between the slot 1/0 and a local bus device. 

Burst Last - This signal is used by the VL82C486 as an indicator of when to 
terminate the current burst cycle, if the length of the burst cycle is less than four 
double words. It is driven low by the VL82C486 when HLDA is active, since the 
VL82C486 does not support Burst Mode during OMA or Master Mode cycles. 

Burst Ready - The active low ready (-BADY) signal indicates to the 486 that 
the current burst cycle is complete. It is driven low when valid data has been 
presented to the CPU in response to a read command or when data has been 
accepted in response to a write command from the CPU. The VL82C486 
drives -BROY on all local bus DRAM accesses, but never drives it in response 
to slot bus accesses (see -ROY definition). 

The VL82C486 enables the -BADY three-state output only when it needs to 
drive it low and leaves -BROY enabled for just one CPU clock cycle after it has 
driven -BROY high again. 

When HLDA is active, -BROY is an input to the VL82C486 and may be driven 
by a local bus device to terminate OMA or Master Mode cycles. This pin has 
an internal pull-up resistor. 

Clock - This output is a CMOS level signal which is normally one-half the 
frequency of the TCLK2 signal. It is used by the CPU and other on-board logic. 

Input Clock - This is the fundamental clock input to the VL82C486. It must be 
the same clock as that supplied to the 486. 

Memory lnpuVOutput or OMA Acknowledge bit 0 - When HLDA is low, 
Ml-IO_DKO is driven by the local bus master and is decoded with D/-C_DK1 
and W/-R_DK2 to indicate the type of bus cycle requested 

When HLDA is high, M/-IO_DKO is an output signal which along with 
D/-C_DK1 and W/-R_DK2 represents the encoded channel number being 
serviced at the beginning of OMA acknowledge cycles. If the VL82C486 makes 
-ADS active during OMA or Master Mode cycles (for local bus accesses) this 
signal is forced high. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal Pin Pin Signal 
Name Number Type Description 

D/-C_DK1 69 10 Data Control or OMA Acknowledge bit 1 - When HLDA is low, D/-C_DK1 is 
driven by the local bus master and is decoded with Mt-IO_DKO and Wt-R_DK2 
to indicate the type of bus cycle requested. 

When HLDA is high, D/-C_DK1 is an output signal which along with 
M!-IO_DKO and W/-R_DK2 represents the encoded channel number being 
serviced at the beginning of OMA acknowledge cycles. If the VL82C486 makes 
-ADS active during OMA or Master Mode cycles (for local bus accesses), the 
D/-C_DK1 signal is forced high. 

W/-R_DK2 68 10 Write/Read or OMA Acknowledge bit 2 - When HLDA is low, W/-R_DK2 is 
driven by the local bus master and is decoded with D/-C_DK1 and M/-lO_DKO 
to indicate the type of bus cycle requested. 

When HLDA is high, W/-R_DK2 is an output signal which along with 
D/-C_DK1 and M/-IO_DKO represents the encoded channel number being 
serviced at the beginning of OMA acknowledge cycles. If the VL82C486 makes 
-ADS active during OMA or Master Mode cycles (for local bus accesses), the 
W/-R_DK2 signal indicates whether a local bus read or write cycle is required. 

031-00 17-21, 23-27 10 CPU Data Bus bits 31 through O - This is the data bus directly connected to the 
29-32, 34-51 CPU and other external devices. 

-EADS 61 0 External Address - The active low external address signal indicates a primary 
cache invalidation address is on the address bus. It is driven low by the 
VL82C486 to perform primary cache invalidations during OMA and Master 
Mode cycles, and is also driven low for one cycle during the first T2 of a local 
bus write to a write-protected memory location. It is also modulated for 
implementation of the Non-Turbo Mode. 

-FERR 57 I-PU Floating Point Error - This signal indicates a floating point error. When active, it 
generates interrupt IR013 internal to the VL82C486. This input pin is active 
low and has an internal pull-up. 

HLDA 66 Hold Acknowledge - An active high signal that is issued by the CPU in re-
sponse to the HOLD signal driven by the VL82C486. It indicates that the CPU 
is floating its outputs' to the high impedance state so that another master can 
take control of the bus. 

HOLD 67 0 Hold Request - This active high output signal is driven by the VL82C486 to the 
CPU. It indicates that a bus master (such as a OMA or refresh controller) is 
requesting control of the bus. It is synchronized to CLKIN. 

-IGNNE 56 10(Note1) Ignore Numeric Error Output (or POR Input) - This active low output, when 
asserted, indicates to the CPU to ignore the present numeric error. This signal 
is enabled when a dummy write is performed to either Port FOh or F1 h with 
-FERR also active. 

-IGNNE is an input during power-on reset to set SA1 timing. 

INTR 84 0 Interrupt Request - An active high output used to interrupt the CPU. It is 
generated by the 82C59A megacell any time a valid interrupt request input is 
received. 

-KEN 73 0 Cache Enable - This signal determines whether the current cycle is cacheable. 
It is normally low, but is driven inactive during the second and subsequent T2 
cycles of all CPU memory accesses that are defined non-cacheable, except 
when local bus CPU cycles are selected by the PMR Registers; in this case, it 
is made inactive during the first subsequent T2s of the local bus cycle. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

NMI 

-RDY 

RESCPU 

Pin 
Number 

78 

62 

58 

Pin 
Type 

0 

10-PU 

0 

Signal 
Description 

Non-Maskable Interrupt - An active high output which indicates to the CPU that 
an external non-maskable interrupt has been generated. This signal is as
serted by either a parity error or an 1/0 channel error. The NMI output is 
enabled by resetting the MSB (most significant bit) of 1/0 Port ?Oh. NMI is 
disabled on reset. 

(Non-Burst) Ready - Driven by the VL82C486, this active low signal is an 
indication that the current memory or 1/0 slot bus cycle is complete. The 
VL82C486 enables the -RDY three-state output only when it needs to drive it 
low and leaves it enabled for just one CPU clock cycle after it has driven -RDY 
high again. 

When HLDA is active, -ROY is an input to the VL82C486 and may be driven by 
local bus devices to terminate DMA and Master Mode cycles. This pin has an 
internal pull-up resistor. 

Reset CPU - This active high output resets the CPU. It is synchronous to 
CLKIN and is asserted in response to one of the following: 

1. A dummy read from 1/0 Port EFh. 
2. The LSB (least significant bit) of Port A is set to 1 by an active write. 
3. The POWERGOOD signal changes state. 
4. A Shutdown command. 

TCLK2 59 This input is connected to a crystal oscillator that has a frequency of twice the 
system frequency. It is divided and sent to the CLK output. 

ON-BOARD MEMORY SYSTEM INTERFACE SIGNALS 
CAS3-CASO 94-91 0 Column Address Strobe bits 0 thr?ugh 3 - These signals generate high-going 

column address strobes for DRAM banks during on-board memory bus cycles. 
The active period for these signals is determined by the number of wait states 
and the configuration mode. 

MBE3-MBEO 89-86 0 Memory Byte Enable bits 3 through O - These signals are used along with the 
CAS3-CASO signals to generate independent column address strobes for each 
of the lour DRAM banks. 

MA10-MA1 

MADX 

MADY 

-MDENX, 
-MDENY 
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108-105, 
103-99, 97 

98 

95 

169, 17D 

0 

0 

0 

0 

Memory Address bus bits 1 O through 1 - These address bits are the row and 
column addresses sent to on-board memory. They are buffered and multi
plexed versions of the local CPU bus address. They allow addressing of up to 
64 MB of memory by the VL82C486. 

Memory Address bus bit 0, Banks D and 2 - This signal is a multiplexed row/ 
column address bit for Banks O and 2. It is interleaved with MADY to ensure 
that DRAM setup and hold times are met for A3 during the Fast Burst Interleave 
Mode. 

Memory Address bus bit 0, Banks 1 and 3 - This signal is a multiplexed row/ 
column address bit for Banks 1 and 3. It is interleaved with MAOX to ensure 
that DRAM setup and hold times are met for A3 during the Fast Burst Interleave 
Mode. 

Memory Dword Enable bits X and Y - These active low outputs select the upper 
and lower 32-bit double word when a 64-bit wide DRAM bank is connected in a 
system. -MDENX and -MDENY enable the upper and lower 32 bits of the 64-
bit DRAM data bus onto the 32-bit CPU data bus. They are never enabled 
simultaneously during DRAM reads and are always enabled simultaneously 
during DRAM writes. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

PAR3-PARO 

-RAMW 

-RAS3-
-RASO 

Pin 
Number 

167-164 

114 

113-110 

Pin 
Type 

10 

Signal 
Description 

Parity bits 3 through O - Each parity bit signal is associated with one byte of the 
data bus. PAR3-PARO are written to memory along with their corresponding 
bytes during DMA and Master Mode memory write operations. During memory 
read operations, these pins become inputs and are used along with their 
respective data bytes to determine if a parity error has occurred. 

10 (Note 1) RAM Write Output (or POR Input) - This active low output is sent to the DRAM 
memory to control the direction of data flow of the on-board memory. It is 
active during on-board memory write cycles and high at all other times. 

0 

-RAMW is an input during power-on reset to set the BIOS ROM location. 

Row Address Strobe bits 3 through O - These signals are sent to each of the 
four DRAM banks to strobe in the row address during on-board memory bus 
cycles. 

CACHE CONTROLLER INTERFACE SIGNALS 
-BLKA20 76 10 (Note 1) Block A20 Output (or POR Input) - When this signal is low, it indicates that the 

-FLUSH 55 

-MISS 72 

CPU and cache should mask address bit 20 (A20) for all operations. 

-BLKA20 is an input during power-on-reset to set the DRAM output drives. 

10 (Note 1) Cache Flush Output (or POR Input) - This signal goes low for one CPU clock 
cycle in the second T2 of a local bus flush cycle. 

-FLUSH is an input during power-on reset to set DKEN polarity. 

Cache Miss - This active low input is made active by a cache controller at the 
start of a CPU memory read cycle if the operand is not in the secondary cache. 
When high in T2 of any CPU memory access, it causes the VL82C486 to 
cancel the requested cycle. It is tied low when no secondary cache is used. 
-MISS is ignored during on-board DRAM cycles for OMA/Master Mode cycles 
unless the -EALE pin is pulled low (for write-back cache option) during power
on reset; in which case it inhibits OMA/Master Mode DRAM read cycles if it is 
made high when -MEMR is active. 

PERIPHERAL INTERFACE SIGNALS 
-EALE 74 10 (Note 1) Early Address Latch Enable Output (or POR Input) - This signal is normally low. 

-FMPRG 83 

-LBA 146 

-PPICS 162 

POWERGOOD 178 
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It goes high when BALE is high for all CPU slot bus cycles. During ISA bus 
refresh cycles -EALE goes high for 0.5 SYSCLKs before going low again. 

-EALE is an input during power-on reset to set the -MISS operation. 

10 (Note 1) Flash Memory Program Output (or POR Input) - This signal is asserted when 
the FMPRG bit (bit 2) in the ROMSET Register is set. It may be used to gate 
the appropriate programming voltage to the flash memory. 

-FMPRG is an input during power-on reset to set the slot current drive. 

Local Bus Access - During CPU accesses, this signal must be made low by a 
local bus device before one half-way through the first T2 cycle of any CPU bus 
cycle that normally accesses on-board DRAM, or before the end of first T2 for 
any other type of cycle, if a CPU access is to a local bus device. It causes the 
VL82C486 to be deselected. 

10 (Note 1) Peripheral Chip Select Output (or POR Input) - This output signal is an active 
low chip select for the keyboard controller and real-time clock. It is active any 
time a system bus address is 60h, 64h, ?Oh, or 71 h. 

I-PU 

-PPICS is an input during power-on reset to set the DRAM output drivers. 

System Power-On Reset - An active high input signal indicating that the power 
to the board is stable. A Schmitt-trigger input is used, thus allowing the input to 
be connected directly to an RC network. 

12 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

-ROMCS 

-SLEEP 

SPKR/-TRI 

TURBO 

WEIRQ 

Pin 
Number 

163 

75 

85 

155 

206 

BUS INTERFACE SIGNALS 
AEN 183 

BALE 182 

BUSOSC 158 

OKEN 180 
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Pin 
Type 

Signal 
Description 

10 (Note 1) ROM Chip Select Output (or POR Input) - This active low signal is asserted 
during CPU cycles that access on-board system ROM. The on-board system 
ROM may reside either on the local (D) bus or the ISA (SD) bus. 

10-PU 

I-PD 

0 

0 

I-PU 

-ROMCS is an input during power-on reset to set the DRAM configuration. 

Sleep Mode - A high-to-low transition on this pin puts the VL82C486 into the 
Sleep Mode. The Sleep Mode is when the refresh divider is active, BUSOSC is 
shut-off from non-essential internal circuitry, and the CPU is halted by HOLD 
going high. 

Speaker or Three-State - This pin functions as the SPKR output signal and as 
the active low Three-State input signal. The active high SPKR output drives an 
externally buffered speaker. 

This signal is an input when the POWERGOOD input is low. If this input is 
sampled low, it forces the VL82C486 into the Three-State Mode where all 
outputs and bidirectional pins are driven to a high impedance state. This pin 
has an internal pull-up resistor. 

Turbo Mode - This bit determines the speed at which the CPU operates. When 
set low, hold signals to the 486 are continuously generated in order to slow its 
operation. It is also an input to the NTBREF Register from which its state may 
be read by software. 

Weitek Numeric Coprocessor Interrupt - The active high WEIRQ signal indi
cates that an error has occurred within the Weitek numeric coprocessor. It 
causes an internal IRQ13 to be generated. This pin has an internal pull-down 
resistor. 

Address Enable - An active high output that indicates a OMA transfer cycle to 
the 1/0 resources on the bus. It is asserted only when the OMA controller is the 
bus owner (HLDA = 1, -MASTER = 1 ). The 110 resource with an active OMA 
Acknowledge signal should only respond to the 1/0 command lines and all the 
other 110 resources should ignore the commands. 

Bus Address Latch Enable - This active high pulse is generated at the begin
ning of any bus cycle initiated by the CPU. It indicates when the SA19-SAO, 
LA23-LA17, AEN, and-SBHE signals are valid. BALE is forced high any time 
HLDA is high. 

System Bus Clock - This signal is supplied by an external oscillator. It has a 
nominal 50% duty cycle and normally has a frequency of 16 MHz. It is used for 
ISA bus operations. 

If an oscillator is connected to this pin, SYSCLK can be programmed to be 
BUSOSC +2, +4, +6, or +8. If SYSCLK is to be derived from CLKIN, BUSOSC 
is held high or low and is used in conjunction with the CLKCTL Register to 
determine the clock divider value. 

10 (Note 1) OMA Acknowledge Enable Input (or POR Output) - This signal enables an 
external 3-to-8 decoder for the generation of the OMA acknowledge signals 
from M/-IO_DKO, D/-C_DK1 and W/-R_DK2 when these signals are valid at 
the beginning of a OMA cycle. If a local bus cycle is started during a OMA 
cycle, then OKEN must also be used to latch the OMA acknowledges when 
active. It is active high when the -FLUSH signal is pulled high during power-on 
reset and is active low when -FLUSH is pulled low during power-on reset. 

OKEN is an input during power-on-reset to set the BIOS ROM width. 

13 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

OR07-0RQ5 
OR03-0ROO 

-IOCHCK 

IOCHRDY 

-IOCS16 

-IOW 
-IOR 

IRQ15, IRQ14 
IR012-IRQ9 
IR07~1R03 
IRQ1,-IRQ8 

-MASTER 
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Pin 
Number 

202-204 
1-4 

152 

153 

148 

160 
161 

5,6 
7-10 
11-15 
207,205 

181 

Pin 
Type 

I-PU 

10-0D 

10 
10 

I-PU 

Signal 
Description 

DMA Request bits 7 through 5 and 3 through O - These asynchronous inputs 
are used by external devices to indicate when they need service from the 
internal DMA controllers. ORQ3-0RQO are used for transfers between 8-bit VO 
adapters and system memory. ORQ7-DRQ5 are used for transfers between 
16-bit 1/0 adapters and system memory. OR04 is not available externally as it 
is used to cascade the two OMA controllers together. All ORO pins have 
internal pull-ups. 

VO Channel Check - This active low input signal indicates that an error has 
taken place on the VO bus. If 1/0 checking is enabled, an -IOCHCK assertion 
by a peripheral device generates an NMI to the processor if bit 3 
(ENA_IO_CHK) of Port Bis set to 0. The state of the -IOCHCK signal is read 
as data bit 6 (CHAN_CHK) of Port B. 

VO Channel Ready - This input is pulled low in order to extend the read or write 
cycles of any bus access when required. The cycle can be initiated by the 
CPU, OMA controllers or refresh controller. The default number of wait states 
for cycles initiated by the CPU are four wait states for 8-bit peripherals, one wait 
state for 16-bit peripherals, and three wait states for ROM cycles. One OMA 
wait state is inserted as the default for all OMA cycles. Any peripheral that 
cannot present read data or strobe in write data in this amount of time must use 
IOCHROY to extend these cycles. In the OMA Mode, this pin is always driven 
low by the VL82C486 that generates local bus cycles to allow for local bus 
latency .. The VL82C486 never drives IOCHROY high, but three-states it when 
not driven low. This pin requires an external 1 O kn pull-up resistor. 

16-bit 1/0 Chip Select - This input signal determines when a 16-bit to 8-bit 
conversion is needed for CPU accesses. A conversion is done any time the 
VL82C486 requests a 16-bit 1/0 cycle and -IOCS16 is sampled high. A 
command delay of one BUSOSC cycle is inserted and the cycle becomes four 
wait states long when a conversion is needed. If sampled low, an 1/0 access is 
performed in one wait state with one command delay inserted. 

The -IOCS16 signal is ignored by the OMA and refresh controller for OMA 
transfer and refresh cycles, respectively. 

Input/Output Write 
Input/Output Read 
-IOR and -IOW are active low inputs when an external bus master is in control 
(HLDA = 1, -MASTER= 0). They function as outputs at all other times. When 
HLDA is low, they are driven by the internal ISA bus controller. During OMA 
transfer cycles (HLDA = 1, -MASTER = 1 ), they are driven by the 82C37 A 
DMA controller megacells. They are inactive during a refresh cycle. Both the 
pins require external 1 O kQ pull-up resistors. 

Interrupt Requests - These are the asynchronous interrupt request inputs to the 
82C59A megacells. IROO, IRQ2, and IRQ13 are not available as external 
inputs because they are used internally. All IRQ input pins except -IRQ8 are 
active high and have internal pull-ups. -IRQ8 is an active low input. 

All IRQ pins have a special programmable logic to reduce noise sensitivity. 
The logic is controlled by the IRQIN bit (bit 0) in the MISCSET Register. When 
IRQIN is set, the input to these pins must be stable for at least 105 ns to 
generate an interrupt. 

Bus Master - An active low input used by an external device to get access to 
the system bus. When asserted, it indicates that an external bus master has 
control of the bus. 

14 



• VLSI TECHNOLOGY, INC. ADVANCIE ~NIFORMAlr~ON 
VL82C486 

SIGNAL DESCRIPTIONS (Cont.) 

Signal Pin Pin Signal 
Name Number Type Description 

-MEMCS16 147 16-Bit Memory Chip Select - This active low input is used to determine when a 
16-to-8 bit conversion is needed for CPU accesses. A conversion is done any 
time the VL82C486 requests a 16-bit memory cycle and-MEMCS16 is 
sampled high. If sampled high, a command delay of one BUSOSC cycle is 
inserted and the cycle becomes four wait states long. If sampled low, a 
memory access is performed in one wait state with no command delays 
inserted. 

The -MEMCS 16 signal is ignored by the OMA and refresh controller for transfer 
and refresh cycles, respectively. 

-MEMR 177 10 Memory Read 
-MEMW 179 10 Memory Write 

These active low signals are inputs when an external bus master is in control 
(HLDA = 1, -MASTER = 0). They are outputs at all other times. When HLDA 
is low, -MEMW is driven from the ISA bus controller. They are driven by the 
82C37A OMA controllers during OMA cycles. Both pins require external 10 kn 
pull-up resistors. 

osc 151 Oscillator Input -The buffered input of the 14.31818 MHz oscillator with a duty 
cycle of 45 to 55%. 

-REFRESH 157 10-0D Memory Refresh - Whenever a refresh cycle is initiated, this signal is pulled 
low. An external bus master activates this signal when it requires a refresh 
cycle from the refresh controller. The internal refresh controller activates this 
line every 15.6 µs to prevent loss of DRAM data. -REFRESH is an open drain 
output capable of sinking 24 mA and requires an external pull-up resistor. 

RS TD RV 173 0 Reset - This active high output is system reset generated from the 
POWERGOOD input. RSTDRV is synchronized to the BUSOSC input. On 
reset, this signal remains high for at least as long as the RESCPU signal. It 
may therefore be used to drive the 486 AHOLD input to initiate a 486 self-test 
sequence on power-up resei only. 

SA1, SAO 149, 150 10 System Address bus bits 1 and O - These two signals represent the lower two 
bits of the system address bus. They act as inputs when an external bus 
master is in control (HLDA • 1, -MASTER = 0) and are outputs at all other 
times. When HLDA is low, SA1 and SAO are generated by decoding the CPU 
byte enables (-BE3 - -BEO). They are driven by the 82C37 A OMA controllers 
during OMA transfer cycles. 

SAO is always connected directly to the ISA bus. SA 1 is connected to the ISA 
bus if discrete SA buffers are used. If the VL82C113A 110 Combination chip is 
used, then SA 1 is connected only to the A1 input of the VL82C113A (which 
then drives the ISA bus SA1 signal). The-IGNNE signal is used to set SA1's 
timing at power-on reset for use with/without the VL82C113A. 

-SBHE 171 10 System Byte High Enable - An active low signal that indicates valid data is on 
the upper byte of the system data bus (SD15-SD8). Its functionality is similar to 
that of the SA 1 and SAO signals. -SBHE is forced low during 16-bit OMA 
cycles and is the complement of SAO during 8-bit OMA cycles. 

SD15-SDO 184-186, 10 System Data Bus bits 15 through O -These bidirectional signals are directly 
188-192, connected to the slots. 
194-201 

-SMEMR 174 0 System Memory Read 
-SMEMW 176 0 System Memory Write 

These outputs are active during memory read and write cycles, respectively, 
when the address is below 1 MB. Both pins require an external 10 kn pull-up 
resistor. 

June 1992 15 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

SYSCLK 

TC 

-wso 

Pin 
Number 

175 

159 

154 

Pin 
Type 

0 

0 

POWER AND GROUND PINS 
VSS 16, 28, 52, GND 

60, 77, 90, 

VDD 

104, 115, 
132, 138, 156, 
168, 187,208 

22, 33, 64, 96, PWR 
109, 141, 
172, 193 

Signal 
Description 

System Clock - The SYSCLK output is 1/2, 113, 1/4, 1/6, or 1/8 the frequency 
of TCLK2 or BUSOSC depending on the BUSOSC pin's status and the five 
lower bits in the CLKCTL Register. The bus control signals BALE, -IOR, 
-IOW, -MEMR and -MEMW are synchronized to SYSCLK. 

Terminal Count - This active high output indicates that one of the OMA chan
nels has transferred all data. 

Wait State Terminate - An active low input that indicates a shorter access cycle. 
It is pulled low by a peripheral on the slot bus to terminate a CPU controlled bus 
cycle earlier than the default values defined internally on the chip. 

Ground connection, O volts. 

Power connection, nominally +5 volts. These pins should each have 0.1 µF 
bypass capacitors. 

Note 1: These pins are inputs only during POR (power-on reset.) 

June 1992 16 
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FUNCTIONAL DESCRIPTION 
The VL82C486 can be divided into 
three main blocks: 

System Controller Block - Includes 
the clock generation, the CPU 
interface, the numeric coprocessor 
interface, the address decoder and 
the memory controller. 

ISA Bus Controller Block - Includes 
the dual DMA controllers (82C37A), 
dual programmable interrupt 

FIGURE 1. VL82C486 SUBSYSTEMS 

controllers (82C59A), the program
mable interval timer (82C54), the ISA 
sequencer, and the logic for refresh 
generation and refresh/OMA arbitra
tion. 

Data Buffer Block - Contains the 
latching and steering logic necessary 
to convert 32-bit CPU bus cycles to 
8/~ 6-blt !SA bus cycles. This block 

also contains the parity generation 
and checking logic. 

The sections following cover detailed 
information for the various logical 
groupings of the VL82C486's sub
systems (see Figure 1 ). In most cases, 
the effect of configurable elements that 
can be controlled via 1/0 registers is 
discussed at length. 
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CPU INTERFACE 
OVERVIEW 
The VL82C486 System Controller is 
responsible for decoding local (486) bus 
requests from the CPU (or other local 
bus master), initiating the requested 
action, and responding in the manner 
required by the 486 bus protocol. 

The VL82C486 responds to all 486 
generated bus cycles except when the 
following conditions apply: 

The -MISS input is high during the 
first T2 of a memory read, indicating 
a cache-hit. The external cache 
controller then has the responsibility 
for completing the local bus cycle. 

The -LBA input is low during the first 
T2 of a memory or 1/0 read or write, 
indicating a local bus access. A 
local bus slave then has the responsi
bility for completing the local bus 
cycle. 

The CPU address maps to a local 
bus area as defined by address bits 
A31 and A29, or by the Programmed 
Memory Region Registers (PMRs). 
Again, a local bus slave then has the 
responsibility for completing the local 
bus cycle. 

In all other cases, the VL82C486 
generates either an on-board DRAM 
cycle, an ISA bus cycle, an interrupt 
acknowledge cycle, or a special bus 
cycle. -ADS, M/-10, D/-C, W/-R, and 
the address lines are examined by the 
VL82C486 to determine which type of 
cycle to generate. All 1/0 accesses, 
and all memory accesses not directed 
to on-board DRAM, cause ISA bus 
cycles to be generated. 

BUS CYCLE DECODER 
Table 1 shows how the VL82C486 
decodes the CPU's status signals when 
the CPU requests a bus cycle. The 
VL82C486 responds to each one of 
these codes according to the descrip
tions in the following sections. 

Interrupt Acknowledge 
When this cycle is detected, the 
VL82C486 generates a special-case 
ISA bus access cycle that is similar to a 
regular access cycle except that instead 
of generating an external command 
signal, an internal "INTA" command is 
sent to the on-chip 82C59A interrupt 
controllers. This causes them to place 

June 1992 

TABLE 1. BUS CYCLE DECODE 

M/-10 Dl-C W/-R Function 

0 0 0 Interrupt Acknowledge 

0 0 1 -BE3 - -BEO = 111 O - Shutdown 
-BE3 - -BEO = 1101 - Flush 
-BE3 - -BEO = 1011 - Halt 
-BE3 - -BEO = 0111 - Write-back 

0 1 0 1/0 Read 

0 1 1 l/OWrite 

1 0 0 Code Read 

1 0 1 Not Used 

1 1 0 Memory Read 

1 1 1 Memory Write 

an interrupt vector on 07-DO and SD7-
SDO on every second interrupt acknowl
edge cycle generated by the CPU. The 
first in a pair of interrupt acknowledge 
cycles is used by the 82C59As to 
resolve interrupt priority. 

The VL82C486 asserts -RDY alter the 
vector supplied by the 82C59As is 
placed on the CPU data bus. 

Special Bus Cycle: Shutdown 
Upon detection of a Shutdown cycle, 
-RDY is asserted in the second T2 of 
the bus cycle. Then alter a delay of 
four bus cycles, the RESCPU signal is 
asserted for 16 CPU clocks. 

Special Bus Cycle: Flush 
Upon detection of a Flush instruction, 
both -FLUSH and -RDY are asserted 
in the second T2 cycle. No other action 
occurs. 

Special Bus Cycle: Halt 
Upon detection of a Halt cycle, -RDY is 
generated in the second T2 of the bus 
cycle. No other action occurs. 

Special Bus Cycle: Write-back 
Upon detection of a Write-back opera
tion, the CPU generates -RDY in the 
second T2 of the bus cycle. No other 
action occurs. 

18 

1/0 Read/Write 
All 110 accesses that are not inhibited 
by the -LBA pin are passed to the ISA 
Bus Controller Block and are executed 
as standard ISA bus cycles. The 
VL82C486 steers the data between the 
CPU data bus and the ISA SD bus as 
required by each type of cycle. If the 
access is to an on-chip 110 location, 
then the VL82C486 steers data 
between the D bus, the SD bus, and the 
selected internal location as required by 
the cycle type. 

The VL82C486 asserts -RDY on 
completion of all ISA bus accesses. In 
the case of 110 reads, valid data is 
placed on the CPU data bus before 
-RDY is asserted. The CPU is held 
throughout the duration of both ISA bus 
reads and writes. 

For 32- or 24-bit CPU accesses to 16-
bit ISA bus locations, or for 32-, 24-, or 
16-bit CPU accesses to 8-bit ISA bus 
locations, the VL82C486 generates 
multiple ISA bus cycles for each CPU 
bus cycle in order to match the size of 
the access requested by the CPU. This 
process is invisible to the System 
Controller Block, except for the in
creased latency required to complete 
the operation. 
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Code Read 
Code fetches are handled exactly like 
any other memory read cycle (see 
"Memory Read/Write" below). 

Memory Read/Write 
Memory accesses that are not inhibited 
by either the -LBA pin, the -MISS pin, 
or the Programmed Memory Region 
Registers (PMRs) are directed towards 
e!ther on-board DR.~M or !he !S." bus. 
Selection between on-board DRAM and 
the ISA bus is made by the address 
decoder and is described in the section 
titled "1/0 and Memory Mapping" on 
page 22. 

For on-board DRAM reads and writes, 
the VL82C486 always assumes that 
burst cycles are to be generated and 
returns -BROY in response to each 
double-word (DWord) returned. 
-BLAST is monitored to determine 
when a burst read is to be terminated. 

ISA bus memory read or write cycles 
operate in much the same way as ISA 
bus 110 read or write cycles (see 
above), with the exception that there 
are no on-chip ISA bus memory 
locations. 

BYTE ENABLES (-BE3 - -BEO} 
For all cacheable memory read cycles 
to both the on-board DRAM and ISA 
bus, the VL82C486 ignores the byte 
enables generated by the 486 and acts 
as if they were all active, thus always 
generating 32-bit DRAM and ISA bus 
read accesses. This is in accordance 
with the 486 cache line fill operation, 
which always expects 32 bits of valid 
data when -BROY is asserted. 

For non-cacheable memory read cycles 
(when -KEN is deasserted by the 
VL82C486), for all write cycles, and for 
all 110 cycles, the byte enables are used 
to generate an access cycle of the 
requested size to the ISA bus or on
board DRAM. 

READY CONTROL 
The VL82C486 generates -BROY for 
all DRAM cycles and -ROY for all other 
types of cycles. The -BROY and -ROY 
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FIGURE 2. CPU INTERFACE 
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HOLD 
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-A20M 

-EADS 

-KEN 

-FERR 

-IGNNE 

output buffers are normally three
stated. The output buffers are enabled 
only when the VL82C486 drives these 
signals low, and for one clock cycle 
after it drives them from low back to 
high. This protocol allows the -ROY 
and -BROY signals to be driven by 
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D/-C 
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INTR 

HOLD 
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-BLKA20 

-EADS 

-KEN 

-FERR 

-IGNNE 

other local bus devices such as 
coprocessors and cache controllers. 

-ROY and -BROY are used as inputs 
to the VL82C486 whenever a CPU 
cycle is directed to a local bus slave 
instead of the VL82C486. 
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PRIMARY CACHE CONTROL 
Cacheabillty Control 
Cacheability of memory read data 
returned to the 486 is controlled by the 
-KEN signal. The -KEN output .is 
controlled by the following factors: 

• The GEN bit (bit 3) in the MISCSET 
Register. 

The Programmed Memory Region 
Registers (PMRs). 

• The Segment Cacheability Registers 
(ACBL-FCBL). 

• The CPU address. 

Access to any on-board DRAM memory 
area always defaults to cacheable. 
Access to any other memory area 
always defaults to non-cacheable. 
However, default cacheability in the first 
128 MB of memory can be overridden 
by the Segment Cacheability Registers, 
and the PMR Registers. 

When the GEN bit in the MISCSET 
Register is set to 0, the -KEN output is 
always deasserted (set high). 

When CEN is set to 1, -KEN is always 
asserted (low) in all CPU T1 and Ti 
cycles. (See Table 2.) It is deasserted 
during the first and subsequent T2 
cycles of any memory access defined 
as a non-cacheable local bus access by 
the PMR Registers, or for any memory 
access where A31 and A29 = 10 or 01. 
It is deasserted during the second and 
subsequent T2 cycles of all non
cacheable ISA bus memory cycles and 
for on-board DRAM cycles defined as 
non-cacheable by the Segment 
Cacheability Registers. 

Invalidation Control 
The -EADS input to the 486 is asserted 
by the VL82C486 to perform primary 
cache invalidation cycles during DMA 
and Master Mode ISA bus write cycles 
and during attempted writes to write
protected memory regions as defined 

by the Segment Cacheability Registers. 
It is also used to generate repeated 
invalidations to slow the CPU when the 
Non-Turbo Mode is selected. 

When the CPU generates a write 
cycle to an area of memory defined 
as write-protected by the Segment 
Cacheability Registers, the 
VL82C486 asserts -EADS for one 
CPU clock cycle during the first T2 of 
the write cycle. 

• During OMA or Master Mode cycles, 
the VL82C486 asserts -EADS for 
one CPU clock cycle when the ISA 
bus -MEMW signal is made active. 

LOCAL BUS ARBITRATION 
The VL82C486 requests mastership of 
the local bus by asserting the HOLD 
signal under the following circum
stances: 

When an ISA bus device requests a 
OMA or Master Mode cycle by 
asserting one of the -OREO signals. 

When the VL82C486's internal 
refresh counter requests a refresh 
cycle, and the Refresh Mode is not 
"decoupled". 

The VL82C486 waits until the 486 
asserts HLDA before taking ownership 
of the local bus. It deasserts HOLD at 
the end of the DMA, Master Mode, or 
refresh cycle. 

NUMERIC COPROCESSOR 
SUPPORT 
Numeric Error Reporting for 486DX 
and 487SX 
The. VL82C486 reports 486DX/487SX 
floating point errors through the use of 
two signals, -FERR and -IGNNE. 

-FERR is asserted by the 486 when a 
floating point error is detected. A high
to-low transition on this signal causes a 
level-13 interrupt request to be as
serted. The request is cleared on an 
1/0 write to location xFO (Coprocessor 

TABLE 2. MISCSET REGISTER (07h), CACHE CONTROL BIT 

Bit Name Function 

3 GEN Cache Enable: 
O = Primary cache is disabled, -KEN is forced inactive (high). 

Busy Clear) or xF1 (Coprocessor 
Reset). 

-IGNNE is normally inactive (high). It is 
made active (low) on an 1/0 write to 
location xFO (Coprocessor Busy Clear) 
or xF1 (Coprocessor Reset); this 
allows normal execution of floating point 
instructions within a floating point error 
handling routine. -IGNNE is deacti
vated on a low-to-high transition of 
-FERR. 

Weitek Coprocessor Support 
The Weitek 4167 is supported via the 
WEIRQ input, which is connected to the 
INTR output of the 4167 and causes a 
level-13 interrupt (IRQ13) to be 
generated when high. The Weitek 4167 
occupies the cooooooo-CFFFFFFF 
address region; the VL82C486. there
fore does not respond to accesses in 
this range, which it detects by looking 
for a high level on address input A31, 
and a low on address input A29. 

The VL82C486 supports a -ROY time
out mechanism for accesses to the 
Weitek address space (A31 = 1 and 
A29 = 0). For the first access after 
power-on reset to this region, the 
VL82C486 asserts -RDY after 7 µs if 
no externally generated -RDY is 
detected. However, if an externally 
generated -RDY is detected during the 
first access to this address space after 
reset, then the time-out mechanism for 
this address space is disabled. 

CPU RESET 
The VL82C486 generates a CPU reset 
by asserting RESCPU in response to 
one of the following conditions: 

A low level on the POWERGOOD 
signal. RESCPU is deactivated when 
POWERGOOD goes high. 

• When bit 0 of 1/0 Port 92h is set to a 
1 or a dummy read of 1/0 Port EFh is 
made. In either of these two cases, 
the VL82C486 waits 6.72 µs from 

1 = Primary cache is selectively enabled, -KEN is controlled by PMRs, Segment Registers. and address 
decoder. (POR default= 0.) 
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completion of the 1/0 operation to 
asserting RESCPU. RESCPU is 
made active for 16 CPU clock cycles. 

• On writing FCh or FEh to 1/0 Port 
64h. The RESCPU signal is gener
ated after 6. 72 µs or about 50 µs, 
depending on the FASTRC bit of the 
MISCSET Register. RESCPU is 
made active for 16 CPU clock cycles. 

• O~ exec1Jt!on of the CPU Shutdown 
command. RESCPU is made active 
for 16 CPU clock cycles. 

FIGURE 3. CPU INTERFACE TIMINGS 

When the CPU clock speed is 
changed. RESCPU is made active 
for 1 ms. 

On CPU reset, the VL82C486 forces 
the -BLKA20 signal inactive until the 
first memory read with A31 = o (this is 
to ensure correct reset vector opera
tion). 

CPU SELF-TEST REQUEST 
The GPU self-test request car> be 
generated at system reset by connect
ing the RSTDRV signal to the AHOLD 
input of the 486. At the end of a system 

reset, the VL82C486 guarantees that 
RSTDRV is active for two CPU clocks 
longer than RESCPU, thus activating 
the 486's internal self-test procedure. 

This adds 42 ms (at 25 MHz) to the 
CPU reset time. At the end of the self
test, the BIOS can read the CPU Self
Test Result Registers and perform 
whatever function is desired on failure. 

Nole that when using this method there 
is no self-test performed when a CPU
only reset is invoked. This results in the 
faster execution of a "Hot Reset". 
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1/0 AND MEMORY MAPPING 
OVERVIEW 
The VL82C486 decodes CPU ad
dresses to determine the destination of 
a CPU memory or 1/0 request. The 
VL82C486's address decoder distin
guishes seven general regions for 
memory or 1/0 accesses. The region 
selected is a function of the CPU 
address, the CPU cycle type, and the 
values placed in the Configuration 
Registers that control memory mapping. 
The regions are: 

• ISA Bus 1/0 Location, On-chip: An 
ISA bus l/O access cycle is gener
ated and is responded to by the 
VL82C486 when it recognizes an on
chip address during the ISA bus 
cycle. 

• ISA Bus 1/0 Location, Off-chip: A 
standard ISA bus 110 access cycle is 
generated. Data is passed between 
the local data bus (031-DO) and the 
ISA data bus (SD15-SDO). -PPICS 
is asserted to select the keyboard 
controller/real-time clock if the 1/0 
address is 60h, 64h, ?Oh, or 71 h. 

ISA Bus Memory Location, Off-board: 
Standard 8- or 16-bit ISA bus cycles 
are generated when the VL82C486 
detects a CPU memory access as 
being in the ISA slot bus address 
range. Data is passed between the 
local data bus (031-00) and the ISA 
data bus (SD15-SDO). 

• DRAM Location, On-board: Ha CPU 
memory access in the on-board 
DRAM range is detected, then the. 

DRAM controller is selected and 
generates the requested DRAM 
cycle. The ISA bus is not .affected. 

• Local Bus.ROM Location: Standard 
8- or 16-bit ISA bus cycles are 
generated when the VL82C486 
decodes a CPU memory access as 
selecting local bus ROM space. On 
read cycles, the VL82C486 latches 
ROM data from the local data bus 
and then redrives the data back to 
the CPU on the required portion of 
the local data bus. The -ROMCS 
signal is generat8d to enable the 
local bus ROM outputs. On local bus 
ROM writes, standard ISA bus 
memory write cycles are generated. 

Local Bus Peripheral Memory 
Location: The Programmed Memory 
Region Registers may be set to 
select local bus peripheral memory 
within a selected address range. In 
such cases, the VL82C486 is 
deselected to allow a local bus slave 
to respond to the CPU access cycle. 

• Fast Bus Clock Region: H the 
address range falls within that 
defined by the Fast Bus Clock 
Register (FBCR) and the access is to 
an ISA bus memory location, then the 
fast bus clock divider is used to 
control SYSCLK speed during the 
ISA bus cycle. 

H the -LBA pin is assisted by a local 
bus device, the VL82C486 will be 
deselected, thus overriding any of the 

above memory/IQ maps and allowing 
tM local bus device to respond. 

l/OMAPPING 
110 accesses are always run as ISA bus 
cycles, but the data steering is based 
on the actual 1/0 address depending on 
whether the 1/0 location is on-chip or 
off-chip. The VL82C486 provides an 
option in the BUSCTL Register to 
perform either 1 0- or 16-bit decodes for 
the resources listed in Table 4. 1/0 
addresses explicitly decoded by the 
VL82C486 are shown in bold. In 10-bit 
mode, A15-A10 are ignored. 

On-Chip 1/0 
For on-chip devices, the ISA bus cycle 
is run normally; only the data steering 
on read cycles is affected. bus masters 
have access to all on-chip registers, but 
OMA to on-chip 1/0 is not supported. 

ISA Busl/O 
All 110 write cycles drive the data onto 
the SD bus and generate an -IOW 
strobe. All l/O read cycles generate an 
-IOR strobe and drive data onto the D 
bus. Data is driven onto the SD bus 
during all on-chip 1/0 reads while the 
SD bus sources the data for all other 
1/0 reads. 

10/16 Address Decode 
The 10116-bit 1/0 address decode is 
controlled by bit 6 (10/1610) in the 
BUSCTL Register (at indexed location 
09h) as shown in Table 3. See Table 
25 for a complete description of the of 
the BUSCTL Register. 

TABLE 3. BUSCTL REGISTER (09h), ADDRESS DECODE CONTROL BIT 

Bit Name 

6 1011610 

June 1992 

Function 

10/16-Bit 1/0 Address Decode: When 0, full 16-bit address decode is performed. When set, 10-bit 1/0 
decode is performed. The default value of this bit at power-on reset is 0. 
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TABLE 4. 1/0 ADDRESSING MAP 

Address 
(Hex) Device Location 

0000-00F DMA#1 On-chip 

0020-003F Interrupt Controller #1 On-chip 

0040-0043 CounterfTimer On-chip 

0044-00SF Not Used ISA Bus 

0060 Keyboard Controller 
ISA Bus, 
-PPICS 

0061 Port B On-chip 

0062-0063 Not Used ISA Bus 

ISA Bus, 
0064 Keyboard Controller 

-PPICS 

0065-00GF Not Used ISA Bus 

ISA Bus, 
0070,0071 NMI Enable, Real-Time Clock 

-PPICS 

0072-007F Not Used ISA Bus 

0080-00SF DMA Page Registers On-chip 

0090-0091 Not Used ISA Bus 

0092 Port A On-chip 

0093-009F Not Used ISA Bus 

OOAO·OOBF Interrupt Controller #2 On-chip 

AIDVAINCrE ~NFOIRUMJA 'T~ON 
VL82C486 

Address 
(Hex) Device Location 

OOCO-OODE DMA#2 On-chip 

OOEO-OOEB Not Used ISA Bus 

OOEC Configuration Index On-chip 

OOED Configuration Data On-chip 

OOEE*+ FastA20 On-chip 

OOEP+ Fast Reset On-chip 

OOFO** Coprocessor Busy Clear On-chip 

OOF1** Coprocessor Reset On-chip 

OOF2-00F3 Not Used ISA Bus 

OOF4+ Slow CPU On-chip 

OOF5+ Fast CPU On-chip 

OOF6-00F8 Not Used ISA Bus 

OOF9 Configuration Protect On-chip 

OOFA+ Not Used ISA Bus 

OOFB+ Configuration Unprotect On-chip 

OOFC-OOFF Not Used ISA Bu& 

0100-FFFF General 1/0 Locations Local or ISA Bus 

Notes: 110 addresses shown in bold are explicitly decoded by the VL82C486. 
Can also be activated via Port A. 
For compatibility, used only to set -IGNNE. 

+ Can be disabled via BUSCTL. 
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MEMORY MAPPING 
Memory accesses are divided into on
board DRAM, local ROM, and ISA bus 
memory accesses. Since address bits 
A30, A28, and A27 are not used in the 
decode, many areas of the map are 
duplicated. 

and A29 = 00, normal memory ac
cesses are in effect. When A31 and 
A29 • 01 or 10, the VL82C48S is 
deselected and the local bus slaves 
may use these areas. When A31 and 

· A29 • 11, aliased ISA bus space and 
. BIOS ROM are selected. 

A31 and A29 are used to define four 
areas in the memory map. When A31 

A nonoi:ached aliased ISA bus area is 
provided at the top of memory to allow 

TABLE 5. MEMORY ADDRESS MAPPING 

Range A31,A29 CPU Address Destination 

0-640K 0,0 00000000-0009FFFF* Local DRAM 

640K-768K 0,0 OOOAOOOO-OOOBFFFF* ISAMemory 
Local DRAM 

768K-832K 0,0 OOOCOOOO-OOOCFFFF* ISA Bus 
System ROM 
Local DRAM 

832K-896K 0,0 00000000-000DFFFF* ISA Bus 
Local DRAM 

896K-1M 0,0 OOOEOOOO-OOOFFFFF* ~stem ROM 
I A Memory 
Local DRAM 

1M-(16M-128K) 0,0 00100000-ooFDFFFF* Local DRAM 
ISA Memory 

(16M-128K)-16M 0,0 OOFEOOOO-OOFFFFFF* System ROM 
Local DRAM 
ISA Memory 

16M-64M 0,0 01000000-03FFFFFF* Local DRAM 
Nothing Mapped 

64M-128M 0,0 04000000-07FFFFFF* Nothing Mapped 

128M-0.5G 0,0 08000000-1 FFFFFFF Alias 1st 128M x 3 

1.0G-1.5G 0,0 40000000-SFFFFFFF Alias 1st 128M x 4 

0.5G-1.0G 0, 1 20000000-3FFFFFFF Nothing Mapped 

1.5G-2.0G 0, 1 60000000-7FFFFFFF Nothing Mapped 

2.0G-2.5G 1, 0 80000000-9FFFFFFF Nothing Mapped 

3.0G-3.5G 1, 0 cooooooo-DFFFFFFF Nothing Mapped 

2.5G-3.0G 1, 1 AOOOOOOO-BFFFFFFF Aliased ISA Bus/ 
System ROM 

3.5G-(4.0G-16M) 1, 1 EOOOOOOO-FEFFFFFF Aliased ISA Bus/ 
System ROM 

Top 16M 1, 1 FFOOOOOO-FFFDFFFF Aliased ISA Bus 

Top 128K 1, 1 FFFEOOOO-FFFFFFFF System ROM 

limited access to ISA memory devices 
in the 1 MB to 16 MB iSA bus address 
range while. still supporting a full 16 MB 
of on-board DRAM in the first 16 MB of 
CPU address space. However, OMA 
and Master Mode cycles to the ISA 
memory areas in such configurations 
are not permitted, since conflicts with 
on-board DRAM would arise. 

Comments 

Cached 

Normal 
Shadow 

Normal 
Relocated Slot ROM 
Shadow 

Normal 
Shadow 

Normal 
Relocated System ROM 
Shadow 

MemorA Map, cached 
No DR M, Non-Cached 

Mid BIOS, Non-Cached 
No Mid BIOS, Cached 
No DRAM/BIOS, Non-Cached 

Memory Map, Cached 
No DRAM, 7 µs Time-Ou1 

No DRAM, 7 µs Time-Out 

Not Useful 

Not Useful 

VL82C486 Deselected, 7 µs Ready 
Time-Out, Non-Cached 

VL82C486 Deselected, 7 µs Ready 
Time-Out, Non-Cached 

VL82C486 Deselected, Conditional 
Ready Time-Out, Non-Cached 

VL82C486 Deselected, Conditional 
Ready Time-Out, Non-Cached 

Non-Cached 

Non-Cached 

Non-Cached 

Normal, Non-Cached 

• The Programmed Memory Region Registers may be used to define any area in the lower 128 MB as local bus memory or ISA 
bus memory, cacheable, or non-cacheable. 
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Local DRAM 
Memory addresses generated by the 
CPU are compared against the cur
rently defined memory map. If the 
address is in an area defined by Table 
5 and the Memory Mapping Registers 
as on-board DRAM, then the DRAM 
controller is activated and generates the 
requested DRAM cycle. Parity is 
optionally checked in this area. 

Accesses to on-board DRAM areas are 
always cacheable unless overridden by 
the Segment Cacheability Registers, or 
the PMR Registers. 

Shadow RAM 
There are six Configuration Registers 
that allow any 16K block in the 640K-
1 M range to be directed to either on
board DRAM or ISA bus memory/local 
ROM. These registers contain two 
control bits for each block that allows 
local ROM or ISA bus ROM to be 
copied to local DRAM tor faster access. 
These bits also allow a block to be 
defined as ~:::-ma! read/write DRAM. 
DRAM in this 384K area that is not 
used for Shadow RAM is not accessible 
to the system. Shadow RAM is also 

accessible by bus masters and DMA 
cycles. Parity is optionally generated 
and checked in this area only when 
local DRAM is accessed. 

Registers AAXS, BAXS, CAXS, DAXS, 
EAXS, and FAXS are used to define the 
shadow area mapping. They are 
Indexed Configuration Registers and 
are accessed via the Index and Data 
Ports at 1/0 addresses ECh and EDh. 
Table 6 shows their format and index 
address. 

TABLE 6. SHADOW RAM SEGMENT CONTROL REGISTERS (0Dh-12h) 
STARTING ADDRESS (A19-AO) OF EACH 16 KB REGION (A31, A29, A26·A20 = 0) 

Data Port D7 D6 
EDh 

AAXS (ODh) ACOOO Access 

BAXS (OEh) 8COOO Access 

CAXS (OFh) CCOOO Access 

DAXS (10h) DCOOO Access 

EAXS (11h) ECOOO Access 

FAXS (12h) FCOOO Access 

PORValue 0 

The two bits for each segment select 
four modes as follows: 

1. 00 Read/Write Slot Bus (Default) 
Normal PC/AT compatible 
operation. This may select 
local ROM or ISA bus ROM, 
depending on the memory 
space configuration. 

2. 01 Setup Mode: Read Slot Busl 
Write System Board 
Shadow setup mode. In this 
mode, reads are from the slot 
bus (or local ROM) and writes 

June 1992 

0 

D5 D4 D3 D2 

A8000 Access A4000 Access 

88000 Access 84000 Access 

C8000 Access C4000 Access 

D8000 Access D4000 Access 

E8000 Access E4000 Access 

F8000 Access F4000 Access 

0 0 0 0 

D1 DO 

AOOOO Access 

80000 Access 

COOOO Access 

DOOOO Access 

EOOOO Access 

FOOOO Access 

0 0 

are from the on-board DRAM 
and writes are directed to the 
slot bus. This mode could 
also be used to protect data 
previously written to a 
memory area while config
ured tor Mode 4 (below). 

are to on-board DRAM. ROM 
chip selects may be gener
ated, depending on how the 
ROMSET Register is 
configured. This allows 
shadowing of system board 
ROM as well as ROMs on a 
slot bus card. 

3. 1 O Shadow Mode: Read System 
Board/Write Slot Bus 
Read-only DRAM. This is the 
normal shadow operational 
mode. In this mode, reads 

4. 11 Read/Write System Board 
Read/write System board 
DRAM. This allows complete 
access to DRAM in the given 
16K region. 
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FIGURE 4. SHADOW RAM CONTROL 
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Segment Cacheability Registers 
There are six Configuration Registers 
that allow any 16K block in the 640K-
1 M range to be marked as non
cacheable or write-protected. Write
protection is used to prevent the 486 
from writing into its primary cache at 
locations defined as ROM or shadow 

Rom areas. It can not be used to write
protect DRAM areas - the Shadow RAM 
Control Registers are used for this 
purpose. The VL82C486 detects 
writes to protected areas and drives 
-EADS during the first T2 of the CPU 
write cycle to invalidate the corrupted 
primary cache location. 

Registers AC6L, 6C6L, CC6L, DC6L, 
EC6L, and FC6L are used to define the 
Segment Cacheability. They are 
Indexed Configuration Registers and 
are accessed via the Index and Data 
Ports at 1/0 addresses ECh and EDh. 
Table 7 shows their format and index 
address. 

TABLE 7. SEGMENT CACHEABILITY REGISTERS (13h-18h) 
STARTING ADDRESS (A19-AO) OF EACH 16 KB REGION (A31, A29, A26-A20 = 0) 

Data Port D7 D6 
EDh 

ACBL(13h) ACOOO Access 

BCBL(14h) 6COOO Access 

CCBL (15h) CCOOO Access 

DCBL(16h) DCOOO Access 

ECBL(17h) ECOOO Access 

FCBL (18h) FCOOO Access 

PORValue 0 

The two bits for each segment select four 
modes are as follows: 

1. 00 Not Write-protected, 
Cacheable 

2 01 Not Write-protected, Not 
Cacheable 

3. 1 O Write-protected, Cacheable 

4. 11 Write-protected, Not 
Cacheable 

June 1992 

0 

D5 D4 D3 D2 D1 DO 

A8000 Access A4000 Access AOOOO Access 

88000 Access 64000 Access 60000 Access 

C8000 Access C4000 Access COOOO Access 

D8000 Access 04000 Access DOOOO Access 

E8000 Access E4000 Access EOOOO Access 

F8000 Access F4000 Access FOOOO Access 

0 0 

Programmed Memory Region 
Registers 
There are two pairs of registers, 
(PMRA1, PMRE1 and PMRA2, 

0 

PMRE2) that allow any region in the 
first 128 MB of memory space to be 
remapped from its normal default to 
become either ISA bus address space 
or local bus address space. The 
selected address space may also be 
defined as cacheable or non-cacheable, 
overriding the default cacheability. 

27 

0 0 0 

Regions from 2 KB up to 8 MB in size 
may be selected by the PMRs. 

Table 8 shows the format of the 
registers and the operation of each bit 
field. 

PMRA is used to define the region type 
(mapping, size, and start address), and 
PMRE is used to divide the selected 
region into eight equally-sized contigu
ous sub-regions, each one of which can 
be selectively enabled for remapping. 
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TABLE 8. PROGRAMMED MEMORY REGION REGISTER (20h-23h) 

Data Port EDh 07 06 05 04 03 02 01 DO 

PMRA1 (20h) LBA_ISA NCBL AXS AX4 AX3 AX2 AX1 AXO 

PMRE1 (21h) RE7 RES RES RE4 RE3 RE2 RE1 REO 

PMRA2 (22h) LBA_ISA NCBL AX5 AX4 AX3 AX2 AX1 AXO 

PMRE2 (23h) RE? RES RES RE4 RE3 RE2 RE1 REO 

PORValue 0 0 0 0 0 0 0 0 

PMRA 

Bit Name Function 

7 LBA_ISA Selects the type of region: 
O = Select all memory accesses in the region to generate ISA bus cycles. 
1 = Select all memory accesses in the region to access a local bus device. The VL82C48S is deselected 

on CPU accesses in the region, and generates local bus cycles on OMA/Master Mode accesses to the 
region to access the local bus device. 

s NCBL Sets the cacheability of the region: 
O = Region is cacheable. 
1 = Region is non-cacheable. 

S-0 AXS-AXO Selects the start address and size of the memory region as follows: 

AX5 AX4 AX3 AX2 AX1 AXO 

0 A23 A22 A21 A20 A19 A23-A19 selects a S12 KB region in the first 1S MB of memory, 
aligned on a S12 KB boundary. 

1 0 A2S A2S A24 A23 A2S-A23 selects an 8 MB region in the first 128 MB of memory, 
aligned on an 8 MB boundary. 

1 1 A17 A16 A1S A14 A17-A14 selects a 1S KB region in the address range 
COOOOh-FFFFh (768K-1 M) aligned on a 1 S KB boundary. 

PMRE 

7-0 RE7-REO Sub-Region Enables: These bits enable the region selected by PMRA for remapping and/or cacheability. 
The region selected by PMRA is divided into eight equally sized contiguous sub-regions, each with its 
own enable, RE7-REO. REO controls the sub-region with the lowest address. 

For 8 MB regions the sub-region size is 1 MB. 
For S12 KB regions the sub-region size is S4 KB. 
For 1 S KB regions the sub-region size is 2 KB. 

Any combination of RE7-REO may be set. Operation is as follows: 
REx = O: Default mapping/cacheability is selected. 
REx = 1: Sub-region mapping/cacheability is enabled as defined by PMRA. 

The PMR Registers override the default 
mapping and cacheability of any region 
they select, including that set by the 
Segment Control Registers. If a 
memory region is under control of the 
Segment Cacheability or PMR Regis
ters and these registers overlap, any 
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non-cacheable region takes 
presedence. 

Regions above 1S MB that are defined 
as ISA bus address space alias to the 
1 S MB ISA bus address space. No 
OMA or Master Mode cycles can be 

28 

performed to aliased ISA bus areas, 
since the on-board DRAM and ISA 
memory could be mapped to the same 
ISA bus address space. 
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ISA Memory 
All memory accesses below 16 MB that 
are not directed to local DRAM, 
shadowed areas, or local bus devices 
are directed to the ISA bus. Also, the 
PMR Registers may be used to define 
any area in the first 128 MB as mapped 
to the ISA bus. Standard ISA cycles 
are generated. The VL82C486 
provides the data latching and steering 
logic to aiiow the CPU io perform 8, 16, 
24, or 32 accesses to either 8- or 16-bit 
ISA memory devices. Parity is not 
generated or checked in this area. 

Accesses to the ISA bus defined by the 
PMR Registers between 16 MB and 
128 MB alias to the 24-bit ISA bus 
addresses. CPU accesses in this 
region should be performed only if no 
OMA or Master Mode cycles ever 
access the referenced locations, since if 
a slot bus memory device occupied the 
same (aliased) address as the on-board 
DRAM, bus contention would occur if 
the OMA or Master Mode cycles were 
attempted to that area. 

Access to the full 16 MB ISA bus 
memory space is also provided in the 
CPU upper address regions (when A31 
and A29 = 11 ). Normal ISA bus 
memory cycles are generated in this 
region. For the reasons described 
above, OMA or Master Mode accesses 
should not be made to locations 
referenced by the CPU in this region. 
Accesses in this region are always non
cacheable. 

Access to system ROM is provided in 
the top 128K of the aliased ISA bus 
address space for correct reset 
vectoring. 
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Accesses to all ISA bus areas default to 
being non-cacheable. However, any 
ISA bus area may be redefined as 
cacheable using the PMR Registers. 

SYSTEM ROM MEMORY MAPPING 
Configuration 
System ROM accesses are defined to 
be all CPU accesses in the FOOOOh to 
FFFFFh address range that are not 
remapped by the Segment Control or 
the PMR Registers. Accesses in the 
COOOOh to CFFFFh and EOOOOh to 
EFFFFh address ranges may also be 
defined by the ROMSET Register as 
system ROM accesses (if not 
remapped by the Segment Control or 
PMR Registers). 

System ROM accesses are a subset of 
ISA bus accesses. Standard ISA bus 
access cycles are generated on system 
ROM accesses, with the only differ
ences being: 

• -ROMCS is always asserted on 
system ROM accesses. 

• System ROM may be selected to 
reside on either the local D bus or the 
ISASDbus. 

Additional ISA bus wait states may be 
programmed for system ROM 
accesses via bits 1 and O (ROMWS1 
and ROMWSO) in the ROMSET 
Register. 

The VL82C486 provides the data 
latching and steering logic to allow the 
CPU to perform 8-, 16-, 24-, or 32-bit 
accesses to either 8- or 16-bit system 
ROMs. 

In 8-bit mode, the ROM is addressed by 
SAxx-SAO and the ROM physically 

29 

resides on the next-to-high order byte 
(023-016) of the CPU data bus, or the 
low order byte of the SD bus. In 16-bit 
mode, ROM is addressed by SAxx-SA1 
and physically resides on the high order 
word (031-016) of the CPU data bus, 
or all 16 bits of the SD bus. 

The VL82C486 performs the required 
ISA bus cycles to assemble and latch 
the appropriate data and to present it to 
the CPU as requested. The OKEN pm 
is strobed at power-up to determine the 
ROM size (low = 8-bit, high = 16-bit), 
and the -RAMW pin is strobed at 
power-up to determine whether the 
system ROM resides on the local D or 
ISA SD data bus (low • D bus, high = 
SD bus). System ROM is also acces
sible by bus masters and OMA cycles. 
Parity is not checked in this area. 

ROM Relocation 
The video ROM and the fixed disk 
ROM, memory range COOOOh to 
CFFFFh, can be defined to be in the 
system ROM range with the 
ROMMOV1 and ROMMOVO bits (bits 5 
and 4, respectively) in the ROMSET 
Register. Similarly, the memory range 
EOOOOh to EFFFFh can be defined as 
system ROM by the same bits. All 
system ROM may be defined by the 
ROMMOV2 bit (bit 6) of the ROMSET 
Register to reside either on the local D 
bus or ISA SD bus. Accesses to 
system ROM causes the -ROMCS 
signal to be asserted. 

Table 9 shows the full decode of the 
ROMMOV2 through ROMMOVO bits. 
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TABLE 9. RELOCATION OF SYSTEM AND SLOT ROM 

ROMMOV2•ROMMOVO 000 001 010 011 100 101 110 111 

ESOOOh-EFFFFh D Bus,· Slots Slots Slots SD Bus, Slots Slots Slots 
ROM CS ROM CS 

EOOOOh-E7FFFh OBus, Slots Slots Slots SD Bus, Slots Slots Slots 
ROM CS ROM CS 

CSOOOh-CFFFFh (Fixed Disk -c:- D Bus, SD Bus, 
ROM) 

Slots Slots Slots 
ROMCS 

Slots Slots Slots 
ROM CS 

COOOOh-C7FFFh (Video ROM) Slots Slots DBus, D Bus, Slots Slots SD Bus, SD Bus, 
ROMCS ROMCS ROM CS ROM CS 

FOOOOh-FFFFFh (System BIOS) 
D Bus, D Bus, DBus, DBus, SO Bus, SD Bus, SO Bus, SD Bus, 
ROM CS ROM CS ROM CS ROM CS ROM CS ROM CS ROMCS ROM CS 

ROMCS: -ROMCS is asserted on accesses in this region. 

D Bus: On-board system ROM resides on the local D bus in this region. -ROMCS is asserted. The number of waits states 
for ROM accesses are programmed via bits 1 and O (ROMWS1 and ROMWSO) of the ROMSET Register. 

SD Bus: On-board system ROM resides on the ISA SD bus in this region. -ROMCS is asserted. The number of wait states for 
ROM acesses is programmed via the bits 1 and O (ROMWS1 and ROMWSO) of the ROMSET Register. 

Slots: Standard off-board ISA bus cycles are generated in this region. -ROMCS is not asserted. The number of wait states 
for ROM ~ccesses are programmed via bits 1and0 (16WS and SWS) in the BUSCTL Register. 

Note: Any region in Table 9 may be overridden by the Segment Control Registers or the PMR Registers. 
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VL82C486 
Flash Memory Support 
Provision is made for programming 
flash memory when used for the BIOS 
ROMs. Flash memory programming 
mode is set by bit 2 (FMPRG) in the 
ROMSET Register. When bit 2 is set, it 
causes the -FMPRG signal to be 
asserted, which may be used to gate a 
high voltage to the flash memory 

programming pin. Commands and data 
may then be sent to the devices to 
erase, program, or verify them. 

System flash memory may reside on 
either the local data bus or the SD bus. 
For the case where flash memory 
resides on the local data bus, 8-bit flash 
memory can only reside on D23-D16 
and 16-bitflash memory on D31-D16. 

TABLE 10. FLASH MEMORY SOFTWARE PROGRAMMING 
Memory Program Converted 
Address Address -BE3--BEO ROM Address 

Conversion (A31-AO) (SAx-SA1, SAO) 

8-Bit ROM X ............ XOO 0000 x ............ xoo 
on D23-D16 

X ............ X01 1001 X ............ X01 

X ............ X10 0011 X ............ X10 

X ............ X10' 1011 X ............ X11' 

16-Bit ROM X ............ XO- 0000 X ............ XO-
on D23-D16 

X ............ X1- 0011 X ............ X1-

-ROMCS is asserted. A special 
programming method is required to 
ensure that data is always presented on 
D23-D16 for 8-bit ROMs and D31-D16 
for 16-bit ROMs, regardless of the state 
of SA1 and SAO. To guarantee this, 
byte/word duplication must be per
formed by the software programming 
routine as shown in Table 10. 

Program Operation 

Double Word Write, 4-Byte Duplication 

Word Write, 2-Byte Duplication 

Word Write, Valid Least-Significant Byte 

Byte Write 

Double Word Write, 2-Word Duplication 

Word Write 

• In this special case, the VL82C486 converts a CPU byte 2 address to a ROM byte 3 address when in flash memory program
ming mode and the system memory resides on the local data bus. The VL82C486 internal logic provides a way of generating a 
ROM byte 3 address (SA 1 and SAO = 11 ), while still allowing the CPU to put out data on D23-D16. 

When the system ROM is programmed to reside on the SD bus, normal (special programming mode is disabled) ISA bus write 
cycles are generated to the flash memory, and SA1 and SAO are asserted as normal. -ROMCS is asserted if flash memory is 
programmed via the ROMSET Register to reside on the on-board SD bus. -ROMCS is not asserted if the flash memory is 
programmed to reside on the off-board slots. 
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Middle BIOS Switch-Out accesses to this address range are 
directed towards on-board DRAM or 
ISA bus. 

ROM access wait states, and flash 
memory programming mode. Table 11 
shows the ROMSET Register's format. 

The middle BIOS region (at the 16 MB 
location, OOFEOOOOh to OOFFFFFFh) is 
normally enabled. However, it may be 
disabled by setting bit 3 (MBIOS) in the 
ROMSET Register, in which case 

ROM Control Register (ROMSET) 
The ROMSET Register controls the 
ROM width, ROM relocation, number of 

TABLE 11. ROMSET CONTROL REGISTER (OCh) ·READ/WRITE 

Data Port EDh 07 D6 05 04 03 02 

ROMS ET (OCh) ROMWID ROMMOV2 ROMMOV1 ROMMOVO MBIOS FMPRG 

PORValue OKEN -RAMW 0 0 0 0 

Bit Name Function 

7 ROMWID ROM Width: Sets BIOS ROM width. 0 = 8-bit, 1=16-bit. 

01 

ROMWS1 

0 

6-4 ROMMOV2- ROM Move Bits 2 through O: ROM relocation bits as defined in Table 9 on page 29. 
ROMMOVO 

DO 

ROMWSO 

0 

3 MBIOS Middle BIOS: This bit enables the middle BIOS region (OOFEOOOOh to OOFFFFFFh) when reset to 0. 
When set to 1, accesses to this range are directed to the on-board DRAM or ISA bus. 

2 FMPRG Flash Memory Program: When set, it forces the -FMPRG output low and enables the special flash 
memory addressing mode as defined in the section titled "Flash Memory Support" on page 30. 

1, 0 ROMWS1, ROM Wait States: These bits specify the number of ROM wait states defined in terms of slot bus 
ROMWSO cycles. The valid range is one to three: 

Bit 1 BitO #ofWS 
0 0 3 
0 1 1 
1 0 2 
1 1 3 

These bits are set to O at power-on reset. 
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VL82C486 
LOCAL BUS PERIPHERAL SUPPORT 
CPU ACCESS TO LOCAL BUS 
DEVICES 
CPU access to local bus devices is 
supported through programmable and 
fixed address regions at which the 
VL82C486 is deselected during 
memory aocesses and by the -LBA pin 
which forcibly deselects the VL82C486 
during memory and 1/0 aocesses. 

Fixed Local Bus Memory Regions 
The VL82C486 is deselected during a 
memory aocess whenever A29 = 1, or 
whenever A31 and A29 = 10. Hence, 
local bus devices may respond to CPU 
memory aocesses to regions that 
generate these A31 and A29 values 
without interference from the 
VL82C486. 

The VL82C486 does, however, detect 
accesses to these regions in order to 
perform the following cacheability and 
time-out functions: 

-KEN is deasserted during the first 
and subsequent T2 cycles of ac
cesses to these memory regions to 
make such aocesses non-cacheable. 

For aocesses to address regions 
where A31 and A29 = 01, the 
VL82C486 asserts -ROY after 7 µs 
from -ADS, unless before 7 µs it 
detects -ROY or -BROY (generated 
by a local bus device). 

For aocesses to address regions 
where A31 and A29 = 10, the 
VL82C486 asserts -ROY after 7 µs 
from -ADS, unless before 7 µs it 
detects -ROY or -BROY (generated 
by a local bus device). If -ROY or 
-BROY is detected before 7 µs, the 
time-out mechanism for these 
address regions is permanently 
disabled. This is intended for use 
with devices such as the Weitek 4167 
which can generate very long access 
cycles, of which the first one after 
reset is guaranteed to be less than 
7 µs and can thus be used by the 
VL82C486 to verify the presence of 
the device. 

Programmable Local Bus Memory 
Address Regions 
One or two regions in the first 128 MB 
of memory space may be programmed 
as being local bus address space by 
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the PMR Registers. Each region may 
be as small as 64 KB (if it is in the first 
16 MB of memory space), or as large 
as 8 MB. Each region may be defined 
as cacheable or non-cacheable. 

When the VL82C486 is deselected 
when it detects an aocess to a pro
grammed local bus memory region. 
The only action performed by the 
VL82C486 during an access to a 
programmed local bus region is to 
deassert the -KEN signal in the first 
and subsequent T2 cycles of the 
access if the region is defined as non
cacheable. 

No -ROY time-out is generated for 
accesses to programmable memory 
regions. 

-LBA Pin 
If the -LBA input is asserted (low) 
during any memory or 1/0 access, the 
VL82C486 is deselected. To guarantee 
deselection of the VL82C486, the -LBA 
input must meet the following timing 
requirements: 

If the RAMTMG Register is set such 
that on-board DRAM cycles start at 
the beginning of the first T2, then for 
memory accesses that would 
normally select an on-board DRAM 
location, the -LBA pin must be 
asserted within a setup time to the 
end of T1 state. 

If the RAMTMG Register is set such 
that on-board DRAM cycles start in 
the middle of the first T2, then for 
memory accesses that would 
normally select an on-board DRAM 
location, the -LBA pin must be 
asserted within a setup time to the 
negative edge of the CPU clock, in 
the middle of the first T2. 

For all other types of accesses, the 
-LBA pin must be asserted within a 
setup time to the end of the first T2. 

The VL82C486 normally forces all CPU 
accesses that cause the -LBA pin to be 
asserted to be non-cacheable by 
deasserting the -KEN signal in the 
second and subsequent T2 cycles of 
memory accesses. However, if the 
memory address that asserts -LBA also 
falls within the range of a PMR that is 
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programmed to select a cacheable local 
bus region or a Segment Cacheablilty 
Register that is programmed to select a 
cacheable region, then -KEN will 
remain asserted throughout the cycle. 

OMA and Master Mode/Local Bus 
Memory Transfers 
The VL82C486 supports OMA and 
Master Mode cycles be!wee!l the !SA 
slot bus 1/0 devices and local bus 
memory devices. The mechanism is 
programmed via the PMR Registers. 
To support OMA transfers between a 
slot bus device and a local bus device, 
a PMR Register must be programmed 
to select a local bus device for the 
address range in which such transfers 
are to occur. 

Whenever the HLDA input of the 
VL82C486 is high, it configures the 
-ADS, M/-10, W/-R, Dl-C, -BE3 -
-BEO, A31, A29, A26-A2, and-BLAST 
pins as outputs. Then on detection of 
an active -MEMR or -MEMW signal 
during a OMA or Master Mode transfer 
cycle that falls within the range selected 
by a PMR for local bus accesses, the 
VL82C486: 

Drives IOCHRDY low on the next 
negative or positive edge of SYSCLK. 

Sets W/-R high on memory writes or 
low on memory reads, sets D/-C 
high, sets M/-10 high, sets -BLAST 
low, and sets -BE3 - -BEO according 
to the decode of SA 1 and SAO and 
the transfer size (8 or 16 bits). 

After synchronization with the CPU 
clock, -ADS is asserted for 1T cycle. 
On memory writes, the contents of 
the SD bus is driven onto the 
selected portion of the D bus. 

Waits for -ROY or -BROY to be 
returned by the local bus device. For 
memory reads, -ROY or -BROY is 
used to strobe the data returned by 
the local bus device into a synchro
nous data register; the output of the 
data register is placed on the 
selected portion of the SD bus. 

After synchronization wtth SYSCLK, 
IOCHRDY is three-stated to termi
nate the cycle. 
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The local bus device's memory loca
tions must be within the first 64 MB ·Of 
local bus address space for OMA 
accesses and within the first 16 MB for 
Master Mode access. 

When the local bus access mechanism 
is used in OMA transfers, the .DMA 
Acknowledge (-DACK) signals, 
decoded from the M/-IO_DKO, 
D/-C_DK1, and W/-R_DK2, must be 
latched externally and enabled when 
OKEN is active since these signals hold 
a valid OMA acknowledge code only for 
a short time alter OKEN goes active, 
before being multiplexed to select the 
local bus cycle definition. 

DRAM CONTROLLER 
OVERVIEW 
The VL82C486 supports up to 64 MB of 
on-board DRAM. The DRAM is 
configured in one to four banks, each 
with its separate control signals. Each 
bank is 32 bits wide (without parity) or 
36 b~s wide (with parity). The size of 
each bank can be up to 16 MB. 

The VL82C486 supports the use of 
256Kx1, 256Kx4, 1 Mx1, 1 Mx4, or 4Mx1 
DRAMs. Each of the four banks may 
consist of one or two rows of DRAMs, 
for support of single- or double-sided 
SIM Ms. 

The DRAMs have a separate address 
bus (MA10-MAO) that is generated by 
the VL82C486, but communicate 
directly with the CPU data bus (031-
DO). 

The four banks of DRAMs may be 
configured in either a single or double 
memory data bus organization (referred 
to as Configuration A or Configuration 
B). Configuration B gives higher 
performance by permitting Column 
Address Strobe (CAS) signals to 
overlap during interleaved DRAM 
cycles, but require the use of ten 8-bit 
bidirectional buffers. 

DRAM cycles for CPU accesses are 
generated synchronously with the CPU 
clock. CPU Burst Mode reads are 
supported; the VL82C486 is capable of 
performing up to four 32-bit DRAM 
accesses on a single CPU read 
request. Page Mode operation and 
two- or four-way interleaving are 
supported. Critical DRAM timing 
parameters are programmable via the 
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configuration register RAMTMG. It 
allows the use of different speed 
DRAMs at various CPU clock frequen
cies. 

DRAM cycles for OMA or Master Mode 
transfers are generated synchronously 
with the 14 MHz OSC input, have fixed 
timing and operate in Non-Page Mode. 

Refresh cycles may be set to occur 
every 15.625 µs or 125 µs. They also 
have fixed timing and are generated 
synchronously with the 14 MHz OSC 
input. 

PHYSICAL CONFIGURATIONS 
Configuration A 
Configuration A is the basic DRAM 
configuration and is shown in Figure 6. 
It consists of one to four banks of 
DRAMs. Each bank is 32 bits wide (or 
36 bits wide with parity), and may 
consist of 256Kx1, 256Kx4, 1 Mx1, 
1 Mx4, or 4Mx1 DRAMs. The DRAM 
data outputs connect directly to the 
CPU data bus. 

The DRAM Memory Address bits 
MA 10-MA 1 connect directly to each 
DRAM. MA9 is used only for 1 Mx1, 
1 Mx4, and 4Mx1 DRAMs. MA 10 is 
used for 4Mx1 DRAMs only. MAOX is 
connected to an address input of each 
DRAM in Banks O and 2, while MAOY is 
connected to an address input of each 
DRAM in Banks 1 and 3. The two 
versions of MAO have different timings 
during Interleaved Burst Mode opera
tion, and are necessary to meet DRAM 
address setup and hold specifications. 

The VL82C486 supplies each bank with 
its own -RAS signal (-RAS3 - -RASO). 
Each bank has a separate CAS signal 
for each byte of the bank, to allow 
individual byte and word writes. Each 
CAS3-CASO signal from the VL82C486 
is externally NANDed with each of the 
MBE3-MBEO signals to form 16 
separate CAS signals, a group of four 
for each bank, as depicted in Figure 5. 

The -RAMW signal is connected 
directly to the write enable (-WE) input 
of each DRAM. 

Configuration B 
Configuration B supports two 32/36-bit 
DRAM data buses and is shown in 
Figure 7. DRAM Banks O and 2 share 
one data bus, and DRAM Banks 1 and 
3 share the other. Each DRAM data 
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bus is enabled onto the 32-bit CPU data 
bus by a set of 74F245 buffers. The 
VL82C486 generates an -MDENX 
signal for enabling the Bank 012 buffers 
onto the CPU data bus, and an 
-MDENY signal for enabling the Bank 
113 buffers onto the data bus. The 
-RAMW signal is used to control the 
direction of the bidirectional buffers. 

MA, -RAS, and CAS signals are 
connected in the same way as for 
Configuration A. 

Configuration B allows the CAS signals 
for DRAM Banks 0/2 and 113 to overlap 
without data contention, thus improving 
the performance of interleaved burst 
read cycles. 

Double-Sided SIMM Support 
Each of the four banks support the use 
of two rows of DRAMs, allowing the use 
of double-sided SIM Ms. Each of the 
two rows in each bank is connected to 
the same CAS signal. The configura
tion is shown in Figures 8 and 9. 

To save pins, -RAS3 - -RASO are 
shared between pairs of banks. For 
Banks O and 1, RASO goes to Side One 
of the SIMMs for each bank, and 
-RAS1 goes to Side Two of the SIMMs 
in each banks. The same applies for 
-RAS2 and -RAS3 for Banks 2 and 3. 
Since each side of the SIM Ms receive 
the same CAS signal, to avoid data 
contention the VL82C486 guarantees 
that -RASO and -RAS1 are never 
asserted simultaneously to double
sided banks. The same applies to 
-RAS2 and -RAS3. The paging 
mechanism of the VL82C486 restricts 
use of double-sided SIMMs to the 
following configurations: 

• If interleaving double-sided SIMMs 
between Banks o and 3 only (Inter
leave Mode 010), then Banks 1 and 2 
must be unpopulated. 

• If interleaving double-sided SIMMs 
between Banks 1 and 2 only (Inter
leave Mode 011 ), then Banks O and 3 
must be unpopulated. 

DRAM Physical Configuration 
Registers 
Two 8-bit registers, RAMCFGO and 
RAMCFG1, are used to program the 
physical DRAM configuration indicating 
the DRAM type for each bank. The 
registers are Indexed Configuration 
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Registers and are accessed via the 
Index and Data Ports at 1/0 addresses 
ECh and EDh. The RAMCFGO and 
RAMCFG1 Registers' formats are given 
in Tables 12 and 13. 

DRAM type may be none, 256Kx1 or 
256Kx4, 1 Mx1 or 1 Mx4, or 4Mx1 
DRAMs. 

The bank type may be either single or 
double-sided. The bank size in bytes is 

thus the DRAM type multiplied by four 
for single-sided banks and the DRAM 
type multiplied by eight for double-sided 
banks. 

TABLE 12. RAMCFGO CONFIGURATION REGISTER (02h) ·READ/WRITE 

Data Port EDh D7 06 I D5 D4 D3 D2 1 D1 DO 

RAMCFGO (02h) 1 BANK 1 BANK 1 1 BANKO BANKO 
DRAM SIZE TYPE DRAM SIZE TYPE 

00 =None O =Single 00 =None O =Single 
01 =512Kx1,orx4 1 =Double 01 = 512Kx1, or x4 1 =Double 
1O=1 Mx1, or x4 10 = 1Mx1, or x4 
11 = 4Mx1 11 =4Mx1 

TABLE 13. RAMCFG1 CONFIGURATION REGISTER (03h) ·READ/WRITE 

Data Port EDh D7 D6 D5 D4 03 

RAMCFG1 (03h) 1 BANK3 BANK3 1 
DRAM SIZE TYPE 

00 =None o- Single 
01 = 512Kx1, or x4 1 =Double 
10 = 1 Mx1 , or x4 

· 11 = 4Mx1 

DRAM MEMORY MAPS 
Overview 
The DRAM memory mapping (i.e., 
where each DRAM bank appears in the 
CPU address space) is determined by 
the RAMCFG Registers and the 
interleave selection set by bits 7-5 
(INTLV2-INTLVO) in the RAMSET 
Register. 

The DRAM memory map always starts 
at CPU address zero and is always 
contiguous except for "holes" created 
by the Segment Control and the PMR 
Registers. Two banks or four banks 
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may share the same address range, 
depending on the interleave type 
selected. The two "sides" of a double
sided SIMM always occupy consecutive 
and contiguous address ranges. 

Interleave Mode Selection 
The Interleave Mode selection deter
mines which banks occupy the same 
address range for two- or four-way 
interleave and help determine the start 
address of each bank. The Interleave 
Mode options are programmed by the 
INTLV2-INTLVO bits in the RAMSET 
Register as follows: 
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D2 1 D1 DO 

BANK2 BANK2 
DRAM SIZE TYPE 

00 =None o-Single 
01 =512Kx1,orx4 1 =Double 
10 = 1 Mx1, or x4 
11=4Mx1 

INTLV2· 
INTLVO 
000 
001 
010 
011 
100 
101 
110 
111 

Interleave Mode 
Selection 

No interleave 
Banks O & 1 only 
Banks O & 3 only 
Banks 1 & 2 only 
Banks 2 & 3 only 
Banks O & 1, or Banks 2 & 3 
Banks O & 3, or Banks 1 & 2 
Banks 0 & 1 and Banks 2 & 3 

(four-way interleave) 
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Interleaved banks must be of both the 
same size and type. If unlike banks are 
programmed as interleaved, then the 
operation is undefined. When using 
double-sided SIMMs, Interleave Mode 
selection is restricted by the limitations 
(specified in the section titled "Double
Side SIMM Support" on page 34). 

For two-way interleave, address bit A2 
is used to select one of the banks in an 
interleaved pair as follows: 

A2 = o: Banko or Bank 2 is selected 
A2 = 1: Bank 1 or Bank 3 is selected 

For four-way interleave, address bits 
A 14 and A2 are used to select one of 
the banks as follows: 

A14 and A2 = 00: 
A14 and A2 = 01: 
A14 and A2 = 10: 
A 14 and A2 = 11 : 

Bank O is selected 
Bank 1 is selected 
Bank 2 is selected 
Bank 3 is selected 

Note that A2 changes during a CPU 
burst read, therefore causing alternate 
interleaved banks to be accessed 
during a burst. However, A 14 never 
changes during a burst read, hence 
only two banks can ever be active 
during a burst cycle. 

Bank Start Address 
The start address of each of the four 
DRAM banks is determined as shown in 
Table 14. 

-RAS Strobe Decode 
-RAS decode is performed as a 
function of the RAMCFG Registers, the 
Interleave Mode selection, and the CPU 
address. Each bank has an active 
address range which is a function of the 
bank size (as specified in Table 14), 
and the interleave information. For 
non-interleaved memory accesses, if 
the CPU address falls within the 
address range of a DRAM bank, then 
the -RAS signal for that bank is 
activated. For interleaved accesses, if 
the address falls within the range of the 
two selected banks, then the -RAS 
signals for both banks are asserted 
simultaneously. 

For banks that have two rows of 
DRAMs (i.e., use double-sided SIMMs), 
then each half of the bank has an active 
address range. For Banks O and 1, 
-RASO is asserted for accesses to the 
lower hatt and -RAS1 is asserted for 
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TABLE 14. DRAM BANK START ADDRESS 
Inter-

Banko Bank 1 Bank2 Bank3 leave 
Start Address Start Address Start Address Start Address Option 

000 0 Size (Bank 0) Size (Bank 0) Size (Bank 0) 
(None) +Size (Bank 1) +Size (Bank 1) 

+Size (Bank 2) 

001 0 0 Size (Bank O)x2 Size (Bank O)x2 
(Banks +Size (Bank 2) 
0, 1) 

010 0 Size (Bank O)x2 Size (Bank O)x2 0 
(Banks +Size (Bank 1) 
0, 3) 

010 Size (Bank 2)x2 0 0 Size (Bank O) 
(Banks +Size (Bank 2)x2 
1, 2) 

100 Size (Bank 2)x2 Size (Bank 0) 0 0 
(Banks +Size (Bank 2)x2 
2, 3) 

101 0 0 Size (Bank O)x2 Size (Bank O)x2 
(Banks 
o, 1 or 
2,3) 

110 0 Size (Bank O)x2 Size (Bank O)x2 0 
(Banks 
o, 3 or 
1, 2) 

111 0 0 0 0 
(Banks 
0, 1, 
2,3) 

Where: 

Size (Bank n) = O if no DRAM is programmed for that bank. 
= 1 MB if 256Kx1 or 256Kx4 DRAMs are used and the bank is single

sided. 
= 2 MB if 256Kx1 or 256Kx4 DRAMs are used and the bank is double-

sided. 
= 4 MB if 1 Mx1 or 1 Mx4 DRAMs are used and the bank is single-sided. 
= 8 MB if 1 Mx1 or 1 Mx4 DRAMs are used and the bank is double-sided. 
= 16 MB ii 4Mx1 DRAMs are used (bank must be single-sided). 

accesses to the upper half. For Banks 
2 and 3, -RAS2 is asserted for ac
cesses to the lower half and -RAS3 is 
asserted for accesses to the upper half. 

CAS Strobe Decode 
The CAS signal for each of the four 
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banks is asserted whenever a memory 
address falls within the active address 
range for the bank, as determined by 
the bank size and Interleave Mode. For 
interleaved accesses, CASO or CAS2 is 
generated when A2 = 0, and CAS1 or 
CAS3 is generated when A2 = 1. 
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FIGURE 5. DRAM-CAS GENERATION 
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FIGURE 6. FOUR BANK DRAM SYSTEM - CONFIGURATION A 
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FIGURE7. FOUR BANK DRAM SYSTEM- CONFIGURATION B 
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FIGURE 8. FOUR BANK DOUBLE-SIDED SIMM - CONFIGURATION A 
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FIGURE 9. FOUR BANK DOUBLE-SIDED SIMM - CONFIGURATION B 
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DRAM Memory Addressing 
The DRAM memory address generation 
is a function of the CPU memory 
address, the DRAM type, and the 
Interleave Mode selection. DRAM row 
and column address are multiplexed 
onto the same MA bus. When operat
ing in Non-Page Mode or on page-

misses, then a row address followed by 
a column address is generated during a 
DRAM access. On page-hits only a 
column address is generated during a 
DRAM access. 

During CPU burst reads all column 
address bits except MA1, MAOX, and 
MAOY remain stable throughout the 

TABLE 15. DRAM PAGE/INTERLEAVE MAPPING 

No 2-Way 
Interleave Interleave 

MA 256K 1M 4M 256K 1M 

10 x x A12 x x 
9 x A11 A11 x A12 

8 A10 A10 A10 A10 A10 

7 A9 A9 A9 A9 A9 
Column 
Address 6 AB AB AS AB AS 

s A? A? A? A? A? 

4 A6 A6 A6 A6 A6 

3 AS AS A5 AS AS 

2 A4 A4 A4 A4 A4 

1 A2 A2 A2 A11 A11 

OX!OY A3 A3 A3 A3 A3 

No 2-Way 
Interleave Interleave 

MA 2S6K 1M 4M 256K 1M 

10 x x A23 x x 
9 x A21 A21 x A21 

8 A19 A19 A19 A19 A19 

7 A18 A1B A18 A18 A18 
Row 
Address 6 A17 A17 A17 A17 A17 

s A16 A16 A16 A16 A16 

4 A1S A1S A1S A1S A1S 

3 A14 A14 A14 A14 A14 

2 A13 A13 A13 A13 A13 

1 A11 A20 A20 A20 A20 

OX!OY A12 A12 A22 A12 A22 
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burst. MAOX and MAOY reflect the 
changing state of A3 during the burst. 
MA1 reflects the changing state of A2 
during non-interleaved bursts. 

Table 1 S shows how the CPU memory 
address maps to the MA bus for row 
and column addresses. OX/OY in the 
table represents both MAOX and MAOY. 

4-Way 
Interleave 

4M 2S6K 1M 4M 

A13 x x A13 

A12 x A12 A12 

A10 AH> A10 A10 

A9 A9 A9 A9 

AB AS AB AB 

A? A? A? A? 

A6 A6 A6 A6 

A5 AS AS AS 

A4 A4 A4 A4 

A11 A11 A11 A11 

A3 A3 A3 A3 

4-Way 
Interleave 

4M 256K 1M 4M 

A23 x x A23 

A21 x A21 A21 

A19 A19 A19 A19 

A18 A18 A18 A18 

A17 A17 A17 A17 

A16 A16 A16 A16 

A1S A1S A1S A1S 

A14 A21 A23 A2S 

A24 A13 A13 A24 

A20 A20 A20 A20 

A22 A12 A22 A22 
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DRAM INTERFACE OPERATION 
FOR CPU ACCESSES 
Overview 
This section describes the operation of 
the on-board DRAM interface for CPU 
and OMA/Master Mode accesses. 

For all CPU accesses, DRAM cycles 
are generated synchronously with the 
CPU clock. DRAM signals may change 
on either edge of the CPU ciock 
depending on how the RAMTMG 
Configuration Register is set. The 
timing of DRAM cycles for CPU 
accesses is a function of the physical 
configuration (Configuration A or B), the 
Interleave Mode selected, and the value 
in the RAMTMG Register. 

All CPU memory cycles are assumed to 
be Burst Mode accesses. After a read 
cycle is started, up to four consecutive 
32-bit DRAM accesses with incremental 
addresses are automatically generated. 
The DRAM controller terminates the 
burst when the CPU makes -BLAST 
active. The DRAM controller always 
asserts -BRDY (and not -RDY) on 
completion of DRAM cycles for both 
CPU reads and writes. 

Cycles may operate in Page or Non
Page Mode. However, -RAS signals 
are always held active throughout the 
duration of a burst cycle; thus non-page 
DRAMs are not supported. 

Critical DRAM timing parameters for 
CPU accesses are settable via the 
RAMTMG Register to allow the use of 
different speed DRAMs at various 
frequencies. 

In the next sections, the following 
terminology is used to describe the 
starting conditions for CPU DRAM 
accesses: 

Bank-Miss: The CPU accesses a 
DRAM bank that has an 
inactive -RAS. 

Page-Hit: 
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The CPU accesses a 
DRAM bank that has an 
active -RAS and the 
previous access to that 
bank was to the same 
DRAM page as the 
current access. 

Page-Miss: The CPU accesses a 
DRAM bank that has an 
active -RAS and the 
previous access to the 
bank was not to the same 
DRAM page as the 
current access. 

DRAM Programmable Timing 
For CPU accesses, the timing of DRAM 
cycies is prograrnmabie to aiiow for 
different operating frequencies and 
different DRAM speeds. 

The start of a DRAM cycle (the time at 
which -RAS or GAS is first asserted) is 
programmable to be the beginning of 
the first T2 of the CPU cycle, in the 
middle of the first T2, or at the begin
ning of the second T2. On page-hits, 
GAS is always asserted at the begin
ning of the second T2 for write cycles, 
but is programmable as described 
above for read cycles. 

-RAS precharge time and -RAS to 
GAS delay are programmable to be 
from one to four CPU clocks. 

CAS pulse width is programmable to be 
1, 1.5, or 2 CPU clocks. 

The format and function of the 
RAMTMG Register is given in Table 16. 

Page Mode Operation 
DRAM cycles normally operate in Page 
Mode. Each -RAS is held active after a 
CPU DRAM access has finished and is 
precharged only when a subsequent 
cycle to the same bank does not access 
the same DRAM page as the last cycle 
to that bank, or if an asynchronous 
event such as a refresh or DMA cycle 
causes a precharge cycle. The page 
size is a function of DRAM type and 
Interleave Mode. 

In Non-Interleaved Mode, the DRAM 
page size is 2, 4, or 8 KB for 256K, 1 M, 
or 4M DRAMs respectively; up to four 
pages may be open simultaneously 
(one per bank), depending on whether 
one, two, three, or four banks are 
populated. However, only one page at 
a time may be open for pairs of banks 
that employ double-sided SIMMs, since 
only one of the two -RAS signals used 
by double-sided SIMMs can be active at 
one time. 
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In Interleaved Mode, the page size is 4, 
8, or 16 KB for 256K, 1 M, or 4M 
DRAMs respectively; one or two pages 
may be open simultaneously depending 
on whether two or four banks are 
populated. 

The DRAM controller may be config
ured to operate in "Burst Page Mode" 
by setting bit O (PGMD) of the RAMSET 
Register. ln this mode, -RAS signais 
are always precharged at the end of 
each write cycle or burst read cycle. 
However, -RAS signals are held active 
through the duration of burst read 
cycles, so use of non-page DRAMs is 
not permitted. This mode is useful for 
applications that generate scattered 
memory references that would generate 
many DRAM page-misses and hence 
precharge cycles if operating in full 
Page Mode. 

OMA/Master Mode cycles do not 
employ the Page Mode and always 
precharge the -RAS signals at the 
beginning and end of each access. 

Page Mode -RAS Time-Out 
If a -RAS signal stays active for more 
than 1 O µs it is automatically 
precharged by the -RAS time-out 
generator to ensure that maximum 
DRAM -RAS active times are not 
violated. However, this feature may be 
disabled by setting bit 5 (RTODIS) of 
the RAMSET Register when using 
RAMs that have -RAS active periods of 
longer than 15 µs (in which case the 
intervention of refresh ensures that 
maximum -RAS active times are not 
violated). 

-RAS Timing 
Figure 1 O shows all possible -RAS 
timings that can be generated by the 
VL82C486 on a CPU DRAM access. 

The first group of three waveforms in 
Figure 10 shows how each -RAS signal 
is asserted on a bank-miss. -RAS is 
inactive at the start of the CPU access 
and is asserted at the beginning or 
middle of the first T2 or at the beginning 
of the second T2, depending on the 
values of TSTRT1 and TASTO (bits 7 
and 6) in the RAMTMG Register. 
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TABLE 16. RAMTMG REGISTER (01h)- READ/WRITE 

Data Port EDh D7 D6 D5 D4 D3 D2 D1 DO 

RAMTMG (01h) TSTRT1 TSTRTO TRP1 TRPO TRCD1 TRCDO TCAS1 TCASO 

PORValue 1 1 1 1 1 1 1 1 

Bit Name Function 

7,6 TSTRT1, Cycle Start: Sets start of DRAM read and write cycles: 
TSTRTO Bit7 Bit6 Cycle Start Time 

0 0 Beginning of first T2 
0 1 Middle of first T2 
1 x Beginning of second T2 

5,4 TRP1, -RAS Precharge: Sets -RAS precharge time for page-misses: 
TRPO Bit 5 Bit4 -RAS Precharge Time 

0 0 1 CPU Clocks 
0 1 2 CPU Clocks 
1 0 3 CPU Clocks 
1 1 4 CPU Clocks 

3,2 TRCD1, RAS-CAS Delay: Sets RAS-to-CAS Delay for page/bank-misses: 
TRCDO Bit 3 Bit 2 RAS·CAS Delay Time 

0 0 1 CPU Clocks 
0 1 2 CPU Clocks 
1 0 3 CPU Clocks 
1 1 4 CPU Clocks 

0.5 CPU clock is added to above times if: 
• TSTRT is set for mid-T2 and TCAS is 1 or 2 clocks. 
• TSTRT is beginning of first/second T2 and TCAS is 1.5 clocks. 

1, 0 TCAS1, CAS Pulse Width: Sets CAS pulse width for read and write cycles: 
TCASO Bit 1 

0 
0 
1 
1 

The second, third, and fourth groups of 
waveforms in Figure 1 O show how each 
-RAS is generated on a bank-hitlpage
miss. In this case, the -RAS is 
deasserted for a number of T-states 
equal to the value set in the TRP1 and 
TRPO bits of the RAMTMG Register. 
Each group shows the timing for one of 
the three different values of TSTRT 
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BitO CAS Pulse Width Time 
0 1 (read), 1 (write) CPU Clocks 
1 1.5 (reads), 1 (write) CPU Clocks 
0 2 (reads), 1 (write) CPU Clocks 
1 2 (reads), 2 (writes) CPU Clocks 

(beginning, middle of first T2/beginning 
of second T2). 

Lastly, on a page-hit, -RAS is not 
affected since it will already be active at 
the start of the cycle and will remain 
active. 

During Non-Page Mode cycles, -RAS is 
deasserted at the end of the last T2 if 
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the earliest cycle start point is the 
beginning of the first T2 or the end of 
the first T2 (i.e., TSTRT1 and TSTRTO 
of the RAMTMG Register= 00 or 10). 
-RAS is deasserted in the middle of the 
next Ti or T1 cycle following the end of 
the Non-Page Mode cycle if the earliest 
cycle start point is the middle of the first 
T2 (i.e., TSTRT1 and TSTRTO = 01 ). 
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FIGURE 10. DRAM CONTROLLER -RAS TIMING 
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-RAS Wait States 
As shown by the first three waveforms 
in Figure 1 O on bank-misses, assertion 
of -RAS is delayed by one wait state. 
Performance impact when operating in 
Page Mode is negligible as most 
accesses generate page-hits or page
misses (and not bank-misses). 

-RAS wait states are disabled when bit 
1 in MISCSET register is set. 

RAS-to-GAS Timing 
The delay from assertion of -RAS to 
assertion of the first GAS is program
mable via the TRCD1 and TRCDO bits 
(bits 3 and 2) in the RAMTMG Register. 
Timing for 1 T, 1.ST, and 2T GAS 
signals are shown in Figure 11. As 
shown in Figure 11, an extra O.ST RAS
to-CAS delay is added if: 

• -RAS is asserted on a negative clock 
edge and GAS is asserted on a 
positive clock edge. 

• -RAS is asserted on a positive clock 
edge and GAS is asserted on a 
negative clock edge. 

CAS Page-Hit Timing 
Figure 12 shows all the times at which 
the first GAS may be asserted at the 
beginning of a read or write cycle. GAS 
signals for burst reads may start at the 
beginning of the first T2, the middle of 
the first T2, or the beginning of the 
second T2 as shown, depending on 
how the TSTRT and TCAS fields in the 
RAMTMG Register are programmed. 
GAS signals for writes always start at 
the beginning of the second T2 (unless 
delayed by conditional wait states; see 
next section below). 

CAS Conditional Wait States 
On page-hits, assertion of the first GAS 
of a DRAM access may be delayed by 
one wait state as shown in Figure 12. 
This occurs when: 

• The current access is to an inter
leaved bank pair and the previous 
access was to a non-interleaved 
bank. 
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• The current access is to a non
interteaved bank and the previous 
access was to an interleaved bank 
pair. 

The extra wait state is used to hold off 
GAS while the MA multiplexers select a 
different column address MA format for 
interleaved or non-interleaved banks. 

GAS conditional wait states are 
disabled when: 

• All active DRAM banks operate in the 
Interleave Mode or all active banks 
operate in the Non-Interleave Mode. 

Bit 1 (SLP) in the MISCSET Register 
is set. For RAMTMG Register 
settings and clock frequencies that 
can tolerate the extra MA delay 
incurred in switching from interleaved 
to non-interleaved column address 
format without an additional wait state 
(see AC Timings), GAS conditional 
wait states may be turned off by 
setting bit 1 in the MISCSET Regis
ter. 

CAS Burst Sequencing 
Figure 13 shows all possible GAS 
timings that can be generated by the 
VL82C486 on a CPU DRAM access. 
CASx may be any one of the four 
CAS3-CASO signals and CASy may be 
the GAS for any bank that is permitted 
to interleave with the bank selected by 
CASx. Figures 14 and 15 are for write 
cycles; all the others are for burst 
reads. 

All the signal timings shown assume 
that the access is a page-hit and that 
the -RAS signal for the selected bank is 
already active. On page-misses, the 
GAS signals would be asserted after 
the RAS-to-GAS delay as described 
previoulsy in the section titled "-RAS 
Timing" on pages 43 and 44. 

For 1.ST GAS signals, the diagrams 
assume that the RAMTMG Register is 
programmed for cycles to start at the 
beginning or the middle of the first T2. 
If it is program med for cycles to start at 
the end of the first T2, then the first 
GAS would be asserted 1 T later than 
shown. 
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For 1 T and 2T GAS s.ignals, the 
diagrams assume that the RAMTMG 
Register is programmed for cycles to 
start at the the middle of the first T2 or 
the beginning of the second T2. If it is 
program med for cycles to start at the 
beginning of the first T2, then the first 
GAS would be asserted 1 T earlier than 
shown. 

For Configuration B, interleaved 
accesses using 1.ST GAS signals, a 
spurious 1 T GAS is generated at the 
end of the burst cycle as shown. This is 
caused by the -BLAST signal not being 
generated early enough by the 486 to 
shut-off the GAS generation mid-cycle. 
However, since this can only occur for 
read cycles, no harm results. 

On write cycles, a 1T or 2T GAS is 
always generated as shown in the 
second T2 (on page-hits) of the access. 

Burst writes are also supported. The 
DRAM controller generates BADY after 
each 32-bit write to the DRAM. The 
DRAM controller terminates the burst 
write whenever the local bus master 
assists -BLAST. A one clock gap 
between successive CAS's is guaran
teed to allow time for the bus master to 
drive new data. For correct operation of 
burst writes, -BE3 - -BEO must be held 
active throughout the burst cycle. 

-BROY Timing 
Referring to Figure 13, the VL82C486 
always asserts -BADY as follows: 

For 1T GAS signals, -BADY is 
asserted at the same time as each 
GAS. 

• For 1.5T GAS signals, -BROY is 
asserted during the last whole clock 
cycle of each GAS (but it is inhibited 
during the spurious GAS generated at 
the end of a Configuration B inter
leaved access). 

For 2T GAS signals, -BROY is 
asserted during the second clock 
cycle of each GAS. 
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FIGURE 11. DRAM CONTROLLER -RAS TO CAS DELA VS 
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FIGURE 12. DRAM CONTROLLER PAGE-HIT CAS START TIMING 
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FIGURE 13. DRAM CONTROLLER READ/WRITE CAS BURST SEQUENCING 
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FIGURE 14. MA10-MAO ROW/COLUMN ADDRESS SWITCHING 
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FIGURE 15. MA1, MAOX, MAOY BURST SEQUENCING 
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-MDENX, -MDENY Timing 
Referring to Figure 13, the VL82C486 
asserts -MDENX and -MDENY during 
CPU reads as follows: 

For 1 T CAS signals, -MDENX is 
asserted at the same time as CASO 
and CAS2. -MDENY is .always 
asserted at the same time as CAS1 
and CAS3. 

For 1.5T CAS signals, -MDENX is 
asserted during the last whole clock 
cycle of CASO and CAS2. -MDENY 
is always asserted during the last 
whole clock cycle of CAS1 and 
CAS3. However, both are inhibited 
during the spurious CAS generated at 
the end of a Configuration B inter
leaved access. 

For 2T CAS signals, -MDENX is 
asserted at the same time as CASO 
and CAS2. -MDENY is always 
asserted at the same time as CAS1 
and CAS3. The only exception to this 
is for Configuration B interleaved 
cycles when -MDENX is asserted 
during the second clock cycle of 
CASO and CAS2, and -MDENY is 
asserted during the second clock 
cycle of CAS 1 and CAS3. 

On CPU writes, both -MDENX and 
-MDENY are asserted throughout all 
the T2 cycles of the write access. 

MA Bus Timing 
Figure 14 shows how the MA bus is 
swnched between selection of row or 
column address on CPU DRAM 
accesses. Selection is as follows: 

On a bank-miss or a page-miss, row 
address is always selected at least 
1 T before -RASx is asserted. 

• The row address is always held for 
one clock cycle after -RAS is 
asserted and MA is then switched to 
select the column address. The 
exception to this is when there is only 
one clock cycle between assertion of 
-RASx and assertion of CASx; in this 
case, MA is swnched to select the 
column address after one-half a clock 
cycle from assertion of -RAS, as 
shown in Figure 13. 

On a page-hit, the column address 
will already be selected since the 
VL82C486 defaults to selecting the 
column address during idle cycles if 
any -RASx is active. 

MAOX, MAOY, and MA1 Operation 
During Burst Reads and Writes 
Figure 15 shows the timing of MA1, 
MAOX, and MAOY. When column 
address is selected during a burst 
cycle, MAOX and MAOY reflect the state 
of A3. During non-interleaved burst 

cycles, MA 1 reflects the state of A2. 
The VL82C486 alters the state of these 
signals during a burst read cycle as 
follows: 

• For non-interleaved cycles, MAOX 
and MAOY are inverted in the clock 
cycle after the second CAS is 
deasserted. MA 1 is inverted after the 
first, second, and third CAS signals 
are deasserted. 

• For interleaved cycles, MAOX is 
inverted after the first CASO or CAS2 
is deasserted. MAOY is inverted after 
the first CAS1 or CAS3 is deasserted. 
MA 1 does not change. 

Burst Read and Write Cycle Wait 
States 
Table 17 summarizes the number of 
CPU clocks required (counting from T1) 
for each double-word (W1-W4) trans
ferred during a burst read for each 
memory configuration and timing 
option. The table assumes page-hits. 
Wait states for bank-misses and page
misses are added separately as 
described in the notes below the table. 
Also, a conditional wan state may be 
added to the W1 column under the 
conditions specified in the section titled 
"CAS Conditional Wait States" on page 
46. 

TABLE 17. CLOCK CYCLES FOR CPU DRAM READ ACCESSES 

Configuration A Configuration B Configuration A and B 

Read Interleave Read Interleave Read No Interleave Burst Writes 

CAS Width/Cycle Start W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 W1 W2 W3 W4 

CAS=1T, TSTRT =00 2 1 1 1 2 1 1 1 2 2 2 2 3 2 2 2 

CAS=1T, TSTRT=01/1X 3 1 1 1 3 1 1 1 3 2 2 2 3 2 2 2 

CAS=1.5T, TSTRT =OX 3 2 2 2 3 1 1 1 3 2 2 2 NA NA NA NA 

CAS=1.5T, TSTRT =1X 4 2 2 2 4 1 1 1 4 2 2 2 NA NA NA NA 

CAS=2T, TSTRT =00 3 2 2 2 3 1 2 1 3 3 3 3 4 3 3 3 

CAS=2T, TSTRT =01 /1 X 4 2 2 2 4 1 2 1 4 3 3 3 4 3 3 3 

Bank-Misses: If -RAS is inactive at the start of a cycle, then TRCD (as defined by the RAMTMG Register) must be added to 
each of the above times for the W1 column. 

Page-Misses: H -RAS is active at the start of a cycle, but the previous cycle to the DRAM bank was to a different page, then 
TRP plus TRCD (as defined by the RAMTMG Register) must be added to each of the above times for the W1 
column. 
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Write Cycle Wait States 
The number of clock cycles required for 
a write cycle is as follows: 

CAS=1T, Page-Hit 3T 
(1 ws) 

CAS=1T, Bank-Miss TRCD +3T 
([TRCD+1]ws) 

CAS=1T, Page-Miss TRCD+ TRP+3T 
([TRCD+ TRP+ 1) 
ws) 

CAS=2T Same as above, 
+1T 

DRAM OMA/MASTER MODE 
CYCLE OPERATION 
DMA or Master Mode accesses to on
board DRAM always generate simple 
non-burst cycles for both reads and 
writes based on the 14 MHz OSC 
frequency. -RAS signals are 

precharged at the beginning and the 
end of DMA cycles. 

Figure 16 shows the DRAM timing for 
DMA and Master Mode cycles. Opera
tion is as follows: 

When HLDA is asserted by the 486, 
all -RAS signals are immediately 
made high for precharging. 

• When -MEMR or -MEMW is 
asserted, the selected -RAS signal is 
asserted (made low). 

-MEMR and -MEMW are sampled 
by the next positive or negative edge 
of the OSC 14 MHz clock. The MA 
bus is switched from selecting row 
address to selecting column address 
35 ns (one-half an OSC clock) alter 
the ISA bus command is sampled 
active. 

FIGURE 16. DRAM TIMING FOR OMA/MASTER MODE 
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• The selected CAS is asserted (made 
high) 70 ns (one OSC clock) after 
the ISA bus command is sampled 
active. 

The selected -CAS signal remains 
active for as long as -MEMR or 
-MEMW is active. 

• When -MEMR or -MEMW goes 
inactive, both CAS and -RAS are 
deasserted. 

The above sequence is repeated if 
HLDA stays active and another 
-MEMR or -MEMW command is 
generated. When HLDA is removed, 
the DRAM controller is immediately 
ready to perform another CPU or 
DMAcycle. 
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DRAM REFRESH 
Refresh cycles occur asynchronously 
every 15.625 µsand like OMA/Master 
Mode cycles, they are timed from the 
14 MHz OSC input. 

In Synchronous or Asynchronous 
Refresh Modes, a DRAM refresh is 
started when the ISA bus -REFRESH 
signal goes active. This signal is 
synchronized with the 14 MHz OSC 
clock, and is used to generate the 
staggered refresh timing, as shown in 
Figure 17. 

In Decoupled Mode, DRAM refresh is 
started during the first CPU T1 or Ti 
cycle to occur after the on-chip refresh 
counter has generated a refresh 
request. The request is synchronized 
with the OSC frequency and again used 
to generate the timing as shown below. 

In both Asynchronous and Decoupled 
Modes, the DRAM controller is able to 
remember CPU DRAM requests that 
occur while the DRAM refresh is in 
progress. Such requests are executed 
as soon as the refresh operation is 
complete. 

CAS3-CASO are asserted during 
refresh cycles, as shown, if the CAS
before-RAS option is selected. This is 
done by setting bit 1 (CASREF) in the 
NTBREF Register. 

FIGURE 17. DRAM REFRESH CYCLES 
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DRAM SPEED REQUIREMENTS 
This section explains how to calculate 
the DRAM speed required for each 
programmable timing option and 
configuration (A or B) selected. 

Estimates for critical DRAM parameters 
are based on the following assump
tions: 

• CLK to GAS (VL82C486) 14 ns 

• GAS to -CAS (74FOO) 6 ns 

• CLK to -RAS (VL82C486) 16 ns 

• CLK to MA (VL82C486) 30 ns 

Data setup time to CLK (486)= 5 ns 

Data buffer delay (Config. B 
only)= 7 ns 

Clock Duty Cycle = 60/40%(used to 
calculate delay 
for falling edge 
signals) 

From the above figures: 

GAS path (Config. A) = 
14 ns + 6 ns + 5 ns + GAS Access 
Time 

GAS path (Config. B) = 
14 ns + 6 ns + 7 ns + 5 ns + GAS 
Access Time 

• RAS path (Config. A) = 
16 ns + 5 ns+ RAS Access Time 

• RAS path (Config. B) = 
16 ns + 7 ns + 5 ns +RAS Access 
Time 

• MA path (Config. A) = 
30 ns + 5 ns + Col. Adr. Access 
Time (from VL82C486) 

MA path (Config. B) = 
30 ns + 5 ns + 7 ns + Col. Adr. 
Access Time (from VL82C486) 

• MA path (Config. A) = 
28/22116 ns• + 30 ns + 5 ns +Col. 
Adr. Access Time (from CPU) 

• MA path (Config. B) = 
28122/16 ns* + 30 ns + 5 ns + 7 ns 
+ Col. Adr. Time (from CPU) 

* for 20/25/33 MHz CPUs. 

Table 18 shows the minimum speed 
requirements in nanoseconds for major 
DRAM parameters at 20, 25, and 33 
MHz. Table 17 may be used to 
determine the length of each burst cycle 
generated for each of the DRAM speed 
options (TCAS = 1T, 1.5T, 2T I Configu
ration A, Configuration B) selected by 
Table 18. 
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TABLE 18. CALCULATION OF DRAM SPEED REQUIREMENTS 

Configuration A (32-Blt) Configuration B (64-Bit) 

@20MHz TCAS = 1 TCAS = 1.5 TCAS :2 TCAS =1 TCAS = 1.5 TCAS :2 

RAS Precharge Time 50 x TRP - - - - -
RAS Access Time 49/29 .. + - - - - -

50 x TRCD 

CAS Access Time 25 - - - - -

CAS Precharge Time 50 - - - - -

Column Address Access Time 35/65tt - - - - -
37t 

@25MHz 

RAS Precharge Time 40 x TRP 40 x TRP - - 40 x TRP 40 x TRP 

RAS Access Time 35/19*" + 35/59"" + - - 28/52"* + 68/52"" + 
40 xTRCD 40 x TRCD 40 x TRCD 40 x TRCD 

CAS Access Time 15 31 - - 24 48 

CAS Precharge Time 40 16/96' - - 16 40 

Column Address Access Time 21/45tt 45/61tt - - 38/54tt 54178tt 
23t 

@33MHz 

RAS Precharge Time - 30 x TRP 30 x TRP - 30 x TRP 30 x TRP 

RAS Access Time - 21/39"" + 51/39'* + - 14/32 .. + 44/32"* + 
30 x TRCD 30 x TRCD 30 x TRCD 30 x TRCD 

CAS Access Time - 17 35 - 10 28 

CAS Precharge Time - 12172* 30/60* - 12 30 

Column Address Access Time - 25/37tt 37/55tt - 18/3ott 30/48tt 

Where: TRP = 1, 2, 3, or 4 and TRCD = 1, 2, 3, or 4 as defined by the RAMTMG Register. 

Not a useful configuration. 

LH number is non-interleaved accesses, RH number is for interleaved accesses. 

LH number is for TSTRT = 01 (mid-T2 cycle start), RH number is for TSTRT = 00/1 X (begin/end T2). 

t TSTRT = 00 (begin T2). 

tt LH number is for TRCD = 1, RH number is for TRCD = 2, 3, or 4 (TSTRT must be 10 or 1 X in both cases). 
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DRAM PARITY GENERATION AND 
DETECTION 
When the parity enable bit (-ENPAR, 
bit 2) in Configuration Register 
MISCSET is reset to 0, the VL82C486 
checks parity on all on-board read 
DRAM accesses, whether generated by 
CPU, OMA or bus master. Even parity 
is used on a byte-by-byte basis (the 
sum of the number of "highs" on the 
eight data bits and the associated parity 
bit is even). 

On OMA or bus master write cycles, the 
VL82C486 generates even parity for 

each byte to be written into DRAM, 
enabling the correct parity value onto 
PAR3-PARO. On CPU writes, the parity 
generated by the 486 is used, thus the 
VL82C486 three-states its PAR3-PARO 
outputs. 

When -ENPAR is set (1 ), parity 
checking is inhibited and the parity bits 
are driven to zero for all cycles that 
normally generate parity (OMA and bus 
master cycles). This allows bad parity 
to be intentionally written to memory for 
diagnostic purposes. 

When a parity error is detected, it is 
reported through bit 7 (ENA_RAM_PCK) 
of Port B. If the bit 7 of Port B is reset to 
zero, then parity errors also cause a 
Non-maskable Interrupt (NMI) to be 
generated. 

DRAM CONTROL REGISTERS 
RAMSET Register 
The RAMSET Register controls Inter
leave Mode, Page Mode selection, MA 
bus drive current, and -RAS time-out 
enable. Table 19 shows the RAMSET 
Register's format. 

TABLE 19. RAMSET REGISTER (04h) ·READ/WRITE 

Data Port EDh D7 06 D5 D4 D3 D2 D1 DO 

RAMS ET (04h) INTLV2 INTLV1 INTLVO RTODIS CONFB RAMDRV1 RAMDRVO PGMD 

PORValue 0 0 0 0 -ROMCS -PPICS -BLKA20 1 

Bit Name Function 

7-5 INTLV2- DRAM Interleave: Sets DRAM interleave option: 
INTLVO Bit7 Bit 6 Bit 5 Interleave Option 

0 0 0 No interleave 
0 0 1 Banks O and 1 only 
0 1 0 Banks O and 3 only 
0 1 1 Banks 1 and 2 only 
1 0 0 Banks 2 and 3 only 
1 0 1 Banks O and 1, or Banks 2 and 3 
1 1 0 Banks O and 3, or Banks 1 and 2 
1 1 1 Banks O and 1 and 2 and 3 (four-way interleave) 

4 RTODIS -RAS Time-out Disable: Disables RAS active time-out counter when set. 

3 CONFB Configuration: A read-only bit that indicates either Configuration A or B. 

2, 1 RAMDRV1, RAM Drive: Sets MA 10-MAO, -RAMW and -RAS3 - -RASO drive capability. 
RAMDRVO Bit 2 Bit 1 Drive Time 

0 0 12 mA 
0 1 24 mA (MA, -RAMW), 12 mA (-RAS signals, MAOX, MAOY) 
1 0 36 mA (MA, -RAMW), 24 mA (-RAS signals, MAOX, MAOY) 
1 1 48 mA (MA, -RAMW), 24 mA (-RAS signals, MAOX, MAOY) 

0 PGMD Page Mode: This bit controls DRAM Page Mode. When 0, Page Mode is always enable, -RAS 
signals are held low after any access. When 1, Page Mode is enabled only during a burst cycle; 
-RAS signals are held low during burst-reads, but negated at the end of the burst. 
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NTBREF Register 
The NTBREF Register controls non
turbo speed, refresh mode, and refresh 
speed. Table 20 shows the NTBREF 
Register's format. 

MISCSET Register DRAM Control 
Bits 
The MISCSET Register has two bits 
that effect DRAM control which are 
accessed via indexed location 07h. 

Table 21 gives a brief description of 
those two bits. Refer to Table 42 for 
the MISCSET Register's complete 
format. 

TABLE 20. NTBREF REGISTER (OSh) ·READ/WRITE 

Data Port EDh I D7 I D6 I D5 I D4 I D3 D2 D1 DO 

NTBREF (05h) NTB2 NTB1 NTBO TURBO REFMD1 RE FM DO CASREF REFSPD 

PORValue 0 0 0 0 0 0 0 

Bit Name Function 

7-5 NTB2- Non-Turbo: These bits control non-turbo CPU speed via -EADS. 
NTBO Bit7 Bit6 Bit5 Speed 

0 0 0 Full speed (no holds/invalidates) 
0 0 1 50% 
0 1 0 66.6% 
0 1 1 75% 
1 0 0 80% 
1 0 1 83.3% 
1 1 0 85.7% 
1 1 1 87.5% 

4 TURBO Turbo: This bit reflects the state of the TURBO pin (pin 155). 

3,2 REFMD1, Refresh Mode: These bits set the type of Refresh Mode. 
REFMDO Bit 3 Bit 2 Refesh Mode 

0 0 Synchronous (compatibility mode) refresh 
0 1 Asynchronous refresh 
1 x Decoupled refresh 

1 CASREF CAS Refresh: Enables GAS-before-RAS refresh when set to 1. 

0 REFSPD Refresh Speed: The refresh period is 15.625 µs when set to O and.125 µs when set to 1. 

TABLE 21. MISCSET REGISTER (07h), DRAM CONTROL BITS 

Bit Name Function 

2 -EN PAR Parity Enable: When set to 0, DRAM parity is enabled and when set to 1, it is disabled. (POR 
default is 0.) 

1 CWE_OFF DRAM RAS/CAS Conditional Wait States Off: When set to 0, RAS/CAS conditional wait states are 
enabled and when set to 1, they are disabled. (POR default is 0.) 
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SECONDARY CACHE SUPPORT 
CACHE INTERFACE 
The VL82C486 supports a simple 
cache interface that allows connection 
of several different types of cache 
controller. In particular, the VL82C486 
is designed to work with the VL82C425 
Second-Level Write-Back Cache 
Controller. The cache interface is 
comprised of the following signals: 

-MISS Cache Miss - This input is 
made active (low) by a 
cache controller at the start 
of a CPU memory read 
cycle if the operand is not in 
secondary cache. When 
high at the start of any CPU 
memory access, it causes 
the VL82C486 to cancel the 
requested cycle. The 
-MISS input is tied low 
when no secondary cache is 
used. It is ignored during 
on-board DRAM read cycles 
for OMA/Master Mode 
cycles unless the -EALE pin 
is pulled low during power
on reset, in which case it 
inhibits OMA/Master Mode 
DRAM cycles if it is made 
high when -MEMR is active. 

-MISS must be valid 13 ns 
before the end of T1 if 
TSTRT1 and TSTRTO = 00 
(bits 7 and 6 in the 
RAMTMG Register), or 
13 ns before the middle of 
the first T2 if TSTRT1 and 
TSTRTO = 01, or 13 ns 
before the end of the first T2 
if TSTRT1 and TSTRTO = 
10. This last setting is used 
for compatibility with the 
VL82C425, with commodity 
SRA Ms. 

-BLKA20 This output is used to force 
the cache controller to 
deactivate A20. It is a 
decode of the A20GATE 
signal from the keyboard 
controller and Port A bit 1. It 
is also sent to the CPU 
-A20M input. 

Figure 18 shows the VL82C486 
connected with the VL82C425, SRAMs 
and the VL82C113A. 
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WRITE-THROUGH CACHE 
OPERATION 
Write-through caches use the -MISS 
input. -MISS causes the VL82C486 to 
cancel a CPU memory read access if 
high in the. first T2 of a CPU read cycle. 
The VL82C486 may be programmed to 
examine -MISS either in the middle of 
the first T2 or at the end of the first T2. 
The latter case allows for slow -MISS 
generation, but may add an extra wait 
state to on-board DRAM cycles. 

If -MISS is high during the first T2 of a 
CPU memory read request, then the 
VL82C486 assumes a cache-hit and 
ignores the request. If it is low during 
the first T2 of a CPU memory request, 
then the VL82C486 performs the 
memory access as if there was no 
cache present. 

On a read-miss, the cache controller 
loads the data from the D bus into the 
cache SRAMs simultaneously with the 
data being returned to the CPU from 
the DRAMs or slot bus. The cache 
controller must therefore monitor the 
-ADY and -BADY signals to determine 
when the data is returned. 

On a read-hit, the cache controller must 
perform burst or non-burst cycles, as 
requested by the CPU. It must there
fore generate -BADY after returning 
each 32-bit word and monitor -BLAST 
to terminate a burst cycle early at the 
CPU's request. 

On CPU memory writes, the -MISS pin 
must be made low by the cache 
controller to make the VL82C486 
perform the write to memory. 

The VL82C486 does not enable its 
three-state -ADY and -BADY outputs 
during cache-hits, allowing an external 
cache controller to drive these signals. 

Figures 19 and 20 show functional 
timing diagrams for a cache-hit burst 
read cycles and a cache-miss non-burst 
read cycle, respectively. 

WRITE-BACK CACHE SUPPORT 
The VL82C486 is programmed by the 
-EALE pin during power-on reset to 
either ignore -MISS (-EALE high) 
during OMA/Master Mode on-board 
DRAM cycles, or inhibit on-board 
DRAM read cycles (-EALE low) during 
OMA/Master Mode cycles when -MISS 
is high and -MEMR is low. In the latter 
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case, -MISS is still ignored during 
OMA/Master Mode on-board DRAM 
writes. This case is used for support of 
write-back secondary caches. 

If -EALE is pulled low on power-on 
reset to select the write-back cache 
option, then the operation of the -MISS 
pin for CPU cycles also changes. 
When this option is selected, the -MISS 
signal inhibits all CPU accesses if high 
in T1 of any CPU cycle; it inhibits only 
memory cycles if low in T1 and. high in 
T2. This feature may be used by a 
write-back cache controller to prevent 
the VL82C486 from starting any new 
CPU cycle when -BOFF is asserted to 
prepare for the write-back of dirty data. 
When the write-back option is not 
selected (-EALE high on POR), then 
-MISS is ignored in T1 and inhibits only 
memory cycles when high in T2. 

The VL82C425 controls VL82C486 
access to the local bus in order to 
perform write-back or line-swap by a 
serial hold request mechanism. (See 
Figure 18.) The HOLD output of the 
VL82C486 is connected to the SHOLD 
input of the VL82C425, rather than the 
HOLD input of the CPU. Similarly, the 
HLDA output of the CPU is connected 
to the CHLDA input of the VL82C425, 
and the SHLDA output of the 
VL82C425 is connected to the HLDA 
input of the VL82C486. When the 
VL82C486 asserts its HOLD output to 
request control of the bus, the 
VL82C425 clocks it in and generates 
the HOLD request to the CPU one cycle 
later via its CHOLD output. 

If the VL82C425 does not have an 
interval HOLD request pending (in order 
to perform a write-back or line-swap 
operation), it will clock through the Hold 
Acknowledge from the CPU to the 
VL82C486 via its SHLDA output. If the 
VL82C425 does have a HOLD request 
pending, it will complete its bus 
operation (once it has received Hold 
Acknowledge from the CPU) before 
passing the asserting SHLDA to the 
VL82C486. 

WRITE-BACK AND FLUSH 
INSTRUCTIONS 
If the VL82C486 detects a write-back or 
flush instruction, it generates -ADY at 
the end of T2. No other action occurs. 
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FIGURE 18. CACHE CONTROLLER INTERFACE 
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FIGURE 19. CACHE-HIT BURST-READ CYCLE 
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CLOCK GENERATION 
CLOCK SIGNAL DEFINITION 
The following clocks are used or 
generated by the VL82C486: 

TCLK2 A crystal oscillator input of 
(input) 2x the CPU clock frequency. 

CLKIN 
(input) 

In Turbo Mode, it is divided 
by 2 and sent to the CLK 
output. In Non-Turbo Mode, 
it is divided by 4, 6. or 8 and 
sent to the CLK output. A 
division of TCLK2 may be 
used to generate the ISA 
clock. 

The 1 x 486 clock used to 
synchronize the interface to 
the CPU. It is also used to 
generate the DRAM strobes 
and timing. It is normally 
connected externally to the 
CLK output, either directly or 
through deskewing logic. 

BUSOSC Supplied by a crystal oscilla-
(input) tor of 2x the maximum 

osc 
(input) 

CLK 
(output) 

desired frequency of the ISA 
bus SYSCLK signal. It may 
be divided by 2, 3, 4, 6, or 8 
to generate SYSCLK. If 
SYSCLK is to be derived 
from TCLK2 instead of 
BUSOSC, then this input 
becomes a SYSCLK 
frequency-select signal as 
defined below. 

A 14.318 MHz clock 
common to the ISA bus 
signal OSC. It is divided by 
12 to be used for the 
counter/timer clock, used by 
the -RAS time-out logic and 
''GATEA20/-RC" logic. 

The 1 x CPU clock sent to 
the 486 and other on-board 
devices. Use of this signal 
for the system board clock is 
optional. However, if it is 
used as such, then it must 
also be sent to the 

SYSCLK 
(output) 

VL82C486 CLKIN input, 
after appropriate deskewing 
if necessary. 

The ISA bus system clock. 
It may be derived from a 
division of either TCLK2 or 
BUSOSC depending on the 
state of the BUSOSC pin 
and the setting of the 
CLKCTL Register, as 
described next. 

PROGRAMMABLE AT BUS CLOCK 
The VL82C486 provides a special 
feature for programming the AT bus 
clock, SYSCLK, for optimum perfor
mance. The frequency of SYSCLK can 
be varied using the BUSOSC pin, the 
CLKCTL Register, and the Fast Bus 
Clock Region (FBCR) Register. This 
allows different SYSCLK frequencies to 
be used for different peripheral ac
cesses. The block diagram of the 
circuit that generates SYSCLK is shown 
in Figure 21. 

FIGURE 21. CLOCK GENERATOR BLOCK DIAGRAM 
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SYSCLK Derived from BUSOSC 
If the BUSOSC input is connected to a 
crystal oscillator, then SYSCLK is 
always derived from a division of 
BUSOSC. One of two dividers may be 
selected for dividing BUSOSC to derive 
SYSCLK: the Fast Clock Divider or the 
Slow Clock Divider. Selection between 
the Fast Divider and Slow Divider can 
be made by two different methods: 

1) By writing a Oto the BOSCSNS bit 
(bit 2) in the CLKCTL Register to 
select the Slow Clock Divider or by 
writing a 1 to BOSCSNS to select 
the Fast Clock Divider. 

2) By making an access to a 64K block 
(as defined by the FBCR Register) 
with the FBEN bit (bit 7) in the 
CLKCTL Register set to 1. In this 
case, the Fast Clock Divider is 
selected regardless of the state of 
the BOSCSNS bit. 

The division factor of the Slow Clock 
Divider is set by the SCLKDIV1 and 
SCLKDIVO bits (bits 1 and 0) in the 
CLKCTL Register and may be 
BUSOSC +2, +4, +6, or +8. The 
division factor of the Fast Clock Divider 
is set by the FCLKDIV1 and FCLKDIVO 
bits (bits 4 and 3) in CLKCTL Register 
and may be BUSOSC +2, +4, +6, or +8. 

For example, the BUSOSC frequency 
may be set at 32 MHz. This would 
allow Slow and Fast Clock Divider 
frequencies of 4, 5.33, 8, and 16 MHz. 

SYSCLK Derived from TCLK2 
If the BUSOSC input is not connected 
to a crystal oscillator, then SYSCLK is 
always derived from a division of 
TCLK2. As before, either the Fast or 

Slow Clock Divider may be selected for 
dividing TCLK2 to derive SYSCLK. 
Selection between the Fast and Slow 
Clock Dividers in this case is made by 
the following methods: 

1) By driving a O onto the BUSOSC pin 
to select the Slow Clock Divider or 
by driving a 1 onto the BUSOSC pin 
to select the Fast Clock Divider. 
When the BUSOSC pin is not 
connected to an oscillator, the 
BOSCSNS bit in the CLKCTL 
Register is no longer writeable and 
when read, it reflects the state of the 
BUSOSC pin. 

2) By making an access to a 64K block 
(as defined by the FBCR Register) 
with the FBEN bit in the CLKCTL 
Register set to a 1. In this case, the 
Fast Clock Divider is selected, 
regardless of the state of the 
BUSOSC pin. 

The division factor of the Slow Clock 
Divider is set by the SCLKDIV1 and 
SCLKDIVO bits in the CLKCTL Register 
and may be TCLK2 +4, +6, +8, or+ 12. 
The division factor of the Fast Clock 
Divider is set by the FCLKDIV1 and 
FCLKDIVO bits in the CLKCTL Register 
and may be TCLK2 +2, +4, +6, or +8. 

Fast Bus Clock Region (FBCR) 
The FBCR Address Register and the 
associated enable bit (FBEN in the 
CLKCTL Register) are available to 
allow accesses to a certain memory 
region to be run at a different ISA clock 
rate. The device must reside in a 64K 
block on a 64K boundary. The ISA bus 
cycle is run as normal except the Fast 
Bus Clock Divider is used during the 

TABLE 22. FBCR ADDRESS REGISTER (OBh)- READ/WRITE 

Data Port EDh D7 D6 D5 D4 D3 

FBCR (OBh) A23 A22 A21 A20 A19 

POR Value 0 0 0 0 0 
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access. Bus master and OMA ac
cesses are not included in this function. 

When enabled, address bits A23-A16 of 
memory accesses are compared with 
the address stored in the FBCR 
Address Register while address bits 
A31, A29, A25 and A24 are compared 
to 0. Table 22 shows the format for the 
FBCR Address Register. 

Power-On Reset Configuration 
After a power-on reset, the SYSCLK 
generation logic is initialized to the 
following state: 

• The FCLKDIV1 and FCLKDIVO bits in 
the CLKCTL Register are set to 11 
(+8). 

The SCLKDIV1 and SCLKDIVO bits 
in the CLKCTL Register are set to 11 
(+8112). 

If an external oscillator is connected 
to the BUSOSC pin, the BOSCSNS 
bit in the CLKCTL Register is set to 0, 
selecting the Slow Clock Divider 
value. The SYSCLK output will 
therefore have an initial frequency of 
BUSOSC+8. 

If no external oscillator is connected 
to the BUSOSC pin, the BOSCSNS 
bit in the CLKCTL Register will reflect 
the state of the BUSOSC pin, 
selecting the Slow Clock Divider if 
low or the Fast Clock Divider divider if 
high. The SYSCLK output will 
therefore have an initial frequency of 
TCLK2+12 if the BUSOSC pin is low 
or TCLK2 +8 if the BUSOSC pin is 
high. 

The FBCR Address Register is 
disabled (the FBEN bit in the 
CLKCTL Register is reset to 0). 

D2 D1 DO 

A18 A17 A16 

0 0 0 
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AT Bus Clock Frequency Summary 
Table 23 summarizes the different 
programming and frequency options 
available for SYSCLK. 

TABLE 23. AT BUS CLOCK FREQUENCIES 

CPU Clock (CLK) Frequency Control 
After power-on reset the frequency of 
the CLK output is set to TCLK2 +2. 
However, if a dummy write to 110 Port 
location F4h is subsequently made 
{with the -VSF bit !n the MISCSET 
Register set to 0), then Slow Clock 
Mode is enabled and the frequency of 
CLK is then controlled by the CLKDIV1 
and CLKDIVO bits (bits 6 and 5) in the 
CLKCTL Register, which allows CLK to 
be set to the frequency of TCLK2 +2, 
+4, +6, or+8. A dummy write to 
location F5h returns CLK to full speed 
(TCLK +2, Fast Clock Mode). If a write 
to either location F4h or F5h causes a 
frequency change (i.e., when the 
CLKDIV1 and CLKDIVO bits are not set 
to 00), or if a write to the CLKCTL 
Register when running in Slow Mode 
causes a frequency change, then the 
VL82C486 generates a 1 ms CPU-only 
reset as required by the 486, starting 
immediately after the write is acknowl
edged and just before the frequency is 
changed. Thus, to make clock fre
quency switching invisible to applica
tions programs, system software must 
save and restore the CPU state before 
and after the reset is generated. 

This method of slowing the CPU's 
execution rate is supplied in addition to 
the Non-Turbo Mode of operation 
implemented by continuous modulation 
of the 486's -EADS signals. This is 
described in the section titled "Turbo/ 
Non-Turbo Mode Control" on page 65. 

The TURBO pin automatically controls 
switching of the Turbo and Non-Turbo 
Modes. Using this modulation method 
and has no effect on CPU clock 
frequency. However, the state of the 
TURBO pin is software readable via bit 
4 (TURBO) in the NTBREF Register 
and may be polled by system software 
which can then manually change the 
clock frequency by writing to location 
F4h or F5h when it senses a state 
change on this pin. 

Note: Slow CPU Clock Mode has no 
impact on the synchronous slot 
clock frequency, which is 
derived from TCLK2 and is 
always constant. 
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FCLKDIV1, SCLKDIV1, 
SYSCLK FCLKDIVO SCLKDIVO 

xx 00 BUSOSC+2 

xx 01 BUSOSC+4 

xx 10 BUSOSC +6 

xx 11 BUSOSC+8 

00 xx BUSOSC+2 

01 xx BUSOSC+4 

10 xx BUSOSC+6 

11 xx BUSOSC+8 

00 xx BUSOSC+2 

01 xx BUSOSC+4 

10 xx BUSOSC+6 

11 xx BUSOSC+8 

xx 00 TCLK2+4 

xx 01 TCLK2+6 

xx 10 TCLK2+8 

xx 11 TCLK2 +12 

00 xx TCLK2 +2 

01 xx TCLK2+4 

10 xx TCLK2+6 

11 xx TCLK2 +8 

00 xx TCLK2+2 

01 xx TCLK2+4 

10 xx TCLK2+6 

11 xx TCLK2+8 



• VLSI TECHNOLOGY, INC. AIDVAINJCE ~!Nlf'OIRMAT~OINJ 
VL82C486 

Clock Control Register (CLKCTL) 
The CLKCTL Register is used to determine SYSCLK frequency (as described in the section titled "Programmable AT Bus Clock" 
starting on page 61 ), for setting CLK frequency, and for enabling SYSCLK frequency switching in the Fast Bus Clock Region 
(FBCR) address range. 

TABLE 24. CLKCTL REGISTER (06h) - READ/WRITE 

Data Port EDh 07 06 05 04 03 02 01 DO 

CLKCTL (06h) FBEN CLKDIV1 CLKDIVO FCLKDIV1 FCLKDIVO BOSCSNS SCLKDIV1 SCLKDIVO 

PORValue 0 0 0 1 1 
See 

1 1 Descrip. 

Bit Name Function 

7 ENVDSP Enable SYSCLK Frequency Switching in Fast Bus Clock Region Address Range: When set high, this 
bit selects the Fast Divider SYSCLK frequency when a memory access is made to the Fast Bus Clock 
Regiojn address range. When set low, FBEN disables the FBCR feature. The default value of this bit 
is o. 

6,5 CLKDIV1, CLK Divider: These bits specify the CLK generated when a write to port F4h is performed. 
CLKDIVO Bit6 Bit 5 CLK2 

0 0 TCLK2+2 
0 1 TCLK2+4 
1 0 TCLK2+6 
1 1 TCLK2+8 

The power-on reset default value of these bits is 00, selecting full speed operation. 

4,3 FCLKDIV1, Fast Clock Divider: These bits determine the frequency of SYSCLK when an access is made to the 
FCLKDIVO Fast Bus Clock Region with FBEN of this register set to 1, or when BOSCNS bit reads as a 1. 

Blt4 Bit3 SVSCLK 
0 0 BUSOSC +2 or TCLK2 +2 
0 1 BUSOSC +4 or TCLK2 +4 
1 0 BUSOSC +6 or TCLK2 +6 
1 1 BUSOSC +8 or TCLK2 +8 

Where BUSOSC is selected if connected or TCLK2 if not. The default value of these bits is 11. 

2 BOS CS NS BUSOSC Status: This bit reflects the state of the BUSOSC pin when there is no external oscillator 
connected to the BUSOSC pin. In that case, this bit is read-only. If an oscillator is present, this bit 
becomes a read/write bit that selects SCLKDIV divider when set to O and the FCLKDIV divider when 
set to 1. The default value of this bit is O if an external BUSOSC oscillator is present, or the BUSOSC 
pin state if no BUSOSC oscillator is present. 

1, 0 SCLKDIV1 Slow Clock Divider: These bits determine the frequency of SYSCLK when BOSCSNS bit reads as a 
SCLKDIVO O and an access is not in the Fast Bus Clock Region (when enabled). 

Bit 1 BitO SVSCLK 
0 0 BUSOSC +2 or TCLK2 +4 
0 1 BUSOSC +4 or TCLK2 +6 
1 0 BUSOSC +6 or TCLK2 +8 
1 1 BUSOSC +8 or TCLK2 + 12 

Where BUSOSC is selected if an external oscillator is connected to the BUSOSC pin, or TCLK2 if 
not. The default value is of these bits is 11. 
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TURBO/NON-TURBO MODE CONTROL 
It has become standard for fast PC/AT
compatibles to provide means to slow 
operation for older speed sensitive 
software. This is especially true for 
graphics intensive entertainment 
software which may otherwise operate 
much too fast on a high speed machine. 
One way this mode may be toggled on 
and off is by external control of the 
TURBO input pin. The Slow Mode is 
activated and the VL82C486 generates 
continuous invalidates (via -EADS) to 
the CPU when TURBO is low. When 
TURBO is high, the -EADS signal is not 
modulated (unless the VLSI Special 
Feature's TURBO request is not active). 
This feature provides the capability of 
emulating the effect of running at slower 
CPU clock frequencies even though the 
clock frequency is not changed. It is 
provided in addition to a method of 
actually changing the CPU clock 
frequency, as previously described in 
section titled "Clock Generation" 
starting on page 61. 

The TURBO pin is normally connected 
to the keyboard eontroller and triggered 
by the BIOS via detection of a key 
combination such as Ctrl Alt + I Ctrl 
Alt-. This input is often externally 
ANDed with a mechanical Turbo switch 
on the front panel. 
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The VL82C486 offers a way to control 
-EADS modulation by software also. 
The -VSF bit (bit 7) in the BUSCTL 
Register must be enabled for software 
control. Slow operation can be enabled 
by either pulling the TURBO pin low or 
by performing a dummy write to 1/0 Port 
F4h. A dummy write to F5h returns to 
full speed operation if the TURBO pin is 
high. When the -VSF bit is disabled, 
CPU speed control is solely under 
control of the TURBO pin. 

The Non-Turbo Mode speed is set by 
bits 7, 6, and 5 (NTB2-NTBO) in the 
NTBREF Register. The effect of these 
three bits ranges from no slowing (000) 
through to slowing by a factor of eight 
(111 ). 

Note that writes to locations F4h and 
F5h may also be used to switch the 
clock frequency (refer to the section 
titled "CPU Clock (CLK) Frequency 
Control" on page 62), these locations 
thus performing a dual function. 
However, if it is desired that the 
operation of CPU speed be controlled 
only by the modulation of -EADS, then 
the CLKDIV1 and CLKDIVO bits in the 
CLKCTL Register may be set to 0. This 
disables any clock frequency change 
when F4h is written. Similarly, if it is 
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desired that CPU speed be controlled 
only by changing the clock frequency, 
then the NTB2-NTBO bits (bits 7-5) in 
the NTBREF Register may be set to 0. 

The -VSF bit in the BUSCTL Register 
must be enabled for software Turbo/ 
Slow Mode control. 

The NTB bits in the NTBREF Register 
have the following meaning: 

Bit Name 
7-5 NTB2-

NTBO 

Function 
Sets CPU speed of 
operation in Non-Turbo 
Mode by modulation of 
the -EADS signal to 
give the following duty 
cycles: 
000 - full speed (no 

holds/invalidates) 
001 -50% 
010- 66.6% 
011 - 75% 
100- 80% 
101 - 83.3% 
110- 85.7% 
111 - 87.5% 
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ISA BUS INTERFACE 
OVERVIEW 
The ISA bus is accessed in the CPU 
Mode, OMA Mode, Bus Master Mode, 
and Refresh Mode. 

In the CPU Mode, the ISA bus control
ler is responsible for generating the 
command signals -IOR, -IOW, 
-MEMR, -MEMW, -SMEMR and 
-SMEMW, and BALE. The VL82C486 
samples the -MEMCS16, -IOCS16, 
and IOCHRDY inputs. The -WSO 
signal determines the length in wait 
states of each bus cycle. 

In the OMA Mode, the OMA controllers 
generate the command and address 
signals. BALE is forced high for all 
OMA cycles. The VL82C486 asserts 
the AEN signal to indicate that the 
current address on the bus is for 
memory only and not to be decoded as 
an 110 address. The OMA logic 
samples IOCHRDY to extend bus 
cycles longer than the internally defined 
cycle length. 

The Bus Master Mode is an extension 
of the OMA Mode. A bus master can 
get control of the bus by requesting a 
OMA operation. Once the OMA is 
acknowledged, the -MASTER signal is 
pulled active and the VL82C486 
relinquishes control of the bus to the 
master. 

FIGURE 22. CPU ACCESS OF ISA BUS 
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The VL82C486's S.D bus output buffers 
will be enabled during the CPU Mode 
when the transfer is a write to off-board 
DRAM. The output buffers will also be 
enabled during OMA and Master Mode 
transfers when the transfer is a read 
from on-board DRAM, an on-chip 1/0 
location, or local bus memory from a 
local bus device. 

During the Refresh Mode, the 
VL82C486 drives the -REFRESH 
signal, a refresh address, and -MEMR 
command onto the bus to start the 
refresh cycle. The refresh circuit 
samples IOCHRDY to determine if the 
-MEMR and -REFRESH pulses need 
to be extended. The BALE output is 
driven high during refresh cycles. 

ISA BUS CYCLE DESCRIPTION 
CPU Access Cycles 
CPU access cycles to the ISA bus are 
of two types: memory cycles and 1/0 
cycles. A memory cycle may be for 8-, 
16-, or 32-bit memory while an 110 cycle 
normally accesses 8- or 16-bit peripher
als. 

ISA bus access cycles may be synchro
nous with the CPU clock or may be 
asynchronous, depending on whether 
an external clock is connected to the 
BUSOSC pin. The bus cycles are all 

related to the SYSCLK clock which is 
derived from either BUSOSC or TCLK2. 

An !SA bus cycle starts with a rising 
edge ol --EALE coincident wnh the first 
rising edge of SYSCLK after the second 
T2 state. The -EALE edge is used for 
clocking the CPU address into the 
VL82C113A to generate LA23-LA 17. 
BALE is generated at the next falling 
edge of SYSCLK and is one-half of a 
SYSCLK wide. -CMD, which may be 
either -MEMR, -MEMW, -IOR, or 
-IOW activates after BALE goes low. 
Deassertion of -CMD indicates the end 
of a bus cycle. -ROY is generated by 
the VL82C486 on the rising edge of 
CLKIN to signal the CPU the end of the 
current cycle. A typical CPU access 
cycle for the ISA bus is shown in Figure 
22. 

When operating in PC/AT-compatible 
Mode, 8-bit DRAM or 1/0 cycles are 
four SYSCLK wait states long while all 
16-bn cycles are zero wait states. 
Eight-bit ROM cycles are three wan 
states long. The cycle lengths may be 
extended by pulling the IOCHRDY 
signal low. 

Descriptions of 8- and 16-bit normal 
and ready types of cycles are detailed 
in the sections following. 

L_ff _ __.__.___ _____ _ 

---if--'"--------------
-CMD ~~~~~~~~~~~~~~~~~~·........... ~!~ ...... ~~~~~~~~~-

\\\\.\\.\._ff_} I 
-ROY ----------------ff 
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CPU Memory Access Cycles 
The memory related control signals are 
-MEMR, -SMEMR, -MEMW, 
-SMEMW, and-MEMCS16. -SMEMR 
and -SMEMW are active only if the 
access is within the first 1 MB of 
memory. The state of-MEMCS16 at 
the beginning of the bus cycle state TC, 
(as shown in Figure 23) determines 
whether the present cycle is 8- or 
16-blt. Tne commana s1gnais go active 
at the start of TC for 16-bit cycles and in 
the middle of TC for 8-bit cycles. The 
falling edge of a command signal can 
be delayed by one or two SYSCLKs by 
setting bits 2 or 3 (CMDL Y1 and 
CMDL Y2), respectively; in the BUSCTL 
Register as described in Table 25 
(BUSCTL Register format). Under 
default settings, the command signals 
are deasserted in the beginning of TW5 
for an 8-bit operation and in the 
beginning of TW2 for a 16-bit operation. 
H the SYSCLK frequency is 16 MHz, it 
may be necessary to delay the rising 
edge of the command signals by one 
SYSCLK. This can be achieved by 
setting bits O or 1 (8WS or 16WS) in the 
BUSCTL Register. For slow peripher
als, additional wait states may be 
inserted by pulling IOCHRDY low by the 
middle of TW4 for an 8-bit cycle and by 
the beginning of TW2 for a 16-bit cycle. 

The VL82C486 converts a CPU request 
for 16- or 32-bit data from an 8-bit 
memory into two 8-bit or four 8-bit 
cycles, respectively, as depicted in 
Figures 24 and 25. A cycle for 32-to-16 
bit conversion is shown in Figure 26. 

H the memory accessed is ROM, the 
timing is different for command signals. 
They go active at the falling edge of 
BALE. Both 8- and 16-bit ROM access 
cycles are three wait states long. They 
can be programmed to be one or two 
wait states long using bits 1 and O 
(ROMWS1 and ROMWSO) in the 
ROMSET Register. See Figures 27, 
28, and 29. 

It should be noted that SA1 timing is 
controlled by the state of the -IGNNE 
pin at power-on reset. If -IGNNE is 
held low, SA 1 has a valid value at the 
rising edge of BALE. This is in accor
dance with the ISA bus specifications. 
H-IGNNE is high at power-on, SA1 is 
valid during state T1 of the CPU cycle. 
It is a direct decode of the -BE3 - -BEO 
inputs from the CPU. During a conver-
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sion cycle, SA 1 is valid at the rising 
edge of a command and remains valid 
until one-haH a SYSCLK after the falling 
edge of BALE. The VL82C113A clocks 
in SA 1 at the rising edge of -EALE. 

CPU 110 Access Cycles 
The 1/0 related control signals are 
-IOR, -IOW and -IOCS16. -IOR is 
active during an 1/0 read cycle and 
-IOW during a write cycle. -IOCS16 
when low indicates a 16-bit data 
transfer, otherwise an 8-bit data transfer 
is initiated by the CPU. 

The VL82C486 decodes the CPU 
control signals and issues a command 
in the middle of TC or the beginning of 
TW1 depending on the bit 3 (CMDL Y2) 
of the BUSCTL Register. An 8-bit cycle 
is four wait states long while a 16-bit 
cycle has no wait states if the default 
configuration is used. Additional wait 
states may be inserted by setting bits O 
and/or bit 1 in the (8WS or 16WS) 
BUSCTL Register or by deasserting 
IOCHRDY. This is depicted in Figure 
30. 

The VL82C486 converts a CPU request 
for 16-bit data from an 8-bit peripheral 
into two 8-bit cycles as depicted in 
Figure 31. 

The slot address line's (SA 1) functional
ity is the same as mentioned earlier in 
the section titled "CPU Access Cycles" 
on page 66. 

OMA Access Cycles 
In the PC/AT, DMA transfers occur 
between peripherals and memory. The 
data width can be either 8 or 16 bits. 
Out of the seven external OMA chan
nels available, four are used for 8-bit 
transfers while the remaining three are 
used for 16-bit transfers. One byte or 
word is transferred in each OMA cycle. 

Normally an add-on card issues a OMA 
request by pulling one of DRQ7-DR05, 
DRQ3-DRQO signals high. When the 
VL82C486 detects this request, it 
generates HOLD to the CPU and when 
HLDA is received by the VL82C486, 
the OMA acknowledge code is issued 
on signals DK2-DKO. This is decoded 
by an external 3-to-8 decoder (as 
explained in the section titled "OMA 
Controllers" on page 80). Assertion of 
OKEN indicates valid data on DK2-DKO. 

A typical DMA transfer cycle is shown in 
Figure 32. AEN and BALE go high with 
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HLDA. The OMA address is put on 
A23-A2 and SA1-SAO. TwoDMACLK 
cycles, or four SYSCLK cycles later, 
-MEMR and -IOW, or -IOR and 
-MEMW are asserted depending on the 
memory-to-110 or 110-to-memory 
transfer. If bit O (MEMTM) in the 
DMACTL Register is set 1, -MEMR is 
asserted one DMACLK cycle earlier. 
-EADS is also asserted for cache 
invaiidation on writes. The command 
remains active for six DMACLK cycles. 
The data transfer takes place at the 
rising edge of command signals. TC is 
activated before the end of the com
mand if the transfer is from one 8- or 
16-bit device to another 8- or 16-bit 
device. H the transfer is from a 16-bit 
device to an 8-bit device, the command 
signals are again asserted after two 
DMACLK cycle delays and the transfer 
is completed. 

Master Mode Cycles 
Add-on cards become bus masters in 
the Master Mode. An add-on card 
issues a DMA request on the ISA bus. 
The VL82C486 responds with an 
acknowledge signal just like a OMA 
cycle. The add-on card then gains 
control of the bus by asserting the 
-MASTER signal. Unlike in OMA 
cycles, there can be multiple data 
transfers in the Master Mode. Figure 
33 shows a Master Mode cycle. 

Refresh Cycles 
Data in DRAM on the ISA bus is 
refreshed every 15. 72 µs. A refresh 
cycle begins with the assertion of the 
-REFRESH signal as shown in Figure 
34. A refresh request can be generated 
either by the VL82C486 in the CPU 
Mode or by an add-on card in the 
Master Mode. The refresh address is 
put on A 11-A2 and SA 1-SAO by the 
VL82C486 in response to a low 
-REFRESH signal. The page address 
is put on A23-A 17 at the same time. 
A23-A 17 is used to generate LA23-
LA 17 by external logic. The VL82C486 
generates a 12-bit refresh address; 
however, only an 8-bit address is put on 
SA7-SAO in compliance with the ISA 
bus requirements. -MEMR is asserted 
one SYSCLK cycle after -REFRESH 
goes active. -MEMR remains low for 
two SYSCLK cycles. The refresh 
request is removed one SYSCLK cycle 
after that. 
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FIGURE 33. MASTER MODE CYCLE 
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BUS CONTROL REGISTER (BUSCTL) 
Three bus control options are provided and are programmable via the indexed BUSCTL Register. The BUSCTL Register 
controls the number of wait states to be inserted in 8- and 16-bit slot cycles and determines the output of the slot bus buffers. 

TABLE 25. BUSCTL REGISTER (09h)- READ/WRITE 

Data Port EDh 07 06 05 04 03 02 01 DO 

BUSCTL (09h) -VSF 10/1610 SLTDRV DSKTMG CMDLY2 CMDLY1 rnws sws 

PORValue 0 0 -FMPRG 0 0 0 0 0 

Bit Name Function 

7 -VSF VLSI Special Feature Enable: Enable 1/0 space in the EEh to FFh region (0 =enable, 1 =disable). 

6 10/1610 10/16 Bit 1/0 Decode: Selects 10- or 16-bit 1/0 decode. O - 16-bit decode (default). 1 = 10-bit 
decode. 

5 SLTDRV Slot Current Drive: This bit selects the current drive on the slot. If low, the current drive is 12 mA, 
otherwise is it 24 mA. The default value of this bit is the status of the -FMPRG pin. 

4 DSKTMG Disk Timing: This bit is provided for disk controller compatibility. With fast CPUs, some disks can 
be overrun by programmed 1/0. This bit provides a way to compensate by providing a guaranteed 
minimum delay of three SYSCLKs between programmed 1/0 cycles. O = slow programmed 1/0 
(default). 1 = normal programmed 1/0. 

3 CMDLY2 Command Delay 2: This bit, when set, allows the addition of one extra command delay for 8-bit 
and 16-bit 1/0 cycles and for 8-bit memory cycles. When 0, there is no added command delay. 
The default value of this bit is O resulting in PC/AT compatibility. 

2 CMDLY1 Command Delay 1: This bit, if 0, allows PC/AT-compatible zero command delay on 16-bit memory 
cycles. An extra command delay is added if set to 1. The default value of this bit is 0. 

1 16WS 16-Bit Wait States: This bit determines whether to use zero or one wait state for 16-bit slot bus 
accesses. When 0, the PC/AT-compatible zero wait state operation is used. If set to 1, one 
wait state operation is used to allow robust operation of add-in cards at faster slot speeds. The 
default value of this bit is O indicating zero wait state operation for 16-bit slot accesses. 

0 0ws 8-Bit Wait States: When 0, an extra wait state is added for 8-bit slot bus accesses. This yields 
five rather than the normal four wait states, which allows slower boards to operate with 
equivalent performance when high bus speeds are used. This bit is set to O at power-on reset 
initiating four wait states on 8-bit slot accesses. 

Zero wait state operation is possible on extremely fast boards that can pull the -WSO line fast enough and more than five wait 
states are possible if IOCHRDY is pulled low before the last normal wait state. However, -MEMCS16 or -IOCS16 must be pulled 
low before the last normal wait state even if IOCHRDY has previously been activated. 
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DIRECT MEMORY ACCESS (DMA) 
The OMA controllers are 82C37 A 
compatible, have internal latches 
provided for latching the middle address 
bits output by the 82C37A megacells on 
the data bus, and have 74LS612 
memory mappers provided to generate 
the upper address bits. 

The OMA logic controls transfers 
between an 1/0 channel and on- or off
board memory. It generates a hold 
request to the CPU when an 1/0 
channel requests a OMA operation. 
Once the hold has been acknowledged, 
the OMA controller drives the CPU 
address bus and the slot address bus. 
OMA transfers can occur over the full 
16M range available on the slot bus and 
the 64M range of the system board 

FIGURE 35. DMA CONTROLLER LOGIC 
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The seven OMA acknowledge signals 
are encoded within the VL82C48S to 
generate the external signals DK2-DKO. 
DK2-DKO are decoded externally using 
a 3-to-8 latch/demultiplexer (74LS137). 
The enable signal OKEN is generated 
by the VL82C48S for use by the 
latch/demultiplexer. Figure 3S depicts 
the interface between the VL82C48S 
and 74LS137. 

If a local bus device that responds to 
OMA cycles is selected by the PMR 
Registers, then the -DACKx signals 
must be latched when the OKEN signal 
is active since the encoded DK2-DKO 
signals are used by the VL82C48S to 
drive the cycle type to the local device 
during a local bus memory access. 
However, it is not necessary to latch 
DK2-DKO if the local bus OMA cycles 
are not programmed by the PMR 
Registers. 

During power-on reset, OKEN may be 
programmed by the -FLUSH pin to be 
either active high or active low. When 
used with the VL82C107 Combination 
VO it must be programmed active low 
(-FLUSH pulled low during power-on 
reset). When used with a 74LS137, it 
must be programmed active high 
(-FLUSH pulled high during power-on 
reset). When used with a 74LS138, it 
may be programmed for either polarity 
depending on whether it is sent to an 
active high or active low input of the 
74LS138. 
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FIGURE 3SA. DECODING OMA ACKNOWLEDGE SIGNALS 
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OMA Controller Registers 
The 82C37 A megacells can be pro
grammed any time HLDA is inactive, 
i.e., when OMA controllers are not in 
operation. Table 26 lists the addresses 
of all registers which can be read or 
written in the 82C37A megacells. 
Addresses under the DMA2 column 
heading are for the 16-bit OMA chan
nels and OMA 1 corresponds to the 8-bit 
channels. When writing to a channel's 
address or word count register, the data 
is written into both the base register and 
current register simultaneously. When 
reading a channel',s address or word 
count register, only the current address 
or word count can be read. The base 
address and base word count are not 
accessible for reading. 

The address and word count registers 
for each channel are 16 bit-registers. 
The value on the data bus is written into 
the upper or lower byte depending on 
the state of the internal addressing 
flip-flop. This flip-flop can be cleared by 
the Clear Byte Pointer Flip-Flop 
command. After this command, the first 
read/write to an address or word count 
register will read/write to the low byte of 
the 16-bit register and the byte pointer 
flip-flop will toggle to a logic 1. The next 
read/write to an address or word count 
register will read or write to the high 
byte of the 16-bit register and the byte 
pointer flip-flop will toggle back to a 
logic 0. Refer to the 82C37 A data 
sheet for more information on program
ming the 82C37 A megacell. 

The 82C37A OMA controller megacells 
allow the user to program the active 
level (low or high) of the OREO and 
DACK signals. Since the two mega
cells are cascaded together internally 
on the chip, these signals should 
always be programmed with the OREO 
signals active high and the DACK 
signals active low. 

When programming the 16-bit channels 
(channels 5, 6, and 7) the address 
which is written to the base address 
register must be the real address 
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TABLE 26. OMA CONTROLLER REGISTERS 

Hex Address 

DMA2 DMA1 Register Function 

oco 000 Channel 0 Base and Current Address Register 

OC2 001 Channel O Base and Current Word Count Register 

OC4 002 Channel 1 Base and Current Address Register 

OC6 003 Channel 1 Base and Current Word Count Register 

ocs 004 Channel 2 Base and Current Address Register 

OCA 005 Channel 2 Base and Current Word Count Register 

occ 006 Channel 3 Base and Current Address Register 

OCE 007 Channel 3 Base and Current Word Count Register 

ODO 008 Read Status Register/Write Command Register 

002 009 Write Request Register 

004 OOA Write Single Mask Register Bit 

006 OOB Write Mode Register 

ODS ooc Clear Byte Pointer Flip-Flop 

ODA cob Read Temp Register/Write Master Clear 

CDC COE Clear Mask Register 

ODE OOF Write All Mask Register Bits 

divided by two. Also, the base word 
count for the 16-bit channels is the 
number of 16-bit words to be trans
ferred, not the number of bytes as is the 
case for the 8-bit channels. 

It is recommended that all internal 
locations, especially the Mode Regis
ters, in the 82C37A megacells be 
loaded with some valid value. This 
should be done even if the channels are 
not used. 
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Middle Address Bit Latches 
The middle OMA address bits are held 
in an internal 8-bit register. The OMA 
controller drives the value to be loaded 
onto the internal data bus and then 
issues an address strobe signal to latch 
the data bus value into this register. An 
address strobe is issued at the begin
ning of a OMA cycle and any time the 
lower 8-bit address increments across 
tne 8-bit subpage boundary dunng 
block transfers. This register cannot be 
written to or read externally. It is loaded 
only from the address strobe signals 
from the megacells and the outputs go 
only to the A 16-A8 pins. 

Page Registers and Extended 
Addressing 
An extended 74LS612 cell is used in 
the VL82C486 to generate the Page 
Registers for each OMA channel. The 
Page Registers provide the upper 
address bits, A25-A16, during OMA 
cycles. OMA addresses do not 
increment or decrement across page 
boundaries. Page boundaries for the 8· 
bit channels (channels O through 3) are 
every 64 KB and page boundaries for 
the 16-bit channels (channels 5, 6, and 
7) are every 128 KB. There are a total 
of sixteen 10-bit registers in the 
extended 612 megacell. 

The Page Registers must be written at 
the addresses shown in Table 27 to 
select the correct page for each OMA 
channel before any OMA operations are 
performed. The other address locations 
between 80h and 8Fh not shown in the 
table are not used by the OMA chan
nels, but can be read or written to by 
the CPU. Address 8Fh is used to drive 
a value onto the upper address bits 
A25-A 17 of the CPU's address bus 
during a refresh cycle. 

In normal operation, the top two bits of 
the 10-bit Page Registers are disabled 
and inaccessible, and zeros are driven 
onto A25 and A24 during OMA cycles. 
This mode is fully compatible with the 
PC/AT standard. In extended address
ing mode, the top two bits of the Page 
Registers are accessible via a special 
programming mode, and drive their 
values onto A25 and A24 during OMA 
cycles to allow access to the full 64 MB 
system board memory range. 

The Indexed Configuration Register 
OMACTL is used to program extended 
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TABLE 27. OMA PAGE REGISTERS ACCESS 

Upper Page Register Lower Page Register 
Address Address 

(Sets values for A25, A24) (Sets values for A23-A16) OMA 
ENBLFF: 1, FFPTR = 1 ENBLFF = 1/0, FFPTR = 0 Channel 

87h 

83h 

81h 

82h 

8Bh 

89h 

8Ah 

8Fh 

OMA functions. Bit 7 (ENBLFF) 
enables the extended addressing OMA 
functions. When bit 7 = 0, any previ· 
ously stored values for A25 and A24 
are disabled and these address bits are 
forced to zero during OMA cycles. 
When bit 7 = 1, the top two bits of the 
Page Registers (that supply A25 and 
A24 values) can be accessed by setting 
bit 6 (FFPTR) of the OMACTL Register, 
and writing data to the same address 

. used for t.he lower Page Register byte. 
Resetting bit 6 to zero allows access to 
the lower Page Registers. Bit 6 is 
forced to zero and has no effect unless 
bit 7 is set to one. Bit 6 automatically 
toggles on any write .to OMA register 
space between 80h and 8Fh, allowing 
automatic selection of the upper or 
lower portion of the Page Registers on 
consecutive writes. Both bits 6 and 7 
are reset to zero on power-on reset for 
complete AT compatibility. 

Refer to Table 28 for the OMACTL 
Register's format. 

Address Generation 
The OMA addresses are set up such 
that there is an upper address portion, a 
middle address portion, and a lower 
address portion. 

83 

87h 0 

83h 1 

81h 2 

82h 3 

8Bh 5 

89h 6 

8Ah 7 

8Fh Refresh 

The upper address portion, which 
selects a specific page, is generated by 
the Page Registers in the 74LS612 
equivalent megacell. The Page 
Registers for each channel must be set 
up by the CPU before a OMA operation. 
OMA addresses do not increment or 
decrement across page boundaries. 
Page sizes are 64 KB for 8-bit channels 
(channels O through 3) and 128 KB for 
16-bit channels (channels 5, 6, and 7). 
The OMA Page Register values are 
output on .A25-A 16 for 8-bit channels 
and A25-A 17 for 16-bit channels. 

The middle address portion, which 
selects a block within the page, is 
generated by the 82C37A megacells at 
the beginning of a OMA operation and 
any time the OMA address increments 
or decrements through a block bound
ary. Block sizes are 256 bytes for 8-bit 
channels (channels 0 through 3) and 
512 bytes for 16-bit channels (channels 
5, 6, and 7). This middle address 
portion is output by the 82C37 A 
megacells onto the internal data bus 
during state S1. The value is loaded 
into the middle address bit latches. The 
middle address bit latches then are 
output on A 15-A8 for 8-bit channels and 
A 16-A9 for 16-bit channels. 
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TABLE 28. DMACTL ·REGISTER (08h) .. READ/WRITE 

Data Port j:Dh 07 06. 05. D4 03 02 Dt DO 

DMACTL (08h) ENBLFF FFPTR DMAWS8(1) DMAWS8(0) [)MAWS16(1) DMAWS16(0) DMACLK MEMTM 

PORValue 0 0 1 1 1 0 0 0 

Bit Name Function 

7 ENBLFF Enables extended OMA addressing and access to upper Page Register bits .when set to 1. Forced 
to Oon POR. 

6 FFPTR Selects upper (set to 1) or lower (set to 0) Page Register access. 

5,4 DMAWS8(1), 8-Bit OMA Wait States: Bits 5 and 4 are encoded with the number of clocks the command is active 
DMAWS8(0) for 8-bit D.MA cycles: 

Blt5 Blt4 #of OMA Clocks 
0 0 2 
0 1 4. 
1 0 3 
1 1 3 

3,2 DMAWS16(1), 16-Bit OMA Wait States: These bits specify the number of clocks the command is active for 16-bit 
DMAWS16(0) OMA cycles: 

Blt3 Blt2 #of OMA Clocks 
0 0 2 
0 1 4 
1 0 3 
1 1 3 

1 DMACLK OMA Clock: When set, this bit selects SYSCLK as an input clock for the OMA. When 0, the input 
clock to the OMA is SYSCLK +2. ·At power on, SYSCLK +2 is selected as the OMA clock. 

0 MEMTM -MEMR Signal Delay: This bit specifies the delay for the -MEMR signal. When o. -MEMR is active 
at the same time as in the original PC/AT design; This is the default case. When 1, the falling edge 
of -MEMR occurs one OMACLK earlier. In this latter case,. the -MEMR timing during a men:iory to 
110 OMA cycle is the same as that of the -XIOR signal during an l!O to memory OMA cycle. 

.. . . 

The lower address portion is generated 
directly by the 82C37A megacells 
during OMA operations. The lower 
address bits are output on A7-AO for 8-
bit channels and AS-A 1 for 16-bit 
channels. ·The internal signals -SBHE 
and AO are forceq low during 16-bit 
OMA operations. -SBHE is forced to 

the opposite value of AO for a~bit OMA 
cycles. 

-SBHE is configured as an output 
during all OMA operations and is driven 
as the inversion of AO during 8-bit OMA 
cycles and forced low for all 16-bit OMA 
cycles. 

Table 29 shows the mapping from the 
OMA subsystem signals to the slot bus 
signals. Table 30 shows the mapping 
of OMA subsystem signals to local 
address bus signals for a VL82C486-
based system. 
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TABLE 29. OMA ADDRESSING FOR SLOT BUS ACCESSES 
Outputs from 74L5612 Page Registers 

Outputs from Middle Address latches 

Address Outputs from 82C37A 

B·Bit OMA Address Bits 

16-Bit OMA Address Bits 

M9 

MS 

M7 LA23 LA23 

MG LA22 LA22 

MS LA21 LA21 

M4 S/LA20 S/LA20 

M3 S/LA19 S/LA19 

M2 S/LA1S S/LA1S 

M1 S/LA17 S/LA17 

MO SA16 

07 SA1S SA16 

06 SA14 SA1S 

OS SA13 SA14 

04 SA12 SA13 

03 SA11 SA12 

02 SA10 SA11 

01 SA9 SA10 

DO SAS SA9 

A? SA? SAS 

A6 SA6 SA? 

AS SAS SA6 

A4 SA4 SAS 

A3 SA3 SA4 

A2 SA2 SA3 

A1 SA1 SA2 

AO SAO SA1 

vss SAO 
- -AO -SBHE 

vss -SBHE 
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TABLE 30. OMA ADDRESSING FOR SYSTEM BOARD MEMORY 
Outputs from 74LS612 Page Registers 

Outputs from Middle Address Latches 

Address Outputs from 82C37A 

8-Bit OMA Address Bits 

16-Blt OMA Address Bits 

M9 A2.S A2S 

MB A24 A24 

M? A23 A23 

M6 A22 A22 

MS A21 A21 

M4 A20 A20 

M3 A19 A19 

M2 A1B A18 

M1 A17 A17 

MO A16 

D7 A1S A16 

D6 A14 A1S 

DS A13 A14 

D4 A12 A13 

D3 A11 A12 

D2 A10 A11 

D1 A9 A10 

DO AB A9 

A7 A7 AB 

A6 A6 A7 

AS AS A6 

A4 A4 AS 

A3 A3 A4 

A2 A2 A3 

A1 A2 

AO A1 

-AO -BE1,-BEO 

A1 +AO -BEO -BE3,-BE2 

A1 +-AO -BE1 

-A1 +AO -BE2 

-A1 +-AO -BE3 
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Ready Control 
The Ready input to each of the B2C37A 
megacells is driven from the same 
source within the Ready control logic. 
The VLB2C4B6 Ready control logic 
forces the preprogrammed number of 
wait states on every DMA transfer. 
Power-on reset defaults to one wait 
state for both B- and 16-bit transfers. 
Other options can be programmed after 
power-on reset in the Indexed Configu
ration Register DMACTL. The external 
signal IOCHRDY goes into the Ready 
control logic to further extend transfer 
cycles if needed. To add extra wait 
states, an external device should pull 
IOCHRDY low within the setup time 
before the second phase of the internal 
DMA clock no later than the last forced 
wait state cycle. The current DMA 
cycle will then be extended by inserting 
wait states until IOCHRDY is returned 
high. IOCHRDY going high must meet 
the setup time at the beginning of a wait 
state cycle or an extra wait state will be 
inserted before the DMA controller 
transitions to state 54. 

External Cascading 
An external DMA controller or bus 
master can be attached to a PC/AT
compatible design through the 
VLB2C4B6's DMA controllers. To add 
an external DMA controller, one of the 
seven available DMA channels must be 
programmed in the Cascade Mode. 
That channel's DRQ signal should then 
be connected to the external DMA 
controller's HRQ output. The corre
sponding DACK signal for that channel 
should be connected to the external 
DMA controller's HLDA input. When 
one of the seven channels is pro
grammed in the Cascade Mode and 
that channel is acknowledged, the 
VLB2C4B6 will not drive the data bus, 
command signals, or address bus. 

An external device can become a bus 
master and control the system address, 
data, and command buses in much the 
same manner. One of the external 
channels must be programmed in the 
Cascade Mode. The external device 
then asserts the DRQ line for that 
channel. When that channel's DACK 
line goes active, the external device can 
then pull the -MASTER signal low. As 
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in the OMA controller cascading, the 
VL82C486 does not drive the address, 
data, and command signals while the 
cascaded channel's DACK signal is 
active. 

Hold Request Arbiter 
The hold request arbiter is used to 
select between two possible sources for 
a hold request to the CPU. A hold 
request can be generated when DMA 
Controller #2 issues a hold request via 
the DMAHRQ signal or when the output 
of Counter #1 in the 82C54 megacell 
makes a low-to-high transition to 
indicate a need for a refresh cycle. 

At the end of a hold request from either 
source, the arbiter checks to see if the 
other source is still requesting a hold. If 
it is, the arbiter gives an acknowledge 
signal to that source and leaves the 
HAQ line active. This continues as long 
as one of the two sources is requesting 
a hold. Only if neither source is 
requesting a hold will the arbiter negate 
the HAQ signal and return control back 
to the CPU. 

-MEMR Delay 
To maintain an AT-compatible design, 
the VL82C486's power-on reset default 
inserts one OMA clock cycle delay in 
the falling edge of the -MEMR signal. 
-MEMR will go low one OMA clock later 
than the -MEMR signal coming out of 
the 82C37A megacell. The rising edge 
is not altered and goes high at the 
same time the -MEMR signal from the 
megacell goes high. The VL82C486 
can be reprogrammed to remove the 
one clock cycle delay on the falling 
edge of -MEMR. This done by setting 
the MEMTM bit (bit 0) to 1 in the 
DMACTL Register. 
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DATA STEERING 
Overview 
The Data Buffer Block of the VL82C486 
handles data transfers between the 32-
bit local CPU data bus, the 16-bit ISA 
slot bus, and the 8-bit on-chip 1/0 data 
bus. Connected to the local data bus is 
the 486, on-board DRAM, BIOS ROM, 
flash memory, and any other local bus 
devices such as the WEITEK coproces
sor. Off-board memory, BIOS ROM, 
1/0 devices, keyboard controller, real
time clock, OMA requesters, and add
on bus master cards reside on the ISA 
bus. Various system configuration/data 
registers, OMA controller registers, 
interrupt controller registers, and 
counter/timer registers lie on the on
chip 1/0 data bus. Either the 486, the 
OMA controllers, or an add-on bus 
master card can become the bus 
owner. 

When the 486 is the bus owner, the 
VL82C486's data steering logic 
provides the data conversion necessary 
for 8/16/32-bit writes and reads to and 
from 8/16-bit devices on either the ISA 
bus, or 8-bit registers on the on-chip 1/0 
data bus, or 8/16-bit BIOS ROM sitting 
on the local data bus. Data transfer 

between the 486 and on-board DRAM, 
local bus devices, and flash memory is 
handled directly via the local CPU data 
bus while slot data pads and local data 
bus pads of the VL82C486 are three
stated. Tables 32 and 33 show the 
data steering modes during CPU 
accesses. 

When the OMA requestor or add-on bus 
master !s the bus owner, the VL82C486 
will allow 8/16-bit data transfer between 
the ISA bus and either the local CPU 
data bus or the on-chip 1/0 data bus. 
The VL82C486 is also capable of 
performing byte swaps between the 
high and low bytes of the 16-bit ISA 
bus. ISA bus transfers between ISA 
bus devices that do not require byte 
swaps between high and low bytes are 
handled directly via the ISA slot bus 
while the slot data pads on the 
VL82C486 are three-stated. Any data 
conversion required is handled by the 
OMA or add-on bus master device. 
Tables 34 through 38 show the data 
steering modes during OMA or add-on 
bus master accesses. 

Table 31 is a glossary of terms and 
acronyms used in Tables 34 through 
38. 

TABLE 31. DATA STEERING LOGIC GLOSSARY OF 
TERMS AND ACRONYMS 

Terms Definition 

DO, 01, 02, 03 Local CPU data bus bits 7-0, 15-8, 23-16, 31-24, respectively 

DMA(8), DMA(16) 8-bit OMA device, 16-bit OMA device, respectively 

DRAM(32) 32-bit on-board DRAM 

ISA(8), ISA(16) 
8-bit ISA bus devices and on-chip 1/0 devices, 16-bit ISA 
bus devices, respectively 

LAB(32) 32-bit local bus device 

MASTER(16) 16-bit add-on bus master device 

ROM(8), ROM(16) 8-bit BIOS ROM, 16-btt BIOS ROM, respectively 

SOL, SDH 
Slot data bus low bytes 7-0 and slot data bus high bytes 
15-8, respectively 
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TABLE 32. DATA STEERING DURING CPU WRITES 

Device 
Data Type Size · Data Steering Notes 

Byte, Word, ISA(S) 00->SDLor • One slot access generated for byte writes 
Double Word 01 ->SOL or • Two slot accesses generated for word writes 

02-> SDLor • Four slot accesses generated for double word writes 
03->SDL • All 8-bit on-chip 110 data bus writes performed in this data steering mode 

Byte ISA(16) DO-> SOL or • One slot access generated for byte writes 
01 -> SDH or 
02-> SOL or 
03->SDH 

Word, ISA(16) DO-> SOL and • One slot access generated for aligned word writes 
Double Word 01 -> SDH • Two slot accesses generated for aligned double word writes 

or • Two slot accesses generated for misaligned word writes 
02-> SOL and 
03->SDH 

Byte, Word, DRAM(32) NIA • All the VL82C486's data paths (DO, 01, 02, 03, SOL, and SDH) are 
Double Word LBA(32) three-state during on-board DRAM accesses, local bus device accesses, 

ROM(16) or flash memory writes 

TABLE 33. DATA STEERING DURING CPU READS 

Device 
Data Type Size Data Steering Notes 

Byte, Word, ISA(8) SOL-> DO or • One slot access generated for byte reads 
Double Word SOL-> 01 or • Two slot accesses generated for word reads 

SOL-> 02 or • Four slot accesses generated for double word reads 
SOL-> 03 • DO, 01 , 02, and D3's data is latched before redriving onto the local 

*On-chip bus -> 
data bus 

DO, orD1, or, 
02, orD3 and 

On-chip bus -> 
SOL, SDH 

Byte ISA(16) SOL-> DO or • One slot access generated for byte reads 
SOL-> 01 or • DO, 01, 02, and D3's data is latched before redriving onto the local 
SOL-> 02 or data bus 
SOL-> 03 

Word, ISA(16) SOL-> DO and • One slot access generated for aligned word reads 
Double Word SDH -> 01 • Two slot accesses generated for aligned double word reads 

or • Two slot accesses generated for misaligned word reads 
SOL-> 02 and • DO, 01, 02, and D3's data is latched before redriving onto the local 
SDH-> 03 data bus 

Byte, Word, DRAM(32) NIA • All the VL82C486's data paths (DO, 01, 02, 03, SOL, and SDH) are 
Double Word LBA(32) three-state during on-board DRAM or local bus device accesses 

• For 8-bit on-chip 1/0 data bus reads, data is read from on-chip 110 data bus instead of SOL. Data is available on the appropri
ate local data bus byte DO, 01, 02, or 03, plus the SOL and SDH bus. 
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TABLE 34. DATA STEERING DURING BIOS ROM READS 

Device 
Data Type Size Data Steering Notes 

Byte, Word, ROM(S) D2-> DO or • One access generated for byte reads 
Double Word 02 -> 01 or • Two accesses generated for word reads 

02-> D2or • Four accesses generated for double word reads 
02-> 03 • DO, 01, 02, and D3's data is latched before redriving onto the local 

data bus 

Byte ROM(16) 02-> DO or • One access generated for byte reads 
03 -> 01 or • DO, 01, 02, and D3's data is latched before red riving onto the local 
02-> 02 or data bus 
03-> 03 

Word, ROM(16) 02-> DO and • One access generated for aligned word reads 
Double Word 03 -> 01 • Two accesses generated for aligned double word reads 

or • Two accesses generated for misaligned word reads 
02-> 02 and • DO, D1, 02, and D3's data is latched before red riving onto the local 
03-> 03 data bus 

TABLE 35. DATA STEERING DURING OMA/MASTER READS OF ON-BOARD 
DRAM/LOCAL BUS DEVICES 

Device 
Data Type Size Data Steering Notes 

Byte, Word DMA(S) DO-> SOL or • One access required for byte reads 
01 ->SOL or • Two accesses required for word reads 
02-> SDLor • During local bus device accesses only, DO, 01, 02, and D3's data is 
03-> SOL latched before redriving onto the slot data bus 

Byte DMA(16) 00-> SOL or • One access required for byte reads 
MASTER(16) 01 -> SDH or • During local bus device accesses only, DO, 01, 02, and 03's data is 

02-> SDL or latched before red riving onto the slot data bus 
D3-> SDH 

Word DMA(16) DO-> SDL and • One access required for aligned word reads 
MASTER(16) D1 -> SDH • Two accesses required for misaligned word reads 

or • During local bus device accesses only, DO, 01, D2, and D3's data is 
D2-> SDL and latched before red riving onto the slot data bus 
D3-> SDH 
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TABLE 36. DATA STEERING DURING OMA/MASTER WRITES TO ON-BOARD 
DRAM/LOCAL BUS DEVICES 

Device 
Data Type Size Data Steering Notes 

Byte, Word DMA(8) SDL-> DO or • One access required for byte writes 
SDL-> D1 or • Two accesses required for word writes 
SDL-> D2 or 
SDL-> D3 

Byte DMA(16) SDL ->DO or • One access required for byte writes 
MASTER(16) SDH -> D1or 

SDL -> D2 or 
SDH -> D3 

Word DMA(16) SOL-> DO and • One access required for aligned word writes 
MASTER(16) SOH -> D1 • Two accesses required for misaligned word writes 

or 
SDL-> D2 and 
SDH -> 03 

TABLE 37. DATA STEERING DURING OMA/MASTER READS OF ISA SLOT DEVICES 

Device 
Data Type Size Data Steering Notes 

Byte, Word DMA(8) SOH -> SDL • Byte swap required for odd byte 8-bit DMA read of 16-bit slot 
• One access required for byte reads 

Byte MASTER(16) SOL -> SDH • Byte swap required for odd byte add-on bus master read of 8-bit slot 
• One access required for byte reads 

Byte, Word DMA(8) NIA • Except for the above two cases and bus master reads of the on-chip 
DMA(16) *On-chip bus -> 1/0 data bus, the SDL and SDH data pads are three-state pads for all 
MASTER(16) SOL and SDH DMAor bus master reads of 8/16-bit ISA devices 

• Data is available on the SOL and SOH bus for add-on bus master reads of 8-bit on-chip 1/0 data bus 
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TABLE 38. DATA STEERING DURING OMA/MASTER WRITES TO ISA SLOT DEVICES 

Device 
Data Type Size Data Steering Notes 

Byte, Word DMA(8) SDH->SDL • Byte swap required for odd byte add-on bus master write to 8-bit slot 
ISA(16) • One access required for byte reads 

Byte MASTER(16) SOL -> SDH • Byte swap required for odd byte 8-bit slot OMA wrhe to 16-bit slot 
ISA(8) 

Byte, Word DMA(8) NIA 
DMA(16) 
MASTER(16) 

ISA BUS REFRESH CYCLE TYPES 
The VL82C486 supports three modes 
of refresh; Synchronous, Asynchro
nous and Decoupled. Bits 2 and 3 
(REFMD1 and REFMDO) in the 
NTBREF Configuration Register select 
the type of Refresh Mode. The PC/AT 
compatible refresh period of 15.625 µs 
and a slow refresh period of 125 µs are 
supported. The VL82C486 controls 
both the on- and off-board refresh 
timing. For on-board DRAM refresh, 
RAS-only refresh, as well as CAS
before-RAS refresh cycles are sup
ported. 

Synchronous Refresh Mode 
With the Synchronous Refresh Mode, 
on- and off-board refreshes are initiated 
and completed simultaneously. When 
refresh is requested by the internal 
refresh timer, the following sequence 
occurs: 

1) HOLD is asserted. 

2) The VL82C486 waits until HLDA is 
asserted by the CPU. 

3) The bus refresh address is placed 
on the A bus. The DRAM refresh 
address is placed on the MA bus. 
-EALE transitions from low-to-high 
to clock the ISA bus refresh 
address if the VL82C107 or 
VL82C113A Combination 110 chips 
are used. 
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• One access required for by!e reads 

• Except for the above two cases, the SOL and SDH data pads are input 
pads for all OMA or bus master writes to 8/16-bit ISA devices 

• All bus master writes to 8-bit on-chip 1/0 data bus performed in this 
data steering mode 

4) An off-board refresh request is 
issued to the ISA bus controller 
and a refresh request to the DRAM 
controller is issued. 

5) HOLD is released when the ISA 
bus cycle is complete. 

Asynchronous Refresh Mode 
In the Asynchronous Refresh Mode, on
and off-board refreshes are inhiated 
simultaneously but complete indepen
dently; allowing faster refresh cycles for 
the on-board DRAM. For this mode, 
slot bus address latches are required. 
A refresh is requested by OUT1 
(counter/timer in the Bus Controller 
Block) to the System Controller Block. 
It is arbited with the OMA request by 
sampling each at opposite edges of 
SYSCLK and synchronized to 
CPUCLK. When an internal refresh 
request is generated, the following 
sequence occurs: 

1) HOLD is asserted. 

2) The VL82C486 waits until HLDA is 
asserted by the CPU. 

3) The bus refresh address is placed 
on the A bus. -EALE transitions 
from low-to-high to clock or latch 
the ISA bus refresh address. The 
DRAM refresh address is placed 
on the MA bus. 
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4) An off-board refresh request is 
issued to the ISA bus controller 
and a refresh request to the DRAM 
controller is issued. 

5) HOLD is released. 

Any subsequent accesses to the ISA 
bus or the DRAM controller are held-up 
until the on- or off-board refresh is 
completed. 

Decoupled Refresh Mode 
This mode is identical to the Asynchro
nous Refresh Mode except that HOLD 
is not asserted in Step 1 ) and the bus 
refresh address is not driven onto the A 
bus as during Step 3). An external 
refresh counter is therefore required to 
provide the refresh address to the ISA 
bus. An off-board refresh request is 
issued to the ISA bus controller and a 
refresh request to the DRAM controller 
is issued in the next CPU T1 or Ti cycle. 

Any subsequent CPU request to on
board DRAM is held pending by 
delaying -BROY until the on-board 
refresh has completed. Subsequent 
accesses to the ISA bus are held-up 
until the off-board refresh is completed 
by delaying -ROY until the refresh has 
completed. 
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INTERRUPT CONTROLLER 
The interrupt controller logic includes 
two 82C59A megacells with eight 
interrupt request lines each for a total of 
16 interrupts. The two megacells are 
cascaded internally and two of the 
interrupt request inputs are connected 
to the internal circuitry. This allows a 
total of 13 external interrupt requests. 
Figure 37 is a block diagram of the 
interrupt controller logic. 

All external interrupt request signals 
have an internal pull-up resistor to 
eliminate noise on unconnected request 
pins. Also, all IRQ pins have a special 
programmable logic to reduce noise 
sensitivity, controlled by bit o (IRQIN) in 
the MISCSET Register (Indexed 
Configuration Register location 07h). 
The IRQIN bit is a glitch-free interrupt 
request pin input. If IRQIN is set to 1, 
glitch-free input on the IRQ pins is 

allowed. The input to these pins then 
must be stable for at least 105 ns to 
generate an interrupt. The IRQIN bit's 
default is 1. 

The interrupt request signals IRQO, 
fRQ2, and IRQ13 are utilized internally: 
Their functions are: 

IRQO This interrupt is connected to 
the OUTO of the 82C54 
megacell and is not available 
as an external input. 

IRQ2 This interrupt is used to 
cascade the two 82C59A 
megacells together and is not 
available as an external input. 

IRQ13 This interrupt is used for the 
coprocessor interface. It is 
generated by the coprocessor 
asserting the WEIRQ pin in 
case of an exception error. 

A typical interrupt sequence is as 
follows. Any unmasked interrupt 
generates the -INTR signal to the CPU. 
The interrupt controller megacells then 
respond to the -INTA pulses from the 
CPU. On the first-INTA cycle, the 
cascading priority is resolved to 
determine which of the two 82C59A 
megacells output the interrupt vector 
onto the data bus. On the second 
-INTA cycle, the appropriate 82C59A 
megacell drives the data bus with the 
correct interrupt vector for the highest 
priority interrupt. 

Because the two megacells are 
cascaded internally on the VL82C486, 
they should never be programmed to 
operate in the Buffered Mode. 

FIGURE 37. INTERRUPT CONTROLLER LOGIC DIAGRAM 
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Interrupt Controller Registers 
The internal registers of the 82C59A 
megacells are written to in the same 
way as in the standard part. Table 39 
shows the correct addressing for each 
of the 82C59A registers. 

Before normal operation can begin, 
each 82C59A megacell must follow an 
initialization sequence. The sequence 
is started by writing Initialization 
Command Word 1 (ICW1 ). After ICW1 
has been written, the 82C59A megacell 
expects the next writes to follow in the 
sequence ICW2, ICW3, and ICW4 if it is 
needed. The Operation Control Words 
(OCW) can be written at any time after 
initialization. 

In the standard 82C59A megacell ICW3 
is optional. But since the two 82C59A's 
in this chip are cascaded together, they 
should always be programmed in the 
Cascade Mode and ICW3 will always 
be needed. Refer to the 82C59A data 
sheet for more information on program
ming the 82C59A megacell. 

When reading at address 020h or OAOh 
hex, the register read depends on how 
Operation Control Word 3 is set up prior 
to the read. 
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TABLE 39. WRITE-ONLY INTERRUPT CONTROLLER 
REGISTERS 

INT1 INT2 04 03 Register Function 

20h A Oh 1 x Write ICW1 

21h A1h x x Write ICW2 

21h A1h x x WritelCW3 

21h A1h x x Write ICW4 (if needed) 

21h A1h x x WriteOCW1 

20h AOh 0 0 WriteOCW2 

20h A Oh 0 1 WriteOCW3 

TABLE 40. READ-ONLY INTERRUPT CONTROLLER 
REGISTERS 

INT1 INT2 Register Function 

20h AOh Interrupt Request Register, In-Service Register or Poll 
Command 

21h A1h Interrupt Mask Register 
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TIMER/COUNTER TABLE 41. TIMER/COUNTER REGISTERS 
The timer subsection consists of one 
82C54 timer/counter megacell config
ured as shown in Figure 38. The clocks 
for each of the three internal counters 
are tied to the 14.318 MHz oscillator 
through a+ 12 counter. The gate inputs 
of Counters O and 1 are tied high to 
enable those counters at all times. The 
gate input of Counter 2 is tied to bit 0 
(TIM2GAT_SPK) of the Port B Register 
inside the VL82C486. 

Counter O's output is connected to the 
IROO input of Interrupt Controller 1. 
Counter 1 's output is used for refresh 
timing. Finally, Counter 2's output goes 
to an AND gate which drives the output 
SPKR pin. The other input on this AND 
gate is connected to bit 1 (SPK_DAT) of 
the Port B Register. 

Timer/Counter Registers 
The internal registers of the 82C54 
timer/counter megacell are written to in 
the same way as in the standard part. 
Table 41 shows the correct addressing 
for each of the 82C54 registers. 

The write control word at address 43h 
could also be the counter latch com
mand or read-back command depend
ing on the values on the data bus. 
Refer to the 82C54 data sheet for more 
information on programming the 82C54 
megacell. 

Address 

40h 

40h 

41h 

41h 

42h 

42h 

43h 

43h 

FIGURE 38. TIMER/COUNTER LOGIC DIAGRAM 
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-XIOR -------1 -RD 

XD7-XDO ....... ___ .,~ TIMER/ 
A1-AO _____ .,_, COUNTER 

PORT B (1) -----------------' 
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KEYBOARD CONTROLLER 
INTERFACE 
The VL82C486 is connected to the 
keyboard controller, 8042, as shown in 
Figure 39. Note that there are no 
A20GATE and-RC pins on the 
VL82C486. The port pins P20 and P21 
of 8042 are therefore not connected. 
These two signals are generated 
internally in the VL82C486. The data 
bus is checked for a particular data 
sequence when the keyboard controller 
is selected to generate A20GATE and 
-RC. 

For hardware compatibility, the genera
tion of -RC is delayed by about 50 µs 
from the issuance of the command to 
generate a 6 µs pulse. A delay timer is 
used in the internal circuit for this 
purpose. This timer can be disabled by 
the FASTRC bit (bit 4) in the MISCSET 
Register. When FASTRC = 1, -RC is 
generated with only a 6.72 µs delay. 
This provides an alternative for a Fast 
CPU Reset. 

Generation of A20GATE and -RC 
The keyboard controller interface 
signals A20GATE and -RC are 
generated internally in the VL82C486. 
These signals are generated in two 
ways in a PC/AT. They are as de
scribed below: 

1) Data D1 h is written tc 1/0 address 
64h. This is a write output port 
command from the CPU to the 
keyboard controller. The next byte 
written to 1/0 address 60h then 
enables or disables A20GATE and 
-RC. Bit O of this byte is propa
gated to -RC while bit 1 gets 
propagated to A20GATE. It should 
be noted that the 110 address 60h 
does not have to be written 
immediately after writing D1 h to 
address 64h. 

FIGURE 39. KEYBOARD CONTROLLER INTERFACE 

RSTDRV 
.,.. 

VL82C486 
IRQ1 

TURBO 

-IOW 

-IOR 
_l 

SD7-SDO A DIR B 

-PPICS G 

74HC245 

r--------

SA4 A YO ?--' 
(FROM CPU) 

~ 
B 

G 

74HC139 
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Only A20GATE is generated in this 
way in the VL82C486 because 
generation of -RC by this method 
can hang-up the system. There is 
no delay involved in the generation 
of A20GATE. 

2) If 1/0 address 64h is written with 
FOh-FFh, A20GATE and-RC a;;; 
pulsed according to the lower two 
bits of the data. If bit O is low, -RC 
is pulsed and A20GATE is pulsed if 
bit 1 is low. Thus, a pulse appears 
on the -RC pin if the data is FEh or 
FCh and A20GATE is pulsed if it is 
FDh or FCh. The pulse duration is 
approximately 6 µs. 

The VL82C486 generates a pulsed 
-RC this way but there is no effect 
on A20GATE. 

-RESET 

P24/0B 
8042 

P22 

-WR 

-RD 

D7-DO 

-CS 
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FIGURE 40. TIMING GENERATION OF A STABLE A20GATE 
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1/0 
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FIGURE 41. TIMING GENERATION OF A PULSED -RC 
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VL82C113A INTERFACE 
The VL82C113A Combination 1/0 chip 
includes the glue logic required to 
design a PC/AT motherboard with the 
VL82C486. The interface between the 
VL82C486 and the VL82C113A is 

shown in Figure 42. Note that the SA 1 
pin of the VL82C486 is connected to 
the A1 pin of the VL82C113A, while the 
SA 1 pin of the VL82C113A is con
nected to the slot bus. This allows the 
Internal Configuration Registers of the 

FIGURE 42. VL82C486 INTERFACE TO THE VL82C113A COMBINATION 1/0 
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SLOT 
BUS 

VL82C113A to be correctly addressed 
from the slot bus. Also, -IGNNE should 
be pulled high at power-on reset to 
select the correct timing for use with the 
VL82C113A. 

SLEEP MODE CONTROL 
LOGIC 
The Sleep Mode operation is provided 
for battery operated laptop microcom
puter support. Various bits in the 
MISCSET Register are provided to 
control this function. 

SLEEP MODE OPERATION 
The Sleep Mode may be activated by 
software as well as by hardware. The 
external -SLEEP pin can be used to 
enable the Sleep Mode by hardware. A 
1-to-O transition on this pin puts the 
device into the Sleep Mode. For 
activating the Sleep Mode by software, 
the SLP bit (bit 7) in the MISCSET 
Register should be set high. 

When the VL82C486 is in the Sleep 
Mode, the refresh divider is activated, 
BUSOSC is shut off from non-essential 
internal circuitry, and the CPU is 
prevented from making memory 
accesses by the VL82C486 making the 
HOLD signal active. The clocks going 
to the DMA circuit, interrupt controllers, 
and refresh logic are not shut off. 

For maximum power savings, ~ is 
recommended that a halt instruction be 
executed immediately after setting the 
SLP bit. Power saving can also be 
accomplished by operating the CPU at 
the minimum allowable clock frequency 
(controlled by the CLKCTL Register). 

The VL82C486 is brought out of the 
Sleep Mode in one of four ways: 

1) Clearing the SLP bit in the 
MISCSET Register to zero by 
software. 

2) Driving a O-to-1 input on the 
-SLEEP pin. 

3) Interrupting the VL82C486. 

4) Resetting the VL82C486. 

Normal BUSOSC routing and clock 
speed are resumed when the 
VL82C486 comes out of the Sleep 
Mode. 
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MISCSET CONTROL REGISTER Bit 5, ENSYSCK, should be set with the 
desired value by the BIOS during 
POST. Only bit 7, SLP, needs to be 
toggled to get in and out of the Sleep 

Mode during normal operation. See 
Table 42 for details on the MISCSET 
Register. 

The MISCSET Register has three bits 
to support the Sleep Mode's functional
ity. Bit 6, SLPSTS, is a read-only bit. 

TABLE 42. MISCSET REGJSTER - READ/WRITE 

Data Port EDh 07 D6 05 04 D3 02 D1 DO 

MISCSET 07h SLP SLPSTS ENSYSCK FASTRC CEN -EN PAR CWS_OFF IRQIN 

PORValue 0 -SLEEP 1 0 0 0 0 1 

Bit Name Function 

7 SLP Sleep Mode: This bit is set to 1 to invoke all Sleep Mode functions. When set, the CPU is halted. 

6 SLPSTS -SLEEP Pin Status: This bit reflects the status of the -SLEEP pin. It is used by the software to check 
whether -SLEEP is active or no). The VL82C486 enters the Sleep Mode when the -SLEEP pin is pulled 
low. If an interrupt occurs, the VL82C486 comes out of the Sleep Mode but the pin still might be pulled 
low. The interrupt .service routine can check this bit and activate the Sleep Mode by enabling the SLP 
bit. SLPSTS is a read-only bit. 

5 ENSYSCK System Clock Enable: Resetting this bit to O disables the SYSCLK oscillator (BUSCLK +2) if bit 7 is set 
to 1. Returning bit 7 to O re-enables the oscillator signal. If ENSYSCK is set to 1, the oscillator is 
always enabled even in the Sleep Mode. In operation, ENSYSCK is set for the desired operation mode 
by the BIOS on power-up. Bit 7 is then controlled as required to jump in and out of the Sleep Mode. 

4 FASTRC Fast -RC: For hardware compatibility, the internally generated -RC has a 50 µs delay from the issuance 
of the command to write data FCh or FEh to Port 64h (which generates a low going 6 µs pulse on -RC). 
This delay can be reduced by using the FASTRC bit. If set to 1, there is only a 
6.72 µs delay introduced. 

3 CEN Cache Enable: When reset to 0, this bit disables the primary cache .and forces the -KEN output to be 
deasserted (set high). When set to 1, the primary cache is selectively enabled and -KEN is controlled 
by PMRs, Segment Registers, and address decoder. 

2 -ENPAR Parity Enable: When reset to 0, parity generation and checking is enabled. When set to 1, parity 
checking is disabled. 

1 CWS_OFF DRAM CAS Conditional Wait States Off: When set to 0, CAS conditional wait states are enabled and 
when set to 1, they are disabled. 

0 JRQIN Glitch-free Interrupt Request Pin Input: This bit, when set to 1, allows glitch-free input on the JRQ pins. 
The input to these pins then should be stable for at least 105 ns to generate an interrupt. 
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VL82C486 
DEDICATED INTERNAL CONTROL REGISTERS AND 1/0 LOCATIONS 
This section describes various features 
of the VL82C486 available at dedicated 
internal 1/0 ports that have not been 
fully covered in previous sections. 

VLSI SPECIAL FEATURES 
The port addresses F8h-FFh are 
reserved for coprocessor use in an IBM 
PC/AT. However, only F8h, FAh, FCh, 
and FEh are actually used. The VLSI 
Special Features Mode (VSF) allows 
the use of unused port addresses in this 
range as well as special registers in the 
address range EEh-F7h. The F8h-FFh 
range is decoded and then ANDed with 
inverted address bit AO. This maps 
only the even addresses in this range to 
the coprocessor. The port addresses 
EEh, EFh, FOh, and F1 h are fully 
decoded due to the presence of other 
110 ports at F4h and F5h. 

The special registers provided for VLSI 
Special Features are Fast A20 (EEh), 
Fast Reset (EFh), Slow CPU (F4h), 
Fast CPU (F5h), Config Disable (F9h), 
and Config Enable (EBh). 

The VSF Mode is controlled by bit 7 
(-VSF) in the BUSCTL Register. Bit 7 
is used to enable or disable the VSF 
options mapped into the coprocessor 
110 space between EEh and FFh. 
When bit 7 = 1, the VSF option is 

TABLE 43. DEDICATED 1/0 CONTROL REGISTERS 
Port Port 

Address Register Function Address Register Function 

ECh Config Index Register F5h+ Fast CPU 

EDh Config Data Port F8h Reserved 

EEh*+ Fast A20 F9h+ Config Disable 

EFh*+ Fast Reset FAh Reserved 

FOh Coprocessor Busy Clear FBh+ Config Enable 

F1h Coprocessor Reset FCh Reserved 

F4h+ Slow CPU FEh Reserved 

• Also can be activated through Port 92h (Port A) for PS/2 compatibility. 
+ These decodes can be disabled in case of conflict. 

disabled. When bit 7 = 0, the VSF 
option is enabled. 

DEDICATED INTERNAL CONTROL 
REGISTER ADDRESS 
The registers and features described 
next are a fully compatible superset of 

the VLSI Special Features (VSF). All 
port decodes are between ECh and 
FFh as shown in Table 43. Refer back 
to Table 3 for a complete 1/0 map. 

TABLE 44. CONFIGURATION INDEX REGISTER 

ECh D7 

Configlndex x 

The value written to this register is the 
8-bit address of the Indexed Configura
tion Register which is to be accessed 
through the Data Port Register at 110 

D6 

x 

D5 D4 03 

x x x 

address EDh. All subsequent Data Port 
reads and writes access the register at 
this address until the Index Register is 

TABLE 45. CONFIGURATION DATA PORT REGISTER 

EDh D7 

Conflg Data x 

The registers accessible through 110 
address EDh are summarized in the 
section titled "Register Summary" 
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D6 

x 

D5 D4 D3 

x x x 

starting on page 107. They are 
accessed by writing their addresses to 
the Index Register at 110 address ECh, 

99 

D2 D1 DO 

x x x 

written with a new address. This 
register is readable. It always returns 
the last value written to it. 

D2 D1 DO 

x x x 

then by accessing the Data Port at 110 
address EDh. 
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TABLE 46. FAST A20 REGISTER AND PORT A 

EEh (PC/AT) D7 D6 

Fast A20 1 1 

92h (PS/2) D7 D6 

Port A 1 

A dummy read enables Fast A20 and 
returns a value of FFh. A dummy write 
disables Fast A20. This method 
provides a fast, parallel alternative to 
the standard PC/AT-compatible method 
of using the keyboard controller to 
control A20. It is necessary to OR this 
signal and the keyboard controller's 
A20 Enable so that either event controls 
the A20 address line. Default on reset 

1 

D5 D4 D3 

1 1 1 

D5 D4 D3 

1 1 1 

is internal A20 control disabled. While 
disabled, A20 is solely controlled by the 
keyboard controller for strict PC/AT 
compatibility. 

This register is also controlled via bit 1 
of 1/0 Register 92h (Port A) for PS/2-
compatibility. When bit 1 is high, A20 is 
active. When bit 1 is low, A20 is always 
0. This feature is fully integrated with 

TABLE 47. FAST CPU RESET REGISTER AND PORT A 

EFh (PC/AT) D7 D6 

Fast Reset 1 1 

92h (PS/2) D7 D6 

Port A 1 

This register provides a fast alternative 
to the keyboard controller for resetting 
the CPU. A dummy read of EFh resets 
the processor and returns a value of 
FFh. This reset signal is internally 
ORed with the keyboard controller's 
reset signal, internal -RC, so that either 
event invokes a reset. This provides a 
much faster way for the system to jump 
between the Real and Protected 
Modes. Reset timing is the same as 
described below for the Port A reset. 

Fast CPU Reset can also be controlled 
via bit O of !10 Register 92h (Port A) for 
PS/2 compatibility. When RESET (bit 
0) = 1, a reset operation is triggered 
after a minimum 6.72 µs delay. RESET 
pulses high for 16 CPU clock cycles. 
This latch remains set until written 
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1 

D5 D4 D3 

1 1 1 

D5 D4 D3 

1 1 1 

again or until the VL82C486 is exter
nally reset. 

If the -VSF bit in the BUSCTL Register 
is set to 1, the Fast CPU Reset feature 
at EFh is disabled. The Fast Reset at 
92h is always available, as is the reset 
activated by the BIOS through the 
keyboard controller. 

Note: In order to successfully reset a 
PC/AT-compatible system, A20 
must be gated through and not 
held low. Otherwise, the reset 
vector is not fetched and the 
system hangs up. In some 
existing systems a Hot Reset 
without controlling A20 seems to 
work. However, this is because 
an error trap occurs which 

100 

D2 D1 DO 

1 1 1 

D2 D1 DO 

1 A20 RESET 

the Fast A20 control achieved through 
EEh; i.e., a dummy read of EEh 
followed by a read of bit 1 of Port 92h 
returns a logic 1. 

Access at location EEh is controlled by 
the -VSF bit (bit 7) in the BUSCTL 
Register. -VSF should be Oto access 
this register. 

D2 D1 DO 

1 1 1 

D2 D1 DO 

1 A20 RESET 

eventually supplies the reset 
vector to the system. A large 
number of software instructions 
occurs in this case and the result 
is a "not very fast reset". There
fore, before issuing a Hot Reset 
command either via 1/0 Port 92h 
or 1/0 Port EFh as described 
above, one of the following must 
occur: 

1 ) Set bit 1 in Port A to 1. 
(Writing 03h to this register 
effectively accomplishes both 
goals with a single 110 
instruction.) 

2) Perform a dummy read of 
EEh to enable A20. 
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TABLE 48. CPU SPEED CONTROL REGISTERS 

F4h D7 D6 

Slow CPU x x 

F5h D7 D6 

Fast CPU x 

The VL82C486 implements two 
methods for slowing CPU execution 
speed: slowing the CPU clock fre
quency and/or modulating the -EADS 
signals to the CPU. Both of these 
features are turned on by a dummy 
write to location F4h and turned off by a 
dummy write to location FSh. However, 
a write to location FSh turns off the 

x 

D5 04 D3 

x x x 

D5 04 D3 

x x x 

-EADS modulation only if the TURBO 
pin is high. Also, if a write to either of 
these locations results in a CLK 
frequency change, then a 1 ms CPU
only reset will be issued. 

CPU Speed Control Registers are 
controlled by the -VSF bit in the 
BUSCTL Register. -VSF should be 0 

VL82C486 

D2 D1 DO 

x x x 

D2 D1 DO 

x x x 

to enable these registers. However, if 
-VSF is disabled, it is still possible to 
control the CPU speed using the 
-EADS modulation with the keyboard 
controller if allowed by the BIOS. 

An 1/0 read operation on these two 
addresses returns undefined data. 

TABLE 49. CONFIGURATION ENABLE AND DISABLE REGISTERS 

FBh D7 

Config Enable x 

F9h D7 

Config Disable x 

When enabled and used as described, 
the Configuration Registers are 
protected from unauthorized accesses 
that might garble the system configura
tion and either crash the system or 
change its operational characteristics in 
an unwanted manner. A dummy write 

TABLE 50. NMI LOGIC 

70h D7 

NMI Enable x 

The VL82C486 generates the Non
Maskable Interrupt (NMI) output pin for 
the CPU. NMI is enabled by a write to 
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D6 

x 

D6 

x 

D6 

x 

D5 04 D3 

x x x 

D5 04 03 

x x x 

to FBh enables the Configuration 
Registers and a dummy write to F9h 
disables them. When disabled, the 
system is locked out from write access 
to the configuration and control ports 
from address E8h through EFh. This 
includes the registers previously 

D5 D4 D3 

x x x 

1/0 address ?Oh with D7 (data bit 7) 
low. Once enabled, an NMI can be 
generated by the -IOCHCK input going 

101 

D2 D1 DO 

x x x 

D2 D1 DO 

x x x 

described in this subsection and the 
Configuration Indexed Registers. 

H the -VSF bit in the BUSCTL Register 
is disabled, the Configuration Enable/ 
Disable feature is also disabled. 

An 1/0 read operation from these two 
addresses returns undefined data. 

D2 D1 DO 

x x x 

low or a parity error. Each of these NMI 
sources has an enable bit in the Port B 
Register. 
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PORT B REGISTER 
The Port B Register at 1/0 address E!1h 
is included in the Vl82C486 chip. This 
register contains bits to control the 

speaker output and NMI circuitry. Bits O 
through 3 are read/write bits, while bits 
4 through 7 are read-only bits. Each bit 

of the register is defined in Table 51. 
Bits o through 3 are all set low by a 

,reset. 

TABLE 51. PORT B REGISTER 

61h 07 06 05 04 D3 02 01 DO 

Porte PCK CHAN_CHK OUT2 REFDET ENA_IO_CHK ENA_RAM_PCK SPK_DAT TIM2GAT_SPK 

Bit Name Function 

7 PCK Parity Check: This bit indicates that an on-board RAM parity error has occurred. It can only be 
set if ENA_RAM_PCK is set to 0. PCK should be cleared by writing a 1 to ENA_RAM_PCK. 

6 CHAN_CHK Channel Check: This bit indicates that a peripheral device is reporting an error. It can only be 
set if ENA_IO_CHK is set low. CHAN_CHK should be cleared by writing a 1 to ENA_IO_CHK. 

5 OUT2 Timer Output Bit 2 State: This bit indicates the current state of the OUT2 signal from the 82C54 
megacell. 

4 REFDET Refresh Detect: This bit is tied to a toggle flip-flop which is clocked by REFRESH. It toggles to 
the opposite state every time a refresh cycle occurs. 

3 ENA_IO_CHK Enable 1/0 Check: When this bit is set low, it allows an NMI to be generated if the -IOCHCK 
input is pulled low. Otherwise, the -IOCHCK input is ignored and can not generate an NMI. 

2 ENA_RAM_PCK Enable RAM Parity Check: When this bit is set low, it allows parity errors from the on-board 
RAM memory to cause an NMI. When high, on-board RAM parity errors do not cause an NMI. 

1 SPK_DAT Speaker Data: This bit is gated with the output of Counter 2 from the 82C54 megacell. When it 
is high, it allows the OUT2 frequency to be passed out on the SPKR pin. When low, the SPKR 
output is forced low. 

0 TIM2GAT_SPK Speaker Timer 2 Gate: This bit goes to the Gate 2 input on the 82C54 megacell to enable 
Counter 2 to produce a speaker frequency. 
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IN-CIRCUIT TEST LOGIC 
The VL82C486 is designed to make 
system board testing as easy as 
possible. Pulling the SPKR/-TRI input 
low while POWERGOOD is low causes 
all pins on the VL82C486 to go to a 
high impedance state. This mode can 
be used to isolate the VL82C486 so 
that other components in the system 
may be tested. 

The SPKR/-TRI input can also be used 
to put the VL82C486 into a special test 
mode called In-Circuit Test (ICT) Mode. 
The purpose of the ICT Mode is to test 
that all the VL82C486's pins can be 
toggled high and low in a predictable 
pattern. It uses a type of multiplexing 
scheme between inputs and outputs to 

allow easy access and testing of each 
pin. 

The VLB2C486 has a number of 
internal test modes in order to com
pletely test the functionality of the 
circuit. The test modes are disabled 
upon reset. The following procedure 
should be followed to place the 
VL82C486 inio ihe iCT Mode (reier to 
Figure 43): 

1) Drive the POWERGOOD pin low. 

2) Drive the SPKR/-TRI pin low. 

3) Invoke the ICT Mode by toggling 
the -IOR and -IOW pins together. 

4) Release the SPKR/-TRI pin (i.e., 
allow it to float). 

FIGURE 43. ICT MODE TIMING WAVEFORM 

5) Return the POWERGOOD pin to 
high. 

Note: CLKIN must initially be allowed 
to operate in conjunction with 
POWERGOOD as this is 
necessary to initialize internal 
logic. Once in the ICT Mode, 
CLKIN and BUSOSC must not 
be aiiowea to operate as this 
will cause a system reset. Also, 
once in the ICT Mode, the 
POWERGOOD and SPKR/-TRI 
pins should not be driven low 
simultaneously. 

To exit the ICT Mode perform a system 
reset. 

BUSOSC ~-----------------------------------

CLKIN ~~~ 1 tCLK2W • 

p~1Jm) ~~ '~----------~r-
SPKR/-TRI 

~::--------------t[p]~---
Timing Definition: tpl 
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tPL 
tCLKW 

minimum -IOR, -IOW pulse width 
100 ns 
minimum 25 CLKINs 

103 



• VLSI TECHNOLOGY, INC. 

TABLE 52. PIN ASSIGNMENT FOR ICT MODE 

ICT Input ICTOutput 

Signal Name Pin# Signal Name Pin# 

DR03 1 031 17 

DRQ2 2 030 1B 

DR01 3 029 19 

DRQO 4 D2B 20 

IR01S s 027 21 

IR014 6 026 23 

IR012 7 D2S 24 

IR011 B 024 2S 

IRQ10 9 023 26 

IR09 10 022 27 

IR07 11 021 29 

IRQS 12 020 30 

IROS 13 019 31 

IR04 14 D1B 32 

IRQ3 1S 017 34 

A31 14S 016 3S 

A29 144 D1S 36 

A2S 142 014 37 

A24 140 013 38 

A23 139 012 39 

A22 137 011 40 

A21 136 010 41 

MA10 108 DO S1 

A20 13S 09 42 

A19 134 DB 43 

MA3 100 07 44 

MA4 101 06 4S 

MAS 102 DS 46 

MAS 103 04 47 

MA7 10S 03 48 

MAB 106 02 49 

MA9 107 01 so 
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ICT Input ICT Output 

Signal Name Pin# Signal Name Pin# 

CLKIN S4 -BROY SS 

-IGGNE SS -FLUSH SS 

A26 143 -EADS 61 

-FERR S7 -ROY 62 

TCLK2 S9 RESCPU SB 

CLK S3 -BEO 79 

-BLAST 63 HOLD 67 

HLDA 66 W/-R_DK2 SB 

-ADS 71 D/-C_DK1 69 

-SLEEP 7S M/-IO_DKO 70 

MAOX 98 -EALE 74 

-MISS 72 -BLKA20 76 

A11 125 SD11 1B9 

A10 124 SD10 190 

A9 123 -BE2 B1 

AB 122 -BE3 B2 

A7 121 -SBHE 171 

AS 120 -MDENY 170 

AS 119 NMI 7B 

A4 118 TC 1S9 

A3 117 -IOW 160 

A2 116 -IOR 161 

-SPKR/-TRI 8S -KEN 73 

POWERGOOD 178 -SMEMW 176 

CASO 91 MBEO BS 

CAS1 92 MBE1 B7 

CAS2 93 MBE2 BB 

CAS3 94 MBE3 B9 

-LBA 146 -MDENX 169 

MA1 97 -FMPRG B3 

MA2 99 INTR 84 

A1B 133 RSTDRV 173 
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TABLE 52. PIN ASSIGNMENT FOR ICT MODE (Cont.) 

ICTlnput ICTOutput ICTlnput ICTOutput 

Signal Name Pin# Signal Name Pin# Signal Name Pin# Signal Name Pin# 

A17 131 -SMEMR 174 OSCIN 1S1 -MEMW 179 

A1S 130 SYSCLK 17S -IOCHCK 1S2 OKEN 180 

A1S 129 -ROM CS 1S3 IOCHRDY 1S3 BALE 182 

A14 128 S01S 184 -WSO 1S4 AEN 183 

A13 127 S014 18S -MASTER 181 S09 191 

A12 12S S013 18S MACY 9S -BE1 80 

-RAMW 114 S012 188 BUSOSC 1S8 -REFRESH 1S7 

-RASO 110 PARO 1S4 TURBO 1SS SOB 192 

-RAS1 111 PAR1 1SS OR07 202 S04 197 

-RAS2 112 PAR2 1SS OROS 203 sos 19S 

-RAS3 113 PAR3 1S7 OROS 204 S03 198 

-MEMCS1S 147 SD7 194 -IROB 20S S02 199 

-IOCS1S 148 sos 19S WEIRO 20S SD1 200 

SA1 149 -PPICS 1S2 IR01 207 soo 201 

SAO 150 -MEMR 177 
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VL82C486 RESET OPTIONS 
RESET SEQUENCE 
The VL82C486's power-on reset occurs 
in response to an active POWERGOOO 
signal. 

There are two reset signals, RESCPU 
and RSTDRV, that are generated by 
the VL82C486. 

The CPU reset signal, RESCPU, can 
be generated individually as described, 
or as a result of a system reset when 
RSTDRV is also generated. The 
RSTDRV signal is held active for at 
least two CPU clocks longer than the 
RESCPU signal. 

The input signal POWERGOOD must 
be low during power-on (system) reset, 
but has no effect during a software 
reset. When a system reset is gener
ated, the RSTDRV signal is enabled on 
the next high going edge of BUSOSC 
which in turn three-states -RAS and 
CAS. A system reset causes both the 
RESCPU and RSTDRV signals to be 
made active for as long as 
POWERGOOD is low, but also for at 
least 1 ms, even if POWERGOOD goes 
high before this time. At the end of 
reset, the -RAS and CAS outputs are 
activated on the fourth high-to-low 
transition of the -ADS input to allow 
time to transfer DRAM refresh control 
back to the VL82C486. This is depicted 
in Figure 44. 

RESET MODES 
This section summarizes all reset 
modes of the VL82C486 based on their 
activating signal. 

POWER This signal causes all 
GOOD internal state machines to 

be reset. The Internal 
Configuration Registers are 
reset to their default values 
shown by the diagrams in 
the section titled "Register 
Summary" starting on page 
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FIGURE 44. RESET SEQUENCE 

POWERGOOD~ 

RSTDRV~~~~~~~~~~~~~~-
-ADS~f-----' 

-RAS~~r~~~~~~~~~~~~~ 

REGEF 

107. Reset is issued to the 
CPU via the RESCPU 
signal. RSTDRV is gener
ated from POWERGOOD 
and is synchronized with 
BUSOSC. The RSTDRV 
signal may be connected to 
the AHOLD input of the 486. 
This invokes the Self-Test 
Mode of the 486. Systems 
that desire to use this 
feature can then read the 
result of this test in the 486's 
Self-Test Registers and 
decide what to do based on 
the result. Otherwise, it can 
be ignored. 

Setting bit O of 1/0 Port 92h 
causes a CPU-only reset 
after a 6.72 µs delay. 
RESCPU is activated for 16 
CLKIN cycles. 

A dummy read of 110 Port 
EFh causes a CPU-only 
reset after a 6.72 µs delay. 
RESCPU is activated for 16 
CLK2 cycles. VLSI Special 
Features must be enabled 
for this feature to function. 

OUT_64 The CPU is reset when VO 
Port 64h is loaded with the 
value FCh or FEh. This 
generates an internal reset 
signal equivalent to -RC 

106 

SHUT 
DOWN 

FASTRC 
BIT 

from a keyboard controller. 
The internal -RC is active 
alter 6. 72 µs or about 50 µs 
delay depending on the 
value of the FASTRC• bit in 
the MISCSET Register. The 
pulse width of this signal is 
16 CLK cycles. It generates 
RESCPU. 

Detection of the Shutdown 
condition causes a CPU
only reset for 16 CLK2 
cycles. See the previous 
section titled "Reset 
Sequence" for additional 
information. 

The FASTRC bit (bit 5) in 
the MISCSET Register (at 
indexed location 07h) can 
be used to remove the delay 
normally associated with 
generation of -RC. For 
hardware compatibility, the 
internally generated -RC 
has a 50 µs delay from the 
issuance of the command to 
write data FCh or FEh to 
Port 64h (which generates a 
low going 6 µs pulse on 
-RC). This delay can be 
reduced by using the 
FASTRC bit. If set to 1, 
there is only a 6.72 µs delay 
introduced. The default 
value is 0. 
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REGISTER SUMMARY 
SYSTEM CONFIGURATION 
The VL82C486 offers hardware 
configureable options to ensure that it 
resets to a usable state with the various 
physical configurations available. 

During reset, the output pins listed in 
Table 53 become inputs and their value 
is loaded into the Configuration 
Registers as shown or are used to 
configure the system. There is no 

TABLE 53. SYSTEM CONFIGURATION INITIALIZATION 

Register 

Pin Name Bit Bit Name Functional Description 

-PPICS RAMS ET 2 RAMDRV1 MA10-MAO and-RAMW Drive 
-BLKA20 1 RAMDRVO 

-ROMCS RAMS ET 3 CONFB DRAM Configuration 

-RAMW ROMS ET 6 ROMMOV2 System and Slot BIOS ROM Move 

OKEN ROMS ET 7 ROMWID ROM Width 

-FMPRG BUSCTL 5 SLTDRV Slot Current Drive 

-IGNNE SA1 Timing during 32-bit 
ISA Conversion Cycles 

-FLUSH OKEN Polarity 

-EALE -MISS Operation during 
OMA/Master Cycles 
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internal default for these bits, therefore 
the pins shown must be set to the 
required value during reset. Table 53 
details the mapping. 

00= 12 mA 
01=24 mA 
10=36mA 
11=48 mA 

O = Configuration A 
1 = Configuration B 

0 = 8-bit 
1=16-bit 

0= 12 mA 
1 =24 mA 

0 = SA 1 generated as normal 
for when it is connected 

directly to the ISA bus 

1 = SA 1 generated early in 
32-to-16 bit or 32-to-8 bit 

conversion cycles 
(for VL82C107 and 

VL82C113A compatibility) 

O = OKEN active low 
1 = OKEN active high 

O =Write-Back Cache Mode 
(VL82C425) 

1 =Write-Through Cache Mode 
(Intel 485) 
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TABLE 54. INDEXED CONFIGURATION REGISTERS FORMAT 
The following diagrams show the indexed configuration register formats. Power-on reset values are shown above the diagrams 
for each register or set of registers. 

INDEX PORT (R/W) 

7 

A7 

DATA PORT (R/W) 

7 

D7 

VERSION (R-0) 

7 

6 5 

A6 A5 

6 5 

D6 D5 

6 5 

0 0 

4 3 2 

A4 A3 A2 

Index Address of a Configuration Register 

4 3 2 

D4 D3 D2 

Data for a Configuration Register 

4 3 2 

0 

DRAM PROGRAMMABLE TIMING - RAMTMG (R/W) - SEE PAGE 44 

7 6 

TRST1 TASTO 

Earliest Cycle-Start Point 
00 = Begin First T2 
01 = Mid First T2 
1 X = End First T2 
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5 4 

TRP1 TRPO 

RAS Precharge 
00=1T 
01=2T 
10 = 3T 
11=4T 

108 

3 2 

TRCD1 TRCDO 

RAS-to-CAS Delay 
00= 1T 
01=2T 
10= 3T 
11 =4T 

ECh 

0 

A1 AO 

EDh 

0 

D1 DO 

OOh 

0 

0 0 

VL82C486 Version 

01h 

0 

TCAS1 TCASO 

CAS Width Read/Write 
00 = 1T (R), 1T (W) 
01 = 1.5T (R), 1T (W) 
10 = 2T (R), 1T (W) 
11 = 2T (R), 2T (W) 



• VLSI TECHNOLOGY, INC. ADVANCE ~NfORMAT~ON 
Vl82C486 

TABLE 54. INDEXED CONFIGURATION REGISTERS FORMAT (Cont.) 

DRAM CONFIGURATION REGISTER 0 • RAMCFGO (R/W) ·SEE PAGE 35 

7 6 5 4 3 2 

0 0 0 0 

DRAM Bank 1 Type S/D 1 DRAM Bank O Type 

DRAM CONFIGURATION REGISTER 1 • RAMCFG1 (R/W) ·SEE PAGE 35 

7 6 5 4 3 2 

0 0 0 0 0 

DRAM Bank 3 Type SID 3 DRAM Bank 2 Type 

00 =None 10 = 1M SIMM Type 
01=256K 11=4M o = Single-sided 

1 = Double-sided 

DRAM CONTROL REGISTER· RAMSET (R/W) ·SEE PAGE 56 

7 6 5 4 3 2 

0 0 0 0 -ROMCS -PPICS 

INTLV2 INTLV1 INTLVO RTODIS CONFB RAMDRV1 

Interleave Select -RAS Configuration MA10-MA1 
000 = No Interleave 100 = Banks 2, 3 Time-Out Bit &-RAMW 
001 = Banks 0, 1 101 = Banks 0, 1 or 2, 3 Disable (Read-Only) Drive 
010 =Banks 0, 3 110 = Banks 0, 3 or 1, 2 O =Enable 0 = 32-bit 00=12mA 
011 = Banks 1, 2 111 = 4-way Interleave 1 =Disable (Config. A) 01=24 mA 

1 = 64-bit 10 = 36 mA 
(Config. B} 11=48 mA 

NON-TURBO AND REFRESH CONTROL REGISTER· NTBREF (R/W)- SEE PAGE 57 

7 6 5 

0 0 0 

NTB2 NTB1 NTBO 

Non-Turbo Mode Speed 
000 = Full Speed 100 = 80% 
001 = 50% 101=83.3% 
010=66.6% 110=85.7% 
011 = 75% 111 = 97.5% 
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4 

TURBO 

TURBO 

State of 
TURBO Pin 
(Read-Only) 

109 

3 2 

0 0 

REFMD1 REFMDO 

Refresh Mode 
00 = Synchronous 
01 = Asynchronous 
1 X = Decoupled 

-BLKA20 

RAMDRVO 

-RAS, MAOX, 
&MAOY 

Drive 
OX= 12 mA 
1X = 24 mA 

0 

CASREF 

Refresh Type 
O =Ras-Only 
1 = GAS-before 

-RAS 

02h 

0 

0 

SID 0 

03h 

0 

0 

SID 2 

04h 

0 

0 

PGMD 

Page 
Mode 

O =Enable 
1 = Burst-only 

05h 

0 

0 

REFSPD 

Refresh Period 
O = 15.625 µs 
1=125µs 
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TABLE 54. INDEXED CONFIGURATION REGISTERS FORMAT(Cont.) 

CLOCK CONTROL REGISTER - CLKCTL (R/W) - SEE PAGE 64 06h 

7 

0 

FBEN 

Enable SYSCLK 
Freq. Change in 
Fast Bus Clock 

Region 

O =Disable 
1 =Enable 

6 5 

0 0 

CLKDIV1 CLKDIVO 

Clock Divider in 
Non-Turbo Mode 

00 = CLK = TCLK2 +2 
01 = CLK = TCLK2 +4 
10 = CLK = TCLK2 +6 
11 = CLK = TCLK2 +8 

4 3 2 0 

FCLKDIV1 FCLKDIVO BOSCNS SCLKDIV1 SCLKDIVO 

Fast Clock Divider 
BUSOSC I TCLK2 

00=+2/2 
01 =+4/4 
10=+6/6 
11 =+8/8 

BUSCLK 
Pin Status 

O = Slow Clock 
1 = Fast Clock 

•Reset value is O if an 
oscillator is connected to 
BUSOSC pin, else the 
state of the BUSOSC pin 
is reflected. 

Slow Clock Divider 
BUSOSC I TCLK2 

00=+2/4 
01=+4/6 
10=+6/8 
11 =+8/12 

MISCELLANEOUS CONTROL REGISTER - MISCSET (R/W) - SEE PAGE 57 07h 

7 6 5 4 3 2 0 

0 -SLEEP 0 0 0 0 

SLP SLPSTS ENSYSCK FASTRC CEN -ENPAR CWS_OFF IRQIN 

Sleep Sleep Pin System Clock Fast Internal Cache Enable Parity Conditional Glitch-Free Interrupt 
Mode Status (in Sleep Mode) -RC Enable Gen/Check Wait States Request Input 

0 =Disable 
(Read-Only) 

O =Disable O =Disable 0 =Disable O =Enable O =Enable 0 =Disable 
1 =Enable 1 =Enable 1 =Enable 1 =Enable 1 =Disable 1 =Disable 1 =Enable 

OMA CONTROL REGISTER - DMACTL (R/W) - SEE PAGE 84 08h 

7 6 5 4 3 2 0 

0 0 0 0 0 

ENBLFF FFPTR I DMAWS8(1) I DMAWS8(0) I DMAWS16(1) I DMAWS16(0) I DMACLK MEMTM 

Enable Enable 8-Bit OMA Wait States 16-Bit OMA Wait States OMA Clock DMA-MEMR 
Extended Access to 

00=2WS 00=2WS 0 = SYSCLK +2 Signal Delay 
DMAAddr. Upper Page 01 =4 WS 01 =4 ws 1 = SYSCLK O =PC/AT 

O =Disable Registers 10=3 ws 10=3 ws -corn pat. 
1 =Enable O =Lower 11 =3WS 11=3 ws 1=1 OMA 

1 =Upper CLK Early 
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TABLE 54. INDEXED CONFIGURATION REGISTERS FORMAT (Cont.) 

BUS CONTROL REGISTER· BUSCTL (RIW) ·SEE PAGE 79 

7 6 5 4 3 2 

0 0 -FMPRG 0 0 0 

-VSF 10/1610 SLTDRV DSKTMG CMDLY2 CMDLY1 

VLSI Special 10/16 Bit 1/0 Slot Disk Command Delay for: 
Features Address Drive 1/0 

(Enable l/O Decode Current Timing 
Space 0 = 16-bit 0 = 12 mA O =Slow 8-, 16-Bit 1/0 16-Bit 

EEh-FFh) 1 = 10-bit 1=24 mA 1 =Fast & 8-Bit Memory Memory 
O =Enable Cycles Cycles 
1 =Disable 

1 /2 = o SYSCLK 0 = OSYSCLK 

09h 

0 

0 0 

16WS 8WS 

16-Bit 8-Bit 
Wait States Wait States 

0=0WS 0=4WS 
1=1 ws 1 =5WS 

1=1 SYSCLK 112 = 1 SYSCLK 

FAST BUS CLOCK REGION REGISTER· FBCR (RIW) • SEE PAGE 62 OBh 

7 6 5 4 3 2 0 

0 0 0 0 0 0 0 0 

A23 A22 A21 A20 A19 A18 A17 A16 

Address Bits 23-16 of Memory Region Selected for Fast Bus Clock Access 

ROM CONTROL REGISTER • ROMSET (RW) • SEE PAGE 32 OCh 

7 6 5 4 3 2 0 

-OKEN -RAMW 0 0 0 0 0 0 

ROMWID ROMMOV2 ROMMOV1 ROMMOVO MBIOS FMPRG ROMWS1 ROMWSO 

BIOS ROM System & Slot ROM Middle BIOS Flash ROM Wait States 
Width Location Code Enable Memory 00 =3 ws 

(Read-Only) O =Enable Program 01=1 ws 
0 = 8-Bit 1 =Disable O =Disable 10=2WS 
1 = 16-Bit 1 =Enable 11=3 ws 

June 1992 111 



• VLSI TECHNOLOGY, INC. AIDVANCE ~NrFORMAT~ON 
Vl82C486 

TABLE 54. INDEXED CONFIGURATION REGISTERS FORMAT (Cont.) 

AOOOOh·FFFFFh SEGMENT ACCESS CONTROL REGISTERS • SEE PAGE 25 
AAXS, BAXS, CAXS, DAXS, EAXS, FAXS (RIW) 

7 6 

0 0 

ACOOO Access 

BCOOO Access 

CCOOO Access 

OCOOO Access 

ECOOO Access 

FCOOO Access 

1 

5 4 3 

0 0 0 

A8000 Access A4000 Access 

B8000 Access B4000 Access 

C8000 Access C4000 Access 

08000 Access 04000 Access 

E8000 Access E4000 Access 

F8000 Access F4000 Access 

00 = Read/Write Slot Bus 
01 = Read Slot, Write System Board 
1 O = Read System Board, Write Slot Bus 
11 = Read/Write System Board 

2 

0 

AOOOOh-FFFFFh SEGMENT CACHEABILITYCONTROL REGISTERS • SEE PAGE 27 
ACBL, BCBL, CCBL, DCBL, ECBL, FCBL (R/W) 

7 6 5 

0 0 0 

ACOOO Access 

8COOO Access 

CCOOO Access 

OCOOO Access 

ECOOO Access 

FCOOO Access 

1 
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4 3 

0 0 

A8000 Access A4000 Access 

88000 Access 84000 Access 

C8000 Access C4000 Access 

08000 Access 04000 Access 

E8000 Access E4000 Access 

F8000 Access F4000 Access 

00 = Not Write-Protected, Cacheable 
01 = Not Write-Protected, Not Cacheable 
1 O = Write-Protected, Cacheable 
11 = Write-Protected, Not Cacheable 
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2 

0 

0Dh-12h 

0 

0 0 

0 

AOOOO Access 

BOOOO Access 

COOOO Access 

00000 Access 

EOOOO Access 

FOOOO Access 

J 

AOOOO Access 

80000 Access 

COOOO Access 

00000 Access 

EOOOO Access 

FOOOO Access 

J 

13h-18h 

0 

0 
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TABLE 54. INDEXED CONFIGURATION REGISTERS FORMAT(Cont.) 

PROGRAMMED MEMORY REGION ADDRESS REGISTER 1 • PMRA1 (R/W) ·SEE PAGE 28 20h 

7 6 5 4 3 2 0 

0 0 0 0 0 0 0 0 

LBA_ISA NCBL AX5 AX4 AX3 AX2 AX1 AXO 

Select Select Start Address and Memory Region Size 
Bus Cacheability 0 A23 A22 A21 A20 A19 Start Address of a 512 KB Region in Lower 

O =ISA Bus 0 = Cacheable 1S MB Memory 
1 =Local Bus 1 = Non-Cacheable 0 A26 A25 A24 A23 Start Address of an 8 MB Region in Lower 

128 MB Memory 

A17 A1S A15 A14 Start Address of a 1S KB Region in Range 
COOOOh to FFFFFh 

PROGRAMMED MEMORY REGION ENABLE REGISTER 1 • PMRE1 (R/W) • SEE PAGE 28 

7 s 

0 0 

RE7 RES 

5 4 3 2 

0 0 0 0 

RE5 RE4 RE3 RE2 

Sub-Region Enables for Remapping and/or Cacheability 

O = Default Mapping/Cacheability 
1 = Mapping and Cacheability defined by PMRA 

PROGRAMMED MEMORY REGION ADDRESS REGISTER 2 • PMRA2 (R/W) - SEE PAGE 28 

7 s 5 4 3 2 

0 0 0 0 0 0 

LBA_ISA NCBL AX5 AX4 AX3 AX2 

PROGRAMMED MEMORY REGION ENABLE REGISTER 2 • PMRE2 (R/W) • SEE PAGE 28 

7 s 5 4 3 2 

0 0 0 0 0 0 

RE7 RES RE5 RE4 RE3 RE2 
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21h 

0 

0 0 

RE1 REO 

22h 

0 

0 0 

AX1 AXO 

23h 

0 

0 0 

RE1 REO 
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TABLE 55. INDEXED CONFIGURATION REGISTERS MAP 

Address I Name I 07 I D6 I 05 I 04 I 03 02 01 DO 

The following 110 mapped registers are used to access the Indexed Configuration Registers: 

ECh (R/W) I Index Port I A7 AS A5 A4 A3 A2 A1 AO 

EDh(R/W)I Data Port I D7 DS DS D4 D3 D2 D1 DO 

The following registers are accessed by writing their address into the Index Port and reading/writing their data via 
the Data Port: 

ooh (R-0) VER 0 0 0 0 

01h (R/W) RAMTMG TSTRT (1 & 0) I TAP (1 & 0) TRCD (1 & 0) 1 TCAS (1 & 0) 

02h (R/W) RAMCFGO 1 J DRAM Bank 1 Type SID 1 1 DRAM Bank O Type SID 0 

03h (R/W) RAMCFG1 1 l DRAM Bank 3 Type SD3 1 DRAM Bank 2 Type S/D2 

04h (R/W) RAMS ET INTLV (2-0) RTODIS CONFB RAMDRV (1 & 0) PGMD 

OSh (R/W) NTBREF NTB (2-0) TURBO REFMD (1 & 0) I CASREF REFSPD 

OSh (R/W) CLKCTL FBEN CLKDIV (1 & 0) FCLKDIV (1 & 0) lsoscsNsl SCLKDIV (1 & 0) 

07h (R/W) MISCSET SLP I SLPSTS I ENSYSCK I FASTRC I CEN 1-ENPAR I CWS_OFFI IRQIN 

08h (R/W) DMACTL ENBLFF FFPTR DMAWS8 (1 & 0) DMAWS1S (1 & 0) DMACLK MEMTM 

09h (R/W) BU SC TL -VSF 10/1S IO SLTDRV DSKTMG CMDLY2 CMDLY1 1SWS 8WS 

OBh (R/W) I FBCR A23 A22 A21 A20 A19 A18 A17 A16 

OCh (R/W) I ROMS ET I ROMWID I ROMMOV (2-0) MBIOS FMPRG ROMSW(1 & 0) 

ODh (R/W) AAXS ACOOO Access A8000 Access A4000 Access AOOOO Access 

OEh (R/W) BAXS BCOOO Access B8000 Access B4000 Access BOOOO Access 

OFh (R/W) CAXS CCOOO Access C8000 Access C4000 Access COOOO Access 

10h (R/W) DAXS DCOOO Access D8000 Access D4000 Access 00000 Access 

11h (R/W) EAXS ECOOO Access E8000 Access E4000 Access EOOOO Access 

12h (R/W) FAXS FCOOO Access F8000 Access F4000 Access FOOOO Access 

13h (R/W) ACBL ACOOO Access A8000 Access A4000 Access AOOOO Access 

14h (R/W) BCBL BCOOO Access 88000 Access B4000 Access BOOOO Access 

1Sh (R/W) CCBL CCOOO Access C8000 Access C4000 Access coooo Access 

1Sh (R/W) DCBL DCOOO Access D8000 Access D4000 Access Doooo Access 

17h (R/W) ECBL ECOOO Access E8000 Access E4000 Access EOOOO Access 

18h (R/W) FCBL FCOOO Access F8000 Access F4000 Access FOOOO Access 

20h (R/W) PMRA1 LBA_ISA NCBL AXS AX4 AX3 AX2 AX1 AXO 

21h (R/W) PMRE1 RE7 RES RES RE4 RE3 RE2 RE1 REO 

22h (R/W) PMRA2 LBA_ISA NCBL AXS AX4 AX3 AX2 AX1 AXO 

23h (R/W) PMRE2 RE7 RES RES RE4 RE3 RE2 RE1 REO 
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TABLE 56. DEDICATED 1/0 CONTROL REGISTERS 
Port 

Addr. Name Access Function 

61h Port B FWI Miscellaneous control bits. 

?Oh NMI Enable w Enables non-maskable interrupts. 

92~ Port .A. R/IN Fast A2Q and reset rontroL 

ECh Configuration Index Register FWI Contains the address of one of the Configurations Registers noted 
in the "Indexed Configurations Registers Format" on page 107. 

EDh Configuration Data Port RN/ Contains the data written to the Configuration Register selected 
by the Configuration Index Register. 

EEH'+ Fast A20 Register RN/ A dummy read enables Fast A20. A dummy write disables Fast A20. 

EFh'+ Fast CPU Reset Register R A dummy read resets the CPU. 

FOh Coprocessor Busy Register w A dummy write clears IRQ13 and sets -IGNNE. 

F1h Coprocessor Reset Register w A dummy write clears IRQ13 and sets -lGNNE. 

F4h+ Slow CPU Register w A dummy write enables Slow Clock and Non-Turbo Mode for the CPU. 

F5h+ Fast CPU Register w A dummy write enables Fast Clock and Turbo Mode for the CPU. 

F9h+ Configuration Disable Register w A dummy write disables access to the Configuration Registers. 

FBh+ Configuration Enable Register w A dummy write enables access to the Configuration Registers. 

• Also can be activated through Port 92h for PS/2 compatibility. 
+ Can be disabled by setting the MSB (most significant bit) of the BUSCTL Register in case of a conflict. 
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AC CHARACTERISTICS: TA= 0°c to +70°c, voo = s v ±5%, vss = o v 

Symbol Parameter Min Max Unit Figure Condition 

Clocks 

t_TC2 TCLK2 Frequency 66 MHz 2x Processor Clock Frequency 

tP_TC2 TCLK2 Period 15 ns 45 

tH_TC2 TCLK2 High Time 6 ns 45 Vil = VIH = 2.0 V 

tL_TC2 TCLK2 Low Time 6 ns 45 VIL= VIH = 2.0 V 

tD_CLK TCLK2 to CLK Delay 3 35 ns CL= 50 pf 

tH_CLK CLK High Time 13 ns 45 @ TCLK2 = 66 MHz, VOH = 2.0 V 

tL_CLK CLK Low Time 13 ns 45 @ TCLK2 = 66 MHz, VOH = 0.8 V 

tR_CLK CLK Rise Time 3 ns 45 0.8 V to 3.6 V, CL = 50 pf 

tFA_CLK CLK Fall Time 3 ns 45 3.6 V to 0.8 V, CL = 50 pf 

f_CKIN CLKIN Frequency 33 MHz Processor Clock 

tP _CKIN CLKIN Period 30 ns 45 

tH_CKIN CLKIN High Time 12 ns 45 VIL = VIH = 2.0 V 

tL_CKIN CLKIN Low Time 12 ns 45 VIL = VIH = 2.0 V 

tP_BOSC BUSOSC Period 20 ns 45 

tH_BOSC BUSOSC High Time 8 ns 45 VIL = 0.8 V, VIH = 2.0 V 

tL_BOSC BUSOSC Low Time 8 ns 45 VIL= 0.8 V, VIH = 2.0 V 

IR_SCK SYSCLK Rise Time 10 ns 45 VOL= 0.8 V, VOH = 2.0 V, CL= 200 pf 

tFA_SCK SYSCLK Fall Time 10 ns 45 VOL= 0.8 V, YOH = 2.0 V, CL= 200 pf 

tD1_SCK TCLK2 to SYSCLK Delay 5 48 ns CL= 200 pf 

tD2_SCK BUSOSC to SYSCLK Delay 5 50 ns CL= 200 pf 

tP_OSC OSC Period 69.8 ns 45 14.31818 MHz Clock 

tH_OSC OSC High Time 20 ns 45 VIL = 0.8 V, VIH = 2.0 V 

tL_OSC OSC Low Time 20 ns 45 VIL = 0.8 V, VIH = 2.0 V 

CPU Interface Synchronous Timing 

tS1_CPU -ADS, M!-10, W/-R, D/-C to 25 ns 46 To Rising Edge of CLKIN, 
CLKIN Setup RAMTMG[TSTRT1 ,OJ = 00 

tS2_CPU -ADS, M/-10, W/-R, D/-C to 13 ns 46 To Rising Edge of CLKIN, 
CLKIN Setup RAMTMG[TSTRT1 ,OJ= 01 or 10 

tS3_CPU A26-A2, A29, A31, -BE3 - -BEO to 25 ns 46 To Rising Edge CLKIN, end of T1, if 
CLKIN Setup RAMTMG[TSTRT1 ,OJ = 00 

To Falling Edge CLKIN, middle of first T2, 
if RAMTMG[TSTRT1 ,OJ = 01 

To Rising Edge CLKIN, end of first T2, 
if RAMTMG[TSTRT1 ,OJ = 1 O 
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AC CHARACTERISTICS: TA= 0°c to +10°c, voe= s v ±5%, vss = o v 

Symbol Parameter Min Max Unit Figure Condition 

CPU Interface Synchronous Timing (Cont.) 

tS4_CPU HLDA to CLKIN Setup 6 ns 46 

tS5_CPU -BLAST to CLKIN Setup 9 ns 46 

tS6_CPU 031-DO, PAR3-PARO to CLKIN 5 ns 46 For Parity Check and Local Bus 
Setup OMA/Master Mode cycles 

tS7_CPU -RDY, -BRDY to CLKIN Setup 5 ns 46 Local Bus Time-out or Local Bus 
OMA/Master Mode cycles 

tS8_CPU -MISS, -LBA to CLKIN Setup 13 ns 46 To Rising Edge CLKIN, end of T1, if 
RAMTMG[TSTRT1 ,OJ = 00 and On-board 
DRAM region 

To Falling Edge CLKIN, middle of first T2, if 
RAMTMG[TSTRT1 ,OJ = 01 and On-board 
DRAM region 

To Rising Edge CLKIN, end of first T2, if 
RAMTMG[TSTRT1 ,OJ = 10 or not On-board 
DRAM region 

tH_CPU -ADS, M/-10, W/-R, D/-C, A31, 3 ns 46 
A29, A26-A2, -BE3 - -BEO, HLDA, 
-FERR, -BLAST, -RDY, -BRDY, 
031-DO, PAR3-PARO, -MISS, -LBA 
from CLKIN Hold 

tD1_CPU CLKIN to -ADS, M/-10, W/-R, D/-C, 4 16 ns 46 CL= 50 pF 
A31, A29, A26-A2, -BE3 - -BEO, HDLA Cycles 
-BLAST Delay T1 of Local Bus Cycles 

tD2_CPU CLKIN to -RDY, -BRDY, 4 24 ns 47 CL= 50 pF 
-FLUSH, -EADS, -KEN Delay 

tD3_CPU A31, A29, A26-A2 to -KEN, -EADS 38 ns 47 CL = 50 pF, State Change Occurs 
Delay only in T2 cycles 

tD_HOLD CLKIN to HOLD Delay 4 23 ns 47 CL= 50 pF 

tD_RCPU CLKIN to RESCPU Delay 4 24 ns 47 CL= 50 pF 

tD_NMI CLKIN to NMI Delay (Parity 5 60 47 CL= 50 pF 
Error) 

tF1_CPU CLKIN to -ADS, M/-10, W/-R, D/-C, 4 16 ns 48 CL= 50 pF 
A31, A29, A26-A2, -BE3 - -BEO, HDLA Inactive Cycles 
-BLAST Float Delay 

tA2_CPU CLKIN to D31-DO Active Delay 4 24 ns 48 CL = 50 pF, Slot Bus Reads, second T2 
or Local Bus ROM Reads, last T2 

tF2_CPU CLKIN to D31-DO Float Delay 4 24 ns 48 CL= 50 pF 
After Slot Bus or Local Bus ROM Read 

tF3_CPU CLKIN to -RDY, -BRDY Float 4 24 ns 48 CL= 50 pF 
Delay Two Clocks after driven Active 
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AC CHARACTERISTICS: TA= 0°c to +10°c, VDD = s v ±5%, vss = o v 
Symbol Parameter Min Max Unit Figure Condition 

DRAM Controller Interface Timing: CPU Cycles 

1D1_MA A31, A29, A26-A2 to MAOX, 4 60 ns 47 CL (MA10-MA1) = 600 pf 
MAOY, MA10-MA1 Delay CL (MAOX, MAOY) = 300 pf 

Conditional Wait States disabled 

tD2_MA A31, A29, A26-A2 to MAOY, 4 30 ns 47 CL (MA10-MA1) = 600 pf 
MA10-MA1 Delay CL (MAOX, MAOY) = 300 pF 

Conditional Wait States enabled 

t03_MA CLKIN to MAOX, MAOY, 4 28 ns 47 CL (MA10-MA1) = 600 pf 
MA 10-MA 1 Delay CL (MAOX, MAOY) = 300 pf 

t01_RAS CLKIN to -RAS Delay 4 16 ns 47 CL=150pf 

t01_CAS CLKIN to CAS Delay 4 14 ns 47 CL=50pf 

t01_MDN CLKIN to -MDENX, -MENDY 4 16 ns 47 CL = 50 pF. Read cycles, RAMTMG[TCAS] 
Delay = 1T or 1.5T, or 2T 4121 Cycles 

t02_MDN CLKIN to -MDENX, -MENDY 4 23 ns 47 CL = 50 pf. Write cycles, or 
Delay RAMTMG[TCAS) = 2T, non-4121 Cycles 

t01_RMW CLKIN to -RAMW Delay Time 4 25 ns 47 CL= 600 pf. First T2 of Write Cycles 

t01_MBE -BE3 - -BEO to MBE3-MBEO 4 25 ns 47 CL= 50 pF 
Delay 

t02_MBE CLKIN to MBE3-MBEO Delay 4 25 ns CL= 50 pf. First T2 of Write and Refresh 
Cycles 

DRAM Controller Interface Timing: HLDA I Refresh Cycles 

tD4_MA A31, A29, A26-A2 to MAOX, 4 60 ns 47 CL (MA10-MA1) = 600 pf, CL (MAOX, MAOY) 
MAOY, MA10-MA1 Delay = 300 pf. OMA/Master Mode Cycles 

t03_MBE -CMD to MBE3-MBEO Vaild 4 25 ns 47 CL=50pf 
Delay OMA/Master Mode Cycles 

1D2_RMW -MEMW to -RAMW Delay 4 30 ns 47 CL= 600 pf 

t02_RAS HLDA High to -RAS3 - -RASO 4 25 47 CL= 150 pf 
High Delay Start of HLDA Cycles 

1D3_RAS -MEMW/-MEMR to -RAS3 - 4 25 ns 47 CL= 150 pf 
-RASO Delay OMA/Master Mode Cycles 

tD2_CAS OSC to CAS3-CASO High 4 25 ns 47 CL=50pf 
Delay OMA/Master Mode Cycles 

t03_CAS -MEMW/-MEMR to 4 25 ns 47 CL= 50 pf 
CAS3-CASO Low Delay OMA/Master Mode Cycles 

t05_MA OSC to MAOX, MAOY, 4 35 ns 47 CL (MA10-MA1) = 600 pF 
MA10-MA1 Delay CL (MAOX, MAOY) = 300 pF 

Row to Column Address Switch 

tA1_PAR -MEMW Low to PAR3-PARO 4 25 ns 48 CL= 50 pf 
Valid Delay 

tF1_PAR -MEMW High to PAR3-PARO 4 25 ns 48 CL=50pF 
Float Delay 
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AC CHARACTERISTICS: TA= 0°c to +10°c, voo = s v ±5%, vss = o v 

Symbol Parameter Min Max Unit Figure Condition 

DRAM Controller Interface Timing: HLDA I Refresh Cycles (Cont.) 

tD_PAR SD15-SDO to PAR3-PARO Delay 4 48 ns 47 CL= 50 pf 

tD4_RAS OSC to -RAS Delay 4 25 ns 47 CL= 150pF 
Rising Edge OSC for -RASO, -RAS2 Refresh 
Falling Edge OSC for -RAS 1, -RAS3 Refresh 

tD4 CAS OSC to CAS Deiay 4 25 ns 47 CL = 50 pF. GAS-before-RAS Relesh 

ISA Bus Interface Timing: CPU Cycles 

tD_RMCS CLKIN to -ROMCS Delay 4 20 ns 47 CL= 50 pF. End First T2 ROM Access 

tD_EAL SYSCLK to -EALE Delay -6 16 ns 49 CL= 50 pf 

tD_BAE SYSCLK to BALE Delay -6 10 ns 49 CL= 200 pF 

tD_FMP SYSCLK to -FMPRG Delay 0 50 ns 49 CL = 50 pf. Flash Memory Program Mode 

tD_CMD SYSCLK to -CMD Delay -6 17 ns 49 CL = 200 pf. -CMD refers to signals -MEMR, 
-MEMW, -IOR, -IOW 

tD_SCMD SYSCLK to -SCMD Delay -6 17 ns 49 CL = 200 pf. Addresses below 1 MB 

tF_SCMD SYSCLK to -SCMD Float Delay -5 25 ns 50 CL = 200 pf. Addresses below 1 MB 

tD1_PPS SYSCLK to -PPICS Delay 4 40 ns CL= 50 pf 

tD1_SA SYSCLK to SAO, SA 1 Delay -5 16 ns 49 CL= 200 pf 
(Conversion Cycle) 

tD1_SD SYSCLK to SD15-SDO Valid Delay -1 35 ns 49 CL = 200 pf. Slot write Cycles 

tF1_SD SYSCLK to SD15-SDO Float Delay -2 30 ns 50 CL = 200 pf. Slot write Cycles 

tD1_SPKR -IOW Inactive to -BLKA20, NMI, 4 50 ns 51 CL= 50 pf. After Write Strobe to 61 h 
SPKR Delay (SPKR/NMI) 

tD2_B20 -IOW, -IOR Low to -BLKA20 4 50 ns 51 CL= 50 pf. For Write to Port 64h or Read 
Delay from EEh 

tD_IGNE -IOW Low to -IGGNE Low Delay 4 50 ns 51 CL= 50 pf. For Write to Port FOh or F1 h 

tS_CS16 -MEMCS16, -IOCS16 to SYSCLK 35 ns 49 
Setup 

tH_CS16 -MEMCS16, -IOCS16 from -2 ns 49 
SYSCLK Hold 

tS_WSO -WSO to SYSCLK Setup 33 ns 49 

tH_WSO -WSO from SYSCLK Hold -2 ns 49 

tS1_CHR IOCHRDY to to SYSCLK Setup 33 ns 49 

tH1_CHR IOCHRDY from SYSCLK Hold -2 ns 49 

tS_SD SD15-SDO to SYSCLK Setup 35 ns 49 To Latch Data during Off-board Read Cycles 

tH_SD SD15-SDO from SYSCLK Hold 6 ns 49 To Latch Data during Off-board Read Cycles 

tS2_D D31-DO to SYSCLK Setup 35 ns 49 To Latch Data during Off-board Read Cycles 

tH2_D D31-DO from SYSCLK Hold 6 ns 49 To Latch Data during Off-board Read Cycles 

tD_D SD15-SDO to D31-DO Delay 4 30 ns 47 CL= 50 pf. Slot bus-> On-board Writes 

tD2_SD D31-DO to SD15-SDO Delay 4 25 ns 47 CL = 200 pf. Slot bus <· On-board Reads 
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AC CHARACTERISTICS: TA= o•c to +70°c, VDD = s v ±5%, vss = o v 
Symbol Parameter Min Max Unit Figura Condition 

ISA Bus Interface Timing: CPU Cycles (cOnt.) 

tS_IOX -IOCS 16 to -IOR, -IOW Setup 15 ns 51 To meet Data Steering Requirements 

tH_IOX -IOCS16 from -IOR, -IOW Hold 5 ns 51 To meet Data Steering Requirements 

tS_MEMX -MEMCS16 to -MEMR, -MEMW Setup 15 ns 51 To meet Data Steering Requirements 

tH_MEMX -MEMCS16 from -MEMR, -MEMW Hold 5 ns 51 To meet Data Steering Requirements 

tS_D 031-DO to SYSCLK Setup 75 ns 49 Internal Register Access - CPU Writes 

tH_D 031 ·DO from SYSCLK Hold 30 ns 49 Internal Register Access - CPU Writes 

ISA Bus Interface Timing: Master Mode 

tD_BE SA 1, SAO to -BE3 - -BEO Delay 3 25 ns 52 CL• 50 pF. Used to generate 
MBE3-MBEO 

tD2_PPS A23-A2, SA 1, SAO to -PPICS Delay 3 40 ns 52 CL=50pF 

tD1_SCD -MEMW, -MEMR to -SCMD Delay 3 30 ns 51 CL= 200 pF. -SCMD refers to the 
signals -SMEMR, -SMEMW 

tA1_SCD A23-A20 to -SCMD Active Delay 3 25 ns 52 CL· 200 pf 

tF1_SCD A23-A20 to -SCMD Float Delay 3 25 ns 52 CL= 200 pF 

tS_A A23-A2, SA 1, SAO to -CMD Setup 30 ns 51 -CMD refers to the signals -MEMR, 
-MEMW 

tH_A A23-A2, SA 1, SAO from -CMD Hold 20 ns 51 

tS2_SD SD15-SDO to -IOW Setup 55 ns 51 Internal Register Access 

tH2_SD SD15-SDO from -IOW Hold 20 ns 51 Internal Register Access 

tD3_SD -IOR Low to SD15-SDO Delay 5 120 ns 51 CL= 200 pF. Internal Register Access 

tF2_SD -IOR High to SD15-SDO Float Delay 4 30 ns 51 CL - 200 pF. Internal Register Access 

tA2_SD -CMD Low to SD15·SDO Active Delay 4 35 ns 51 CL= 200 pF. On-board Memory Read 

tF3_SD -CMD High to SD15-SDO Float Delay 4 35 ns 51 CL= 200 pF. On-board Memory Read 

tA3_SD -CMD Low to SD7-SDO Active Delay 4 50 ns 51 CL = 200 pF. Odd Byte Write to 8-bit 
Add-on Card 

tF4_SD -CMD High to SD7-SDO Float Delay 4 35 ns 51 CL - 200 pF. Odd Byte Write to 8-bit 
Add-on Card 

ISA Bus Interface Timing: Refresh Mode 

tL_RFSH CLKIN to -REFRESH Low Delay -8 13 ns 50 CL - 200 pF. Waiting for Arbiter Switch 

tF_RFSH CLKIN to -REFRESH Float Delay -7 18 ns 50 CL= 200 pF 

tD2_SA SYSCLK to SA 1, SAO Delay ...,.4 40 ns 49 CL= 200 pF 

tD_A SYSCLK to A 16-A2 Delay ...,.4 40 ns 49 CL=50pF 

tD_MEMR SYSCLK to -MEMR, -SMEMR Delay -5 30 ns 49 CL-200 pf 

tS_RFSH -REFRESH to CLKIN Setup 30 ns 49 External Bus Master Refresh 

tH_RFSH -REFRESH from CLKIN Hold 5 ns 49 External Bus Master Refresh 
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AC CHARACTERISTICS: TA= 0°c to +70°c, voo = 5 v ±5%, vss = o v 

Symbol Parameter Min Max Unit Figure Condition 

ISA Bus Interface Timing: Refresh Mode (Cont.) 

tS2_CHR IOCHRDY to SYSCLK Setup 25 ns 49 

tH2_CHR IOCHRDY from SYSCLK Hold 0 ns 49 

t06_MA CLKIN to MAOX, MADY, MA10-MA1 4 40 ns 47 CL= (MA10-MA1) = 600 pF 
Oelay CL = (MAOX, MADY) = 300 pf 

Generate Refresh Address 

ISA Bus Interface Timing: OMA Mode 

tS_DRQ ORO to SYSCLK Setup 20 ns 49 External Bus Master Refresh 

t01_DK SYSCLK to DK2-DKO Delay -2 70 ns 49 CL= 50 pF 

t02_DK CLKIN to DK2-DKO Invalid Delay 4 16 ns CL= 50 pF. Local Bus OMA Cycles 

tF_DK SYSCLK to DK2-DKO Float Delay -2 70 ns 50 CL= 50 pF. End of OMA Transfer Cycle 

tD_DKN SYSCLK to OKEN Delay -2 70 ns 49 CL.., 50 pF 

t02_CMD SYSCLK to -GMO Valid Delay -5 60 ns 49 CL= 200 pF. -CMD refers to signals 
-IOW, -IOR, -MEMW, -MEMR 

tD_A SYSCLK to A26-A2, -BE3 - -BEO Valid 0 90 ns 49 CL= 50 pF 
Delay 

tA1_A SYSCLK to A26-A2, -BE3 - -BEO Active 0 90 ns 50 CL= 50 pF 
Delay 

tF1_A SYSCLK to A26-A2, -BE3 - -BEO Float 0 90 ns 50 CL= 50 pF 
Delay 

t03_SA SYSCLK to SAO, SA 1 Valid Delay 0 95 ns 49 CL= 200 pF 

tD_TC SYSCLK to TC Delay -5 60 ns 49 CL= 100 pF 

tS3_CHR IOCHRDY to SYSCLK Setup 45 ns 49 

tH3_CHR IOCHRDY from SYSCLK Hold 15 ns 49 

t02_SCD SYSCLK to -SCMD Delay -5 60 ns 49 CL= 200 pF. -SCMD refers to signals 
-SMEMW, -SMEMR 

tA2_SCD -SCMD active from SYSCLK Delay -5 60 ns 50 CL= 200 pF 

tF2_SCD -SCMD Float from SYSCLK Delay -5 60 ns 50 CL= 200 pF 

Bus Arbitration Timing 

tD1_AEN -MASTER to AEN Delay 3 35 ns 52 CL= 200 pF 

t02_AEN HLDA to AEN Delay 3 35 ns 52 CL= 200 pF 

tD2_BLE HLDA to BALE Delay 3 35 ns 52 CL= 200 pF 

tA_SAMR -REFRESH to SAO, SA1, -MEMR, 3 30 ns 51 CL= 200 pF 
-SMEMR Active Delay Start of External Refresh Cycle 

tF_SAMR -REFRESH to SAO, SA 1, -MEMR, 3 30 ns 51 CL= 200 pF 
-SMEMR Float Delay End of External Refresh Cycle 
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AC CHARACTERISTICS: TA= o•c to +10°c, voo = 5 v ±5%, vss = o v 
Symbol Parameter Min Max Unit Figure Condition 

Bus Arbitration Timing (Cont.) 

tA2_A -REFRESH to A31, A29, A26-A2, 3 30 ns 51 CL-50pF 
-BE3 - -BEO Active Delay 

tF2_A -REFRESH to A31, A29, A26-A2, 3 30 ns 51 CL=50pF 
-BE3 • -BEO Float Delay 

tF_SACD HLDA high to SA 1 , SAO, -CMD Float Delay 3 30 ns 52 CL·200pf 

IA_SACD HLDA high to SA 1, SAO, -CMD Active Delay 3 30 ns 52 CL-200 pf 

Interrupt Timing 

tW_IRQ External Interrupt Request Pulse Width 105 ns 52 Glitch-Free Circuit On 
Active Includes -FERR, WEIRQ inputs 

tD1_1RQ External IRQ to INTR High Delay 5 130 ns 52 CL= 50 pf. Glitch-Free Circuit On 
Includes -FERR, WEIRQ inputs 

tD2_1NT OSC to INTR High Delay 5 130 ns 53 CL - 50 pf. Glitch-Free Circuit On 

ID3_1NT OSC to INTR Delay 3 200 ns 54 CL= 50 pf. When Source is from 
Internal IRQO (timer interrupt) 

tS_IRQ External Interrupt to OSC Setup 15 ns 54 Glitch-Free Circuit On 

tS_IRQ External Interrupt from OSC Hold 10 ns 54 Glitch-Free Circuit On 

ID_NMI -IOCHK to NMI Delay 3 40 ns 53 CL-50pF 

Miscellaneous Timing 

tW_IOCK -IOCHK Pulse Width 15 ns 52 CL=50pF 

tH_PWG POWERGOOD from OSC Hold 10 ns 53 CL=50pF 

ID_RSD CLKIN to RSTDRV Delay -10 20 ns 49 CL= 200 pf 

tD2_SKR OSC to SPKR Delay 5 120 ns 53 CL-50pF 

tA_DRM CLKIN to MA 10-MA 1, MAOX, MAOY, -RAS3 - 4 50 ns 48 Following fourth -ADS after 
-RASO, CAS3-CASO, MBE3-MBEO, Power-on Reset 
-RAMW Active Delay 
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FIGURE 45. CLOCK WAVEFORMS 
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FIGURE 47. AC TIMING: CPU INTERFACE AND DRAM CONTROLLER (2) 
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FIGURE 48. AC TIMING: CPU INTERFACE AND DRAM CONTROLLER (3) 
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FIGURE 49. AC TIMING: ISA BUS CONTROLLER (1) 
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FIGURE 51. AC TIMING: ISA BUS CONTROLLER (3) 
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FIGURE 52. AC TIMING: ISA BUS CONTROLLER (4) 
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FIGURE 53. AC TIMING: ISA BUS CONTROLLER (5) 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Temperature -10°C to + 70°C 

Storage Temperature -6S°C to +1S0°C 

Supply Voltage to 
Ground Potential -0.S V to VDD + 0.3 V 

Applied Output 
Voltage -0.S V to VDD + 0.3 V 

Applied Input 
Voltage -0.S V to +7.0 V 

Power Dissipation SOOmW 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only, functional 
operation of this device at these or any 
other conditions above those indicated 

DC CHARACTERISTICS: TA= 0°c to +10°c, voo = s v ±5, vss = o v 
Symbol Parameter Min Max Unit 

VIL Input Low Voltage -0.S 0.8 v 
VIH Input High Voltage 2.0 VDD + O.S v 
VILC Input Low Voltage -0.S 0.8 v 
VIHC Input High Voltage VDD-0.8 VDD + O.S v 
VOL1 Output Low Voltage 0.4S v 
VOH1 Output High Voltage VDD-0.4S v 
VOL2 Output Low Voltage 0.4S v 
VOH2 Output High Voltage VDD-0.4S v 
VOL3 Output Low Voltage 0.4S v 

VOH3 Output High Voltage VDD-0.4S v 
VOL4 Output Low Voltage 0.4S v 
VOLS Output Low Voltage 0.4S v 

VOH4 Output High Voltage 2.4 v 
VOL6 Output Low Voltage 0.4S v 
VOHS Output High Voltage 2.4 v 
VOL? Output Low Voltage 0.4S v 

VOH7 Output High Voltage VDD-0.4S v 
VOLS Output Low Voltage 0.4S v 
(Continued on next page.) 
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in this data sheet is not implied. 
Exposure to absolute maximum rating 
conditions for extended periods may 
affect device reliability. 

Condition 

TTL Level Inputs 

TTL Level Inputs 

CMOS Level Inputs 

CMOS Level Inputs 

IOL = 4 mA, Note 1 

IOH = -1 mA, Note 1 

IOL = 6 mA, Note 2 

IOH = -2 mA, Note 2 

IOL = 12 mA, BUSCTL[S] = 0 
IOL = 24 mA, BUSCTL[S] = 1 
Note3 

IOH = -6 mA, Note 3 

IOL = 24 mA, Note 4 

IOL = 12 mA, RAMSET[2, 1] = 00 
IOL = 24 mA, RAMSET[2, 1] = 01 
IOL = 36 mA, RAMSET[2, 1] = 10 
IOL = 48 mA, RAMSET(2, 1] = 11 
Note S 

IOH = -6 mA, Note S 

IOL = 24 mA, Note 6 

IOH = -24 mA, Note 6 

IOL = 12 mA, RAMSET[2, 1] = 00 
IOL = 12 mA, RAMSET(2,1] = 01 
IOL = 24 mA, RAMSET[2, 1] = 10 
IOL = 24 mA, RAMSET[2, 1] = 11 
Note 7 

IOH = -6 mA, Note 7 

IOL= -6 mA, Note 11 
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DC CHARACTERISTICS (Cont.): TA= 0°c to +10°c, VDD = 5 v ±5, vss = o v 
Symbol Parameter Min Max Unit Condition 

Ill Input Leakage Current -10 10 µA Note 8 

Ill Input Leakage Current -500 10 µA Note9 

llH Input Leakage Current -10 500 µA Note 10 

ILO Output Leakage Current -100 100 µA 

IDDSB Static Power Supply Current 500 µA 

IDDOP Dynamic Power Supply Current 4 mA/MHz No DC Loads 

Cl Input or 1/0 Capacitance 10 pF 

co Output Capacitance 10 pF 

Notes: 1. Pins: HOLD, INTR, NMI, -PPICS, -BLKA20, -ROMCS, -ADS 

2. Pins: -BADY, -ROY, RESCPU, PAR3-PARO, SPKR, -EALE, A25-A2, -BE3 - -BEO, 031-DO, OKEN, W/-R_DK2, 
D/-C_DK1, M/-IO_DKO, CAS3-CASO, -MDENX, -MDENY, MBE3-MBEO 

3. Pins: SD15-SDO, SA 1, SAO, -IOW, -IOR, -MEMW, -MEMR, RSTDRV, BALE, -SMEMW, -SMEMR, SYSCLK, 
AEN, TC, -SBHE 

4. Pins: -REFRESH 

5. Pins: MA10-MA1,-RAMW 

6. Pins: CLK 

7. Pins: -RAS3 - -RASO, MAOX, MAOY 

8. All inputs excep those listed in Notes 9 and 10. 

9. Pins: IRQ15, IRQ14, IRQ12-IRQ3, IRQ1, DRQ7-DR05, DRQ3, ORQO, -FERR, -BROY, -ROY, BUSOSC, 
POWERGOOD, SPKR 

10. Pins: WEIRQ 

11. Pins: IOCHRDY, -BLAST, A31, A29, A26 

BIOS 
The VL82C486 is supported by the 
following BIOS companies. 

America Megatrends, Inc. (AMI) 
1346 Oakbrook Drive, Suite 120 
Norcross, Georgia 30093 
(404) 263-8181 
In U.S.A. (800) U-BUY-AMI 
(404) 263-9381 Facsimile 
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Award Software, Inc. 
Corporate Office 
130 Knowles Drive 
Los Gatos, CA 95030 
(408) 370-7979 
(408) 370-3399 Facsimile 

Quadtel 
3190-J Airport Loop 
Costa Mesa, CA 92626 
(714) 754-4422 
(714) 754-4426 Facsimile 
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Phoenix Technologies Ltd. 
846 University Ave. · 
Norwood, MA 02062-3950 
(617) 551-4000 
(617) 551-3750 Facsimile 
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PACKAGE OUTLINE 
208-LEAD METRIC QUAD FLAT PACK (MQFP) 

p 

m==-·~--· 28.10 
27.'JO I 25.50 Rtr- I IN208-... ~ 

PIN J l 

l °'-INDEX I 
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I 
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e±:r l----------+----------1 IL:EJ om ti I """ I ll I 

i J I 

I 
i 
i 

uo RE:r 

0.25 MIN] I lJl 
0.50 TYP ~ ::= 

CJ.30 
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DETAIL -A-

Notes: 1. Dimensions are millimeters. 
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CORPORATE HEADQUARTERS• VLSI PRODUCT DIVISIONS VLSI CORPORATE OFFICES 
VLSI Technology, Inc.• 1109 McKay Drive• San Jose, CA 95131 •408-434-3100 
PORTABLE SYSTEMS DIVISION AND DESKTOP SYSTEMS DIVISION 
VLSI Technology, Inc.• 8375 Soulh River Parkway• Tempe, AZ. 85284 • 602-752-8574 

VLSI SUBSIDIARY COMPASS DESIGN AUTOMATION, INC. 
1865 Lundy Avenue• San Jose, CA 95131 • 408-433-4880 

VLSI SALES OFFICES VLSI SALES OFFICES 
AND TECH CENTERS 

UNITED STATES 
UNITED STATES AIABANIA 
ARIZONA Huntsvil~. 205-539-5513 
Tempe, 602-752-6450 FAX 205·538-8622 
FAX 602·752·6001 FLORIDA 
CALIFORNIA Clearwater, 813-538-0681 
San Jose, 408-922-5200 FAX 813-538-8379 
FAX 408-922-5252 MINNESOTA 

St. Louis Park. 612-545-14110 Encino, 818-609-9981 
FAX 818-6Qg.0535 FAX 612-545·348g 

Irvine, 714-250-41100 NEW YORK 
FAX 714-250·9041 E. Rochester, 716-588--0670 

FLORIDA FAX 716-586-0672 

-pano Beach, 305-971-0404 Fishkill, 914-897-8574 

FAX 305.g71.2086 FAX 914-897-2363 
OHIO GEORGIA Cleveland, 216-292-8235 Duluth, 404-476-8574 FAX 218-484-7609 FAX 404-476-3790 

IUINOIS OREGON 

Hoffman Estates, 708-884-0500 Portland, 503-244-9682 

FAX 708-884-9394 FAX 503·245-0375 

TEXAS NIARYlAND Austin, 512-343-8191 
Mil~rsvltle, 410-967-87n FAX 512-343-2759 FAX 410-987-4489 

MASSACHUSETIS INTERNATIONAL Wilmington, 508-658-9501 
FAX 508-657-6420 JAPAN 

NEW JERSEY Tokyo, 03-3262-0850 

Plainsboro, 609-799-5700 FAX 03-3262--0681 

FAX 5og.799.5720 SINGAPORE 

NORlH CAROLINA Singapore, 65·742-2314 

Durham, g19-544-1891/92 FAX65·741-197g 

FAX 91g-544-6887 

TEXAS 
Richardson, 214-231-6716 VLSI AUTHORIZED 
FAX 214-689-1413 DESIGN CENTERS 
WASHINGTON 
Ballowe, 206-453-5414 UNITED STATES 
FAX 206-453-5229 COLORADO 

SIS MICROELECTRONICS, INC. 
INTERNATIONAL Longmont, 303-776-1667 
FRANCE IUINOIS 
Palaiseeu Codex, 1-69-19-71·00 ASIC DESIGNS 
FAX 1-69-19-71-01 NapervlUe, 709-717-5841 
GERMANY MAINE 
Muenchan, 89-92795-0 OUADIC SYSTEMS, INC. 
FAX 89-927gS-145 South Portland, 207-871-6244 
HONGKONG PENNSYLVANIA 
Wanchai, 852-802-7755 INTEGRATED CIRCUIT 
FAX 852-602-7959 SYSTEMS, INC. 
ITALY Valley Forge, 215-688-1900 
Argrate Brianza, 39-6056791 
FAX 3g.6056808 INTERNATIONAL 
JAPAN EIREANOU.K. 
Tokyo, o:i-323g.5211 PA TECHNOLOGY 
FAX 03.323g.5215 Herta, 76-261222 

Chuo-ku, Osaka, 06·243·6041 SYMBIONICS 
FAX 06·243·6960 Cembridge, 223-421025 

TAIWAN FRANCE 
Taipei, 886-2w325-4422 CETIA 
FAX 886-2·325·4411 Toulon Codex, 9-42-12005 

UNITED KINGDOM SOREP 
Miiion Keynes, 09 08166 75 95 Cl1ateaubourg, gg.523g55 
FAX og 08167 00 27 

The information contained In this document has been 
carefully checked and Is believed to be reliable. However, 
VLSI Technology, Inc. (VLSI) makes no guaran1ee or 
warranty concerning lhe accuracy of said information and 
shall not be responsble for any loss or damage of whatever 
nature resulting from the use of, or reliance upon it. VLSI 
does not guarantee that the use of any Information contained 
herein will not Infringe upoo the patent, trademark, copyright, 

INDIA INTERNATIONAL 
ARCUS TECHNOLOGY LTD. AUSTRALIA Bangalore, 91-1112·217307 GEORGE BROWN GROUP 
JAPAN Adelaide, 6Hl-352-2222 
ADC CORPORATION Brisbane, 81-7-252-3876 
Tokyo, 03-3492-1251 Melbourns, 81-3-878-8111 
LSI SYSTEMS, INC. Newcastle, 61·411-119-6399 
Kanagawa, 0462-29-3220 Perth, 61-9-362·1044 

NIPPON STEEL CORPORATION 
Sydney, 61-2-638-1888 

Tokyo, 03-5566-2141 AUSTRIA 
THOMAS NEUROTH 

TOMEN ELECTRONICS Wien, 0043-222-82 55 45 
Tokyo, 03-3506-3650 BRAZIL 
PALTEK CORPORATION UNIAO DIGITAL COMERCIAL 
Tokyo, 03-3707·5455 Sao Paulo, 55-11533-0967 

KOREA CANADA 
ANAM VLSI DESIGN CENTER DAVETEK MARKETING, INC. 
Seoul, 62-2-553·2106 Brllish Columbia, 604-430-3680 

NORWAY Alberta, <I03-250-2034 

NORKRETSAS INTELATECH, INC. 
Oslo. 47-2360677 /8 Mlselsaauga, 416-629-0082 

HONGKONG 

VLSI SALES 
LESTINA INTERNATIONAL, LTD 
Tslmshatsul, 852-7351736 

REPRESENTATIVES ISRAEL 
ROT ELECTRONICS ENG. LTD 

UNITED STATES Te~Aviv, 23-1832119 

ARIZONA SINGAPORE 

LUSCOMBE ENGINEERING DYNAMIC SYSTEMS PTE, LTD 

Scottsdale, 602·949-9333 Singapore, 65·742·1986 

CALIFORNIA TAIWAN 

EMERGING TECHNOLOGY PRINCETON TECH CORP. 
Taipei, 886-2-917-8856 San Jose, 408·263-9368 

Cameron Park, 916-676-4387 WEIKENG INDUSTRIAL CO. 

COLORADO Taipei, 886-2-776-3998 

LUSCOMBE ENGINEERING TIWlAND 
Longmont, 303-772-3342 TRON ELECTRONICS CO. LTD 

IDAHO Bangko~ 68 2 260-31113 

EMERGING TECHNOLOGY 
Boise, 208-378-4680 

VLSI DISTRIBUTORS IOWA 
SELTEC SALES 
Cedar R'l'ids, 31 g.384-7680 UNITED STATES 
KANSAS (represented by A~ow/Schwobtr 
ELECTRl·REP except where notedJ 
Overland Pllrlc. 913-849-2168 Al.AllAMA 
MISSOURI Huntsville, 205-637-6955 
ELECTRl·REP ARIZONA St.louls, 314-993-4421 Phoenix. 602-431-0030 
NEW YORK CALIFORNIA ADVANCED COMPONENTS Los Angeles, 818-880-9686 Syracuse, 315·437-6700 Oronge County, 714·838·5422 
OHIO San Diego, 619-565-4600 
APPLIED DATA MANAGEMENT San Jose, 408-441-9700 
Cincinnsti, 513-579-6108 COLORADO 
OREGON Denver, 303-799-0258 
ELECTRA TECHNICAL SALES CONNECTICUT 
Beeverton, 503-643-5074 WaUlngford, 203-265·7741 
UTAH FLORIDA 
LUSCOMBE ENGINEERING Lake Mary, 407-333-9300 
Sall Leke CHy, 801-565-9685 Oeeriield Beach, 305-429-6200 
WASHINCTON GEORGIA 
ELECTRA TECHNICAL SALES A11anta, 404-4g7-13QO 
Kirkland, 208-821-7442 

ILLINOIS 
Chicago, 708·250-0500 

mask work right or other rights of third parties, and no patent 
or other license ls ir11>liad hereby. This document does not 
In any way extend VLSl's warranty on any product beyond 
that sat forth in Hs standard tarm1 and conditions of sale. 
VLSI Technology, Inc. rasarvao tho right to make changes 
in the products or specHications, or both, presented In thla 
publication at any time and without notice. 

INDIANA DENMARK 
lndianljJOlis, 317-299-2071 DELCO 

IOWA Lynge, 4542-189533 

Cedar Rapids, 319-395-7230 ENGLAND 

KANSAS HAWKE COMPONENTS 

Kansas City, 913-541-9542 Bram~. NR Basingstoke 
255-880800 

MARYLAND KUOOS-THAME LTD Baltimore, 301-5g6-7800 Berlca, 734-351010 
NIASSACHUSETTS RNlAND 
Boston, 508-658-0900 COMOAX 
MICHIGAN Helsinki, 80-870277 
OetroH, 313-482-2290 FRANCE 
NINNESOTA ASAP1.1. 
Minnesota, 612-941-5280 \'!°30~:-Bretonnsux, 
NISSOURI 
St. Louis, 314-567-6888 GERNIANY 

DATA MODUL GmbH NEW JERSEY. Muenchen, 089-560170 
Phlledelphla, 609-596-6000 

ELECTRONIC 2000 AG Pine Brook, 201-227-7860 
Muenchen, 089-420010 

NEW YORK 
Rochester, 716-427-0300 EAST GERNIANY 
Heppuage, 516-231-1000 ZENTRUM MIKROELEKTRONIK 

Dresden, 0037-51-588464 NORTH CAROLINA 
Raleigh, 919-876·3132 ITALY 

OHIO INTER-REP S.P.A. 

Dayton, 513-435-5563 Torino, 11-2165901 

Cleveland, 218-246-3990 JAPAN 
ASAHI GLASS CO. LTD OKLAllONIA Tokyo, 03-3218-5854 Tulss, 918-252-7537 
TOKYO ELECTRON, L TO 

OREGON Tokyo, 03-3340-8111 
ALMAC.'ARROW 
Portland, 503-629-8090 NETHERLANDS 

TME PENNSYLVANIA Aa HeeswlJk-Olnther, Pittsburgh, 412-963-6807 4138-8695 
TEXAS PUERTO RICO 
Austin, 512-835-4180 ISLA CARIBE ELECTRO SALES 
Dallas, 214-380-8464 Guaynabo, 809·720-4430 
Houston, 713-530-4700 
UTAH 

SWEDEN 
TRACOAB Salt Lake City, 601-973-6913 Farsta, 8-930000 

WASllNGTON 
ALMAl'IARROW 

SPAIN ANO PORTUGAL 

Seattle, 206-643-9982 SEMICONOUCTORES a.a. 
Spokane, 509-924-9500 

Barcelona, 3-21723 40 

WISCON$1N SWITZERLAND 

Miiwaukee, 414-792-0150 
OfCTRO SWISS ELECTRONIC 
DfSIGNAG 

INTERNATIONAL 
Zuerich, 0041-1-3868-600 

BELGIUMA.UXEMBURG 
MICROTRON 
Mechalen, 215·212223 

CANADA 
ARROW/SCH WEBER 
Montreal 514-421-7411 
Ottawa, 613-226-6903 
Toronto, 418-670-7769 
Vancouver, 604-421-2333 

SEMAD 
Celgary, 403-252-5664 
Markham. 416-475-8500 
Montreal 514-694-0860 
Ottawa, 613-727-11325 
Brlllsh Columbia, 604-420-gssg 
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LIFE SUPPORT APPLICATIONS: VLSl's products are 
not intended for use as critical COIT1XJnants in lfe support 
appliances, devices, or systerrs In which the faBure of a VLSI 
product to pariorm could be axpaelad to result In polSOnal 
Injury. 
C 1992 VLSI Technology, Inc. Printed In U.S.A. 
7.5M 495486·001 6192 
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