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TABLE 15. GRAPHICS CONTROLLER REGISTERS TABLE 17. ROTATE FUNCTIONS 

Register Name Port Index BH2 BH 1 BHO Function 

Graphics Address 03CE - 0 0 0 No Rotate 
SeVReset 03CF 00 0 0 1 Rotate 1 Position 
Enable SeVAeset 03CF 01 0 1 0 Rotate 2 Positions 
Color Compare 03CF 02 0 1 1 Rotate 3 Positions 
Data Rotate 03CF 03 1 0 0 Rotate 4 Positions 
Read Map Select 03CF 04 1 0 1 Rotate 5 Positions 
Graphics Mode 03CF 05 1 1 0 Rotate 6 Positions 
Misce"aneous 03CF 06 1 1 1 Rotate 7 Positions 
Color Don' Care 03CF 07 
Bit Mask 03CF 08 

TABLE 16. DATA FUNCTIONS TABLE 18. MAP DATA 
Bit 4 Bit 3 Function MS1 

0 0 Data Unmodified 0 
0 1 Data ANDed with Latched Data 0 
1 0 Data ORed with Latched Data 
1 1 Data XORed with Latched Data 

Bits 3-0 A binary value in these bits 
selects the other registers in 
the Graphics Contro"er 
section. 

SetlReset Register 
Port = 03CF 
Bits 7-4 Reserved 

Index =00 

Bits 3-0 During CPU memory write with 
write mode 0, the value of 
these bits will be written to a" 
eight bits of the respective 
memory map if SetlReset 
mode is enabled for the 
corresponding map. 

Enable SetiReset Register 
Port = 03CF Index = 01 
Bits 7-4 Reserved 

Bits 3-0 These bits represent a 4-bit 
color value to be compared. if 
the system microprocessor 
sets read mode 1 and does a 
memory read, the data 
returned from the memory 
cycle will be a 1 in each bit 
position where the four maps 
equal the color compare 
register. 

The color compare bit is the 
value that a" bits of the 
corresponding map's byte are 
compared with. Each of the 
eight bit positions of the 
selected byte are then com­
pared across the four maps 
and a 1 is returned in each bit 
position where the bits of a" 
four maps equal their respec­
tive color compare values. 

Data Rotete Register 

1 
1 

Bits 3-0 A logical 1 enables the SeV 
Reset function. When 
enabied, the respective 
memory map is written with the 
value of the SetlReset register 
if write mode 0 is selected. 
However, when write mode is 
o and SetlReset is not enabled 
on a map, that map is written 
with the value of the system 
microprocessor data. 

Port = 03CF Index = 03 

Color Compare Register 
Port = 03CF Index = 02 
Bits 7-4 Reserved 

Bits 7-5 Reserved 

Bits 4, 3 Data in the system micropro­
cessor latches can operate 
Iogica"y with data written to 
memory. if rotate function is 
selected, it is applied before 
the logical function. See 
Table 16. 

Bits 2-0 These bits specify the number 
of positions to right-rotate the 
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MSO 

0 
1 
0 
1 

Function 

Read Data from Map 0 
Read Data from Map 1 
Read Data from Map 2 
Read Data from Map 3 

system microprocessor data 
bus during system micropro­
cessor memory writes. This 
operation is done when the 
write mode is o. To write non­
rotated data, the bits should be 
setto o. See Table 17. 

Read Map Select Register 
Port = 03CF Index = 04 
Bits 7-2 Reserved 

Bits I, 0 These bits select the memory 
map number from which the 
system microprocessor reads 
data. This register has no 
effect on the color compare 
read mode. In odd/even 
modes the value may be 00 or 
01 (10 or 11) for chained maps 
0, 1 (2,3). See Table 18. 

Graphics Mode Register 
Port = 03CF Index = 05 
Bit 7 Reserved 

Bit 6 A logical 0 permits bit 5 to 
handle the loading of the Shift 
Registers. A logical 1 supports 
the 256 color mode (only for 
320 x 200 resolution). 

Bit 5 A logical 1 instructs the Shift 
Registers in the graphic 
section to format the serial 
data with odd numbered bits 
from both of the odd numbered 
maps and even numbered bits 
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TABLE 19. FUNCTION DECODE 
81t·1 81t·0 Function 

0 0 The system microprocessor data is rotated by the number or 
counts in the Rotate Register that each memory map is written 
with, unless SetlReset is enabled for the map. When the map 
SetlReset is enabled, they are written with 8-bits of the value 
in the SetlReset Register for that map. 

0 1 The contents of the system microprocessor latches are written 
to each memory map. A system read operation loads these 
latches. 

1 0 8-bits of the value of data bit n fills memory map n (O-3). 

1 1 The maps are written by the 8-bits contained in the SetlReset 
Register for that specific map (Enable SetlReset Register is a 
"don't care"). Rotated system microprocessor data is logically 
ANDed with Bit Mask Register data and forms an 8-bit value. 
This is the function that the Bit Mask Register performs in 
write modes 0 and 2. (See Bit Mask Register.) 

Note that the logic function specified by the Function Select register is applied 
to data being written to memory following modes 0, 2, and 3 described above. 

from both of the even num­
bered maps. This bit is used 
in modes 4 and 5. 

Bit 4 A logical 1 enables the odd/ 
even addressing mode, which 
can emulate the IBM CGA. 
The value which should be 
programmed is the value of the 
Memory Mode register bit 2 of 
the Sequencer. 

Bit 3 A logical 0 causes the system 
microprocessor to read data 
from the memory map selected 
by the Read Map Select 
register, unless chain 4 (bit 3 
of the Sequencer Memory 
Mode Register) is set to 1. In 
this case the Read Map Select 
register has no effect. When 
this bit is a logical 1, the 
system microprocessor reads 
the results of the comparison 
of the four memory maps and 
the Color Compare register. 

Bit 2 Reserved 

Bits 1,0 Write Mode (See Table 19.) 

Miscellaneous Register 
Port = 03CF Index = 06 
Bits 7-4 Reserved 

Bits 3, 2 These bits control the mapping 
of the regenerative buffer into 
the CPU address space. The 
bit functions are defined in 
Table 20. 

Bit 1 When set to a logical 1, this bit 
instructs the system micropro­
cessor address bit 0 to be 
replaced by a higher-order bit. 
The odd/even maps will be 
selected with odd/even values 
of the system microprocessor 
AO bit, respectively. 

Bit 0 This is the text mode address­
ing control. A logical 1 
enables the graphics mode. 
The character generator 
address latches are disabled 
when set to graphics mode. 

Color Don't Care Register 
Port = 03CF Index = 07 
Bits 7-4 Reserved 

Bit 3 1 - Do the color compare for 
map 3. 

o -Don't Care for map 3. 
Bit 2 1 - Do the color compare for 

map 2. 
o -Don't Care for map 2. 

Bit 1 1 - Do the color compare for 
map 1. 

o -Don't Care for map 1. 
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Bit 0 1 - Do the color compare for 
mapO. 

o -Don't Care for map O. 

8H Mask Register 
Port = 03CF Index = 08 
Bits 7-0 Bits programmed to a 1 allow 

writes to the corresponding 
bits in the maps. A logical 0 
permits the corresponding bit n 
in each map to be locked at its 
current state, providing the 
location being written was the 
last location read by the sys­
tem's microprocessor. 

Note that the bit mask applies 
to write modes 0 and 2. To 
preserve bits using the bit 
mask, data must be latched 
internally by reading the 
location. When data is written 
to preserve the bits, the most 
current data in the latches is 
written in those positions. The 
bit mask applies to all maps 
simultaneously. 

ATTRIBUTE CONTROLLER 
REGISTERS 
This section describes the registers in 
the Attribute Controller section. See 
Table 21. 
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TABLE 20. BYTE SELECT 

Bit 3 Bit 2 Function 

VL82C037 
TABLE 21. ATTRIBUTE CONTROLLER 

REGISTERS 

0 0 Hex AOOOO for 128K Bytes Register Name Port Index 

0 1 Hex AOOOO for 64K Byt~s 
1 0 Hex BOOOO for 32K Bytes 
1 1 Hex B8000 for 32K Bytes 

Attribute Address Register 
Port = 03CO 
Bits 7,6 Reserved 

Bit 5 Bit 5 must be written to 0 
before loading the Color 
Palette registers. Normal 
operation of the Attribute 
Controller requires that bit 5 be 
set to 1, which allows the video 
memory data to reach the 
palette registers. 

Bits 4-0 A binary value in these bits 
points to the Attribute Data 
register where data is to be 
written. 

The Address and Data 
registers can not be selected 
directly. An internal address 
flip-flop controls this selection. 
To initialize the flip-flop, an 110 
Read instruction must be sent 
to the Attribute Controller at 
address 03BA or 03DA. This 
clears the flip-flop, and then 
selects the Address register. 
The Address register is then 
loaded with an 1/0 Write to 
03CO. The following 1/0 Write 
instruction to 03CO loads the 
Data register. The flip-flop 
changes state each time an 
1/0 Write instruction is sent to 
the Attribute Controller. It 
does not change when an 110 
Read to 03Ct occurs. 

Palette Registers 
Wrlte-03CO Read-03C1 Index-OO-OF 

Bits 7, 6 Reserved 

Bits 5-0 The attribute byte of text or 
graphic color value is indexed 
to these 16 Color Palette 
registers. The content of the 

Address Register 03CO -
Palette Registers 03CO OO-OF 
Attribute Mode Control Register 03CO 10 
Overscan Color Register 03CO 11 
Color Plan Enable Register 03CO 12 
Horizontal PEL Panning Register 03CO 13 
Color Select Register 03CO 14 

selected Palette register is 
then used as a value sent off 
the chip to the video DAC, 
where they in turn serve as ad­
dresses into the DAC internal 
registers. 

The Palette registers should 
be modified only during the 
vertical retrace interval to 
avoid problems with the 
displayed image. 

Attribute Mode Control 
Port = 03CO (W), 03C1 (R) Index = 10 
Bit 7 This bit selects the source for 

palette bits P4 and P5, which 
go to the video DAC. A logic 0 
selects bits 4 and 5 of the 
palette registers above. A 
logiC 1 selects bits 0 and 1 of 
the Color Select Register. 

Bit 6 A logical 1 causes the video 
pipeline to be sampled so that 
eight bits are available to 
select a color in the 256 color 
mode (hex 13). This bit must 
be a logical 0 in all other 
modes. 

Bit 5 A logical 0 makes line com­
pare have no effect on the 
output of the PEL Panning 
register. A iogical1 causes a 
successful line compare in the 
CRTC to force the output of 
the PEL Panning register to O. 
When VSYNC occurs, the 
output reverts to its pro­
grammed value. This bit 
allows part of the screen to be 
panned while the rest remains 
stationary . 

Bit 4 Reserved 
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Bit 3 This bit is set to 1 for blinking 
graphics modes and alphanu­
meric modes. A logical 0 
selects the background 
intensity of the attribute input. 

Bit 2 A logical 1 enables the special 
line graphics character codes 
for the monochrome emulation 
mode. A logical 0 causes the 
ninth dot to be the same as the 
background. When this bit is 
set to 1 it forces the ninth dot 
of a line graphic character to 
be the same as the eighth dot. 
Graphics character codes are 
hex CO through hex DF. For 
character fonts that do not use 
the line graphics character 
codes in this range (hex CO 
through hex DF) bit 2 should 
be a O. If not, unwanted video 
information will be shown on 
the CRT screen. 

Bit 1 A logical 1 sets monochrome 
emulation mode. A logical 0 
sets color emulation mode. 

Bit 0 A logical 0 selects text mode. 
A logical 1 selects graphics 
mode. 

OVerscan Color Register 
Port = 03CO (W), 03C1 (R) Index = 11 
Bits 7-0 A binary value in this register 

determines the border color 
displayed on the CRT screen. 
The border color is displayed 
right after the Display Enable 
signal goes low and before the 
start of blanking period. The 
border is not supported in the 
4O-column text modes or the 
320-PEL graphics modes, 
except for mode hex 13. 
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Color Plane Enable 
Port = 03CO (W), 03C1 (R) Index = 12 
Bits 7. 6 Reserved 

Bits 5. 4 Two of the eight color outputs 
will be selected. according to 
these two bits. to be available 
for reading on bits 4 and 5 of 
Input Status Register 1. See 
Table 22. 

Bits 3-0 A logical 1 in each bit enables 
the respective display memory 
color plane. A logical 0 
disables the color plane. 

Horizontal PEL Panning 
Port = 03CO (W), 03C1 (R) Index = 13 
Bits 7-4 Reserved 

Bits 3-0 These four bits select the 
number of pixels to shift the 
video data to the left. PEL 
panning is available in both 
graphics and text modes. In 
modes 0+.1+.2+.3+.7 and 
7+. the maximum shift is eight 
pixels. Mode 13 allows a 
maximum of three pixels. In 
the remaining modes. the 
image can be shifted a 
maximum of seven pixels. The 
order for shifting the image is 
shown in Table 23. 

Color Select Register 
Port = 03CO (W), 03C1 (R) Index = 14 
Bits 7-4 Reserved 

Bits 3. 2 These bits are the two high­
order bits of the a-bit digital 
color value sent off-chip in all 
modes except the 256 color 
graphics. In the 256 color 
modes. the a-bit attributes are 
stored in video memory. This 
becomes the a-bit digital color 
value to be sent off -ch ip to the 
video DAC. These bits can be 
used to switch quickly among 
sets of colors in the video 
DAC. 

Bits 1. 0 These two bits can be used to 
replace the P4 and P5 bits 
from the Attribute Palette 
registers to form the a-bit 
digital color value sent off-chip. 
This is controlled by bit 7 of 
Attribute Mode Control 
register. By using this feature. 
sets of colors can be rapidly 
switched in the video DAC. 

VL82C037 
TABLE 22. COLOR PLANE AND STATUS 
Color Plane Register Input Status Register 1 

Bit 5 Blt4 Blt5 Bit 4 

0 0 P2 PO 
0 1 P5 P4 
1 0 P3 Pl 
1 1 P7 P6 

TABLE 23. PEL REGISTER 
Number of PELs Shifted to the Left 

PEL Panning 0+,1+,2+ All Other Mode 
Register Value 3+,7,7+ Modes 13 

0 1 0 0 
1 2 1 -
2 3 2 1 
3 4 3 -
4 5 4 2 
5 6 5 -
6 7 6 3 
7 a 7 -
a 0 - -

TABLE 24. EXTENDED REGISTERS 
Port Index RlW Bits Register 

3DE - RIW 5 Extension Address Register 

3DF 0 RIW 6 Bandwidth Control 

3DF E RIW 4 I/O Trap Control 

3DF F R a NMI Data Cache (FIFO) 

3DF 10 R a Read DIP Switch 

EXTENDED REGISTERS 
A set of new registers have been added 
into the basic VGA to perform new 
features and enhancements. They are 
grouped under I/O port 3DE and 3DF 
for address and data access respec­
tively. All except the NMI Data Cache 
register have both read and write 
access. A summary of these registers 
is given in Table 24. 

03DE - EXTENSION ADDRESS 
REGISTER 
Bit Description 
0-4 5-bit index pointer to the 

extension data registers. 
5-7 Reserved 

The contents of this register need to be 
programmed before the data register is 
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accessed. The I/O address is 3DE for 
both read and write access. 

03DF - BANDWIDTH CONTROL 
INDEXD 

Bit Description 
0-2 Reserved 
3-4 These bits control the ratio of 

CPU memory access allowed 
versus video refresh access. 
(See Table 25.) 

5 Clock select bit 2 (CSEL2). 

Used with bit 2 and 3 of 
Miscellaneous Register. Up to 
eight different clock inputs can 
be selected from. (See Table 
5.) 

6-7 Reserved 
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03DF· 110 TRAP CONTROL INDEX E 
Bit Description 
o When set to 1, it turns on the 

trap and generates NMI for 
downward compatibility 
emulation. When set to 0, it 
turns off the NMllogic. 

1-2 These bits may be used by the 
BIOS to store the backward 
compatibility mode currently 
being emulated. They have no 
effect on the operation of the 
VGA hardware. Suggested 
settings for these bits are 
shown in Table 26. 

3-6 Reserved z 0 
7 Graphics Latch read compati­

bility. When set to 0, the Read 
Map Select Register controls 
which map is accessed by the 

TABLE 25. BANDWIDTH 
Bit 4 Bit 3 Bandwidth 

0 0 1-:4 
1 0 1-7 
0 1 1-9 
1 1 Reserved 

cpu. When set to 1, allows 
the Chain 4 bit to control map 
selection. 

03DF· NMI DATA CACHE INDEX F 
Bit Description 
0-7 First read of this register gets 

the address of the trapped 110. 
Second read gets the data of 
the trapped 110. The size of 
the cache is two bytes wide 
and six rows deep. Each read 
will cause the read pointer to 
auto-increment and then reset 
at the end of the information. 

Note that only the first 8 bits of 
the I/O address are saved into 
the cache. Since bit 7 is 
always 1 if there is an address 
saved at this position, the 
trapped software should check 
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this bit to determine whether 
this is the last read or not. 

Note that this is a read only 
register. 

03DF· READ DIP SWITCH INDEX 10 
Bit Description 
7 Reserved 
6 DIP Switch 6 
5 DIP Switch 5 
4 DIP Switch 4 
3 DIP Switch 3 
2 DIP Switch 2 
1 DIP Switch 1 
o DIP Switch 0 

These bits can be read by the 
BIOS to determine the· 
configuration desired. 

TABLE 26. GRAPHICS MODE 

Bit 2 Bit 1 Mode 

0 0 VGA 
0 1 EGA 
1 0 CGA 
1 1 MCGA (MDA & HERC) 
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REGISTER SUMMARY 
GENERAL REGISTERS 

MISCELLANEOUS OUTPUT REGISTER 
Address z 03CC (Read), 03C2 (Write) 

17161514131211101 

~~
L 1I0AddressSelect 

L.-=:= Enable RAM 

Clock Select Bit 0 (See Table 5) 

Clock Select Bit 1 (See Table 5) 

Reserved 

INPUT STATUS REGISTER 0 
Address ~ 03C2 (Read Only) 

17161514131211101 

Page Bit for Odd/Even 

Horizontal Sync Polarity 

Vertical Sync Polarity 

I I ~I Reserved 

_ Switch Sense Bit 

Reserved 
'--________ CRT Interrupt Status 

VL82C037 

VIDEO SUBSYSTEM ENABLE REGISTER 
Address = 03C3 (ReadlWrite) 

17161514131211101 

I L Video Subsystem Enable 

_ Reserved 

INPUT STATUS REGISTER 1 
Address = 03?A (Read Only) 

'~~'T~ Display Enable 

Reserved 

Vertical Retrace Status 

Diagnostic 1 

Diagnostic 0 

Reserved 

FEATURE CONTROL REGISTER 
Address = 03CA (Read), 03?A (Write) 

17161514131211101 

I I ~ Reserved 

_ Vertical Sync Select 

Reserved 

6-169 



• VLSI TECHNOLOGY, INC. 

SEQUENCER REGISTERS 

DRESS REGISTER SEQUENCoE3~:~ReadlWrite) Address = 

1 77~1~ 61~5:::14=1= 31,,=2=j11FI_O I 

'":: . --.---- Sequencer Index I L-- Reserved 

Asynchronous Reset 

Synchronous Reset 

Reserved 

E REGISTER 
CLOCKING MOD clex _ 1 (ReadIWrite) Address = 03C5 In -

1>1sI''j'iTj'11 
",Dote""", 
Reserved 

Shift Load 

Dot Clock 

Shift 4 

Screen Off 

Reserved 

VL82C037 

MAP MASK REGISTER 2 (ReadlWrite) 
Address = 03C5 Index = 

17 1s 1,14 nT II MapOE-' 

Map 1 Enable 

Map 2 Enable 

Map 3 Enable 

Reserved 

ELECT REGISTER 
CHARACTER MA~:x _ 3 (ReadlWrite) Address = 03C5 In -

171 Sl514131211 I ° I Character Map Select Bits T I (See Tables 8 and 9.) 

Reserved L-__ _ 

DE REGISTER . 
MEMORY MO dex _ 4 (ReadlWnte) Address = 03C5 In _ 

IT 71S151413~T cr: =v.~ "'mo~ 
L..= Odd/Even 

I Chain 4 

Reserved ----_. 
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CRT CONTROLLER REGISTERS 

CRT CONTROLLER ADDRESS REGISTER 
Address = 03?4 (ReadlWrite) 

17161514131211101 

T I L..l --- CRTC Address 
. Test Bit 

Reserved 

HORIZONTAL TOTAL REGISTER 
Address = 03?5 Index 0 (ReadlWrite) 

17161514131211101 
1 Horizonatal Total Minus 5 

HORIZONTAL DISPLAY ENABLE END REGISTER 
Address = 03?5 Index 1 (ReadlWrite) 

17161514131211101 
1 Total Displayed 

Characters Minus 1 

START HORIZONTAL BLANKING REGISTER 
Address = 03?5 Index 2 (ReadlWrite) 

17161514131211101 
1 Horizontal Blanking Start 

Character Count 

END HORIZONTAL BLANKING REGISTER 
Address = 03?5 Index 3 (ReadlWrite) 

17161514131211101 

VL82C037 

START HORIZONTAL RETRACE REGISTER 
Address = 03?5 Index 4 (Read/Write) 

17161514131211101 
1 Start Horizontal Retrace 

END HORIZONTAL RETRACE REGISTER 
Address = 03?5 Index 5 (Read/Write) 

17161514131211101 

I T 1-1 --- End Horizontal Retrace 
_ Horizontal Retrace Delay L--________ End Horizontal Blanking, Bit 5 

VERTICAL TOTAL REGISTER 
Address = 03?5 Index 6 (Read/Write) 

17161514131211101 
1 Vertical Total Minus 2 

PRESET ROW SCAN REGISTER 
Address = 03?5 Index 8 (ReadlWrite) 

17161514131211101 

I T 1-1 --- Starting Row Scan Count 
After Vertical Retrace 

Byte Panning Control 
'--________ Reserved 

MAXIMUM SCAN LINE REGISTER 
Address = 03?5 Index = 9 (ReadlWrite) 

17161514131211101 

I T L..I --- End Blanking 
_ Display Enable Skew Control IL--I_I ___ I ____ ~g;;~~:::;oo 

L-________ Test Bit 
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CRT CONTROLLER REGISTERS (Cont.) 

OVERFLOW REGISTER 
Address = 031S Index 7 (ReadJWrite) 

17161s14131211101 

VL82C037 

~ Vertical Display Enable End Bit 8 
III L V._T.,.m" 

Start Vertical Retrace Bit 8 

Start Vertical Blank Bit 8 
'--_____ Line Compare Bit 8 

'--______ Vertical Total Bit 9 

'--_______ Vertical Display Enable End Bit 9 
'--________ Start Vertical Retrace Bit 9 

CURSOR START REGISTER 
Address = 031S Index = A (Read/Write) 

17161514131211101 11 .... 1 --- Cursor Start Scan Line 

. Cursor Off 

Reserved 

CURSOR END REGISTER 
Address = 0315 Index = B (ReadJWrite) 

17161s14131211101 

I T .... 1 --- Cursor End Scan Line 
_ Cursor Skew Control 

'--________ Reserved 

START ADDRESS HIGH REGISTER 
Address = 0315 Index = C (ReadJWrite) 

17161514131211101 

1 High Order 8-Bits of 
Start Address 

START ADDRESS LOW REGISTER 
Address = 031S Index = D (ReadJWrite) 

17161s14131211101 

1 Low Order 8-Bits of 
Start Address 

CURSOR LOCATION HIGH REGISTER 
Address = 031S Index = E (ReadJWrite) 

17161s14131211101 

1 High Order 8-Bits of 
Cursor Location 

CURSOR LOCATION LOW REGISTER 
Address = 031S Index = F (ReadJWrite) 

17161s14131211101 

1 Low Order 8-Bits of 
Cursor Location 

START VERTICAL RETRACE REGISTER 
Address = 031SIndex = 10 (Read/Write) 

17161s14131211101 
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1 Low Order 8-Bits of Vertical 
Retrace Start Position 
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CRT CONTROLLER REGISTERS (Cont.) 

END VERTICAL RETRACE REGISTER 
Address = 03?5 Index = 11 (ReadlWrHe) 

17161514131211101 T Il--I--- Vertical Retrace Pulse Width 
_ 0 = Clear Vertical Retrace Interrupt 

o = Enable Vertical Retrace Interrupt 
Not Used 

VERTICAL DISPLAY ENABLE END REGISTER 
Address = 03?5 Index = 12 (ReadlWrite) 

17161514131211101 

1 Low Order Vertical Display 
Enable End Minus 1 

OFFSET REGISTER 
Address = 03?5lndex = 13 (ReadlWrite) 

17161514131211101 

1'-____ Logical Line Width 
of the Screen 

VL82C037 

END VERTICAL BLANKING REGISTER 
Address = 03?5 Index = 16 (ReadlWrite) 

17161514131211101 

1 End Vertical Blanking 
Position 

CRTC MODE CONTROL REGISTER 
Address = 03?5 Index = 17 (ReadlWrite) 

17161514131211101 

Horizontal Retrace Select 
III LL=~: Row",", ~"~, 

UNDERLINE LOCATION REGISTER Count by 2 
Address = 03?5lndex = 14 (ReadlWrite) Reserved 

171 61 514131211 I 0 I '--_____ Address Wrap 

ill' I Scan Line Where Underline Will Occur '--------- Word/Byte Mode 
1... ________ Hardware Reset 

______ Count by 4 
______ Double Word Mode 
______ Reserved 

START VERTICAL BLANKING REGISTER 
Address = 03?5 Index = 15 (ReadlWrite) 

17161514131211101 

1 Start Vertical Blanking 
Position Minus 1 
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LINE COMPARE REGISTER 
Address = 03?5lndex = 18 (ReadlWrite) 

17161514131211101 

1 Line Compare Target 
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GRAPHICS CONTROLLER REGISTERS 

GRAPHICS ADDRESS REGISTER 
Address = 03CE (ReadlWrlte) 

17161514131211101 

I .... 1 --- Graphics Register Index 
L... _______ Reserved 

SET/RESET REGISTER 
Address = 03CF Index = 0 (ReadlWrite) 

17161514131211101 

III L SO""oooo .... ' ~ Set/Reset Map 1 

Set/Reset Map 2 

Set/Reset Map 3 
'--______ Reserved 

ENABLE SET/RESET REGISTER 
Address = 03CF Index = 1 (ReadlWrite) 

17161514131211101 

III L E.- ."'"..., Mop , ~ Enable Set/Reset Map 1 

Enable Set/Reset Map 2 

Enable Set/Reset Map 3 
L...-______ Reserved 

COLOR COMPARE REGISTER 
Address = 03CF Index = 2 (ReadlWrite) 

17161514131211101 

III L Col" C'",,~ Mop' ~ Color Compare Map 1 

Color Compare Map 2 

Color Compare Map 3 
L...-______ Reserved 

DATA ROTATE REGISTER 
Address = 03CF Index = 3 (ReadlWrite) 

17161514131211101 

READ MAP SELECT REGISTER 
Address = 03CF Index = 4 (ReadlWrite) 

17161514131211101 
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I ~ Map Select Bits (See Table 18) 
L... ______ Reserved 

GRAPHICS MODE REGISTER 
Address = 03CF Index = 5 (ReadIWrite) 

17161514131211101 

III I W,HeMode_T_19j 
Reserved 

Read Type 

OddlEven 
l..-______ Shift Register Mode 

L...-_______ 256 Color Mode 

L...-________ Reserved 

MISCELLANEOUS REGISTER 
Address = 03CF Index = 6 (ReadlWrite) 

17161514131211101 

I 
[I I G,._ .... , 

Odd/Even 

Memory Map Select (See Table 20) 
L... ______ Reserved 

COLOR DON'T CARE REGISTER 
Address = 03CF Index K 7 (ReadlWrlte) 

17161514131211101 

I ~L Map 0 = Don't Care 
~ Map 1 • Don't Care 

Map 2 = Don't Care 

Map 3 = Don't Care 
'--______ Reserved 

BIT MASK REGISTER 
Address = 03CF Index = 8 (ReadlWrite) 

17161514131211101 

T T ~ Rotate Count .... 1 ----- 8-Bit Data Mask 

Function Select (See Table 16) 
L.. ________ Reserved 
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ATTRIBUTE CONTROLLER REGISTERS 

ATTRIBUTE ADDRESS REGISTER 
Address = 03CO (ReadlWrite) 

17161514131211101 T I .... 1 --- Attribute Register Index 

. Palette Address Source 

Reserved 

PALETTE REGISTER 
Address = 03CO (Write), 03C1 (Read) Index = O-F 

1716151413121110\ 

T LI ---- Color Register Address 
_ Reserved 

ATTRIBUTE MODE CONTROL REGISTER 
Address = 03CO (Write), 03C1 (Read) Index = 10 

\7\6\5\4\3\211\0\ 

Mono Emulation 

VL82C037 

HORIZONTAL PEL PANNING REGISTER 
Address = 03CO (Write), 03C1 (Read) Index = 13 

17161514131211101 

I Ll --- Video Data Shift Count 
L.. _______ Reserved 

COLOR SELECT REGISTER 
Address = 03CO (Write), 03C1 (Read) Index = 14 

17161514131211101 

III LCOO'~~4 ~ Color Select Bit 5 

Color Select Bit 6 

Color Select Bit 7 
'--______ Reserved 

III I G' .... ;aAl'han""'"rio Mode 

Enable Line Graphics Character Code 

Select Background Intensity 
or Enable Blink 

'--_____ Reserved 

'--______ PEL Panning Compatibility 
'--_______ PEL Width 

'--________ PS/P4 Select 

OVERSCAN COLOR REGISTER 
Address = 03CO (Write), 03C1 (Read) Index = 11 

17161514131211101 

1 Border Color Palette Index 

COLOR PLANE ENABLE REGISTER 
Address = 03CO (Write), 03C1 (Read) Index = 12 

17161s14131211101 

-~ -~ III I EM1*> Co,,, '''"'' 0 
Enable Color Plane 1 

Enable Color Plane 2 

Enable Color Plane 3 

'--_____ Video Status MUX (See Table 22) 
'--_______ Reserved 
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EXTENDED REGISTERS 

EXTENSION ADDRESS REGISTER 
Address = 03DE (ReadIWrite) 

17161514131211101 

T ..... 1 --- Extension Register Index 
_ Reserved 

BANDWIDTH CONTROL REGISTER 
Address = 03DF Index = D (ReadIWrite) 

17161514131211101 

Bandwidth Control (See Table 25) T I T ~ Reserved 

L... ______ Clock Select Bit 2 (See Table 5) 
'--_______ Reserved 

1/0 TRAP CONTROL REGISTER 
Address = 03DF Index = E (Read/write) 

17/61514131211101 

~ Backward Compatibility Mode (See Table 26) 
'I T 1- ., Enable VO Trap Interrupt 

'--_____ Reserved 

'--________ Graphics Latch Read Compatibility 

NMI DATA CACHE REGISTER 
Address = 03DF Index = F (Read Only) 

17/61514131211101 

1 AddresslData from Trapped I/O 

DIP SWITCH READ REGISTER 
Address = 03DF Index = 10 (Read Only) 

17/61514131211101 

1 Dip Switch Data 
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AC CHARACTERISTICS: TA = o·c to +70·C, VCC = 5 V ±5%, GND = 0 V 
110 READIWRITE, DAC READIWRITE, SWITCH READ (See Figures 1, 2, 8, 9 & 10.) 

Symbol Parameter Min Max 

tSU1 Address Setup Time 60 -
tSU2 ASEL Setup Time 30 -
tH3 Address Hold Time 0 -

tH4 ASEL Hold Time 0 -
t5 Command Pulse Width 200 -
tD6 Write Data Delay 20 SO 

tH7 Write Data Hold Time 0 -
tDS -EDBUF and -EABUF Delay - 50 

109 Read Data Valid Delay - 120 

tH10 Read Data Hold Time 10 -
tD11 Read to DIR Delay - 45 

1012 Read to DAC Read Delay - 50 

tD13 Write to DAC Write Delay - 50 

tD14 Read to Switch Read Delay - 40 

Note: 200 ns when VCLKO = 25 MHz; otherwise, three clocks +SO ns. 

MEMORY READIWRITE (See Figures 3 & 4.) 

Symbol Parameter Min Max 

tSU15 Address Setup Time 60 -
tSU16 ASEL Setup Time 30 -
tH17 Address Hold Time 0 -

tH1S ASEL Hold Time 0 -
1019 Write Data Delay 20 SO 

tH20 Write Data Hold Time 0 -
1021 -EDBUF and -EABUF Delay - 50 

tD22 Read to DIR Delay - 45 

tD23 Command to CPURDY Low Delay - 40 

tH25 Valid RD Data Hold lime 45 -
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Units Conditions 
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AC CHARACTERISTICS (Cont.) 

DRAM READ/WRITE (See Figures 6 & 7.) 

Symbol Parameter 

tSU26 Row Address Setup 

tH27 Row Address Hold Time 

128 -RAS low Time 

t29 -RAS High Time 

tSU30 Column Address Setup Time 

tH31 Column Address Hold Time 

t32 -CAS low lime 

t33 -CAS High Time 

tD34 -RAS to -OE Delay 

tD35 -RAS to -WE Delay 

tD36 -WE to -RAS High 

tD37 -RAS to -CAS Reference 

tSU38 Data to -WE Setup Time 

tH39 Data to -WE Hold lime 

CLOCK AND VIDEO (See Figure 5.) 

Symbol Parameter 

tClK ClKIN Cycle 

tD40 PO-P7 Delay 

tD41 -BLANK Delay 

tD42 HSYNCNSYNC Delay 

tD43 ClKIN to PClK Delay 

VL82C037 

Min Max Units Conditions 

10 - ns 

.5(tClK)-2 - ns 

4(tClK)-10 - ns 

3(tClK) - ns 

10 - ns 

tClK - ns 

4.5(tClK) -10 - ns 

2.5(tClK) -10 - ns 

2.5(tClK) -10 - ns 

2.5(tClK) -10 - ns 

tClK - ns 

1.5(tClK) -10 - ns 

10 - ns 

tClK - ns 

Min Max Units Conditions 

28 - ns 

- 80 ns 

- 80 ns 

- 80 ns 

- 60 ns 

6-178 



• VLSI TECHNOLOGY, INC. 

TIMING DIAGRAMS 
FIGURE 1. 1/0 READ TIMING 

ADDRESS 

ASEL ____ _ 

-lORD 

tSU1 ~ 

RD DATA =-______ + _____ _ 

-EDBUF 

-EABUF -------=.r-toi~ 

DIR -------i-=-:--:-

FIGURE 2. 1/0 WRITE TIMING 

ADDRESS 

ASEL ____ ., 

-IOWR 

WR DATA --------r--

-EDBUF 

-EABUF ------4;!ma-
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VL82C037 

FIGURE 3. MEMORY READ TIMING 

tSU15 

ADDRESS 

ASEL 

-VMRD 

RDDATA 

-EDBUF 

-EABUF 

CPURDY 

DIR -------~~ 

FIGURE 4. MEMORY WRITE TIMING 

ADDRESS 

ASEL 

-VMWR 

WR DATA =------t----~ 

-EDBUF 

-EABUF _______ , __ 

CPURDY 
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VL82C037 

FIGURE 5. CLOCK AND VIDEO TIMING 

tClK 

ClKIN 7 f- 7 f-

~tD40~ 

P7-PO lX 

I4--tD41 ~ 
-BLANK lX 

~1042~ 
HlVSYNC IX 

PClK 
H.tD43 

-7f 

FIGURE 6. DRAM READ TIMING 

MD31-MDO ~v ROW AD DR \ COlADDR READ DATA 
----11\ 11\ 1\ 

tH27-

-RASO-
-RAS3 

tSU26 
128 J. 129 ~ 

r f t-~tSU30" 4tH31 .. 

l tS37 J 133 132 
-CAS .,- -7f ,. 134 

-OE ------------------------~------~/r-----------------

FIGURE 7. DRAM WRITE TIMING 

MD31-MDO 
~ 

ROW ADDRESS COL ADDRESS WRITE DATA 
~ 

tSU26 tH27_ 
t28 129 .1 

-RASO- -' -, 
-RAS3 

~tSU30 tH31 ____ 
~ tD36 

L 
t037 

t33 t32 
-CAS -' -1 .... ~tSU38 

1035 tH39 

-WE ~ Jf 
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VL82C037 
FIGURE 8. DAC READ llMING 

tSU1 

ADDRESS 

ASEL ___ ---; 
tH4 

-lORD 

-DACR 

-EDBUF 

-EABUF -------=;ltOa~ 

DIR ------ir:::-:-

FIGURE 9. DAC WRITE llMING 

ADDRESS 

ASEL 

14-----15 ----"'l ______ _ 
-IOWR 

-DACW 

-EDBUF 

-EABUF ------~;r_IDs 
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VL82C037 
FIGURE 10. SWITCH READ TIMING 

ADDRESS 

ASEL ___ --; 
tH4 

-lORD 

-SWTR 

-EDBUF 

-EABUF -------=it-IDa 

DIR -------r~~ 
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VL82C037 
ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature O·C to +70·C 

Storage Temperature -40·C to + 125·C 

Supply Voltage to 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func­
tional operation of this device at these 
or any other conditions above those 

indicated in this data sheet is not 
implied. Exposure to absolute maxi­
mum rating conditions for extended 
periods may affect device reliability. 

Ground Potential -0.5 V to VCC +6.0 V 

Applied Input 
Voltage -0.5 V to VCC +0.5 V 

DC Input Current ± 20 mA 

Lead Temperature 300·C 

DC CHARACTERISTICS: TA = o·e to +7o·e, vee = 5 V ±5%, GND = 0 V 
Symbol Parameter Min Max Units 

VIH Input High Voltage 2.0 VCC V 

VIL Input Low Voltage -0.5 0.8 V 

VOH Output High Voltage 2.4 - V 

VOL Output Low Voltage - 0.4 V 

liN Input Leakage Current -10 10 IJ.A 
IOZ 3-State Output Leakage Current -10 10 ~A 

100 100 Dynamic Current - 80 rnA 

Note 1: 2 mA Output Pads: -EABUF, -EDBUF, DIR, -CRTINT, -NMI, CPU ROY, -SWTR, 
HSYNC, VSYNC, -BLANK, -DACR, -DACW, PCLK 

4 mA Output Pads: 
8 mA Output Pads: 
12 mA Output Pads: 
20 mA Output Pads: 

P7-PO, DA7-DAO, MD31-MDO. 
-RASO-RAS3, -WE 
-OE 
-CAS 

Note 2: -200 ~A Output Pads: -EABUF, -EDBUF, DIR, -CRTINT, -NMI, CPURDY, -SWTR, 
HSYNC, VSYNC, -BLANK, -DACR, -DACW, P7-PO, DA7-DAO, 
MD31-MDO, PCLK 

-1 mA Output Pads: -RASO, -RAS1, -RAS2, -RAS3, -WE 
-3.3 mA Output Pads:-OE, -CAS 
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Conditions 

VCC-5.25 V 

VCC = 5.25 V 

IOH (See Note 2) 

IOL (See Note 1) 

VIN - VCC/GND 

VOUT = VCC/GND 

VCC =5.25 V 
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FEATURES 
Combines the following PC/A-p'!> 

Peripheral Chips: 
VL 16C450 UART 
VL 16C450 UART 

COM1: 
- COM2: 

Parallel Printer Port 
Keyboard/Mouse Ctrl. -
Real Time Clock 

LPT1: 
KBD 

Serial ports fully 16C450 compatible 

Bidirectional line printer port 

• Software control of PS/2<11>-compatible 
enhancements (LPT Port, Mouse) 

CMOS direct drive of Centronics-type 
parallel interface 

• PC/AT- or PS/2-compatible keyboard 
and mouse controller 

• 146818A-compatible Real Time 
Clock (RTC) 

• 16 bytes of additional standby RAM 
(66 bytes total) 

• IDE bus control signals included (two 
external 74LS245 and one 74ALS244 
- or equivalent - buffers are required) 

Seven battery-backed programmable 
chip select registers for auto configu­
ration 

• Preprogrammed default chip selects 

ORDER INFORMATION 

Part 
Number Package 

• Programmable wait state generation 

• 5!lA standby current for RTC, RAM, 
and chip select registers 

• Single 128-pin plastic quad flatpack 

DESCRIPTION 
The VL82C106 Combo chip replaces 
with a single 128-pin chip, several of 
the commonly used peripherals found in 
PC/AT-compatible computers. This 
chip when used with the VLSI PC/AT­
compatible chip set allows designers to 
implement a very cost effective, 
minimum chip count motherboard 
containing functions that are common to 
virtually all PCs. 

The on-chip UARTs are completely 
software compatible with the VL 16C450 
ACE. 

The bidirectional parallel port provides a 
PS/2 software compatible interface 
between a Centronics-type printer and 
the VL82C106. Direct drive is provided 
so that all that is necessary to interface 
to the line printer port is a resistor -
capacitor network. The bidirectional 
feature (option) is software program­
mable for backwards PC/AT -compatibil­
ity. 

VL82C106 
PCIAT COMBO 110 CHIP 

The keyboard/mouse controller is 
selectable as PC/AT- or PS/2-compat­
ible. 

The Real Time Clock is 146818A­
compatible and offers a standby current 
drain of 5 !lA at 3.0 V. 

Included is the control logic necessary 
for the support of the Integrated Drive 
Electronics (IDE) hard disk bus inter­
face. 

The Combo 110 chip also includes 
seven programmable chip selects, three 
internal and four external. Each chip 
select has a programmable 16-bit base 
address and a mask register that allows 
the number of bytes corresponding to 
each chip select to be programmed 
(e.g. 3F8H-3FFH has a base address 
of 3F8H and a range of 8 bytes). Each 
chip select can be programmed for 
number of wait states (0-7) and 8- or 
16-bit operation. 16-bit decoding is 
used for all 110 addresses. A default 
fixed decode is provided on reset for 
the on-chip serial ports, printer port, and 
off-chip floppy and hard disk controllers, 
which may be changed to battery­
backed programmable chip selects via 
a control bit. 

INTERNAL FUNCTIONAL DIAGRAM 

VL16C450 PARALLEL 
ASYNCHRONOUS PRINTER 

COMMUNICATIONS 
Plastic Quad Flatpack 

PORT 
ELEMENT VL82C106-FC 

Note: Operating temperature range is O·C to +70·C. 
VL16C450 REAL 

ASYNCHRONOUS TIME 
SCRATCHPAD 

COMMUNICATIONS CLOCK 
RAM 

ELEMENT 

INTEGRATED 
KEYBOARD/ PROGRAMMABLE DRIVE 

MOUSE CHIP SELECTS ELECTRONICS 
CONTROLLER 

INTERFACE 

PC/A -p'!> and PS/2<11> is the registered trademark of IBM Corporation. 

6-185 



• VLSI TECHNOLOGY, INC. 

BLOCK DIAGRAM 

KCM 
KKSW 

KRSEL 
KIO 
Kll 
KI2 
KI3 
KI5 

AEN 
RTCMAP 

SAO-SA15 

T 
y 

VBA 
-8TB 
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-lOR 
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ALE 

-TRI 
-ICT 

xc DIR 
-C DAK4 
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-D SRA 
-DC DA 
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SINA 

S YSCLK 

-CTSB 
-DSRB 
-DCDB 

-AlB 
SINB 

-ERR 
SLCT 
BUSY 

PE 
-ACK 

IDINT 
-DC 

~ 

1-

I 

-

-00 PORT 
--001 ADDRESS -- DECODE 

--L 
RTe EXTENDED rlWl DOWN REGISTER DECODE 

WRITE 
16 BYTE PRO.E9T 

SeRA TCHPAD RAM 

J CONTROL REGISTERS 

CHIP SELECT 
REGISTERS 

TEST 
LOGIC 

L 

J 

J 

--
PC/AT, PS/2 
MOOE .... 

...., L; 
--.... .... 

'--
I 

c~ pciiiT, .r. PS/2 EXT. 
MODE 

=r 1 -CS4 P r-Ir-CHIP r---
-+I SELECT J 
f--' DEFAULT 
t- DECOD~ 

-Ii WAITSTATE'1 
GENERATOR 

.... 
EXTENDED 
MODE .... 

--.... 
-

VL82C106 

I 
r 

Yl.82C042 
KEYBOARD.t.IOUSE 

CONTROlLER 

V1.82CDI8A REAL 
liME CLOCK 

-
6.144 esc 
MHz & 

DIVIDERS --
~ --XDATA 

~l r-1 .... 

1.8432 MHz S r-r-
t 

U-t-
VLI8C452B r--DUALUART 

II 
PARALLEL .... 

PRINTER PORT 

L .. 
-' 

KCLK 
KDAT 

KA20 
KRES 
KHSE 
KSRE 

IRQK 
IROM 

IR OR 

-CS4 
-CS 5 . 
-CS6,-CS7 

Xl: AL 118.432 MHz 
AL2 Xl: 

X DIRS 
DIRX 
XDEN 

X 
-
IOCHRDY 

-IOCS16 
-ATSA 
-DTRA 
SOUTA 
-DUT2A 
RCA I 

-ATSB 
-DTRB 
SOUTB 
-OUT2B 
lAOS 

-INIT 
-AFD 
-8TB 
-$lIN 
IROP,-IROE 

PD()'PD7 

-HCSI 
IDE_EN --I 

IDE LOGIC 
-IDENH 
-IDENL - J 
IRQI 

t. IDB7 
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VL82C106 
PIN DIAGRAM 

VL82C106 

-ICT RES VDD S02 SD4 VSS S07 KID KI2 

128127126 125124 123 122 121120 119118 117116115114113112 111 110109 108107 106105 104103 102101 100 99 98 

VSS 

-IDENH 

-IDENL 

-XOEN 

XOIRS 

XOIRX 

-CS4 

-CS5 

-CS6 

-CS7 

-lOR 

-lOW 

AEN 

ALE 

VOO 

VOO 

SAO 

SA1 

SA2 

SA3 

SM 

SM 

SM 

SA7 

SA8 

SA9 

SA10 

SA11 

SA12 

SA13 

SA14 

SA15 

• 

TOP VIEW 

IRQK IRQR VSS IROP PD6 PD4 P03 P01 VSS -AFO -sLIN 
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KI5 
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KCM 
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KRES 

-CTSB 
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-RIB 
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XTAl1 

VOO 

VSS 

-CTSA 

-OSRA 
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-RIA 

SINA 

-ACK 

PE 
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-ERR 

VBAT 
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VL82C106 

SIGNAL DESCRIPTIONS 

Signal Pin Signal Signal 
Name Number Type Description 

COMMUNICATIONS PORT A 
-RTSA 44 01 Request to Send, Port A 

-DTRA 45 01 Data Terminal Ready, Port A 

SOUTA 46 01 Serial Data Output, Port A 

-CTSA 79 14 Clear to Send, Port A 

-DSRA 78 14 Data Set Ready, Port A 

-DCDA 77 14 Data Carrier Detect, Port A 

-RIA 76 14 Ring Indicator, Port A 

SINA 75 14 Serial Input, Port A 

IROA 39 06 Interrupt Request, Port A 

-OUT2A 42 01 Output 2, Port A 

COMMUNICATIONS PORT B 
-RTSB 47 01 Request to Send, Port B 

-DTRB 48 01 Data Terminal Ready, Port B 

SOUTB 49 01 Serial Data Output, Port B 

-CTSB 89 14 Clear to Send, Port B 

-DSRB 88 14 Data Set Ready, Port B 

-DCDB 87 14 Data Carrier Detect, Port B 

-RIB 86 14 Ring Indicator, Port B 

SINB 85 14 Serial Input, Port B 

IROB 37 06 Interrupt Request, Port B 

-OUT2B 43 01 Output 2, Port B 

PARALLEL PRINTER PORT 
PDO 59 105 Printer Data Port, Bit 0 

PD1 58 105 Printer Data Port, Bit 1 

PD2 57 105 Printer Data Port, Bit 2 

PD3 56 105 Printer Data Port, Bit 3 

PD4 54 105 Printer Data Port, Bit 4 

PD5 53 105 Printer Data Port, Bit 5 

PD6 52 105 Printer Data Port, Bit 6 

PD7 51 105 Printer Data Port, Bit 7 

-IN IT 63 04 Initialize Printer Signal 

-AFD 62 04 Autofeed Printer Signal 

-STB 61 04 Data Strobe to Printer 

-SUN 64 04 Select Signal to Printer 

-ERR 70 14 Error Signal from Printer 

SLCT 71 14 Select Signal from Printer 
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VL82C106 

SIGNAL DESCRIPTIONS 

Signal Pin Signal Signal 
Name Number Type Description 

BUSY 72 14 Busy Signal from Printer 

PE 73 14 Paper Error Signal from Printer 

-ACK 74 14 Acknowledge Signal from Printer 

IROP 40 06 Printer Interrupt Request Output 

-IROE 41 01 Printer Interrupt Request Enabled Signal 

REAL TIME CLOCK PORT 
VBAT 69 NA Standby Power - Normally 3 V to 5 V, battery backed. 

-STBY 65 15 Power Down Control 

OSCI 66 NA Crystal Connection Input - 32 KHz 

OSCO 67 NA Crystal Connection Output - 32 KHz 

PS/-RC 68 15 Power SenselRAM Clear Input 

IROR 36 01 Real Time Clock Interrupt Request Output 

RTCMAP 121 14 High - RTC is mapped to 70H and 71 H, low - RTC is mapped to 170H and 
171H. 

KEYBOARD CONTROLLER PORT 
KClK 103 104 Keyboard Clock 

KDAT 104 104 Keyboard Data 

KCM 92 14 General purpose input, normally color/monochrome. 

KKSW 93 14 General purpose input, normally keyboard switch. 

KA20 91 01 General purpose output, normally A20 Gate. 

KRES 90 01 General purpose output, normally reset. 

KHSE 101 011104 General purpose input, normally speed select. 

KSRE 100 011104 General purpose output, normally shadow RAM enable. 

IROK 34 01 Keyboard Interrupt Request 

IROM 35 01 Mouse Interrupt Request 

[II KRSEl 94 14 General purpose input, normally RAM select. 

KIO 99 14 General purpose input, bit o. 

Kll 98 14 General purpose input, bit 1. 

KI2 97 14 General purpose input, bit 2. 

KI3 96 14 General purpose input, bit 3. 

KI5 95 14 General purpose input, bit 5. 

IDE BUS 110 
-IDENH 2 01 IDE Bus Transceiver High Byte Enable 

-IDENl 3 01 IDE Bus Transceiver low Byte Enable 

IDINT 122 14 IDE Bus Interrupt Request Input 

IDB7 119 106 IDE Bus Data Bit 7 

-DC 123 14 Floppy Disk Change Signal 

-HCSl 124 01 IDE Host Chip Select 1 

-IROI 33 06 IDE Interrupt Request Output 

6-189 



• VLSI TECHNOLOGY, INC. 

VL82C106 

SIGNAL DESCRIPTIONS 

Signal Pin Signal Signal 
Name Number Type Description 

COMMON BUS 110 
SDO 115 102 System Bus Data, Bit 0 

SD1 114 102 System Bus Data, Bit 1 

SD2 111 102 System Bus Data, Bit 2 

SD3 110 102 System Bus Data, Bit 3 

SD4 109 102 System Bus Data, Bit 4 

SD5 108 102 System Bus Data, Bit 5 

SD6 106 102 System Bus Data, Bit 6 

SD7 105 102 System Bus Data, Bit 7 

SAO 17 11 System Bus Address, Bit 0 

SA1 18 11 System Bus Address, Bit 1 

SA2 19 11 System Bus Address, Bit 2 

SA3 20 11 System Bus Address, Bit 3 

SM 21 11 System Bus Address, Bit 4 

SA5 22 11 System Bus Address, Bit 5 

SA6 23 11 System Bus Address, Bit 6 

SA7 24 11 System Bus Address, Bit 7 

SA8 25 11 System Bus Address, Bit 8 

SA9 26 11 System Bus Address, Bit 9 

SA10 27 11 System Bus Address, Bit 10 

SA11 28 11 System Bus Address, Bit 11 

SA12 29 11 System Bus Address, Bit 12 

SA13 30 11 System Bus Address, Bit 13 

SA14 31 11 System Bus Address, Bit 14 

SA15 32 11 System Bus Address, Bit 15 

XTAL1 82 NA Crystal/Clock Input - 18.432 MHz 

XTAL2 83 NA Cystal/Clock Output - 18.432 MHz 

-lOR 11 11 System Bus 110 Read 

-lOW 12 11 System Bus 110 Write 

RES 125 11 System Reset 

AEN 13 11 System Bus Address Enable 

ALE 14 11 System Bus Address Latch Enable 

-IOCS16 116 08 System Bus 110 Chip Select 16 

lOCH ROY 118 08 System Bus 110 Channel Ready 

SYSCLK 128 11 System Clock - Processor clock divide by 2. 

-CS4 7 01 Chip Select 4 - Normally for external floppy disk controller. 

-CS5 8 01 Chip Select 5 - Normally -HCSO for IDE. 
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SIGNAL DESCRIPTIONS 

Signal Pin 
Name Number 

-CS6 9 

-CS7 10 

-CDAK4 102 

XDDIR 120 

XDIRS 5 

XDIRX 6 

-XDEN 4 

-TRI 126 

-ICT 127 

Signal 
Type 

01 

01 

11 

11 

01 

01 

01 

14 

14 

Signal 
Description 

VL82C106 

Chip Select 6 - Normally for external floppy disk controller. 

Chip Select 7 - Normally for external floppy disk controller. 

DMA Acknowledge forces -CS4 active. 

X Data Bus Transceiver Direction 

Modified X Data Bus Transceiver Direction Control Signal - Excludes real 
time clock and keyboard controller decodes. 

X Data Bus Transceiver Control Signal - Includes all CS decodes gener­
ated on chip. 

X Data Bus Transceiver Enable 

Three-state Control Input - For all outputs to isolate chip for board tests. 

In Circuit Test Mode Control 

POWER, GROUND, & UNCOMMITTED 
VDD 15,16,50, System Power: +5 V 

81,113 

VSS 1,38,55, System Ground 
60,80,84, 
107,112,117 

1/0 LEGEND 

mA Type Comment 

01 2 TTL 

02 24 TTL 

04 12 TTL-OD Open drain, weak pull-up, no VDD diode 

06 4 TTL-TS Three-State 

07 24 TTL-TS Three-State 

08 24 TTL-OD Open drain, fast active pull-up 

11 - TTL 

12 - CMOS 

14 - TTL 30k n pull-up 

15 - TTL Schmitt-trigger 

102 24 TTL-TS Three-State 

104 12 TTL-OD Open drain, slow turn-on 

105 12 TTL-TS Three-State 

106 24 TTL-TS Three-State, 30k n pull-up 
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FUNCTIONAL DESCRIPTION 
Below is a detailed explanation of each 
of the major building blocks of the 
VL82Cl06 Combo chip. The following 
functional blocks are covered: 

• 16C450 Serial Ports 
• Parallel Printer Port 
• 146818A-Compatible Real Time 

Clock 
• Keyboard Controller 
• Control and Chip Selects 

IDE Interface 

SERIAL COMMUNICATIONS PORTS 
The chip contains two UARTs, based 
on the VL 16C450 Megacell core. Each 
of these UARTs share a common baud­
rate clock, which is the XTAL 1 input 
(18.432 MHz) divided by ten. The 
18.432 MHz signal is shared with the 
keyboard controller, which divides it by 
three to get an approximate 6 MHz 
reference clock. Please refer to the 
VL 16C452B data sheet for the register 
descriptions and timing parameters for 
the UARTs. 

COMA is accessed via internally gener­
ated CS1, while COMB uses internally 
generated CS2. 

LINE PRINTER PORT 
The Line Printer Port contains the 
functionality of the port included in the 
VL 16C452B, but offers a software 
programmable Extended Mode, which 
include a Direction Control Bit and 
Interrupt Status Bit. These features are 
disabled on initial power-up, but may be 
turned on by clearing the -EMODE bit 
of Control Register 0 (RTC Register 
69H in AT or PS/2 mode or va PORT 
102H in PS/2 mode). When the 
-EMODE bit is set, the part functions 
exactly as a PC/AT -compatible printer 
port. 

The Line Printer Port is accessed via 
internally generated programmable chip 
select CS3. 

Register 0 - Line Printer Port Data 
The Line Printer (LPT) Port is either uni­
or bidirectional, depending on the state 
of the Extended Mode and Data 
Direction Control bits. 

Compatibility Mode (-EMODE bit - 1) -
Read operations to this register return 
the last data that was written to the LPT 

Port. Write operations immediately 
output data to the LPT Port. 

Extended Mode (-EMODE bit = 0) -
Read operations return either the data 
last written to the LPT Data Register if 
the Direction Bit is set to output ("0") or 
the data that is present on the pins of 
the LPT Port if the direction is set to 
input ("1"). Write operations latch data 
into the output register, but only drive 
the LPT Port when the Direction Bit is 
set to output. 

In either case, the bits of the LPT Data 
Register are defined as follows: 

Bit Description 

0 Data Bit 0 

1 Data Bit 1 

2 Data Bit 2 

3 Data Bit 3 

4 Data Bit 4 

5 Data Bit 5 

6 Data Bit 6 

7 Data Bit 7 

Register 1 - LPT Port Status 
The LPT Status Register is a read-only 
register that contains interrupt status 
and real time status of the LPT connec­
tor pins. The bits are described as 

. follows: 

Bit Description 

0 Reserved 

1 Reserved 

2 -IRQ 

3 -ERROR 

4 SLCT 

5 PE 

6 -ACK 

7 -BUSY 

Bits 0 and 1 - Reserved, read as "l's". 
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Bit 2 - Interrupt Status bit, a "0" indi­
cates that the printer has acknowledged 
the previous transfer with a ACK 
handshake (bit 4 of the control register 
must be set to "1"). 

When in AT mode, bit 1 RTC Register 
6AH - 1, the IRQP output follows the 
-ACK input if enabled. When in PS/2 
mode, IRQP is set during the inactive 
transition of the -ACK signal, and 
cleared following a read of the LPT 
status register. 

Bit 3 - Error Status bit, a "0" indicates 
that the printer has had an error. A "1" 
indicates normal operation. This bit 
follows the state of the -ERR pin. 

Bit 4 - Select Status bit, indicates the 
current status of the SLCT signal from 
the printer. A "0" indicates the printer is 
currently not selected (off-line). A "1" 
means the printer is currently selected. 

Bit 5 - Paper Empty Status bit, a "0" 
indicates normal operation. A "1" 
indicates that the printer is currently out 
of paper. This bit follows the state of 
the PE pin. 

Bit 6 - Acknowledge Status bit, a "0" 
indicates that the printer has received a 
character and is ready to accept 
another. A "1" indicates that the last 
operation to the printer has not been 
completed yet. This bit follows the state 
of the -ACK pin. 

Bit 7 - Busy Status bit, a"O indicates 
that the printer is busy and cannot 
receive data. A "1" indicates that the 
printer is ready to accept data. This bit 
is the inversion of the BUSY pin. 

Register 2 - LPT Port Control 
This port is a read/write port that is 
used to control the LPT direction as well 
as the Printer Control lines driven from 
the port. Write operations set or reset 
these bits, while read operations return 
the status of the last write operation to 
this register (except for bit 5 which is 
write only and is always read back as a 
"1"). The bits in this register are 
defined as follows: 

Bit 0 - Printer Strobe Control bit, when 
set ("1") the STROBE signal is asserted 
on the LPT interface, causing the 
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Bit Description 

0 STROBE 

1 AUTO FDXT 

2 -INIT 

3 SLCTIN 

4 IRQ EN 

5 DIR (Write Only) 

6 Reserved 

7 Reserved 

printer to latch the current data. When 
reset ("0") the signal is negated. 

Bit 1 - Auto Feed Control bit, when set 
("1") the AUTO FD XT signal will be 
asserted on the LPT interface, causing 
the printer to automatically generate a 
line feed at the end of each line. When 
reset ("0") the signal is negated. 

Bit 2 - Initialize Printer Control bit, when 
set ("1") the signal is negated. When 
reset ("0") the INIT signal is asserted to 
the printer, forcing a reset. 

Bit 3 - Select Input Control bit, when set 
("1") the SLCT IN signal is asserted, 
causing the printer to go "on-line". 
When reset ("0") the signal is negated. 

Bit 4 - Interrupt Request Enable Control 
bit, when set ("1") enables interrupts 
from the LPT Port whenever the -ACK 
signal is asserted by the printer. When 
reset ("0") interrupts are disabled. 

Bit 5 - When EMODE = 1, Direction 
(D IR) Control bit, when set ("1") the 
output buffers in the LPT Port are 
disabled, allowing data driven from 
external sources to be read from the 
LPT Port. When reset ("0"), the output 
buffers are enabled, forcing the LPT 
pins to drive the LPT pins. The power­
on-reset value of this is cleared ("0"). 
When -EMODE = 1, this write only bit 
has no effect and should be read as "1". 

Bits 6 and 7 - Reserved, read as "1's". 

REAL TIME CLOCK 
The Real Time Clock (RTC) is the 
equivalent of the Motorola MC146818A 
Real lime Clock component. It is also 
compatible with the Dallas Semiconduc­
tor DS1287A RTC when an external 

battery and crystal are provided. Clock 
functions include the following: 

• Time of Day Clock 
• Alarm Function 
• 100 Year Calendar Function 
• Programmable Periodic Interrupt 

Output 
• Programmable Square Wave Output 
• 50 Bytes of User RAM 

User RAM Preset Feature 

RTC PROGRAMMERS MODEL 
The RTC memory consists of ten RAM 
bytes which contain the time, calendar, 
and alarm data, four control and status 
bytes, and 50 general purpose RAM 
bytes. The address map of the real 
time clock is shown below. 

Add. Function Range 

00-09 Time Regs. 0-99 

OA RTC Register A (R/W) 

OB RTC Register B (R/W) 

OC RTC Register C (RO) 

OD RTC Register D (RO) 

OE-3F User RAM 
(Standby) 

All 64 bytes are directly readable and 
writable by the processor program 
except for the following: 

1) Registers C and 0 are read only. 
2) Bit 7 of Register A is read only. 

The RTC is normally accessed via 
internally decoded PORT 070H (RTC 
register address) and PORT 071 H 
(RTC data readtwrite). 

The RTC address and data ports can 
be moved to Port 170H, Port 171 H by 
pulling the RTCMAP pin (121) to 
ground. This pin can be left not con­
nected or tied high for normal port 
addressing. 

The RTC address map also includes 
additional standby RAM, plus control 
registers for Combo chip configuration 
and chip select control. The RAM and 
Chip Select control registers are 
powered via the VBAT power supply for 
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battery-backed operation. 

Add. (HEX) Function 

OO-OD Time Portion of RTC 

OE-3F RAM Portion of RTC 

40-4F Additional Standby RAM 

50-68 Reserved 

69-7F 
Chip Select/Control 
Registers 

The total address map is shown below: 
The processor program obtains time 
and calendar information by reading the 
appropriate locations. The program 
may initialize the time, calendar, and 
alarm by writing to these RAM loca­
tions. The contents of the ten time, 
calendar, and alarm bytes may be 
either binary or binary-coded decimal 
(BCD). 

Time of Day Register 
The contents of the Time of Day 
registers can be either in Binary or BCD 
format. They are relatively straight­
forward, but are detailed here for 

Add. Function Range 

0 Seconds (Time) 0-59 

1 Seconds (Alarm) 0-59 

2 Minutes (Time) 0-59 

3 Minutes (Alarm) 0-59 

1-12, 
4 Hours (Time) 12 Hr 

Mode 

0-23, 
4 Hours (Time) 24Hr 

Mode 

5 Hours (Alarm) 0-23 

6 Day of Week 1-7 

7 Date of Month 1-31 

8 Month 1-12 

9 Year 0-99 
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completeness. The address map of 
these registers is shown next: 

Address 0 - Seconds (Time): The 
range of this register is 0-59 in BCD 
mode, and D-3BH in Binary mode. 

Address 1 - Seconds (Alarm): The 
range of this register is 0-59 in BCD 
mode, and D-3BH in Binary mode. 

Address 2 - Minutes (Time): The range 
of this register is 0-59 in BCD mode, 
and 0-3BH in Binary mode. 

Address 3 - Minutes (Alarm): The 
range of this register is 0-59 in BCD 
mode, and 0-3BH in Binary mode. 

Range Mode Time 

1-12 BCD AM 

81-92 BCD PM 

01H-OCH Binary AM 

81H-8CH Binary PM 

Address 4 - Hours (Time): The range of 
this register is: 

Range Mode Time 

1-12 BCD AM 

81-92 BCD PM 

01H-OCH Binary AM 

81H-8CH Binary PM 

Address 5 - Hours (Alarm): The range 
of this register is: 
Address 6 - Day of Week: The range of 
this register is 1-7 in BCD mode, and 1-
7H in Binary mode. 

Address 7 - Date: The range of this 
register is 1-31 in BCD mode, and 1-
1 FH in Binary mode. 

Address 8 - Month: The range of this 
register is 1-12 in BCD mode, and 1-
OCH in Binary mode. 

Address 9 - Year: The range of this 
register is 0-99 in BCD mode, and 0-
63H in Binary mode. 

RTC CONTROL REGISTER 
The RTC has four registers which are 
accessible to the processor program. 
The four registers are also fully acces­
sible during the update cycle. 

Add. Function Type 

OA RTC Register A RIW 

OB RTC Register B RIW 

OC RTC Register C RO 

00 RTC Register 0 RO 

OE-3F User RAM (Standby) RIW 

RegIster A 
This register contains control bits for the 
selection of Periodic Interrupt, Input 
Divisor, and the Update In Progress 
Status bit. The bits in the register are 
defined as follows: 

Bit DescriptIon Abbr. 

0 Rate Select Bit 0 RSO 

1 Rate Select Bit 1 RSl 

2 Rate Select Bit 2 RS2 

3 Rate Select Bit 3 RS3 

4 Divisor Bit 0 DVO 

5 Divisor Bit 1 DVl 

6 Divisor Bit 2 DV2 

7 Update In Progress UIP 

Bits 0 to 3 - The four rate selection bits 
(RSO to RS3) select one of 15 taps on 
the 22-stage divider, or disable the 
divider output. The tap selected may 
be used to generate a periodic interrupt. 
These four bits are readlwrite bits which 
are not affected by RESET. The 
Periodic Interrupt Rate that results from 
the selection of various tap values is as 
follows: 
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RS Periodic Interrupt 
Value Rate 

0 None 

1 3.90625 ms 

2 7.8125 ms 

3 122.070 f1S 

4 244.141 f1S 

5 488.281 f1S 

6 976.562 f1S 

7 1.953125 ms 

8 3.90625 ms 

9 7.8125 ms 

OAH 15.625 ms 

OBH 31.25 ms 

OCH 62.5 ms 

ODH 125 ms 

OEH 250 ms 

OFH 500 ms 

Bits 4 to 6 - The three Divisor Selection 
bits (DVO to DV2) are fixed to provide 
for only a five-state divider chain, which 
would be used with a 32 KHz external 
crystal. Only bit 6 of this register can 
be changed allowing control of the reset 
for the divisor chain. When the divider 
reset is removed, the first update cycle 
begins one-haH second later. These 
bits are not affected by power-on reset 
(external pin). 

DV 
Value 

2 

6 

Condition 

Operation Mode, Divider 
Running 

Reset Mode, Divider in 
Reset State 

Bit 7 - The Update In Progress (UIP) bit 
is a status flag that may be monitored 
by the program. When UIP is a "1", the 
update cycle is in progress or will soon 
begin. When UIP is a "0", the update 
cycle is not in progress and will not be 
for at least 2441J.S. The time, calendar, 
and alarm information in RAM is fully 
available to the program when the UIP 
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bit is "0". The UIP bit is a read-only bit, 
and is not affected by reset. Writing the 
SET bit in Register B to a "1" will inhibit 
any update cycle and then clear the U IP 
status bit. 

Register B 
Register B contains command bits to 
control various modes of operations 
and interrupt enables for the RTC. The 
bits in this register are defined as 
follows: 

Bit Description Abbr. 

0 
Daylight Savings 

DSE Enable 

1 24112 Mode 24/12 

2 
Data Mode (Binary 

DM or BCD) 

3 Not Used 

4 
Update End Interrupt 

UIE Enable 

5 
Alarm Interrupt 

AlE Enable 

6 
Periodic Interrupt 

PIE Enable 

7 Set Command SET 

Bit 0 - The Daylight Savings Enable 
(DSE) bit is a readlwrite bit which 
allows the program to enable two 
special updates (when DSE is ·1 j. On 
the first Sunday in April the time incre­
ments from 1 :59:59 AM to 3:00:00 AM. 
On the first Sunday in October when 
the time first reaches 1 :59:59 AM it 
changes to 1 :00:00 AM. These special 
updates do not occur when the DSE bit 
is a ''0". DSE is not changed by any 
internal operations or reset. 

Bit 1 - The 24/12 control bit establishes 
the format of the hours bytes as either 
the 24-hour mode ("1") or the 12-hour 
mode ("0"). This is a readlwrite bit, 
which is affected only by software. 

Bit 2 - The Data Mode (DM) bit indi­
cates whether time and calendar 
updates are to use binary or BCD 
formats. The DM bit is written by the 
processor program and may be read by 
the program, but is not mod Hied by any 
internal functions or reset. A ·1" in OM 
signifies binary data, while a "0" in OM 
specifies binary-coded-decimal (BCD) 
data. 

Bit 3 - This bit is unused in this version 
of the RTC, but is used for Square 
Wave Enable in the Motorola 
MC146818. 

Bit 4 - The UIE (Update End Interrupt 
Enable) bit is a read/write bit which 
enables the Update End Interrupt Flag 
(UF) bit in Register C to assert an IRQ. 
The reset pin being asserted or the SET 
bit going high clears the UIE bit. 

Bit 5 - The Alarm Interrupt Enable (AlE) 
bit is a readlwrite bit which when set to 
a "1" permits the Alarm Interrupt Flag 
(AF) bit in Register C to assert an IRQ. 
An alarm interrupt occurs for each 
second that the three time bytes equal 
the three alarm bytes (including a "don't 
care" alarm code of 11XXXXXXb). 
When the AlE bit is a "0", the AF bit 
does not initiate an IRQ signal. The 
reset pin clears AlE to "0". The internal 
functions do not affect the AlE bit. 

Bit 6 - The Periodic Interrupt Enable 
(PIE) bit is a readlwrite bit which allows 
the Periodic Interrupt Flag (PF) bit in 
Register C to cause the IRQ pin to be 
driven low. A program writes a "1" to 
the PIE bit in order to receive periodic 
interrupts at the rate specified by the 
RS3, RS2, RS1, and RSO bits in 
Register A. A "0" in PIE blocks IRQ 
from being initiated by a periodic 
interrupt, but the Periodic Interrupt Flag 
(PF) bit is still set at the periodic rate. 
PIE is not mod Hied by any internal 
functions, but is cleared to "0" by a 
reset. 

Bit 7 - When the SET bit is a "0", the 
update cycle functions normally by 
advancing the counts once-par-second. 
When the SET bit is written to a "1", any 
update cycle in progress is aborted and 
the program may initialize the time and 
calendar bytes without an update 
occurring in the midst of initializing. 
SET is a readlwrite bit which is not 
mod Hied by reset or internal functions. 

Register C 
Register C contains status information 
about interrupts and internal operation 
of the RTC. The bits in this register are 
defined as follows: 
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Bit Description Abbr. 

0 
Not Used, Read 
asO 

1 
Not Used, Read 
as 0 

2 
Not Used, Read 
asO 

3 
Not Used, Read 
as 0 

4 
Update End 

UF Interrupt Flag 

5 Alarm Interrupt Flag AF 

6 
Periodic Interrupt 

PF Flag 

7 IRQ Pending Flag IRQF 

Bits 0 to 3 - The unused bits of Status 
Register 1 are read as ·O's", and cannot 
be written. 

Bit 4 - The Update Ended Interrupt Flag 
(UF) bit is set after each update cycle. 
When the UIE bit is a "1", the "1" in UF 
causes the IRQF bit to be a "1", 
asserting IRQ. UF is cleared by a 
Register C read or a reset. 

Bit 5 - A ·1" in the AF (Alarm Interrupt 
Flag) bit indicates that the current time 
has matched the alarm time. A "1" in 
the AF causes the IRQ pin to go low, 
and a "1" to appear in the IRQF bit, 
when the AlE bit also is a ·1". A reset 
or a read of Register C clears AF. 

Bit 6 - The Periodic Interrupt Flag (PF) 
is a read only bit which is set to a "1" 
when a particular edge is detected on 
the selected tap of the divider chain. 
The RS3 to RSO bits establish the 
periodic rate. PF is set to a ·1" inde­
pendent of the state of the PIE bit. PF 
being a "1" initiates an IRQ signal and 
sets the IRQF bit when PIE is also a 
"1". The PF bit is cleared by a reset or 
a software read of Register C. 

Bit 7 - The Interrupt Request Pending 
Flag (IRQF) is set to a "1" when one or 
more of the following are true: 

PF = PIE = 1 
AF = AlE = 1 
UF = UIE = 1 

The logic can be expressed in equation 
form as: 

IRQF = PF • PIE + AF • AlE + UF • UIE 
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Any time the IROF bit is a "1", the IRO 
pin is asserted. All flag bits are cleared 
after Register C is read by the program 
or when the reset pin is asserted. 

Register 0 
This register contains a bit that indi­
cates the status of the on-chip standby 
RAM. The contents of the registers are 
described as the following: 

Bit Description Abbr. 

0 
Not.Used, Read 
as 0 

1 
Not Used, Read 
as 0 

2 
Not Used, Read 
asO 

3 
Not Used, Read 
as 0 

4 
Not Used, Read 
asO 

5 
Not Used, Read 
as 0 

6 
Not Used, Read 
as 0 

7 
Vaild RAM Data 

VRT and Time 

Bits 0 to 6 - The remaining bits of 
Register 0 are unused. They cannot be 
written, but are always read as "O's". 

Bit 7 - The Valid RAM Data and Time 
(VRT) bit indicates the condition of the 
contents of the RAM, provided the 
power sense (PS) pin is satisfactorily 
connected. A "0" appears in the VRT 
bit when the power-sense pin is low. 
The processor program can set the 
VRT bit when the time and calendar are 
initialized to indicate that the RAM and 
time are valid. The VRT is a read only 
bit which is not modified by the reset 
pin. The VRT bit can only be set by 
reading Register D. 

Pulling the PS/-RC pin low for a 
minimum of 2 ~s also sets all RAM 
bytes from address OE through 3F to all 
ones. 

CMOS STANDBY RAM 
The 66 general purpose RAM bytes are 
not dedicated within the RTC. They 
can be used by the processor program, 
and are fully available during the update 
cycle. 

GENERAL RTC NOTES 
Set Operation 
Before initializing the internal registers, 
the SET bit in Register B should be set 
to a "1" to prevent time/calendar 
updates from occurring. The program 
initializes the ten locations in the 
selected format (binary or BCD), then 
indicates the format in the Data Mode 
(OM) bit of Register B. All ten time, 
calendar, and alarm bytes must use the 
same Data Mode, either binary or BCD. 
The SET bit may now be cleared to 
allow updates. Once initialized the RTC 
makes all updates in the selected Data 
Mode. The Data Mode cannot be 
changed without reinitializing the ten 
data bytes. 

BCD vs Binary Format 
The 24/12 bit in Register B establishes 
whether the hour locations represent 1-
to-12 or 0-to-23. The 24112 bit cannot 
be changed withou1 reinitializing the 
hour locations. When the 12-hour 
format is selected, the high-order bit of 
the hours byte represents PM when it is 
a "1". 

Update Operation 
The time, calendar, and alarm bytes are 
not always accessible by the processor 
program. Once-per-second the ten 
bytes are switched to the update logic 
to be advanced by one second and to 
check for an alarm condition. If any of 
the ten bytes are read at this time, the 
data outputs are undefined. The 
update 10ckou1 time is 1948 ~ for the 
32.768 KHz time base. The Update 
Cycle section shows how to accommo­
date the Update Cycle in the processor 
program. 

Alarm Operation 
The three alarm bytes may be used in 
two ways. First, when the program 
inserts an alarm time in the appropriate 
hours, minutes, and seconds alarm 
locations, the Alarm Interrupt is initiated 
at the specified time each day if the 
alarm enable bit is high. The second 
usage is to insert a "don't care" state in 
one or more of three alarm bytes. The 
"don't care" code is any byte from OCOH 
to OFFH. An Alarm Interrupt each hour 
is created with a "don't care" code in the 
hours alarm location. Similarly, an 
alarm is generated every minute with 
"don't care" codes in the hours and 
minutes alarm bytes. The "don't care" 
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codes in all three alarm bytes create an 
interrupt every second. 

Interrupts 
The RTC plus RAM includes three 
separate fully au10matic sources of 
interrupts to the processor. The Alarm 
Interrupt may be programmed to occur 
at rates from one-per-second to one-a­
day. The Periodic Interrupt may be 
selected for rates from half-a-second to 
30.517 ~s. The Update Ended Interrupt 
may be used to indicate to the program 
that an update cycle is completed. 

The processor program selects which 
interrupts, if any, it wishes to receive. 
Three bits in Register B enable the 
three interrupts. Writing a "1" to an 
interrupt-enable bit permits that 
interrupt to be initiated when the event 
occurs. A "0" in the interrupt-enable bit 
prohibits the IRO pin from being 
asserted due to the interrupt cause. 

/! an interrupt flag is already set when 
the interrupt becomes enabled, the IRO 
pin is immediately activated, though the 
interrupt initiating the event may have 
occurred much earlier. Thus, there are 
cases where the program should clear 
such earlier initiated interrupts before 
first enabling new interrupts. 

When an interrupt event occurs, a flag 
bit is set to a "1" in Register C. Each of 
the three interrupt sources have 
separate flag bits in Register C, which 
are set independent of the state of the 
corresponding enable bits in Register B. 
The flag bit may be used with or without 
enabling the corresponding enable bits. 

Divider Control 
The Divider Control bits are fixed for 
only 32.768 KHz operation. The divider 
chain may be held in reset, which 
allows precision setting of the time. 
When the divider is changed from reset 
to an operating time base, the first 
update cycle is one-half a second later. 
The Divider Control bits are also used 
to facilitate testing the RTC. 

Periodic Interrupt Selection 
The Periodic Interrupt allows the IRO 
pin to be triggered from once every 500 
ms to once every 30.517 ~s. The 
Periodic Interrupt is separate from the 
Alarm Interrupt which may be output 
from once-per-second to once-per-day. 
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KEYBOARD CONTROLLER 
The keyboard controller on-chip ROM 
contains the code that is required to 
support the PC/AT and PS/2 command 
sets and 128 bytes of conversion code. 

Keyboard serial I/O is handled with 
hardware implementations of the 
receiver and transmitter. Both functions 
depend on an 8-bit timer for time-out 
detection. Enhanced status reporting is 
provided in hardware to simplify error 
handling in software. This logic is 
duplicated for the mouse interface. 

User RAM support is provided. The 
program writes a command 20-3FH 
(read) or SO-7FH (write) with the lower 
five bits representing the RAM address. 
Data from a read or for a write are 
accessed through port SOH DBB. 

Parallel Port 1 (input) is provided and 
Parallel Port 2 (output) has defined 
functions depending on whether the 
controller is in PC/AT or PS/2 mode. 

Support for PORT SOH DBB (reads and 
writes) and Status Register (reads and 
writes) is provided in hardware for 
interface to the PC host. 

KEYBOARD CONTROLLER 
INTERFACE TO PC/AT 
The interface to the PC/AT consists of 
one register pair (PORT SOH/64H) for 
the keyboard and mouse. 

The PORT SOH read operations output 
the contents of the Output Buffer to 00-
07 and clears the status of the Output 
Buffer Full (OBF/Status Register bit 0) 
bit. 

Status read operations output the 
contents of the Status Register to 00-
07. No status is changed as a result of 
the read operation. 

The PORT SOH write operations cause 
the Input Buffer DBB to be changed. 
The state of the C/O bit is cleared 
(Status Register bit 3, "0" indicates 
data) and the Input Buffer Full (IBF/ 
Status Register bit 1) bit is set ("1"). 

Command write operations are to 
PORT 64H. The C/O bit will be set to 
("1") when a valid command has been 
written to PORT S4H. 

KEYBOARD PORT INTERFACE 
PROTOCOL 
Data transmission between the control­
ler, the keyboard, and mouse consist of 
a synchronous bit stream over the data 
and clock lines. The bits are defined as 
follows: 

Bit Function 

1 Start Bit (Always 0) 

2 Data Bit 0 (LSB) 

3-8 Data Bits 1-S 

9 Data Bit 7 (MSB) 

10 Parity Bit (Odd) 

11 Stop Bit (Always 1) 
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PROGRAMMER INTERFACE 
The programmer interface to the 
keyboard controller is quite simple, 
consisting of four registers: 

Register RIW 110 

Status R 64H 

Command W 64H 

Output Buffer R 60H 

Input Buffer W 60H 

The behavior of these registers differ 
according to the mode of operation (PC/ 
AT or PS/2). There exists only one 
mode register and one Status Register 
with different bit definitions for PC/AT 
mode and PS/2 mode. The bit defini­
tions for each register in each mode 
follows. 
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FIGURE 1. PC/AT MODE REGISTER (READ PORT 60H AFTER WRITE COMMAND 20H TO PORT 64H) 

7 6 5 4 3 2 o 

I 0 I KCC I KBD I DKB I INH I SYS I 0 I EKI I 

PC/AT MODE REGISTER 
Bit 0 • Enable Keyboard Interrupt (EKI). 
when set ("1") causes the controller to 
generate a keyboard interrupt whenever 
data (keyboard or controller) is written 
into the output buffer. 

Bit 1 • Reserved, should be written as 
110". 

Bit 2 • System Flag (SYS), when set 
("1 ") writes the System Flag bit of the 
Status Register to "1". This bit is used 

L ENABLEKBDINTERRUPT 
o = INT DISABLED 
1 ~ INT ENABLED 

RESERVED. SET TO 0 

SYSTEM FLAG 
o = SETS STATUS REG (2) = 0 
1 = SETS STATUS REG (2) = 1 

KEY LOCK INHIBrr OVERRIDE 
o = ENABLE KEY LOCK FUNCTION 
1 = DISABLE KEY LOCK FUNCTION 

DISABLE KEYBOARD 
0= ENABLED 
1 - DISABLED 

KEYBOARD TYPE 
o = AT STYLE KEYBOARD 
1 = PC STYLE KEYBOARD 

KEYCODE CONVERSION 
o = NO CONVERSION OF KEYCODES 
1 - CONVERSION ENABLED 

RESERVED. SET TO 0 

to indicate a switch from virtual to real 
mode when set. 

style keyboards. In this mode, parity is 
not checked and scan codes are not 
converted. Bit 3 • Inhibit Override (INH), when set 

("1") disables the keyboard lock function 
(KKSW Input). 

Bit 4 - Disable Keyboard (DKB), when 
set ("1") disables the keyboard by 
holding the -KCKOUT line low. 

Bit 5 - Keyboard Type (KBD), when set 
("1 i allows for compatibility with PC-
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Bit 6 - Keycode Conversion (KCC), 
when set ("1") causes the controller to 
convert the scan codes to PC format. 
When reset, the codes (AT keyboard) 
are passed along unconverted. 

Bit 7 - Reserved, should be written as 
"0". 
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VL82C106 

FIGURE 2. PS/2 MODE REGISTER (READ PORT 60H AFTER WRITE COMMAND 20H TO PORT 64H) 

7 6 5 4 3 2 o 

I 0 I KCC J OMS J DKB I 0 I SYSI EMI I EKI I 

PS/2 MODE REGISTER 
Bit 0 - Enable Keyboard Interrupt (EKI). 
when set ("1") causes the controller to 
generate a keyboard interrupt whenever 
data (keyboard or command) is written 
into the output buffer. 

Bit 1 - Enable Mouse Interrupt (EM I). 
when set ("1 ") allows the controller to 
generate a mouse interrupt when 
mouse data is available in the output 
register. 

L ENABLE KBD INTERRUPT 
o = INT DISABLED 
1 = INT ENABLED 

ENABLE MOUSE INTERRUPT 
o = INT DISABLED 
1 = INT ENABLED 

SYSTEM FLAG 
0= SETS STATUS REG (2) = 0 
1 = SETS STATUS REG (2) = 1 

RESERVED =0 

DISABLE KEYBOARD 
0= ENABLED 
1 = DISABLED 

DISABLE MOUSE 
0= ENABLED 
1 = DISABLED 

KEYCODE CONVERSION 
o = NO CONVERSION OF KEYCODES 
1 = CONVERSION ENABLED 

RESERVED. SET TO 0 

Bit 2 - System Flag (SYS). when set 
("1") writes the System Rag bit of the 
Status Register to "1". This bit is used 
to indicate a switch from virtual to real 
mode when sel. 

Bit 5 - Disable Mouse (OMS). when set 
("1") disables the mouse by holding the 
-MCKOUT low. 

Bit 6 - Keycode Conversion (KCC). 
when set ("1") causes the controller to 
convert the scan codes to PC formal. 
When reset. the codes (PS/2 keyboard) 
are passed along unconverted. 

Bit 3 - Reserved. ''0". 

Bit 4 - Disable Keyboard (OKB). when 
set ("1") disables the keyboard by 
holding the -KCKOUT low. 
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Bit 7 - Reserved. "0". 
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FIGURE 3. PC/AT STATUS REGISTER (READ ONLY - PORT 64H) 
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PCI AT Status Register 
Bit 0 - Output Buffer Full (OBF). when 
set ("1") indicates that data is available 
in the controller Data Bus Buffer. and 
that the CPU has not read the data yet. 
CPU reads to PORT 60H to reset the 
state of this bit. 

Bit 1 - Input Buffer Full (IBF). when set 
("11 indicates that data has been 
written to PORT 60H or 64H. and the 
controller has not read the data. 

Bit 2 - System Flag (SYS). when set 
("11 indicates that the CPU has 
changed from virtual to real mode. 

L OUTPUT BUFFER FULL 
0= EMPTY 
1 = FULL 

INPUT BUFFER FULL 
O=EMPTY 
1 = FULL 

SYSTEM FLAG 
o = COLD RESET 
1 = HOT RESET 

COMMAND/DATA 
0= DATA OR IDLE 
1 = COMMAND OR BUSY 

KEYBOARD ENABLE SWITCH 
O=DISABLED 
1 = ENABLED 

TRANSMIT TIME-OUT 
O=NORMAL 
1 = TIME-OUT OCCURRED 

RECEIVE TIME-OUT 
O=NORMAL 
1 = TIME-OUT OCURRED 

RECEIVE PARITY ERROR 
0= NORMAL 
1 = PARITY ERROR 

Bit 3 - Command/Data (CD). when set 
("11 indicates that a command has 
been placed into the Input Data Buffer 
of the controller. The controller uses 
this bit to determine if the byte written is 
a command to be executed. 

Bit 6 - Receive Time-<lut (RTIM). when 
set ("1") indicates that a transmission 
from the keyboard was not completed 
before the controller's internal timer 
timed-<lut. 

Bit 7 - Parity Error (PERR). when set 
("11 indicates that a parity error (even 
parity ~ error) occurred during the last 
transmission (received scan code) from 
the keyboard. When a parity error is 
detected. the output buffer is loaded 
with FFH. the OBF Status bit is set and 
the KIRQ pin is set ["1" if the EKI biV 
Mode Register bit 0 is set ("1")]. 

Bit 4 - Keyboard Enable (KBEN). 
indicates the state of the "keyboard 
inhibit" switch input (KKSW). "0" 
indicates the keyboard is inhibited. 

Bit 5 - Transmit TIme-<lut (TIIM). when 
set ("1") indicates that a transmission to 
the keyboard was not completed before 
the controller's internal timer timed-out. 
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FIGURE 4. PC/AT KEYBOARD SCAN CODE TRANSLATION TO PC/Xl SCAN CODE 

KEYBOARD SYSTEM KEYBOARD SYSTEM 
SCAN CODE SCAN CODE SCAN CODE SCAN CODE 

00 ff 30 69 
01 43 31 31 
02 41 32 30 
03 3f 33 23 
04 3d 34 22 
05 3b 35 15 
06 3c 36 07 
07 58 37 5e 
08 64 38 6a 
09 44 39 72 
Oa 42 3a 32 
Ob 40 3b 24 
Oc 3e 3c 16 
Od Of 3d 08 
Oe 29 3e 09 
Of 59 3f 5f 

10 65 40 6b 
11 38 41 33 
12 2a 42 25 
13 70 43 17 
14 1d 44 18 
15 10 45 Ob 
16 02 46 Oa 
17 5a 47 60 
18 66 48 6c 
19 71 49 34 
1a 2c 4a 35 
1b 1f 4b 26 
1c 1e 4c 27 
1d 11 4d 19 
Ie 03 4e Oc 
1f 5b 41 61 

20 67 50 6d 
21 2e 51 73 
22 2d 52 28 
23 20 53 74 
24 12 54 1a 
25 05 55 Od 
26 04 56 62 
27 5c 57 6e 
28 68 58 3a 
29 39 59 36 
2a 2f 5a lc 
2b 21 5b 1b 
2c 14 5c 75 
2d 13 5d 2b 
2e . 06 5e 63 
2f 5d 5f 76 
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KEYBOARD SYSTEM 
SCAN CODE SCAN CODE 

60 55 
61 56 
62 77 
63 78 
64 79 
65 7a 
66 oe 
67 7b 
68 7c 
69 4f 
6a 7d 
6b 4b 
6c 47 
6d 7e 
6e 7f 
6f 61 

70 52 
71 53 
72 50 
73 4c 
74 4d 
75 48 
76 01 
77 45 
78 57 
79 4e 
7a 51 
7b 4a 
7c 37 
7d 49 
7e 46 
71 54 

The following scan codes are converted 
by inline code: 

KEYBOARD SYSTEM 
SCAN CODE SCAN CODE 

83 41 
84 54 

Note: All other PC/AT scan codes 
are passed to the system 
untranslated . 
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VL82C106 
FIGURE 5. PS/2 STATUS REGISTER (READ ONLY· PORT 64H) 
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PS/2 Status Register 
B~ 0 • Output Buffer Full (OBF), when 
set ("1") indicates that data is available 
in the controller Data Bus Buffer, and 
that the CPU has not read the data yet. 
The CPU reads to PORT 60H reset the 
state of this b~. 

Bit 1 • Input Buffer Full (IBF), when set 
("100) indicates that data has been 
written to PORT 60H or 64H, and the 
controller has not read the data. 

B~ 2 • System Flag (SYS), when set 
("11 indicates that the CPU has 
changed from virtual to real mode. 

Bit 3 . Command/Data (CD), when set 
("1 ") indicates that a command has 
been placed into the Input Data Buffer 

L OllTPllT BUFFER FUll 
O.EMPTY 
1 = FUll 

INPUT BUFFER FUll 
0= EMPTY 
1 = FULL 

SYSTEM FLAG 
o = HOT RESET HAS NOT OCCURRED 
1 = HOT RESET HAS OCCURRED 

COMMAND/DATA 
O-DATAORIDlE 
,1 = COMMAND OR ACTIVE 

KEYBOARD ENABLE 
0= DISABLED 
1. ENABLED 

OllTPllT BUFFER SOURCE 
0= KEYBOARD 
1.MOUSE 

GENERAL TIME·OUT 
O.NORMAL 
1 = TIME-OUT OCCURRED 

RECEIVE PARITY ERROR 
O.NORMAl 
1 = PARITY ERROR 

of the controller. The controller uses 
this b~ to determine if the byte written is 
a command to be executed. This b~ is 
not reset until the command has 
completed its operation. 

started and that it did not complete 
within the normal time taken (approxi­
mately 11 KCKIN cycles). If the 
transmission originated from the 
controller, a FEH is placed in the output 
buffer. If the transmission originated 
from the keyboard, a FFH is placed in 
the output buffer. 

B~ 4 - Keyboard Enable (KBEN) 
indicates the state of the "keyboard 
inhibit" switch input (KKSW). "0" 
indicates the keyboard is inhibited. 

B~ 5 . Output Buffer Data Source 
(ODS), when set ("1") indicates that the 
data in the output buffer is mouse data. 
When reset, it indicates the data is from 
the keyboard. 

B~ 6 • Time-out Error (TERR). when set 
("11 indicates that a transmission was 
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Bit 7 - Parity Error (PERR), when set 
("11 indicates that a par~y error (even 
parity - error) occurred during the last 
transmission from the keyboard. When 
a parity error is detected, the output 
buffer is loaded w~h FFH, the OBF 
Status bit is set and the KIRQ pin is set 
["1" if the EKI b~lMode Register bit 0 is 
sel("1")]. 



• VLSI TECHNOLOGY, INC. 

COMMAND SET 
The command set supported by the 
keyboard controller supports two modes 
of operation, and a set of extensions to 
the AT command set for the PS/2. In 
both modes, the command is imple­
mented by writing the command byte to 
PORT 64H. Any subsequent data is 
read from PORT 60H (see description 
of command 20) or written to PORT 
60H (see description of command 
PORT 60H). The commands for each 
mode are shown in the table below: 

PC/AT Mode: 

Comm. Description 

20 Read Mode Register 

21-3F 
Read Keyboard Controller 
RAM (Byte 1-31) 

60 Write Mode Register 

61-7F 
Write Keyboard Controller 
RAM (Byte 1-31) 

M Self Test 

AB KBD Interface Test 

AC Diagnostic Dump 

AD Disable Keyboard 

AE Enable Keyboard 

CO Read Input Port (P1 O·P17) 

DO Read Output Port (P20-P27) 

01 Write Output Port 

EO Read Test Inputs (TO, T1) 

FO-FF Pulse Output Port (P20-P27) 

Note: If data is written to the data 
buffer (PORT 60H) and the com­
mand preceding it did not expect 
data from the port (PORT 60H) 
the data will be transmitted to 
the keyboard. 

Added PS/2 Commands: 

Comm. Description 

A4 Test Password 

AS Load Password 

A6 Enable Password 

A7 Disable Mouse 

AS Enable Mouse 

A9 Mouse Interface Test 

C1 
Poll in Port Low 
(P10-P13 -> 84-S7) 

C2 
Poll in Port High 
(P14-P17 -> 84-S7) 

01 Write Output Port 

02 Write Keyboard Output Buffer 

03 Write Mouse Output Buffer 

04 Write to Mouse 

The following is a description of each 
command: 

20 Read the keyboard controller's 
Mode Register (PC/AT and PSI 
2) - The keyboard controller 
sends its current mode byte to 
the output buffer (accessed by a 
read of PORT 60H). 

21-3F Read the keyboard controller's 
RAM (PC/AT and PS/2) - Bits 
04-00 specify the address. 

60 Write the keyboard controller'S 
Mode Register (PC/AT and PSI 
2) - The next byte of data 
written to the keyboard data port 
(PORT 60H) is placed in the 
controller's mode register. 

61-7F Write the keyboard controller's 
RAM (PC/AT and PS/2) - This 
command writes to the internal 
keyboard controller RAM with 
the address specified in bits 04-
DO. 

A4 Test Password Installed (PS/2 
only) - This command checks if 
there is currently a password 
installed in the controller. The 
test result is placed in the output 
buffer (the OBF bit is set) and 
KIRQ is asserted (if the EKI bit 
is set). Test result - FAH means 
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that the password is installed, 
and F1 H means that it is not. 

Load Password (PS/2 only) -
This command initiates the 
password load procedure. 
Following this command, the 
controller will take data from the 
input buffer port (PORT 60H) 
until a OOH is detected or a full 
eight byte password including a 
delimiter (e.g. <cr» is loaded 
into the password latches. Note: 
this means that during password 
validation, the password can be 
a maximum of seven bytes with 
a delimiter such as <cr>. 

A6 Enable Password (PS/2 only) -
This command enables the 
security feature. The command 
is valid only when a password 
pattern is written into the 
controller (see AS command). 
No other commands will be 

A7 

AS 

A9 

Data 

00 

01 

02 

03 

04 

"honored" until the security 
sequence is completed and 
command A6 is cleared. 

Disable Mouse (PS/2 only) -
This command sets bit S of the 
Mode Register which disables 
the mouse by driving the 
-MCKOUT line low. 

Enable Mouse (PS/2 only) - This 
command resets bit S of the 
Mode Register, thus enabling 
the mouse. 

Mouse Interface Test (PS/2 
only) - This command causes 
the controller to test the mouse 
clock and data lines. The 
results are placed in the output 
buffer (the OBF bit is set) and 
the KIRQ line is asserted (if the 
EKI bit is set). The results are 
as follows: 

Meaning 

No Error 

Mouse Clock Line Stuck Low 

Mouse Clock Line Stuck High 

Mouse Data Line Stuck Low 

Mouse Data Line Stuck High 
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AA Self Test command (PC/AT and 
PS/2) - This commands the 
controller to perform internal 
diagnostic tests. A 55H is 
placed in the output buffer n no 
errors were detected. The OBF 
bit is set and KIRQ is asserted 
(if the EKI bit is set). 

AB Keyboard Interface Test (PC/AT 
and PS/2) - This command 
causes the controller to test the 
keyboard clock and data lines. 
The test result is placed in the 
output buffer (the OBF bit is set) 
and the KIRQ line is asserted (if 
the EKI bit is set). The results 
are as follows: 

Data Meaning 

00 No Error 

01 Keyboard Clock Line Stuck Low 

02 Keyboard Clock Line SttJck High 

03 Keyboard Data Line Stuck Low 

04 Keyboard Data Line Stuck High 

AC Diagnostic Dump (PC/AT only, 
Reserved on PS/2) - Sends 16 
bytes of the controller's RAM, the 
current state of the input port, 
and current state of the output 
port to the system. 

AD Keyboard Disable (PC/AT and 
PS/2) - This command sets bit 4 
of the Mode Register to a "1". 
This disables the keyboard by 
driving the clock line (-KCKOUT) 
high. Data will not be sent or 
received. 

AE Keyboard Enable (PC/AT and 
PS/2) - This command resets bit 
4 of the mode byte to a ·0". This 
enables the keyboard again by 
allowing the keyboard clock to 
free-run. 

CO Read P1 Input Port (PC/AT and 
PS/2) - This command reads the 
keyboard input port and places it 
in the output buffer. This 
command overwrites the data in 
the buffer. 

C1 Poll Input Port low (PS/2 only) -
P1 bits 0-3 are written into Status 

C2 

DO 

Bit 

0 

1 

2 

3 

4 

5 

6 

7 

Register bits 4-7 until a new 
command is issued to the 
keyboard controller. 

Poll Input Port high (PS/2 only) -
P1 bits 4-7 are written into . 
Status Register bits 4-7 until a 
new command is issued to the 
keyboard controller. 

Read Output Port (PC/AT and 
PS/2) - This command causes 
the controller to read the P2 
output port and place the data in 
its output buffer. The definitions 
of the bits are as follows: 

PC/AT PS/2 
Pin Mode Mode 

P20 -RC -RC 

P21 A20Gate A20 Gate 

P22 Speed Sal -MOOUT 

P23 
Shadow 

-MCKOUT Enable 

P24 
Output 

KIRQ Buffer Full 

P25 MIRQ 

P26 -KCKOUT -KCKOUT 

P27 KOOUT -KDOUT 

Note: P22 (bit 2) is the speed control 
pin used by Award BIOS, and 
this is different from what is 
used by Phoenix and AMI. 

01 Write Output Port (PC/AT and 
PS/2) - The next byte of data 
written to the keyboard data port 
(PORT 60H) will be written to 
the controller's output port. The 
definitions of the bits are as 
defined above. In PC/AT mode, 
P26 and P27 are not modified. 
In PS/2 mode, P22, P23, P26 
and P27 are not modified. 

02 Write Keyboard Output Buffer 
(PS/2 only) - The next byte 
written to the data buffer (PORT 
60H) is written to the output 
buffer (60H) as if initiated by the 
keyboard [the OBF bit is set ("1 ") 
and KIRQ will be set if the EKI 
bit is set ("1")]. 
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03 Write Mouse Output Buffer (PS/ 

2 only) - The next byte written to 
the data buffer (PORT 60H) is 
written to the output buffer as if 
initiated by the mouse [the OBF 
bit is set ("1 j and MIRQ will be 
set if the EMI bit is set ("1 "ll. 

04 Write to Mouse (PS/2 only) -
The next byte written to the data 
buffer (PORT 60H) is transmit­
ted to the mouse. 

EO Read Test Inputs (PC/AT and 
PS/2) - This command causes 
the controller to read the TO and 
T1 input bits. The data is placed 
in the output buffer with the 
following meanings: 

Bit PClATMode PS/2 Mode 

0 Keyboard Data Keyboard Clock 

1 Keyboard Clock Mouse Clock 

3-7 Read asO's Read as O's 

FO-FF Pulse Output Port (PC/AT and 
PS/2) - Bits 0-3 of the control­
ler's output port may be pulsed 
low for approximately 611S. Bits 
0-3 of the command specify 
which bit will be pulsed. A ·0" 
indicates that the bit should be 
pulsed; a "1" indicates that the 
bit should not be modified. FF is 
treated as a special case (Pulse 
Null Port). In PC/AT mode, bits 
P26 and P27 are not pulsed. In 
PS/2 mode, bits P26, P27, P22 
and P23 are not pulsed. 
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IDE Bus Interface Control 
Integrated Drive Electronics bus 
interface control signals are provided by 
the VL82C10S Combo chip. The timing 
and drive for these lines are consistent 
with the Conner Peripherals CP342 
Integrated Hard Disk Manual. 

A set of signals are used for this 
interface when the Vl82C1 OS Combo 
chip is configured to support the IDE 
interface via IDE_EN, bit S of Control 
Register 1 (RTC Register SAH). 

The Combo chip has duplicated bit 1 of 
the "Fixed Disk Register" (110 3FSH) to 
enable IRQI. 

Input Signals: 

IDINT This signal indicates an 
interrupt request to the 
system. It is used to 
generate IRQI. 

Output Signals: 

-CS4 Chip Select 4. This signal 
is used as the floppy disk 
chip select. The default 
decode is 03F4H-03FSH, 
but may be redefined as de­
scribed in the section on 
Combo Chip Control 
Registers. The IDE_EN 
control bit of Control 
Register 1 has no effect on 
this signal. -CS4 is also 
active when -CDAK4 is 
active. 

-CSS 

-HCS1 

Chip Select S. This signal 
is used as the -HOST CSO 
of the IDE bus. The default 
decode is 01 FOH-01 F7H, 
but may be redefined as de­
scribed in the section on 
Combo Chip Control Regis­
ters. The IDE_EN control 
bit of Control Register 1 has 
no effect on this signal. 

This signal is active (low) 
for address 03FSH-03F7H 
and is used as -HOST 
CS1 of the IDE bus. 

-IDENH This signal is used to drive 
the -OE pin of an external 
74lS245 buffering bits 8-1S 
of the IDE data bus to the 
SO bus. It is active (low) 
when: 

-CSS is active AND SA2-
SAO - 000. 

-IDENl This signal is used to drive 
the -OE pin of an external 
74lS24S buffering bits O-S 
of the IDE data bus. It is 
active (low) when: 

-CSS is active OR SAO­
SAg = 3FS OR 3F7. 

This allows a simple im­
plementation for an IDE bus 
that includes both the hard 
disk controller and the 
floppy disk controller. 

IRQI This is the three-state 
interrupt request to the 
CPU. It is normally tied 
directly to the IRQ14 signal 
of the system. It reflects the 
state of the IDINT input and 
is enabled by writing bit 1 = 
o of 1/0 3FSH as long as 
IDE_EN_1. Resetor 
disabling the IDE system 
three-states IRQI. 

-IOCS1S The Vl82C106 Combo chip 
has multiple sources for this 
signal. It is driven active 
(low) when: 

(-CSS is active AND SAO­
SA2 = 000 AND IDE_EN = 
1 AND {(CS_MODE = 0) 
OR (CS_MODE = 1 AND 
1S-bit operation selected for 
CSS)}) OR (any other CS is 
active with 1S-bit operation 
selected AND CS_MODE = 
1) OR (IDE_EN = 0 AND 
CSS is active AND 1S-bit 
operation is selected AND 
CS_MODE = 1). 

Bidirectional Signals: 

IDB7, -DC The control for the trans­
ceiver between IDB7, -DC, 
and SD7 is as follows: 

IDB7 -> SD7 when: 

(-CSS is active OR SAO­
SAg = 3FS) AND -lOR is 
active AND IDE_EN = 1 
AND NOT SAO-SA9 = 
3F7H. 

-DC -> SD7 when SAO­
SAg = 3F7H AND -lOR is 
active AND IDE_EN = 1. 

S-20S 
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SD7 -> IDB7 at all other 
times when IDE EN=1, 
three-stated (with internal 
pull-up) if IDE_EN=O. 

Combo Chip Control Ports: 
Contained in the Vl82C1 OS are a set of 
2S registers used for programming 
peripheral chip select base addresses, 
chip select address ranges, and 
enabling options. Each base address 
register is a 1S-bit register with bits 
corresponding to address bits A1S-AO. 
In addition to base address registers, 
there is an address range register that 
can be used to "don't-care" bits (AO-A4) 
used in the address range comparison, 
effectively controlling the address space 
occupied by the chip select from 1 to 32 
bytes. There are also programmable 
bits to selectively generate wait states, 
and assert -IOCS1S whenever the 
corresponding address range is 
present. These registers are used in 
groups of three per chip select, and are 
defined as shown below: 

Base Address Register (lSB): 

Bit Description 

0 Base Address, Bit AO 

1 Base Address, Bit A 1 

2 Base Address, Bit A2 

3 Base Address, Bit A3 

4 Base Address, Bit A4 

S Base Address, Bit AS 

S Base Address, Bit AS 

7 Base Address, Bit A7 

Base Address Register (MSB): 

Bit Description 

0 Base Address, Bit A8 

1 Base Address, Bit A9 

2 Base Address, Bit A 10 

3 Base Address, Bit A 11 

4 Base Address, Bit A12 

S Base Address, Bit A 13 

S Base Address, Bit A 14 

7 Base Address, Bit A 1S 
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Range Register: 

Bit Description 

0 Don't Care, Bit AO 

1 Dont' Care, Bit A1 

2 Don't Care, Bit A2 

3 Don't Care, Bit A3 

4 Don't Care, Bit A4 

5 Wait State 0 

6 Wait State 1 

7 8116 Bit 1/0 

The only bits that need detailed 
descriptions are those contained in the 
Range Register. These bits are defined 
as follows: 

Bits 0 to 4 - Don't Care Bits, when set 
("1") causes that corresponding bit to be 
ignored during the chip select genera­
tion, effectively allowing the chip select 
signals to correspond to a range or 
ranges of addresses in the space from 
Base Address + 0 to Base Address + 
31. 

Bits 5 & 6 - Wait State 0 and 1, these 
bits determine the number of wait states 
that will be generated whenever the 
corresponding chip select signal is 
generated. They generate wait states 
according to the following table: 

WS1 WSO Walt States· 

0 0 0 

0 1 1 

1 0 3 

1 1 7 

Note: Programmed wait states can 
only extend the 110 cycle set 
by the system architecture. 

Bit 7- S/16 Bit I/o, this bit is used to se­
lectively assert -IOCS16 whenever the 
corresponding chip select signal is 
generated. When set ("1"), the access 
is defined as an S-bit access, and 
-IOCS 16 is not asserted • 

• Number of wait states = number of 
SYSCLK cycles lOCH ROY is forced 
inactive (low) by the Combo chip. 

Default Chip Selects 
The VLS2Cl06 Combo chip also has 
several hard-wired default chip selects 
for the serial ports, line printer port, 
floppy disk chip select and hard disk 
chip select. These default chip selects 
are used after a reset until the battery­
backed programmable values are 
enabled via bit 3 of the second control 
register (RTC register 6AH). The wait 
state and non IDE -IOCS16 values are 
also disabled in this mode. This allows 
the Combo chip to function normally 
withoUt the need for programming. The 
default chip selects are: 

Select! 
Device Address 

COMA 3FSH-3FFH 
(Bit 3 of RTC Reg 69H = 1) 
2FSH-2FFH 
(Bil 3 of RTC Reg 69H = 0) 

COMB 2FSH-2FFH 
(Bit 3 of RTC Reg 69H = 1) 
3F8H-3FFH 
(Bit 3 of RTC Reg 69H = 0) 

LPT 03BCH-03BFH 
(Bil 5, 6 of RTC Reg 69H = 0, 0) 
0378H-037BH 
(Bit 5, 6 of RTC Reg 69H = 1, 0) 
027SH-027BH 
(Bi15, 6 of RTC Reg 69H = 0,1) 

-eS4 03F4H-03F5H 

-eS5 01 FOH-Ol F7H 

-eS6 03F2H AND -lOW is Active 

-eS7 03F7H AND -lOW Is Active 

Note: Note that on reset, COMA, 
COMB, LPT, and -eS4 through -CS7 
are enabled and set to the hard-wired 
values. -eS6 and -CS7 are only 
qualified by -lOW when the hard-wired 
decodes are enabled. By writing values 
to control registers 7 Ah through 7Fh 
and enabling these values via bit 3 of 
Control Register 1, the -lOW qualifica­
tion is removed. -eS6 and -CS7 then 
become general purpose chip selects 
usable for read and write cycles. 
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Addr Usage 

69 Control Register O· 

SA Control Register 1· 

6B CS1 COMA Base Add LSB 

6C CS1 COMA Base Add MSB 

60 CS1 COMA Range 

6E CS2 COMB Base Add LSB 

6F CS2 COMB Base Add MSB 

70 CS2 COMB Range 

71 CS3 LPT Base Add LSB 

72 CS3 LPT Base Add MSB 

73 CS3 LPT Range 

74 CS4 FOC Base Add LSB 

75 CS4 FOC Base Add MSB 

76 CS4 FOC Range 

77 CS5 HOC Base Add LSB 

78 CS5 HOC Base Add MSB 

79 CS5 HOC Range 

7A CS6 Base Add LSB 

7B CS6 Base Add MSB 

7C CS6 Range 

70 CS7 Base Add LSB 

7E CS7 Base Add MSB 

7F CS7 Range 

Combo Chip Control Register 
The VL82C106 Combo chip contains a 
number of programmable options, 
including peripheral base address and 
chip select "hole" size. The registers 
used to provide this control are located 
in the upper bytes of the RTC address 
space. They are defined as follows: 

• Note: Control Register 0 and 1 are 
not battery-backed via the 
VBAT supply. 
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This register can also be accessed at 
address 102H, for PS/2 compatibility. 
The contents of the register are detailed 
below: 

Value After 
Bit Usage Reset 

0 SYS BD EN Enabled (1) 

1 FDCS EN 
(CS4) 

Enabled (1) 

2 COMA EN 
Enabled (1) (CS1) 

3 COMADEF COM1 (1) 

4 LPT EN (CS3) Enabled (1) 

5 LPT DEFO Paralled 
(0) Port 1 

6 LPT DEF 1 Disabled (0) 

7 -EMODE 
Compat. 

(1) Mode 

Bit 0 - System Board Enable (SYS BD 
EN) Control bit, when set ("1") allows 
bits 1, 2, and 4 to enable and disable 
their respective devices. When reset 
(''OJ the floppy disk chip select (CS4), 
COMA (CS 1), and the LPT port (CS3) 
are disabled regardless of the contents 
of bits 1, 2, and 4. 

Bit 1 - Floppy Disk CS Enable (FDCS 
EN) Control bit, when set ("1") allows 
the FD CS signal (CS4) to be asserted 
to an external floppy disk controller 
chip. When reset ("0") prevents the 
assertion of this chip select. 

Bit 2 - Communications Port A Enable 
(COMA EN) Control bit, when set ("1") 
allows the internal COMA (CS1) port to 
be accessed. When reset ("0") COMA 
is disabled. 

Bit 3 - Communications Port A Defauk 
Address (COMA DEF) Control bit, when 
set ("1") forces the hard-wired defauk 
base address to COMA to correspond 
to (3FSH-3FFH) and COMB to (2FSH-
2FFH). When reset ("0") forces the 
COMA hard-wired address to (2FSH-
2FFH) and COMB to (3FSH-3FFH). 
The base address will be the pro­
grammed values if bit 3 of control 
register 1 (RTC register 6AH) is set. 

Bit 4 - Line Printer Port Enable (LPT 
EN) Control bit, when set ("1") enables 
the LPT port (CS3). When reset (''OJ 
disables the LPT port. 

Bit 5 & 6 - Line Printer Default bits 0 
and 1 (LPT DEF 0 and 1) Control bits, 
set the Line Printer Base hard-wired 
address defauks as shown below: 

Bit Bit 
6 5 Address Range 

0 0 03BCH-03BFH 

0 1 037SH-037BH 

1 0 027SH-027BH 

1 1 Reserved 

Setting bit 3 of RTC register 6AH 
changes the base address to that set in 
the program address registers for LPT 
(CS3). 

Bit 7 - Line Printer Extended Mode 
(EMODE) Control bit, when set ("1 j 
disables the Extended Mode and forces 
PC/AT compatibility. When reset ("0"), 
the Extended. Mode is enabled, allowing 
the printer port direction to be con­
trolled. 

Control Register 1 (RTC Register 
6AH) Bits 
This register is used to control periph­
eral chip selects that are not included in 
Control Register O. The bits in this 
register are defined as follows: 

Value After 
Bit Usage Reset 

0 COMB EN Enabled (1 ) 

1 ATIPS2 KBD AT (1) 

2 PRIVEN Enabled (1 ) 

3 CS MODE Hard-wire (0) 

4 HDCSEN Enabled (1 ) 

5 IDE EN Enabled (1) 

6 CS6EN Enabled (1 ) 

7 CS7EN Enabled (1) 

Bit 0 - Communication Port B Enable. A 
"1" enables COMB (CS2). A zero ("0") 
disables COMB. 
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Bit 1 - AT or PS/2 Compatible Key­
board. A "1" selects PC/AT type 
keyboard controller functions, while a 
"0" places the keyboard controller in 
PS/2 mode. 

Bit 2 - Private Controls Enable. When 
in AT mode (ATIPS2_KBD = 1), this bit 
is used to latch the values of the 
keyboard controller's output signals 
KHSE, KSRE, and IROM to the 
VLS2Cl06 output pins. When "1", 
these outputs follow the keyboard 
controller's outputs. When "0·, these 
outputs held at that value regardless of 
the keyboard controller's outputs. 

When in PS/2 mode (AT/PS2_KBD = 
0), this bit has no effect on the KHSE, 
KSRE, and IROM output pins. The.' 
Combo chip outputs follow the key­
board controller's outputs. 

Bit 3 - Chip Select Decode Mode. When 
"0", CS1-CS7 decodes revert to the 
hard-wired address decoding and non 
IDE -IOCS16 and lOCH ROY genera­
tion is disabled. A "1" enables the 
address decoding, wait state generation 
and S/16-bit operation as programmed 
into the RTC registers 69H-7FH. (See 
sections on Default Chip Selects and 
Combo Chip Control Register.) 

Bit 4 - Hard Disk Chip Select Enable. A 
"1" enables the Hard Disk Chip Select 
signal (-CS5), while a "0" disables the 
chip select. 

Bit 5 - Integrated Drive Electronics 
Enable. A "1" enables the IDE func­
tions of outputs -IDENH, -IDENL, IROI, 
-IOCS16, and IDB7 as described in 
IDE Bus Interface Control section. 

Bit 6 - Chip Select 6 Enable. When "0", 
the -eS6 output is disabled. A "1" 
enables the address decoding, wait 
state generation and S/16-bit operation 
as programmed into the RTC registers 
7A-7CH. (See sections on Default Chip 
Selects and Combo Chip Control 
Registers.) 

Bit 7 - Chip Select 7 Enable. When ·0", 
the -eS7 output is disabled. A "1" 
enables the address decoding, wait 
state generation and S/16-bit operation 
as programmed into the RTC registers 
7D-7FH. (See sections Default Chip 
Selects and Combo Chip Control 
Register.) 
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VL82C106 
Miscellaneous Control Signals -CDAK4 This input will directly Note: Programmed wait states 
XDDIR This input signal is produce an active low on can only extend the I/O 

normally generated by the -CS4 when active low cycle, i.e., if the system 
system. It is inactive (low) itself and is used by the architecture provides four 
when data is transferred IDE logic. wait states for 8-bit I/o, 
from the XD bus to the SD -IOCS16 This output signal is used programming 1 or 3 has no 
bus, i.e., interrupt acknowl- to indicate to the system effect. 
edge cycles and I/O read that the peripheral being XTAL1 This pin is the input to the 
accesses to addresses accessed is a 16-bit on-board 18.432 MHz 
OOOH-oFFH. device. It is set active crystal oscillator. This pin 

XDIRS This output signal is to (low) when a programmed may also be driven by an 
control the direction pin of chip select, which specifies external CMOS clock 
a transceiver between the 16-bit I/o, is decoded or signal at 18.432 MHz. 
XD bus and the SD bus for certain IDE functions. 

XTAL2 This pin is the output pin of 
when the Combo chip is (See sections on Combo the internal crystal 
on the SD bus. Since the Chip Control Ports and 

oscillator and should be 
architecture assumes the IDE Bus Interface Control.) 

left open and unloaded if 
RTC and Keyboard When 16-bit programmed an external clock signal is 
Controller are on the XD chip select operation is applied to the XTAL1 pin. 
bus, this signal is set selected, -IOCS16 This pin is not capable of 
active (high) when XDDIR becomes active on the driving external loads other 
is high or either the RTC or leading edge of ALE and than the crystal. 
the Keyboard Controller is inactive on the trailing 
selected. -TRI This pin is used for in-

edge of -lOW or -lOR. circuit testing. When low, 
XDIRX This output signal is to For 8-bit operation or 

all outputs and I/O pins are 
control the direction pin of default chip select opera- placed in the high imped-
the transceiver between tion, -IOCS16 is inactive 
the XD bus and the SD during -lOW or -lOR 

anee state. 

bus when the Combo chip active. -ICT This pin, when strobed 
is on the XD bus. Since IOCHRDY This output signal is used 

low, places the VL82Cl06 
the architecture assumes into test mode, determined 
the peripherals other than 

to the lengthen I/O cycle to 
by the data on the SDO 

the peripheral being 
the RTC and Keyboard accessed. It is set inactive 

through SD3 pins. The 
Controller are on the SD (low) for the programmed 

chip will remain in this 
bus, this signal is inactive number of wait states 

mode until RES is as-
(low) when the XDDIR is when a programmed chip 

serted. Test mode may be 
low or when -lOR is low select, which specifies 

changed by strobing this 
and any chip select (CS1- one, three, or seven wait 

pin low again with different 
CS7) is generated. states, is decoded. (See 

data on the SDO-SD3 pins. 

-XDEN This output signal is used the section IDE Bus 
to enable the XD bus Interface Control.) 
transceiver when the IOCHRDY transitions 
VL82Cl06 Combo chip is inactive at the falling edge 
placed on the XD bus and of -lOW or -lOW, if 
DMA's are desired for enabled, and returns high 
peripherals controlled by at the falling edge of 
the Combo chip selects. It SYSCLK after the appro-
is the AND of -lOR and priate number of wait 
-lOW (active low when states (SYSCLK cycles). 
either -lOR or -lOW are 
active). 
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VL82C106 
AC CHARACTERISTICS: TA = ooe to +70oe, vee = 5 V ±5%, GND = 0 V 

Parameter Conditions 

I/O ReadlWrite Fiaures 6 7 

tSU1 Address Setup lime 55 ns 

tH2 Address Holdlime 20 ns 

tSU3 AEN Setup lime 55 ns 

tH4 AEN Hold lime 20 ns 

t5 Command Pulse Width 125 ns 

tSU6 Write Data Setup 60 ns 

tH7 Write Data Hold 20 ns 

t08 Read Data Delay 0 130 ns CL=200 pF 

tH9 Read Data Hold 5 60 ns CL=50pF 

WC Write Cycle 280 ns 

RC Read Cycle 280 ns 

Chip Select Timing (Hard-wired) Figures 8 10 

t011 Chip Select Delay from Address 35 ns CL=50 pF 

t012 -CS6, -CS7 Delay from -lOW 30 ns CL=50 pF 

t013 -IOCS16 Active from Address 60 ns CL=200 pF 

tD14 -CS4 Delav from -CDAK4 25 ns CL=50pF 

Chip Select Timing (Programmable) Figures 8 10 

tD11 Chip Select Delay from Address 45 ns CL=50 pF 

tD13 -IOCS16 Active from Address 70 ns CL-200 eF 

tD14 -CS4 Delay from -CDAK4 25 ns CL=50 pF 

-IOCS16110CHRDY Timing Figures 9 10 

t015 IOCHRDY Inactive from Command 50 ns CL=200 pF 

t016 lOCH ROY Active from SYSCLK 55 ns CL=200 pF 

tD17 -IOCS16 Inactive from Command 55 ns CL=200 pF 

SYSCLKlALE Timing Figures 9 10 

t18 SYSCLK Period 84 ns 

t19 SYSCLK Pulse Width Low 35 ns 

t20 SYSCLK Pulse Width High 35 ns 

t21 ALE Pulse Width Hiah 40 ns 

Note: -IOeS16, IOCHRDYare open-drain outputs with an active pull-up for approximately 10 ns. These parameters are 
measured at VOH = 1.5 V with a 300 ohm pull-up. Actual performance will vary depending on system configuration. 
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VL82C106 

AC CHARACTERISTICS (Cont.): TA = o·c to +70·C, VCC = 5 V ±50/0, VSS = 0 V 

Symbol Parameter Un" Conditions 

IDE Interface Timing Figure 11 

1018 IRQI Delay from IDINT 40 ns CL=100 pF 

tD19 IDENHIIDENL Delay from Address 60 ns CL=50 pF 

tD20 IDB7 Delay from SD7 InplJi 40 ns CL=200 pF 

tD21 SD7 Dela~from IDB7 Inp~t 40 ns CL=200 pF 

tD22 SD7 Delay from -DC Input 40 ns CL=200 pF 

1023 SD7 Delay from -lOR During IDE Access 0 85 ns CL.200pF 

tH24 SD7 Hold from -lOR Inactive 5 60 ns CL=50 pF 

1025 IDB7 Delay from -lOR Inactive 0 85 ns CL=200pF 

IH26 IDB7 Hold from -lOR Active 5 60 ns CL=50 pF 

XDATA Control Timing Figure 12 

tD27 -XDIRS/-XDIRX Delay from -XDDIR 30 ns CL=50 pF 

1028 -XDIRX Delay from -lOR 30 ns CL=50 pF 

1029 -XDEN Delay from Command 30 ns CL=50 pF 

Real Time Clock Timing Figure 18 

IPSPW Power Sense Pulse Width 2 I.I.S 

tPSD Power Sense Delay 2 gs 

tVRTD VRTBit Delay 2 J.lS 

tSBPW -STBY Pulse Width 2 J.lS 
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AC CHARACTERISTICS (Cont.): TA = o·c to +70·C, VCC = 5 V ±5%, GND = 0 V 

Symbol Parameter 

SERIAL, PRINTER 
Transmitter Figure 13 

tHR1 
Delay from Rising Edge of -lOW 
(WR THR) To Reset Interrupt 

IIRS Delay from THRE Reset to Transmit Start 

tSI Delay from Write to THRE 

tSTI Delay from Stop to Interrupt (THRE) 

IIR 
Delay from -lOR (RD IIR) 
to Reset Interrupt (THRE) 

Modem Control Figure 14 

tMDO 
Delay from -lOW 
(WR MCR) to Output 

tSIM Delay to Set Interrupt from MODEM Input 

tRIM 
Delay to Reset Interrupt from 
-lOR (RS MSR) 

Receiver Figure 12 

tSINT Delay from Stop to Set Interrupt 

tRINT 
Delay from -lOR 
(RD RBRlRDlSR) to Reset Interrupt 

Parallel Port Figure 15 

tOT Data Time 

tSB Strobe Time 

tAD Acknowledge Delay (Busy Start to Acknowledge) 

tAKD Acknowledge Delay (Busy End to Acknowledge) 

tAK Acknowledge Duration Time 

tBSY Busy Duration Time 

tBSD Busy Delay Time 

175 ns 

16 
ClK 

Cycles 

8 24 ClK 
Cycles 

8 ClK 
Cycles 

250 ns 

250 ns 

250 ns 

250 ns 

1 
ClK 

Cycles 

1 ILs 

1 ILs 

1 500 ILs 

ILs 

ILs 

ILs 

ILs 

ILs 

VL82C106 

Conditions 

100 pF load 

Note 2 

Note 2 

Note 2 

100 pF load 

100 pF load 

100 pF load 

100 pF Load 

Note 2 

100pF load 

Software Controller 

Software Controller 

Defined by Printer 

Defined by Printer 

Defined by Printer 

Defined by Printer 

Defined by Printer 

Notes: 1. All timing specifications apply to pins on both serial channels (e.g. RI refers to both RIO and RI1). 
2. ClK cycle refers to external 18.432 MHz clock divided by 10, e.g. 1.8432 MHz. 
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BUS TIMING 

-*----------WC----------==J ____ _ 
SA SA VAllO 

tH2 

~------ t5------~I_--_+--~ 
-lOW 

/ so __________ 1 _____ _ 

tSU3 

AEN 

FIGURE 7. READ CYCLE 

SA 

RC-----------,~I 1.------

SA VAllO 

----..... -L....I-I~ ... ~------- t5 
tSU1 l----t---~ 

-lOR 

tH2 

t08 tH9 

SO------t----~~ __ ~_ 

tSU3 

AEN 
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VL82C106 
CHIP SELECT TIMING 

RGU:=t-t-D1-1--1---:S::-A::VA;;-L~ID~----1 mIt OO~ 
-HCS1! ~ ,--___ _ 
~~ I' / 

-C
DAK41 j r- 1014 t tD14 _ 

- -----r~ -CS4 '---

SA --~X'-___ -=S::..:.A..:..:. VA.:.::.LI_D ____ ~X __ _ 

-lOW 

1012 

-CS6, 
-CS7 
(HIW) 

-eS6 -CS7 hard-wired. Note: Except , 
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lOCH ROY TIMING 
FIGURE 9. 

----I t18 I--
SYSCLK 

-lOW/-lOR ~ 

t20 ----I I-- ----I I-- t19 

(COMMAND) '-_ _ _ _____ J 

tD15 --j r: ®* --j r- tD16 

IOCHRDY \=S~G1: ~ ~ ~ J®~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~/0 * 
-csx ~~ ______________________________ _ 

• Programmed number of wait states. 0 - 0 wait state, 1 - 1 wait states, etc. 

IOCS16 TIMING 

FIGURE 10. 

SYSCLK 

----I t21 I--
ALE r---\ 

--------~I \~ ______________________ _ 

SA ____________ ~)(~ ____ S_A_V_A_Ll_D ________________ __ 

-lOW/-lOR 
(COMMAND) 

-CSX 

-IOCS16 

I-- tD13 ----I I-- to .17 
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IDE INTERFACE TIMING 

FIGURE 11. _________ ~\ 

IDINT ~ _________ _ 

~ I--tD18 

----------~\~--------­IRQI 

SA 

-CS5 

-IDENH, 
-IDENL 

-lOR 

SD7 
(INPUT) 

IDB7 
(OUTPUT) 

IDB7 

tD19 

r 
tD25 -l 

(INPUT) ___ _ 

-DC 

SD7 ___ , 
(OUTPUT) '--_ 

SA VALID 

tD20 

IDB7 

~tD23 
-lOR ~ _____ _ 

tH26 
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VL82C106 
XDATA CONTROL TIMING 

FIGURE 12. 

W27 ~ ~ -XDDIR 

-1 IID27 t fi -XDIRX, 
-XDIRS 

-CSX \ 

t028 ~ V -lOR 

-1 IID28 t ~ -XDIRX 

t~) V -lOW/-lOR 

~ I--- ID29 t ~ -XDEN 
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RECEIVER TIMING 
AGURE 13. 

SIN \ dDATABITS (!HI) (RECEIVERS -..:.:TA_R_TL_-l1?-___ _ INPUT \.. 
DATA) 

SAMPLE JL--.l-~-~~L--L--~~G~;-~~-~= ClK 

INTERRUPT 

(DATA READY OR __________________ _ RCVRERR) 

-lOR 

TRANSMITTER TIMING 
FIGURE 14. 

SERIAL 
OUT (SOUT) 

INTERRUPT 
(THRE) 

DATA (5-8) 
'---1. ______ PARITY 

STOP (1-2) 

VL82C106 

-DW • -1~ (WRTHR)~~~~~~~ ___________________ ~ 
-lOR 

(RDIIR) 

MODEM TIMING 
FIGURE 15. 

-lOW ---.. ..JL 
(WR MeR) __ \---~--t!MOO 

-RTS, -DTR _ 

-CTS,-DSR,-DCD ___ _ 

-INTERRUPT ----t-~ 

-lOR 
(RDMSR) 

-RI 

\ f ~OO~ f 
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PARALLEL PORT TIMING 
FIGURE 16. 

DATA 

-STB 

-=f.J~--¥~1= 
U 

~1.~----tAD----~~ tAK:l==tAK~1 

-ACK 

BUSY 

KEYBOARD CONTROLLER TIMING 
FIGURE 17. 

RECEIVE 

• (KSRE (pin 100)) - In PS/2 Mode 
KCLK (pin 103) 

• (KHSE (pin 101)) - In PS/2 Mode 
KDAT (pin 104) 

tHOLD = 52 Periods of XTAL 1 Input 
(2.8 jJ.S @ XT AL 1 = 18.432 MHz) 

tPD = 18 Periods of XTAL1 Input 
(976 ns @ XT AL 1 = 18.432 MHz) 

52 Periods of XTAL1 Input 
(2.8 jJ.S @ XT AL 1 = 18.432 MHz) 

• (KSRE - PS/2) 
KCLK 

• (KHSE - PS/2) 
KDAT 

Min. 

Max. 

• Note: Specifications are identical for KHSE (pin 101) with respect' to KSRE (pin 100) in PS/2 Mode. 
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REAL TIME CLOCK TIMING 
FIGURE 18. 

VOO 

VL82C106 

VBAT Pin 

OV 

r---------------~/~r----------------------------

PS Pin ~ 
~ I--tVRTO 

CD~ ______ /~r CDr--------------------
I VRT Bit 

CD The VRT bit is set to a "1" by reading Register O. The VRT bit can only be cleared by 
pulling the PS pin low (see REGISTER 0 ($00». 

-STBY 8 
CRYSTAL OSCILLATOR CONFIGURATIONS 
FIGURE 19. 

32.768 KHz 

CIN = COUT = 10·22 pF 
CIN may be a trimmer for precision timekeeping applications. 

18.432 MHz 

CIN = 10 pF 
COUT=30pF 

Rs (max) :s; 40k n 
Co (max):s; 1.7 pF 
CI (max):s; 12.S pF 
Parallel Resonance 

RECOMMENDED CRYSTAL PARAMETERS 

Rs:s;son 
Co:s; 7pF 
CI:S;20pF 
Parallel Resonance 
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ABSOLUTE MAXIMUM RATING 
Ambient Temperature -1 O·C to + 70·C 

Storage Temperature -65·C to 150·C 

Supply Voltage to 
Ground Potential -0.5 V to VDD +0.3 V 

Applied Output 
Voltage -0.5 V to VDD +0.3 V 

Applied Input 
Voltage -0.5 V to +7.0 V 

Power Dissipation 500 mW 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func­
tional operation of this device at these 
or any other conditions above those 

DC CHARACTERISTICS: TA = G·C to +70·C, VDD = 5 V ±5%, VSS = G V 

Symbol Parameter Min Max 

Input Low Voltage 
VIL Input Types (All except 12) -0.5 0.8 

Input Type 12 -0.5 VOO*0.2 

Input High Voltage 

VIH 
Input Types 11, 13, 14, 102, 104, lOS, 106 2.0 VOO+0.5 
Input Type 12 VOO*0.7 VOO+0.5 
Input Type 15 2.4 VOO+0.5 

Output Low Voltage 
Output Type 01 0.4 

VOL Output Type 06 0.4 
Output Type 04, 104, 105 0.4 
Output Type 02,07,08,102,106 0.4 

Output High Voltage 
Output Type 01,06 2.4 

VOH Output Type 105 2.4 
Output Type 02, 102, 106 2.4 

IIH 
Input High Current 

Input Types 11, 13, 14, 15 10 

Input Low Current 
IlL Input Types 11, 15 -10 

Input Types 14, 106 -500 -50 

Three-State Leakage Current 
ILOL 1/0 Output Types 06, 07, -50 

102, 104, 105 50 

100L Open-Orain Off Current 
1/0 Output Type 04 -5.0 -1.0 

CO Output Capacitance 8 

CI Input 8 

CIO InpuVOutput Capacitance 16 

100 Operating Supply Current 40 

IBAT VBAT Supply Current, Standby Mode 5.0 
50.0 

VL82C106 

indicated in this data sheet is not 
implied. Exposure to absolute maxi­
mum rating conditions for extended 
periods may affect device reliability. 

Units Conditions 

V 
V 

V 
V 
V 

V 10L= 2.0 mA 
V IOL=4.0mA 
V IOL-12.0 mA 
V IOL=24.0 mA 

V IOH--O.8mA 
V 10H =-2.0 mA 
V IOH--2.4 mA 

IIA VIN =VOO 

IIA VIN = VSS + 0.2 
IIA VIN = 0.8 V All other pins floatin 

IIA VSS+0.2 

IIA VOO 

mA V - 0.8 V 

pF 

pF 

pF 

mA 

IIA VBAT=3.OV 
IIA VBAT=5.0V 

g. 

Note: For pin types, refer to the Legend and Pin Descriptions on pages 188-191 of this data sheet. 
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VL82C37A 

FEATURES 
CMOS DIRECT MEMORY ACCESS (DMA) CONTROLLER 

DESCRIPTION 
• Low-power CMOS version of popular 

8237 A DMA controller 

• Four DMA channels 

• Individual enable/disable control of 
DMA requests 

• Directly expandable to any number of 
channels 

• Independent auto-initialize feature for 
all channels 

• High performance 8 MHz version 
available 

• Transfers may be terminated by end­
of-process input 

• Software controlled DMA requests 

• Independent polarity control for 
DREQ and DACK signals 

PIN DIAGRAMS 

VL82C37A 

-lOR 1 
-lOW 2 

-MEMR 3 
-MEMW 4 

VCC 5 
READY 6 

HLDA 7 
ADSTB 8 

AEN 9 
HAQ 10 
-CS 11 
CLK 12 

RESET 13 
DACK2 14 
DACK3 15 
DREQ3 16 
DREQ2 17 
DREQ1 18 
DREQO 19 

GND 20 

A7 
A6 
AS 
A4 
-EOP 
A3 
A2 
A1 
AO 
VCC 
DBO 
DB1 
DB2 
DB3 
DB4 
DACKO 
DACK1 
DB5 
DB6 
DB7 

The VL82C37A Direct Memory Access 
(DMA) Controller serves as a peripheral 
interface circuit for microprocessor 
systems, and is designed to improve 
system performance by allowing 
external devices to directly transfer 
information from the system memory. 
Memory-to-memory transfer capability is 
also provided. The VL82C37A DMA 
Controller offers many programmable 
control features that enhance data 
throughput and system performance. 
Dynamic reconfiguration is permitted 
under program control. 

The VL82C37A is designed to be used 
with an external 8-bit address register 

such as the 8282. In addition to the four 
independent channels, the VL82C37A is 
expandable to any number of channels 
by cascading additional controller 
devices. 

Three basic transfer modes allow the 
user to program the types of DMA 
service. Each channel can be individu­
ally programmed to auto-initialize to its 
original condition following an end-of­
process (EOP) input. Each channel 
also has a 64K address and word count 
handling ability. 

The VL82C37A DMA Controller is 
available in 8 MHz clock frequency. 

VL82C37A 
-MEMW 

6 5 4 3 2 1 44 434241 40 
N.C. 7 39 

N.C. 8 • 38 
HlDA 9 37 

AOSTB 10 36 

AEN 11 35 
HRQ 12 34 

-CS 13 33 
ClK 14 32 

RESET 15 31 
DACK2 16 30 

N.C. 17 29 
lB 1920 21 22 23 24 2526 27 2B 

DRE02 

ORDER INFORMATION 

Part 
Number 

Clock 
Frequency Package 

Plastic DIP 

A3 

A2 
Al 
AO 

vee 
DBO 

DBl 
DB2 
DB3 
DB4 
N.C. 

VL82C37 A-08PC 
VL82C37 A-08QC 

8MHz 
Plastic L~aded Chip Carrier (PLCC) 

Note: Operating temperature range is O·C to +70·C. 
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BLOCK DIAGRAM 

-EOP 

RESET 

-CS 
READY 

ClK 

AEN 

ADSTB 

-MEMR 

-MEMW 

-lOR 

-lOW 

TIMING 
AND 

CONT 

4 
DREOO-DREQ3~ PRIORITY 

HlDA~ ENCODER 
AND 

HRO ROTATING 

DACKO-DACK3 
4 

PRIORITY 
lOGIC 

DECREMENTER INC/DECREMENTER 

TEMP WORD 
COUNT REG (16) 

TEMP ADDRESS 
REG (16) 

16 BIT BUS 

16 BIT BUS 

READ BUFFER 

BASE: BASE CURRENT: CURRENT 
ADDR : WORD CNT ADDR: WORD CNT 

TABLE 1. INTERNAL REGISTERS 

Name Size Number 

Base Address Registers 16 bits 4 

Base Word Count Registers 16 bits 4 

Current Address Registers 16 bits 4 

Current Word Count Registers 16 bits 4 

Temporary Address Register 16 bits 1 

Temporary Word Count Register 16 bits 

Status Register B bits 

Command Register B bits 

Temporary Register Bbits 

Mode Registers 6 bits 4 

Mask Register 4 bits 

Request Register 4 bits 
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SIGNAL DESCRIPTIONS 

Signal 
Name 

CLK 

-CS 

RESET 

READY 

HLDA 

DREOO-DRE03 

DBO-DB7 

-lOR 

-lOW 

-EOP 

PIn 
tlImber 

12 

11 

13 

6 

7 

19-16 

30-26, 
23-21 

2 

36 

Signal 
Type 

110 

110 

I/O 

I/O 

Signal 
Description 

VL82C37A 

Clock Input - Controls the internal operations of the VL82C37A DMA Con­
troller and its rate of data transfers. This input may be driven at up to 8 
MHz for the VL82C37A-08. 

Chip Select - An active low input used to select the VL82C37A as an 110 
device during the idle cycle, allows CPU communication on the data bus. 

Reset - An active high input that clears the Command, Request, and Tem­
porary Registers, clears the first/last flip-flop, and sets the Mask Register. 
The device is in the idle cycle following a RESET signal. 

Ready - An input that extends the memory read and write pulses from the 
VL82C37A accommodating slow memories or 110 peripheral devices. 
During its specified setup/hold time, READY must not make transitions. 

Hold Acknowledge - This active high signal from the CPU indicates that it 
has relinquished control of the system buses. 

DMA Request - These lines are individual asynchronous channel request 
inputs. Peripheral circuits use these lines to obtain DMA service. In fixed 
priority, DREOO has the highest priority and DRE03 has the lowest priority. 
Activating the DREO line of a channel generates a request. DACK then 
acknowledges the recognition of DREO signal. Polarity of DREO is pro­
grammable. RESET initializes theS1illines to active high. DREO must be 
sustained until the corresponding DACK becomes active. 

Data Bus - These lines are bidirectional, three-state signals that connect to 
the system data bus. The outputs are enabled in the program condition 
during the 110 read to output the contents of an Address Register, a Status 
Register, the Temporary Register, or a Word Count Register to the CPU. 
The outputs are disabled and the inputs are read during an 110 Write cycle 
when the CPU is programming the VL82C37A control registers. During 
DMA cycles the most significant eight bits of the address are sent onto the 
data bus and are strobed into an external latch by ADSTB. In memory-to­
memory operations, data from the memory comes into the VL82C37A on 
the data bus during the read-from-memory transfer. In the write-to-memory 
transfer, the data bus outputs determine the placement of the data, not the 
new memory location. 

I/O Read - This is a bidirectional, active low, three-state line. In the idle 
cycle, it is an input control signal used by the CPU to read the control 
registers. In the active cycle, it is an output control signal used by the 
VL82C37A to access data from a peripheral during a DMA Write transfer. 

110 Write - This signal is a bidirectional active low, three-state line. It is 
used by the CPU to load information into the VL82C37A DMA Controller. 
In the active cycle, it is used as an output control signal used by the 
VL82C37A to load data to the peripheral during a DMA read transfer. 

End of Process - This is an active low bidirectional signal, which provides 
data on the completion of DMA services and is available at the bidirectional 
-EOP pin. The VL82C37 A allows an external signal to terminate an active 
DMA service, by pulling the -EOP input low with an external -EOP signal. 
The VL82C37A also generates a pulse when the terminal count (TC) for 
any channel is achieved. This generates an -EOP signal that is active on 
the -EOP line. When -EOP is received, either internally or externally, it will 
cause the VL82C37A to terminate the service, reset the request, and, if 
auto-initialize is enabled, to write the base registers to the current registers 
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SIGNAL DESCRIPTIONS (ConL) 

Signal 
Name 

AO-A3 

A4-A7 

HRO 

DACKO - DACK3 

AEN 

ADSTB 

-MEMR 

-MEMW 

VCC 

GND 

PIn 
~mber 

32-35 

37-40 

10 

25,24,14, 
15 

9 

8 

3 

4 

5,31 

20 

Signal 
Type 

vo 

o 

o 

0 

0 

0 

0 

0 

SIgnal 
Description 

VL82C37A 

of that channel. The mask bit and TC bit in the status word will be set for 
the currently active channel by -EOP, unless the channel is programmed 
for auto-initialize. In that case, the mask bit remains unchanged. During 
memory-to-memory transfers, -EOP will be output when the TC for 
channel 1 occurs. To prevent erroneous end-of-process inputs, -EOP 
should be tied high with a pull-up resistor if it is not used. 

The four least significant address lines - These lines are bidirectional three­
state signals. In the idle cycle, they are inputs used by the CPU to 
address the register to be loaded or read. In the active cycle they are 
outputs that provide the lower four bits of the output address to the system. 

The four most significant address lines - These lines are three-state 
outputs that provide four bits of address. They are enabled only during the 
DMA service. 

Hold Request - This is the hold request to the CPU. It is used to request 
control of the system bus. If the corresponding mask bit is clear, the 
presence of any valid DREO causes the VL82C37A to issue the HRO 
signal. After HRO is asserted, at least one clock cycle (TCY) must occur 
before HLDA can be valid. 

DMA Acknowledge - This signal is used to notify an individual peripheral 
when it has been granted a DMA cycle. The sense of these lines is 
programmable; RESET initializes them to an active low. 

Address Enable - This active high line enables the 8-bit latch containing the 
upper eight address bits onto the system address bus. It can also be used 
to disable other system bus drivers during DMA transfers. 

Address Strobe - This active high is used to strobe the upper address byte 
into an external latch. 

Memory Read - This active low signal is a three-state output used to 
access data from a selected memory location during a DMA read or 
memory-to-memory transfer. 

Memory Write - This signal is an active low three-state output used to write 
data to a selected memory location during a DMA write or memory-to­
memory transfer. 

+5 V ±5% power supply 

Ground. 
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FUNCTIONAL DESCRIPTION 
The internal registers and major logic 
blocks of the Vl82C37 A are shown in 
the block diagram. Data interconnection 
paths are also shown, but the various 
control signals between the blocks are 
not. The Vl82C37 A contains 344 bits of 
internal register memory. Table 1 de­
scribes these registers and shows them 
by size. A complete description of the 
registers and their functions can be 
found in the Register Descriptions 
section. 

The Vl82C37A contains three basic 
control logic blocks. The Timing Control 
block generates internal timing and 
external control signals for the 
Vl82C37A. The program command 
control block decodes the various 
commands given to the VL82C37A by 
the microprocessor before servicing a 
DMA Request. Further, it decodes the 
mode control word used to select the 
type of DMA during the servicing. The 
priority encoder block settles priority 
contention between DMA channels 
requesting service at the same time. 

DMA OPERATION 
The VL82C37A is designed to operate 
in two major cycles: the idle and active. 
Several states are contained in each 
device cycle. The Vl82C37A supports 
seven separate states, each being one 
full clock period. State I (SI), the 
inactive state, is entered when the 
VL82C37A has no valid DMA requests 
pending. While in SI, the DMA controller 
is inactive but may be in the program 
condition, being programmed by the 
processor. State 0 (SO) is the first state 
of a DMA service. The VL82C37 A has 
requested a hold, but the processor has 
not yet responded with an acknowledge. 
The Vl82C37A may still be pro­
grammed DA from the CPU. An ac­
knowledge from the CPU signals that 
DMA transfers may begin. S1, S2, S3 
and S4 are the functional states of the 
DMA service. If more time is needed to 
complete a transfer than is available 
with normal timing, wait states (WS) can 
be placed between S2 or S3 and S4 by 
using the Ready line on the VL82C37 A. 
The data is transferred directly from the 
VO device to memory (or vice versa) 
with -lOR and -MEMW (or -MEMR and 
-lOW) being active simultaneously. The 
data is not read into or driven out of the 

Vl82C37A during I/O-to-memory or 
memory-to-VO DMA transfers. 

To complete memory-to-memory 
transfers requires a read-from and a 
write-to-memory. The states, which 
resemble the normal working states, use 
two-digit numbers for identification. 
Eight states are needed for each 
transfer: the first four states (S11, S12, 
S13, S14), are used for read-from­
memory and the last four states (S2t, 
S22, S23, S24), for the write-to-memory 
of the transfer. 

IDLE CYCLE 
When no channels are requesting 
service, the Vl82C37A enters the idle 
cycle and performs Sl states, sampling 
the DREQ lines every clock cycle to 
determine if any channel is requesting a 
DMA service. The device also samples 
-eS, looking for an attempt by the 
microprocessor to write or read to the 
internal registers of the VL82C37A. 
When -eS is low and HlDA is low, the 
Vl82C37A initiates the program 
condition. The CPU now establishes, 
changes or inspects the internal 
definition of the part by reading from or 
writing to the internal register. Address 
lines AO-A3 are inputs to the device. 
They select registers that will be read or 
written. The -lOR and -lOW lines are 
used to select and time reads or writes. 
Because of the number and size of the 
internal registers, an internal flip-flop is 
used to generate one more bit of 
address. This bit is used to determine 
the upper or lower byte of the 16-bit 
address and Word Count Registers. 
This flip-flop can be reset by a separate 
software command. 

Special software commands executed in 
the Vl82C37A during the program 
condition are decoded as sets of 
addresses with the -CS and -lOW 
signals. The commands do not use the 
data bus. Clear FirsVLast Flip-Flop and 
Master Clear instructions are included. 

ACTIVE CYCLE 
When the Vl82C37A is in the idle cycle 
and a nonmasked channel requests a 
DMA service, the device outputs an 
HRQ to the microprocessor and then 
enters the active cycle. During this 
cycle the DMA service takes place, in 
one of four modes. 
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In the single transfer mode, the device is 
programmed to make only one transfer. 
The word count is decremented and the 
address decremented or incremented, 
foHewing each transfer. When the word 
count is completed from zero to FFFFH, 
a Terminal Count (TC) causes an auto­
initialize if the channel has been so 
programmed. 

The DREQ signal must be held active 
until DACK becomes active, in order to 
be recognized. If DREQ is held active 
for the entire single transfer, HRQ will 
become inactive and release the bus to 
the system. It again goes active and, 
upon receipt of a new HLDA, another 
single transfer is performed. In 8080A, 
8085AH, 8088, or 8086 systems this ,: 
insures one full machine cycle execution 
between DMA transfers. Details of 
timing between the VL82C37A and 
other bus control protocols depends 
upon the characteristics of the micropro­
cessor involved. 

In the block transfer mode, the device is 
activated by the DREQ signal to 
continue making transfers during the 
service until a TC, caused by word count 
going to FFFFH, or an external end of 
process (-EOP) is encountered. DREQ 
need only be held active until DACK 
becomes active. An auto-initialization 
will occur at the end of the service, if the 
channel has been programmed for it. 

In the demand transfer mode the device 
is programmed to continue making 
transfers until a TC or external -EOP is 
encountered or until the DREQ signal 
goes inactive. Transfers may continue 
until the 1/0 device has exhausted its 
data capacity. After the I/O device has 
caught up, the DMA service is re­
established by a DREQ signal. During 
the interval between services, when the 
microprocessor is operating, the 
intermediate values of address and 
word count are stored in the Vl82C37A 
Current Address and Current Word 
Count Registers. Only an -EOP can 
cause an auto-initialize at the end of the 
service. -EOP is generated either by 
TC or by an external signal. 

The fourth mode cascades multiple 
Vl82C37As together for easy system 
expansion. The HRQ and HlDA signals 
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from additional VL82C37As are con­
nected to the DREO and DACK signals 
of a channel of the primary VL82C37 A. 
This permits the DMA requests of the 
additional device to propagate through 
the priority network circuitry of the 
preceding device. The priority chain is 
not broken, and the new device waits for 
its turn to acknowledge requests. As the 
cascade channel of the primary 
VLB2C37A is used only to prioritize the 
additional device, it does not produce 
any address or control signals of its 
own, which could conflict with the 
outputs of the active channel in the 
added device. The VL82C37 A responds 
to the DREO and DACK signal, but all 
other outputs except HRO are disabled. 

Figure 8 shows two devices cascaded 
into a primary device using two of the 
previous channels. This forms a two­
level DMA system. More VL82C37A's 
could be added at the second level by 
using the remaining channels of the first 
level. More devices can also be 
cascaded into the channels of the 
second level devices, forming a third 
level. 

TRANSFER TYPES 
Each of the three modes of active 
transfer can perform three different 
types of transfers: read, write and 
verily. Write transfers move data from 
an 1/0 device to the memory by activat­
ing -MEMW and -lOR; read transfers 
move data from memory to an 110 
device by activating -MEMR and -lOW. 

Verily transfers are pseudo routines: 
the VLB2C37A DMA Controller operates 
as in read or write transfers generating 
addresses, and responding to -EOP, 
and other operations. The memory and 
1/0 control lines remain inactive. The 
Verify Mode is not permitted during 
memory-to-memory operation. 

To perform block moves of data from 
one memory address space to another 
with a minimum of programming, the 
VLB2C37A includes a memory-to­
memory transfer feature. Programming 
a bit in the Command Register selects 
channels 0 and 1 to operate as memory­
to-memory transfer channels. The 
transfer is initiated by setting the 
software DREO for channel o. The 
VL82C37A requests a DMA device as 
usual. After HLDA is true, the device, 

using eight-state transfers in block 
transfer mode, reads data from the 
memory. The channel 0 Current 
Address Register is the source for the 
address, and is decremented or 
incremented as usual. The data byte 
read from the memory is then stored in 
the VL82C37A internal Temporary 
Register. Channell writes the data 
from the Temporary Register to memory 
using the address in its Current Address 
Register and incrementing or decre­
menting it as usual. The channel 1 
current word count is decremented. 
When the word count goes to FFFFH, a 
TC is generated causing an -EOP 
output terminating the service. 

Channel 0 may be programmed to hold 
the same address for all transfers, which 
permits a single word to be written to a 
block of memory. 

The VL82C37A responds to external 
-EOP signals during memory-to­
memory transfers. In block search 
schemes data comparators may use this 
input on finding a match. The timing of 
memory-to-memory transfers is shown 
in Figure 10. Memory-to-memory 
operations can be detected as an active 
AEN signal with no DACK outputs. 

A channel may be set up to auto­
initialize by setting a bit in the Mode 
Register. During initialization, the 
original values of the Current Address 
and Current Word Count Registers are 
automatically restored from the Base 
Address and Base Word Count Regis­
ters of that channel following -EOP. 
The base registers and the current 
registers are loaded at the same time. 
They remain unchanged thoughout the 
DMA service. The mask bit is not set 
when the channel is in auto-initialize. 
Following auto-initialize, the channel is 
prepared to perform another DMA 
service, without CPU action, as soon as 
a valid DREO is detected. 

The VL82C37A has two types of priority 
encoding available as software-se­
lectable options. The fixed priority 
option sets the channels in priority order 
based upon the descending value of 
their number. The channel with the 
lowest priority is 3, then 2, 1 and the 
highest priority channel is o. After 
recognizing anyone channel for service, 
the other channels are prevented from 
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interferring with that service until it is 
completed. 

In the rqtating priority option, the last 
channel to get service becomes the 
lowest priority channel with the others 
rotating in order. 

Rotating priority allows a single chip 
DMA system. Any device requesting 
service is guaranteed to be recognized 
after no more than three higher priority 
services have occurred. This prevents 
anyone channel from dominating the 
system. 

To achieve even greater throughput 
where system characteristics permit, the 
VL82C37 A DMA Controller can com­
press the transfer time to two clock 
cycles. 8tate 83 is used to extend the 
access time of the read pulse. By 
removing state 83, the read pulse width 
is made equal to the write pulse width, 
and a transfer consists only of state 82 
to change the address and state 84 to 
perform the readlwrite. 81 state still 
occurs when AB-A 15 need updating 
(see the Address Generation section.) 

To reduce pin count, the VL82C37A 
multiplexes the eight higher order 
address bits on the data lines. State 81 
is used to output the higher order 
address bits to an external latch, where 
they may be placed on the address bus. 
The falling edge of the Address Strobe 
(ADSTB) is used to load these bits from 
the data lines to the latch. Address 
Enable (AEN) is used to enable the bits 
onto the address bus through a three­
state enable. The lower order address 
bits are directly sent by the VL82C37A. 
Lines AO-A7 are connected to the 
address bus. 

During block and demand transfer mode 
services, including multiple transfers, the 
addresses generated will be in order. 
During a large number of transfers the 
data held in the external address latch 
will not change. This data will change 
when a carry or borrow from A7 to A8 
takes place in the normal order of 
addresses. To expedite transfers, the 
VL82C37A DMA Controller executes S1 
states only when needed to update A8-
A15 in the latch. For long services, S1 
states and address strobes may occur 
only once every 256 transfers, a savings 
of 255 clock cycles for each 256 
transfers. 
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REGISTER DESCRIPTION 
Current Address Register: Each 
channel has a 16-bit Current Address 
Register. This register holds the value 
of the address used during DMA 
transfers. The address is automatically 
incremented or decremented after each 
transfer and the intermediate values of 
the address are stored in the Current 
Address Register throughout the 
transfer. The microprocessor reads this 
register in successive B-bit bytes. It may 
also be reinitialized by an auto-initialize 
to its original value which takes place 
only after an -EOP. 

Current Word Register: Each channel 
has a 16-bit Current Word Count 
Register that determines the number of 
transfers to be performed. The actual 
number of transfers is one more than 
the number programmed in the Current 
Word Count Register; programming a 
count of 100 will result in 101 transfers. 
The word count is decremented after 
each transfer; the intermediate value of 
this word count is stored in the register 
during the transfer. When the value in 
the register goes from 0 to FFFFH, a TC 
is generated. The register is then 
loaded or read in successive B-bit bytes 
by the microprocessor in the program 
condition. Following the end of a DMA 
service, it may also be reinitialized by an 
auto-initialization to its original value 
which occurs only on -EOP. H it is not 
auto-initialized, this register has a count 
of FFFFH after TC. 

Base Address and Base Word Count 
Registers: Each channel has a pair of 
16-bit Base Address and Base Word 
Count Registers that store the original 
value of their associated current 
registers. Throughout auto-initialization 
these values are used to restore the 
current registers to their original values. 
The base registers are written at the 
same time with their corresponding 
current register in B-bit bytes in the 
program condition by the microproces­
sor. These registers cannot be read by 
the microprocessor. 

Command Register: This B-bit register 
controls the operation of the VlB2C37 A, 
is programmed by the microprocessor in 
the program condition and is cleared by 
reset or a master clear instruction. 
Figure 2 lists and describes the function 
of the command bits. 

Mode Register: All channels have a 6-
bit Mode Register. When the register is 
being written to by the microprocessor in 
the program condition, bits 0 to 1 
determine which channel the Mode 
Register is to be written. 

Request Register: The VlB2C37A can 
responds to requests for DMA service 
that are initiated by software as well as 
by a DREQ signal. Each channel has a 
request bit associated with it in the 4-bit 
Request Register. These are non­
maskable and can be prioritized by the 
priority encoder network. 

Each register bit is set or reset sepa­
rately under software control, or is 
cleared upon generation of a TC or 
external-EOP. The entire register is 
cleared by a Reset. To set or reset a 
bit, the software loads the correct form 
of the data word. Table 2 shows 
register address coding. To make a 
software request, the channel must be in 
block mode. 

Mask Register: Each channel has an 
associated mask bit that can be set to 
disable the incoming DREQ signal. A 
mask bit is set when its associated 
channel produces an -fOP, if the 
channel is not programmed for auto­
initialize. Any bit of the 4-bit Mask 
Register may also be set or cleared 
separately under software control. The 
entire register is set by a reset, which 
disables all DMA requests until a clear 
Mask Register instruction allows them to 
occur. This instruction to separately set 
or clear the mask bits is similar in form 
to that used with the Request Register. 

Status Register: The Status Register is 
available to be read out of the 
VlB2C37A DMA Controller by the 
microprocessor and contains information 
about the status of the devices at this 
point. This information includes which 
channels have reached a terminal count 
and which channels have pending DMA 
requests. 

Bits 0-3 are set each time a TC is 
reached by that channel or an external 
-EOP is applied and are cleared upon 
reset and on every status read. Bits 4 
through 7 are set whenever their 
corresponding channel is requesting 
service. 
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Temporary Register: The Temporary 
Register is used to hold data during 
memory-to-memory transfers. The last 
word moved can be read by the micro­
processor in the Program Condition 
following the completion of the transfers. 
The Temporary Register always 
contains the last byte transferred in the 
previous memory-to-memory operation, 
unless cleared by a reset. 

Software Commands: These additional 
special software commands can be 
executed in the program condition and 
do not depend on any specific bit pattern 
on the data bus. 

The clear firsVlast flip-flop command is 
executed prior to writing or reading new 
address or word count information to the 
VLB2C37A. This initializes the flip-flop 
to a known state so that subsequent 
accesses to register contents by the 
microprocessor will address upper and 
lower bytes in the correct sequence. 

The Master Clear software instruction 
has the same effect as the hardware 
reset. The Command, Status, Request, 
Temporary, and Internal FirsVlast Flip­
Flop Registers are cleared and the Mask 
Register is set. The VLB2C37 A enters 
an idle cycle. 

The Clear Mask Register command 
clears the mask bits of all four channels, 
enabling them to accept DMA requests. 

PROGRAMMING 
The VlB2C37A DMA Controller accepts 
programming from the host processor 
any time that HLDA is inactive, even if 
the HRQ signal is active. The host must 
assure that programming and HLDA are 
mutually exclusive. A problem can 
occur if a DMA request occurs, on an 
unmasked channel while the VLB2C37A 
is being programmed. 

For example, the CPU may be starting 
to reprogram the two-byte Address 
Register of a channel when that channel 
receives a DMA request. If the 
VlB2C37A is enabled (bit 2 in the 
command register is 0) and that channel 
is unmasked, a DMA service will occur 
after one byte of the Address Register 
has been reprogrammed. This can be 
avoided by disabling the controller 
(setting bit 2 in the command register) or 
masking the channel before program­
ming another register. Once the 
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programming is complete, the controller 
can be enabled (unmasked). 

APPLICATION 
Figure 1 shows a convenient method for 
configuring a DMA system with the 
VL82C37A DMA Controller and an 
8080Al8085AH microprocessor system. 
Whenever there is at least one valid 
DMA request from a peripheral device, 
the multimode VL82C37A DMA Control­
ler issues a HRC to the processor. 

FIGURE 1. SYSTEM INTERFACE 

AO-A15 

BUSEN ~ 
HlDA 

HOLD 

CPU 

CLOCK 

RESET 

-MEMR 

-MEMW 

-lOR 

-lOW 
DBO-DB7 

~ 

After power-up all internal locations, 
including the Mode Registers, should 

When the processor replies with a HLDA 
signal, the VL82C37A takes control of 
the address, data, and control buses. 
The address for the first transfer 
operation is output in two bytes - the 
least significant eight bits on the eight 
address outputs, and the most signifi­
cant eight bits on the data bus. The 
contents of the data bus are then 
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HlDA VL82C37A 

..... .... 

HRO RESET-MEMW -lOW DACKO-3 

ClK I-MEMRI -lOR I DREOO-3 I 

f i f4 i4 

SYSTEM DATA BUS 
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be loaded with a valid value. This 
should be done to unused channels as 
well. 

latched into the 8282 8-bitlatch to 
complete the full 16 bits of the address 
bus. The 8282 is a high-speed, 8-bit, 
three-state latch in a 20-pin DIP 
package. After the initial transfer takes 
place, the latch is updated only after a 
carry or borrow is generated in the least 
significant address byte. Four DMA 
channels are available when one 
VL82C37A DMA Controller is used. 

I\. 

AS-A15 
-OE 

STB 
8282 

8-BITLATCH 

ADSTB L. ~ 

A --'\ DBO-
DB7 -r-V 

}~~ BUS 

'-.7 I\. 

V 
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FIGURE 2. COMMAND REGISTER 

7 6 5 4 3 2 1 0 ~ Bit 
111111111 Number 

L 
0 Memory-to-memory disable 
1 Memory-to-memory enable 

0 Channel 0 address hold disable 
1 Channel 0 address hold enable 
X IfbitO=O 

0 Controller enable 
1 Controller disable 

0 Normal timing 
1 Compressed timing 
X IfbitO=1 

0 Fixed priority 
1 Rotating priority 

0 Late write selection 
1 Extended write selection 
X Ifbit3K1 

0 DREO sense active high 
1 DREO sense active low 

0 DACK sense active low 
1 DACK sense active high 

FIGURE 3. MODE REGISTER 

76543210~ Bit 
Number I I I I I I I I I 

L 00 Channel 0 Select 
01 Channel 1 Select 
10 Channel 2 Select 
11 Channel 3 Select 

00 Verify transfer 
01 Write transfer 
10 Read transfer 
11 Illegal 
XX Ifbits6and7=11 

o Auto-initialization disable 
1 Auto·initialization enable 

o Address increment select 
1 Address decrement select 

00 Demand mode select 
01 Single mode select 
10 Block mode select 
11 Cascade mode select 
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FIGURE 4. REQUEST REGISTER 

Bit 
765432104--Numbar 

I I I 
I 

Don't 
care 

FIGURE 5. STATUS REGISTER 

00 
01 
10 
11 

Select channel 0 
Select channel 1 
Select channel 2 
Select channel 3 

o Reset request bit 
1 Set request bit 

7 6 5 4 3 2 1 O+-- Bit 

111111111 Number 

IE! Channel 0 has reached TC 
Channel 1 has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 

Channel 0 request 
Channel 1 request 
Channel 2 request 
Channel 3 request 

TABLE 2. REGISTER CODES 
Signals 

Register Operation -CS -lOR -lOW A3 

Command Write 0 1 0 1 

Mode Write 0 1 0 1 

Request Write 0 1 0 1 

Mask SetlReset 0 1 0 1 

Mask Write 0 1 0 1 

Temporary Read 0 0 1 1 

Status Read 0 0 1 1 

VL82C37A 

FIGURE 6. MASK REGISTER (SELECT MODE) 

76543210+-- B1t 
Number 

I I I I I I I I I 
00 Select channel 0 mask bit 
01 Select channel 1 mask bit 
10 Select channel 2 mask bit 
11 Select channel 3 mask bit 

-r­
Don't 
care 

I 

o Clear mask bit 
1 Set mask bit 

FIGURE 7. MASK REGISTER (MASK MODE) 

76543210+-- Bit 

111111111 Number 

I 

t:= 
0 Clear channel 0 mask bit 

Don'! 1 Set channel 0 mask bit 
care 

0 Clear channel 1 mask bit 
1 Set channel 1 mask bit 

0 Clear channel 2 mask bit 
1 Set channel 2 mask bit 

0 Clear channel 3 mask bit 
1 Set channel 3 mask bit 

A2 A1 AO 

0 0 0 

0 1 1 

0 0 1 

0 1 0 

1 1 1 

1 0 1 

0 0 0 
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TABLE 3. SOFTWARE COMMAND CODES 

Signals 

A3 A2 A1 AO -lOR -lOW 
Operation' 

1 0 0 0 0 1 Read Status Register 

1 0 0 0 1 0 Write Command Register 

1 0 0 1 0 1 Illegal 

1 0 0 1 1 0 Write Request Register 

1 0 1 0 0 1 Illegal 

1 0 1 0 1 0 Write Single Mask Register Bit 

1 0 1 1 0 1 Illegal 

1 0 1 1 1 0 Write Mode Register 

1 1 0 0 0 1 Illegal 

1 1 0 0 1 0 Clear Byte Pointer Flip/Flop 

1 1 0 1 0 1 Read Temporary Register 

1 1 0 1 1 0 Master Clear 

1 1 1 0 0 1 Illegal 

1 1 1 0 1 0 Clear Mask Register 

1 1 1 1 0 1 Illegal 

1 1 1 1 1 0 Write All Mask Register Bits 

FIGURE 8. CASCADED Vl82C37A CONTROLLERS 

2ND LEVEL 

1ST LEVEL Vl82C37A 
MICROPROCESSOR - HRQ DREQ 1-

~ HLDA DACK f-----

Vl82C37A 

DREQ ~ HRQ 

DACK f---- HLDA 

INITIAL DEVICE 
Vl82C37A 

ADDITIONAL DEVICES 
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VL82C37A 

TABLE 4. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 

Channel Register Operation 
Signals Internal Data Bus 

-CS -lOR -lOW A3 A2 A1 AO Flip-Flop DBD-DB7 

0 Base and Current Address Write 0 1 0 0 0 0 0 0 AO-A7 
0 1 0 0 0 0 0 1 A8-A15 

Current Address Read 0 0 1 0 0 0 0 0 AO-A7 
0 0 1 0 0 0 0 1 A8-A15 

Base and Current Word Count Write 0 1 0 0 0 0 1 0 WO-W7 
0 1 0 0 0 0 1 1 W8-W15 

Current Word Count Read 0 0 1 0 0 0 1 0 WO-W7 
0 0 1 0 0 0 1 1 W8-W15 

1 Base and Current Address Write 0 1 0 0 0 1 0 0 AO-A7 
0 1 0 0 0 1 0 1 A8-A15 

Current Address Read 0 0 1 0 0 1 0 0 AO-A7 
0 0 1 0 0 1 0 1 A8-A15 

Base and Current Word Count Write 0 1 0 0 0 1 1 0 WO-W7 
0 1 0 0 0 1 1 1 W8-W15 

Current Word Count Read 0 0 1 0 0 1 1 0 WO-W7 
0 0 1 0 0 1 1 1 W8-W15 

2 Base and Current Address Write 0 1 0 0 1 0 0 0 AO-A7 
0 1 0 0 1 0 0 1 A8-A15 

Current Address Read 0 0 1 0 1 0 0 0 AO-A7 
0 0 1 0 1 0 0 1 A8-A15 

Base and Current Word Count Write 0 1 0 0 1 0 1 0 WO-W7 
0 1 0 0 1 0 1 1 W8-W15 

Current Word Count Read 0 0 1 0 1 0 1 0 WO-W7 
0 0 1 0 1 0 1 1 W8-W15 

3 Base and Current Address Write 0 1 0 0 1 1 0 0 AO-A7 
0 1 0 0 1 1 0 1 A8-A15 

Current Address Read 0 0 1 0 1 1 0 0 AO-A7 
0 0 1 0 1 1 0 1 A8-A15 

Base and Current Word Count Write 0 1 0 0 1 1 1 0 WO-W7 
0 1 0 0 1 1 1 1 W8-W15 

Current Word Count Read 0 0 1 0 1 1 1 0 WO-W7 
0 0 1 0 1 1 1 1 W8-W15 

6-232 



• VLSI TECHNOLOGY, INC. 
VL82C37A 

TABLE 5. DMA MODE AC CHARACTERISTICS 
Vl82C37 A·OS 

Symbol Parameter Min Max Unit 

TAEl AEN High from ClK Low (Sl) Delay lime 105 ns 

TAET AEN low from ClK High (Sl) Delay lime 80 ns 

TAFAB ADR Active to Float Delay from ClK High 55 ns 

TAFC Read or Write Float from ClK High 75 ns 

TAFDB DB Active Float Delay from ClK High 135 ns 

TAHR ADR from Read High Hold lime TCY·75 ns 

TAHS DB from ADSTB low Hold lime 40 ns 

TAHW ADR from Write High Hold lime TCY·50 ns 

DACK Valid from ClK low Delay lime (Note 7) 105 ns 

TAK -EOP High from ClK High Delay lime (Note 10) 105 ns 

-EOP low from CLK High Delay lime 105 ns 

TASM ADR Stable from ClK High 105 ns 

TASS DB to ADSTB low Setup lime 65 ns 

TCH Clock High lime (Transitions s; 10 ns) 55 ns 

TCl Clock Low lime (Transitions S; 10 ns) 43 ns 

TCY ClK Cycle lime 125 ns 

TOCl ClK High to Read or Write low Delay (Note 4) 120 ns 

TDCTR Read High from ClK High (54) Delay lime (Note 4) 115 ns 

TOCTVI< Write High from ClK High (S4) Delay (Note 4) 80 ns 

TOOl 75 ns 
HRO Valid from ClK High Delay lime (Note 5) 

TOO2 75 ns 

TEPS -EOP low from ClK low Setup lime 25 ns 

TEPW -EOP Pulse Width 135 ns 

TFAAB ADR Float to Active Delay from ClK High 100 ns 

TFAC Read or Write Active from ClK High 90 ns 

TFADB DB Float to Active Delay from ClK High 110 ns 

THS HlDA Valid to ClK High Setup lime 45 ns 

TIDH Input Data from -MEMR High Hold lime 0 ns 

TIDS Input Data to -MEMR High Setup lime 90 ns 

TODH Output Data from -MEMW High Hold lime 10 ns 

TODV Output Data Valid to -MEMW High 90 ns 

TOS DREO to ClK low (51,54) Setup lime 0 ns 

TRH ClK to READY low Hold lime 20 ns 

TRS READY to ClK low Setup lime 35 ns 

TSTl ADSTB High from ClK High Delay lime 110 ns 

TSTT ADSTB low from ClK High Delay lime 65 ns 

Explanatory notes follOW DC Characteristics Table. 
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VL82C37A 

FIGURE 9. OMA TRANSFER TIMING (SEE TABLE 5.) 

eLK ~>-C~rUL~':~':~{:~':~~d,: ~~~~, 
fLJ, \ \ \~ \1\ \ \ ~ M~ ~, 14-

roa __ ~ roa-..- hl r-
Jf" THS~ ~ 

H 

OREQ 

HRQ 

IIIJ U ,\ \ l\ \ \ \ \ \ \ \ \ 
TAEl ... I- i- TAET 

f't ,-- ~Tsn 
"-- .... ~STl \ -~ TEPS 

HI..DA 

AEN 

,.lADS 
"""'- --"" TASS .. I.... ... 14 TAHS - I--TAI< 

lFla 

:AI-A15 

~ 
TASM ~ I~TAFAB .... ~m TAFDB I 

~ 
, 

TAHW TAHW 

OBO-OB7 

M-A7 ADDRESS VAliD ~ ADDRESS VALID 

~ .~TAHR ~TAHR 

DACK 

~ IJDC~ lFAC .. TOOTR TDCTR 4- ~'---. 4-TAFC 
.c-~ -IOR.-MEUR 

~I ~ TOOTW TOOTW f4-
11. ~~ :t, r----... 
~ TDCll4-r--t 14-f- TAK 

~W.-.MEMW 

(FOR EXTENDED WRITE) 

~ TAl< 
INT/-EOP r---

TEPW 

~////////, \\\\\\\\\\\ '/// EXT/-EOP 

TAEL ..... TAET 

AEN' .ft 

• tn 'Cascade Mode the AEN signal returns low in the 54 cycle one cycle earlier than when in single transfer mode. 
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VL82C37A 

FIGURE 10. MEMORY-TO-MEMORY TRANSFER nMING (SEE TABLE 5) 

80 811 812 813 814 821 822 823 824 81 

AD8TB 

AO-A7 

DBO-DB7 

-MEMR 

-MEMW 

-EOP 

EXT rEOP --..........-....... "'" 
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TABLE 6. PERIPHERAL MODE AC CHARACTERISTICS 

VLB2C37 A-08 

Symbol Parameter Min Max Unit 

TAR ADR Valid or -CS Low to Read Low 30 ns 

TAW ADR Valid to Write High Setup TIme 80 ns 

TCW CS Low to Write High Setup TIme 80 ns 

TOW Data Valid to Write High Setup TIme 80 ns 

TRA ADR or CS Hold from Read High 0 ns 

TRDE Data Access from Read Low (Note 3) 120 ns 

TRDF DB Reat Delay from Read High 0 70 ns 

TRSTD Power Supply High to RESET Low Setup TIme 500 ns 

TRSTS RESET to Rrst -IOWR 2TCY ns 

TRSTW RESET Pulse Width 300 ns 

TRW READ Width 155 ns 

TWA ADR from Write High Hold TIme 10 ns 

TWC CS High from Write High Hold Time 10 ns 

TWO Data from Write High Hold Time 20 ns 

TWWS Write Width 100 ns 

Explanatory notes follow DC Characteristics 

FIGURE 11. SLAVE MODE WRITE TIMING (SEE TABLE 6) 

-CS TCW 

TWWS 

-lOW 

TWA .. lAW 

Ao-A3 INPUT VALID 

TOW 

080-087 INPUT VAllO 
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VL82C37A 

FIGURE 12. SLAVE MODE READ TIMING (SEE TABLE 6) 

-CS \ / 

AD-A3 ~ ADDRESS MUST BE VALID K 
.. TA 

TRA 
I ~14---- TRW ~Jt 

_ _______ ~~~~~-_==-_==-_=~_TR-_-D~E~~-_=~-_=~-_=~~.;t---.--~"1---TRDF-4 
DBo-DB7 1 DATA OUT VALID =t-

-lOR 

FIGURE 13. READY TIMING (SEE TABLE 5) 

S2 S3 SW SW S4 

ClK 

-READ ----------+--_ 

TDCl --...... ~~ .... --t .... -TDCl TDCTW 
-WRITE --------~I__-__i.. 

EXTENDED ~' ..... _ _ _ -.~----t------+---+-.J 
WRITE TRH 

READY 
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FIGURE 14. COMPRESSED TRANSFER TIMING (SEE TABLE 5) 

S2 54 52 54 

ClK 

AO-A? 

-READ 

-WRITE 

READY 

INT/-EOP 

TEP5 14--~ 
~--TEPW--...... 

EXT/-EOP 

FIGURE 15. RESET TIMING (SEE TABLE 6) 

vcc _____ / ... rt------
........ 1---

TR5TD ------~.~I 

TRSTW ---~ ... ~ 

\<-
~---------

RESET 

~:R:TS~ 
---------------------~I I 

-lOR OR -lOW 
~---
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage -0.5 to 7.0 V 
Input Voltage -0.5 to 5.5 V 
Output Voltage -0.5 to 5.5 V 
Operating Temperature O°C to + 150°C 
Storage Temperature -65°C to + 150°C 

DC CHARACTERISTICS: 

Symbol Parameter 

VOH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

III Input Load Current 

ILO Output Leakage Current 

ICC VCC Supply Current 

CO Output Capacitance 

C1 Input Capacitance 

CIO I/O Capacitance 

AC and DC Characteristics Notas: 

Stresses above those listed under 
"Absolute Maximum Ratings" may cause 
permanent damage to the device. This 
is a stress rating only and functional 
operation of the device at these or any 

Min Typ (1) Max Unit 

2.4 V 

3.3 V 

450 mV 

2.2 VCC+0.5 V 

-0.5 0.8 V 

±10 !LA 
±10 I1A 

30 mA 

4 8 pF 

8 15 pF 

10 18 pF 

VL82C37A 

other conditions above those indicated 
in the operational sections of this 
specification is not implied. Exposure to 
absolute maximum rating conditions for 
extended periods may affect device 
reliability. 

Test Conditions 

10H = -200 I1A 

10H = -100 !LA (HRQ Only) 

10L = 2.0 mA (data bus) -EOP 
10L z 3.2 mA (other outputs) (8) 
10L = 2.5 mA (AOSTB) (8) 

OV~VIN~VCC 

0.45 V s VOUT ~ VCC 

Clk. Freq. = S MHz 

fC ~ 1.0 MHz, Inputs = 0 V 

1. Typical values are for TA = 25°C, nominal supply voltage, and nominal processing parameters. 

2. Input timing parameters assume transition times of 20 ns or less. Waveform measurement points for both input and 
output signals are 2.0 V for high and 0.8 V for low, unless otherwise noted. 

3. Output loading is one TTL gate plus 150 pF capacitance, unless otherwise noted. 

4. The net -lOW or -MEMW pulse width for normal write will be TCY -100 ns and for extended write will be 2TCY -100 ns. 
The net -lOR or -MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns. 

5. TOQ is specified for two different output high levels: TOQ1 is measured at 2.0 V, TOQ2 is measured at3.3 V. The value 
for TOQ2 assumes an external 3.3 kn pull-up resistor connected from HRQ to VCC. 

6. OREQ should be held active until OACK is returned. 

7. OREQ and OACK signals may be active high or active low. Timing diagrams assume the active high mode. 

S. Successive read and/or write operations, by the external processor, to program or examine the controller must be timed 
to allow at least 250 ns for the VL82C37 A-08, as recovery time between active read or write pulses. 

9. -EOP is an open-collector output. This parameter assumes the presence of a 2.2 kn pull-up resistor to VCC. 

10. Pin 5 is an input that should always be at a logic high level. An internal pull-up resistor will establish a logic high when 
the pin is left floating. It is recommended, however, that pin 5 be tied to VCC. 
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VL82C37A 

NOTES: 
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PACKAGE OUTLINES: 
28-PIN PLASTIC DUAL IN-UNE 

[:::::::::: ]5::= 
I. 1 1.300 (33.020) .1 

.165 (4.191) 

.135 (3.429) 

REF 

MAX .015 (0.381) 

PACKAGE OUTLINES 

.620(15.748) tH 1.470 (37.338) 1 

~MIN 
200 08) PLANE j-.i SEATING 

. M~~ 0 I L ~11~.060(1.524)J .140(3.656) 

rr MAX ~ 

b,OS' 3-.015 (0.381) 
90' .008 (0.203) 

~C TYP .120(3.048) L·650 (16.510) J . 
.100 (2.540) .023 (0.584) TYP 

TYP .015 (0.381) 

NOTES: UNLESS OTHERWISE SPECIFIED. 
1. LEAD FINISH: MATTE TIN PLATE OR LEADITIN SOLDER. 
2. LEAD MATERIAL: ALLOY 42 OR COPPER. 
3. PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR WHICH IS .010 (0.254) MAX. AT EACH END. 
4. TOLERANCE TO BE ± .005 (0.127) UNLESS OTHERWISE NOTED. 
5. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 
6. PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE. 

28-PIN PLASTIC LEADED CHIP CARRIER 

~ 'rTf 
~ 0 0 ~ 460~~X684) 

1~~Frr'E.495 ('i'Ei"i"2.S7'TE'fi3) ~~ J 
MAX 

4' ALL SIDES .028(0.711) -- r-... .049 (1.244) 

.07~~iOS) 'r-I----*-.......... -L...T1 
-LL~~n_t 
.020 (-Is-oa-) ~I 1~--II-.032(0.aI2) .185(4.699) 

MIN .050 (1.270) MAX 
TYP - - .021 (.533) 

.013 (.330) 

NOTES: UNLESS OTHERWISE SPECIFtED. 
1. TOLERANCE TO BE ± .005 (0.127). 
2. LEADFRAME MATERIAL: COPPER. 
3. LEAD FINISH: MATTE TIN PLATE OR Sn Pb SOLOER DIP. 
4. SPActNG TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONG 

FULL LENGTH OF LEAD. 
5. MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIDE FlASH BURR, WHICH IS 010 

(0.254) MAX ON FOUR SlOES. 
6. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 

7-3 



• VLSI TECHNOLOGY, INC. 

PACKAGE OUTLINES (Cont.): 

40- PIN PLASllC DUAL IN-LINE 

.165(4.191) 

.135 (3.429) 

~' 2.080 (52.832) MAX '1.015 (0.381) 

~MIN 
PLANE 

- i~ SEATING 

J L ~~'08~~p52~ .120(3.048) 

.200 (5.080) 
MAX .140 (3.656) 

.100 (2.540) .023 (0.584) .090 (2.288) 
TYP .015 (0.381) MAX 

.075 (1.905)- (40 ALL SIDES 

.028(0.711) 

MAX 

PACKAGE OUTLINES 

NOTES: UNLESS OTHERWISE SPEaFIED. 
1. TOLERANCE 10 BE ± DOS (0.127). 
2. LEADfRAME MATERIAL: COPPER. 
3. LEAD FINISH: MATTE TIN PUffE OR SOLDER DIP. 
4. SPACING 10 BE MAINTAINED BETWEEN FORMED LEAD AtO MOLDED PLASTIC ALONG 

RLL LENGTH OF LEAl>. 
S. MOLDED PLASTIC DIMENSION DOES NOT INCI.IJIlE SIDE FLASH BURR, WHICH IS .eno 

(0.254) MAX ON FOUR SIDES. 
&. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 

.620 (15.748) 

rrMAX~ . 

6,:: 3-,015(0,381) 
90' .008 (0.203) 

L.6S0 (16.510) J 
TYP 

t I 
r~ffilHHt-tHH!IHHl~-~ 

.020(0.762) .185(4.899) 
MAX MAX 

44-PlN PLASTIC LEADED CHIP CARRIER 

NOTES: UNLESS OTHERWISE SPECIFIED. 
1. TOLERANCE TO BE ± .005 (0.127). 
2. LEADFRAME MATERIAL: COPPER. 
3. LEAD ANISH: MATTE TIN PLATE OR SOLOER DIP. 

Iqr 
.880 (16.764) 

MAX 

.185 (4.699) 
MAX 

4. SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC AUlNG 
FULL LENGTH OF LEAD. 

5. MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS .010 
(0.254) MAX ON FOUR SIDES. 

6. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 
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PACKAGE OUTLINES (Cont.): 
68-PIN PLASTIC LEADED CHIP CARRIER 

PIN 1 INDEX 
MAY VARY IN 

SIZE AND 
LOCATION 

j 
.048 (1.219) 
.042 (1.066) 

.960 (24.384) o MAX 

\
1 a oouo 

1.. .• ____ .995~":/73)' ____ -, 

PACKAGE OUTLINES 

• 
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PACKAGE OUTLINES 
PACKAGE OUTLINES (Cont.): 

84-PIN PLASTIC LEADED CHIP CARRIER 

PIN 1 INDEX 
MAY VARY IN 

SIZEAND"'­

LOCATION "" 

00 

I~.-------- ::::l~~:~: --------.1 
.032 (0.813) 
.026 (0.660) 

1.158 (29.41) 
1.150 (29.21) 

.049 (1.244) 

~LIS~ 

-!-~~~~~~~~!~ 
.130 (3.30) 
.090 (2.29) .050 (1.27) 

TYP 

1-------- :::l~::: --------1 

NOTES: UNLESS OTHERWISE SPECIFIED. 
1. TOLERANCE TO BE +/·.005 (0.127). 
2. LEADFRAME MATERIAL: COPPER. 
3. LEAD FINISH: MATTE TIN PLATE OR SOLDER DIP. 

.200(5.08) 

.165(4.19) 

SEE DETAIL A 

4. SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONG FULL LENGTH OF LEAD. 

DETAIL A 

1,075 (1.905) MAX 

}020 (0.508) MIN 

5. MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS .010 (0.254) MAX ON FOUR SIDES. 
6. CONTROLLING DIMENSIONS ARE METRIC, ALL METRIC DIMENSIONS ARE IN PARENTHESES. 

7·6 

.010 (0.254) 

.008 (0.203) 

.044 (1.117) 

.008 (0.203) RAD 

.005 (0.127) 
AFTER 
LEAD FINISH 

.035 (0.889) RAD 
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PACKAGE OUTLINES (Cont.): 
100-PIN PLASTIC FLATPACK 

.715 (18.15 

~.685 (17.40) 

555 14.10 

033 (.83):J ~ 

I 

PACKAGE OUTLINES 

.084 (2.125) 

.065 (1.65) 

.113 (2.87) 

.101 (2.57) 

008 (.203) 

1:0~4 (.10) 

7-7 

t t 

. 014 (!3~6 

.002 (.05) 

. 026 (.65) 
TYP 

lJl C-;Y;o . 
.037 (.95) 
.026 (.65) 

.016 (.40) 

.008 (.20) 

1$1.006 (.15) Typ@1 

DETAIL -A-

NOTES~ONTROLLING DIMENSION IS MM. 1. 

• 
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PACKAGE OUTLINES 

NOTES: 
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SALES OFFICES, DESIGN CENTERS, AND DISTRIBUTORS 
VLSI CORPORATE OFFICES 
CORPORATE HEADQUARTERS. ASIC AND MEMORY PRODUCTS· VLSI Technology, Inc.· 1109 McKay Drive· San Jose, CA 95131 ·408-434-3100 
LOGIC AND GOVERNMENT PRODUCTS· VLSI Technology, Inc.· 8375 Soum River Parkway· Tempe, AZ 85284·602-752-8574 

VLSI SALES OFFICES GERMANY VLSI AUTHORIZED VLSI DISTRIBUTORS AUSTRALIA 
AND TECH CENTERS Rosenkavaherplatz 10 DESIGN CENTERS Umted States represented by 

ENERGY CONTROL 
0-8000 Muenchen 81 Brisbane, 61 +376-2955 

ARIZONA West Germany COLORADO SCHWEBER ELECTRONICS except 
8375 South River Parkway 89·9269050 SIS MICROELECTRONICS, INC where noted AUSTRIA 

Tempe, AZ 85284 TELEX 521 4279 vlSld longmont, 303-776-1667 ALABAMA TRANSISTOR GmbH 

602-752-6450 FAX 89·92690545 MAINE HuntSVIlle, 205-895-0480 VIenna, 222-8294010 

FAX 602·752-6001 HONG KONG QUADIC SYSTEMS, INC ARIZONA BELGIUM AND LUXEMBURG 

CALIFORNIA ShUi On Centre 28/12 South Portland, 207-871-8244 Tempe. 602·431-0030 MCAtromx 
2235 Qume Dr 8 Harbor Road PENNSYLVANIA 

Angleur, 41-674208 
CALIFORNIA 

San Jose, CA 95131 Hong Kong INTEGRATED CIRCUIT SYSTEMS, INC Calabasas, 818-880-9686 DENMARK 
408-922-5200 852·5-865·3755 King of Prussia, 215-265-8690 IrVine, 714~863~0200 INTERELKO 
FAX 408·943-9792 FAX 852-5-865·3159 Sacramento, 916-364-0222 

Karlslunde, 3~ 140700 
TELEX 278807 EIRE AND U.K. 

JAPAN PA TECHNOLOGY San Diego, 619-495-0015 EIRE AND U.K. 
MAIL 
1109 McKay Drive 

Shuwa-Klolcho TBR Bldg, Room 101 Herts, 76·3-61222 San Jose, 408~432~7171 HAWKE COMPONENTS 

San Jose, CA 95131 
5~7 KOllmachi, Chlyoda-Ku 

FRANCE COLORADO Sunbury-on-Thames. 1 ~9797799 
Tokyo, Japan 102 

CETIA Englewood, 303-799~0258 QUARNOON ELECTRONICS 
6345 Balboa Blvd, Ste. 100 81-3·239-5211 

Toulon Cedex, 9~42-12005 Derby, 332-32651 
EnCinO, CA 91316 FAX 81·3·239·5215 CONNECTICUT 
818-609-9981 SOREP Oxford,203-264-4700 FtNLAND 

FAX 818·609·0535 
UNITED KINGDOM 

Chateaubourg, 99~623955 OY COMOAX 
486-488 Midsummer Blvd. FLORIDA 

Helslnkl,0-670277 
30 Corporate Park, Stes. 1 OO~ 102 Saxon Gate West, Central Milton NORWAY Altamonte Springs, 407-331-7555 

Pompano Beach, 305-977-7511 FRANCE Irvine, CA 92714 Keyes, MK9 2ED NORKRETS AS 
714-250-4900 United Kingdom Oslo, 47-236067718 Tampa. 813-541-5100 ASAPs.a. 

FAX 714·250-9041 0908155 75 95 SWEDEN GEORGIA Montlgny~le-Bretonneux,' 1-3043 82 33 

FLORIDA TELEX vlsluk 825 135 NOROISK ARRAYTEKNIK AB Norcross, 404-449-9170 GERMANY 

2200 Park Central N , Ste. 600 FAX 09 08/67 DO 27 Solna, 8-7349935 ILLINOIS DATA MODUL GmbH 
MUnlch,89-4180070 Pompano Beach, FL 33064 Elk Grove Village, 312-569-3650 

305-971-0404 VLSI SALES OFFICES VLSISALES IOWA SPEZIAL-ELECTRONIC KG 
FAX 305-971·2086 ALABAMA REPRESENTATIVES Cedar Rapids, 319-373-1417 Bueckeburg, 5722-2030 

GEORGIA 2614 Artie St ,Ste 36 
CALIFORNIA KANSAS HONG KONG 

2400 Pleasant HIli Rd., Ste 200 Huntsville, AL 35805 
CENTAUR CORP Overland Park, 913-492-2921 LESTINA INTERNATIONAL. LTD 

Duluth. GA 30136 205·539·5513 TSlmshatsul,852-3-7351736 
404·476·8574 FAX 205·536-8622 Irvine, 714-261-2123 MARYLAND ITALY 
FAX 404-476-3790 CONNECTICUT CENTAUR CORP Gaithersburg, 301-596-7800 INTER-REP SPA 
tLLlNOIS 60 Church St., Ste 16 Calabasas, 818-704-1655 MASSACHUSETTS Torino, 11-2165901 
3100 HigginS Rd, Ste. 155 YaleSVille, CT 06492 CENTAUR CORP. Bedford,617-275-5100 

JAPAN 
Hoffman Estates, IL 60195 203-265·6698 San Diego, 619-278-4950 MICHIGAN ASAHI GLASS CD LTD 
708-884-0500 FAX 203·265·3653 EMERGING TECHNOLOGY LIvonia, 313-525-8100 Tokyo, 81·3·218·5854 
FAX 708·884-9394 FLORIDA San Jose, 408-263-9366 MINNESOTA TEKSEL COMPANY, LTD 
MARYLAND 5955 T G Lee Blvd., Ste 170 EMERGING TECHNOLOGY Eden Pralre, 612-941-5280 Tokyo, 81-3-461-5311 
124 Maryland Rle 3 N Orlando, FL 32822 Orangevale, 916-988-4387 MISSOURI TOKYO ELECTRON, LTD Millersville, MO 21108 407·240·9603 
301-987-8777 FAX 407·240-9605 COLORADO Earth City, 314·739·0526 Tokyo, 81-423-33·8009 
FAX 301-987-8779 LUSCOMBE ENGINEERING NEW HAMPSHIRE KOREA MINNESOTA Longmont, 303-772-3342 Manchester, 603-625-2250 ANAM VLSI DESIGN CENTER MASSACHUSETTS 5871 Cedar Lake Rd , Ste. 9 
261 Ballardvale St St LoUIS Park, MN 55416 IOWA NEW JERSEY Seoul. 82-2-553·2106 
Wilmington, MA 01887 612-545-1490 SEL TEC SALES Fallileld,201-227-7880 EASTERN ELECTRONICS 
508-658·9501 FAX 612·545·3489 Cedar Rapids, 319-364-7660 

NEW YORK Seoul,82-2-464-0399 
FAX 508-658-0423 NORTH CAROLINA MARYLAND Rochester, 716-424-2222 NETHERLANDS 
NEW JERSEY 1000 Park Forty Plaza, Ste 300 DELTA III Westbury, 516-334-7474 DIODE 

Columbia, 301-730-4700 311C EnterpnseDr Durham, NC 27713 NORTH CAROLINA Houten, 3403-91234 
Plainsboro, NJ 08536 919'544·1891/92 NEW YORK Raleigh, 919-876-0000 SWEDEN AND NORWAY 
609-799·5700 FAX 919-544·6667 bbd ELECTRONICS 

OHIO TRACO AB 
FAX 609·799-5720 OHIO Rochester, 716-425-4101 

Beachwood,216-464-2970 Farsta, 8-930000 
TEXAS 4 Commerce Park Sq. OREGON Dayton, 513·439·1800 SOUTH AMERtCA - BRAZIL 
850 E. Arapaho Rd ,Ste 270 23200 Chagrin Blvd., Ste 600 MICRO SALES 

OKLAHOMA INTERNATIONAL TRADE 
Richardson, TX 75081 Cleveland, OH 44122 Beaverton, 503-645-2841 

Tulsa. 918-622-8003 DEVELOPMENT 
214-231·6716 216-292-8235 UTAH Palo Alto, 415-856-6686 
FAX 214·669·1413 FAX 216-464-7609 LUSCOMBE ENGINEERING OREGON 

WASHINGTON Salt Lake City, 801·565·9B85 ALMAC ELECTRONICS CORP SPAIN AND PORTUGAL 
OREGON Beaverton, 503-629-8090 SEMICONOUCTORES s.a 

405 114th Ave SE, Ste 300 10300 S.W Greenburg Rd ,Ste 365 WASHINGTON Barcelona, 3-217-23 40 
Bellevue, WA 98004 Portland, OR 97223 MICRO SALES PENNSYLVANIA 
206-453-5414 503'244-9882 Bellevue, 206-451-0568 Horsham, 215-441-0600 SWITZERLAND 
FAX 206-453-5229 FAX 503·245-0375 Plttsburgh,412-963·6804 FABRIMEX AG 

FRANCE 
ISRAEL 

TEXAS 
Zunch, 1-2512929 

TEXAS ROT ELECTRONICS 
2,AlIee des Garays 9600 Great Hills Trail, Ste 150W Tel AVIV, 3-483211-9 Austln,512-339-0088 TAIWAN 

PRINCETON TECH CORP F-91124 Palalseau Cedex Austin, TX 78759 
France 512'343·8191 
1-64470479 FAX 512·343·2759 
TELEX vlSlfr 600 759 F 
FAX 1·6447 04.80 

The information contained in this document has been 
carefully checked and Is believed to be reliable. However. 
VlSI Technology, Inc .• (VLSI), makes no guarantee or 
warranty concerning the accuracy of said Information and 
shall not be responsible for any loss or damage of whatever 
nature resuh.ing from the use of, or reliance upon, it. VLSI 
does not guarantee that the use of any information 
contained herein will not infringe upon the patent or other 

Oalias, 214·247-6300 
SINGAPORE Houston, 713-784-3600 Talpel,886-2-717-1439 
DYNAMIC SYSTEMS PIE, L TO 

WASHINGTON Singapore, 011-65-742-1986 
ALMAC ELECTRONICS CORP 
Bellevue, 206-643-9992 
Spokane. 509-924·9500 

WISCONSIN 
New Berlin, 414-784-9020 
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LIFE SUPPORT APPLICATIONS rights of third parties. and no patent or other license is 
irrplied hereby. 
This document does not in any way extend VLSI's warranty 
on any product beyond that set forth In h.s standard terms 
and condh.ions of sale. VLSI Technology, Inc., reserves the 
right to make changes in the products or specifications, or 
both, presented in this publication at any time and without 
notice. 

VLSI Technology, Inc., products are not intended for use as 
critical components in life suppon appliances, devices, or 
systems in which the failure of a VlSI Technology product 
to perform could reasonably be expeded to result In 
personal injury. 
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VLSI Technology, Inc. 
Logic Products Division 
8375 South River Parkway 
Tempe, AZ 85284 
602·752·8574 
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