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EXTENDED ADDRESSING CIRCUITRY 

This invention relates to extended addressing circuitry that 

permits segments of memory associated with a second address/data bus 

to be acce~sed from a first address/data bus. 

I/O adapter cards for certain prior art personal computer 

systems have included a plurality of registers ref erred to as 

Programmable Option Select (POS) registers. Each adapter card 

plugged into the main processor bus is connected to a unique Card 

Setup line on the main bus, and the POS registers can only be 

accessed when the Card Setup line for that adapter is active. The 

number of POS registers is limited, typically to eight (8), and it 

would be desirable if this number could be increased. Furthermore, 

when the adapter card is intelligent, i.e., when it includes its own 

processor, address/data bus and associated memory, it would be 

advantageous if some of the memory associated with the adapter card 

bus could be accessed through the POS registers. 

Accordingly, the present invention enables a large segment of 

the memory associated with the adapter card to be accessed through 

the POS registers by using extended addressing, or sub-addressing. 

This large segm~nt may be placed anywhere within the address space 

associated with the adapter card bus. The invention can also 

provide for auto-incrementing, such that sequential addresses within 

this segment of memory can be easily and quickly accessed. 

Briefly, the invention provides an extended addressing circuit 

for use with first and second address/data buses having, 

respectively, first and second addressable memory spaces associated 

therewith. The extended addressing circuit includes first and 

second registers wherein the first register is capable of storing 

values of data that lie within first, second and third 

non-overlapping ranges. Included is a means for accessing the 

second register from the first bus in response to a first address 
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signal on the first bus. The means for accessing the second 

register is enabled in response to a first predetermined value of 

data stored in the first register. This first predetermined value 

lies within the first range of values. Data may be transferred 

between the second register and the first bus when.the second 

register is so accessed. Also included is a means for selecting a 

first segment of the second memory space. The base address of the 

first segment corresponds to the data stored in the second register. 

Furthermore, a means for accessing a selected address of the first 

segment of the second memory space in response to the first address 

signal on the first bus is also provided. The address of the 

selected address within t!'ie first segment corresponds to the data 

stored in the first register. The means for accessing the selected 

address of the first segment is enabled in r~sponse to a value of 

data stored in the first register that lies within the second range, 

such that data may be transferred between the selected address and 

the first bus when the selected·· address is so accessed. 

The invention further provides an adapter card circuit having 
' 

extended addressing capability. Tpe adapter c.<:ird circuit is for use 

in a· computer having a first address/data bus which has a first 

memory space associated therewith. The adapter card circuit 

includes a second address/data bus which has a second memory space 

associated therewith. A memory is coupled to the second bus and the 

memory is addressable within the second memory space. Means for 

transferring data between the first and second buses is coupled to 

the data bus of the second bus. Included are first and second 

registers wherein the first register is capable of storing.values of 

data that lie within first, second and third non-overlapping ranges. 

Also included is a means for accessing the second register from the 

first bus in response to a first address signal on the first bus. 

The means for accessing the second register is enabled in response 

to a first predeten11ined value of data stored in the first register. 

This first predetermined value lies within ~he first range of 

values. Data may be transferred between the second regist:e:r~a~n~d~t~h~e;;t__:.~~--:-~~ 

Th\\\iiWill 
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first bus when the second register is so accessed. Also included is 

a means for selecting a first segment of the second memory. The 

base address of the first segment corresponds to the data stored in 

the second register. Furthermore, a means for accessing a selected 

address of the first segment of the second memory in response to the 

first address signal on the first bus is also provided. The address 

of the selected address within the first segment corresponds to the 

data stored in the first register. The means for accessing the 

selected address of the first segment is enabled in response to a 

value of data stored in the first register that lies within the 

second range, such that data may be transferred between the selected 

address and the first bus when the selected address is so accessed. 

Accordingly the. invention further provides an adapter card 

comprising the above extended addressing circuitry. 

The invention also provides a computer system comprising first 

and second address data bases having respectively, first and second 

addressable memory spaces associated therewith and extended 

addressing circuitry as described above. 

The invention will be further described in the following 

description of an embodiment thereof, and the accompanying drawings, 

wherein 

Figs. lA and lB are a schematic diagram of an embodiment of the 

invention; and 

Fig. 2 is a schematic diagram of the POS7 and POS6 registers of 

Fig. lA. 

Referring to Figs. lA and lB, a first address/data bus 102 

includes an address bus 104 and a data bus 106. The address bus 

also includes a line 108 called "Card Set.up". First bus 102 is 

adapted to receive adapter cards 110, which can be plugged into 

1n1inili1nr 
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first bus 102. Although only one Card Setup line 108 is illustrated 

in the figure, the first bus actually includes a separate Card Setup 

line for each adapter card plugged into the first bus. First bus 

102 is typically the main bus of a personal computer. A first 

memory 112 is coupled to the bus and is addressable within the 

"memory space" 114 of the first bus; the memory space including all 

memory locations or addresses that can be directly addressed from 

the bus. The adapter card includes a second address/data bus 116, 

which also includes an address bus 118 and a data bus 120. A second 

memory 122 is coupled to second bus 116 and this memory is 

addressable within the memory space 124 of the second bus. Both 

buses 102 and 116 also include conventional, non-illustrated control 

lines, including READ and WRITE lines. 

Two registers labelled POS7 (126) and POS6 (128) (POS stands 

for "Programmable Option Select") are connected to the data bus 106 

of first bus 102, and to the address bus 104 through, respectively, 

address decoders 130 and 132. Address decoders. 130 and 132 are of 

conventional design and when card setup 108 is active, they decode, 

respectively, addresses 7 and 6. Consequently, the Card Setup line 

108 must be active and the lower three (3) address bits must be 

equal to 7 for SEL POS7 ("Select POS7") to go active. Similarly, 

Card Setup must be active and the lower three (3) address bits must 

equal 6 for SEL POS6 to be active. When each of these registers 126 

and 128 are addressed, data can·be transferred between the data bus 

106 and the registers. 

~lthough POS7 and POS6 can be individually accessed from the 

first bus, they otherwise function as a si~gle sixteen (16) bit 

register, which will be referred to as POS7/6. In addition, the 

data that is stored in.P.OS7/6 will be represented as a four (4) 

digit hexadecimal number, e.g., FFF6. An "X" in this number 

indicates a "don't care" state. POS7/6 has an auto-incrementing 

function. When a pulse occurs at the "I" input of POS6, the 

register is incremented. When a pulse ::>ccurs at the "I" input of 
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POS7 and the "carry out" or "CO" output of POS6 is active, thereby 

causing the "carry in" or "CI" of POS7 to be active, POS7 is also 

incremented. POS7 and POS6 are described in greater detail below 

with regard to Fig. 2. 

The data stored in POS7/6 is broken down into three (3) non­

overlapping ranges. Specifically, a first range from FFFQ to FFFF, 

a second range from 0001 to FFEF, and a third range from 0000 to 

0000 (i.e., only zero is included in the third range). Address 

decoder 134 decodes five (5) particular values or ranges of values 

stored in POS7/6. Specifically, ALL ZEROES (0000 or the third range 

of values) and its inverse NOT ALL ZEROES, FFFS, FFF6 and NOT FFFX 

(i.e., not in the first range of values). Address decoder 134 is of 

conventional design. 

Registers POS4 (136) and POS3 (13B} are conventional B bit data 

registers that are connected to data bus 106 of first bus 102. POS4 

is coupled to address bus 104 through address decoder 140 and AND 

gate 142, while POS3 is coupled to the first bus through address 

decoder 144 and AND gate 146. SEL POS4 goes active when the lower 

three (3) address bits of address bus 104 are equal to 4, and card 

setup 108 is active. Similarly, SEL POS3 goes active when the lower 

three (3} address bits are equal to 3 and card setup is active. For 

POS4 and POS3 to be selected, however, there is an additional 

constraint that the data stored in POS7/6 must be within the third 

range, i.e.,0000. Consequently, data can.be transferred between 

either POS4 or POS3 and data bus 106 only when the register is 

correctly addressed from address bus 104 and POS7/6 contains 0000. 

Segment Registers SEG REG4 and SEG REG3 are of conventional 

design, except that the eight (8} data output lines "DO" are 

connected directly to the latch outputs of the registers; 

consequently, they are continuously enabled. ·The conventional 

Input/Output lines "I/O" are enabled and !1isabled through the "SEL 

I/O" (Select Input/Output) line. Thus, data can only be transferred 
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into and out of the "I/O" port when SEL I/O is active. Since the 

output of AND gate 152 is connected to the SEL I/O input of SEG 

REG4, and its inputs are connected to the FFF6 output of Address 

Decoder 134 and the SEL POS4 output of address decoder 140, the I/O 

port of SEG REG4 is only enabled when POS4 has been addressed and 

the value of the data stored in POS7/6 is FFFG. Consequently, SEG 

REG4 can only be accessed (written to or read from) when POS4 is 

addressed and the data stored in POS7/6 equals FFF6. Similarly, 

since the inputs of AND gate 154 are connected to the FFFS output of 

decoder 134 and the SEL POS4 line, SEG REG3 can only be accessed 

when POS4 is addressed and the data stored in POS7/6 equals FFFS. 

It should be emphasized that both segment registers SEG REG4 and SEG 

REG3 are accessed by addressing POS4 (i.e., SEG REG3 is not accessed 

by addressing POS3). 

The eight (8) data output (DO) lines of SEG REG4 are coupled 

through eight (8) AND gates 156 and eight (8) OR gates 160 to the 

upper eight (8) address lines of the second bus 116 {the numeral "8" 

in the center of the gate signifies that the gate is repeated eight 

(8) times, one for each separate line). Since the other three (3) 

inputs to AND gate 156 are connected to the NOT FFFX and NOT ALL 

ZEROES outputs of address decoder 134, as well as to SEL POS4, the 

eight (8) lines output lines of SEG REG 4 are gated onto the eight 

(8) upper address lines of second bus 116 only when POS4 is 

addressed and the value of the data stored in POS1/6 is in the 

second range (0001 to FFEF). The eight (8) lines at the output of 

SEG REG 4 are used to select a first 64KB segment of memory space· 

124. 

Similarly, two of the inputs to AND gate 158 are connected to 

the NOT ALL ZEROES output of address decoder 134 and to the SEL POS3 

line. Consequently, the eight (8) output lines of SEG REG3 are 

gated onto the upper eight (8) address lines of second bus 116 when 

POS3 is addressed and the value of the dat~ _stored in ~OS7/6 lies in 
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either the first or the second range, such that SEG REG3 is used to 

select a second 64KB segment of second memory space 124. 

The eight (8) outputs of POS7 and the eight outputs of POS6 are 

coupled, respectively, to the eight (8) middle address lines and the 

eight lower address lines of second bus 116 through AND gates 162 

and 164. The second input to AND gates 162 and 164 are coupled to 

address decoders 134, 140 and 144 through AND gates 166 and 168 and 

OR gate 170. Consequently, the sixteen (16) outputs of POS7/6 are 

gated onto the sixteen (16-) lower address lines of second bus 116 

when either POS4 is addressed and the value of the data stored in 

POS7/6 is in the second range (0001 to FFEF), or POS3 is addressed 

and the value of the data stored in POS7/6 is in the first or second 

range (0001 to FFFF). 

Thus, a location in a selected segment of the second memory 

space can be indirectly accessed from the first bus by loading the 

appropriate value into POS7/6 and addressing either POS4 or POS3. 

When a location in the second memory space is so accessed, data is 

transferred batween the memory 122 attached to the second bus 116 

{via data bus 120) and the data bus 106 of the first bus 102 through 

eight (8) AND gates 172 and eight AND gates 174. The lines labeled 

READ and WRITE are the non-illustrated read and write control lines 

from the first bus. 

To summarize, the segment registers (SEG REG4 and SEG REG3) are 

used to select two 64KB segments of second memory space 124. The 

base address of the first segment is loaded into SEG REG4 by storing 

FFF6 'in POS7/6 and then addressing POS4. Similarly, the base 

address of the second segment is loaded into SEG REG3 by storing 

FFFS in POS1/6 and then addressing POS4. 

Next, a particular location in the first segment of.memory 122 

is addressed by loading the address of the. desired location within 

the segment into pPS7/6 {this address must fall in the range 
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0001-FFEF) and the selected location is accessed by addressing POS4. 

Similarly, a particular location in the second segment of memory 122 

is addressed by loading the address of the desired location into 

POS7/6 (this address mtist fall in the first or second.range, i.e., 

it cannot be zero) and then addressing POS3. After each such access 

of a location within a segment of the second memory space, POS7/6 is 

incremented, such that it points to t~e next location in the 

selected ·segment. 

To access POS4 and POS3, POS7/6 ~s loaded with 0000 and POS4 

and POS3 are addressed from the first bus. 

Fig. 2 is a detailed schematic d~agra~ of POS7 and POS6. 

Referring to this figure, POS 7 incluces t;;o 8 bit data latches 202 

and 204. Latch 202 is clocked from a ~egister Load Clock signal 

from the first bus, or whenever one cf the segments of the second 

memory space 124 are accessed from the first bus. Data from the 

first data bus 106 is loaded into lat:~ 202 through AND gates 206 

and OR gates 208 when POS7 is addressed. Similarly, data at the 

output of adder 210 is loaded into la::h 202 through gates 212 when 

either POS4 or POS3 is addressed, the valua of the data in POS7/6 is 

non-zero, and Auto Increment Enable ( •·;:..UTO INC EN") is enabled, as 

determined by AND gate 214 and OR gats 216. Auto Increment Enable 

is simply a bit in another register (~~SS, which is not illustrated 

in the drawings) which can be set or :~eared from first bus 102 and 

which is used to turn the auto incre~e~t feature ON and OFF. One 

input to Adder 210 comes from the out:;:·.:t cf latch 204, while the 

other input is the "carry input" from the "carry output" of POS6. 

Consequently, POS7 will only be incre=ented when POS6 contains FF. 

POS6 is similar in design to POS7 exce?t that the "carry input" to 

adder 218 is set to logic one. Thus, ?086 will be incremented 

anytime one of the segments of the second r::amory space is accessed, 

assuming that Auto -Increment is active. 
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There has been described extended addressing circuitry wherein 

a selected address within one of two segments of a memory space 

(124) of a second address/data bus (116), can be accessed from a 

first bus (102) through one of two data registers (136 and 138). In 

addition, the location of the two segments within the memory space 

of the second bus is selectable through two segment registers (148 

and 150), which are accessed from the first bus through the first 

data register (136). A two byte wide "mode" register (126 and 128), 

which can be directly accessed from the first bus, stores data 

within three ranges. When the mode register data is within the 

first range, a selected segment register can be accessed through the 

first data register. A first value within this range selects the 

first segment register (148), while a second value selects the 

second segment register {150). Data loaded into the first and 

second segment registers points to first and second segments of the 

second memory space, respectively. When the mode register data is 

within the second range, this data functions as a pointer to select 

an address within a selected segment. The selected address is 

accessed through the data registers; the first data register (136) 

accessing the selected address in the first segment, while the 

second data register (138) accesses the selected address in the 

second segment. After a selected address has been accessed, an 

auto-increment circuit (Fig. 2) increments the mode register so that 

the next sequential address in the selected segment can be accessed 

without having to reload the mode register. When the mode register 

data is within the first range, the two data registers can be 

directly accessed from the first bus. 
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1. 'Extended addressing circuitry, for use with first and second 

address/data buses having, respectively, first and second 

addressable memory spaces associated therewith, said extended 

addressing circuitry comprising in combination: 

first and second registers, said first register being capable 

of storing values of data that lie within firs::, second and third 

non-overlapping ranges; 

means for accessing said second register =rom said first bus in 

response to a first address signal on said first bus, said means for 

accessing said second register being enabled i~ response to a first 

predetermined value of data stored in said first regis~er, said 

first predetermined value lying within said f i=st range, whereby 

data may be transferred between said seco~d register and said first 

bus when said second register is so accessad; 

means fer selecting a first segment of said second mernOr'J 

space, the base address of said first segment correspor.ding to the 

data stored in said second register; and 

means for accessing a selected address of said first segrne~~ of 

said second memory space in response to said :irst address signal on 

said firs·t bus, the address of said selec::ed a::Odress within saiC. 

first segment corresponding to the data stored in said first 

register, said means for accessing a selected address of said first 

segment being enabled in response to a value cf data stored in said 

first register that lies within said secor.d ra~ge, whereby data may 

be transferre~ between .said selected address and said :irst bus ~hen 

said selected address is so accessed. 

2. Extended addressing circuitry as claimed in claim l, 

further comprising: 
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means for accessing said third register from said first bus in 

response to said first address signal on said first bus, said means 

for accessing said third data register being enabled in response to 

a second predetermined value of data stored in said first register, 

said second predetermined value lying within said first range, 

whereby data may be transferred between said third register and said 

first bus when said third register is so accessed; and 

means for selecting a second segment of said second memory 

space, the base address of said second segment corresponding to the 

data stored in said third register. 

3. Extended addressing circuitry as claimed in claim 2, further 

comprising: 

means for accessing a se1ected address of said second segment 

of said second memory space in·".response to a second address sigm1.l 

on said first bus, the address of·sa:id· selected address within said 

second segment correspc;>nding to the data·· ~tored in said first 

register, said means for accessing a sele~ted address of said second 

segment being enabled in respons~ to a value of data stored in said 
~ . . · ... 

first register that lies within ·said first or second ranges, whereby 

data may be transferred between said ~elected address and said first 

bus when said selected address is so accessed. 

4. Extended addressing circuitry as claimed in claim 3, further 

comprising: 

fourth and fifth registers; 

means for accessing said fourth register from said first bus in 

response to said first address signal on said first bus, 
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said means for accessing said fourth register being enabled in 

response to a third predetermined value of data stored in said first 

register, said third predetermined.value lying within said third 

range, whereby data may be transferred between said fourth register 

and said first bus when said fourth register is so accessed; and 

means for accessing said fifth register from said first bus in 

response to said second address signal on said first bus, said means 

for accessing said fifth register being enabled in response to said 

third predetermined value of data stored in said first register, 

whereby data may be transferred between said fifth register and said 

first bus when said fifth register is so accessed. 

5. Extended addressing circuitry as claimed in claim 2 or claim 3, 

further comprising: 

a fourth register; and 

means for accessing said fourth register from said first bus in 

response to said first address signal on said first bus, said means 

for accessing said fourth register being enabled in response to a 

third predetermined value of data stored in said first ~egister, 

said third predetermined value lying within said third range, 

whereby data may be transferred between said fourth register and 

said first bus when said fourth register is so accessed .. 

6, Extended addressing circuitry as claimed in claim 1, further 

comprising: 

a third register; and 

means for accessing said third register from said first bus in 

response to said first address signal on said first bus, said means 

for accessing said third register being enabled in response to a 

second predetermined value of data stored in said first register, 
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said second predetermined value lying within said.third range, 

whereby der.ta may be transferred between said third register and said 

first bus when said third register is so accessed. 

7. Extended addressing circuitry as claimed in any preceding 

claim, further comprising: 

means for auto-incrementing said first register after an 

address of said second memory space has been accessed. 

8. Adapter card comprising extended addressing circuitry as 

claimed in any preceding claim. 

9. An adapter card having extended addressing capability, said 

adapter card for use in a computer having a first address/data bus, 

said first address/data bus having a first memory space associated 

therewith, said adapter card comprising in combination: 

a second address/data bus having a second memory space 

associated therewith; 

memory coupled to said second bus, said memory being 

addressable within said second memory space; 

means, coupled to the data bus of said second bus, for 

transferring data between said first and second buses; 

first and second registers, said first register being capable 

of storing values of data that lie within first, second and third 

non-overlapping ranges; 

means for accessing said second register from said first bus in 

response to a first address signal on ~aid f !rst bus, said means for 

accessing said second register being enabled in response to a first 

predetermined value of data stored in ~ain first register, said 
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first predetermined value lying within said first range, whereby 

data may be transferred between said second register and said first 

bus when said second register is so accessed; 

means for selecting a first segment· of said memory, the base 

address of said first segment corresponding to the data stored in 

said second regist~r; and 

means for accessing a selected address of said first segment of 

said memory in response to said first address signal on said first 

bus, the address of said selected address within said first segment 

corresponding to the data stored in said first register, said means 

for accessing a selected address of said first segaient being enabled 

in response to a value of data stored in said second register that 

lies within said second range, whereby data may be transferred 

between said selected address and said first bus when said selected 

address is so accessed. 

10. Computer system comprising 

first and second address/data bases havin; respectively, first 

and second addressable memory spaces associated therewith; and 

extended addressing circuitry as claL~ed in a;.y one of claims 1 

to 7. 
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