US007346710B2

a2 United States Patent (10) Patent No.: US 7,346,710 B2
Melvin 45) Date of Patent: Mar. 18, 2008
(54) APPARATUS FOR INPUT/OUTPUT (56) References Cited
EXPANSION WITHOUT ADDITIONAL
CONTROL LINE WHEREIN FIRST AND U.S. PATENT DOCUMENTS
SECOND SIGNALS TRANSITION DIRECTLY 4,689,740 A 8/1987 Moelands ....oocoeeeee... 364/200
TO A DIFFERENT STATE WHEN 6,874,050 B2*  3/2005 Tangen 710/300
NECESSARY TO PERFORM INPUT/OUTPUT 7,194,605 B1* 3/2007 Racine ef al. vooooe........ 715/780

(76) Inventor: Stephen Waller Melvin, 967 14th St., * cited by examiner
San Francisco, CA (US) 94114-1220

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
(21) Appl. No.: 10/709,084

Primary Examiner—Tammara Peyton
(74) Attorney, Agent, or Firm—Stephen W. Melvin

) An apparatus for expanding I/O is described in which no
(22) Filed: Apr. 12, 2004 additional strobes or enable lines are necessary from the host
controller. By sequencing data in a specific way when output

(65) Prior Publication Data to two existing data or select lines, an expansion /O device
US 2005/0267997 Al Dec. 1, 2005 can generate a strobe or enable signal internally. This
internal strobe or enable signal is then used to store output
(51) Inmt. Cl data or enable input data. The host controller needs software
GO6F 3/00 (2006.01) or firmware to perform the data sequencing, but no addi-
GO6F 13/00 (2006.01) tional wires are needed, and no changes are needed to
(52) US.Cl oo, 710/2; 710/8; 710/9; 710/10;  existing peripheral devices. Thus, an existing system can be
710/29; 710/106; 710/300; 713/600 expanded when there are no additional control lines avail-
(58) Field of Classification Search .................... 710/2,  able and no unused states in existing signals.
710/8-10, 29, 106, 300; 713/600
See application file for complete search history. 32 Claims, 9 Drawing Sheets
120
140 _ /
Control Signals
110
AN 180
\ 150
D8 - D15
Existing
Peripheral
Microcontroller
160
DO - D7
170
Expansion
o]

130



U.S. Patent Mar. 18, 2008

140

/

Sheet 1 of 9

Control Signals

US 7,346,710 B2

120

110

Microcontroller

D8 - D15

170

150
160

Do - D7

i
It

130

FIG. 1

Expansion

0]

Existing
Peripheral




U.S. Patent Mar. 18, 2008 Sheet 2 of 9 US 7,346,710 B2

I [
] I
I T
DO - D7 Prev_Data >< : New Data
: |
|
|
|
|
|
|

|

|

|

|

strobe or :
Enable : !

|

® ©

Fig. 2A
(Prior Art)

Fig. 2B
(Prior Art)



U.S. Patent Mar. 18, 2008 Sheet 3 of 9 US 7,346,710 B2

i i
i i
|
D2-D7 Prev_Data : : New_Data
! l !
| | |
| | |
| | |
I | I
D1 Prev_Data : >< : New_Data
! | !
| | |
| 1 |
| | |
+ } +
| | {
DO Prev_Data / : \ New_ Data
| | |
| |




US 7,346,710 B2

Sheet 4 of 9

Mar. 18, 2008

U.S. Patent

New_Data

Prev Data

D2 - D7

New_ Data

New_Data

Prev Data

D1

Prev Data

Internal
Enable/Strobe

DO

FIG. 4A

FIG. 4B



U.S. Patent Mar. 18, 2008 Sheet 5 of 9 US 7,346,710 B2

|
|
D2-D7 Prev_Data XExpansion_Data New_Data
|

1 |
D1 Prev_Data \f\ /

r

|

|

|

|
DO Prev_Data \\

|

-

New_Data

1
|
|
|
|
L
\;\
|
|
|
|
|
L
I
\ New_Data
|
|
|
|
|
|
|
|
|
[
I

Internal
Enable/Strobe

56 6
G.

F




U.S. Patent Mar. 18, 2008 Sheet 6 of 9 US 7,346,710 B2

Expansion_

D2-D7 Prev_Data Data New_Data

|

|

|

|
D1 Prev_Data New_Data
DO Prev_Data New_Data

Internal
Strobe

I T
O R e - kG

B @

F




U.S. Patent Mar. 18, 2008 Sheet 7 of 9 US 7,346,710 B2

O

750
Expansion
D2 -D7 Output
Register
(6-bit)
—>
/ 710 720
DELAY |—(
D1 l_ \
DO /

FIG. 7



U.S. Patent Mar. 18, 2008 Sheet 8 of 9 US 7,346,710 B2
y 850
Expansion
Input
D8 - D15 Buffer
(8-bit)
«—
810 820
/ EN
DELAY O
D1 | 830
—Q
DO
Dw
840

FIG. 8



US 7,346,710 B2

Sheet 9 of 9

Mar. 18, 2008

U.S. Patent

D1

Delay1
Delay2

Delay3

EN

Input
Cancelled

Input
Transition

Latched

Transition

FIG. 9
























