
(12) United States Patent 

US007355444B2 

(10) Patent N0.: US 7,355,444 B2 
Lablans (45) Date of Patent: Apr. 8, 2008 

(54) SINGLE AND COMPOSITE BINARY AND 3,210,529 A 10/1965 Hanson 
MULTI-VALUED LOGIC FUNCTIONS FROM 3,283,256 A 11/1966 HuroWirZ 
GATES AND INVERTERS 3,492,496 A V1970 (311111111 

3,515,805 A 6/1970 Fracassi et al. 
75 _ ~ - 3,586,022 A 6/1971 Bauer 

( ) Inventor. ?tletse; Lablans, Morr1s ToWnsh1p, NJ 3,649,915 A 3/1972 Mildonian 
3,656,117 A 4/1972 Maley e161. 

. , . 3,660,678 A 5/1972 Maley et al. 
(73) Ass1gnee: Ternaryloglc LLC, Morr1stoWn, NJ 3,663,837 A 5/1972 Epstein et al‘ 

(US) 3,671,764 A 6/1972 Maley e161. 
_ _ _ _ _ 3,718,863 A 2/1973 Fletcher et al. 

( * ) Not1ce: Subject to any d1scla1mer, the term of th1s 3,760,277 A 9/ 1973 Whang 
patent is extended or adjusted under 35 3,866,147 A * 2/1975 De Couvreur et a1. ...... .. 341/57 

U.S.C. 154(b) by 0 days. 3,988,538 A 10/1976 Patten 
3,988,676 A 10/1976 Whang 

(21) App1_ NO; 11586542 4,304,962 A 12/1981 Fracassi et a1. 
4,378,595 A 3/1983 Current 

(22) Filed: Mar- 15 2007 4,383,322 A 5/1983 Halpern et a1. 
’ 4,775,984 A 10/1988 Jaifre et a1. 

- - - 4,808,854 A 2/1989 Reinagel 
(65) Prior Publication Data 4,815,130 A 3/l989 Lee 

US 2007/0152710 A1 Jul. 5, 2007 4,984,192 A 1/1991 Flynn 
4,990,796 A 2/1991 Olson 

Related US. Application Data (Continued) 

(8) 1322838821881;210:15951812121518115: Le 
continuastion-iri-part of application No. 310/935 960 (7.4)An0mey’Agem’ 0r FirmiDiehl Sen/ma LLC; Glen M' 
?led On Sep. 8, 2004. Dlehl 

(60) Provisional application No. 60/547,683, ?led on Feb. (57) ABSTRACT 
25, 2004. . . . . . . 

Gates or sW1tches for use 1n c1rcu1ts 1mplement1ng ternary 
(51) Int_ CL and multi-value functions are disclosed. The gates can be 

H03K 19/00 (200601) optical, mechanical or electrical. The gates can conduct or 
(52) U 5 Cl 326/59 326/104 not conduct When a control input assumes one of multiple 
58 F,‘ I'd "" "" """ "" " ’ 326/37 states, or When a control input assumes tWo or more of 

( ) 1e 0 assl ca Ion ear§2 104 113’ multiple states. Circuits and methods for implementing 
S 1. t. ?l f 1 t ’ 11h.’ t ’ ternary and multi-value functions are also disclosed. Cor 
ee app lea Ion e or Comp 6 e Seam 15 Dry‘ rective design techniques that can be used When a logic 

(56) References Cited expression is incorrectly realized are also disclosed. Circuits 

US. PATENT DOCUMENTS 

3,129,340 A 4/1964 Baskin 
3,142,037 A 7/1964 Gazale 

701 

that use inverters and gates to realize logic expressions are 
also provided. 

9 Claims, 26 Drawing Sheets 

/ 700 

705 

702 708 

44ff 709 



US 7,355,444 B2 
Page 2 

US. PATENT DOCUMENTS 6,192,257 B1 2/2001 Ray 
6,320,897 B1 11/2001 Fattouche et a1. 

5,017,817 A 5/1991 Yamakawa 6,452,958 B1 9/2002 Van Nee 
5,230,003 A 7/1993 Dent er 91- 6,477,205 B1 11/2002 Doblar et a1. 
5,412,687 A 5/1995 SW99 er 91- 6,519,275 B2 2/2003 Callaway et 31. 
5,563,530 A * 10/1996 Frazler et a1. ............ .. 326/132 2002/0089364 A1 7/2002 Goldgeisser et 31‘ 

5,621,580 A 4/ 1997 Cruz 91 91- 2003/0072449 A1 4/2003 MysZne 
5,714,892 A 2/1998 Bowers et a1. 2003/0099359 A1 5/2003 Hui 
5,724,383 A 3/1998 Gold er 91- 2003/0165184 A1 9/2003 Welborn et a1. 
5,761,239 A 6/1998 @191 er 91- 2004/0021829 A1 2/2004 Grif?n 
5,799,265 A 8/1998 shlkakura 2004/0032918 A1 2/2004 Shor et a1. 
5790591 A 8/1998 Gold er 91- 2004/0032949 A1 2/2004 Forest 
5,856,980 A 1/1999 Doyle 2004/0037108 A1 2/2004 Notani 
5,917,914 A 6/1999 Shaw et 91- 2004/0042702 A1 3/2004 Akimoto 
5,959,871 A 9/1999 Pierzchala er 91- 2004/0068164 A1 4/2004 Diab et a1. 
5,978,412 A 11/1999 Takai 2004/0085937 A1 5/2004 Noda 
5,999,542 A 12/ 1999 Turner et 91- 2004/0091106 A1 5/2004 Moore et a1. 
6,122,376 A 9/2090 R110 2006/0082386 A1* 4/2006 Katrak et a1. ............... .. 326/59 
6,133,753 A 10/2000 Thomson et a1. 
6,133,754 A 10/2000 Olson * cited by examiner 



U.S. Patent Apr. 8, 2008 Sheet 1 0f 26 US 7,355,444 B2 

3401 

Figure 1 Figure 3 

3608 3609 

4/ 

\ 3607 
Figure 2 

3705 3702 

\ ‘f 
3703 

3701 3702 





U.S. Patent Apr. 8, 2008 Sheet 3 0f 26 US 7,355,444 B2 

4302 
\ 4303 4402 \ 

4301\ f 4401\ [4403 
Figure 8 

Figure 9 

4502 
\ 

4501 4G? 4503 
\ _ 4302 _ f 

1 —d)— 
Figure 10 

El d) G) 4603 

Figure 11 

4703 

Figure 12 



U.S. Patent Apr. 8, 2008 Sheet 4 0f 26 US 7,355,444 B2 

res1 
a _ 

res2 C— 

Figure 13 

F981 

Figure 14 

Figure 15 



U.S. Patent Apr. 8, 2008 Sheet 5 0f 26 US 7,355,444 B2 

Figure 16 

5201 

5200 {f 5203 
5201 \ 5202 5201 _ O _< >_ 5202 

W \_ ‘£201 _/ 
5205/ \ 

5204 
5201 5201 

\ [ vZ5202 
— _ 1 \ 

5209 5204 

Figure 17 



U.S. Patent Apr. 8, 2008 Sheet 6 0f 26 US 7,355,444 B2 



U.S. Patent Apr. 8, 2008 Sheet 7 0f 26 US 7,355,444 B2 

res3 

res1 

res2 

Figure 19 

Figure 20 

S1 



U.S. Patent Apr. 8, 2008 Sheet 8 0f 26 US 7,355,444 B2 

Figure 22 



U.S. Patent Apr. 8, 2008 Sheet 9 0f 26 US 7,355,444 B2 

Figure 23 Figure 24 

3e 
Figure 25 

Figure 26 

504 

501 500 ter 0 1 2 

0 0 1 2 
503 

1 2 0 1 

502 2 1 2 0 

Figure 27 



U.S. Patent Apr. 8, 2008 Sheet 10 0f 26 US 7,355,444 B2 

601 604 

600 

0 605 1 606 2 607 

2 O 1 603 

1 2 0 

609 608 61 1 

602 610 

Figure 28 

701 / 700 

705 706 707 

\ \ 709 \ f 709 
O 1 f 2 f 

703 

1 / 2 / O X 
702 708 708 708 

Figure 29 



U.S. Patent Apr. 8, 2008 Sheet 11 0f 26 US 7,355,444 B2 

903 

\ f 904 

804 

Figure 30 Figure 31 

103 \ 

Figure 32 

123 
\ f 124 133\ 

Figure 34 Figure 35 



U.S. Patent Apr. 8, 2008 Sheet 12 0f 26 US 7,355,444 B2 

140 

143 

f 

f 155 

A 

1500 

[ 1506 

{5/ 
\T/ 

Figure 37 



U.S. Patent Apr. 8, 2008 Sheet 13 0f 26 US 7,355,444 B2 

1604 

1600 1601 

1603 

1602 

Figure 38 
1701 f 

1700 

1703 

1704 

1707 

1709 
\ 

1702 

1804 3 2 

222 1 1 

23233 

30230 

1800 
1801 ‘ 

1803 

1802 

Figure 40 



U.S. Patent Apr. 8, 2008 Sheet 14 0f 26 US 7,355,444 B2 

1908 

(J 
A 

‘I900 

1901 f 
1904 

o 4/ 

1912 

I902 

Figure 41 



U.S. Patent Apr. 8, 2008 Sheet 15 0f 26 US 7,355,444 B2 

2100 

2103 

2102 f 
2104 

o 4/ 

Figure 42 

{/2108 2112 
A / 

2102 

Figure 43 



US 7,355,444 B2 

2200 

U.S. Patent Apr. 8, 2008 Sheet 16 0f 26 

f 2202 

2205 

2210 O 

\ 2202 
2207 f 

2202 / A\ 2206 
\ \h/ f 

2211 Figure 44 

2203 



U.S. Patent Apr. 8, 2008 Sheet 17 0f 26 US 7,355,444 B2 

a _‘ res1 

C _ r1 

b _ res2 

01 

C1) ‘ res4 

a __\ res3 H 
C _ c1 1 

Figure 45 



U.S. Patent Apr. 8, 2008 Sheet 18 0f 26 US 7,355,444 B2 

6002 

\ 
6001 60g 
\ 2 

6003 6004 

Figure 46 
6103 

‘I 
6101\ 

6100 

6102 6101 

Figure 47 

r10 

Figure 48 














































