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Abstract

We describe how single layer perceptrons and new nonsymmetry feedback type neural networks
can be implemented by VLSI CMOS technology. The network described provides a flexible
tool for evaluation of boolean expressions and arithmetic equations. About 50 CMOS VLSI chips
with an architecture based on two neural networks have been designed and me being fabricated by
2-micrometer double metal design rules. These chips have been developed to study the potential
of neural network models for the use in character recognition and for a neural computer.
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Fig, 2. Modeling of neural networks.

{8) siructure of neural cell.
{b) circuit model for neural networks.
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Table 1. SPICE simulation of 4-bit comparator.
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Table 2, CMOS VLSI chips implemented by single
layer perceptron model.

No Chip Name Chip Size | Fie Name
(um¥* gem)

1 [ 4-bit Comparator (2) 285%95 COMP4G

2 | 4-bit Comparator (>) 285%95 COMP4S

3 | 3-bit Magnitude Comparator (2) 2904245 | MCMP3G

4 | 4-bit Magnitude Comparator(2) | 335#275 { MCMP4G

5 | 4-bit Magnitude Comparator(>) 335%275 MCMP4S

6 |4-bit Equality Check Circuit(=) 350%730 | EQCHEK4

7 14 to 16 Decoder 470%1130 | DEC416

8 |16 to 4 Priority Encoder 829% 474 PREN164

9 | Error Corrector(4.3) 860%1283 | ERRCRT

10 § First 1 Check Circuit 571%778 | FSTICHK

11 | Decompositer for Rank Filter 270%1715 | DECOMP

12 | Binary Bit Separator 490% 1095 | BINSEP

13 | Fattenning & Defattenning Circuit | 1095% 730 FATDFAT

14 | Noise Elimination Circuit 1290%1370 | NOISE

15 | Thinning Circuit 775%1190 | THINN

16 | Smoothing Circuit 960 % 965 SMOOTH

17 | End Point Detector 1300% 1245 | END

18 |Edge Point Detector 1295% 2685 | EDGE

19 [Branch Point Detector 1295% 1720 | BRANCH

20 | 6-bit D/A Converter 505% 140 | D/A6

aEs. FY= =z
Fig. 8. Hopfield model.
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Table3. CMOS VLSI Chips implemented by
nonsymmetry feedback type model.
Chip Name Chip Size | Fie Name
(pem % gm)
1 Half Adder 325 % 240 HA
2 Full Adder 345 % 239 FA
3 2-bit Adder 365%300 | ADD2
4 3-bit Adder 430% 485 | ADD3
5 2-bit Subtractor 430%375 | SUB2
6 3-bit Subtractor 500%610 | SUB3
7 4 to 3 I's Counter 415%280 | CNT43
8 5 to 3 I’s Counter 430%280 | CNTS3
9 6 to 3 I's Counter 450%280 | CNT63
10 | 7 to 3 1I'’s Counter 515#%280 | CNT73
11 8 to 4 1I’s Counter 515%495 | CNT83
12 9 to 4 1s Counter 500%495 | CNTH4
13 10 to 4 1's Counter 555#%495 | CNT104
14 11 to 4 I's Counter 555%495 | CNTI114
15 12 to 4 I’s Counter 575%495 | CNT124
16 13 to 4 I’s Counter 600%500 | CNT134
17 14 to 4 1's Counter 600%500 | CNT144
18 | 15 to 4 1's Counter 645%500 | CNT154
19 | 4-bit A/D Converter 330%475 | A/D4
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E: 3 4. SLPeo NFT 2edz F&3 CMOS
VLSI #

Table 4. CMOS VLS] Chips implemented by
SLP and NFT model.
No Chip Name Chip Size File Name
(,um * ym)

Content Addresable Memory(6.4) | 495%635 | CAM64
CAM Type Error Corrector (4.3)] 905%1974 | ECCAM43
Multiplier (5% 5) 2250%635 | MUL5%5
Divider (6/6) 3655% 2680 | DIV6/6
Floating Point-Adder (3. 3) 2310% 1646 | FPAD33
Floating Point-Multiplier (5. 3) 2757 %2445 | FPMULS3
Floating Point~Divider (5, 3) 3965% 4859 | FPDIV53
Rank Filter for Gray Level(9.4) |4409%4382 | RFGLY4
Gray Level Amplitude Sorter (9. 4)| 3179% 2244 | SORT94
4-bit Flash A/D Converter 400 %500 A/D4F
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Fig.12. SPICE simulation of 7 to 3 1’s counter.
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