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Abstract
I £

The SCMOS stands for Super CMOS. It is basically a new class of integrated devices
equipped with low-level CMOS transistors, capacitors, resistors, and the newly invented
low barrier Schottky Diodes (LBSBD) fabricated with isoplanary processes. However,
significant differences are found in the high-level circuit configurations, device
economics, dynamic circuit operations, less active nodes, total net counts, and low
biasing supply voltages. Thus it opens a brand new class of microelectronics devices, all
centered on the newly added low threshold Schottky barrier diode (LtSBD) with Co/Ti
metal silicides. The work function of Co is 0.53 eV right in the middle of the Si electron
and valence bands. So that we may form both P and N type SBDs with P or N type FETs
in the extended N-/P- S/D pocket regions. Since the SBD can be made as attachments to
the conventional CMOS or Flash transistors, the SCMOS device implementations may
convert from existing CMOS and Flash macro files.

Circuit wise, besides the SCL circuitry [REF.1,2], we added the newly invented pulsed
DTL (PDTL) configuration, which combines the old Diode Transistor Logic (DTL) and
pass-transistor-logic (PTL), and forms highly economical, high performance circuits with
lowest power consumptions. Small die size and simple nets favor better device yield,
embedded field programmable units [REF. 3,4] may facilitate instant repair and service
alterations. These features underline a strong cost-performance design platform, zero
dead inventories, and support consumer oriented service operations. High speed and high
capacity devices have wide applications in data acquisitions, especially benefiting to
mobile SoC computing.
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l. Introduction-The birth of the SCMQOS Technology
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l. B5=—SCMOS H A A4

Ever since the introduction of the integrated circuits to the microelectronics industry, workers are seeking
techniques to improve the functionality, performance, and capacity of the chips and their PCB assemblies.
Trends were set to systematically driving for physical dimension and electrical signal shrinkage on one end,
while considerable efforts are placed to enlarge wafer size, cleaning process and operations, enhance device
yield and invented products and applications on the other. The results are astonishing to record the history
that we created a booming economical business worthy trillion dollars global wide revenues each year.
Further more, Information and its associated Technology (IT) penetrates every body’s life style and
productivity when people are using the miniaturized devices and their computing power.

FIAR LR 1A 2R B 777 b, M S SRER St i P AARLATT 14 Bl i r ¢ (PCB) PRV 2 D HE
ROUAA A o AESEARAN AR5 7 10, R ARG/ RO RREARR, M0 25— 7 S0 9 vy e ™
ARG, 3RS B RN BRI DER BRI TR, R PRI P RN
SR N MK IBIE I S sk, Sl 7 Mk il 1 S R 22 P Al 2 R BRANE T AR ES
EIRFETCIIL . BEHE BB AR RAE A REORAT), AN/ BE S AT TR TS RE T I,
YNGR TR S NS ST W e s

It was key that transistors were invented, which replaced vacuum tubes in the 1950s, integrated circuit arts
were invented to house a number of circuit elements in a common wafer substrate in the early 1960s.
During that era, main-frame computer using simple ICs was build to support space programs while
establish commercial and scientific services in computing. The microelectronics industry walked through
the early stages of IC with resistor-and-transistor coupled logic (RTL), diode-and-transistor coupled logic
(DTL), and transistor-to-transistor coupled logic (TTL) as the basic circuit architectures for component
advancement. By the 1980s, we settled in Emitter coupled logic (ECL) with the bipolar technology as the
state of quote arts. IBM 360, 370, 380 were the bench marked computer systems each are selling for $M
per million instructions per second (MIPS). Microcomputers was born from small potato like Intel in the
late 1970s, and complementary metal on semiconductor (CMOS) was debuted in 1980s as new brand state
of the art field-effect-transistor (FET) technology for its elegant device sizes and dc static operations both
situated well for large scale integrations. The CMOS pushed several generations in personal computing
with Intel’s Pentium machines and DEC’s server, it also benefited system houses like Sun Microsystems,
and Microsoft, and Oracle for they excelled in system hardware and software applications.

HOCHPEM S AR ORI T, 78 50 ARAVE B4 T B84 . 1 20 tHAD 60 “EARHT, SRR g T 20k Kk
B, B B W T — AN IR R S e e FEIRAN AR AL, AR R B o ) R
FLEAE TR0, FET i @S i AR IR SS o sk b7 7 ol ik 4 pl i i U1 3 T LA HLRE
PR =B A A S5 A B S (RTL) FRLS, AR = R A AT 45 5 2 (D TL) HL i, A
transistor-to-transistor — A & A AR 25 & I 5 (TTL) HL, 0282 B % o 2s A I R AN v it &
Ko AE 80 AFARLARY, AATTAH 3T DA AR & 12 4R (ECL) HL iR A FE4E XUt T 28R . IBM
K32 360, 370, 380 iHHIHLARZ. ENARFR N AEFBAE B T IR ASE L (MIPS) B4 — 1 7 3%
Too NG A FIERERAE 70 AEARINIBL, I LA fE(MOS)REAL i P (FET) BRI 57
Bl BN A L IC. 18 80 FARH, HAMES B 1 FAE(CMOS) FFiK T o AIh e H SRk RS R s 4
VEAR AL 55, T A A8 R R AR B P R R . CMOS 7EAS AU ATk 4t T LA THEAR LS 2R
S IE WL A 2 (R il &) sy, ElA M T RE A A WS Sun Microsystems, ik
Microsoft, F1H L3¢ Oracle, DA A A AT 148 K AR 2R Ge A4 Rk AR5 T (R N H
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Table I, IC chip design parameter trends

The trend of IC Chip design parameters
AR BRI S i U S RGBS

Tech. Rules/Pars 1970 1980 1990 2000 2010
Gox, Gate Oxide in Ang 4000 1000 200 70 30
Leff, Horizontal in uM 6 3 0.25 0.18 0.07
t, thin films in uM 1 0.5 0.3 0.2 0.1
Contact Size in uM 10 2 1.2 0.25 0.1
C, Load in pF 10 1 0.4 0.2 0.02
Vsupply 8.5 5.5 3.6 1.8 0.6
Vtin eV 0.8 1.2 0.9 0.5 0.4
I in mA 10 1 0.1 0.01 0.001
Speed in nS 70 10 3 0.5 0.1
Power*Speed in pJ 1000 500 10 0.1 0.001
Wafer size in INCH 3.5 4 6 8 12
Density gate counts 100 10,000 100,000 1,000,000 10,000,000
Density in MB 0.001 0.01 1 100 1,000

e IC system application and driving forces
o BRGPTREAZER HAIERS)

Internet industry starts booming after 1990 when CMOS showed solid advantages over the Bipolar and the
Bi-CMOS transitions. The IC demands had quantum jumps in processor speed and memory storages.
During this period, PC and server industry prevails all computing business sectors. Big market boom
proliferated IC HW and SW applications to enrich every body’s life for information access and storage.
Then the electrical erase able read only memory (EEPROM) or Flash device was introduced in the late
1990s, multilevel storage cell became reality after the turn of the century. The IC technology by now has
been driven over 50 years. In the last decade, a strong real time data link and multimedia information
processing demand created a big boom to IC products and applications. Wafer Fab facility advanced to 12
IN substrate, nanometer feature control, and 8 layers of on chip wiring is the new standard. Integration
capacity of a memory chip measures at Giga-bits, and embedded processor speed running GHz.

7E 1990 -LAJF, CMOS DAL R SUf Ak b T A6 T XU AAUU-CMOS #  T 2, BLIBER) Mk T 43
DCE e R P HL B A AL B RS AZ APV T T A Z00RAT R AR, AN AT SRR
55 B PN T BT TSI T o KT SO0, SR B P AP I 2 T R
A3 T AR EAEBORIARIE . SR IR L BAR (EEPROM) SRl (4 7E 90 AR AUA # A 244
#)7 T, ZEEAFAE T (Multilevel storage cell) fEASHEZLHI LS O TILSE . SRACBERHORIL(E O
PR T 50 4F o AL JUAE, SN ARSI BEHEAN 22 AR5 AL, Sy SR b i RN B3 T 58
RIS W) B CHENE T2 1 12 <3 A AL ORTIARUE R AR ZeRs nUT i, IR HL
FER T Rk 8 ARSI, WU A a7 I TR B L HR, o7 20 2 A g Dk R
ARV

The most recent device innovation goes to the universal serial buffers, buffered processors, and wireless
multi-path communications, so the personal computing devices, especially the mobile data processing units,
for on-line data searching and acquisition are the more advanced. While the process state-of-the-arts is
slowing down for it is reaching the minimum feature, the demand for the bandwidth of the data access
chips/devices keeps growing. Any progress in maximizing capacity—performance-and power efficiency will
meet strong resistances.
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The opportunity arrives for employing design innovations in IC. After the high capacity storage Flash
devices, and multi-layer metal wiring (8) offered by the chemical-mechanical-polishing (CMP) processes,
we offer the SCMOS and SCL as key SoC technology that would ease up circuit speed, process, system
cooling, and battery life time problems of the CMOS bottle necks. We found that LtSBD and the newly
invented Dynamic DTL configuration are new tramp cards in developing chip sets for low power
computing.

BRITZ SRR — B SRS PG . PRI AL PGS . ML Z B A s . IS A
IBEeE, RS EARAL B AT, T T M BB A, R T T, B R
HUBr CRE T e M E AR, TR A 5 AL X Bl A B s e K SR WA B e e ARFTHER
AL, AL RE, AR R IS AIORE 38 L 3 5 AT

PR, BN AL AR R T T BRI B BE . AR R A A I RIS, Mgt th AL THUAR
WHEBIRE(CMP)R I T Z 2 Rtk 2 Jm, FAT RIS T SCMOS A SCL AF 4 #th A bl R 4t
(SOC)Z R BB, PRI FEKe BE &Y ik vhL I a2, TR, AR 8V A, R A R A i S ) . AT T
(R F PR 3L R LSBD, I HLBGIT N 1 83k DTL EELE%@EE,%ﬂ‘?’iﬁﬁlﬂﬁﬁ‘ﬁ,%ﬁuﬁéﬂé\ﬁfEl"]
—iK EM.

The following sections introduce the emerging SCMOS solutions of circuit architecture, speed and power
advantages, field programmable changes, and device manufacturing techniques to meet these challenges.

) 5 A ,;9%4 9 SOMOS 184K + 3t ~ AL ~ S SRl e~ A o
wﬁy%ﬁ&J
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2. Low Threshold Schottky Barrier Diode (LtSBD)-An Ideal 1-V
switches and for code storages.

2. IR s 1 R R A (LtSBD) -HRAR IR 1-V TS FIACRL AR

The Schottky contact barrier diode works on the theory of work function difference (WFD) between
contact metal layer and Si bulk crystals. Depends on the selected reflective metal’s work function-energies
for its outer electrons to escape to vacuum space, the barrier height may be formed between the
conduction/valence band of the semiconductor and the metal’s conduction band. If Al or Pt was selected in
the bipolar device era in the 1970s, when the author invented the High threshold SBD (HtSBD) in Bipolar
ICs, the barrier height was then around 0.7 eV. The SBD threshold would clamp base-collector junction
and suppresses deep saturation for shortening extra storage delays or triggers more severely the device
latch-up actions burning up the chips from between power strips. If Cobalt or Titanium is used as contact
barrier metal, then the work function difference is +- 500 mV respectively to either N- or P- terminal.

P R e B B T B B R T ok 4 i 2 VR s [ 2 TR0 AN [A) 2 T R B (WD) Bk T i
PRI S 4 8 I D 8- % 4 e (K AR L RER I 2 B s 2 Riehe,  [eifiS e BE B T4 Jm Al G4k
(AL A BN AL AT 2 1A o U0 BEAE 70 USRI, VR 70 XU 1es %,ﬂ%éﬂ ALFI &1 Pt KW T i
J& SBD (HtSBD), et/ K41 0.7 eV, HHI, SBD AJ & S XMtk = M 4% 2 Fa AAEM i s, I B
TRV, 4 J A A ME ZEIR , sy BR T 0 A b rRysiA 2R 1A fid B8 0 7™ 2 ZEAK, B T 5 i A A
WA WA A s A B 4 )2 4 e, )3 N-ok P-2ui; 2 Tk 3022 73 ) A+ - 500 mV o

We have postulated and verified that Co/Ti silicides SBD may make N-type or P-type SBD miniaturized
diodes with Si surfaces, where each device occupies only single contact area in Si bulk. The barrier metal
serves as Anode (to N- Si) or Cathode (to P- Si) terminal. The other terminal may be shared with those
from souce or drain of the CMOS or the Flash transistors. Thus, SBDs can be economically attached to the
large CMOS or Flash transistor’s S/D bed, and hopefully have no adverse impact to transistor |_V
characteristics.

PAMB AL L T LR, nTAERE SR T Al N L ER P ALY/ SBD A, BN oofh R

b A R AR RV o BT G AR A B () N~ ey ST) SRS (B P-fek iy ST o — AN
Uit ) AT 5 CMOS B R A I S Bk D M7y 5. NIk, SBDs af LLRZHrith a7 24E T CMOS =W
B AR AT SID IR A A5 G F T A 2 U 1V RETE

Simple logic gates and analog units can be formed with least real estates. Many macros such as the standard
cell units may be easily derived functionally equivalent to existing CMOS gates but with simplified and
reduced net in circuit topology, much smaller pocket sizes and total pocket counts, and operated with lower
supply voltage and signal swings. The following drawings show the vertical and horizontal layout of
CMOS and Flash transistor profiles where SBD are attached in the S/D pockets.

] AR A DRI L S T LA B D S R . VFE AR A Bl bR e R S BT, Re AILAT 45
IhfEM) CMOS 1], B S b & sk A3 o (H AR FUER S PN E i i Ah . 98> T R W9 a5, L B S
(RS RN, A P SR AR I B FE S A5 SR . DL R IR l7R T CMOS RIS f A4 2 T B RIK

IO ZeAT Je,  SBD S ] B nAE SID A4S,

Process wise, the SBD can be attached to the FET transistors with minimum deviation only in low
temperature contact metal treatments, and sub-region resistance implant as options to lower the
cathode/anode resistances when performance requires. The very difference of the SBD barrier-metal-
contact and the shared S/D contact lies in the N++/P++ contact diffusion treatment to the latter. Therefore,
SBD contact region needs a block out mask during the S/D P++/N++ implants operation, so the barrier
region has Barrier metal on N- or P- bed, a sub-implant region is served as an optional underpass to lower
the diode body resistances in certain product embodiment.
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IFEIT I, SBD W LA /M 22 e E RS AR FET 2 — A 3] A G D e 5 20, AEHRpi<s 8 b 2R
BT BL, A R A DX BT, Y DA PP A B AR Db B BH AR B . SBD R < s 42 i Ly
SEATI¥) SID Bzfit s 14 D3 A1 J5 AT 0 N++/P++ 50 B . ITLL,  SBD 71K B i 4 e Bz st X 57,
£ SID P++/IN++RIANSRAEIIA], 5 ZERHPG R o DRI, BiehSs <5 Jom 2 i o DBk, A Wi is <82 J, £ N- P-
FERRIR, JFAERCLE S tirh, A st N e 3 DARRAR A A 4 2 LBl

One can easily see that the SBD can be the by-products to both CMOS and Flash transistors when mixed
functional units are embedded in a single chip. In this environment, the LtSBD is the smallest diode
element for logic gates or switches, or memory bits for control codes or data storage. During the 2004
TSMC lab studies, the forward characteristics starts logarithmic linear at 1 uA for 0.1V drop, all the way to
several mA. The reverse leakages are contained in a couple nA at 5V reverse biasing. Practically, it
switches around the I-V origin steering uA currents, and operated at ~0.1 V biasing in the activated
windows at extremely high speed and lowest power dissipation.

T He T ARR I DO REFR TN, URAER S A 1) SBD nl MBS /& CMOS — % IR i 14

R Y. AEIXAIAEHE,  LISBD 2 ME R AL R A AR ] BT 0%, B A2 A

BN PSR 2 A7 fif . AE 2004 4 TSMC s = mT5EblIa],  JLAT A i ASHFIE 246 T 1 % uA,
0.1V it F, LAEEMEXT NV, —HBLA 2% mA. e ETE 5V i R i, 7T 7E 2 4522 nA L

Weo SEbs L, EAE 1V R DI uA /N, ~0. 1V i s RITAT FE IR PP & 11 N R 3l T 95 2h

RE, FL B iR g IR AR AT H

The SBD-CMOS logic (SCL) gates yield the smallest cell pitch sizes compared to any technology in the IC
history. It has the least pitched wiring infrastructures (up to 8 planes) for interconnecting and driving with
the best RC time constant possible for any circuit combinations, and it can be operated with single low
value supply down to 0.6V.

SBD-CMOS 4R (SCL) ], CAESE ML 1 52 b, ST HORILER, 724 T e ROTIOT R4 . €
B BA oD R R AR LR (T HEAR 22 8 A1) o AR ELIBCAI IS B Ay HLBR 4L & I, LRI RC
) H K, I Fe A AR R - L% 2 0.6V

The SBD arrays can be made as ROM or one time programmable ROM by contact or via fuse/anti-fuses.
Fine array core including decode and sense amp can be designed with 4F"2/bit core and 2F pitch for the
peripheral circuitry realizing the best density for any IC arrays, and it performs at the best speed and lowest
power consumptions. FPGA circuitry is also under development, which houses on-chip facilities for field
changes or program alterations for repairs or customizations. No dead inventory and benefiting time-to-
market for any engineering changes.

SBD 1| B 1] LIAE ) ROM, sl sl i ik 445 22 s¥ [ s 22 F- B, VE A — M T 4aFE 7 ) ROM. Ikt % (1) 471
A% o B FE R 5 IR TEOR A o e VIR 26 B T LUIA B 4FA2/bit (F=Ee/ NI EERST) 2 K%L gl iy,
2F Z ), SIZR T BT A S N H I 40 O P e 00 P B AT e P P AR [ B FE . FPGA HLE
WAERTET, TR Bt T 45 e e i, S b e gk o8 ol sy H olode . RNATA] T2 AR Al
737 75 B J I IR 45 I8 R AT 1%

Many low power and high performance containing analog functional units for data accessing, PLL and
charge pumps, RF and data converters, multi-level comparators, CRC streaming units, dsp units are under
development. They will drastically change the picture from the current CMOS-TTL hardware.

VFZARDIFEA S R ek D REHS A F 6L 5 Bde A B, ARAZBER PLL AR IS REVE AL, S A0 RF RIS 4R

Weds, ZEAATLERS, R AN CRC MM 4 B A A5 K e rp . AT 4T CMOS-TTL
B J7 S AT R
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Fig. 1, The SCMOS device profiles and the I-V characteristics of Schottky
barrier diodes using various metals.

K. 1, SCMOS #&&4MER H R AL RS AR i A 5P 48 1 FE - R 4R 1E
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Fig. 2, The implementation comparison of SCMOS and CMOS logic gate.

&, 2, SCMOS I CMOS 3&/H& 1™ |S[ 5 o

1.0 SCMOS/CMOS Standard Cell Comparison

SCL solution CMOS Solution

SCL 10 In,1 Out, NOR10 gate CMOSL 4 In, 1 Out,NA4 Gate
1 internal net,

2 wiring tracks, 2 wiring tracks,

4 small Tx. 1_0 SBD B ,  8huge Tx, 4 WayArea: 27x9=243 F2
10 way Area: 15x10=150 F Stacked Paths

8 way Area: 15X8=120F*  pD=1.8V, Needs to be High
5way Area: 15x7=105 F Speed: 500 MHz

VDD->0.6V, lact=1 uA

Speed: 2 GHz = VCC=1.8V
= S g,

3 internal net,

4 . B 3
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A [ |
m = (B EE
oo 27F i
oof CHy
15F | I m el |8 |
O O e
v HE B
10F F —>
Test Site A GC/GST Confidential,

3/1/2007

In the above SCMOS circuit schematics, block diagrams, vertical profile and horizontal layout of the
SCMOS and CMOS logic gates, we see that the SCMOS gate has a DTL circuit configuration, and single
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internal node. It operates on a dynamic logic scheme. Logic values are realized only during the clocked
window, otherwise they were blocked and may be ignored; or to serve different purpose such as for state
indicator or biasing under a known (idle) state. However, the conventional CMOS gate is dc static,
configured by TTL topology with more internal nodes and large device pockets. Therefore, it has a lot of
inherent deficiency compared with SCMOS implementations.

7t _FIR ) CMOS H1 SCMOS i 2E . T EH 45 & MUKSFIE AR 4 sy, FRATE W SCMOS 1 —
it DTL A = AR IR s v 2 AR BRIC L, JF HAUA B — M . e DA A R AT, AL
Fikr i g VAR, RIS AR AR, A5 AT DR 4 BEL I FL o 220 A FH 1 53 4 E i iR 28 2

IR AN RTE PR CEAR) E . SRjhy, FLKI(CMOS TTL) i 12 HAL do i asm, Ao Lk

TS B R (TTL A SR, 2 AR R AR R B AR i, - LGl SCMOS ‘&
EECEZ NI

In SCMOS gate, the SBD occupies only single contact space, channels one signal path. The input device
and channels are the SBDs, the output unit is the inverter. However, in the CMOS gate, signal applies to a
pair of transistor gates as an input channel, each 4-way output drivers have legs of either 4 NMOS or 4
PMOS transistors. While the pockets are bulky, the associated RC time constants are huge; it drives
immense loads of following gate pairs and wiring tracks. One can see the shortcomings of CMOS
implementations, which inherently requires large Si area, higher power supply, huge signal swings, delay
tolerance and variations.

£ SCMOS W[ T+, 434> SBD 40— i fo ], 4Rt —AFERIE. MR EMRE L
SBD #fil M s, it E L RIS SRIfT, fE CMOS W], {5 53 by XS A a1 E N
B NAEAE, WA FE ] 4 3 NMOS Jit 4 32 PMOS SRR IR . 22 D8 K IR 2e B 11 A8 3k 3l
I, AR RC I TR B0 EOR, EIREN P 32 EOR S G Ot (T T B s . 5 A6
F i CMOS St S5 R B SRR SRR BRI IFE. EORAE TIRIE . 1R KI5 5 L
MAZ S K

3. The SBD |_V characteristics and device model
3. SBD HLJR_HLIRH] A e &L

The following theoretical model describes the thermo-ionic-emission current of the SBD device I-V
characteristics adequately:

LA B 78 73 M 1A SBD B4 A2 1 JBON HL ) F IR RS A -
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Fig. 3, The Low Barrier SBD |_V curves from 4 device series families bench marked
by TSMC

& 3, R TSMC &4, I 4 RIVMERER SBD S+ AT 1_V HZk K

SBD |-V Benchmark
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US Pat.6,590,800
¥ e o
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9 ° // , "0 —— Schottky Diode 2
b /7 Wide range Hi-Rcathoda Schottky D!Dde 3
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k -‘.1 ij!" 'r: . ‘- d r 1 ; L F-Oltﬂuge 1 L 1 n ]
‘r P \ 2 /2 03 04 05
- -
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*TSMC CoSi,/n-Si SBD provides similar turn-on slope, but
at a lower turn-on voltage
=> Beneficial for low voltage operation

Where J;is the saturation current predicated on the barrier height and Kevin temperature. R is the Richardson
constant, K is the Botzman constant. V 1s the terminal applied voltage, and the A is the barrier

XHJT BAERAS E A ORI S 1 MAI . R /& Richardson # %, K /2 Botzman 4. v
SE& Y I, JEH A RS

J=R(T+273Y\2*EXP(-q*Vh/(K*(T+273))) )
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I =A*J*(EXP(qQVF/(K*(T+273))))

()

contact area. The model has been verified by the data points measured in TSMC’s lab at room temperature

as show below,

HRARVEH . B A TSMC RSB 5 i A 8ot R s 1 AR iAo o i T

Fig. 4. The forward and reverse data points of LSBD devices measured by TSMC
Data points exhibited acceptable diode curves of a miniaturized diode by TSMC lab.
Good test wafer data points below extracted to 0.1x0.1 um diode with 1 uA at 0.1V
forward, and 2 nA at 5V reverse leakage.

&]. 4. TSMC 2 LtSBD i [a fl )z [A) BE fi . TSMC 52585 -T 2004 4 A 7= 3 MiE T
JUA/NEAL I —ARE R |V BHERIITR o IR0 & (B 25038 A 32BN T 5 0.1x0.1 um
TR Z RTTAEESIM 1 UuA, 0.1V RIATREZ 2 nA,-5V,

SBD IV Characteristics — CoSi,/n-Si

Diode Area = 0.24um x 2.9um

0.01¢
: Schottky Diode 1
1E-3 - Schottky Diode 2
- Schottky Diode 3
Lo Schottky Diode 4
~ 1E-5 e !
E C T i
= 1E-6| T~ i
TAR T T \ |
1E-8 | =S !
F i T - \
1E-9é Ir5 1z 1=1 6*1/72=0. 24 nd :
1 E.1u i L 1 L 1 i 1 i 1 1 | 4 | i 1 1 1 i 1 4 1 1 L
-5.0-4.5-4.0-3.5-3.0-2.5-2.0-1.5-1.0-0.5 0.0 0.5 1.0
V (V)
Cwrrentie V=1V [Cwmrentim V=-5V
Schottky Diode 1| 1.44 mA/um™? 0.81E-06
Schottky Diode 2| | 56 mA/um™2 | .61E-07
Schottky Diod .50 mA/um*2 0.23E-07
Schottky Diode 4] 1,54 mA/um*2 S2UENT
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4, Wide device applications and macros design examples

4. BTHIBCE N AR SR @ w2 B

The low barrier threshold (0.1V) of the LtSBD made it an ideal choice to clamp modern CMOS transistors,
which has typical Vtn/Vtp value around 0.5V. The Vt difference between SBD and FET made it suitable to
do several things efficiently.

LtSBD Z ARG [T PR (Vid=0.1V) 1§ & ik — AN FRAR R 38 5 AR CMOS =M i iAcssy,  Ho g 7R gy
Vin/Vip M EZI7E 0.5V iz, SBD il FET 1) Vt X 51 f e fE m AR s L= .

1). Serve ESD protection for input gates.
1). gt W ESD fild o
2). Suppress transistor 1-Vs, prevent well latch-ups.
2). 7% (il AR 1V IR IR A S
3). Detect Audio/Video signals using diode-resistor rectifiers or decoders.
3). [ ™= A VIR N e iy 2 ﬁ,ﬁﬁtiﬂﬁ i HiLH l’ﬁﬂ
4). Build on-chip voltage ladder and charge pumps using diode-capacitor clipping legs.
4). ST SR B 7 AT A PSSR A A g
5). Do logic and/or or NAND/NOR trees
5). iR EE /g5 ™| and/or A1E ZHEY /FR | NAND/NOR
6). Do signal level shifting in 1/0 blocks.
ﬁ)fﬂﬁ“ /Q?IJH'IE{I"EE? lﬁﬂ?‘?{ﬂﬁﬁq‘% °
7). Build, the low cost and high speed, densest storage arrays
The theoretical limitation is 4F"2/bit, where F is the minimum feature size-say 0.18 um using the logic
processes. Core utilitization factor is the highest for all Ics.
7). [ ’jqiﬁ » FIHE R Y IR
FR AR AT 4F2/bit,  F L dR /RS RURGT, A A 24 180 402K N T2, K/ME 0.18 um .
0 R4 25048 FH PR 25 Utilitization Factor 24 T3 45 B HL T 22 5

8). Perform Flash device based binary, ternary, and quaternary computing, multiple-bit analog-to-digital

(ATD)/digital-to-analog (DTA) comparators and converters [REF. 3,4].
8). LT WMV T P AR BT > %0 KL (ATD) M s (DTA)
PRI FOR2 B 34] -

Most importantly, we keep on finding useful traits of the LtSBD for it exhibits the finest switching and
analog properties with simplicity and efficiency built-in.

R SR FRAT RS L LESBD A I FIRFAIE, X1 ke PN 1 RS 15 e 200 MR IR A S 4 R TSGR EE By

A
HEo

Circuit/layout wise, the LSBD is a cute little piece circuit element-the smallest entity of any integrated
components with common anode or common cathode bed sharing with the FET transistor source/drain
nodes. Because the newly defined Schottky CMOS logic (SCL) is composed of a tiny dynamically operated
current source with branching diode trees, it greatly simplified the TTL logic circuitry with greatly reduced
on-chip active net counts (to 1/3 rd), transistor counts, and parasitic pocket counts.

FERLE AT JR 7T T, LtSBD 2 FT A AR B AL & P N B2 I de N VLR T R R B R MA L
FET & A 0 =I5 1] (R s R 3 E [ (R BRI AR R .y T Il SO H i CMOS 32 4H(SCL)
J MU ED A IR 2 SO A AL B, EARRH T AL T AR St TTL 2R, Jd /b T AE S
FIEER M R B (2 2 1/3), R A o O B 2R AR

The result is that logic switching is much cleaner, and much faster. Power-Speed trade off improved with
gigantic TTL nets disappeared; the replaced DTL nets are both reduced in active net counts, and lowered

SCMOS-TechApps70622a.doc GST Proprietary, All Rights Reserved 13/34



The SCMOS Technology and Applications-an integrated circuit white paper.
A.W.Chang, June, 2007

associated RC time constants (i.e., inverters driving smaller pockets and wiring pitches comparing with
TTL nets).

SR IRTF O BN T RIIG . DORE-3 8 2 AT 5 AT HEJRE UK TTL RV 2K 175 B4y DTL
WA AT Il PRI TG R R 5 AR A2 1K) RC IS TA) 800K [ (R B /N (1) AR R B 2K

Power supply, required by SCL, may be dropped to just above the FET threshold V1 (say ~0.6V), now that
we get simple inverters driving DTL stages everywhere. In general, power consumption for any net is
proportional to the square of the supply voltage and ac currents. If Vsupply lowers to %2, power reduction
shall reduce to ¥%. The SCL has significantly smaller layout areas; parasitic capacitances with wirings and

pockets, hence the power advantage is more than 4X. This would not be possible to achieve with
conventional CMOS TTL circuitry since it has inherently topological and structural disadvantages.

RISRFLATTRERIAL L DTL 3X5) DTL, W) SCL ] 4 i B — I A FEL IS AN 7 e e i s 4 F FET (1 TR
Vit (Z1~0.5V).  —RRUL, THHEN A M L g5 e H R I e gt (1 e i sl i F P BB bl i B
Vsupply B %, ThFEEE/D S, AN, SCL A B35 T /NPIAR Ja DX 48, B2 fn 48 25 28 s kN,
HEINFEEF AR EL AX £ . H M2 CMOS TTL HL, KA BT P22 g Ky i, SN Al ik 3
M.

Fig.5, SCMOS device design kernel, and cost-performance matrices

.5, SCMOS g1 » 3Bl » AR |- A 5

5 Dimn.
Measurement
Natrices

L

Yy
|1 (1]

0
o E"*
r X
{ar Navigsien Srz-m gt
Wirelem LAN Roweer,
FRYX, Hub, Caienay,
— WLL{Wiavkes Local
Lesapi, Bae Szl

Area Speed Power Yield RAS
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e Implementation of functional macros

o HREHER S SR HE

Basic Macro set was defined to yield useful embedded physical implementations starting with standard
cells, pass-transistor logics, latch and D-type flip flops, SBD, Flash, and RAM arrays, 10 pad ring units,
and clock drivers, PLL units.

FEAR 2 AR5 TR IR A X BRSO . Gl A 3248 . TR D 2RI A 4%, SBD. ik
AT RAM ZIRE, 10 LR RRCAAL, AN BRIRBha8, AALBERT PLL A7, 2 AT I AR LT

An Analog-Logic-Memory (ALM) product library for the mixed signal macro set has been defined below,
PAFRKL Z 8 B (ALM)= BERTR S E SRR EZE N,

Table 11, Schottky Circuit Constructs for the Examplary SCL ALM Units
F 1, SCL HL¥, ALM A2 miuis s
1.SCL, PTL, SAnalog Basic units
1FEARKLL, A IT

2.Sconverters

2.SCL 25t iR

3.Mask SROM

3.SCL g Fely T FF 12 /& ROM
4,.SSRAM

4.SCL #alid iz

5.DRAM-SPSRAM

5.5CL ghalid iz

6.Sflash

6. SCL ] btk

7.SFPGA

7. SCL ] g iy I 471 B

8.SPLL/DLL

8. SCL AR BB A 4iE IR 28 4 B A
9.Image Sensor or Sigma Delta Converter
9. SCL ¥ s i i s
10.MMU/Cachel6 or Wallace Tree 16
10. SCL 16 {7 yeiciZ i, imi g2, Feikids
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Figure 6 below shows SCMOS based 10 buffer and the 4T Schmitt trigger circuit
schematics.

&l 6, 57 7 SCMOS 2 10 ZZ [ IF[1 4(= ) Eli/= 4% 4T Schmitt Trigger & -

1.10 Schmitt Trigger, 1.11 Lo Power IOBUF

Single Phase Schmitt Trigger- 1.11.1 ZBUF
1

Complementary clock

VDD=1.2-1.5V ;
. 2. Can add predriver stages for large
Different Input Vt output Transistors
o ViLH=0.8V 3. 50 ohm double terminated lines
4. Vtm = 0.6V

. VtHL=0.4V

ZBUF I’{
Voi .
<@

~ STIBUF Vvio ]
Vini
Oé 1112
1.10.2 et
g T
Vin | -
l Vini
_|> V—__N3
H B ZJglz | Vo

Clk I

1.10.1 e el
. e,
Y |_ T3

Vin
Vini TN2
- <
H P D1
. _| 1 1

GST Project 13
Presentation -

4/22/2007
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Fig.7 below shows Schematics of a nibble bank of of transceivers.

K] 7. 7€ T RE7s SCMOS fik il 7 28 3407 Ju 2 (4bit) 2 265 1K .

1.11 ZBUF & 1.14 Transceiver4 -SCL

& vin Clk Clkb Vo
b( X L H Z

ZBUF . " : .
zl8 7 Clk and Clkb are complementary pairs
Cli T1, T2 can scale up 3 stages to drive T6
5 Vo T3, T4 can scale up 3 stages to drive T5
Clk =£ E-Z
— DOL DOR
7 el &l
B
L |( Y
7 < =
°| el DIL [ A D1R
o> |
01| =
W
D2L Il\fli D2R
o i
|(‘ O| D3L $ D3R
I
P> EE &
3 T
N CLKR2L
GST Project 14
Presentation
4/22/2007
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Fig. 8 below shows the Sense Amp with latch for the array core.
8 NIl nFIBE 2 SCMOS 5 5 BN U3 5111

2.1 IOBUF/Sense Latch

Dual Phase Dynamic Sense Amp
*Hi embedded resistors with D1, D2
*Diff Inputs may be at V3, V4

*Diff Inputs may be at V1, V2

4T Latch Output option

I I I
CIkPIE!\P 4E|\

N N B N
s —— L
| l

w |z i T |
Sense Amp Operation
Precharge: D1, D2 clamp MN3,4,5 OFF.
Evaluate: V3,4 pulsed on>>MN3,4,5 turned on>>MP1,2,3

Latching>>Output Latch reset

GST Project 15
Presentation
412212007
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A.W.Chang, June, 2007
Fig.9 below shows the layout of SCMOS standard cell NAND and NOR macros.

la. SCMOS Pulsed Logic Units

1.1.0PNA1
1.1.1 PNO1
1.1.2 PNA2
1.1.3 PNA4
1.1.3 PNA6
1.1.4. PNA10
1.2.1NA2
122 NA4
1.3.1PNO3
1.3.2 PNO4
1.3.3PNO5
1.3.4 PNO8
1.41NO2
142 NO4

151
ROSC51SNA1

1.5.2 ROSC51IN

153
ROSC51SNA2

1.5.4 ROSC51NA2

155
ROSC51SNA4

1.5.6 ROSC51NA4

157
ROSC51SNAG

1538
ROSC51NA10

16.1
ROSC51SNO1

1.6.2 ROSC51IN

163
ROSC51SNO2

1.6.4 ROSC51NO2

165
ROSC51SNO4

1.6.6 ROSC51NO4
16.7
ROSC51SNO6
168
ROSC51NO10

Test Site A
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ABEKD
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rrrr I

Bkb

HIE
T LT 1uA

Bkb
)

x

Out

OHI—‘I—\IE

T2

1 Out
—I T3 L| T1

1.1.3 Hi Speed PNA5

1.3.3 Hi Speed
PNO3
LI E
Bk N I
. " T2

T3 Out
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L
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The P and NMOS inverter are both 4F wide (Tall). There are 2 wiring tracks in the center region. Logic
diodes can be either N or P types, and the clock transistors can be the narrow width transistor for the critical
current source limiter, or the short channel transistor for the non-critical leg. The wiring tracks are stacked
in vertical planes (M1-6 layers), CMP metal rules are border less hence units are compact and high speed.

P A1 NMOS J i) et 4F (1) o AEAOIXEA 2 R0REIPNIE . 12 A T LI N sl P 2R

I ELIR i i A, k1 o R AR, DR 53%?% WA, g AN, U AT R R TE 14x
o REHIEAETE BT M1-6 $HERUZED , BeHE AL M OUP <) Joid SO LUR DR 55 32 A0

!

Fig.10, and Fig.11 below show another class of diode tree based pass transistor logic (DPTL),
which 1s highly area-speed-power efficient.

I 10 AP 11, FER 52K 0 T A i 53l S AR OPTL), R
I B DR

1.7 Pulsed Diode Pass Tx Logic (PDPTL), AOI & OAI

C b
}-[ D B Bb
Out out out
D Db

Truth Table of SCMOS gate AOI22B
Bkb A B C D
@ H Don't Care Don't Care Don't Care Don't Care
DC>— Out 1 1 Don't Care Don't Care
@ Don't Care Don't Care 1 1

0 Don't Care Don't Care Don't Care
1.7.1 8T AOI22
1.7.2 8T OAI22

1.7.35T AOI22B ]
1.7.4 5T AOI22A .

Don't Care 0 /Don't Care Don't Care
Don't Care Don't Care 0/Don't Care
Don't Care Don't Care Don't Care 0

[l [l e el el

OAI22B LT 1uA
Bkb

1.7.5 5T OAI22B 5 xNOR28
1.7.6 5T OAI22A

1.8.1 5T XNOR2B A

1.8.2 5T XOR2A I~ .
1.8.3 5T XNOR2A B orzn

1.8.45T XOR2B

5T XNOR2A

A >
B > Out
ApLS !
B>
—Jel_
Test Site A GC/GST Confidential,
3/1/2007

SCMOS-TechApps70622a.doc GST Proprietary, All Rights Reserved 20/34



The SCMOS Technology and Applications-an integrated circuit white paper.

PDPTL, XOR Gates-continue  4» cb

1.8.510T XOR3B

1.8.6 14T XOR4B
1.8.7 XOR5
1.8.8 XOR6
1.8.9 XORY7
1.8.10 XORS8

A.W.Chang, June, 2007

10T XOR3B

Ab

\V/
B Y
A c

1€

14T XOR4B

Db

Comparison of conventional CMOS and DPTL Implementations

CMOS-TTL
Functions area
AOI22
XOR2
XNOR3
XOR4

Test Site A

SCMOS-DPTL (estimated)

speed mW atts area speed
10 1 10 6 5
10 1 10 6 5
30 0.3 30 12 2
40 0.2 40 15 1

GC/GST Confidential,
3/1/2007

m W atts

WIN P

Here, the diode tree may perform logic operations with the pass transistor S/D and the Gate
node to implement complex logic functions. The result 1s reduced transistor counts and area
saving, plus speed-power improvement. Classically, the CMOS-TTL implementation needs 8
3-terminal transistors for the AOI22 or XOR2, the PDPTL reduces them to 5T.

XM, CAE SR TE S AVE 2 S/D AT T TR R R A 58 R 2R IE AR DI RE .

gk

SEIR S ARE THEONTIRR, 0 IR DIRECGE . 4B S CMOS-TTL AOI22 BX Since
area 1S primarily predicated on the 1solated transistors, the attachment of diode tree to 3 XOR2

ST 8 L= AR

SCMOS-TechApps70622a.doc

{2 PDPTL AT TR R 5 52 =M Ak .
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Since the compounded diode- transistors logic maximizes the overall area efficiency, hence
the SCMOS approach greatly enhances the area-speed-power advantages of the overall
implementations, far better than what was achievable by the conventional CMOS-TTL
constructs.

DR A KRR A S = M A B sl A TR S B RN IO AE I 3R e 4 30%, Ry
I8 e e R Bk R B CMOS-TTL 11 5K itk o

e The Latch implementations with the SCMOS

e SCMOS |1 5 it

[
Figures 12, 13, 14 below shows the implementation of the latches, DFF, shift registers
and counters. The SCMOS implementations support both rail to rail signal level for
CMOS and also for SCMOS signal interfaces with diode offset.

DL 12, 13, 14 BIR[11, DFF. BALZAFas A siiti. SCMOS 5K jiti 52
FF CMOS fir 75 AR 4 5, O F EL BT B8 I 112 22 #E 1) SCMOS 15 5 4%
1,
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Fig. 12, SCMOS Larch

1.10 SDlatch, 1.11 SBD Muxes

Multivalued

Flexible Latches clk
«All Min Dimn Tx =

*Add SBD for 4Set/4Reset
buses

*SBD stripe for Mux8

*Universal SBDout-Vtd
offset from VVCC or GND.

Vin

*CMOS level Vout
*SCL level Voutl
*SCL level Vout2

+2.1 4T SDlat1
+2.14T SDlatl_4
+3.1 4T SDMUX8
+2.2.4T SDlatl CIkh
+2.2.4T SDlatl_4 -
+3.2 4T SDMUX8 Sin
4 f + 4
Comparison of CMOS and SCMOS storage logic cells
Classic CMOS | SCMOS
Signal Signal
Dlatch CMOS CMOS&SCMOS
DFF CMOS CMOS&SCMOS
Test Site A GC/GST Confidential,
3/1/2007
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Fig. 13, SCMOS DFF

1.12 8T SDFF

1.12.1 Ckb activated

8T SDFF1

. DC static level clock triggered.

. 3 level signal out

. Master side Reset

. Slave side Set

. Master or Slave side Diode
Muxes for Scan Master (Not
Shown)

. Pass Tx Scan path option at
Slave latch.

. Universal SBDout-Vtd offset
from VCC or GND.

1.12.2 Ck activated

Muxes for Scan Master (Not

8T SDFF2

. DC static level clock triggered.

. 3 level signal out

. Master side Set

. Slave side Reset

. Master or Slave side Diode
Shown)

. Pass Tx Scan path option at
Slave latch

. Universal SBDout-Vtd offset
from VCC or GND.

1.12.3 CMOQOS prior Arts

16 T DFF

Test Site A
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Fig. 14. SCMOS Shift Register

To Biasing S/D

Shift Register
Blocks |

1.13.1 4b 4T SIPOSR
1.13.24b 5T PISOSR | .4

Advanced by dc static leveled two
phase clocks(DDR, 4T per section).
Universal diode output level to
biasing s/d.

Qld
Vold =
C Ck EE%
Di g Vi 1
I\r}old-l n Q4d

1.13.3 Ck driven 4b 4T SIPOSR
1.13.4 Ckb driven 4b 4T SIPOSR

E ! d
Ckb Qld Ckb Q4d

1.13.5 Ck driven 4b 5T SIPOSR

1.13.6 Ckb driven 4b 5T SIPOSR Set
Din 1 o1 ___Pin 1 o4
T T
Ckb Ckb

Test Site A GC/GST Confidential,
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Again, we found highly efficient latch and D-type flip-flop implementations. The reduction of
transistor counts has significant area advantages, along with speed and power benefits for

applications such as in FPGA devices, when using storage units for on-chip wiring changes.
FJA’ e J’EFI £35S D L B S - }fﬁfﬁ’g,ﬁi‘g‘ﬁﬂ;ﬁﬁﬁ%'J)'EJE*EUEI*?JE% )
I [ I/' B RS FPGA e R S S AR S I (A2

e The SFPGA environment [REF. 3,4]
e SCLI p"ﬂ%g PRI (24 3,4]

Fig. 15 below illustrates the operating concept of the SCL based FPGA (SFPGA) devices and PCB subsystem,
where on-chip resources form blocks that are programmable supporting various circuit configurations on the fly.
Local facility includes RAM/Latches, Flash transistors, local and global wiring tracks. The PCB nets run lower
speed than on-chip local bus lines. The USB2++ signal lines can be plain binary or customized to multi-level (3
or 4) to gain more bandwidth and data throughput.

T 15 BT SCL LV it SRR (SFPGA) BU# A1 PCB T R ERAEM S . 20 B
Bfty g R ) B, S Eftzﬁﬁtiﬂ%ﬁ%ﬁmﬁa&%ﬁaﬁ A0 5 B ELHE T %A 12 1k
RAM/Latches, TRMIEIAE, HUDCHERI4 R LR BIE . PCB HHER B IX I BE LU AE J Jm Fs e
1. USB2++Z PCB %%%%ﬂ LI f o 0 o s Al 2 (3 4) b, DA 22 7 96 AN i

Selected SCL gate may be configured as an analog comparator if the inverter transistor is swapped by a
EEPROM transistor, and field programmed for single or even multiple threshold. The LtSBD offers finest
granularity for voltage reference steps, since it easily divides rail-to-rail voltage drops in 100 mV steps. The
signal comparison process may be multiplexed via diode channels, or pass transistor logic chain to the threshold
evaluating point (the inverter input) for threshold comparison. It may yield single or even multiple bits if multiple
thresholds are stored, and the bandwidth are widen.

LR SCL Wl T TR & — s R 2 TR A bh A 28 o I SR 2% A4t EEPROM S 44 8%
£, A% LtSBD H i AL AS S 1 e [ 2%, 7154 100 mV, Tl [T AR B s, FRATTRER )

R4 FE R B = WA S R 2 RV . (5 e R T 20 ph R A T T A A A
B, X2 PRV 55 O A B 3 ) ST BR LE 8. W R AF IO R P — ek 22 T PR, BRI ES ] 7
Mk — B3 A0 LU, 388 22y o R .

SCMOS-TechApps70622a.doc GST Proprietary, All Rights Reserved 26/34



The SCMOS Technology and Applications-an integrated circuit white paper.
A.W.Chang, June, 2007

Fig. 15, SCMOS FPGA PCB environment
Bl 15. SCL 2 i SR RIS 84 1 PCB F R4

PCB and UIC SOC Chip Layout

4'—']» Con
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30 <« —fw Con
() ° [} 201
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I" 301
Bus o0 oo 500 Prior art
30 Control2 Storage l\xAr a. / l\’/\rrn‘ r\, rra. .
201 202 +repe | 1|+ Frce + FPGO, Fig. 1A
Fig. 1A 500 500 500
PCB10 Control3 Display Fig. 1B Local Bus
Prior art 301 302 PCB100 5%
rior ar - M [m
Invention
Fig. 1A Fig. 1B 0B/ g

DR DD 00 00
(I [ -+ [0 [0

Fig. 1C
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e The SBD Array Core Design

. Flrﬁﬁ;?/u]zz?j/ﬁ,mg@-]-

Fig. 16 below shows the SBD array core layout, with array on 4F*2/bit packing grids. The Word Line decoders
also fit nicely to 2F pitch grids driving array diodes in E-W and opposite directions (W-E). In Fig. 16, The 256
word decoder M1word lines feeds horizontally(X-Axis, and symmetrically (Y-Axis.

THE 16. 7~ SBD PR OAT e, LA AR 2/bit MW FE RS . 312 P2k B a5 I id &
B 2F Miks, IKBh 1 AR RO S 1) 24 2 BRRG 2 AN PR AE R VG AT E . EE 16 B, 256 4 M1
HELZR FIEAD 25 LK XY Sl 18] SRR AR ) o

Fig. 16, Word Decode and Word line layout schematics

B 16. F[MpVg-ilst, EE, FERRD
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In Fig. 17 below, the array bit lines (128) run vertically with diffusion path shortened from top by M2 metal
stitches. The array selects 256x128 (32k) codes and output 1-bit. 8 planes(copies) of arrays will yield 32KX8
high speed ROM for 1 ns cycle time, and read out program/data, 2 Byte/2 phase.

SCMOS-TechApps70622a.doc

GST Proprietary, All Rights Reserved 29/34



The SCMOS Technology and Applications-an integrated circuit white paper.
A.W.Chang, June, 2007

B 17, 205 fisk (128) F M2 4@ M LT 45 9 T B 5 [ 1 S0 % i . 4 PRk 42
256x128 (32k) fAERYAT 1 fifi . 8 )2 P (35 DU) ZRks = 4= 32KX8 i ROM.  BL 1 4580 ns J&
W, 2 2 Br Bz 2 Byte Z FEpal £d .

Array Bgm 4 1,357
256x128 pSenLat

. 5y % . 32kB
et S

@
S
i 4_274_7:_(—4— .
_<: V_I{ D2
= _ 3
i e

Bit 1X DecDrivers

¥ Vee

GST Project 20

Presentation
4/22/2007

e The embedded memory unit
o kAL iE
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The embedded memory arrays include high density, high speed Mask ROM, OTP (One-time-
Programmable) ROM, SRAM, DRAM, EEPROM, single-level-cell (SLC) Flash, and multi-level-cell
(MLC) Flash entities. Flash device is denser than DRAM but is slow. The LtSBD may serve in the core
array cells as in the case of 6TSRAMI[REF. 1,2], Mask ROM, and OTP ROM macros. The latter two
implementations shall realize triple benefits; densest arrays (basically low cost processes and being single
contact/bit), fast speed, and low power consumption

AL IR i 1, R VK B il e 1 [ (Mask ROM). - — v iRt (OTP
ROM). feict il SRAM. fp S 3teff DRAM. [T gissaifih EEPROM. & R (= 5-%) HUHIf
v (SLC), A2 BRI 4 i (MLC) o I%FHFm%ttfb e R AR, (R8s 5L LSBD i =
Y S 2,20 [ % 6TSRAM [ 3 1,2] » Mask ROM A1 OTP ROM 5445 4% o Ji 4 SK iy
PRI = RS AL LA R oA, o, ANl

e Wide piggy bag benefits to all memory and processor devices
o HRICITAE B ALBBLZ 9t b 4k

The SCL peripherals may also be employed to enhance array (DRAM, Flash) performance; gaining speed,
density, and power efficiency. Classes of the Memory speeds ranked from SRAM (nS), DRAM (10s of nS),
ROM (100s of nS), to Flash (a few uS) and hard disk (mS) while storage areas rank to the opposite
direction. Normally, transistor ROMs (and EEPROM/Flash devices) were considerably slower than
RAMs. However, due to area reduction, fast SBD circuits, and Vsupply reduction, the SCMOS ROM s,
and SCL wrapped DRAM (Psuedo SRAM), and Flash arrays, 4T-SRAM shall claim all advantages one
can ever dream of.

SCL It Fptike &g~ it fja = 1= f‘,*ﬁlﬁlJBEF(fm“iﬂ'I@fﬂ; TRAFFTER, ?Eﬁ TVREFRIVIRE I AR TR
3 N fi*“[‘él’i’viw' (TR SRAM“‘)W@(nS) DRAMI10 *ﬂ/‘@"(lo nS) » ROM - Flash ##}z%
(US) > [ e A [ AR ﬂﬁ = ##3 ROMs ()11~ EEPROM/Flash &) =
(SRAM/DRAM) i Jﬂd‘jl@ bINIOEN ﬁfﬁmﬁ% ‘b~ RS SBD FTEE, AT Vsupply & (% ~ SCMOS
ROMs A1 SCL & 97 DRAM, Psuedo 6TSRAM 155 » SCL &3¢ F i RIFIFTEE - A1EH SCMOS fiffy
4T-SRAM [-’JH: E R GV ATE s

SBD ROM may have huge on-chip control store and fast cycle times for fast state machine in search
engines for BIOS routines, games/DNA codes, Letter, Image, and Audio storages, and BIST (build-in-sef-
test) programs. It may replace functions of conventional SRAM (near nS) and exceed conventional DRAM
(10s of nS), and Flash devices (uS) in power-speed and cost considerations

SBD M#‘ﬂ w4t ROM "*E'r]&ll PR A iH'.:EJﬁFJ frE A SRRV BUE R
W, WS, ¥ A PP ELW%SHI&B NER ’#qb['fﬁaﬁlﬁiﬂjﬁi (BIST). il & <A
B L JH r ffv Iww*ﬁ HLOT ﬁzwws SRAM(FJ2% nS), F @i izt e
DRAM(10s of nS), A1 Flash(?Lﬁ‘J/ uS) i

The SCMOS chips shall continue Moore’s law with improved DTL circuit topology and simplified SCL
circuits, which are without the expensive and stacked TTL legs; all CMOS TTL nets with more than 2 way
input gates are replaced. Thus, supply voltage and on/off chip signal swings may be substantially lowered,
and one can expect all the nice features (density, speed, power, and field programmability) with the
emerging SCMOS implementations

SCMOS &4 7 [Pl iy DTL (1254 ﬁ%fﬁﬁﬂ?ﬂéﬁ (“FV SCL P12 » RSt - wibe f
FHAMHERIEY TTL Vi B7E ) CMOS TTL 1, MRl 2 fh ey * v [y’ J?IWLFR PRI PR
o T AT l':frJ?%nﬁ’f‘dFﬁﬂ [ o VT AR AR HCH S U~ TR S PO LA
[DETR g m%_ SCMOS fsf A5l 1 -
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The SCMOS solution shall offer a powerful design platform for the 5™ generation microchips. We have
opened new practices that diodes replace transistors as the massive switching elements and core arrays, and
the dynamical low power nets manage efficiently over-all chip power consumptions, and multi-level, in
addition to binary computing, starts with the finest diode threshold divisions for the analog voltage drops.

SCMOS fil# 8 J5 AR5y BT &, JFAER 5 AR TARBOLE ™ #h . BATHTIT T
B9, DL R e = A A A D B DT S TC s A% 8B, O HLBh A IRDIFE R AT 2t A
BRGS0 oo B BRIV AN, 0 b2 BRI, TRUG USRS AR A AR TR R 2>
K.

The SCMOS drives with ease physical size and electrical signal scale-downs, setting new records and
trends for low power, high performance microelectronics on a new chapter. And | believe it shall emerge,
after copper conductor and Flash technology, as the new tramp cards for mainstream SoC solutions. It shall
serve as vital alternatives to continue Moore’s law with CMOS TTL. Leaders in world class foundries and
IP developers ought to seriously consider it for generic applications, special payoff is expected for personal
mobile communication and multi-level signal processing.

SCMOS .~ * FivEi T £, FL el e R R L R ;Il SET TR *&fp%f’?‘c'xﬂ A T
o Fglj[f ST FP Ao F 'pr,ﬁf :@%fﬂ‘_ e F IEE S I/}F B RS IR ET ,tﬁj;aﬁ[kkw
Py LT EH SoC AT VR e H}ﬂ I ;@Lz,,ﬁ CMOS TTL VT L PEIRGEE o P2
[ i ﬂl IP 2 gl 'JLVDIEJI W Y, ﬁz*w RIS k%fjme I E
lﬂﬂ SAZELIP T, P E R L
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5. Summary and Conclusion

5.  WEMZR

1. We have demonstrated the theory and data points of a newly invented diode
element-LtSBD for next generation IC.

1. BAVRAR T —MEHHR K R ETHR LtSBD KEWMEE R, AT —RERR
B

2. The LtSBD supports a new class of 1C technology-SCMOS, which exhibits
excellent attributes for low power, high performance product applications.

2. LtSBD SCHRFHTMIEEL B BOR SCMOS, BRFLTS B, RERIRTIE, HHERE MmN .

3. Broad ALM macro functions are created in the initial SCMOS design
libraries.

3. Gl AU, W, WA pv R4 & ALM MACRO.

4. The SCMOS devices are unique and revolutionary in theory and concept,
and far more efficient than the present CMOS state-of-the-arts solutions.
The benefit matrices are Capacity, Speed, Power Saving, Cost and Service
Conveniences. We welcome investors and partners.

4. Z CMOS = "2 FHEAWES 5 A f 1%, P2Je) 59 CMOS = 2Ry
5 - SR (RISRLAE ~ R - IR R AR 5 A - 2 1 1v
dng DUGIE

5. The SCL may be employed in many product embodiments. They replace

existing arts in microelectronics designs, support mixed signal SoC
integrations with embedded units.

5. SCL BEfEFZ =M . AhfiTRE LR N BN, BURILE B Pt 2
HRAEGES H—DHRA SoC 451k,

6. SCMOS allows users to explore new horizons with open vision and sets no
limits. The technology can port to any foundries lines (3-12 IN Si Wafer)
and system clients.

6. G CMOS 1| skt » 3 ]I 3 AT 410 (3127 by
S PH T T L

7. SCMOS is the way to go for the next decades. It is the answer to push the
Moore’s rule further.
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7. G2 OMOSSEENT ™ &« WAL HIEBE AP -

6. References

6. %

Two US core patents were granted for SCMOS circuits and methods. (For patent research please click
WWW.Uspto.org)

SCMOS HLES RIS T T AN BB ER]. (BABFF0E st www.uspto.org)
1. US Pat. 6,852,578 - Filed January 15, 2003, and
KFEEF, 6,852578-20034 1 H 15 H RS, 1
2. US Pat. 6,590,800 - Filed June 15, 2001
%MHEH. 6,590,800 - 2001 4 6 J1 15 H A4S

Two children patents on Flash techniques were filed and granted.

I B TAERINEAR AT AL AR T .

3. SCL type FPGA with multi-threshold transistors and method for forming same

US Pat. 7,135,890 - Filed April 19, 2004 - Super Talent Electronics, Inc.
KM LA, 7,135,890 - 2004 4 4 1 19 HIHRE-HBHRA T AR

4. Flash memory device and architecture with multi level cells
US Pat. 7,082,056 - Filed March 12, 2004 - Super Talent Electronics, Inc.

Fe[E L. 7,082,056 - 2004 4F- 3 H 12 HIARS-HH R A H A ]
Many proliferated ASIC/generic applications are in areas of RAM and ROM, SLC/MLS Flash devices,
analog, and wired/wireless infra-structural implementations. Many chip process, hardware, and software
means for multi-level computing are claimed

w2t I HLE ASIC/generic M ' |F RAM #1ROM » SLC/MLS PRINEE ~ 2k T~ AHTZSE = 28
B R e N R TS R A N SR S Sl

SCMOS-TechApps70622a.doc GST Proprietary, All Rights Reserved 34/34


http://www.uspto.org/
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=1&f=G&l=50&d=PTXT&S1=((augustine+AND+w)+AND+chang).INNM.&OS=IN/(augustine+and+w+and+chang)&RS=IN/((augustine+AND+w)+AND+chang)
http://www.google.com/patents?vid=USPAT7082056&id=Z1h6AAAAEBAJ&dq=augustine+chang

	Fig. 4. The forward and reverse data points of LSBD devices 
	Wide piggy bag benefits to all memory and processor devices

