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Abstracts

Mitsubishi Denki Giho: Vol. 70, No. 3, pp. 27~31 (1996)

The New M16C/60 Series 16bit Microcomputers
by Kazuo Nakamura, Takashi Yamasaki, Naoto Hayashi, Reiji Tamaki & Hideo Matsui

Wider use of C language in embedded controller applications has in-
creased memory requirements, raising system costs. Use of higher oper-
ating frequencies and smaller circuit geometries has aggravated noise
problems. Mitsubishi Electric has addressed these issues in the newly
developed M16C/60 Series microcontrollers. The processors implement
a new architecture that features efficient C-language execution, rapid
arithmetic processing, efficient ROM utilization and advanced noise-
suppression measures.

Mitsubishi Denki Giho: Vol. 70, No. 3, pp. 2~5 (1996)

Present Semiconductor Technology and the Approach of LSI
Systems

by Hideo Sakane & Heihachi Matsumoto

Surveying growth of the electronics industry, especially in the fields of
personal computers and mobile communications, the article reports on
the convergence of semiconductor devices and systems technologies.
Forecasts for the world semiconductor market are analyzed and techni-
cal trends are suggested. The article presents the system-on-chip philos-
ophy expected to guide implementation of multimedia information sys-
tems as special-purpose chipsets. It also introduces common themes for
this special issue.

Mitsubishi Denki Giho: Vol. 70, No. 3, pp. 3237 {1996}

A One-Chip Picture-in-Picture LSI with Internal Field-Buffer
Memory

by Shigehiro Tamaki, Masaharu Masu, Tatsuhiro Yamada, Kouki Saito & Akio Yanagawase

The authors have implemented picture-in-picture functions for TV dis-
plays on a single chip using digital technology to replace all but a small
core of analog signal-processing functions. A 96Kbit single port RAM is
installed on the chip as a field buffer.

WMitsubishi Denki Giho: Vol. 70, No. 3, pp. 6~10 (1996)

A 256Mbit DRAM
by Masaki Tsukude, Mikio Asakura, (azutami Arimoto, Takahisa Eimori & Yoshikazu Ohno

The authors have produced samples of a 256 Mbit DRAM using 0.25¢m
process technology. The chip area has been reduced dramatically by
employing hierarchical bit line architecture with a unique cell layout.
Use of a planar stacked capacitor with a high-dielectric layer ensures a
sufficient readout voltage. Refresh characteristics have been improved
dramatically by raising the memory-cell L level to slightly above GND.

Mitsubishi Denki Giho: Vol. 70, No. 3, pp. 38~41 {1996)

An Image-Processing Controller for Facsimile Scanning Units

by Makoto #atsumoto, Hiroyuki Konda, Yuji Ishioka & Masaharu Taniguchi

An image-procesing device has been developed for advanced, low-price
personal G3 facsimile units. The device comprises a sensor interface,
A/D converter image-processing memory and image-processing logic
on a single chip. Simulations were used to optimize the image-
processing algorithms and to determine the minimum image memory
requirement. Picture quality is comparable to current picture-in-picture
implementations.

Ritsubishi Denki Giho: Vol. 70, No. 3, pp. 11~15 (1996)

A 18Mbit Cached DRAM with an Integrated Controller
by Katsumi Dosaka, Hideaki Abe, Akira Yamazaki, Kazunori Ishihara & Masaki Kumanoya

The authors report on a cached DRAM device with on-chip TAG and
controller functions that simplify connection with a microprocessor.
Systems can be configured using only the cached DRAM, a CPU and a
single ASIC for I/0 control, making the DRAM especially useful in im-
plementing handheld terminals. Addition of a small PLD enables inter-
face with existing personal computer chipsets. Using a small die area,
the controller implements a fast copy-back function, concurrent opera-
tion and page mode control for a high hit rate with minimum cache miss
penalty. The maximum operating frequency for the device is 66MHz.

Mitsubishi Oenki Giho: Vol. 70, No. 3, pp. 42~47 (1996)

A Realtime Programmable MPEG2 Video Encoder Chipset

by Tetsuya M: , Shin'ichi Nal Hiroshi Seg Kazuya |
Atsushi Maeda & Yoshihide Ajioka

Mitsubishi Electric has developed a realtime MPEG2 encoder chipset
compliant with main profile at main level (MP @ ML) specifications.
The three-device chipset comprises a controller, pixel processor and
motion-prediction engine, and is capable of encoding an ITU-R601 inter-
laced video signal (704 X 480 pixels, 30 frames/s) in realtime. An evalua-
tion system for personal computer use has been produced.

Mitsubishi Oenki Giho: Veol. 70, No. 3, pp. 16~21 (1996}

A Second-Generation 150MHz 32Kword % 32bit Synchronous
Burst SRAM

by Ryuichi Kosugi, Minoru Senda, Osamu Inoue, Yasuyuki Okamoto & Masayuki lketani

The authors report on a second-generation 32Kword X 32bit synchro-
nous burst SRAM device with a 3.3V supply voltage and 3.3 or 2.5V I/O
buffer supplies. Itis suitable for high-speed second-level cache applica-
tions. The device is based on a 0.4um process and operates at fre-
quencies up to 150MHz with a maximum current drain of 290mA.

Mitsubishi Denki Giho: Vol. 70, No. 3, pp. 48~51 (1996)
A 0.5um BiCMOS Gate Array

by Toshiaki Hanibuchi, Yasushi Hayal , Kakutaro Suda & Morio Kakinuma

Mitsubishi Electric has developed a 600Kgate BiCMOS gate array with
three-layer metalization and half-micron geometry for implementing
622Mbps broadband IDSN interfaces. The chip is divided into an ECL
region for 622MHz processing and a CMOS region for processing speeds
under 156 M Hz. This design achieves stable operation with lower power
dissipation. Further power savings were achieved by use of P-well isola-
tions that reduce the number of CMOS-ECL level converters, which con-
tinuously dissipate power in quiescent conditions.

Mitsubishi Denki Giho: Vol. 70, No. 3, pp. 22~26 {1996)

The M32R : A 32bit RISC Microprocessor Enbedded with a
16Mbit DRAM

by Jiro Korematsu, Toru Shimizu, Hideo Tsubota & Yasuhiro Munomura

Mitsubishi Electric has developed the M32R 32bit RISC processor, a
compact, high-performance device for use as the CPU core in system-on-
chip applications. The article introduces the processor and the M32R/D,
which combines the processor and a 16Mbit DRAM on a single die. The
processor and memory are linked by a 128bit bus, supporting perfor-
mance of 52.4VAX MIPS with a 16.7MHz external clock input (66.7MHz
internal operating frequency). This outstanding performance was
achieved with low power dissipation.
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Abstracts

Missubishi Denki Giho: Vol. 70, No. 3, pp. 76~79 {1995)

Technology for Fabricating Highly Reliable Tunnel Oxide Films

by Akinobu Teramoto, Kiyateru Kobayashi, Hiroshi Umeda, Yasuji Matsui
& Tadashi Nakamura

The write cycle lifetime of a flash memory device is limited by the reli-
ability of the SiQ, tunnel film, whose failure modes include dielectric
breakdown, electron capture and excess currents. The authors inves-
tigated the relation beween dielectric breakdown, film thickness and
film area. They also determined that injected holes in the oxide layer
are responsible for excess currents. Nitriding the oxide layer was found
effective for suppressing electron capture and excess currents.

Wiitsubishi Denki Giho: Vol. 70, No. 3, pp. 52~56 (1996)

A Semiconductor Laser with an Integrated 2.5Gbps Modulator

by Eitaro Ishimura, Yasunari Miyazaki, Toshitaka Aoyagi, Tatsuya Kimura, Takuji ltagaki
& Masayashi Takemi

Mitsubishi Electric has developed a semiconductor laser featuring an
integrated external 2.5Gbps modulator for long-haul telecommunica-
tions trunks. The wavelength excursion (which limits the transmission
distance) has been cut to 20picometers by use of a laser with optimized
multiple-quantum-well absorption layers and a high-resistance region
between the modulator and laser. This construction quadruples the
transmission distance with respect to previous direct modulation sys-
tems, supporting repeater spacing of approximately 400km.

Mitsubishi Denki Giho: Vol. 70, No. 3, pp. 80~84 (1996)

Ru/BST/Ru Stacked Capacitor Cell for a 1Gbit DRAM
Fabricated by X~-Ray Lithography

by Yasutaka Nishioka, Hiroaki Sumitani, Akimasa Yuuki, Tsuyoshi Horikawa,
Teruo Shiltano & Yoshika Kimura

The authors have fabricated a memory cell based on 0.14xm process
technologies for 1Gbit memory devices expected to enter commercial
production early next century. They employed X-ray lithography using
a synchrotron radiation source, a (Ba, Sr) TiO; (BST) capacitor and a
new etching process that is independent of pattern size. The results sug-
gest that the memory cell and its fabrication technologies are promising
for mass production of memory devices of 1Gbit and larger.

Mitsubishi Denki Giho: Vol. 70, No. 3, pp. 57~6&1 (1995)

A High~-CNR DFB Laser Diode for CATV Use
by Seiji Minamihara, Koji Yamashita & Hitoshi Watanahe

Laser diodes for cable television (CATV) use require low distortion and
a high carrier-to noise (CNR) ratio. The CNR ratio is vital, because it
limits the number of branches and the transmission distance. The
authors report on a 1.3gm multiple-quantum-well distributed-feedback
laser diode fabricated entirely by metal-organic chemical vapor deposi-
tion. By optimizing the chip parameters, a 55dB CNR ratio has been
achieved under conditions of - 60dBc¢ composite second order (CSO) and
- 65dBc composite triple beat (CTB). This represents a 3dB improve-
ment over the corporation’s previous CATYV laser diodes.

Mitsubishi Denki Giho: Vol. 70, No. 3, pp. 85~89 (1996)

High Pin-Count Packages for LSls
by Yoshihiro Tomita, Macto Ueda & Osamu Nakagawa

Mitsubishi Electric has developed and mass produced high-pin-count
copper-lead-frame quad flat packages (QFPs) and cavity ball-grid array
(BGA) packages for high-dissipation, 200~ 700pin logic devices. The arti-
cles reviews these packages and development trends in 1,000pin-class
chip-scale packages (CSPs).

Mitsubishi Denki Giho: Vol. 70, No. 3, pp. 62~66 (1996)

A Q-Band Low-Noise, Variable-Gain Amplifier Based on Dual
Gate HEMT MMICs

by Takuo Kashiwa, Takayuki Katoh, Nachito Yoshida, Makio omaru & Tadashi Takagi

Mitsubishi Electric has developed a low noise, variable gain MMIC-
based amplifier for the 41~46GHz band with more than 20dB gain and a
noise figure of 1.8~2.5dB. To simultaneously achieve both gain control
capability and low noise, the amplifier was implemented as two MMICs,
one a fixed-gain amplifier, the other a variable-gain amplifier.

Mitsubishi Denki Giho: Val. 70, No. 3, pp. 90~93 (1996)

Architecture-independent HDL Modeling for Error-Correction
Decoders

by Motoki Higashida, Naohiro Kabayashi, Junji Ishikawa, Hideyuki Hamada & Isao Okura

The authors have investigated architecture-independent HDL modeling
for error-correcting decoder LSIs. The article describes how software
algorithms were used to implement HDL models, and how the HDL
model was modified to simulate a wider range of architectures. The
HDL model was used to generate six types of architectures with die
areas differing tenfold and operating frequencies differing by a factor of
five.

Mitsulrishi Denki Giha: Vol. 70, No. 3, pp. 6789 (1996)

An 8kV/3.6KkA Light-Triggered Thyristor
by Katsumi Satoh, Kenji Ohta, Masanori Yamamoto, Kazuhisa lde & Kazunori Taguchi

Mitsubishi Electric has developed the world’s largest capacity light-
triggered thyristor using a 6in wafer. Using a new circuit design, the
device achieves an 8kV blocking voltage and 3.6k A average current
capacity. The article reports on the construction, features, ratings and
other characteristics. The device has applications in AC-DC converters
and static var compensators for electric power systems.

Mitsubishi Denki Giho: Vol. 70, No. 3, pp. 70~74 (1996)

A High-Voltage, High-Capacity IPM with a Built-in Active
Clamp

By Satoshi Mori, Gourab Majumdar, Takaaki Shirasawa, Takeshi Tanaka & Takashi Marumo

Mitsubishi Electric has developed a 600A IPM for three-level inverters
used in 1,500~2,000V power systems for electric-train traction motors
and auxiliary power supplies. The IPM features a overvoltage protec-
tion lacking in previous devices that not only protects the insulated-gate
bipolar transistor (IGBT) from overvoltages but also takes better
advantage of the IGBT’s characteristics.
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(1) Ng, R: Memory Catches up, IEEE Spectrum
Special Report 10, 36~39 (1992)
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a7V A R, 0.45umCMOS7 ot 2IBWTH#2.6
mm X 2.2mm THERTE, AT 72 3o— Fa
A Z N T AT, SEOHEEIR L VR 2 BIRE A4 T
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1. M32R> Y —XDBERO— vy 7

0 34 78 111215
[opl] 11 Top2! r2 ] ri=rlopr2

{ oplirl | C ] rl=rlopc

[ op1icondi ¢ | Branch(short displacement)

0 34 78 11121516 31

[opli r1 fop2i r2 | c | ri=r20pc

[oplirl Top2i r2 ] c | Compare and branch
[opl; rl c | ri=r1opc

I oplicondi I Branch (long displacement)

opl, op2: A=~
c: ¥

rl,r2: LY RY
cond: ATV
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0 15 16 31 0 15 16 31
LD RI1,@(8,R13) LD R1,@(8,R13)
SLLIRL#2 ¢ NO - LD24 R2,4#2
LD24 R2,#2 NOP (No Operation) 45 1= SLLI R #2 ADD R1,R2
ADD RL,R2 | £ TROLDAUGHET— | :
---------------- KR ISR b o

(@) #7571 ~1 XHi

b) #75F1v4 X1

H71. 7—FT7SA A P EFEELIZAS a0
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STHRFEENE PCOfEZI 2 L
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RISCHEI32Y y bwAf 7n7 oty M32REBRFE L7,
ZOM32R%ECPUaTL, YRAF LA vF v 7 b~
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& £ X W

(1) Shimizu, T., et al.: A Multimedia 32-bit RISC
Microprocessor with 16M - bit DRAM, ’96 ISSCC
Submitting Paper (1996)

(2) Yamazaki, A., Dosaka, K., Ogawa, T., Kuro-
iwa, M., Fukuda, H., Johnson, G., Kumanoya,
M. : A Concurrent Operation CDRAM for Low
Cost Multi - Media, Symp. on VLSI Cir. of
Tech. Paper, 61~ 62 (1993-6)

(3) Dosaka, K., Yamazaki, A., Watanabe, N., Abe,
H., Ogawa, T., Ishikawa, K., Kumanoya, M. :
A 90- MHz 16Mb System Integrated Memory
with Direct Interface to CPU, Symp. on VLSI
Cir. of Tech. Paper, 19~ 20 (1995-6)
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HEEL, 2<HFL w7 M THIEEY b= 2
“M16C 60 1) — X" &BA%E L 72, M16C/60 3 Y) — Xk,
T —%T7FwIiTdD, HERCHEEH & ROMAERN
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2. MISC/B0> 1 —ZXD
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T, EFF2—FDSHrLEZ, KD
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B EALIERE ) 5L,
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) AR, ARIEEE D kK
4) /A BB EOmELE
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) TEkEREAL
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“M30600M8" &5 )iF, CPUa7T
& LTMI16C CPUa P 2R L2
YF T4 A TH b,
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Ve=4.0~55VEr: f (X)) =10MHz (max.)
Ve=27~55VE: f (X, =T7MHz(max.)
(Tz—1+HY)
TENET &, B LTI L CE RS, 1947

IV 72 ) ORGSR IS WD T, RENIIC IS e A
327700 3 ) — XDE—FREEER O 6 FEDOLILRE ) % +5
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FER - MRS ORRE 1F o 7IERLALSI S L
THEHINT WS,

BT, BiICMOS LSIR & 245 LT, @EST
D Ji #4538 ISDN (Broadband Integrated Services Digi-
tal Network) IZxHEeT & 2 e BRI 156 MHz &
LSI®® 2R L T &7, —F4, EmiEk [SDN i RS
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HEE 156 Mbps 2 L~UL 1 & L, ROV~ 4fEHIC 7
BLIERIZ > T b, B4, V-~V 4TH S 622 Mbps D
RO T THE Y, 622 Mbps & LT 572002
BAERIER 622 MHz o LSI BRI NTE,

A, 2 622 Mbps 2 —H#d4 > ¥ 7 = — AT
&5 LSl 2 2HRICE &, WMERMTH > ERIEEE I LZX -
720.5p¢m BiCMOS »— b TV — %% L 72O TF DL
RIZoWTil 5,

2. LSIExst

2.1 | F &

B VISR TBEY R T LAEEFIC BT, £ 8 72—
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5,/ W5) Bt L CEWERE 2 & L Th Sika e LB
L, LT aRIc7T— 2 2IEL T b, F28IC,
s b DT — 2 BB LT 5, P/S (B8 1E5) 5
WTHEL LIFT, E/0 (BR L) RBHDBET—5
ELTHEIBL TS,

AMBAFE LY — T v —I3, SOREBUCRAD X9,
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(K DAL E S 1 CMOS T% W2 inlisA s 5 ECL/
CMOSBEF v 7 & L7z, ECLIEIIIE, 622 MHz WLz
BWILEMErRAD S & DI, HBEHOE»S D,
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BECH %, CMOS [HiEE# EERTEES 5123, P
=V SRR (BEIRELD Mz 08y 5 N 2EJE» g T

£ 1. BICMOSH — 7L —DEEET

7 vt 2 | P77 = VABER0.5pm BiICMOS

WA T 1 & R

77— b ¥ | CMOS 608,384 — b (JHEE )
200,000 — b (fEHIWTHE)
ECL 1,956%" — b (B =R T HE)
/70 #% En#ECLEH 24
ECL#H 30
CMOS,/TTL/ECL#&IR 194
F 74 X | 14.9mm X 14.75mm

2 IE R R

+3.3V,/-3.3V

CMOS 190ps(2NAND, BREI;E, FRAEL )

Hh, TOHA, BELTHL- VLN, PEECL
IR DIEFUANETHISNT & 7% B

ECL-CMOS L~V #mlikls, 1D ERY 5 E O EIR
FCEHNICEBRZRT LI > TEHET 2720, HHE
HBERE, LT, ZoREEERIRT 2 & AR
BEHLIC2%A S, B3 D20 AIC>WT, TTL/
CMOS A SER T 2 L~V BRSO DCIHERE R
ZbEF4ITRT, 2T, WIECLRIKIZ1:8S/P
RU8:1P/SHETHEL L LA Mo s TTLS
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BRI TH B iy b, — RS, BEMRA P72 —X
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- N\
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PMO! b 2 2 i ! R.
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BEEEEE ¢ — e
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I 8 o X O 1
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J =31l slE3 H i Bip.
-!:!?.. {Pu_g Sl | @ [E] i = ; =] =
~— ° 3 30 e I e
e < = Bip.
: EHEHEE
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Z B _ﬁ 1
X ECL Block (§52units X 6rows) L 0 i
s OC| units rOws, —T ! ': ” R‘
ECL 1,0 |[High-speed ECL 170][ ECL 1L/O HHUY i
15 1,70 24 1,0 15 1,70 ~ 4
X2, YRYFvTOHERK
\'g < Vcc(+33v)
1$MHz TTILAA l £ & -———————-I TTLEA }-—— 19 MHz
& &
k\ o Ny o GND(0V)
% [ %
A A
622MH CMOS%”7 — k
——Z»| ECLAZ H ECL4 — b ‘ ECL4 — FH ECLEN i——— 622MHz
| l 5 J‘ o VEE(_3.3V)
(@) PERDEBEERER
, T o Ve (+3.3V)
19MHz '
BMAz ) rrian CMOS 4 — k J—_]:IM_rL -7 19 Mtz
&
. ‘ & l i o GND(OV)
T 2
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(b)

SEDOS — T L —DEBEREBEK

3. EBREROER T

0.5pm BiCMOS¥"— } 7 L — « P « §JI| - 2HH - Fiif

49(291)



e TR

3.2 {KHBRECLEER

ARy — b 7L —i3, ECLE5SHEIZS,/P, P /Sl
BTH bz, INEHETE7Y) v T 7ay 7 (FF) DK
HWRENMLEX -7, FFOEEEEILICE, ) —X7
— MERSETHD, IHr—rTL—TH I DK ®
FWRA LR, 20 ECL MEDERERL (V) (3, —MHY
7t —=5.2VH5H —3.3VIUEERLL TS, ZOBET
D) — X4 — k R#Tr72, LCML (Low Level Current
Mode Logic) FR#FHHLA, Zicky, v ¥, FF
L7 PHE DL NERAARTHERTE %, B3 LC
MLOET, DEFD 7Y w770y 7) 0ERE (2
mWDBEEREH) TH 5B, S/P, P/Shikkid = DFF
A2y — PG U OB 2728, KHEEH{LEET
Hb, FIZIZ1:8HS/P, 8: 10 P/ SEEkY, Zhz
N 76 mW, 53 mW THERTE %,

3.3 Nubh—

2y =3, VAT LR FADOERE - Bk ER L,
4198 DT EEVEEN Y Z I v 7 PGA (Pin Grid Ar-
ray) 2¥pERR L2, JoHiz622 MHz 89 @ LEs
Y, EEESTHN Sy —VHERRIA v B RS
g — & LTz,
3.4 EXEHACAD> X7 L

D=+ T =0 CAD P X7 4103, CMOS DY A
FLEFRALTEBEIN TS, LToMEEHIL L7
(1) o FTHCMOS+ENLR BICMOS iz~ T
ECL t/vi3, BRELESLEEDOKENC L 2FHEDRALY,
SED ETFOTRESRL B, Lz -7, BRERNMIEE
PES B LRSI, vAOEER LEIL ED & ar
TO TN L OEEEERER T S L) ISR L7,
(2) Zr—rT7rv—id, TNFTLRLY, WEMETEL
T CMOS V~UUHEENIFHIC ECL V~UES HIRAET 5,
BV IVOEFHEREILT 67028, ERiv—vTF =y
7270 s LRI L,
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E
E
KR 1,000}
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0 100 200 300
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(3) Zo LSI m&Eik#ki3EC 19 MHz 25 622 MHz
FTIchl b8, ZNETo 50 MHz BIEEHEE RIE &
LERRART T —F = v 7 AR T, BT -2 2HT
LS H -T2, £ 2T, ZeNOBWERBEICE U7oETE
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4) VA TT MEOESRART T —RIRET 57201203, &
NEANFTHEIL, BEITHERT 52 EPRITH S,
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PR 5 —DRERB ST TR, R VBED ) L
TUHET T —DIEHIC X VB N BEIZ RFIT 52 &7
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RBITRET BI2bD2—TF 4 )T 4V —VERRE LI,
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7. FHEARIELSIF v TEE

D, LHAEAFELA20.50m CMOS 7 — 7L — @ ¥ [7]4
DEREZFE-> T 5

ECL M nEnBlifEx 8T 572512, NPN XA K~
ZrZ7rvRLIE, BTy ZIE0.5em D DPSA
{Double Poly-Si Self-Aligned) fi5k 2 #172 12BR% L7z,
I3y Y ERE~N—XEMRIT, 15 0.15¢m DA Fr7r—
VBB & > THER S N TE Y, HEDET ALY
Vi, L7ais T, =B, BHERE 2 HET
LA &7 HHERR L NIRRT 52 L TET2, E72,
I3y S EMmE MOS M5 VRIDY AT R
A R — b EFEBHTBERT 5 2 Eic k), <R 7KDL
zX -7z,

Bt 38X S NVEHRTH B, KA 7 NERHRE, AlCu &
TiN &0 5 7% SFABHEE ZERAT 5 2 & TRV EHE 2 i
fRl7z, 72, 1BEHTEHOREBMEHEICE, BPSG
(Boro-Phospho Silicate Glass) Eo 1) 7 o —H iz fvs,
WNAR=F F S5V FIC L >THEL BEERZFLL 2,

NZE T, FHA =L Lo O RIRITER T 5 2
EWTET,

5. EE R K

DY — b TV —ORHER TS 272 DR EF o TR E
L7z, COF v 7TEEZRTIRT, ZDF v 7 DFHM
KBWT, S/P, P/ShEEEHRT S ECLEGD 2 ) 7
4 NN AND 1 AGHz FHEPTER T & 72, F/2, Wk
ECL 8373y 7 7 i3 RIEDOT 2 5 1.1 GHz £ TEWEL T
W5, X812, 622 MHz TOHHTEZRT,

7, ECLP#»— b, ECL /\Hjﬁf Sy 77 JUr ECL-
CMOS U ~IVERBIEOHEE L, (RTRFHEEB OO
RS L N,

0.5pm BICMOS%'— + 7 v — « 3@ - B)I] - ZHH - filiE

200mVv
t-‘——»‘

Aa
IAYRVAY

e
500 ps

8. 622MHz{ESNECLE KT

6. € ¥ U

622 Mbps 4 > % 7 x — 2T & 5 LSI & L Tt
FEAIRD 600 K5 — FREET, KEBRENLZ K - 72
0.5um BiCMOS#— 7V —2BR L, 8EF v 7D
A 5, 622 MHz DfES %4 ) ISl a7 lERend 5 2
Lhirotz, KBy~ T V—2HHLT, B-
ISDN 622 Mbps ATM (Asynchronous Transfer Mode)
A 47 2—2% TC (Transmission Convergence) 7
VA PHERE R R OLSIZAE L T B

A%, o= T U—2EH L TER - [RIEERED
LSINEGEREZ M5 TETH 5,

& E X R
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67, No.3, 274~ 277 (1993)
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No.6, 573~577 (1994)

(3) RAKREOR, /DEIR, EE © 32 50z & 5
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67, No.3, 234~237 (1993)
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B ARFhER*

BRLOHL—Y A fhe

K7 7 A FHNTAHBERTIE, B SRS
oK €, R EHEAL (2.5Gbps) 255D 51T n»
%, 2.5Gbps? AL % (3 [ B 4E B 4% o SDH (Syn-
chronus Digital Hierarchy) <e3k[E o #EA SONET
(Synchronous Optical Network) 2 CIRFAI NS 7% ¥,
HFOREHEIC 2 > TV B,

BHRDIZ L A YD 2.5 Gbps et 83T, =ERL —
ICEAT BEROZAUC L > TV —HEEE LT 5, »
WO BEHERSTEPRAINT 5, ZOHA, ik
— % 2.5Gbps D &) EH TR B &, L —HDWK
EDVZEHL (FRFv— 78N 5G,), Ui -T
{ERABEERIRI NG, 21U, 77 A4 ShTidikREom
BIC & - TRO BT 572002, RO ZH)
T 5 L NRFENE « FALFEL B0 6TH B, D72
DT, EHEEFHRTIE 100 km BUEDMERRF TH - 72

—73, YR -2 —ERE THRIRSETEWT, X0
BRREP LS LD TELIERAREMT I LI2L T
%?Jﬁ%‘:ﬁ DN TE, ISRV E Wiz

, BRI E D L REBHOERATRETH 5 VO,
bﬁ’b SRERZEREINTIE, R L L —Y L DR A
U<, B s U COERoiair £ %2
LY aX MEATHTA ) v b Y, fERIEARIRSIT
Wizg ZOL) EIREHIROT A v P EIRT 5720
ISR L R L — R T vy T IR A T
b fJ“"*%—’C“% D, Inenw/ )y 2 BRI 72T
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WL —FIC BT, STRTIFRIUE DR £ 255
VRO E T > 72 ZAUZE D, 2.5Gbps
DAEEMIEIT BT, FROTHEEIS I I, H04f
O REFHHERED TR L o 72,

2. st

Kb

.1 EFHFEENRKRE

PEAREFIRICBWT, BTHALAD Y 27 V78R
(Quantum Confined Stark Effect) # H\wi2d (3, 1K
WENMEBEIE TEWIEE L (ONFr & OFFEO B AR
It ¢ Extinction Ratio) 285 6414 726, Efnkicd L
Twb, BTHLADY 27V 75HR LY, SERTIHFE
(Multi Quantum Well) [CERZHNT 2Lz FT oD
IANF—VIUBAET B8R RS &), =%
YDIANF—LIUHEALT B, XL b Tk BIIR
R (RIEEAN 7 M5, TR L, FO8%E
KDBHEHIENT B, BERFICLEIZF L DT INF—
VN DL 7 FBAE R, ZERTHIFBEICKEL, &
RAVNECIBAIIL TP T2 5113 7,

m*ezF2L24 ..............................
AR T W

T, m* IR FOARYERE, FIIER, L,
BEFHAETH L, ()P H, ZF DI FNLF—
v«wmy7b@AEiﬁ%#F%Lq@4%~&@¢é@
T, L, 32 TEBITTRELTHIULPRETH B,
—J, TFL L rORIUREald, RE)TRSINBE &
12, EFLE EFOWEBIEROE L D I LT 5,
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IIT, ¢ (2) Ly (2) 3BT LIEILOWEIERTH 5,
BIAFICER ML 723848, THTRT &2, EfLE
B3R Em S ) PR~ LTS5, ok
12, EFEIIRHCIIESLE BT ORI B 2 D #aid
%), ZXT T E BRI T B, FRCHT
W L, K ECEAIIE (), o L) IcAEIZKRE
(% B, B NFGHINS e bldic, =% b oMY
AR LTLE S,

F72, LY OFFEE BRI . F 0) =X b
YOI A o ¥ FAEND L —HHDWE A mea BB

HFB  InGaAs(d =1.67pm)
NG InGaAsP(A ,=1.18um)
20

10

HYELE (dB)

: |

L | !

4.0

I
4.5
HFEBE (nm)

3. X HFBEREFE

paEEEE L= —&

TAY L= 3 iR

FZFHELL M noa=dex) D LI 1T, BFRNO N FX
o TERETHLENHE K2, SHLIIL, =X
FoDEANNF—L D7 VEAE OIS, BT &k
— VDTN E L ) RS OBE L BRI N DM E
A moa DB 6, HalZeFFNR L, WRE SN B,

F 2 18, T A DInGaAs & InGaAsP (1, =1.18
pm) 2 ZNLIHFRB LN YR LT RFHFFDGAIC
DWW, 1.55umDIERIZHEIT B EFIE LR 2
3R, TS EIES 4. 5nm D & EE— 7 DfE%
N, T ORED G, AMFYEL ARG TIIHFIEE 4.5
nm IZEE L 72,

2.2 ERHF-LV-FRESBEROEX

LR EAT — P ORI % (2 4 IR T, Kt
L —F L BT A AOBEIL, MR FROXRUERINT
BELEDLIITHIRZ B2 h b, DT, EFEEOHIm
7 6B LTV —HFIZRE - TL 08D, ZJiiso ON
S OFF Iz bR THIET 27204l 2, L—H~DRED
HAWEIRT 5 &, L—VRDWEEREEIFA L UadFrE %
709 . EFRRREORKGTEEZML 572512, 0.5 %DXET
Mka—7 4 » o7&l

TR T, BV — RO ERVE 215 -
THNS ) —7 BRICL > TEL 3, FHED L L —F~D

EREROTIUL, R Xnga LFkkic, v
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PRSI RLEAEIZ, nB InPJg (R
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NEInPEER Ve 7o TN D, ZOXFEL LT, piInP
AN J§ &R— b Z oy TR oI InP E
et BT Rt )
PRALZ (®@5), ciick ), pRInPE &
B4, ZHEBEMRD L —FORKWER A=V b5y TRMOBARRIHI L, H—
. oo
B R mE (0/S1./n/S.1,/n BRARAErE)
PBiE
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: prinP2 2 v K@
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:
M

A28 -L DB
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Wb Ty TRENRAGA SRR 5, FERIZRE
L7z 25, Zfga-v—HOTE»5dBBEI NS 2
Eair o7z (16) .

3. FF MR

RIEL 2 E R — oSN 2 B 11R T, nil
InP#H # Fic, MOCVD (Metal Organic Chemical
Vapor Deposition) % VT, Si0, #8927 &£ § 5%
AR E (Selective Area Growth) I k9, /3¥ B ¥
Xy T DRI bV — DGR & AR OBRIUE & % IRk
B 287,

BWIREERE &Y, V- L THEBIE=Z 7 (SO,
%) BRI T O R AT 2 7 A b+
NISGAIORERE &L ) DEL 2 5HEE2FIALCL DTS
%,

C OER B R B BRI E AT 5 &, Ao
RETY 2 —"NHAICHFIE OS2 FX v 9 7)) DR Bl
WA T E %, EEE (BB 337 E L) TE»E
NEN InGaAs (1= 1.67pm) & InGaAsP (1,=1.18
pm) 5% 0, FFEEIZS FHEHNOF FIRIEEIRE
WHREICE > T4nm, 4.5nm, 5nm (A,=1.51pm) D
3MARERER L7z, VORI 7.5nm (A= 1.55
pm) (27 5 L9, BREERE 27—V ERELT,
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-

S..-InP70Ov 7 &
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PERG (BE) o BERATRICTRL L7cth, AT T4 v
L—3 3 VRIS Ry F o itk > T L2, [
PR TORAER cLIZRIE— FIERASREL A D L5
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V= 0V) THo72, RBITRET &2, ERABOWLL
ELT, —2.5V/SA TPRKFT15dBA%HE 51, —fichBE
& 3N B13dBEI7z L7z, Bfgen A %48 L T 24K
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ﬁodule RS_LSI{clk, rst, DataExist, d t, Writ t,.. )
input elk, rst;

input DataExist;
output ReadRequest, WriteReguest;
reg ReadRequest, WriteRequest;

<O AP, LY AFRROER>

always begin

ReadRequest <= 0;

WriteRequest <= 0;

?(posedge clk) ;

forever begin
while (!DataExist) begin €(posedge clk}; end
@ (posedge clk);
ReadRequest <= 1;
@ (posedge clk);
<SP LDT -5 AS1>
ReadRequest <= 0;

<BhfEdLt A p>

GHEADF -2 di 1>
WriteRequest <= 1;
@ (posedge clk);
WriteRequest <= 0;
@ (posedge clk);
end
end

<[P/ 4 AT RiE>

endmodule /
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(1) FIFO : First-In First-Out

(i£2) PPC : Plain Paper Copier

(i£3) CCD : Charge-Coupled Device

(£ 4) SSOP : Shrink Small Outline Package
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