


E%%ﬁ*ﬁ*ﬁ Vol. 69 No. 3 1995

BE SERERT

B X

R

e SR B [T A T v 1
HAESE

BRe @

HEIEARD BN & 3 A T L LS corevrrrrrreecee ettt sa e 2
sl

ASIC

[E A HE S SR B AL TR (QM-Coder) LEL  +ovsrvrrrererermeeeeeen i 6
ANEFSCEE - Aep BLR - BT R - BT

MPEG 2 &5 1/ 2 EEREREEN AR LST  veeeeerrrrmrmrmmmrrreeeeeeaan e 12

BEMEE - WEE— - P - sRREEDE - fS 2

THes /s DZVERA, 108y F2M Y7 /B CMOS A/D avoi—4 1]
M - ZARREM - REARERR « 10Tk - WA

PC/N2arbo—Jb @PNFAZAF 20— F TV HLSL s, 21
WEFRE - AT
7370 KB ASIC FHEREF D A T L overrree 25

IEEER - NEFIRF - B0 4 - I - iR
4 4z0ar¥a—9%

6Ly beq 22 MI6 ) —X—EEE - KEHES v 70 F v 7R M16/12— ---30
M2 - AWM #L

168y =4 3277007 7 31 —40MHz #RTTE13 1 = K= coovervmnmmsinins 35
P A - AR

Phoenix 7 7 — 47 x THEBOFHAF —R—Fa b o—3F M3880X oo 40
HIRC ¥ - BIEE £ - $6oRE— - 6 & - BT

AEN

ZERILT T 74w 2 A7V =Ly 77 AEY (3D-RAM)  correremearaeenenns 42
O I A

3AVHE—EBEIEMEYy FDINORFI 75 w o AF Y oo 47
ZIRHERE - ANBRIE— - KL S TEE - L RH—

100MHz EE 2 3> ZHEKIEME v b 32 27 0 F 2 DRAM  roeverrereseneennee 51
ANERREL - ERET

B EEEE T IME o FSRAM  cocoeerrrrrr s 54

PABAERE - INTFIEZ - B H0A-HS 18- Ghi%K—
NP —FoRA X

HRERKEBED 6KV, 6KkA GTO T A 2 F v 59
EEICK - ) W TERE K STIRRY

b Lo FREZEO0V /ST — MOSFET  crecrererrreireni, 63
TERFIEI « JOKIEI - NP B - REIEECR] - IS

7'0 & RFifF

HIE N7 h =i 7 F 227 e 67
HRMEST - WURE - T 9 - BRAAT - 49083 - BT

TENTZ77RAL Y2y TETHEE, T/34 23 32 —F e, 72
FRTTIG - FJIGER - ADREE - PN - RlREE sy - 35 B

SRYYVIZZ7 410k BN N7 — U RERL oo 77
SRR - RSB - REB T - RS - REE

BIFLHE

U7 — 7 GO EE R EE ) TERGUBIEAREIREE s 83

F%E%I:E[EE%J ..................................................................................... 84

2Ky PS4 P

BAHEIERH LAN 2> b0 —35 IC “MBAL0LTER” ververerrrmmniiie.. 82

SRR A R TEERE e (&3)

Ui

=SEEORyY FAEET IV -/ BE
—E 54 » & =% Multimedia on Chip
= S

WABDO I THME b v 757 2R
FEBL7 CADEMIMAEDO 70 €2
BfEaAatasIsickt ), BEERS
DS INTEY—ODF 7 FIERT
ERNFAT 4T A F v TDarxy
FEZEBEHOBALEREELESA
Bt Pase I,

=ETHRBEMICBBORIRITH,
EPRELAI S (ST 85 2 EXPE (SREEHR)
FEKR) AFEALTVWET, 5L, &
RE, R2PENEHT, RHEBAMEHE
ALTW2HZEYHY ET,

© 1995 Mitsubishi Electric Corporation, printed in Japan

5,




——— e

TTRMZI b

EERDEEE & AT L LS

TR YR

SHETHRIR Vol.69 < No.3 - p.2~5 (1995)
HMERNOMEBICON, — 2D R T LR L{H0 LSI THEIBTE S
S RF AL LSI DR EDDH B, YR F A LS REL BHTTII%
¢, YEREREBUIV I b o=y REEOWEIZEKETA 2087 M i
52 ANXLEGTABERENT WS, SAF A7 4 THARE2 20
LY RFALSITH Y, AGTIEZoBm, HMRE YOI ¥
oW T 5,

#“sﬁu/kﬁﬁAﬁcmﬂﬁ/zTA

IVEREK - NEFIET] - IR M - B - wERE
=HERHER Vol.69 - No.3 - p.25~29 (1995)

KRB - FiE LY 73700 ASIC #EMTHRET 272010, 7o
T7 7 wRfe & e 7 v A HESIRMSE A ik L 72 ASIC REFS X 7 A4
R L,

7eTT7 T BT, E%@fr v b ) AN SR & B R A AR
BCRMDZFEHEEBELL, RE7 o —EHBERETE, 7o—-X
FRDZ—WA 87 2 — 2 TCEREAFIREHETEBEREI AT L4253

DIREETEL VAT ARHE L,

EE%%%%ié’tK;aTm}@F EN =

EfE S EFS1EH K (QM-Coder) LSI
NSO - AR - RO RAE - SPEAET
ZEEHIIR Vol.69 - No.3 - p.6~11 (1995)

[E e TBIG,/ JPEG (24 1 5 #3815 5 (L 77 & (QM-Coder) 12 #
L7 EEf R LSI M65760FP % Bi%E L 72, QM-Coder (3, 554 Tl fF
FBERTH b7ewd, R/ T L DERBA L EC, TR
WA

bbb, 364z, o LSIIE, &2, 0007 EZE &) Sz

FisEw b2 M6 1) —X

—IKEE - EKEBEEHL L FILFy TR MG, 12—
MR - AR OB b %L
ZHETEFE Vol.69 ¢ No.3 » p.30~34 (1995)

Eol OHERRES - AAAE TRS O BSER o LT, Elkfe s >
INF oy Ted 3 b, EEEBME - RERENL, DRSS ETS
be FITCIN=—XI2Z 22, $l6Ew b~4 3> M163 1) — XD
THRBLE ¢ LT M16/12% B L 72, BIRRORR, Ethhs - RAL 2 HERE L
2o FEELAL - EEEE AL - NMYEET 72, 2 LT, EEEEH
E—FLYR—DPLADT, FNHICOWTEMNT 5,

m,777y:u,@5&,7u/7¢amf4/7»&%mx%um
RICHENTH B,

MPEG 2 3 |/ 2 EISRFBEE B 2 & H LSI
FIEME - WMME— - IS - BRI - 2

= BHEREE  Vol.69 - No.3 » p.12~16 (1995)

R T4 TMPEG 2 (Moving Pictures Experts Group 2 ) 0 £8k7%
FHE—F (74 —=NF/ V=4 FaTNT 54 L) ITHIBTRE
1./ 2 ENFEREEC ) & AR LST % BARE L 72, REHORE R Iw S A0~ > RO bn
HWHFEOFHEA, 1,/ 2HFEEET oy TONE, TE 4754
COFHBAICL Y, BERTYrOHBHREOFH VIR LSI R T
&72, THOLSHZ & D, MPEG 2 #e#l o B fr 5 b B\ ka2 X MMb -/
BbATTRE L % B,

6y b~ 377007 7 2 1)
— 40MHz 37751 1) — X —
HEE 3 DRBE
=TS Vol.69 - No.3 - p.35~39 (1995)

LHI6E y P4 2077007 7 3 ) o CPU 2 T LB O 2 i &
LT, ks ) — XD 2 ~ 3BOEEEREE R -7 77510 ) — X" %
BAFE L7z, Ry ) — Xk bl Lo E e aeimb R4 >~ Mg, OFER
o miEAL (25MHz — 40MHz), @& FETH 4 7 VEDERHE (Frlc
RERFAE), QAT ISR L LS as FPREE&S) 0B Th
by = FT 4 X7 DN E~DIDAICEHTH 5.

" TR -

THras/ T P IVRERA,
10y b,20M %> 7L, CMOS A,/D 3> /N—%

TARBETE - BeAECR - ITFAEX - BEES
=EBMINER Vol.69 - No.3 « p. 17~20 (1995)

A Y g LEOEEHMRESER LS~ > F v TbE v —4
v MELT, 3V E—BF, SMRAEIOE Yy b, BHEE0M 7/
Bo CMOS A/D av =2 &dfELiz, Aoy M8 L /4
RiifEEE L 720, HBRRCETR 7 L 70ER L, FHiRoT 2
—FORFEEIT -2 F v 713080 mCMOS 7 u & X & Ay TRIES
M, R/ A4 Sk LTEWIfE 2 R 2 &AM SIER S L7,

Phoenix 7 7 —/4 ™7 = FEE®
AR E—R—Fa> bO—35 M3880X
S 4 - PSR 2 « SARE— - B & - RIBH-E

=TSR Vol.69 - No.3 - p.40~4| (1995)
380X 7 N—T1%, A% PC/AT L Z D ABHN ¥ —KR—Fa b
9= ZICRE LR E RS oD 8 By PRV =T =L 3 TH B,
F 72, 3880Xicid, ZZE WA Phoenix #LICIKFERFE L HH 7 7
— A&7 =27 “MultiKey, /388017 #H#Ef LT v 5,

PCoNZarbrO—)L RIFREY 5 —FTVHAHLS
RIFFHE - 34T
ZEEHSTER Vol.69 - No.3 - p.21~24 (1995)

I°C (Inter Integrated Circuit)/¥Z 2 > » @ —/L PAL/NTSC K= 7»
S—FVERY Y IZNF v 7 IC “M52343SP” &, SECAM HRfafE%5
JLEER] IC “M52325P" 2 BA% L7z, ZoICHERIC L Y, EkEh 728
TEHAKRIEITHIR S N, ML R TF LTS 2RIy 5 —F
v ESHES L,

F/o, HEIgREE S REL B~ e TV y A= DEET A VT
DEBLICLRELFET 5,

ZRTTS T4 v AR T L—LsNy T 7 XAEY(3D-RAM)
A M- bR - AT
=ETHHIR Vol.69 < No.3 - p.42~46 (1995)

ERRCTFT7A w7 A ALy =7y P LT, ARV ELEFE2T
(Ezen AL RS > F o 7ELRZIOME y F 7 b —4LoSy 77 A€
D EBFLL, E2VALUR, a7 VT v, ZXy 77 V7
BEDTZRKILT T 7 4 v 7 AHALAEYFE— L, 2568 v MFAEES
2, ¥YrzuatZEE 100MHz) OfRHEI L), VRAM RO 2kt
T574 v 2 VAT LIS, Fl—a 2 CHEHEEZ# 1 iFeml L
T2y AT AHHERTRETH B,




Abstracts

Mitsubishi Denki Giho: Vol. 69, No. 3, pp. 25~29 (1995)

A Design System for Large-Scale Submicron ASICs
by Tatsuji Kagatani, Shinji Dno, Ken Saito, Teruaki Harada & Kazuhiko Takase

Mitsubishi Electric has developed an improved ASIC design system
with floor-planner and design-flow management support functions that
enables rapid development of high-speed, large-scale application-
specific ICs. The floor-planner function employs a newly proposed high-
ly accurate method for estimating layout area and wiring length from
the circuit net list. The design-flow management support function facili-
tates control of design procedures by providing a graphic user interface
based on flow diagrams.

Mitsubishi Denki Giho: Vol. 69, No. 3, pp. 2~5 (1995)

Trends in Semiconductors and System LSls
by Yasutaka Horiba

Advances in semiconductor technology are leading the industry into an
era of system LSIs, where an entire system can be integrated into a sin-
gle chip. System LSIs are more than just an extension of semiconductor
technology: they have more the character of a cultural revolution with
tremendous potential impact on the structure of the semiconductor and
electronics industries. They will doubtlessly play a key role in the
multimedia era. The article describes trends, technological issues and
Mitsubishi Electric’s approach.

Mitsubishi Denki Giho: Vol. 69, No. 3, pp. 30~34 (1995)

M16/12 Series Low-Voltage, Low-Power One-Chip 16-Bit
Microcontrollers

by Masayuki Hata, Akira Saito & Yoshihiro Hayashi

Mitsubishi Electric has developed the M16/12 Series low-voltage, low-
power, one-chip microcontrollers for applications in handheld and per-
sonal electronic equipment. These products maintain the performance
of standard M16 microcontrollers in spite of their smaller dimensions
and power requiremets. They also incorporate an additional low-power-
dissipation mode.

Mitsubishi Denki Giho: Vol. 69, No. 3, pp. 6~11 (1995)

The QM-Compliant Codec LSI

by Fumitaka Ono, Yoshifumi | ka, Ryohei Higuchi & Yoshiko Isu

Mitsubishi Electric has developed a codec LSI that implements the high-
efficiency QM algorithm used for JBIG and JPEG applications. The QM
coding algorithm is completely reversible, so that encoding and decod-
ing operations result in no picture-quality degradation. Coding effi-
ciency is also higher than previous algorithms. The new LSI can process
20 million pixels per second, allowing on-the-fly compression and
decompression of image data to reduce memory requirements of facsim-
ile machines and printers.

Mitsubishi Oenki Giho: Vol. 69, No. 3, pp. 35~39 (1995)
The 7751 Series 40MHz, 16-Bit Microcontroller

by Sakae Ito & Hirofumi Komatsu

Mitsubishi Electric has strengthened its 7700 microcontroller family
with the new 7751 Series, which offers performance 2~ 3 times that of
previous devices. The performance increase was achieved by boosting
the operating frequency from 25 to 40MHz, reducing the number of
clock cycles per instruction {especially for multiplication) and introduc-
ing new application-specific instructions such as sum-of-products. The
devices are especially suitable for implementing hard-disk controllers.

Mitsubishi Denki Giho: Vol. 69, No. 3, pp. 12~16 ({1995)
A Motion-Estimation LSI with Half-Pixel Precision

by Kazuya Ishihara, Shin'ichi Masuda, Hirofumi Nishikawa, Yoshihide Ajioka
& Hiroyuki Amishiro

Mitsubishi Electric has developed the world’s first motion-estimation
LSI with half-pixel precision which is capable of implementing various
MPEG?2 prediction modes including field, frame and dual-prime modes.
The performance of the device has been improved by incorporating a
distortion summation scheme in the integer-pel unit, on-chip half-pel
processors and a versatile, variable-pipeline architecture. This device
makes it possible to implement a compact, low-cost MPEG2 video en-
coder.

Mitsubishi Denki Giho: Vof. 69, No. 3, pp. 40~41 {1995}

The-New Generation M3880X Keyboard Control with Phoenix
Firmware

by Tetsu Tashiro, Minoru Abe, Shin'ichi Suzuki, Takashi Furumura & Shohei Moriwaki

Mitsubishi Electric has developed 3880X Group keyboard controller ICs
for PC/AT™ compatible keyboards. The corporation commissioned the
Phoenix Corporation to develop the MultiKey™/3880L firmware used
in the new-generation 8-bit microcontrollers.

Mitsubishi Oenki Giho: Vol. 69, No. 3, pp. 17~20 (1995)

A 10-Bit, 20MSPS CMOS A/D Converter

by Masao ito, Takahiro Miki, Toshio K ,Yukihiro Y; hita & Keisuke Okada

Mitsubishi Electric has produced a prototype 3V CMOS A/D converter
with 10 - bit resolution and a conversion speed of 20MSps for incorporat-
ing in LSIs for HDTV applications. A differential amplifier is used in
the comparator to avoid noise problems in monolithic devices, and a
new encoding algorithm has been developed. The device was implement-
ed in 0.8m CMOS. Test results indicate high immunity to substrate
noise.

Mitsuhishi Denki Giho: Vol. 69, No. 3, pp. 42~46 (1995)

A Frame-Buffer Memory for Three-Dimensional Graphics
by Hisashi Nakamura, Kazunari Inoue & Hiroyuki Kawai

Mitsubishi Electric has developed a 10Mbit frame-buffer memory with
an on-chip pixel arithmetic logic unit for processing three-dimensional
graphics. The pixel arithmetic logic unit(ALU) supports basic functions
for three-dimensional graphics processing such as a-blending and Z-
buffering, has a 256-bit wide internal bus and operates at 100MHz in
synchronous mode. These advances make it possible to achieve ten
times the three-dimensional rendering performance for the cost of a con-
ventional VRAM-based three-dimensional graphics system.

Mitsubishi Denki Giho: Vol. 69, No. 3, pp. 21~24 (1995)

An lIC BUS-Control LSI for Multi-System TVs
by Kazuhiko Okuno & Kazuyuki Kikuchi

Mitsubishi Electric has developed the M52343SP, an inter-integrated cir-
cuit (IIC) bus control IC for PAL/NTSC color TVs, and the M52325P
SECAM color-signal processor IC. These devices require comparatively
few external components and simplify the task of designing multi-
system color TVs. The devices have automatic calibration features that
simplify set manufacture.
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Abstracts

WMitsubishi Denki Giho: Vol. 69, Mo. 3, pp. 63~66 (1995}

A Trench-Type Power MOSFET with a 60V Breakdown
Voltage

by Yasuaki Ful hi, Yoshiaki Hi

Mitsubishi Electric has developed the FS70TM-06 power MOSFET with
a 60V breakdown voltage and the world’s smallest on-state resistance
(5.7m typ.) for a TO-220F package. To achieve this outstanding perfor-
mance, the device was implemented in a 1gm process using a new
trench-type structure, and 400z m diameter Al wire was used for the
source leads. The low on-state resistance makes the device well-suited
to applications such as power switching, DC-DC converters, and switch-
ing power-supply secondaries.

, Takashi Ono, Atsushi Marazaki & Eiji Yoshida

Mitsubishi Denki Giho: Vol. 69, No. 3, pp. 47~50 (1995)

A 16Mbit DINOR Flash-Memory Device with a Single 3.3V
Power Supply

by Masaaki Mihara, Shin'ichi Kabayashi, Kojiro Yuzuriha & Yuichi Kunori

Mitsubishi Electric has developed a 16Mbit DINOR flash-memory de-
vice that operates on a single, 3.3V power supply. The device features
half-micron geometry, and achieves 80ns access time with a 3.3V supply.
Data integrity is ensured by page-mode writing of 256-byte blocks and a
protect-block function that prevents writing or erasure on any specified
blocks from among the device's 32 erasable blocks.

Mitsubishi Denki Giho: Vol. 69, Mo. 3, pp. 67~71 {1995)

An Attenuated Phase-Shifting Mask with a Single-Layer
Absorptive Shifter

by Mobuyuki Yoshioka, Haruhiko Kusunose, Akira Chiba, Kazuyuki Maetoko,
Tadayoshi Imai & Junji Miyazaki

Mitsubishi Electric has developed an attenuated phase-shifting mask
with a single-layer absorptive shifter employing molybdenum-silicide
and chrome oxides. Phase-shifting masks offer improved resolution and
depth of focus for photolithography of 64Mbit DRAM and other ULSI
devices with line widths of 0.4 ¢m and smaller. Mask production has
been simplified by combining the separate layers previously used for
phase control and transmissivity control into a single layer. This sim-
pler fabrication will allow attenuated phase-shifting masks to enter
practical application.

Mitsubishi Denki Giho: Vol. 69, No. 3, pp. 51~53 {1995)
A 100MHz Dual-Bank 16Mbit Synchronous DRAM

by Yasuhiro Konishi & Seiji Sawada

Mitsubishi Electric has developed a 16Mbit synchronous DRAM that
transfers data at 100MBps in synch with an external 100MHz clock. The
memory array is divided into two banks that can be operated indepen-
dently, enabling continuous data I/O without the lag that otherwise
occurs due to precharging on page switching. the device also features an
original multiregister system that supports stable, high-speed operation.

Mitsubishi Denki Giho: Vol. 69, No. 3, pp. 72~76 (1995)

Circuit and Device Simulators for Amorphous Silicon Thin-Film
Transistors

by Motoaki Tanizawa, Kiyoshi Ishikawa, Norihiko Kotani, Natsura Tsubouchi,
Toshio Onawa & Shigeru Kikuta

Mitsubishi Electric has developed circuit and device simulators for
amorphous-silicon thin-film transistors (a-Si TFTs) that speed the
development of liquid-crystal displays. the circuit simulator models the
drain current and gate capacitance of the a-Si TFTs, while the device
simulator program, Mitsubishi Device Simulation Program-Triangular
(MIDSIP-T), models the charging and discharging of local levels in the
band gap. The simulator results were determined and then compared
with TEG measurements.

Mitsuhishi Denki Giha: Vol. 69, No. 3, pp. 54~58 (1995)
A Third-Generation Low-Power 1Mbit SRAM

by Nobuyuki Kokubo, Masayuki Yamashita, Fuyumi Minami, Sateshi Arima
& Eiichi Ishikawa

By modifying the memory-cell structure and using 0.6 m rule, the
authors were able to develop a third-generation low-power SRAM.
Using high-perfomance transistors with a 14nm gate oxide layer, modi-
fications to the chip architecture and design optimization give low oper-
ating current and high-speed access (55ns), with improved margins for
operation at low power-supply voltages.

Mitsubishi Denki Giho: Vol. 69, No. 3, pp. 77~81 (1995)

Ultrafine Pattern Replication by Synchrotron Radiation
Lithography

by Masami Inoue, Hiroaki Sumitani, Kenji itoga, Yoshihiko Ozaki & Teruhiko Kumada

Mitsubishi Electric has developed a synchrotron radiation lithography
system in which X-rays from a synchrotron source pass through a
beam-line with X-ray mirrors, and transfer an ultrafine pattern from a
1:1 mask to a substrate coated with chemical-amplification resist. The
0.15 pm lines, holes and patterns corresponding to a 1Gbit DRAM were
successfully formed with large latitudinal exposure. Stable pattern re-
plications were achieved over 1um steps and on a variety of substrate
layers.

Mitsubishi Denki Giho: Vol. 69, No. 3, pp. 59~62 (1995)

A High-Power GTO Thyristor (BkV/6KA)

by Sinji Koga, T Nal , Futoshi Tokunoh & Masanori Yamamoto

To meet the growing need for inverters for steelworks and for SVGs
with higher performance for electric power applications, Mitsubishi
Electric has developed the first application of large-diameter (6 inch)
wafers to the world’s highest power GTO, capable of controlling cur-
rents up to 6kA at voltages up to 6kV (Type: FG6000AU-120D). The new
GTOs are now production. The article describes their structure, fea-
tures, performance and applications.
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O SR 1 EREZRER L L GERT 5, AT
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PS IEbn iR Y) @R KERS 2 5-2 3@ T —7
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B, MRTRLERLTWE/YY 2vid, IBM PC/A
T® » ZnHEHgE QST PC" Ew9,) L EbNTWwWa, H
AT, HARFHBIADKIEAEE X 7 » T PC DR ANEN
Twizds, DOS/V DB ERIC L 5 < PC AW Lk
H7z,

WA, /= N7y 7oy aizBGTHERE, ARhE, AT
FEOFTHESE Lol R o s, 22 1ERYDORTIS,
BRF XA A=A TH T/ — oy a v oiRser
RELTED, SBEICELDA—HI L ZHBREEOEIL
PTHREIN5,

Z 2GR 3880 7 v—7 (LI #3880 X" &9 ,) 13,
SBOPCOF—K—Farbuo—7 LIV “KBC" &
Jo) ITBRERE A F o T 8 By F RV —T A4
arTHb, 72, 3880 X 1213, ZZEEHE M »¥ Phoenix
AHARFBAR L7287 7 — 47 = 7 “MultiKey,/3880L"

ERRHEAEL T\ b, DL JIT, 3880X {3 —F7 2Tk
TP =L 2 TORBIZE B INF v 7 KBC TH S,

2, HERORLLL

fiesk, KBC I3—RAVICIUA~A 2 v 2HWT, Y717
T2 E > THR#EL 3N T 5, 3880% T3, KBCHIY ~
INF 7 2 v & LT =— X Uil b 47
JrEbiz, 77— 72T LIRSS ROM AEOH
THREERE 2 3IET % & 5, Phoenix 4112 & - Clciiidse
BEEDALIEHT 7 7 — o7 . TOR#{bEIT>72 & 1),
ZhUE, PEERE 77— TORBRE I VHEICT S
LT, FEREROYESS » 7T SN T W2 KBC
VAT LR, DA 3 EEHT7 =L 2 TIETTE
HL2LDTHB,

Pk 5D KBC P AT LB AR R L, 4%
KBC ¥ 27 S B e elihbib % 75 - 7ok L HH 7 7
— L7 2 TORITE Z A L) IS 5 2 LB LW
Thb,

LITFiS, ARUT 728k e 7 7 — L7 = T Ofeifbic >
WTRR S,

(1) “PC/AT” “PS,/2" (&, kEIBM Corp. DEHETH 5.
(i#2) “MultiKey,/3880L"12, *[EPhoenix Technologies Ltd.
DHEETH b,

3.1 FEBEOREL

FERD KBC ¥ 27 LT, —2D KBC 3 27 A %2 FEK
T BDIHEERD BT o THWETH B, ZhUL, EEE
FHORIERR, WRBROME T/ — N7y 7097 ) — hoxXy
2 ED Sy T ) EREY Y 2 OBERR 2 AT AR E
M7 A5,

3880 X T, kA F v a—Farbte—F (LIF“SC
C&wvd,), KBC, a2 —4R LED Fo A4 i
BTy 7 THEREIN T30 %, 1.0pm CMOS 7't
ZEBNTY I NF»7{kl, 0.5mm By 564 > QF
Pty —2 (K74 94 X 10mm X 10mm) IZEHL,
Xy = DN R R - 72,

72, BHFCMOS 7mt 22k 23.3VENETF— =%
KHBE N biomz T, WAITKRU STOP €~ FD2D
N 7T FI2 L), 5V, 8§MHz BHERFT6.4mA ,
WAIT ®&— FFT1.6mA, STOP E— FEFTOIpA LT
L) RIEEE LR E L7,

EHIT, ¥—=M) w7 A XXy VRRETIE, ATV
F—R— NI 7= P X -8, ThbbXx—=h)
v 7 ZNDTEHE D A E > T L ThWZenF—hdh =0
LIS N T2 LHICRZ BBRICHIL L7z, T, 150
ATV rFEF—RK—F L KBCRAMEN7 0 rIe7 L
RUTF =V b — 2N, F—AJHH BEDHIE
k> TR L2 2iciz, 8 ¥—a—nA— <Ll Lo¥
— ATIIRIHERE % FTREIC L 72,

ZDiE», 8K /N PO ROM, ¥—F 72— 7T v
THERE, VT TR, LED RS A NE—FOREL Y,
U INF T KBCIRERINATE2 DHRER E D AA T

1, 2> ZuFy7arito—SHAE~O770—F
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HReDmol Lz X - 72,

3.2 Z7=~LTTFD SR
e 25
21t Ny S T vy 72 12 SCROLL
5127
. P . 33| py P2, CAPS
Phoenix #HICf&KEERAFR L 72 24 Pl; P2, |28 KANA
35
- e P1
HH7 7 —A7 2 T T, R Eo iy 0Q; g? DATABUS >
. o . . <72 I D9 15 <DQyDQ; : XDyXDy
RDNT ——7E— FE Ber, 885 63
Pl ‘164
s - N ) i D
L, YRATLZAIA LD Flo oe; 3 BEY bR
. 41 DQ 5 -
FAA (SMI) #hie HotKey 1 2 §87 = DG, |3 1¥571-2
431 oo x
E] > o PO, & wLa . *
TR LY, FELIC ooNy ileg, T W o'
. 2y 2 6] 0 5 52 cs ¢S 1 KBDCS*>
—HfE L FTRE L 7 - T b, 7] P2 iy Ay L A0 <Ay SARD
o e 48] ! N
%72, OADG*F¥—KR— K P R e [RERST
5 e P4,
DFH— b, 34D PS/20 2|7 Pf’?
51 Lot 17
o e P3; P4
GAT K= eI 24 Ea 1 ol 15 ORI o)
P3,
v — R, TSN, Z 54] 0y P4,/ 0BF,
g7 = s ARRLT S 55107 pa,/TBF - OBF,
7 EERARRE, DS/ 2 7S =P,
29
13 Bls HK output port 1 P2 P4,
4 A% Hot Plugability ##E, RRCoutpot portZ|—0] e2; b
- - HK output port 3 P2,
HotKey tElj] i ; HRY) 22— HK output port 4 32 P2,
LRV MNFZ X by ba— i
ARAR L) Y=y, 8 5, /ot
IR, = Y v 7 2D S N 7 P6o//INTs“OBF,  Xour
. . ‘J‘—}I/_/ 7 HK output port 6 8 [
Ly Bl N G B VN o ) HR ouipUt port G 13 P5. Seur 5 (RESET : RSTDRVA*>
. HK output port 7 P5,/T.D RESET oS RESET | L
— K= F~DRE% Y, ek Rk outout port B1—LL ps, /R0 Lot 113
18
A SHE AR5 ) A T e ”
- S P
SEDTEL, NOTE (Default value) : MFR jumper = "HIGH" CLKSPEED = 8 MHz speed
- Y - Display type ="LOW" OADG =AT keyboard
ZiUd, ¥ TNTF T KB Key lock = "HIGH" PHANTOM  =Phantom key check ABLED
KBTYPE =Direct port 3 matrix read

CHI/N—Fo =7 & LT 3880
x OigfERGELY, 8K A

® 2. M38802M2 & MultiKey,”3880LIZ L % / — b 7w 2 /%Y 3 2 BKBCA~ O s B 1

F DWjE ROM o UF 384 23 A4
N RAM 25, ZDZRRAHREDEIICKE (HL 72 &
W2 b,
3.3 1R CE B R BEEDFER

23y 7 ) ERBf ey 2 > TlE, Ni-Cd Sv 71, Ni-MH
Ny T, LiAF Xy T RENY A= OES
CICERTL Ny T MDA, INHDNY 2T, o
v T ) DZANF —FREENEEE KBC Y X7 AT A
L2 EDHB, LrL, 7Sy T UITRHETI S D &K E ],
2¥) AU R=HI Ny TN ZRNF-ERREHD DDA
VT L7 2 T e P HEE T E e v DT
HY, HEAAVIIWEETH B, D7z, 3880 X Tla v 7
J RN F—IRBEMD IO OMFERE Y AT w2 e L
72,
4

4, P INFyTFz—K—-Fariro—

“3880X" DEE

(i# 3)OADG : Open Architecture Development Group

Phoenix 7 7 — &7 = THBROBHAF —K—Fa2 v b o—7F M3880X

S EF A 7 N

M 38802M 2 & Phoenix 4t MultiKey, 3880 L o/
FEF2ITRT, TNH—FT2T, 77—4L72T713,
iz 7NF v 7 KBC & LTHRBLINTE ), Eitkae
7 KBC ¥ A7 477 “Ready Made” V) 2—3a > & LT
&N B, o, ZV v A—HIT L AHARRDBINEE
FERICH LTI, Phoenix 457 7 — L7 2 T DA R I =
A Rz & THIET 5.

5. € U

I FET, 3880 & Phoenix HHHEH7 7 —L7 = TN
Bk e Z ORI OWTHA Lehs, =2 EME T3 R
TLFT o= F7 2TV T 72 TORFITL BT 2
TABROBBEMEERFRL TEY, 4% HH=—XI2h-
TR EIT>TWE, IN—RBEEROTRIZZ/22T
WS FHETH b
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AEY

ERTET 57 4w AR

A T

ZL—Ls3y 77 AEY(ID-RAM) A2

=2=1T

. 2 A » &

ZRFCT T T4 v 7AW, EELTEMRET 27 AT~
3 RN F 2N T Y T4 DOFFCHERSNT Z7205, 4
BoNF AT 4 TOERIZ N, PC @YY 2 2) R — L8
DFHTLRETTEPFESN TV 5,

IIFE TR cEER A 'Y & LT VRAM (Video RA
M) 75& 7275 BFWEEEIL 7 7 — A P _—VE—-FT 25
MHzBBETH ), F2m@tINs 7774 v 770ty
YOI FISBHTEL{ E->TETW 5, BiE, &#fk
DERIZZ /22 5728, CDRAM (Cached DRAM), SD
RAM (Synchronous DRAM) ZEZFEEIS: A € V) »BESE
ST 5,

T, ZRIETZ7 4 v 7 ATlL, TRT—FZITH LT
— BT ETLITKEDT -2 7V —LAEY P60
ST AMNBICERAL L, v ) o LS THI LvW—2
CHE L7t 7 L — A X B ) ICEERT &) WU E L
728, 7L—ALRENEVLYF) LS #ERT B8R
D3y FIEDTEBLO R VA 7 TH-72 (F 1),

3D-RAM (%, CDRAM TH:-7=3fli % vy, VRAM
¥y vaxX®) LEEAT (E70VALU) 24 F
TIL, ZRILT T T 4 v 7 AT ARTIZEaBIER L 72
EREENR A T ) TH B (E2) . HANL00MHz D7V
7 n 2BEREHC & Edibicing, fekv ) oL
SITIT > TW2ZRICT T 7 4 oy 7 AR E B 7 v
ALUTYR—PFT5ZEI2L0, FHLWwi—5 DEAASH)

AA
MPU AEY

AT LINA

L)

SHA A
vy [

RAM
DAC

== 3D-RAM = == === = — = /

1, ERTITZ 71w I AF LA

42(292) =LHHEIERT =+ 2 7 ALSIBISEBISEAT

{R72TTERT— 7 T E, LRy FIEOR LA
7 ERET L LA TE, 3D-RAM OFFEFR1ITR
¥

8, 3D-RAM I, Sun Microsystems Computer
Corporation & 43EAFLFTHF L7z,

7. 3D-RAM®ER

AEBIFEL723D-RAM I3, 10M Ev P DRAM, 1
Kty b )77 72 4A€Y) SAM), 2KE» D
SRAM BU20K ¥ =7 )L ALU 2 SR I NT
Wb (E3), DRAM 345 Z7FERLTH D, 1EHEN L E
WS D7 L —at A X (1,280 X 1,024) D8V —25DT
— 5 BHFNTE D, 227 DRAM /3> 7 H*—>% SAM
PHEHL, 2724422 ) =7 T2y (71.4MHz) 2
FEILTETAT—% (X16Ey b) #EEicHh$5, S
RAMIZ, FRT—F 2KETHENE7 e Fr v a k
LTfERS N, DRAM & 256 &£ ME SZATHEAES LT
5, E7RNVALUI, =TT 774 v 7 ACREL a7

2. 3D-RAMF v 7EHE

#£1. 3D-RAMOER

F oy A X 141.0 mm?® (9.94x14.18)

)  F Se4 R

v g7y 7 ik | 100 MHz, /77 MHz /67 MHz
b7t ooy 7 Bk | 71.4 MHz

E B R T 33VE5%
A v~ LVTTL
Iy =Y 128 > QFP

Yz — 7Ok 0.5 mCMOS7 & & %
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AEY

32 3 @ﬁ/ﬁ] ] op
b 5] RoP/7Lv KAy R0 [ BEEE | 5 5 oor

-

8 |

e it n o s o e e o S o e o m e e e e e e e e =]

3. 3D-RAMMERK

VITU TR LNy 77 ) TORILE F AT ARV
—3 3 ¥ %479 SIMD (Single Instruction Stream Multi-
ple Data Stream) ZHE 2 7 Tah 5, HEFIISMIAT DQ
(X 32) & SRAM 2 6D%i L7 —% (X 32) M TiThi,

DFERI SRAM ITEERE3ING, 7L ALUPS S
RAM T 7TRATF =YL 754 TR E R, 100M
Hz BfEsalheTd %,

3. ID-RAMODOHHE

3D-RAM Ti3, EWS, PC, 7r—2aZicbir 5 £8%
ZRILT 5T 4 v I AD=—RITZ 122 5128, LFnLH
75 SR LR TR BN &2 4T - 72,
(1) Enddt

PERD VRAM 272 = RIET T 7 4 v 7 AT AT
(3, TRT =2 IHITT =2 2 BINT 5T L IERT -5
B ASRCERARL, VoY L LS T L7
T REERTUEND T2, TNk, VRAM DAL
IR — M3 1 E7 2L RBITH L TR IRD 7 5 5k
WEREL, FOWEEED 25MHz (77 —X p—TE—
FYRRETH /2 —H, 7774 v 77 0ty FIfifS
NAHMPU {3, F2EH L2 L100MHz OEHLENZ TH
D, VRAM OFMEBE SR BB R VA4 7 L7
> T &7,

3D-RAM T3, INEMERT 27208EBICHHT 5=
KL 774 v 2EEERE7 VALY TUHITE B L ') iz
L, 7=z osmad UBE 2 KRR L7z, 2 51,

ZERFTTT 74w AT V=480 77 2E 1) (3D-RAM)

] 1

‘ j

3

f DRAM DRAM |

! syon Y| v |

! ]

! |

: 640 1%t 640 & 0E

i [sames3 79 7 7 |2 —--—»ﬁ 16 16 %)SQ

i 2| [smEs4759 77 B L~ .

' 640 T ™ 1 !

| d —— VOLK

I ) .

! DRAM D DRAM %gﬂ% 2 L bvem

! A4 N ZD 1 L Sk

! |

I 11

! 1 ——OENA

i DRAME} —2—0 0P

! ) 2

: » OO = HIIEE |0 BANK

: (1] ¢ soon

i $———$ CLK

! 1

! »i:l 8 —|———OQRsT

- ROP/ 7L Rz MO ]—f—« o

i O ENA
1

; ,_’jjs ROP/ UV F2zy b1 |t SRAM L3 bwe

1

1

1 8

i "8’[ ROP/7Lv K2y k3 ]—f— i

I . PASS _IN
i 32 | i

: 32 te&a =y b :

i

i

PASS ouT

A0 1
C:0 i1
A8 09
C:8 : 9
[
A/\/7;A|-—-5—F:4 IAZ——&
BN PoA P
Al P?
C/s> 7 et | AT oA
| . -
DSy 2 Al PP Fv—y

Uy omm
A QIR IADR— 0 BT,

4, R—=TEE

AR P& X32(VRAM 13X 8) 43R L, w100 M
Hz Dy v 7o ARG LD, K 100MEZ L/
TOREEERE 2 FE5H L7z,

—H, TV—2AXE)ORERIL, ~N—A X% 572 CDRA
M RN — VR ESBRE L2, 77974 v 7 AT
13, 74 A7V ETHEE L E 2 wuhsEs: L T L
5, VRAM DO~_—URAKIIMEDFE IR TH D, =~V
BGANSERE L TT— 2 T2 v AT 584, =—YDky
FEMETY 2,

3D-RAM Tli3, SAM ~D#rk L — b LEHE L T—
PHAZXEBOXI6E 7L ERE By ML, by ME
ol L7z, 512, TL—AXEY B ANV OREREL,
Bl ZIZBT 2 R—VWF 4 A7V A4 ETHEE L v &
JITEE L (B4), JHuc kD, FIZISTURD L9 i
PR B L BN TDA v F ) —TEYELTREE D), —
DD T ANOIGETER LGRS 7 DT 0 e AR
U F v —VPFTTE, HEOERLARI,

3D-RAM T3, =—YRabt— (F27) 7 —F=—
V) R TTRET H B ZHUIL, [l 30 2 NT—DD~<—
VICEPNI2T— 2 % 80ns THOR—VIZa—-F5E~
FCHD, 727 r—b_—IEEEZIE, 1E24L
LoD 32y FERROBA, 4G B2 N TR
W7 ) TREETH B,

(2) Fikne

ZERICT T T4 v 7 ADEARMBTH BT A7 T~ —3
ay, Bra7VveFu v 7, Z/Xy77) v TORGEEY
7w ALUTHHR—F L7z, E278ALU 285835 S
IMD {#ifa=>y b3, ZRFA~NL—3 3> ROP) 2=
v b, Ty Fasy b, RSN ElE = s
W EN T B

715’?“\1/ Ya i, 16T O 7 —VEEkoEE >
Ey PHATEITT A TH D, WHELIORT—F OfYE
b b,

CHR SR - A 43(293)




AEY

a7V v, BT V=LA AT Ch BT —8
DST (Destination) &Hi LW AT17—2% SRC (Source) %
LIFoRichen, BAE agre T7V Y FTH2UHTH 5,
aspeP 0D BIIDST AFREN, agreP1DE &
SRCHFEREN, 0<agpe<1DESE7 Vv PR
FRENA (H5),

SRC X a@gpc+ DST X (1 — @gge)

78, 3D-RAM T LR SRC X @ gge & (1~ @ gpe)
DYEDRIEAERE F o 7O S AT AR E Lz, TV
v Fax=y MZIZ 435 SIMD 7—% 77 F v ZFRAL,

Y7 eVHBEETF—S R, G, B, a®¥IIOUBETES,

a7V T4 o7, EERTYREE G L EICERYE
IFTHZ B &) BRI T v 2 ) 7L v 7L
RSN, =KL 574 v 7 RITARRGIHTH 5,

ZoSy 77 TIT) XA, B2 VnBiTEF—5 (2
FERSAE) %V AISENET AT ) XATH D, HLER
LIZWEZND ZHE Z1UTnT 27V —L25y 7 7
B Ld Ziix L, HElcEWwiors g
TVU—2Ny 77 ICEERAAL, FREES (HE), 3D-R
AM TlE, Z28y 77 AT XLFIZ32 8y bk
[z &5 L FEiRe, 74> 71D, 25 ¥ IV HiH
2328y B R e R T) ., AgEEIciE
CRYVIRZINMENTEY), EEOE Yy hotinE <
A7 HIEWTED,

SRAM ~DE EAAL, KANHAER & —BUERERD
AR (PASS_OUTES) ick»>THiII NS, ZHES
HOD &R, FRFOT—F DSTHHFESN, 1oL E
B LSERT B 7~ & EAENE, &8, 3D-RA
M TR ZDESZ /RIS 1Y 57 (PASS_OUT) &%
N2 AT (PASS_IN) 2t/ 2hick), 7

aspc= 0

0 < age< 1

“SRC” “DST”

spe= 1

5. a7L>F 1> 0niE

Zost < Zsre
[:> j (PASS_QUT=10)

“SRC” “DST” Zpst > Zsre
(PASS__OUT=1)

6. Z/Nw 77\ TR
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TN = YOPERIERED D 2 AT ET,
4, BRI RTF LD

3D-RAM I3, BHE7 L — 294 ZOFRRITHIET B
CERTED, FlZIT, 640 X512 X2 D7 v —LaH 4 X
DERTLT T 7 4 v 7FRY AT LIIF3D-RAM 1T
MISTED, ZOBARTV—2it, A5V —1216
By b @56 TFTRAS Yy hdZ TN Sy 7 PRERD ,

—ymmevb%%O%fé:tﬁfséo:@770
=33 & LTI PCRTy—LENEZ HLb,

3D-RAM % flAA b TR 5 L Bt
DEAFTRRICHET 2 epTED, KB IIHT— 3y 7
FHE Z/vy 77 i 3D-RAM % VAT SR L7284
ORERHRARTH 5, CoOBITIE, 17BN 6d4E
v FTH B, 64y FOF—F 2 BILIRT B2, AT
Xy 77 & 23y 7 PIZBRI LT BV RES L HENE S
BANT B, T—FIA TNy 77ICIER, G, B, @
£y bEF2E Y b, ZoNw 7 RICiZZfE24E Y |,
74y R ID RURTF oV VHBEy PR32y t R
ANT5, 3D-RAMDOEZN ALU 26 AF—22%4
TIA VAL, SR EREL TS

Z3y 77 3D-RAM NTI3, SMBAST—25 (SRO)
& SRAM » 6 EA L7727~ (DST) »itkiz = b &
ROP/ 7V Fa=y MCh2Z b5, 2=y M, S
RC 7% & DST 7% ORPIE R AT, HERES
(PASS_OUT) 2 h¥ 5%, ROP/ 7V v o=y i
ROP = bOfkRER > T SRCT—F 2 T4, LL
Bz=y b ROP/ 7V K=y sl hiz, 3
126 AF—VHIZThNSE, ZOfEE, PASS_OUT #°1

DA, ROP2=w F2AN—LI2TF =S8R T AF—Y
Hiz SRAM iz &AF1, PASS_OUT 70 D4,
T2 13 SRAM I2E XA F 1T SRAM 7 —F 1I0FFS
Nb, 2o PASS_OUT fEg=iE, 6 A7—VHIC PASS
_OUTtT-2i-THAEGIc b I d N5, ZofE=E, 1

—HVYAITA b
i
TAILIRE
A
32
SRC 1
32 —HeEOR
DST

KINTAZ T4+

{ j:)mL+
——]77\7I/°)7\57 PASS __OUT

Al

ANEEER

1. ZfELERBR O
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XEY

SRC 7 HEES SRCAS— (R, G, B, a)
100MHz TELR 1 11%Mm
|
10M DRAM 10M DRAM
71.4MHz
256 450MHz 256 150MHz -
s — RAMDAC
SRAMF vy 2 ——*—{smm¢v//1] R G B)
| [ 32 DST 32 7§ - 32
ROP/ 7L R2zy b i _IROP/7Lrviazy b
psT32] | i I SRC 32
1 o W I—f— l .
SRC 22 | |1 |pAss_oUT PASS_IN 1 7 IAY
£ 4 )LALU ;
Z/3vw 7 7 B 3D-RAM hZ—s3y 7 7 3D-RAM
X 8. 3D-RAMDENF
SRAFLAVE TR
—— LY ryarbo—3>
32 k32
PASS_OUT
PASS__IN
Ty
3D-RAM 7] 3D-RAMNJ] 3D-RAM 3D-RAMN]
/0y TP A 1y T T Ny T oA Ry T 7A
r/V/778 r/<v778 r/Vy778 r/V777B
16 16. 16 16 16 16 16 16 RAMDAC

EFA7—% 128

B9, o AT LB

PA NI H S5—o3y 7 7D PASS _IN FIC{RES L
5,

—J5, BTNy 7 AT, EZRNVALURBWTA
J17—2% (SRO) LFRHFDT—F (DST) DETI A5 F
V=3 a3 Xida TV T s v IOEELIThN, FORR
e AT—VHIZHN I NS, FERC 6 27— HIZ PAS
S_IN #5726 Z SR ) A, KDTRAT—
BTIfEFH10L &H 7 —DEERERS SRAM [ &
AFENDE, 0D L&, #T7—DEEFBERTSRAM ([TEE
AFNT, BF—-2»EFEING,

3D-RAM #fHTIUL, ZNv 7753977
23D 3D-RAM CTHERL LT H, M AR Z UIicBmEi
FIFRZ XA 75 4 LI L > TERICEIRTE 5,

1,280 X 1,024 X 96 D7 L —AaY A ZDNA TV B 757

ZRFETTT7 4w 7 AR TV =48y 77 A €Y (3D-RAM) « 4« 3L - W4

4y 7Y ATLERERLHIEE I IC7RT, 3D-RAM®
BV ANT =280 FiE, RUTPASS_IN/OUT /8512
&1, 1248 3D-RAM 721 TftnaliE 7 Liconf = F
TFT4 PV ATFAATV—LAEY) #REETE D, IO
BITIE, H5—Ny 77, STy 77 T4V — >,
2%y 773327 v—r R TH L, 17V —LDTF—
ZIF45EN, 1/47v—250T7—5 8 3{07 3D-R
AM (Z/3y 77 A5 =T 7NNy 7 7) IR LS,
PN R T7F7 4 w7 VAT LRFERD VRAMT
B L7z84A, VRAM OF -2 54K Ay 7 Z kY
5720280 VRAM # ¥-R2ME Y, HEMED 0.2
M AT/ BAOEZRL/ AT L
PEIRTE LV, L, 3D-RAM # B TR T
UILH Y RTFALAIAMNT, 18M FSA TN/ 5
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AxY

(FERIEHI 105 DEnE B ERE SR T TRET H 5.
5. SBROERMR

ERICT T 7 4 v 7 AgdfbnrzHicly, kY 7 s
T CHIEL T2 057 4y ZIEE R N~ R 27T 52
EPUETH D, L, MRBT 57 4y 7 AU
ARV EF L F oy TIT DL F v 7HA ZXREC LY IR
FEE D, T, TN =Y a it o TERL W
HREL H 5, BRI A T ICE—ITRD 515 DIHEAIE T
»Y, HRElEFNRED L —FA7THSB, 3D-RAM T
135w 7 A4 XBMEINZ 728, 22 Dt oF v 71tk
12 & - CHEEEREOTREER IR EAIEEC & 2 MR MR =
KICT T 7 4 7 ARBRERED B AR L 72,

Bk, PNF AT 4 TOERIHEN, ZKT7 57747
AR ZRELE F U THE LR LB TH A ) BRHA
AEY ==Xz, ID-RAM 32722 615D &R
LT3,

6. ¥ v U

RIS T4 v I ARAEBAAL T =49 FELT, AFEY
YEEaT (7N ALY 24 F v 7L 1I0M By
F7v—2oxy 77 XY 2ERLE, E272VALU S,
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aTVoT AT, LNy T ) TEDZRILT T 74
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(1) F¥pT, PR, AHEE  FrviaXEY 2
ATZAA ZAEYVHAM Ey F¥ % » 32 DRAM,
ZEBHSER 67, No.3, 253~256 (1993

(2) Deering, M., Nelson, S.: LEO : A System for Cost
Effective Shaded 3D Graphics, Proceeding of SIG
GRAPH ’93, In Computer Graphics, Annual Con-
ference Series, 101~108 (1993)

(3) Deering, M., Schlapp, S., Lavelle, M. : FBRAM :
A New Form of Memory Optimized for 3D Graph-
ics, Proceeding of SIGGRAPH’94, In Computer
Graphics, Annual Conference Series, 167 ~ 174
(1994)
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— M SBETIIH B, ARDNEDEEERY) Y a3
(Poly-Si) LEFVB L DEAA D 7 F TR LIZZ &I
&1, ey A ZXE NOR B HAT 3ERRERDT 22
LT ET, BIERMAER 3 ISR
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T—FRT—ZA DR E
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= PE— F256/%A4 b
HEMRERI10 ms (BEHE)
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A4 10 LG 3548 Al9
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A2 14 < 31 NC

Al []15 3068 WE

A0 [O16 29 0E
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A9 17 R [= ol
A8 |18 31 =2 oo
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A6 ] 20 29 fma Al
A5 21 28 o A2
Al =2 27 A3
NG £ 23 26 =3 NC
NC {24 25 = NC

48~Lead 12mmXx20mm TSOP type-I, normal bend

M6, EEE
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DThHb, HE7ay 7ICMERZm Yy 78y F2F->THEY,
COEy MIE-Tay 7 DIREFLET 5, WP # (54
FFaF2 M) BV L L&, ay 2y Mty b
A7 ay vy 7 83ib, WP # BV H 290N S
k&3, gy 7y boREBIZPILY %L, TXTO
Ty 7NDEIRSL, HEFFRETH b, HERRCRIRRC=
vZ7Ey bty 3N,

4, ERH MK

RSICT RVAT 7 ZANDY 2 —7ay F2RT, 2D

50(300)

BREE (V)

NNRBRONNUNNOWLOWWWWWWWs

HFNWANO NI DOOHNWIU®-1®WO

v

TURAZA L (ns)
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1.600 3N . . . !
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