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CHAPTER 1. OUTLINE OF THE 
PC-6220 

1-1. Features 

1} Equipped with a 20MB hard disk as a standard 
component. 

The PC-6220 is equipped with a 20MB hard disk as a standard 
component. 

This is great enough for salesmen to store customer information and 
product information and for busy business men to stofe conference 
materials, reports, and other information, allowing them to be 
retrieved at once when needed. 

2} World's lightest, thinnest (letter size) book type 
personal computer with HOD. 

The PC-6220 is in letter size (11.0"W x 8.5"W x 1.4"H/279mm Wide x 
216mm Deep), smaller than A4 size. Its thickness is only 34mm, and 
the volume is approx. 60% of the conventional note size personal 
computers with FDD. It can be put in a half side of an attache case, 
and even in a clutch bag. Its light weight (2kg) and the battery drive 
system allows easy carrying in business trip. 

6} System configuration 
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3} Black-and-white TST LCD with backlight 
The black-and-white Triple Super Twist Liquid Crystal Display (TST 
LCD) with back light (side light) gives clear screen in 16 gradations, 
allowing to be used in a hotel room or other insufficiently illuminated 
place. 

The screen size is greater than any other conventional note size 
personal computers and displays more Jines of characters. (PC-6220: 
640 x 480 dots) 

4} MODEM, mJmloIY and OJbeI buiIJ-in options_ 
available 

Built-in options are available such as a MODEM board (2400bps, 
class 5), CRT interface. Max. 2MB additional memory can be added 
(total 3MB) without extending the external dimensions. 

5} The expansion units (option) provide as high a 
level of expansion as laptop PC's of higher 
class. 

The combination with expansion units (option) such as a 3.5 inch 
FDD and expansion slot (AT spec. half and full size card), provides as 
high a level of expansion as laptop PC's of higher class. This allows 
to use a variety of PC/AT peripheral devices and to connect with a 
host computer, forming a LAN system. 
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1-2. Specification" .. 

1) Hardware 
CPU: 

CO-PROCESSOR: 

ROM: 

RAM: 

DATA STORAGE: 

DISPLAY: 

KEYBOARD: 

INTERFACE: 

80C286 (6/7_16/12MHz) 
• Clock speed can be chan~ed in Setup 

screen. 

Socket lor 80C287A, 80C287XL, 80287 

1 rvi byte Mask ROM" l' 
• Contents: IPL, Sell check, -Setup-, AT 

------:ST<JS,VGA BIOS, OOS system; ,Ulilily 
Software C 

1 M byte standard 
.1M bit PS-RAM x 8 
6401( byte for conveniional, 360K byte 
ior EXpandedQr'EXtended.memoiy 
LIM/EMS 4.0 support 
Bus width: 16 bit 

· . i wail· stale (i 2MHz) o wait state 
(617016MHz) . 

Expandal)leup 10 3M byte in 1 M byte in
creITIents by optional RAM card. (CE-
621B) . . , 

.• Two (2) RAM cards can be installed as 
a Maxiinum., 

2_5 inch 20M byte Hard disk drive 
• Average access time: 23m sec. 

TST (Triple Super Twisted) LCD wilh 
CCFT (Cold Cathode. Fluorescent Tube) 
backlight 
• Resolution: 640 x 480 pixels 
• VGA compatible 

16 Gradations 
Viewing area: 8" x 6" 

• Aspect ratio: 1:1 
• Dot pitch: 0.31 mm 

LCD contrast and backlight brighlness 
are adjustable by each volume. 
Selectable normal/reverse screen by 
hardware switch. 

CRT I/F (optional) (CE-621 A) 
• Analog RGB output 

VGA compalible 
D-sub 15 pin female connector 
Selectable LCD/CRT mode by 
Hardware switch. 
LCD and CRT can not be used simul
taneously. 
Alternative use with MODEM card. 

IBM 101/102 like keyboard layout 
79 keys (US layout) 
80 keys (UK/German layoul) 
Integrated numeric keypad 

• 'Set Up' key for Setup screen 
• Fn key for special function 

~12.pmgrammable function keys 
• 19mm pitch (type writer key part), 2mm 

stroke 
Detachable structure for installing inter
nal options. (Co-processor, RAM cards) 

Serial (RS-232C) x 1 
• D-sub 9 pin male connector 
• Baud rate, data bits, stop bits and 

parity are selectable in Setup screen. 
Paraliel (centronics) x 1 

Specialized 26 pin connector 
With conversion adaptor to D-sub 25 
pin female standard connector 



SLOT/CONNECTOR: 

POWER SUPPLY: 

BATTERY LIFE: 

Numeric keypad x 1 (CE-B21 NK) 
• Optional Numeric keypad can be con

nected. 

1 slot for internal options 
• Optional MODEM card or CRT adaptor 

can be connected. 
2 slots for RAM cards 
• Optional 1 M byte RAM cards can be 

connected. 
1 Expansion connector 
• Optional 3.5" FDD unit. or E'plInsion 

unit can be connected. 

Ni-Cd battery 
Rechargeable and replaceable 
9.B V, 11.5 WH 
2 hours fast charging in charge mode 
and trickle charging while operating. 

AC adaptor 
• Input: 1 OOV - 240V AC 50/BOHz 
• Output: 15V DC 
• AC cord is detachable from AC adaptor. 
Add-on batery pack (optional) (CE-B21 EV) 

Rechargeable with AC adaptor for main 
unit. 
3.5 hours fast charging in charge mode 
and triele charging while operating. 

Only with internal battery: 
1.7H 
• Hard disk access 10%, backlight 

midium, without options. 
With internal battery and add-on battery: 
4.7H 

Hard disk access 10%, backlight 
midium, without options. 

POWER SAVE FUNCTION: 
CPU: 
• Standby mode 
Hard disk drive: 
• Spindle motor off 
Backlight: 
• Backlight timeout 

LOW BATTERY ALARM: 1 st-step: 

CHARGING INDICATOR: 

With the battery in the normally 
charged state, LOW BATTERY in
dicator remains off. 

2nd-step: 
When the battery is more than roughly 
90% discharged, LOW BATTERY in
dicator turns red and an alarm beeps 
for about 15 seconds. 

3rd-step: 
After LOW BATTERY indicator blinking 
and an alarm beeping for about 30 
seconds, the system will shut off the 
power automatically. 

Main unit: 
CHARGE indicator blinks while the 
battery is being charged, and il~ 
luminates when the battery is at least 
90% charged. 

Add-on battery pack: 
CHARGE indicator blinks while the 
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2) Mechanical 
CONNECTORS: 

External connectors for: 
Serial interface: 
Parallel interface: 

Numeric keypad: 

AC adaptor: 
System expansion bus: 
Add-on battery pack: 

Internal connectors for: 
Modem card or 

D~sub 9 pin connector 
SpeCialized 26 pin con~ 

nectar 
Specialized 10 pin con~ 

nectar 
2 conductor phone jack 
120 pin connector 
4-pin connector-

CRT adaptor: 68 pin connector 
RAM card x 2: 50 pin connector 

SWITCHES: Power switch (seesaw switch) 
LCD standard/reverse screen switch 9slide switch) 
LCD/CRT select switch (slide switch) 
Speaker controll switch 
Switch on the main PWB 
BUZZER ON/OFF HIGH 
BUZZER Volume swich HIGH/LOW 

VOLUMES: LCD contrast adjust volume (rotary volume) 
LCD brightness adjust volume (rotary volume) 

LEDS: Power indicator (green or orange) 
Low battery indicator (red) 
Charge indicator (green) 
FDD indicator (green) 
HDD indicator (green) 
Caps lock indicator (green) 
Num lock indicator (green) 
Scroll lock indicator (green) 

DIMENSIONS: 
8.5"(D) x 11 .O"(W) x 1.4"(H) 
21 Bmm(D) x 279mm(W) x 34mm(H) 

WEIGHT: 2 Kg (4.4lbs) 
(Including battery, excluding AC adaptor) 

battery-is-beiAg--c-nargea,---amJ-iI---------------- ------------
luminates when the battery is at least 
70% charged. 

POWER CONSUMPTION: 
Typ. 7 W (without options) 
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Key board Layout 
a) US version 

b) UK version 

c) German version 

Fig.1-3 

Fig.1-4 

Fig.1-S 
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3) Software 

OPERATING SYSTEM: MS-DOS 4.01 
Including SHELL 1.01 
Compressed and stored in Mask ROM 
MS~DOS must be installed into Hard 
Disk when initializing the system. 
Language: English 

BUILT-IN SOFTWARE: LAP-LINK 2.16 self install version 
Stored in Mask ROM 
With connecting cable 
{To-serial D~sub 9- or 25 pin connector) 
Language: English 

4) Operational and storage range 

Operational range: 

Storage range: 

50 to 95 degrees F 
1 0 to 35 degrees C 
20 to 80% humidity (Non-condensing) 

-4 to 140 degrees F 
-2010 60 degrees C 
10 to 90% humidity (non-condensing) 

1-3. Software description 

1) BIOS 

The BIOS of the PC-6220 is included in a 1 MBit one"time ROM. 

The system BIOS and the video BIOS are stored in the ROM and 
attached to a separate PWB other than the main PWB. 

Special function of the BIOS in PC·6220 are described below: 

1-1) Power saving 

The PC-6220 is equipped with three levels of power saving. 

CD Display power saving 

(2) Hard disk power saving 

ell System power saving 

These power saving functions are performed with the time-out values 
set by SETUP. The system power saving can be also executed by key 
input. Some application software may not work correctly with system 
power saving function. If there are any problems in the power saving 
function, Please disable the function by SET_UP. 
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1 -2) Automatic setting of hardware 
-PC-6220 

The PC-6220 hardware setting is performed for the following items. 

CD Built-in VGA mode setting 

® Display adapter setting 

@ Each device 110 port setting 

@ FDD/HDD assignment 

® Built-in memory seHing 

The following items are automatically detected and proper settings 
are made automatically. 

CD FDD presence 

® FDD type 

@ HDDtype 

@ Main memory and expansion memory capacity 

When no FDD is connected, BIOS Jevel emulation is performed. Then 
the machine works as if two FDDs are connected without disk inser
tion. 

1-3) ROM disk 

To use ROM disk, set Drive C to ROM disk in hardware installation. 

With the ROM disk, only the following three items can be executed. 

Gl MS-DOS installation 

<ID Diag. program execution 

® Setup execution 

1 -4) SpeCial functions with key operation 
SETUP key: "SET UP" ODH character line is displayed. 

CTRL + ALT + SETUP: Setup program execution 

Fn + SETUP: Displayed pallet number change 

(Fn + PAUSE) : System power saving execution/return 
(CTRL + ALT + PAUSE) 

• CTRL+ALT + 1': CPU clock UP (6 .... 7.16 .... 12 MHz) 

CTRL + ALT + ~ : CPU clock down (12 .... 7.16 .... 6MHz) 

2) Setup 

2-1) Setup procedure 

There are following two procedures for entering the setup mode. 

Gl Execute SET UP command of MS DOS. 

<ID Press CTRL + ALT + SETUP keys while the system is operating. 
This procedure is effected by the key interruption. When, there
fore, the cQntrQI e.xits from the setup mode, the system is 
rebooted. 
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2-2) Setup contents 

o !;;[ock 

, "-) 

lime setting of the real time clock is made in Hour/Minute! 
Second/AM or PM and Year/Month/Day. The days of the week are 
automatically set. 

o Disp[ay 
This setup is made for the built-in VGA. 

* Cursor type: Underline/Under bar/Block 
Set the cursor from when booting the system or when changing 
the video mode. 

;, LCD mode: Standard/Expanded 
Set the LCD screen displayed size when booijng the system or 
when changing the video mode. 

o Keyboard 
This setup is made for the keypoard. 

;, NUM LOCK: ON/OFF 
NUM LOCK state a~ booting isset. 

;, CAPS LOCK: ON/OFF 
CAPS LOCK state at booting is set. 

;, s!;;ROLL LQ!;;K: ON/OFF 
SCROLL LOCK at booiing is set. 

;, Repeat rate: Standard/Fast 
Keyboard repeat rate at booting and after setup is set. 

o Serial [/0 
Serial 1/0 at booting and after setup is set. 

1:1 Internal SIO 
Baud rate: 9600 -11 0 
Data bits: af7 
Stop bits: 2/1 
Parity bits: None/Odd/Even 
Various settings of built-in 810 are performed. 

;, Optional S[O 
Baud rate: 9600 -110 
Data bits: 8/7 
Stop bits: 2/1 
Parity bits: None/Odd/Even 
Optional SIO (Modem card) settings are performed. 

Setup default parameters 

SHARP PERSONAL COMPUTER SET-UP 
PROGRAM 

01 Power saving 
The following power saving" functio.ns are set, , 

r:r Display timeout: 1 =-10 minut,es/A1ways ON 
When the keyb9ard has nqt :been-, pressed and no disk drives 
have nqt been accessed for ~h,e specified period, the display 
un~ goes into:the low pow~r m,ode. 

r:r System timeout: 1 -10 mhiutes/Always ON 
When the ,keybo_ard has not been pressed and no disk drives 
have not bee:n ~,ccesse~, for the specified period, the system is 
temporarily, stopped goes ,into the standby mode. 

" __ ~~EL[lQ\'LeL,,=um[>tilmJJLs~s1et1LlimaQUUaJQ\'Ler than dis-
playtimeout.-' -" .. -.. .. 

r:r HOD timeout: 30 sec -1 0 minutes/Always ON 
When the hard disk ·haJ:! nQt- b~en: ,c:lCge,sse~: ,for the; l;ipeCified 
period, the hard disk motor is stopped to cut power consump-
tion. - -,' , ' 

© System cOnfigW~tion _ 
System settings are ,pe~ormed. 

;, QU[CK BOOT: ON/OFF 
fv1er:nory che,c~ aqd oth4?r tilJle~consuming checks are skipped 
and only minimum system checks are made for quick boot of 
the system. 

{> SPEED KEY: ENABLE/D[SABLE 
Used to set enable/disable of changing the CPU speed by the 
keyboard operation. 

{> STANDBY KEY: ENABLE/D[SABLE 
Used to set enable/disable of transition to the system power 
saving;mode by the keyboard operation. 

;, CPU SPEED, 12f7.16/6 MHz 
Used to selthe. CPU clock speedat booting and after setup. 
Since' At DUS dock is' arso changed at this setting, the bus 
clock is also displayed. 

-----------------,--------C[ock---------------------- ~~-~~~~~~~~~~~~~~~~~-Power Saving-~~-~~~--~~-~~~-~~-~ -------------------------Seria[ [/0-----------------------
Standard S[O Time: 2:07:06 p.m. 

Date: TUE MAYOa, 1990 

-------------------------Disp[ ay-------------------------

Cursor Type: 
LCD Mode: 

Underline 
Standard 

-------------------------Keyboard------------------------

Caps Lock: 
Num Lock: 
Scroll Lock: 

Off 
Off 
Off 

Repeat Rate: Fast 

1. Position Cursor using cursor keypad 

Display Timeout: 1 minute 
HOD Motor Off: 1 minute 
System Timeout: Always ON 

~~~~~~-~~-~~-~~System Co nfigurations-~~~-~~~-~~~--~~ 

CPU Speed: 12MHz 
BUS Speed: 6MHz 
Quick Boot: On 

Standby Key: Enaib[e 
Speed Key: Enaib[e 

2. Press Space Bar to change 
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Baud Rate: 9600 
Data Bits: 8 
Stop Bits: 1 

Partty: 

Optional S[O 
Baud Rate: 
Data Bits: 

Stop bits: 
Parity: 

None 

9600 
a 

None 

3. Press Set-Up Key to exit 



3) Hardware installation 

3-1) Hardware installation procedure 

There are three procedures for hardware installation. 

CD Perform hardware installation during user diagnosis. 

(2) Press ENTER key when "Invalid Configuration Information" error, 
etc. occurs. 

(;ll Press CTRL + ALT + SET UP keys during setup operation. 

3-2. Hardware installation 

-0 Bisplay configuration 

-{:; Display mode: VGAlEGAlCGAlMDAlHGC 
Used to set built-in VGA. 

-(:; Display adaptor: Internal VGAlCGABO/CGA40/MDAlOthers 
Used to set the display adaptor state when the expansion box 
is connected. By this setting, the display adaptor can be used 
instead of the built~in VGA when the builHn VGA is not used 
and the expansion box is connected. 
If the expansion box is not connected, the built~in VGA is used 
regardless of this setting. 

€) Drive assignment 

-{:; Drive A: OptionaI3.5"FDD External 5.25"FDD 

-{:; Drive B: External 5.25FDD" Optional 3.5"FDD 
Used to set FDD assignment. When the expansion FDD is not 
connected, the option FDD is assigned to Drive A regardless of 
this setting. 

'" Drive C: Internal HDD ROM disk 

-{:; Drive D: None Internal HDD 
Used to set the internal HOD and ROM disk assignment and to 
set the booting drive assignment when FD is not inserted. 

o 1/0 configuration 

Used to set hardware 1/0 port. 

-{:; Parallel Port: PORT1/PORT2/DISABLE 
Used to set port address of the internal parallel port. 

-{:; Internal SIO Port: PORT1/PORT2/DISABLE 

'" Optional SIO Port: PORT1/PORT2IDISABLE 
Used to set SIO port address. 

-{:; ROM disk 1/0 port: 1?BH -1?BH (?:O-F) 
Used to set 1/0 port address used by the ROM disk. 
ROM disk port address is effective even though ROM disk is 
set to NONE. 
ROM disk 110 port address may be changed to pr~vent butting 
when a card is inserted into the expansion box. 

-{:; EMS 1/0 port: 2?BH - 2?BH (?: either of 0, 1,4, 5, 6, A, B, E) 
EMS 1/0 port is effective even though EMS is not used. 
EMS port address may be changed to prevent butting when a 
card is inserted into the expansion box. 
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10 Memory configuration 
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For memory setting, commercially available memory can be used for 
the expansion box. Therefore, the user must register the size of 
internal memory connected currently. 

-{:; Internal memory size: XX MB 1 - 3MB 
The user must register the total size of Sharp memory. 
Each memory capacity is assigned and displayed according to 
this total memory. 

-{:; Boundary address: XXXXXXXH 
Used to set boundary of releasing memory address to the 
expansion box. According to this -value,- the sizes of 1 Mb 
memory and EMS memory are determined. 

-{:; With the above items, the following items are displayed. 

o Main memory: 640KB 
Main memory capacity is displayed. It is fixed to 640KB. 

o Extended memory: XXXXXX KB (XX.x MB) 
The memory capacity over 1 MB is displayed. Memory in the 
expansion box is not displayed. Only Sharp memory is dis
played. 

o Expandedmemory: XXXXXX KB (XX.X MB) 
EMS memory capacity is displayed. Memory in the expansion 
box is not displayed. Only Sharp memory is displayed. 

o Disabled memory: XXXXX KB 
Depending on the memory boundary set value, 256KB 
memory may be disabled. 

4) Others 

4-1) Default values of hardware installation and setup 

To reset parameters of hardware installation and setup to the default 
values, press CTRL + SPACE keys. Then the displayed parameters 
will be reset to their default values. To reset all the parameters, press 
CTRL + SPACE keys for each of hardware installation and setup 
screens. Data and Time, however, will not be reset to the default 
values. 

4-2) Starting ROM disk 

Press CTRL + ALT + SETUP keys and periorm setup. While setup is 
executed, press CTRL + ALT + SETUP keys again, the set goes into 
hardware installation. 

Then set drive C to ROM disk, and drive D to hard disk, and start the 
set again. 

4-3) When the screen is not clear on starting 

The PC-6220 stores the pallet value on power off. Therefore, some 
pallet value setting just before power off may result in unclear screen. 
In this case, press Fn + SETUP. 
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1-4. BIOS POST (Power On SelfTest) check 

.Error.d·et!3cth~m and report 

When the system is started, BIOS POST program is executed. 

In POST, .operations .of the system :RAM ihterruptidn and- various 
devices includir:lg peripheral ,devices -are- checked. The operation 
checks are classified into" two groups according to 'error report. 

1) Error report by VO port 80h (MFG port) and beep souna 

?} Error report by ~essage displayed on the screen 

-For:-the-tests-whicttcuse-thErVe-porr801r(MF~rand- beep 
sounds, the test items and the, output data to the port BOh are shown 
in the foIJo~i~g table. 

For the test item with "NONE" in the colutTIn of Beep sound, the 
system does not stop. Fgr -the: other te~ items, when any error oc-
curs, beep sound is generated and the system is stopped. ' 

.. " , -- " . 
(Note) Figures jlJ the ooliJm~ ,9f b~ep' so~nd;'show,s, the -~umber of 

be~p. For eX<;I.mple, "1-3-4",shows "l heep sound,' pause, 3 
beep sounds; pause, and 4 beep sound." ' 

Hardware installation 

SHARP PERFONAL COMPUTER HARDWARE INSTALLATION 
--------------------------------Displa y Configuration--------------------------------
Display Mode: VGA Mode 
Display Adaptor: Internal VGA 

----------------------------------1/0 Configuration-----------------------------------
Internal Serial Port: Port 1 
Optional Serial Port: Port 2 
Internal Parallel Port: Port 1 

ROM Disk I/O Port: 
EMS 1/0 Port: 

1 C8h-1CBh 
218h-21Bh 

1. Position Cursor using cursor keypad 

Test items PORT 80li Beep "ound 
CPU register test' 01h None 
RTC RAM readlwrite test 02h 1-1-3 
BIOS ROM check s.~m lest 03h 1-1-4 
system timer (82S4) test 04h 1-2-1 
DMAC initializing test OSh 1-2-2 
DMA pags-'register test 06h 1-2-3 
RAM refresh test 08h 1 '3-1 
First 64KB sy-siemBAM test start Q9b. .Noru;L. 
First 64KB RAM plural data fiDes error OAh 1-1-1 
First 64KB RAM contror logic error OBh t-3-4 
First 64KB RAM address line error oth 1-4-1 
First 64KB RAM parity test ODh 1-4-2 
First 64KB RAM data line error (BITO) 10h 2-1-1 
Rrst 64KB RAM data line error (BIT1) . i1h· 2-1-2 
Firsl64KBRAM data line error (BIT2)· 12h 2-1-3 
First 64KB RAM data line error (BIT3) 13h 2-1-4 
First 64KB RAM data line error (BIT4) 14h 2-2-1 
Rrst 64KB RAM data line error (BITS) 1Sh 2'2-2 
First 64KB RAM data line error (BIT6) 16h 2-2,3 
First 64KB RAM data.!ine error (BIT7) 17h 2-2-4 
First 64KBRAM aata line error (BIT8) 18h 2-3-1 
First 64KB RAM data line error (BIT9) 19h 2-3-2 
Rrst 64KB RAM data line error (BITA) 1Ah 2-3-3 
Rrst 64KB RAM data line error (BITB) 1Bh 2-3-4 
First 64KB RAM data line error (BITC) 1Ch 2-4-1 
First 64KB RAM data line error (BITO) 1Dh 2-4-2 
First 64KB RAM data line error (BITE) 1Eh 2-4-3 
Rrst.64KB RAM data line error (BITF) 1Fh 2-4-4 
Slave DM.!IC register test 20h 3-1-1 
Master DMAC register test 21h 3-1-2 
Master interrupt mask register test 22h 3-1-3 
Slave interrupt mask register test 23h 3-1-4 
Interrupt vector setting 2Sh None 
Keyboard controller test 27h 3-2-4 
RTC RAM power check sum test 28h None 
RTC RAM content validation test 29h None 
Display memory (VRAM) test 2Bh 3-3-4 
Display initialization test 2Ch 3-4-1 
Display line signal test 2Dh 3-4-2 
Display ROM searching 2Eh None 
Display test complete 30h None 
Monochrome display allowed to use 31h None 
Color display (40 columns) allowed to use 32h None 
Color display (80 columns) allowed to use' 33h None 

----------------------------------Drive Assignment---------------------------------
Drive A: External 3.5" FDD 
Drive B: 
Drive C: 
Drive D: 

External S,2S" FDD 
Internal HOD 
None 

-----------------------------Memory Configuration--------------------------------
Internal memory Size: 1 MB 
Boundary Address: 110000h 

... Main Memory: 
• Extended Memory: 
... Expanded Memory: 
... Disabled memory: 
2. Press Space Bar 

640KB 
64KB 
320KB 
OKB 
3. Press Set-Up Key to exit 

Fig. 1-7 
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CHAPTER 2. Disassembly and 
assembly 

2-1. Precautions 

Before disassembly, remove the AC adaptor and the built-in Ni + cad 
battery. A precise screwdriver is required for disassembly. 

Since some screws and component parts are very small, tidy up the 
work t8.ble-and be sure not to -lose the components~- - - - - -

2-2. Keyboard section 

Disassembly 
1) With the LCD section closed, remove the two black screws at the 

bottom. (Fig. 2-1) (Screw: a) 

2) Open the LCD section, pull the function keys side of the keyboard 
towards you, unlock the connector of keyboard on the main P,W.s. 
keyboard and remove the FPC. 

a b",! 

b 9 \ ~ 
1 1 ~ 

a 

b 

Fig. 2-1 

Fig. 2-2 
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Assembly 
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') Attach the keyboard to the set by reversing the disassembly pro
cedure. Be sure to fully insert the FPC cable of the keyboard and 
lock the connector. 

2-3. Upper/lower cabinet disassembly 

Disassembly 

1) Remove the keyboard_ accordin~ to procedure 2-2. 

2) Remove screw which are fixing the upper cabinet and the main 
PWB. (Fig. 2-3) (Screw: c) 

c 

\\ 

Fig. 2-3 

3) Remove the connector covers. (4 covers: Key pad, battery, expan~ 
sian bus, parallel) 
Keep the RS-232C cover open. 

4) Close the LCD section and place the set upside down. 

5) Remove the four rubber cushions fixed to the bottom by duplex 
tape. Then remove the four screws which are fixing the lower 
cabinet and the upper cabinet. (Fig. 2-1) (Screw: b) 

6) Remove the screw at the back. (Fig. 2-4) 
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7) Remove the engagement section of the upper and IOWi3:f cabinets. 
S_ince _the ,upper ,and lower cabinets are connected ,with ,u:5o 
'cables', '8tC'.',' praae: the set as' sryown'· in' Fig._ 2-5 and -remove' the 'corineCtors."" ''', . -, ">"' -, • '"' -,.-. 

Fig. 2-5 

Assembly 

1) Assemble the upper and lower cabinets by reversing the disas
sembly procedures. 

2) Attach the keyboard to the set. 

2·4. Hard disk replacement 

Since the hard disk is ,8 precision device, be careful handling it. 
Especially when it is removed from the set, it is easily susceptible to 
electrostatics and vibrations. 

Disassembly 

1) Remove the keyboard. 

2) Separate the upper cabinet from the lower cabinet. 

3) Remove the three scre~s (H) which are fixing the hard disk unit. 

Fig. 2-6 

4) Unlock the connector of hard disk on the main P.W.B. and careful
ly remove the FPC. 
Handle the power cable with care. If disassembly is difficult be
cause of the power cable, remove the power unit and disas
semble. 
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Installation 
.. _J' .' - __ ::,:, ' __ .oJ ; ___ ", __ , 

1) Install the hard disk by reversing the disassembly procedure. 

2) The fixing screw of the hard disk may be easily dam-aged by 
excessive tightening. So, slowly turn it until it stops and carefully 
tighten it. 

3) Attach the upper and lower cabinets to the set 

4) Attach the keyboard to the set. 

~5;-Power unit 

Disassembly 

1) Remove the keyboard. 

2} Separate the upper cabinet from the lower cabinet. 

3} Remove the screw (P) which is fixing the power untt,-then remove 
, the power unit. 
Remove the two connectors. (Fig. 2-6) 
When it is difficult to remove the connectors, remove the hard disk 
first. ' 

Installation 

1) Install the power unit by reversi~g the disassembly procedure. 

2} Attach the upper and lower cabinet to the set. 

3) Attach the keyboard to the set. 

2·6. Main PWB 

Disassembly 

1) Remove the keyboard. 

2) Separate the upper cabinet from the lower cabinet. 

3} Remove the hard disk unit and the power unit. 

4) Remove the ROM PWB. 

5) Remove the buzzer connector. 

6) Remove the four screws (M). 

Fig. 2-7 



7) With the main PWB hanging in the air, unlock the connector of the 
key pad on the soldering suriace of the PWB, and remove the 
FPC. 

Note: When treating the main PWB, be careful to electrostatics. 
When soldering is periormed, be sure to clean and remove 
soldering dust from the PWB suriaC6. Then install the PWB. 

Installation 

1) Install the PWB by reversing the disassembly procedure. 
The flxing screw of the lower cabinet may be easily damaged by 
excessive tightening. So, slowly turn it until it stops and carefully 
tighten it. 

2) [nstall the hard disk unit and the power unit. 

3) Attach the ROM PWB. 

4) Attach the upper and lower cabinets. 

S) Attach the keyboard to the set. 

2·7. LCD section and upper cabinet 

Disassembly 

<Caution> 
For disassembly of the LCD unit, be sure to follow the procedure 
below. If not, the cabinet may be damaged. 

1) Remove the keyboard (See procedure 2·2.) 

2) Separate the upper cabinet from the lower cabinet. (See proce
dure 2·3.) 

3) Remove the four screws which are fixing the tilt mechanism. 

Fig. 2·8 

4) Move a tilt mechanism to the center with a screwdriver, and 
remove it upwards. 
Then remove the other tilt mechanism in the same manner. 

Fig. 2-9 
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5) Operate the LCD release lever, unfix the upper cabinet and the 
LCD section, and separate the upper cabinet from the LCD sec
tion. 
In this case, be careful not to damage two LCD cables. Though 
this procedure can be periormed without removing the open sen
sor switch in the LCD section, it is advisable to remove it in 
advance to protect the cable from being damaged. 

Installation 

1) Install the upper cabinet and the LCD section by reversing the 
disassembly procedure. 
When installing the tilt mechanism, set the shaft horizontally in 
parallel to the angie bottom and insert into the LCD section. (Fig. 
2-10) 

Fig.2-10 

2) Attach the upper and lower cabinets to the set. 

3) Attach the keyboard to the set. 

2·8. LCD section 

Disassembly 

<Caution> 
For disassembly of the LCD unit, be sure to follow the procedure 
below. If not, the cabinet may be damaged. 

1) Remove the keyboard. (See procedure 2-2.) 

2) Separate the upper cabinet from the lower cabinet. (See proce
dure 2-3.) 

3) Remove the upper cabinet. (See procedure 2-7.) 

4) Remove the four rubber cushions fixed with duplex tape on the 
LCD section, and remove the four screws which were covered by 
the four rubber cushions. (Fig. 2-11) 

Rg.2-11 
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5) Remove :the fron~ _and: rear'eabinets of the LCD section_ ,The 'pawl 
which is-fixing the cabinetsis'sh6wn: with (_.)In.Fig __ ,Z--11. 

,6) ~~_movf3.the fj)£~lJre which fixes the LCD section an~ the body. 

7) Remov~ _~h8 .r~fl~9tiofl plat~ of the ~acklig~t: 
8) , RemoVe the -ffxing sCreWs and the; conn'e'ctors o-f the iIlumiilation 

control PWB and'the backlight convertor PWB',' and remove the 
PW8's. 

Assemllly, 

1) Assemble the LCD unit by reversing the· disassembly procedure. 
Carefully checK that ffiere IS ,lid finaenJtinf. on, the-LCD s.edLoo..Jf 

-i-there is; 'clean with a cloth 'and,alcohbl. The cloth must be fine and 
smooth, such as glass wiper cloth. 

2) Attach the upper cabinet to the set. 

3) Attach the lower cabinet to the set. 

4) Attach the keyboard 10 the set. 

CHAPTER 3. System block diagram 

1J'~JS_ f'_~8!,\_"!I_Q?~? 
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Fixed Disk 
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VGA Controller 

Connector 

- Portable FDD 

U"t 
• Expansion Unit 

Card Connector 

:-~Extend SID Card 
: • Modem Card 

i~~~lil~~~~~~:~==~=~~ ~_:CRT I/F Card 
Video/LCD 
Signal 

: Ten kay 
: Unit Des's 

Note) Dot line indicatt:e:s~o:p:ti:on:a:I-. ---t~t~~~fTIlliii~-rr;;;~~l-~~~~ 
Control 
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Supply 
Unit 

External ConnedorPower 
.""i------ -------.----. 

~j __ ~~~~~ _~~t~~~ ___ :; 

ACAda~ 
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OPTION 80C287 (CO·PROCESSOR) sakel. 
12MHz C·MOS version used. 
(40 pin dip type) 
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CHAPTER 4. Theory of operation 

4-1. Processor 

4·1-1. CPU 
This unit employs 12MHz version of 80C286 as the CPU, which 
operates at three speeds: 6MHz, 7.16MHz, and 12MHz. Its selection 
is possible at any tLme by writing Ll1tQ th~ 2QIT QY 1h~ pr9gra!1l~ 
One period from falling to next falling of a clock which is inputted to 
the CPU is called as "phase." There are two phases: phase 1 ($1) 
and phase 2 (~2). The CPU recognizes the next phase to the rising of 
a reset signal as phase $2, and repeats phase 1 and phase 2 alter
nately until the reset signal rises again. 

The combination of $1 and $2 is called as "state." There are four 
states: status state (Ts), command state (Tc), idle state (TI), and hold 
state (Th). Ts shows the cycle where the CPU is trying to make status 
signal (%80, *81) active. Te shows the cycle where command signals 
(~MEMW, ~MEMR, ~IOW, ~IOR, ~INTA) are made active to perform 
data transmission. (The signals, however, are not always made ac
tive.) When the CPU make access to a device, a continuous state 
composed of one Ts called cycle and one or more Tc's. One cycle is 
executed by repeating the following steps. 

CD First, the CPU generates address. 

CZl Then the CPU generales status signal which shows the cycle to 
be executed. (TS) 

@ The system control LSI (SC9889A1E» decodes address and status 
and outputs the necessary control signals (command signal, 
select signal of memory and each device). (TC) 

@ The SC9889B controls each buffer according to data transmission 
direction, and transmits data from the CPU/device to the 
device/CPU. (Tc) 

® After completion of transmission, the SC98B9B returns the ready 
signal to the CPU and completes the cycle. (The last Tc) 

Fig. 4-1 shows the outline of the cycle. 

PRCLK . . . 
: $1 :$2: 
: TS ' TC Te Te Te 

A23·AO =:J==~'.~;'~"~"~'"~"C=X==~========~== SO.S1 =' 
Command !._ ... ~. ___ ~I ________ --,'-

READY 

_____ ~'="~m=m'=oo=d="=Y ______ ~~ _ __1 r 

• 80C286 Description 

Features 

Fig. 4·1 

Compatible with NMOS 80286 

Static CMOS Design for Low Power Operation 
~ ICCSB = SmA Maximum 
~ Iceop = 220mA Maximum (80C286·t2) 

3 wait 

High Periormance Processor (Up to 12 TImes the 8086 Through· 
put) 

·l-arge-Address Spaeec-- . 
~ 16 Megabytes Physical 
~ 1 Gigabyte Virtual per Task 

Integrated Memory Management, Four-Level Memory Protection 
and Support for Virtual Memory and Operating Systems 

Two 80C86 Upward Compatible Operating Modes: 

-1S-

~ 80C286 Real Address Mode 
110- Protected Virtual Address Mode 

-PC-6220 

Compatible with B0287 Numeric Data Co-processor 

Wide Range of Clock Rates: 
~ DCto 12.SMHz (80C286·12) 

High Bandwidth Bus Interface (16 Megabyte/Sec) 

Available in 68 Pin PGA (Pin Grid Array) and PLCC (Plastic 
Leaded Chip carrier) Packages 

Description 

The Harris 80C286 is a static CMOS version of the NMOS 80286 
microprocessor. The BOC286 is an advanced, high-performance 
microprocessor with specially optimized capabilities for multiple user 
and multi-tasking systems. The BOC286 has built-in memory protec
tion that supports operating system and task isolation as well as 
program and data privacy within tasks. A 12.5MHz BOC286 provides 
nine times or more throughput than the standard 5MHz B086. The 
80C286 includes memory management capabilities that map 230 (one 
gigabyte) of virtual address space per task into 224 bytes (16 
megabytes) of physical memory. 

The 80C286 is upwardly compatible with 80C86 and 80C88 software 
(the BOC2B6 instruction set is a suparset of the 30C86/BOC88 instruc
tion set). Using the 80C286 real address mode, the 80C286 is object 
code compatible with existing 80CB6 and 80CBB software. In 
protected virtual address mode, the BOC2B6 is source code com
patible with 80G86 and BOC8B software but may require upgrading to 
use virtual address as supported by the 80C286's integrated memory 
management and protection mechanism. Both modes operate at full 
BOC286 performance and execute a superset of the 80C86 and 
80C8B instructions. 

The BOC286 provides special operations to support the efficient im
plementation and execution of operating systems. For example, one 
instruction can end execution of one task, save its state, switch to a 
new task, load its state, and start execution of the new task. The 
80C286 also supports virtual memory systems by providing a seg
ment-not-present exception and restartable instructions. 

f-
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Table 4-1 80C286 Pin description 

$igrjal PinNa. 1/0 
. 

Name and Function 
.,Vee 30,62 I ; System power. +5V power supply. 

, Vss 9,35,60, " I ' System gro~nd: oV 
RESET 29 I System Reset clears the internal logic of t,he 80C286 and is active HIGH, The CPU may be 

reinitialized at any time with a LOW to I:iIGH transition on RESET .-which remains active for more than 
16 sys~em clock cycles, During RESET remains active, the output pins of the CPU enter the state 
shown -below: 

" ' 
, 

80C286 Pin State During Reset 

,pin yalue Pin Names 

1 (HIGH) SO, S1, PEACK, A23 - AO, BHE, lOCK 
o (LOW) MilO, COO/INTA, HlOA 
3'state OFF 015- DO 

Operation of the 80C286 begins after a HIGH to LOW transition of RESET. The HIGH to lOW 
transition of RESET must be synchronous to the system clock. Approximately 50 system clock cycles 
are required by' the CPU for internal initializations before the first bus cycle to fetch a code from the 
power-on execution address is performed. 
A LOW to HIGH tri3,nsition of RESET synchronous to the system clock will end a processor cycle at 
the second HIGH to lOW transition of the clock, The lOW to HIGH transition of RESET may be 
asynchronous to the system clock; however, in this case it cannot be predetermined which phase of 
the processor clock will occur during the next system clock period. Synchronous LOW to HIGH 
transitions of RESET are required only for systems where the processor clock must be phase 
synchronous to anot~er clock. 

ClK 31 I System Clock provides the fundamental timing for 80L286 systems. It is divioed by two inside the 
CPU to generate'the, processor clock. The 'internal divide-by two,circuitry can be synchronized to an 
external clock generator by a LOW to HIGH transition on the RES~ input. 

015-00 51 -36 110 Data Bus inputs data during memory, 1/0, and interrupt acknowledge read cycles; outputs data 
during memory and 1/0 write cycles. The data bus is active HIGH and floats to 3_RSt~t~ _OFF ~uri~g 
bus hold acknowledge. 

!\23-AO 7,8, a Address bus output~ physical memory and 110 port addresses. AO is LOW when data is to be 
10-28 transferred pins D7:00:'A2.3RA16 are LOW during 1/0 transfers. The address bus IS, active HIGH'and 
32-34 floats to 3--state OFF'during bus hold acknowledge. 

BHE 1 a Bus High Enable indicates transfer of data on the upper bYtes of the data bus, 015-08. Eight-bit 
oriented devices aSSigned to the upper bytes of the data bU_S would normally use SHE to condition 
chip select functioris~ SHE is active LOW and floats to 3Rstate OFF during b;us hold acknowledge. 

BHE and AO Encodings 

BHE'valu AOValue Fuaetion 

l l Word transfer 
l H Byte transfer on upper half of data bus (015 - 08) 
H l Byte transfer on lower half of data bus (07 - ~O) 
H H Reserved 

16-
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Signal Pin No. 1/0 Name and Function 
S1,SO 4,5 0 Bus Cycle status indicates initiation of a bus cycle and, along with MilO and COD/INTA, defines the 

type of bus cycle. The bus is a Ts state whenever one or both are LOW. 81 and SO are active LOW 
and float to 3-state OFF during bus hold acknowledge. 

aOC286 Bus Cycle Definition 
COD/INTA MilO S1 SO Bus Cycle Initiated 

L L L L Interrupt acknowledge 
L L L H Reserved 
L L H L Reserved 
L L H H None; not a status cycle 
L H L L If Ai = 1 then halt; else shutdown 
L H L H Memory data read 
L H H L Memory data write 
L H H H None; not a status cycle 
H L L L Reserved 
H L L H 1/0 read 
H L H L lIO write 
H L H H None; not a status cycle 
H H L L Reserved 
H H L H Memory instruction read 
H H H L Reserved 
H H H H None; not a status cycle 

MilO 67 0 Memory-I/O Select distinguishes memory access from 110 access. If HIGH during Ts, a memory 
cycle or a halt/shutdown cycle is in progress. If LOW, an I/O cycle or an interrupt acknowledge cycle 
is in progress. MilO floats to 3-state OFF during bus hold acknowledge. 

CODIINTA 66 0 Code/Interrupt Acknowledge distinguishes instruction fetch cycles from memory data read cycles. 
Also distinguishes interrupt acknowledge cycles from I/O cycles. COD/INTA floats to 3-state OFF 
during bus hold acknowledge. Its timing is the same as M/IO. 

LOCK 68 0 Bus Lock indicates that other system bus masters are not to gain control of the system bus following 
the current bus cycle. The LOCK signal may be activated explicitly by the "LOCK" instruction prefix 
or automatically by 80C286 hardware during memory XCHG instructions, interrupt acknowledge, or 
descriptor table access. LOCK is active LOW and floats to 3-state OFF during bus hold acknow-
ledge. 

READY 63 0 Bus Ready terminates a bus cycle. Bus cycles are extended without limit until terminated by READY 
LOW. READY is an active LOW synchronous input requiring setup and hold times relative to the 
system clock be met for correct operation. READY is ignored during bus hold acknowledge. 

HOLD 64 I Bus Hold Request and Hold Acknowledge control ownership of the 80C286 local bus. The HOLD 
HLDA 65 0 input allows another local bus master to request control of the local bus. When control is granted, the 

80L286 will float its bus drivers to 3-state OFF and then activate HLDA, thus entering the bus hold 
acknowledge condition. The local bus will remain granted to the requesting master until HOLD 
becomes inactive which results in the 80C286 deactivating HLDA and regaining control of the local 
bus. This terminates the bus hold acknowledge condition. HOLD may be asynchronous to the 
system clock. These signals are active HIGH. 

INTR 57 I Interrupt Request requests the 8DC286 to suspend its current program execution and service a 
pending external request. Interrupt requests are masked whenever the interrupt enable bit in the flag 
word is cleared. When the 80C286 responds to an interrupt request, it performs two interrupt 
acknowledge bus cycles to read an 8-bit interrupt vector that identifies the source of the interrupt. To 
assure program interruption, INTR must remain active until the first interrupt acknowledge cycle is 
completed. INTR is sampled at the beginning of each processor cycle and must be active HIGH at 
least two processor cycles before the current instruction ends in order to interrupt before the next 
instruction. INTR is level sensitive, active HIGH, and may be asynchronous to the system clock. 

NMI 59 I Non-Maskable Interrupt Request interrupts the 80C286 with an internally supplied vector value of 2. 
No interrupt acknowledge cycles are performed. The interrupt enable bit in the 80286 flag word does 
not affect this input. The NMI input is active HIGH, may be asynchronous to the system clock, and is 
edge triggered after internal synchronization. For proper recognition, the input must have been 
previously LOW for at least four system clock cycles and remain HIGH for at least four system clock 
cycles. 

PEREO 61 I Processor Extension Operand Request and Acknowledge extend the memory management and 
PEACK 6 0 protection capabilities of the 80C286 to processor extensions. The input requests the 80C286 to 

perform a data operand transfer for a processor extension. The PEACK output signals the processor 
extension when the requested operand is being transferred. PEREQ is active HIGH and floats to 
3-state OFF during bus hold acknowledge. PEACK may be asynchronous to the system clock. 
PEACK is ac1ive LOW. 

BUSY 54 I Processor Extension Busy and Error indicate--th-e -operating condition of a processor exfensTon to the 

ERROR 53 I 80L286. An active BUSY input stops 80C286 program execution on WAIT and some ESC instruc-
tions until BUSY becomes inactive {HIGH}. The 80C286 may be interrupted while waiting for BUSY 
to become inactive. An active ERROR input causes the 80C286 to perform a processor extension 
interrupt when execution WAIT or some ESC instructions. These inputs are active LOW and may be 
asynchronous to the system clock. 
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4-1-2: Numerical calculation processor (OPTION) 
This unit cah connect with-the optiorialBOC287 numerical calculation 
processor (NP-X). The NPX operates on 12MHz. The NPX is an ex
pansion of the 80C286 CPU architecture. The CPU regards the NPX 
as ail 1/0 device occupying OF8h - OFFh. The NPX itself has no bus 
control function. When, therefors, the NPX requires data, PEREQ 
signal is made active to request the CPU to transmit data. The CPU 
makes *PEREQ active to inform the NPX that it has accepted the 
request. then the CPU executes data transmisfiliQn. For the NPX, data 
are transmitted as the form of lOR/lOW. 

- -When--the--ePtFrn:ee~command401herNP-XiESe-cot IIII ralld irra 
certain format) during decoding; it info,rms the NPX of it as lOW. 
puring the execution of this command) the,NPX makes ;:BUSY signal 
active to control the CPU not tq transmit ESQ, command any more. If 
there is any erroneous calculation during proqessing, the NPX makes 
;:ERROR signal and ;:BUSY signal low simultaneously to show the 
error. The SC9889NB LSI latches the '.BUSY signal and informs the 
CPU, which stops processJng of the, commands following the error. 
The error is transmitted through interruption level 13 (IRQ13) to the 
CPU. The error treatment-by. ,the;CPU :differs from different application 
program, and the following two ports are used. 

Address Data Operation 

OFOh (lOW) No niElaJiirig Clears latched "BUSY signal. 

OF1h (lOW) No meaning Hard reset the NPX in addition 
to the above. 

The port is not effective when reading. 

·NDBUSY 

*NDERROR 

'"BUSY 

PEREQ 

*PEACK 

n 
u 

Fig. 4-2 
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4-2. System control LSI (SC98898) 

The LSI controls all the system using the following functions. The 
details of the functions are given later. 

CPU intertace 

ROM access control 

RAM access control 

HOLD control 

Interruption controller 

Timer 

Serial interface 

RTC & C·MOS RAM 

PORTS 

Power control 

4-2-1. CPU interface 
This function is divided into the following five blocks: 

Clock control 

Ready control 

Reset control 

Command generator 

Data control 

The clock control block forms PRCLK (which is supplied to the CPU) 
with 14.31818MHz and 23.9616MHz input clocks. With synchronizing 
the CPU operation phase, PRCLK is divided in 214 to generate 
DMACLK. PRCLK is switched into 11.980BMHz, 14.31818MHz, and 
23.9616MHz by the software. According to its selection, SYSCK and 
DMACLK frequencies are changed. Table 4-2 shows the relationship. 

CPU operating 
PRCLK SYSCK DMACLK 

frequency 

6MHz 11.9808 5.9904 2.9952 

7.16MHz 14.3182 7.1591 3.5795 

12MHz 23.9616 5.9904 2.9952 

Unit: MHz 

Table 4-2 

Clock used in this LSI includes PRCLK to moderate request for setup 
time of control signals from the CPU to the LSI. 

Since This LSI has ClK stop function, clock before output is used for 
the circuit which must not be stopped. (SYSCK, DMACLK, clock stop 
circuit, clock select circuit) 

Fig. 4-3 shows synchronizing timing of PRCLK, SYSCK, and 
DMACLK. 

PRCLK 

SYSCK 

DMACLK 

SO,S1 l 6/7.16MHz 

Fig. 4-3 
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The clock control section generates clocks which are supplied to the 
timer inside the LSI and the serial interface section. 14.31818MHz is 
divided into 12 and 1.19MHz is supplied to the timer section. 
23.9616MHz is divided into 13 and 1.8432MHz is supplied to the 
serial interface section. 

The ready control section controls cycle length and command signal 
start timing according to each device access time, address setup time 
and CPU operating clock. Table 4~3 shows the relationships between 
the cycle length (wait number) and command starting timing (com~ 
mand delay number) and CPU operating speed and device kinds. 

Operating frequency 
... 

(MHz) 
12 7.16/6 

Device 
Wait 

Command 
Wait 

Command 
delay delay 

Internal RAM 
1 0 0 0 

(Conventional memory) 

Internal RAM 
2 0 0 0 

(Expanded/EMS) 

ROM 1 0 0 0 

V-RAM (8 bit) 7 0 4 0 

V-RAM (16bit) 2 0 1 0 

Other 8bit memory 11 3 4 0 

Other i6bit memory 5 3 1 0 

80C287 0 0 0 0 

Display device (8bit), 
7 2 4 1 

system 1/0 (0 - OFFH) 

Display device (16bit) 2 2 1 1 

Other 8bit 1/0 11 5 4 1 

Other 16bit 1/0 5 5 1 1 

INTA 2 0 1 0 

Table 4-3 

The reset control section generates reset signal of the CPU and the 
system. The reset signal to the CPU are generated by the following 
three factors: 

(1) When PWRGOOD signal is low at power OFF or in case of abnor-
mality. 

(2) When writing in the port by the software. 

(3) When shut down cycle is detected. 

In the case of (1), when PWRGOOD signal becomes low, RESCPU 
signal is made high and kept high with external pull~up resistor 
(1 Kohm). When PWRGOOD signal becomes high, RESCPU is driven 
high. In phase 2 after 128clock cycles, RESCPU falls to start the 
CPU. 

In the case of (2). this process is perf9rmed by the software when the 
CPU mode is returned from the protect mode to the real mode. That 
is, when wring is made into I/O address 064h - OFEh, the LSI 
decodes it and makes RESCPU line high for about 6 - 7ms to reset 
the CPU. 

In the case of (3), the unit is started in a certain cycle of CPU, which 
is called shutdown cycle. This cycle is generated when the CPU 
cannot treat more processes in occurrence of an exception during 
double fault exception processing. The CPU informs external devices 
of this state using ·SO = 0, ·S1 = 0, MilO = 1, and A1 = 1. The LSI 
detects this sign and makes RESCPU high for 16 clock cycles to 
reset the CPU. 

SRESET signal (system reset) is made high only in the case of (1) to 
initialize-the system:1fremafns lovllilllle cas-es-oT(2rana-(3):--------

The command generator section decodes status signal (*80, *S1) 
and M/IO signal from the CPU to form command signal required in 
the cycle, and output it according to command delay/wait numbers 
determined by the ready control section. 



There are-ij\(e command-signals-and their c.ompositions are shown as 
follciws iii Table 4-4.-

;l:SO' *S1 MilO 

"*MEMW 0 1 1 .. 
·;l:MEMR 1 a 1 

"*IOW a 1 a 

"*IOR 1 a a 

"*INTA a a . a 
, 

Table 4-4 

In this table, "'INTA signal (interrupt acknowledge cycle) is used only 
in the LSI. SO it does not output externally. 

The data controj section controls buffers' according' to data transmis
sion direction in each operation mode"of CPU operation,_ DMA opera
tion, _and MASTER operation. Fig. 4-4 shows the data'bus configura
tion of this unit. (~), (I), (E), and (S) in Fig. 4-4 show device locations 
of Local, Internal, External, and-Slot respectively. 

Fig. 4-4 

Each device has its effective bus width. 1/0 device makes *IOCS16 
low and memory makes *MEMCS16 low to transmit to the LSI. Ad~ 
dress of internal 1/0 in the RAM or ROM, however, are fixed and 
decoded ili- side the LSI without using these signals. 

The bus master makes three, kinds of access to each device: word, 
even byte, 'and odd byte~ These kinds of access are classified as in 
Table 4-5. 

Access kind AD SHE 

Word a a 
Even number byte a 1 

Odd numQer byte 1 a 
Invalid 1 . 1 

Table 4-5 

Table 4-6 shows how GATEA, GATEB, and GATEC are controlled by 
the oombination of the-following four factors: -

Data transmission ,direction (Bus master ~ device, bus master f

device, memory ~ lb, memory f- 10 hi DMA) 

Location on the data but (L, I, E, S) 

Bus width (8 bit, 16 bit) 

Access kind (Word. even number bYte, odd number byte) 

High ("1") of GATENB/C means enable (bus drive). 

, 
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CPU mode 
Write (CPU --> device) 

In all combinations, GATEA ~ 0, GATEB = 0; GATEC ,,; 1 

Read (CPU +- device) 

16/8 LOC 

16 L 

I 

EtS 

8 I 

EtS 

DMAmode 
I/O~ memory 

16/8 LOC 

16 L/EtS 

8 EtS 

Memory--> 1/0 

16/8 LaC 

16 L 

EtS 

8 EtS 

MASTER mode 

BHE 

0 

1 

0 

Jl 

1 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

BHE 

0 

1 

0 

0 

1 

0 

BHE 

0 

1 

0 

0 

1 

0 

0 

1 

0 

Write (Master ~ device) 

16/8 LaC SHE 

16 L/I/EtS 0 

1 

0 

8 I/EtS 0 

1 

0 

AO GA GB 

0 0 0 

0 0 0 

1 0 0 
Q L-

0 1 0 

1 1 1 

0 1 . O· 
0 1 0 

1 1 0 

0 1 1 

0 1 0 

1 1 1 

0 1 1 

0 1 0 

1 1 1 

Table 4-6( a) 

AO GA GS 

6 0 1 

0 . 0 1 

1 0 0 

0 0 1 

0 0 1 

1 0 1 

Table 4-6 (b) 

AO GA GS 

0 1 1 

0 1 1 

1 1 1 

0 1 1 

0 1 1 

1 1 1 

0 1 1 

a 1 1 

1 1 1 

Table 4-6 (c) 

AO GA GB 

0 0 1 

0 0 1 

.1 0 1 

0 0 1 

0 0 I 1 

1 0 1 

Table 4-6 (d) 

G(; 

0 

0 

0 

t. 

1 

1 

b 

0 

0 

1 

1 

1 

0 

0 

0 

GC 

1 

1 

1 

1 

1 

1 

GC 

0 

0 

0 

1 

1 

1 

1 

1 

1 

GC 

1 

1 

1 

1 

1 

0 



Read (Device -t Master) 

16/8 LOC BHE AD GA GB GC 

16 L D a 1 1 a 
1 a 1 1 a 
a 1 1 1 1 

I a a a a a 
1 a a 1 a 
a 1 a a a 

ELS Q Q Q 1 1 

1 a a 1 1 

a 1 a 1 1 

8 I a a a 1 a 
1 a a 1 a 
a 1 a a a 

ElS a a a 1 1 

1 a a 1 1 

a 1 a a 1 

Table 4·6 (e) 

4-2-2. Memory sub system 
This unit is equipped with 1 MB RAM, 64KB system BIOS ROM, and 
32KB display BIOS ROM as standard system memory. 

The RAM is composed of eighl pseudo·slalic RAM's of 128KB x 
8.Two optional 1 MB memory cards can be added to expand memory 
to max. 3MB. Syslem BIOS and display BIOS are provided in Ihe 
ROM (128KB x 16). The ROM is provided in a ROM board separate 
from the main board and connected to the main board via 50-pin 
connector. Fig. 4-5 shows the memory map. 

Address 

OFFFFFF h 

OFFOOOOh 

0300000 h 

0200000 h 

0100000 

OFOOODO 

OC8000h 
OCOOOOh 

OAQOOOh 

h 

h 

............... 3MB 

System 
BIOS 

Extended 
1MB 

RAM area 

System 
BIOS 

Wjndow-A 

EMS/SLOT ". 
area 

Display BIOS ...... .... 

Video RAM 

Window·B .. 
Conventional 

............................ :·· .. 9""·' 
page-b ............................... ~ 

(1) ROM 
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ROM address signal is supplied by latching the CPU address at the 
rising of the status signal by the peripheral control LSI (L295H22). 

The reason why status signal instead of other signals is used for latch 
is to decrease weight by supplying outputs to the ROM. The upper 
side of data signal Is connected to the CPU data. For the lower side 
of data, ROM access buffer is used to delay data transmission to 
reduce the weight number. The chip select signal ("CSSIOS) of ROM 
is generated by the SC9889A1B LSI. 

Immediately after reset, the CPU makes access to the highest posi
tion (OFFFFFOh) of address area. When JMPFAR command is ex
ecuted, access is made near OOFFFFOh. At that time, the chip select 
signal becomes low at OFFDOOOh - OFFFFFFh and OOFOOOOh -
OOFFFFFh 10 select the same ROM. Since Ihe display BIOS is in
cluded in the same ROM, the chip enable signal becomes active in 
Ihe display BIOS area OOCOOOOh - OOC7FFFh. The output enable 
signal uses "MEMR signal. The data buffer enable signal in the lower 
side for only ROM reading uses ROM chip select signal and "MEMR 
signal. Fig. 4-6 shows ROM read timing. 

PRCLK 

'SO,'S1 

A23-AO 

"MEMR 

"READY 
...... 1 

Note: Waveform shown in dotted line is for 12MHz operation. 

Fig. 4-4 

(2) RAM 

(2)-1. Pseudo-SRAM control 

This chip supports control of a maximum 4MB of the pseudo-SRAM. 
Memory has three address spaces of the system area, EMS control 
area, and private area. The EMS control area can further be divided 
into three subsections of conventional area, extended area, and EMS 
area by the internal 1/0 register setting. 

(1) Syslem area 
The area of 256KB is allocated to OOOOOOH ..... 03FFFFH as the conven
tional memory. 

(2) EMS control area 

Address can be allocated to three areas using the internal 1/0 register 
setting, 

(a) Convectional memory setting 
An address space of 384KB can be allocated to 040000 -
09FFFFH as a conventional memory area. 

(b) EXlended memory setting 
Address space can be allocated after 10DaDOH as an extended 
memory area. 

(c) EMS area 
To support the EMS version 4.0, 34 windows of 16KB increments 
can be mapped in D4DDDD-D9FFFH and DC8DDDH-DEFFFH . 

(3) Privale area 

Using the internal I/O register setting, a 256KB of address space is 
allocaled to DEDDDDH-DEFFFFH (accessed by bank select), which is 
to be used to save the VRAM contents during the resume and used 
by the system. The private area may be eliminated by the internal 1/0 

~~._.j:=~=~ register setting. 
............ ~ .. ~.~ .. ~ .. ~ .. ~.~. -=-_... ------NG:r-E-:-WUh-tfle---GUr-f-9nt-v-er-siGR-Of.-this-LSl--{.TS1 )rU-does.not..assur"e ___ _ 

IEMS area 

---04000011 

Conventional the interleave in the 12MHZ non-wait mode. Where, "0" must 
area be written to INTLV of the SPRAMCFL register discussed 

later. .. OOOOOOh ............................... .1..-_---' 

Fig. 4·3 
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(2)-2. RAM configuration 

(1) System area 
Among 4MB- memory 'are'a -supported by the memory controlfer,- a 
256KB of address space.000000H-03FFFFH is allocated as a con
ventional memo~y, re.g~rdless of the internal 1/0 regist~r s_etting. 

(2) EMS control area 
The maximum 4MB area, 'except for the system area and the ptivate 
area, is allocated' to the EMS control area, and mapped to the con
ventional area, extended area, and EMS area by the internal 1/0 
register setting: 

--The,e-care-cEMSGFR;-,egiste';-cPSRAM6~registe","ncrEMSS-T*r
register that controlled as the internal 1/0 registers and their bit defini
tions are' shown next. 

EMSCFR register . 

Bit $ignal, name Significance ' 

0-2 SWO-2 EMS control' register 1/0 address setting 

3,4 JP2,3 
Extended memory capadty setting (expim-
sian) 

5,6 SW5,6 Extended memory capaciw setting 

7 Reserved. _~I?a_~rite possible 

Table 4-7 
PSRAMCF register 

Bit Signal name Significance 

0 RESERVED Reserved. Readlwrrte possible 

1 INTVL Pseudo-SRAM interleave access enable 

2 *PCS3EN 256KB standard RAM usage setting 

3,4 JPO, 1 Extended memory capacity setting 

5 VPTMEM Private memory access enable 

6, 7 MAPO, 1 Private memory bank select 

Table 4·8 

EMSSTAT register 

Bit Signal name Significance 

0-2 SWO-2 
State of EMS control register 110 address 
allocation 

3,4 SW3,4 Both SW3 and SW4 reads "1" at all times. 

5,6 SW5, 6 
State of the extended memory capacity 
setting 

7 EMSEN EMS on/off setting 

Table 4·9 

The EMSCFR and PSRAMCF registers are allocated to 04H and 05H 
of the Sharp original port, and reset to "0" when reset. 
SWO~2, and SW5-6 of the EMSSTAT register are read only bits 
which the data written in the EMSCFR register is read. EMSEN is a 
read/write bit that turns to "0" when reset. 
When operated wnh the CPU clock at 24MHz, INTLV of the 
PSRAMCF register, is a btl: which enables the non-wait access for the 
conventional memory and private memory interleave mode when the 
bit is set to "1", 

(a) Conventional setting 
To allocate the memory space 040000H-09FFFFH to a conven
tional memory, EMSEN of the EMSSTAT register must be set to 
"0'; to disable the EMS. 

(b) Extended setting 
By setting SW5-6, JP2-3, of the EMSCFR register and JPO-1, 
and *PCS3EN of the PSRAMCF register, the memory space after 
1 ODaDOH can be allocated to the extend~d memory in a manner 
as shown next. 
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SW6 SW5 JP3 JP2 JP1 JPO *PCS3EN ' EXtended memory 
0 0 * * * * * OMB 

0 1 " " * * * 
64KB 
(100000H-l0FFFFH) 

1 0 0 0 0 0 1 OMB 

1 0 0 0 0 0 0 
256KB 
(100000H-13FFFFH) 

1 0 0 0 0 1 1 
1MB 
(1 OOOOOH-l FFFFFH) 

1..25MB ----,- u u u U I u 
(100000H-23FFFFH) 

1 0 0 0 1 0 1 
2MB 
(100000H-2FFFFFH) 

1 0 0 0 1 0 0 
2.25MB 
(100000H-33FFFFH) 

1 0 0 0 1 1. 1 
3MB 
(100000H-3FFFFFH) 

1 0 0 0 1 1 0 
3.25MB 
(100000H-43FFFFH) 

1 0 0 1 * * 1 
3MB 
(100000H-3FFFFFH) 

1 0 0 1 " " 0 
3.25MB 
(100000H-43FFFFH) 

1 0 1 0 * " 1 
3MB 
(1 OOOOOH- 3FFFFFH) 

1 0 1 0 " * 0 
3.25MB 
(100000H-43FFFFH) 

1 0 1 1 * * 1 
3MB· 
(100000H-3FFFFFH) 

1 0 1 1 " * 0 
3.25MB 
(100000H-43FFFFH) 

1 1 * * * * " 
512KB 
(100000H-17FFFFH) 

Table 4-10 

)1::: don't care 

" PCS3EN is the bit employed to specify the usage of the 256KB 
area within the standard RAM which may be used as a private 
area when "1" and as an EMS control area when "0". 

(c) EMS setting 
To turn on the EMS, EMSEN of the EMSSTAT register must be set 
to .i1". To support the EMS version 4.0, the EMSADR register and 
the EMS OAT register are provided as internal registers, whose bit 
definition is shown in Table 4-11 and Table 4-12 respectively. 

EMSADR register 

Signal name Significance 

EMSADRO-7 EMS mapping register address 

Table 4-11 

EMSDAT register (EMS mapping register), , 

Bit Signal mime Significance 

0-7 EMSDATO-7 EMS mapping register data . 

8-14 - Undefined. Reads "On at all time:s. 

15 EMS PEN EMS page enable bit 

Table 4-12 



The EMS control register for the EM8ADR register, EMSDAT register, 
including the EM8STAT register, is 110 address allocated by 8WO~2 
of the EMSSTAT register, which are set as shown in table 4~ 13. 

SW2 SW1 SWO EMSSTAT EMSADR EMSDATL EMSDATH 

0 0 0 208H 209H 20AH 20BH 

0 0 1 218H 219H 21AH 21BH 

0 1 0 248H 249H 24AH 24BH 

0 1 1 258H 259H 25AH 25BH 

1 0 0 2B8H 2B9H 2BAH 2BBH 

1 0 1 2ABH 2A9H 2AAH 2ABH· 

t 1 0 2BBH 2B9H 2BAH 2BBH 

1 1 1 2EBH 2E9H 2EAH 2EBH 

Table 4·13 

When reset, 8WO~2 are reset to "0". 

The EMSADR register is a 8~bit read/write register which is employed 
to point the 34 EMS mappings using EMSADR2-7. EMSADR2-7 is 
automatically incremented when the high side of the EMSDAT 
register is accessed. "0" is always read from EM8DARO~1 and write 
is ignored. 

The following shows the address setup range for the EMSADR 
register 

40H, 44H, 48H, 4CH, 50H, 54H, 5BH, 5CH, BOH, 64H, 6BH, 6CH, 
70H, 74H, 78H, 7CH,BOH,B4H,BBH,BCH,90H,94H,9BH,9CH, 

CBH,CCH,DOH,D4H,DBH,DCH,EOH,E4H,EBH,ECH 

The EMSDAT register is a 16-bit read/write register in the CPU mode 
and 8~bit read/write register in the master mode, and there are 34 
sections. The EMS mapping data is set in EMSDATO-7 of the 
EMSDAT register and determines the page that mapped to the win
dow of address space of 040000H-09FFFFH and OCBOOO-OEF· 
FFFH. Window can be set on or off for EMSPEN; sets on when "1". 
EMSDAT8-14 are read "0" at all times and write is ignored. 

When the EMSADR register is out of the setup address range, 
EMSDATO~15 is read "0" and write is ignored. 

To obtain the EMS control area, subtract the system area and the 
private area from all memory area supported by the memory CDntrol~ 
ler. 

Its capacity is max. 3.75MB when the private memory is not used 
(~PCS3EN = 0). 

Fig. 4-7 shows the mapping of the EMS control area. 

OOOOOOH OOOOOOH 

CCCCCCC ppppppp 

CCCCCCC PPPPPPP 

040000H 040000H 

CCCCCCC PPPPPPP 

PPPPPPP 

OBOOOOH OBOOOOH 

XXXXXXX XXXXXXX 

XXXXXXX XXXXXXX 

XXXXXXX XXXXXXX 

XXXXXXX nnnnnnH 

XXXXXXX PPPPPPP 
- - - --
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"C" represents conventional memory mapping, "X" represents ex~ 
tended memory mapping, and "P" represents expanded memory 
mapping. "nnnnnnH" is dependents to the extended area setting, 
"mmmmmmH" to the actually installed memory capacity. 

The actually installed memory capacity may be set to "nnnnnnH" 
when mapping the conventional memory. For an example, the ex
tended area for the 4MB memory, it should be set to 3.25MB and 
"nnnnnnH" is 3DFFFFH (in case ·PCS3EN=O). 

When mapping the EMS memory, Ihe capacity under Ihe actual 
memory capacity should be set to "nnnnnnH". For the 4MB of actually 
inslelled memory, the EMS area should be set to 0-3.25MB. If OMB 
was set, all are mapped as the EMS memory. 

(3) Private area 

It may be possible with the internal I/O register setting to reserve a 
256KB private area out of the memory controller supported 4MB 
memory. 

To reserve the private area, set "PCS3EN of the PSRAMCF register 
to "1" and set 256KB of the internal standard RAM as the private 
memory. Set EMSEN of the EMSSTAT register to "0" and PVTMEM 
of the PSRAMCF register to "1 ", which is then mapped to the address 
space of OEOOOOH-OEFFFFH. 

To access the 256KB private memory, four banks must be selected 
using MAPO-1 of the PSRAMCF register. 

4-2-3. Hold mediation and sleep function 
This function mediates DMA request, refresh request, and HOLD 
request during sleep and applies HOLD to the CPU. It also delivers 
acknowledge for each request. The mediate circuit is composed of 
three sets the DRF.F. connected in series in two stages. The first F.F. 
samples each request to process it by determining priority between 
requests which are under process and requests which are sampled. 
Then the requests are sent to the second F.F. If there is any request 
which is under process, the other requests are kept waiting until the 
process is completed. When two or more requests are made simul
taneously, DMA request has the first priority, and sleep request has 
the last priority. 

The second F.F. and the AND of HOLD and HLDA signals are used 
as acknowledge of the requests. 

The sleep function stops the clock which is supplied to the CPU until 
the interruption line becomes active after HLT command is executed 
in order to reduce power consumption of memory. When the unit 
goes into the sleep mode, HOLD signal is made high to request bus 
hold to the CPU. When the acknowledge (HLDA) signal returns, the 
clock is stopped in the first phase 2. This is because the power 
consumption is minimized in that state. Then the hold request is 
cancelled, and delay of 3SYSCK cycle is made in the externally at
tached circuit to drop HLDA signal which is inputted to the LSI. Since 
the clock is stopped, the CPU is kept hold. The LSI returns to the 
normal state. Though there is DMA request or refresh request in the 
sleep, they can be processed without competition. When the CPU 
executes HLT command 80 and 81 are made low and MrlO and A1 
are made high to show the hold state. The sleep contro!1er detects it 
and the unit goes into the sleep mode in the following sequence. 

(1) HOLD request is delivered to the CPU. When refresh request or 
DMA request is overlapped, the mediate circuit will mediate it. 

(2) Hold acknowledge is confirmed to stop the CPU clock in 
synchronous with the falling of clock which is inputted to the con~ 
troller in ~2. 

(3) HOLD request (HOLD signal) by the sleep is cancelled. In this 
case, the CPU is kept hold. 

(4) After the HOLD signal is made low by the external D-F.F. (3 
- -

XXXXXXX 
-------- --- -

PPPPPPP ---- s1:3ge), RWAsignal is:detayed by3clocks-orsYseK;-fJMAin-the- -
sleep is transmitted and refresh is made in this state. 

Memory map for the 
conventional memory 

nnnnnnH mmmmmmH 

Memory map for the EMS 

Fig. 4·7 
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Escape-. fron;t .. the sleep mode occurs when any -interrup1ion' request 
including: NMI is generated. When an interruption occurs, the CPU 
clotksupply is resumed in synchronous with falling of the clock which 
is inputted to controller. The CPU starts execution of the command 
next to the HLr. 

When the input from the EXPND terminal is low, it is regarded that the 
expansion unit is connedtedi arid -procedI.n9 '(1) fa (4)- are prohibited 
and the sleep function is not performed. 

'_ _,,_ _ _ ,'-- -, '\,: . ,_ 
The- B2C50, UAFH is int~rnal[y contained,l" thi;:.,chip as-a~~rial inter
face and supports a single channel RS-232C interface using the, ex
ternal RS-232C driver as an iriternal S[O. This also used ,for interface 
with the fnternal modem. --
Two serial interfaces may be port al/ocated and set on or off, wrich 
the SIOCFR register is used for theRS-~32C and. the MDMCFR 
register for the fnterna[ modem. The srOCFR register -is -a 7-bit 
read/write register which is :alidcated to' 01 H of the Sharp o(iginal port. 

4-2'4_ Interrupt control The MDMCFR :regis)er is a 2'bit read/write register which is allocated 
. ,;;,-__ ",to"C0",3Hof the St\arp-!>liginaLRqrt ..... . 

---A-flaiF--sf.:-82G59A-fnteFftip:t--eontrq[ters--ar'e--imernally COl Itail led irrthis 'Table'4~16 and 4-17 shows, bit definition for SIOGFR and MOMCFR 
chip for the interrupt control and supports 16 interrupt levels in con- registers. 
junction with the cascade connection NMI. The NMI is port-8--control~ 
led, ' SIOCFRregister 

As an 8-bit liO device on the system bus (Xb bus),a pair at 82C59A 
has address mapped to 020H"03FH on the master side" 'and 
OAOH"OBFH. In order -to avoid contention with the OPU clock switch 
Gpntrolling 110 Cj.qdress O~2H. and, 023H for the 82C59A on the master 
side, the selE;!ction is not done when th~.bit of the latch address is "1 ". 

Table 4-14 shows the 82C59A interrupt outputs; 

Mas~er S;lave Function 

IROO Timer 9utPl!t.<:ihanne[ 0 

IR01 Keyboard (output buffer full) 

IR02 Interrupt frO,m the slave side controller 

IR08 Real time clock interrupt 

IR09 VGA controller or INTOAH (IR02) 

IR010 Reserved (expansion slot) 

IR011 Reserved (expansion slot) 

IR012 Reserved (expai}sion slO;t) 

IR013 Co-processor 

IR014 Hard disk controller 

11'1015 Reserved (expansion slot) 

IR03 Serial port 2 (COM2) 

IR04 Serial port 1 (COM1) 

IR05 Parallel port 2 

IR06 Floppy disk controller 

IR07 Parallel port 1 

Table 4-14 

4-2-5_ Timer 
A single 82C54 interval timer is internally contained in this chip. The 
82C54 is mapped to the 1/0 address 040H-05FH as an 8-bit VO 
device on the system bus (XD bus). Three independent i6-bit counter 
on channels 0-2 of the 82C54 can be defined Table 4-15 

Channel 0 System timer 

GATEO' Fixed ON 
CLKINO 1/1214.31818MHz clock 
CLKOtiTO 82C59AIROO 

Charinel1 Refresh request generator 

GATlii1 Fixed ON 
CLKIN1 1112 14.31818MHz clock 
CLKOUT1. Refresh request cy_cle 

Channel 2 Speaker tone generator 

GATE2 Fixed ON 
CLKIN2 1/1214.31818MHz clock 
CLKOUT2 Speaker drive 

Table 4-15 
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Bit Signal name Significance 

0-2 FDDO-2 Reserved.' Read/write possible. 

3 ··SIOEN Inter-na[SrO port allocation . 

4 $101r2 IntEl'rnal,SIO ~~/oft: s~ttin_g . 

5 ·INTKEY. Reserve~L Rea,d/Y(rite pos~ibJe. 

6 'LCDEN Display device selection 

7 - "Undefined~ Reads ':~r a~-alJ,times._. 

Table 4-16 

MDMCFR register 

Bit Signal name Significance 

0 OUTSEL MORSTN output signal selection 

1-3 - Undefined. Reads "0" at all tirnes. 

4 'MDMEN . Internal modem on/offsetting 

5-7 - UndefiJle,~. Reads "0" at all tim~s. 
Table 4-17 

When reset, 'SIOEN of the SIO CFR register and 'MDMEN of the 
MDMCFR register are set to "1" and all others are reset. 
'SIOEN and SI01r2 of the SIOCFR register may be revised of their 
contents when written to "02" to the Sh&rp original port. The inverted 
bit 4 of the 02H port corresponds to SI01r2 and bit 5 to SIOEN. 
Tab[e 4-18 shows the ports that are allocated by the setting of 
SIOCFR and MDMCFR registers vs. active input to IR03 and IR04 of 
the 82C59A. 

<SIOEN :t:MDMEN S101/:I;2 
Internal Intemal IRQ3 IRQ4 

SIO modem input input 

0 
COM2 COM1 Internal Internal 

0 0 SIO modem 

COMt COM2 Internal Internal 
0 0 t modem SIO 

1 ! 
COM2 OFF Internal External 

0 0 SIO IRQ4 

COM1 OFF External Internal 
0 1 1 IRQ3 SIO 

OFF COM1 External Internal 
1 0 0 IRQ3 modem 

OFF COM2 Internal External 
1 0 t modem ·IRQ4 

OFF OFF External External 
t 1 o . 

IRQ3 IRQ4 

OFF OFF External External 
1 1 1 IRQ3 IRQ4 

Table 4-18 

The RS-232C interface serial inpu-Voutput and control Signals can be 
inverted with POLINV of the VGACNT register. When POLINV is at 
"1", the polarity inverts. The VGACNT register is allocated to OEH of 
the Sharp original port whose bit definition is shown in Table 4-19. 



VGACNT register 

Bit Signal name Significance 

0 POLIN V RS-232C inpuVoutput polarity inversion 

1 DISVGA Internal VGA on/off setting 

2, 3 PWRDWN1,2 VGA controller mode setting 

4-7 RESERVED Reserved. Read/write possible 

Table 4-19 

When reset, all are reset to "0". 

To-reset the internal modem that can be installed within the machine, 
the output from the MORSTN line is used. The i-bit output of the 
MORSTN output port can be switched with the port select signal 
output using OUTSEL of the MDMCFR register. When OUTSEL is at 
"1", the bit 3 of the 110 address 2D2H port is issued, When "0", the 
decoded signal of the I/O address 2D2H is issued as a port select 
signal. The' 202H port is a read/write internal 110 register whose big 
definition is shown Table 4-20. 

202H port 

Bit Signal name Significance 

0-2 RESERVED Reserved. Read/write possible 

3 MORSTN Internal modem reset signal 

4 RESERVED Reserved. Read/write possible 

5·7 - Undefined. Reads "0" at all times, 

Table 4-20 

When reset, bits D~4 are reset. 

4-2-7. RTC and CMOS RAM control 

For this chip, RTC is controlled by AS, DS, RIW, and SCRTCN out
puts. For setup expansion, a 2KB CMOS RAM is provided. 
Among 11 bits address input of the 2KB CMOS RAM, the low 6 bits is 
connected to the 1/0 070H port bits 0·5, and high 5 bits to the latch 
address bits 10·14. Which is to be selected, RTC or CMOS RAM, 
when the I/O 071 H port is accessed is determined by the data in the 
110 70H bit 6. When "0", RTC is selected and "1" the CMOS RAM. 
See Fig. 4-8 for the mapping of the RTC and the CMOS RAM. 

JlO XX71 H PORT 0071 H 0471 H 0871 H 

OOOH 

110 
070H 040H 
PORT 

07FH 

4-2-8. Port-B 

RTC 
RAM 

CMOS 
RAM 

r::1r::1 
LJLJ 

Fig. 4-8 

7871H 7C71H 

r::1r::1 .... -- LJ LJ 

The port-B consists of a logic gate which is u.sed for NMI qccqrrence 
control, speaker output control, and refresh detection by the parity 
and 1/0 channel checks. 

4-2-9. Power con.trol 
The system power source is divided into several blocks to allow each 
block to be turned on/off separately. Therefore, the power control 

-.----------Sectionls.e.quipped.wl1b.t/'IJLRort tojI.!rr:lJ2fL!lt~we~ sections which 
are not used. For that purpose, VLCCNT, VBLCNT, VMDCNT, 
VIFCNT, VCCOFF, and 'ONRSM are provided. The state where the 
power is supplied but no operation is requested is detected and if the 
state continues for a certain period, the power is automatically turned 
off. 

-
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For the power control port, a part of SOP (Sharp Original Port) as~ 
signed to D7Ch and D7Dh is used. Port number (called as index) is 
written into D7Ch of SOP and read/write is made with the data in 
D70h. When D7Dh is accessed, the index is cleared to be No. D. 
therefore D7Ch must be set for each time. SOP related to the power 
control section is shown in Table 4-21 through 4-30. 

PWRCNT register (Index 06Ch, RIW) 

Bit Signal name Meaning 

0 PCVIF Printer/RS-232C interface IC control 

1 PCVLCD VGA controller and LCD power control 

2 PCVCC System power (Vee) control 

3 PCBL Back light power control 

4 PCVMD MODEM power control 

5-7 RESERVED Reservation bit, Read/Write allowed 

Table 4-21 

When resetting, each bit of PCVIF, PCVCC, PCBL, and PCVMD are 
set to "1" and the others are reset. 

ATSTBY register (Index 07Ch, RIW) 

Bit Signal name Meaning 

0 ASVIF Auto IIF power off enable/disable setting 

1 ASLCD Auto power save enable/disable setting 

2 ASVCC Auto resume enable/disable setting 

3-7 RESERVED Reservation bit. ReadlWrite allowed 

Table 4-22 

When resetting, all are reset to "D." 

RWRSTAT register (Index 08Ch, RIO) 

Bit Signal name Meaning 

0 PSVIF Printer/RS-232C interface Ie control state 

1 PSLCD LCD power (VLCD) state 

2 PSVCC System power (Vcc) state 

3 PSBL Back light power (VBL) state 

4 PSVMD MODEM power (VMDM) state 

5-7 - Reservation bit. Always reads "0." 

Table 4-23 

PWRTlM register (Index 09h, RIW) 

Bit Signal name Meaning 

0-3 PSTO - 3 Auto power save time setting 

4-7 RESERVED Reservation bit, read/write allowed. 

Table 4·24 

When resetting, PST3 - 0 are set to "1," and the others are reset. , 

RSMTIM register (Index OAh, RIW), 

Bit Signal name Meaning 

0-6 ARTO-6 Auto resume time setting 

7 RESERVED Reservation bit, Read/Write allowed, 

Table 4-25 

When resetting, ART6 - 0 are set to "1 ," and bit 7 is reset. 

RSMCNT register (Index OBh, RIW) 

Bit Signal name Meaning 

0 RSMEN Resume mode setting 

-1--- . C1Et-J--- ..Reservalioubil,.raadlwrite. aUowed . 

2 MRIEN Reservation bit, read/write allowed. 

3-7 RESERVED Reservation bit, read/write allowed. 

Table 4-26 

When resetting, all are reset to "0." 

. 
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RSTFCVegister(lndex OCh,. RIO) 

Bit ,'Signa)'nain-e MeanihQ_ 
0 - No.t qefir:1ed. Always' reads ;'0." 

.1 R.CR System power (Vcc) OFF,request effec-
i -tive .s,t~te 

2 RCCI Internal SIO power ON factor state. by CI 
input ' -,," , 

3 RCMRI . Ihternal modem RI input power,ON factor 
4-7 'j., Nat ge1in~d •. _Arways reads "O'.'~'. 

. Table4-27 

EXSTAT register (Index OOh, RIO) 

Bit Signal name .r0eaning 
0 EXPND Expansion-unit contact state 
1-7 .- - - . Nat defined. Always reads "0." 

Table 4-28 

VGACNtregisler (IndexiJEh, RIW) : 

Bit Signal name Meaning~ '-'--...:.:. 
0 - - POLINV Internal 8(0 inpuVoutpLrt polarity reversion 
1 DISV<3A "Internal VGA enable/disable: setting 
2 P1NRDWN1 VGA conti-olter mode setting (relax mode) 
3 PWRDWN2 VGA controller mode setting (retire mode) 
4-7 RESERVED Reservation bit, read/write allowed. 

When resetting. all are reset to "0." 

NMIFCT register (Index OFh, RIO) 

Bit Signal name Meaning 
0 RSMNMI Resume NMI request effective state 
1~7 - Nat d~filJed, Always reads "0." 

Table 4-29 

Fig. 4-9 shows the outline of the poyver control section of this unit. 

r J ,-LJ-o 'lCDEN 

" ~ u-o 0 

I l= Q 
w 

BlCNT 

lCDCNT 

~ Delavci'cuit r - PCV8l I ~ PCVlCD 

,-0 z 
0 

~ " ~ 

PWRDWN1 

PWADWN2 

r r ~ ~ f------" ~ 
~~ 8 
~ 

r r r 
-n 

'I--" ;0 

k-v • 8 

'- ~ -'"0. 

PWRDN, 
~ PWRDN2 0 
< 
0 - DISVGA > 

r 

~ 

Fig. 4-9 

The basic functions of the power control section are shown Table 
4-31. 
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Control by the ports 

Control Control' ON OFF 
Remarks itefT). :9ignal condition c.ondition. 

LCD :<LCDEN 0 1 SOP1 bit 6 
DISVGA Q 1 SOPE bit 1 
PCVLCD 1 0 SOPS bit 1 
PWRDWN1 0 1 SOPE bit 2 
PWRDWN2 0 1 SOPE bit 3 
SHUT 

L..c-~ -~~ 
Cover close ' 

-.. exfGrrt~'slr;fi1al-

Back :<LCDEN 0 1 SOP1 •. oit El 
light - ·-DISVGA·· . -0 . ·1 SOPE . bifi .-

PCVBL 1 0 SOP6 -bit3 
PWRDWN1 0 1 SOPE bit 2 
PWRDWN2 0 --- 1- ·SOPE bit 3 
SHUT 

1 0 
Cover close 
external signal 

IfF PCVIF 
1 0 SOP6 bit 0 power 

Modem PC\iMD 1 0 SOP6 - bit4 

Table 4-31 

Control by the timer 

This unit provides the following two functions using the basic func
tions in Table 4-32, 

Control Control Prohibit 
Reload condition item timer condition 

LCD PWRTIM ASLCD_O (j) IRQ1 rising 
back light SOP9 SOP7 Internal SIO 

Bit3-0 bit 1 ® iriterruption 

@ Write to SOP6, 7, 9 
IIF power 15 ASVIF=O (j) Access to printer port 

minutes SOP7 ® Access to SIO 
fixed bit 0 @ Write to SOP6, 7 

NMI RSMTIM ASVCC=O (j) IRQ1 rising 
SOPA SOP7 Internal SIO 
bit6-0 bit2 ® interruption 

@ Write to SOP6, 7, A 

Table 4-32 

(1) Power save function 
When the keyboard/mouse is not used for a certain period, 
LCD/back light power is turned off (auto power save). Each of 
LCD and back light power can be independently turned off by 
software. 

(2) Standby function 
The power to maintain the system state is kept ON' and the other 
powers are turned off and the power consumption-is minimized in 
the sleep mode. When an expansion unit is connected, this func
tio'll cannot be used. 

The' power"save function 'detects conditio'ns which can 'tie regard~d as 
that the unit is not operated, If that conditions continues for a certain 
period, The LCD and the back light powers are automatically turned 
off. The power save controller includes on'e minute timer. Count is 
made when ,there, is not interruptic;»n request _~rom the key.controller 
(804?), int~~ruption from internal SIO set to COM2, or write access to 
SOP6, 7, ~. When a predetermined ~ime ,is reached, LCDCNT Signal 
and BLCNT signal are made low and the. LCD and the back light are 
turned off. For versions outside, Japan, PWRDW'N1 signal is made 
high to set the VGA controller to the sleep .mode. and to stop the 
display cycle, reducing current consumption in, V-RAM. 

VGA controller operation mode can be directly set with internal 110 



register (SOP VGACNT register). The Mediate mode and the sleep 
mode are set by PWRDWN1 and 2 of VGACNT register. In the sleep 
mode, the display cycle is stopped but read/write from the bus master 
is enabled, In the Mediate mode, cycles to V-RAM other than refresh 
are prohibited. When either of PWRDWN1 or 2 is made high, both 
LCDCNT and BlCNT signals are made low to turn off the power of 
lCD/Back light. 

VGA controlier operation mode is as fol!ows according to PWRDWN1 
and 2 in Table 4-33. 

PWRDWN2 PWRDWN1 
LCD BL VGA 

Remark power power controller 
0 0 ON ON Normal 

mode 
0 0 ON OFF Normal PWRCNT 

mode register 
PCBL - 0 

0 0 OFF OFF Relax Auto 
mode power 

save or 
PWRCNT 
register 
PCLCD = 0 

0 t OFF OFF Relax 
mode 

1 0 OFF OFF Retire 
mode 

1 t - - Prohibition 

Table 4-33 

I 
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When using the resume function (auto resume) by the timer, write "1" 
into ASVCC of the ATSTBY register to make the timer effective, and 
set the time to power down of the RSMTIM register. The RSMTIM 
register sets the auto resume time. The setting can be made from 0 
to 127 minutes by increment of 1 minute by ART6 - O. The actual 
time, however, is shorter than the set value by less than 1 minute. 
When all of ART 6 - 0 are "1," time is set to 126 -127 minutes. In 
read/write enable, the set value is read. In the same manner as the 
auto power save, when interrUption request signal (IRQ1) from 8042 
or interruption request signal from internal SIO rises, the set value is 
reloaded into the timer and the counting is started from the beginning, 
When the Sharp Original Port PWRCNT register, ATSTBY register,_or 
RSMTIM register is written, the timer is reloaded. 

In either case of (1) or (2), the process after generation of NMI is the 
same, and must be supported by software. 

To make power down in the resume mode, the following procedures 
are required in the NMI process routine. 

(1) Judge the NMI factor. 

(2) Stand the flag which shows generation of the NMI which requests 
standby. 

(3) Check this flag in the timer interruption (I ROO) process routine, 
and judge if the unit may go into the standby mode, (During 
access of FD/HD, shift to the standby cannot be made.) 

(4) Operate the PWRCNT register to cut off eaqh block power.-Con
trol the HD controller to cut off HD spindle motor. 

(5) Execute HlT command to go into the sleep mode. 
When the power save fUnction is used, PWRDWN1, 2 are set to "0." 
DISVGA is set to "0" to make the internal VGA effective. SIOCFR To judge the NMI factor in (1), the NMIFCT register is read. When 
register and :t::lCDEN is set to "0" and LCD is selected as the display RSMNMI bit is "1," RSMSW input or NMI by resume timer is 
device. generated. Reset from the standby mode is made by pressing Ctrl + 

Alt + Pause keys. In this case also, the NMI is generated. 
To directly turn off the LCD power and the back light power by 

This unit is equipped with register group to reduce current consumpsoftware, write "0" to PCVLCD and PCBl of PWRCNT register. In this 
case, similarly to the auto standby, PWRDWN1 signal is driven to tion by turning off the printer/RS232C driver/receiver power. This 

h·gh d th VGA contr II r goes . t the med,·ate mode When function is called as the interlace power off. This fUnction enables to [ an e 0 e Ina ., 
reduce current consumption of the interlace IC when the printer and 

therefore, it is required to turn off the lCDlback light power in the RS-232C are not used. The interlace power off function works when 
CRT mode, :t::lCDEN is driven to high. In this case, PCVlCD must be 

there is no access to the printer or internal SIO for a certain period kept to "1." 
(auto interface power off), or when the internal I/O register is directly 

When the power save function (auto power save) by the timer is operated by software. 
used, PCVlCD and PClB of PWRCNT register are kept to "1." "1" is 

written into ASlCD of ATSTBY register tp make the timer effective, ;~~il~~~Yt~:~~~~h~~~:g~:t~~. ~~~~~ ~:s~ :~!~~~~~~!:~~:~nl~ 
and the time to require for PWRTIM register power save is set. 

output becomes Hi-Z and the RS-232C line driver receiver goes into 
PWRTIM register sets auto power save time. Setting is made in the the standby mode, reducing the circuit current. 

range of 0 to 15 minutes in increment of 1 minute by PST3 - O. The When the auto interface power off is used, PCVIF of the PWRCNT 
actual time, however, is shorter than the set value by less than 1 
minute. When all of PST3 _ 0 are "1," the set value is 14 _ 15 register is kept to "1," and "1" is written into ASVIF of the ATSTBY 

register to enable the timer. The timer is cleared when access is m,·nutes. In read/write enable mode, the set value is read. When 
made to the internal printer and the internal SIO. The timer is cleared 

interruption request signal (IRQ1) from 8042 or internal SIO interrup- also when data are written into PWRCNT register of Sharp Original 
tion signal set to COM2 rises before reaching the set time, the set Port or into ATSTBY register. It takes 14 to 15 minutes until the power 
value is reloaded to the timer and counting is restarted from the off fucntion works after the timer is cleared. 
beginning. When the Sharp Original Port, PWRCNT register, ATSTBY 
register or PWRTIM register is written, the timer is reloaded. As interface power off, the internal modem power can be controlled. 

To turn off the power (VMDM) of internal modem, write "0" into 
To use the standby function, write "1" into RSMEN of the RSMCNT PCVMD of the PWRCNT register. By this, signal is outputted from the 
register to enable this fucntion. To shift to the standby mode, there VMDCNT terminal to turn off the modem power. 
are following two cases: 

In the caSe of auto power--off-or--auto--interlace- off, the power is 
(1) Ctrl + Alt + Pause is pressed and rising waveform is inputted from automatically turned off by the timer and the CPU can read states of 

the 8052 keyboard controller to the RSMSW terminal. the LCD power, the back light power, and the printer/RS-232C control 
(2) The keyboard or mouse is not operated for a certain period. by reading the RWRSTA register. The PWRSTA register is a read-

In the case of (1), high level signal is outputted from the NMI terminal only register and assigned to 08H of the Sharp Original Port. Except 
at the rising edge of signal which is inputted from RSMSW terminal, for PSVIF, PSLCD, and PSBl, the power control data set by the 
and NMI is applied to the CPU. While in the case of (2), the timer in PWRCNT register are read. When "0," it is OFF, and when "1," it is 

--the-f-SSum9--COnir-Oller-----kaeps ..couoting __ whiledheIejS.DQj!Jte.~rupt"io'tn,---__ ON. 
request from 8042 or interruption request from internal SIO. When the 
set time is reaChed, NMI is generated. However, similarly to the sleep 
function, if the input from EXPND terminal is low, NMI output is 
prohibited and the resume function does not work. EXPND terminal 
input state can be read by EXPND of the EXSTAT register. 
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4~3. pel'ipher~1 control LSI (LZ95H22) 

4-3-{.Pririter intertace 

l;he printer port has three ports inside the LZ95H22, and the flipflop 
and, i,nputlo,utp,ut bl.lff~r between the LZ95H2.2 and the printer connec
tor. 
Printer ports, port'i[37BH] [379H] (37AH] and port-2 [27BH] [279H] 

4-5_ Display circuit 

The PC'6220 has a B2C455 VGA display controller for both LCD and 
CRT display.- fn VGA (Video' Graphics Array) mode, maximum resolu
tion, is 640 x 480,: 256 colors out -of 256k colors (in eRT), 16 gray 
scale for LCD. Arid also the backward compatibility (MDA;CGA,EGA 
HGC) is supported in this chip. 

t2?AH] can be selected by the Sharp driginalpbrt. 4-5-1. Overview of Display System 

No ,'piint data and printer control ,signals will be issued when the 
CN! [) from theprinteir connector is other than a low state. 1) Display mode 

---=:=O':c=====-===::..o==~=="'-'''''''"'-~------------rnecfi5i5iay mode Ci{ PC-6"220 IS not only compatible to VGA, but also 

4-3,2_.YGj\.interface 

There are two write only register in the LZ95H22- besides the display 
chip. Th~s'P regis~er~ limit the addres,s used by the VRAM. 

Write 06H in 3CEH, then write the data in, 3CFH, which are set in 
Table 4-34. 

110 address Bit allocation 

3CEH Graphics address 06H 

3CFH Miscellaneous register Bit 3, 2 

bit3 bit2 Address used 
0 0 AOOOOH-BFFFFH 
0 1 AOOOOH-AFFFFH 
1 0 BOOOOH-BFFFFH 

1 1 . BBOOOH,BFFFFH 

Table 4-34 

4-3-3_ Power save 

As signal VI FCNT from the SC9S89 controls the buffer between the 
serial intt;!rfac:e, and the printer interface, it saves the power equaling 
to. the buffer. 

4-4. Keyboard 
Main parts of 'the keyboard interface is managed by two devices of 
the BOC42 and the BOC52. The BOC52 scan the keyboard matrix and 
its data is sent to the 80C42 in a serial form. Since the signal on the 
keyboard'mafrix is analog, depression of a key is informed by inter
rogating the voltage. In order to allow the 80C52 to handle this signal, 
there is a need of a digital to ahalog conversion which is carried out 
by the keyboard interface chip (3JD2CA1A). Not oriy the BOC42 
converts it to the form that the scanned data may be handled by the 
processor (ASCII/JIS), an interrl!pt is caused to the processor via the 
IRQ1 line. The processor reads the keyboard data from the 80C42 
within the interrupt routine and stores in the key buffer. 
The internal 'key_board is standard with the machine, but it may use 
the external keyboard of the standard AT/AX specification with the 
portable FDD option attached. In this event, the signal line from the 
BOC52 must be prohibited by a high state of "INTKEY. This signal is 
allocated to 02Hof the SOP index (SIOCFR register) and its bit 
definition is shown in Table 4-35. 

SIOCFR register (Index 02H, RlW) 

Bit Signal name Significance-

0-2 FDDO-2 Reserved bit, read/write possible 

3 >:SIOEN Internal SIQ on/off setting 

4 SI011"2 lnterrial SIQ port allocation 

5 :l<INTKEY Internal key on/off setting 

6 >:LCDEN Display device selection 

7 - Undefined 

Table 4-35 

There is no ten key keypad in the standard keyboard, an optional 
keypad may be connected to the main unit or expansion unit. This is 
allowed by taking out some of keyboard matrix signals to the keypad 
connector. 
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EGA, CGA, MDA and HGC display adaptors. 
in the cases of IBM VGA etc., some of eGA applicationsoftwares are 
hot able to excuted properly though, with the model PC-6220, even 
those application softwares can be excuted successfully. 

2) VGA mode (Video Graphics Array) 

An analog type display will be used with the VGA mode and can be 
display'sd 256 colors simultaneously out of 256 thousands colors. And 
~ supports 480 lines in the horizontal resolution in addtion to current 
maximum resolution of 400 resolution. 

3) EGA mode (Enhanced Graphics Adaptor) 

A digital type display will be used with the EGA mode and can be 
displayed 16 colors simultaneously out of 64 colors. And it supports 
350 lines in the horizontal resolution. 
In the cases of VGA or EGA modes, the CG font will be given by the 
software when booting, the BIQS sets up the default of CG font. 

4) CGA mode (Color Graphics Adaptor) 

A digital type display will be used and it supports 200 lines in the 
horizontal resolution. 

5) MDA mode (Monochrome Display Adaptor) 

A monochorome digital display will be used, it only supports 720 x 
350 dots resolution character mode. (in case of PC-6220, 640 x 350 
dots resolution.) 

6) HGC mode (Hercules Graphics Card) 

A monochrome digital display is used with graphics card made by 
Hercules and has graphics function. The function of HGC itself is 
expanded version of MDA, and normally initiated at the same mode 
of MDA. 
Since the graphics mode of HGC is 720 x 34B dots, the PC-6220 will 
only supports to CRT. 

4-5-2_ The relationship between each mode and 

display type 

~de 
Display type 

VGA EGA CGA MDA HGC Connector 

Analog Display for VGA 0 0 0 0 0 Analog 

Enahanced Color Display x 0 0 x x Digital 

Color Display x x 0. x x Digital 

Monochrome Display x x x 0 0 DigITal 

LCD 0 0 0 0 II -

0. ..... Support II ..... Functions as MDA x ..... Not support 

Table 4-36 

In table 4-36 the display type and mode should be selected on the 
set-up menu, and effective when the system is booted. The selection 
9f LCD .and CRT can be switched by the slide switch located on the 
side of the main unit. 



4·5·3. VGA mode control 
The color display control of PC-6220 VGA mode. 

VRAM 
B2C455 

VGA Controller 

l,TTTTTnrf = PaleTt& Register 

Video PAC 
Color Register 

~·~::::·E~'" mL 
DI'play 1t 
data Color 54 lovelS Signal 

Salael Reglstor 54 level G signal 

54 lavel R signal 

'" '-'--------

Fig. 4-10 

Since the display 10 LCD of the PC~6220 is not through the Video 
DAC as shown in Fig. 4~1 0, the application software using Video DAC 
will only be effective to CRT. 

4·5·4. Display toning for PC·6220 
The PC-6220 is capable to display 16 toning and selects the tone by 
giving the each toning data to the palette register. 
The following method is used for managing 16 kinds of tone for the 
PC-6220. 

In case of 16 tones, the basic frame frequency is normally 15 times. 
ON and OFF action of i-dot on the LCD is made at the cycle 0/15, 
1/15,2/15 ..... 15/15. However, because of the characteristic of the 
LCD, the display flickering is unavoidable at the cycle time of 1/15. 
To reduce the flickering for PC-6220, the following measures are 
taken; 

1) Increases frame frequency 

2) Increases basic cycle time 

3) Shifts the ON/OFF cycle of neighboring dots 

Even the above measures are taken for PC-6220, there are still little 
flickering existed as follows; 

1) Because of 16 toning, it is unavoidabel to have some part of 
flickering tone. 

2) It is not possible to shift the ON/OFF cycle of neighboring dot in 
the tile pattern display mode, therefore, at this mode, little flicker
ing are shown. 

3) Low resolution mode like 320 dots in width, 2 x 2 dots are used to 
display 1 dot on the LCD, since 2 x 2 dots make ON/OFF action at 
the same time. Thus, the flickering is noticeable. 

4·5·5. Compensation capability 
The resolution of the PC-6220 LCD is 640 x 480 dots though, only 
640 x 400 dots resolution is used for text mode. In this case, all the 
dots of LCD is not used by doing centering operation. 
Also, PC-6220 is capable to handle a full screen of 640 x 480 dots at 
Expanded mode of LCD. 

The above function is called "Compensation capability", and there are 
two types of cOnl(::lensations. One is text compensation, and the other 
is graphic compensation. Text compensation is displayed in Fig. 4-11, 
and graphiC compensation is in Fig. 4-11. 

[Text Compensation] 

A A 
-----------------l-q~~.-----

Fig. 4-11 

-29-

-PC-6220 

At text mode, the 350 or 400 lines horizontal resolution is compen
sated by enlarging the most upper line of the character font. 

However, since most CG fonts used in Europe countries, use the 
upper line is used also as character data. Therefore, if this method is 
applied to those fonts, the compensated character is changed to 
non-existed wrong character. The PC-6220 does not use this method 
actually. 

[Graphic Compensation] 

A 
Fig. 4·12 

The horizontal resolution is enlarged by duplicatelyduplicately i-line 
per several Jines over on all the screen. In this case however, since 
the duplicated line not always sets in between two characters. If a 
duplicated line sits on a character, the characterlooks distored. 

The graphic compensation function is originally used for gaphic mode 
though,also used for text mode for PC-6220. 

4·5·6. Conventional CRT support 
(clock switching) 

In VGA mode, analog CRT is used to present the beautiful color but in 
another mode CGNMDA), digital (conventional) CRT is needed. In 
order to support these CRTs, clock pulses can be changed by the 
signal from 82C455 (ERMEN signal) Refer to Fig. 4-13. 

When ERMEN signal is HIGH, 
28.322 MHz (for VGA monitor) 
25.175 MHz (for EGA monitor) 

are selected. 

When ~ signal is LOW 
16.257 MHz (for MDA monitor) 
14_31818 MHz (for CGA monitor) 

are selected. 

The ERMEN signal is set by the BIOS according to the CRT type 
assigned in the SETUP menu. 

16.257MHz 

28.322MHz 

14.31818MHz 

25.175MHz 

lCO Clock 

AC 157 

1A 
1Y 

18 

2A 
2Y 

28 

S 

I 

Fig. 4-13 clock switching 

82C455 

elK1 

ClKO 

EAMEN 

CLK2 
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4"5-7. Address/D"tillliultiplaxer 
'~ . . - - - '-, - , -' - -;, ' .. - - ' 

The 82C455 'uss's several pins for addreSs/d~ta to reduce the numb'er 
6fthe 'pins. Sd-the addressJdatamUltrplex8r-ls needed. 
(Refer jQ: Fig.:4c14) . 

82C455 

ADm 

- -

ADO ~ 15 

ADHI 

DATAEN 

HU· 
.... ..- ... 0 

~ 

-0 
~e-----

~ 

-0 
~P-

,--'--

~ 

~-

,.-

~ 

~~ 

Fig. 4".14 
Address/data multiplexer 

) 

4-6. Description of black/white liquid 
crystal backltght inverter 
(type: IV18106) 

4-6-1. General 

soo ~7 

soa -15 

SAO -7 

SAa - 15 

This PWB unit is employed to drive the LCD backlight (cold cathode 
ray tube) which will be directly installed to the plastic cabinet inside 
the display. Three connectors are used for the I/O arid cOhtrol signal 
interfacing. ' 

NOTES: 1. This unit drives the entire backlight circuit.-with ~h,e 
power supply only, except that it is cOIinected with an 
external VR and control 'fines. , 

2. Since it is an assembly unit, parts replacement and 
repair are f10t allowed. In case it has to be replaced with 
a new one, unfasten the connectors ahd remove 
screws. 

3. Pay attention to a high tension voltage of 1000V on the 
sec.ondary side when operating. For wires that are ex
posed over and below the transformer, these must be 
treated with care as it may result in wire breakage. 

4. Since this unit is compact and low profile, the board 
height is low, width narrow, and long in the longitudinal 
direction, it would be liable te damage if subjected to 
twisting. So, never drop .or twist it to avoid pessible 
damage. 

4-6-2.Electrical characteristics 

(1) Maximum allowable ratings 
Parameter Symbol 

Input voltage Vin 

Input power Pin 

Operating temperature Ta 

Storage temperature Ts 

Operating humidity RH 

Table 4-37 

Rating 

16V 

3.6W 

O-SO"C 

20-7S"C 

80% with maximum wet 
ball humidity at 3S"C 
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(2) Electrical characteristics 

Parameter . , '. Symbol . NoininaF: 

Input voltage Vin DC12V 

Input current lin O.24A 

No-lead release voltage Vs AC100Vrms 

Tube current 0 IL S.OmA 

Oscillation frequency f 6SkHz 

Chipping frequency fch 60kHz 

______ -------'Tabl~S-------- -

The following circuit is used for intensit'y adjustment. 
_ -'..2 • 

VR CD 
® 

(3) Connector pin layout 

<al CN1 pin configuration 

Pin No. 

(j) 

® 
@ 

(b) CN2 pin configuration 

Pin No. 

(j) 

® 
@ 

(c) CN3 pin configuration 

Pin No~ 

I~I 
CN2 

Fig.4-1S 
PWBtopview 

Signal name 

GND. 

N.C 

OUT 

Signal name 

+Bsupply 

N.C 

GND. 

Signal name 

(j) Intensity'centrol VR 

® GND. 

@ Control 

4-6-3. Circuit diagram 

Rg.4-16 

'Note 

(9.0-16.0Vl 

Lamp load 
Vin=12V, 
VR=on 

C~ 

Symbol 

GND. 

OUT 

Symbol 

+B 

GND. 

Symbol 

VR 

GND. 

CaNT 



CHAPTER 5. HDD 

5-1-1. Introduction 
The Hard disk drive (HDD) is a 2.5 inch ruggedized high performance 
disk drive optimized for an IBM PC-AT or XT compatible laptop or 
portable computer. The HDD contains an on-board controller with 
selectable interface that requires a simplified adapter board for inter
facing to an AT or XT compatible bus. 

5-1 '2; Overview 
This Manual describes the key features, specifications. charac
teristics, functional description and hardware and software considera
tions required to utilize the HDD in both the AT and XT interface 
modes. 

5-1-3. Features 
Unique ramp loading mechanism for loading and unloading the 
disk heads during power-downs and periods of inactivity. 

User invoked low power modes and power-downs for power sensi~ 
tive applications. 

High performance rotary voice coil actuator with embedded servo 
system. 

On~board controller for direct connection to a 50~pin interface. 

Microprocessor-controlled diagnostic routines that are automat~ 

ically performed at power~up. 

Internal air filtration and dessicant system. 

Automatic error detection and correction. 

_._<_-- Dessicanl pack 

Actuator mag. 
nel assembly 

Balanced, moving coil 
rotary actuator 

Read/Write --""'
preamp 

(shown in unloaded r ~ 

:-+_~_ Recirculation 
filter 

In-hub spindle molar 

2_5 inch disk 

Integrated ATJXT interface! 
drtve controller sIngle PWB 

ReadlWrite heads ~ "'k'dl PO.;ili~~~~~ 
50 pin intertace connector 

Fig. 5·1 HOD unit 
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5-1-4. Functional Description 

-PC-6220 

The HOD contains all the necessary mechanical and electronic com~ 
ponents to interpret control signals, properly pOSition the recording 
heads, read and write data, and maintain a contaminant free environ~ 
ment for the disks and recording heads. 

5-1-4-1. ReadIWrite and Control Electronic 
The HOD has an integrated circuit attached to the flexible circuit 
connected to the actuator and read/write heads to provide one of two 
read selections~ read preampli!i~ati_?n, and write drive circuitry. 

The microprocessor controlled circuit board provides the remaining 
electronic functions including: 

Read/Write Circuitry 

Rotary Actuator Control 

Interface Control 

Power Management 

Spin Speed Control 

• Automatic Head Unloading 

5-1-4-2. Drive Mechanism 
The HOD has a spin speed of 3,307 RPM_ The spin speed of the 
brushless DC direct drive spindle motor is maintained by using the 
motor in a synchronous mode. 

Energy stored in the spindle motor is used to unload the read/write 
heads upon drive powerdown. 

5-1-4-3. Head Positioner Mechanism 
The two read/write heads of the HOD are directly attached to the 
actuator body which also supports the moving coil. The read/write 
heads are unloaded when the drive is spun down. This dynamically 
ramp loaded mechanism insures that the disk heads never come in 
contact with the disk media. 

5-1-4-4. ReadIWrite Heads and Disks 
Data is recorded on a 65mm diameter disk through two 3370 type 
heads. 

5-1-4-5. Air Filtration System 
The HOD HOA breathes through a high efficiency ambient filter. A 
high flow recirculative filter maintains a clean environment of better 
than class 100 for the head and disk enclosure. 

5-1-4-6. Error Correction 
The HOD periorms internal error correction through the use of a 
polynomial capable of correcting one error burst with a maximum of 
11 bits per 512 byte block. 
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5-1-4-7. CustomerOpti<ms' ":i'>'~ 
Ttl!? ho:st interfaoe- on ·the, HD[l; ca.nJ:~.~, SJ~t to _nm on, either <in "AT,or 
XT' PQmpal_ible BY_stem., JiJ~f P91~rity of Pin _ 44 qn Jhe: inte,rf~pe, wm 
qetermine: .~T;or AT .Qperatt~m.{+,.A:r, _- Xl). 

In AT mode, the HOD can operah;{as'-a ~ingle drive oHn' a dual' drive 
(master/slave) configuration. The jumper trace E1 is shorted from the 
factory indicatirig a)5:ipgle-: cfrJv~ <;If. ttH:Lm~t~r;- ,In. 'a ,(tual.qr,iv~ con~, 
figuratiop, the Et,trac9_ must be, cut to.jr'ldicate :the second_drive or 
~Iave;' Th¢, trace isi shbW:~ 'j~ the foJrawlng' drawing: , . , : 

.- -•• -- -, - • -" - - ; ".-,',' 1 

····0 

o 
E1 
I~I 

: .. '.' 

D 
o r 

;,) , 

() 
,:! -' 

o 
Fig, 5:2 

The;- XT mode does not .s,upport dUal; dive. master/slavs: configurations. 
The,E1 jumper trace, should not be cut. 

5-1-4-8. Diagnostic Routines 
Upon power up the lJ1ic[oprocessor. circuitry of. the [-iDD performs 
diagnostics. If an error- is detected the drive 'will not tome ready. 

5-1-4-9. Spin-Up/Down Operations 
When power is applied to the drive, it will perform i~s di_agnostics and 
come ready. To conserve power," it will accept' commands', but will 'not 
spin tip until it receives: 'a: €ommand requiring a!:disk'access (such as 
a Read, Write" Se_ek j Recal. etc.). 

When spinning up for the first :time after application of power, it will 
spin up and do a servo calibration which requires a total time of 4 
seconds. Subsequent spin up from power~down ntddes d.o hot require 
cal,ibration and will be cornplet~d ~ithin 2-s~<;:on~s. 

" " .. -, ;-, '" . 
When. tme drive- isjn the ,process, of spinning down, ther~ is ,no mini
mum stop time required before another command can bl3 issl,Jed and 
accepted. It takes 250ms (max) for the heads to become securely 
parked an the ramp after a spin dawn conditian is generated. 

5-1-4-10. Compatibility 

The Hard disk drive powers up in the translate made of 615 cylinders, 
4 heads, 17 sectars. Ta utilize the Native mode .of 615 cylinders, 2 
heads, 34 sectars the BIOS must send the apprapriate parameters 
during the Initialize Drive Parameters cammand (refer ta the chapter 
cancerning cammand descriptians). 
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5-2. Specifications Summary'. 

5-2-1. Capacity 
Formatted 21.4 MBytes 

5-2-2,. Qorifiguration 
Actuator Type Ratary'Maving Cail 

Number .of Disks 

___ Data Sllrfaces 

DatC3 Head~, 

Serva System, 

Tracks per: Surface' -. 

Track Capacity 

Bytes per Block 

~!o,Ck~ per Track., 

Blacks per Drive: ' 

5-2-3. Performance 
Seek Times 

Track to Track 

Average 

Maximum 

Average Latency 

Rotation Speed 

Cantroller Overhead 

Data Transfer Rates 

Ta/From the Buffer

Burst (max) 

Sustained 

Ta/Fram the Media 

Start Time 

Stop Time 

Interleave 

5-2-4. ReadlWrite 
Interface 

RecQrding Ml3thad 

Track Density 

Recording Density (10) 

Flux Density (10) 

~ 

2 

Embedded 

615 
17,408 bytes 

512 

34 

.41;820 

8ms 

23ms 

4Sms 

9.1ms 

3,307 RPM 

1m. 

5.50MB!sec 

4.25MB!sec 

1.25MB!sec 

2 sec (typical) 

NA (refer ta functianal description) 

Pragrammable 

AT or XT 50pin 

2 of 7 RLL Code 

1,350 TPI 

38,452 BPI 

25,634 Fel 

5-2-5. Power Requirements 
Typical Power Dissipatian 

Spin Up 

Ready 

Seeks 

RIW 

Pawer Save Made 

Standby Mode 

DC Input 

3.50 watts (peak) 

1.10 watts (peak) 

1.25 watts 

2.50 watts 

0.70 watts 

0.05 watts 

+5 VoltS±5% D.C., 1 amp max. Maximum ripple allowed is 
2% with equivalent resistive laad 



5·2·6. Physical Characteristics 
Outline Dimension 

Weight 

O.60"x2.7S"x4.00" 
(1S.2mmx69.9mmx101.6mm) 

6.35 ounces (180 grams) 

5·2·7. Environmental Characteristics 
Temperature 

Operating 

N9~-Qpt3rallng _ 

Thermal Gradient 

Humidity 

Operating 

Non·Operating 

Max Wet Bulb 

Altitude (relative to sea level) 

Operating 

Non-Operating (max.) 

S'C to 5S'C 

-40·C to 70'C 

20·C/hour max 

1 0% to 90% non~condensing 

1 0% to 90% non~candensing 

30'C 

-1000 to 10,000 feet 

40,000 feet 

5·2·8. Reliability and Maintenance 
MTBF 

MTTR 

StarVStops 

Preventive Maintenance 

Component Design Life 

Data Reliability 

20,000 POH 

5 minutes typical 

250,000 

None 

5 years 

<1 non-recoverable error in 1012 bits 
read 

5·2·9. Shock and Vibration 
Shock 

Non Operating 

Operating 

Vibration 

Non Operating 

Operating 

5·2·10. Magnetic Field 

(1/2 sine pulse, 11 ms duration) 

100G 

SG 

(swept sine, 1 octave per minute, 
1 D-400Hz) 

SG peak to peak 

1 G peak to peak 

(without non-recoverable errors) 

An externally induced magnetic flux density may not exceed 10 gauss 
as measured at the external drive surface. 

5·2·11. Acoustic Noise 
Sound pressure level at 1 meter -39 dBA. 

5·2·12. Safety Standards_ 
The Hard disk drive is designed to comply with relevant product 
safety standards such as: 

UL 478 Electronic Data Processing Units and Systems 

GSA G22.2 No. 154 Data Processing Equipment 

VDE 0804 Regulations for Telecommunications Apparatuses includ-

-PG--6220 

5·2·13. Mounting Configurations 
The features which allow greater shock and vibration tolerance in
clude the dynamically loaded heads, a fully balanced rotary actuator, 
and the low overall mass and weight of the drive and moving masses. 

The drive may be mounted in any attitude. It can be mounted either 
from the side or the bottom using four M2X.4 screws as shown in Fig. 
5-3. 

Adequate ventilation must also be provided to the drive to ensure 
reliable operation over the specified operating temperature range. 

- - ----
M2)(.4 THD (~)() 

® 

0'11 l- I 
~~~~ __________ ~~o~+&-.-~ 

=====2
1

11 lo ... 
0.1&8 

~=====3,625 . ..... 4.000' 

ME x.~ THO (4X) 
x 0,09 DP SIDE 

'" 

3,625 

M2X ,~THD (4X)_ 
XO,09 DP £lQTTOM 

<D 

'KEL' 8B30E SERIES 
0,050)( 50 PIN 
CONNECTOR 

<D BOTTOM MOUNT 

€I SIDE MOUNT 

G) TOP MOUNT 
(OPTION AVAILABLE) 

Fig. 5-3 Mounting Specifications/Dimensions 

,_JngJnfg[mmion e~cessing E;quip!Tl.~!lt _______________ _ 

lEG 435 Safety Requirements for Data Processing Equipment 
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5-3-1. Signal description 
The following tablsdesCtibes ali of the pins dn, tM 50 Pili Interface 
Connector (J1 )'in AT MOde', AT-Maile is,desigrtaleif5y-piri 44.- ,', ' , 

, " ' 

,I/OPIN 
l',' SIG~AL , yo PIN , ,SIGNAL 

'01 " ~HQSTRESET ,02 GND , 
" 

03 +HOSTDATA7 04 +HOSTDATA8 

I 05 +HOST bA'rAtl ': i 06' ,+HOSfbATA 9 

1i7 +HdsTDATA'S 
, 

08 "'HOST DATA 1 0 

-99----~HE)S'I'cE}A'fA 4 u----+rtOSIDtrrA"'rr-

11 +HOST DATA 3 12 +HOST DATA 12 

13 +HOSTDATA2 , ' '14- +HGST-DAl'A13, 
15 ," +HOST DATA l' 16 +HOST DATA 1'4: 
17 +HOST DATA 0 18 +HOST DATA IS! 

19 GND 
, 

20 KEY 

21 Not Used 22 GND 

23 -HOST LOW i 24 GND 

2p , i-HOST lOR "...,.. 26 GND 

27 
-

Not Used 28 Not Conn~cted 

29 Not Used 30 GND 

3;-:- +HOSTIRQ 32 -HOST 1016 

33 +HOSTADDRI 34 -HOSTPDIAG 

35 +HOSTADoRO 36 +HOST ADDR:2 

37 .HOSTCSO 38 -HOSTCSI 

39 -ACTIVE 40 GND 

41 +5V Supply 42 +5V Supply 

43 +5VRetum. I,: 44 , , +AT/-XT 

45 +5V Return 46 +5V Supply 

47 +5V Return 48 +5V Supply 

49 +5V Return 50 +5V Supply 

SIGNAL NAME DIR PIN DESCRIPTION 

-HOST RESET 0 01 Reset signal from the Host system 
which is active low during power up 
and inactive thereafter. 

GND - 02 Ground between the drive and the 
Host. 

+HOSTDATA I/O 03-18 16 bit bi-directionaJ data bus between 
the Host and the drive. The lower 8 
bits 
HOD - HD7 are used for register & 
ECC byte access, 
All 16 bits are used for data transfers. 
There are tn-state lines with 24 rna 
drive capability. 

GND - 19 Ground between the drive and the 
Host. 

KEY - 20 An unused pin clipped on the drive 
and plugged on the cable, Used to 
guarantee correct orientation of the 
cable, 

Not Used - 21 Not Used 

GND - 22 Ground between the drive and the 
Host. 

-HOST lOW 0 23 Write strobe, the trailing edge of 
which clocks data from the Host data 
bus, HDO through HD15, into a 
register or the Data register of the 
drive. 

SIGNAL NAME DIR PIN '" DESCRIPTION' . " " 

GND - 24 Ground between the driVe' and the 
, I·, .. 

Host 

-HOST lOR 0 25 Read strobe, which when low enables 
data from a drive register onto the 

: ,Has! d,atab~s,:H[)O through:HD15,· 
The trailing edge of -HOST lOR. 
latches data from the drive -arth'e 
Host , , ' 

GND - 26 . GroiJrj'd between the drive:and,1hs()'·, 
I;IQst ' 

Not Used - 27 Not used , --
Not Connected - g~ ~ot, con~ected 

Not Used - 29 ~0:t.u~~9 
GND - 30 Groy{id between the driv,e,-qnd: tbe 

Host 

+HOSTIRQ I 31 Interrupt to the Host sysfeltt,; enabl~ 
only when the drive is selected, anq 
t.~e, Host activates ~he ~'E;N_bitjn, the 
Digitar Output register, VVl1ehthe 'lEN 
bit is inactive high, or the drive is not 

. seleCted;ihis 'outpulfr\;a: high im~- , 
ped_ance" state, regardless of the state 
of the IRQ bit The interrupt is set 

, wHen the IRQ bit is set by drive 
microCQl1troller. IRQ is reset to zero 
by a Host read of the Status register 
or a wrlte to the Command r'egister. 
This sigrial is a trj~state line' with 24 
Wa Q.rive, capacity. 

-HOST 1016 I 32 Indication to the Host system that the 
16 bit data register has been ad-
dresse~L~r]~ .-t.~~t t~,~ ~riv~ is, prepared 
to send or receive a 16 bit data word. 
This nne is tri-state line with 20 ma 
drive capacity. 

-HOSTPDIAG I 34 Passed qiiagnostic. Output by-the: 
drive if it is the slave drive. Input to 
the drive if it is the master drive. This 
low true 'signal indicates to a master 

,tHat-the-slave has passed its internal 
tCn?:gno~!c command. 

+HOST 0 35,33, ThreE;!: ~it binary coded address lines 
AO,Al,A2 36 used to' select the individual registers 

in the task file. 

-HOSTCSO 0 37 Chip select (je~oC!e)d from the Ho'St ad-
dress: bus'. Used ,to select low~order 
Host accessible-registers., 

-HOSTCSI 0 38 Chip select decoded from the Host ad-
dress bus;-Used,io acce.s5 the three~ 
high,order regist~r~ ,in the,.Tas~,~U~" 

-ACTIVE I 39 Signal from the drive used to drive an 
active LED whenE;lver the di{>k is . 
being accessed. ThiS- signal.is active 

I':,] : loW when the drive-'is busy and has a I 

drive capability of 48 rna.' . 

GND - 40 Ground'between the drive and-the 
Hp~t. .!i. 

+AT/-XT 44 W~en.connected to, +5V or left open • 
tliis signal will enabie At Mode. ' , 

,'L. _ _ - ,,' I ,. , , 

+5VSUPPLY 41,42, +5V Vol.! drive supply 
46,48, 

50 

+5V RETURN 43,45, +5V Volt P,S, ground 
47,49 

-34-



5-4-1. POWER COMMANDS 

At any given time the drive can be in one of three power modes: 
Active: The drive is either reading, writing, seeking, or is ready and 
idle on track awaiting the next command. 
Power Save: The drive is spinning, the heads are over the media 
but not necessarily on track. To recover typically requires 100 ms. 
Standby: The drive is spun down. Typically 2 seconds are required 
to recover from this mode. 

Commands are available to move between the modes as required 
to reduce power consumption. 

Chapter 6. LCD (LM64N671) 

6-1. Structure 

Structure: The 640 x 480 full dot liquid display graphic display unit 
consists of an LCD panel, electronic component printed 
circuit board, and the film carrier LSI that electrically con
nected. 

Jumper 
Printed circuit board 

Film carrier LSI 

Printed circuit board 

(electronic components 
inserted on the back of 

the board) Connector 

Jumper 

Printed circuit board 

Fig. 6·1 

6-2. BLOCK DIAGRAM 

FF~~""·"""·=~ 
:::::::::::: 
:::::;.::::: 

: : : LCD :::.:::::::: 

i ~ ~~~1~nuo"., = .. m"'-:~;;..,..!I 
: ... : : .. ::-:: . 

... '~: .. , 
! RAM! '._._ ... ' 

·MG : Generator 
circuH 

'------- -- ---

................. ..=;;::=, 
El lCB 

I=iCf---""""';40X 4BO LCD -----1 

IC21 

..•......... 1') lC16 

~~~"" .. "" .. ,,::::::::: ; 
:::::::::;;; ....... 

Fig. 6·2 

-----
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6-3. Specification 

Tbl. 6·1 

Item Characteristics Unit 

*1 Physical dimensions 244(W) x 19S(H) x 7MAX(D) mm 

Effective display area 20S(W) x 1SS(H) mm 

Display format 640(W) x 480(H) full dot -

.. - . Rot size - - 0.28 x 0.28 mm 

Dot space 0.03 mm 

*2 Dot color White *3 -
*2 Background color Black -

Weight About 240 g 

*1: The physical dimensions of the unit excludes the LCD sealed 
portion. 

*2: The color of the LCD panel may vary according to the environ
mental temperature due to the characteristic of the LCD panel. 

*3: Data "H" --7 ON=white When the 
RVlIne 

Data "L" --7 OFF=black is open. 

Negative logic is estab
lished when the RV line 
is connected to the VOD 
line. 

6-4. Abso'lute maximum rating 

(1) Absolute electrical maximum rating 
Tbl. 6-2 

Item Symbol 
Mini-
mum 

For logic Circuit Voo-Vss 0 

For liquid crystal 
VOD- VEE 0 

drive circuit 

Input voltage Y,N 0 

For liquid crystal 
VDO-VO 0 

drive 

(2) Environmental requirements 
Tbl. 6·3 

Maxi-
mum 

6.0 

33.0 

VDD 

28.0 

Storage Operating 

Unit 

V 

V 

V 

V 

Item 
Mini- Maxi- Mini- Maxi-
mum mum mum mum 

Tempera-
-2S"C 

ture 
+60·C O"C +4S·C 

Humidity NOTE(1) NOTE(1) 

Not~ 

Ta=2S"C 

Ta=2S"C 

Ta=2S"C 

Ta=2S"C 

Note 

Free of 
moisture 
condensa-
tion 

NOTE(1): Ta ~ 40'C .. _ 95%RH, max. 
Tll-,.-41l--e-:-:-:--Absolute-ntlmiciity-must-be-59%Rl1-witll--

Ta=40"C. 



6-4. Electrical characteristics, . 

(1) 
Tbl.6-4 

, ~ ':;:0 
~ 

-Ta--'25~C Voo 5V +"5% 
, 

Item. Symbol. Condi'tion Miriiin~m Maximum Unit Note 

Fat logic circuit sypply vCl,ltag~ Voo- Vss 4]5' '. 5.0 1
, 5.25. V 

. 
For ljquid crystal drive circuit ~_~pply v9't-

"ge . \lSE)--VEE-:--- '--rEm---r--TSo--"SO- -----v 

Liquid ,?rystal drive voltage Voo- Vo (NOTE) - ': 18.0-.; 21-.2- 25.7 V·' Jj': '., 
High level 0.8Voo - Voo V 

Input voltage ViN 
L,ov.;-r~vel 0 - O.2VOD - V 

1 

High level - - 25 ~A 
Input leak burrenl 1; I IlL . 

Low level -25 - . -:, ~A 

For'Jogid'c'ir~~ii~~PPIY curre'nt 100 Voo=5V. Voo-Vo=F=75Hz 21:211 - 25 35 mA . 
High frequency pattern 

Forliqyjd. crystal circuit supply current lEE - 15 25 mA 

Power COnSl!mptlon Pd -, }, f,. ,'_-} 
60b 900 mW 

NOTE: The view angle (e) of a maximum contrast may be obtainec by changing the liquid crystal drive vOltage (Voo-Vo). 
Maximum and minimum limits of the rating show the maximum and minimum voltages at the operating temperature range (O·C-45"C). 
"Standard" shows the nominal voltage. 

(2) Input capacity (3) Interfacing signals 

[1] Connector 1 (IL-Y-15p·S15L2-EF) 
, ~ 

Signal name Input capacity Pin No.:t: Symbol Func1ion Active signal level 

S 40pFTYP 1 S Scan start "H" 

CPl 250pFTYP 2 CPl Input data latch H .... L 

CP2 200pFTYP 3 CP2 Data input lock H .... L 

lJOO-UD3 200pFTYP 

LDO-LD3 200pFTYP 

4 BLoff 
Backlight control Connected with the 

pin-2 of connector 2 

5 Voo 
Logic CirCUit power -
supply (+5V) 

6 Vss Ground potential -

7 VEE 
Liquid crystal drive -
power supply (-) 

8 DUO 
Display data H(ON). L(OFF) 
(upper half) 

9 DU1 . .. 

10 DU2 .. .. 

11 DU3 .. .. 

12 LDO 
Display data H(ON). L(OFF) 
(lower half) 

13 LDl .. 

14 LD2 .. .. 

15 L03 .. .. 

TbI.6-6 

-36 



[2] Connector 2 (IL· Y·5p·S15L2·EF) 

Pin No: Symbol Function Active signal level 

1 RV 
Logic reverse con~ Open or shorted 
tral signal with VDD 

2 Bloff 
Backlight control Connected with the 

pin~4 of connector 1 

3 Voo +5V Must be connected 
with the contrast 

4 Vo 
Liquid crystal drive-- calibration circuit. ---
voltage 

5 VEE 
Liquid crystal supp-
ly voltage (-) 

Tbl. 6-7 

6-5. Driving method 

1) Circuit configuration 
Fig.6-2 shows the block diagram of the circuit configuration. 

2) Display configuration 
To obtain high contrast display by decreasing the duty, the area of 
640 x 480 dots display is divided into two sectors, each sector (640 x 
240 dots) is driven by 1/240 duty. 

3) Input data and control signals 

The LCD driver is BO-bit lSI that consists of latch circuit and LCD 
drive circuit. 

A 4-bit parallel data is supplied to one line (640 dots) of both display 
sectors at a time, starting from the upper left corner of the display, via 
the shift register with the clock pulse CP2. 

Upon receiving one line input data (640 dots), 640 signals are latched 
as parallel data at a high to low transition of the latch Signal CP1 to 
supply dot drive signals corresponding to 640 electrodes of the LCD 
panel. 

8ince the scan start Signal 8 sant to the scan Signal drive circuit has 
been transferred to the first line of the scan electrode, the contents of 
the data signals are displayed on the first line of the display screen by 
a combination of the LCD scan electrode and the voltage added to 
signal electrode. 

Whne the first line display data are being displayed, the second line 
data are received. Upon transferring the 640 dots data and latched at 
a high to low transition of CP1, the second line data are now dis
played. 

When data transfer is repeated down to the 240th line in this manner 
using the multiplex mode from the upper to lower lines, a single cycle 
of a full data display (1 frame) is completed, then again starts to 
accept the data from the first line. The scan start Signal 8 is a 
horizontal electrode drive signals. 

To avoid display flicker for this model, the operation with the frequen
cy shown in the table next is recommended. 

If a DC voltage was added to the LCD panel, a chemical reaction 
takes place in the liquid crystal of the LCD panel which may result in 
LCD fatigue. The driving waveform must be reversed in a certain 
cycle to avoid the generation of such a DC voltage. This is performed 

L----hy_iha async..M~lgnaLQirQYit Which convert~_th_~ ~_ri_~!i!~Lwa\leform into 
ACsignal M. 

-PC-<i220 

Source frequency 50 60 50/60 

Operating frequency 50±1 60±1 72±1 

(Unit: Hz) 

On account of the characteristics of the CMOS driver LSI, the power 
consumption of the unit increases proportionate to the increase of the 
CP2 clock frequency. Therefore, to decrease the CP2 clock data 
transfer speed, the driver LSI incorporates the system to 4 bits trans
fer parallel data through 4 shift registers. Use of this LSI abates the 

__ F.~~er c~nsumptjon of the ~~j!._ _ __ _ 
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For this circuit configuration, a 4-bit display data are supplied from 
data input lines of UDO-3 for the upper half and DlO-3 for the lower 
hall. 

Aside from this, a data input bus line system is adopted for less 
power consumption. With this system, data inputs from LSI function 
only when appropriate data are sent. 

The following shows the a full screen signal electrode data inputs and 
the driver LSI chip select functions. 

First, when the driver LSI at the left is selected to send aD-dot data 
(20CP2), the right side driver close to it is selected. This action con
tinues unti11he data have been sent to the driver LSI at the right. This 
process takes place at the same time with the signal electrode drive 
LSI for both screen sectors. 

In this manner, data for both screen sectors are supplied through the 
4-bit bus line one at a time. 

Because this graphic display unit does not have the internal refresh 
RAM, it is necessary to supply the data and its timing pulse. 

Horizontal 
1do! 2dol 3dol MOdo! 

vert~~:~ fB'~'±' l~' ~. '8=,E.:,Ef'''·:-:'':-:''''''''''':-:':-:''''''''''':-:·:-:'':-:''''·:-:'':-:'''''''::-:-:'''''''''' :-: .. :-:. ~B'~.~"~o~, 
2do! 2·1 2"2 

3dOII~ 

24Odol 

241dol 

48Odol 

241" 1 ~ 241 "640 

~ooooo ••. ooo.ooo.Ooooooo ••. Oonon.oo.ooooooooo .o __ oooI480~640i 

NOTE: IJ]] "1" represent the first vertical dot and "2" the 
second horizontal dot. 

Fig. 6-5 Dot chart of Display Area 



CHAPTER i., POWe-FfSlJPPLY uNIT 

7-1. Technical characteristics 

1) Inputs 

i) AC adapior input 
Ratedvoltage: 15.3V 

.. __ ll'Lori<ing-'lQIJagarange:..L4.2.4",.t.6.51V-I ____ _ 

ii)BatterYinpu! 
Rated voltage: 9.6v 

Working voltage range: BJ) ... 12.BV 

2) Outputs 
i) Output 

~ Circtiiti 
:ha'nie ';i 

Rated load 

, 

5VVee 5VVBui 
" . , 

:1(2 
2.12A O.IA 

*1: VBT is an input voltage through circuit. 

:<2: VBul is battery backed up. 
If Vee is not. the load current is O.OiA. 

ii) Recharge output 

, 

~24VVLCD· 

O.022A 

*1· 
\/BT 

2.7W 

There are two modes of recharge; quick recharge and trickle 
recharge, which gets in action when the power is off'to the 'personal 
computer. 

~ Quick recharge Trickle recharge 

Charge current O.7BA O.045A 

Charge time 2 Hr Continuous 

7-2. Operational description 

This DCIDC converter consists of two boards; one of which is the 
control PWB and the other is power supply PWB. 

2-1) Input filter 
Fig.7w 1 shows the input filter. 

It is a high pass type filter that consists of CL 1, CL2, and C2. Noise 
on the input line, radio interference from within the converter, and 
conduction noise are suppressed in this circuitry. 

+ IT' -="",---,.---,'L1 r--.--l 

Fig. 7-1 
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2-2) 5V, VCC circuit 
Fig.i:2 shows the 5\i, vccCi~quji .. 
B~16.5VDC supplied Irom the ACadaptor or the battery is dropped to 
5V in TR4 to supply the regulateid 5V~ The' transistor TR4 is switched 
at 110KHz Lisin-g the' control signal from! lei of the control PWB to 
convert t~e De input into high frequencY~square waveform, -them rec
tiliedand smoothed by D2, L2, and Cl0. 

To regulate the output voltage, a -fluctuation in the supply line is 
detectetf: and divided by means of the ;resistors Ri, R2, and VR1 
within the control PWB iNhieh is then sent to, the comparato(input in 

-~JCrWhere'1heONWlCllfi(jrrR4'i$·contrcilled by the drive Signal that 
error amplified by the error amp within' lei. ' 

On and off 01 Vee is controlled b~ CPU (IC5). 

~~ p' 

L... 

, 
n 

I , 7 e '9 • 
W W <) '" e 

,-
~ 

~ ·TR3 

Yo !l . • ·RlI 

" 
" 

II 
, 
" 00 

z z 
" " 

Fig. 7-2 

. 

> > > > 

j 'y' , Y' • 14 1 y13 

W W W 
t-- e,'! 

+ 

'TAt 
< F~ F M 
0 

'R25 'R24 0 
M 

~ 

I- M 

r : ·Iet 
~ 

~ ~6~ iC ~ 
+ 

? 

i3T f-i f- 'CaB 

- --'VV\,- ·A31 

, 2 'A2 'Al 

'VA',' 

I vee, ADJ I 

Fig. 7-3 

.---' 
p 

h I ' 
i' '.2'_.12 ~ 5' Iii I·~~!!H.'_ 
w e 00 

, , Y" 5 y"f· 
P f-L 

~ 
r-- ~ 

: I flJ 
L 

'V ¥ ~ 

!l 

I 



2-3) 5V, VBu1 circuit 
Fig.7-4 shows the 5V, VBu1 circuit. 

For VBu1, the vee output and the 3-pin regular IC3 outputs are 
OR-ed by the diode using DS1. If VCC was present, the VCC voltage 
is sent out straight. If not, output is obtained from IC3. 

It has relationship of IC3 output < Vee. 

~ 
. ..... , 

" " '" ~ .M 'DS1 , " , 

~; 
, ~ , 

,~ , ~ , , " , " 
,. , 

T~ P G G G G • " G 

• .. , 
• .. 

p ~+ 
, 

" B 
-.,,' ~ 

mi' 
, 
, 

'R5 !t: 
" 

" 
" 
'" 

, 
, 
, 
cc 

'"' AC' 

'R34 

." I 

I_T?~ 
-

Fig. 7-4 

2-4) -24V, VLCD circuit 
Fig.7-5 shows the -24V, VLCD circuit. 

'------] 
I 

• '" G 

• .. , 
• .. 

C , 
" B 

P104 ~ 

Current flowing in the ON period of TR4 of the Vee circuits charged in 
the primary circuit coil and released from the secondary circuit coil 
during the off period, to supply energy to the load. 

A square waveform generated in the secondary side coil l2 is rec
tified and smoothed by D3 and C22 to obtain the DC current of about 
4DV. This then dropped to -24V by th 3-pin regulator IC4 to be used 
as the LCD power supply. 

~ ............ . 
125V 

M -

. -~~ P N . 
N ~ 

N 

• U U . . 
-'"1 

m !' p '104 
I 

Fig. 7-5 

2-5) VBT circuit 
Fig.7~5 shows the VBT circuit. 

VBT is an input through circuit from which derived the voltage same 
as the DC input. F1 is a short circuit protect fuse. 

2-6) Recharge circuit 
There are two types of the recharge circuits; the quick recharge circuit 
that operates when the switch 81 is off and the trickle recharge circuit 
which the current flows at all times during the time the AC adaptor is 
used. 

_JL_~s:~ recharge circuit __________ _ 

With the IC1 drive signal within the power supply PWB is switched at 
about 50KHz using TR1 which is then rectified and smoothed by D4, 
L 1, and C3 to recharge the battery. 

Recharge of the battery is entirely controlled by IC5 within the control 
PWB. 

-39-

-PC-6220 

lC5 is a 4-bit microcomputer that not only controls battery recharge 
but handles signal transfer with the main unit 

ii) When AC input is added to the AC adaptor, the current is kept 
supplied to the battery via R9. 

P10~ , ~ 
1A vee 

" vee 

" VLCD 
4A 

G 
SA 

VBD 

" (f) 
" B-GND 
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7-3. Troubleshooting 

3-1) 
The personal computer does not run when the power I 
is turned on. 

Check CNi ,CH2, eN3, and CN4 if properly connected. 
NO 

- -- --- --------- ---- - - ------- -- ------- ---- ---- --

YES 

Check the VBT output is on. 

When the power is supplied through the adaptor: 15V. NO 
When the power is supplied throuQh the battery: 9.6V. 

YES 

Check the waveforms of VDS and VGS within the 
power supply PWB. Check if a waveform is identical YES 
with that shown in the waveform figure. 

NO 
Check the pin-1 of IC5 within the control PWB if the YES 
waveform in the figure can be seen. 

NO 

Check the pin-1 of IC4 within the control PWB if YES 
9V-14VOC is added. 

NO 

Check TR1, TR2, TR3, and TR4 of the control PWB. 

Does not operate. 

Replace IC5 (CPU) with a new one. I 

-41-

Firmly fasten a loos8 connector. 

--- --- - - - - ----- ---- - -- -- -- ------- -

-PC-£220 

-

Check the adaptor and battery voltages. If satisfactory, 

check 

DSI of the power supply PWB. Or, replace it with a 
newone. 

Cneck for an open L3 line. 

Check for an open line in the wiring harness between 
Pi 01, P104 and CNB. 

Check R11, 05, TR3, and TR5 afthe power supply 

PWB.Or, replace it with a new one. 

Replace IC1 of the control PWB. 



-Ji'Gc--&Z2t1-

3-2) 

The -24V LCD circuit fails to produce output. I 

Check the voltag~ in .C22 ~ithin ,the conlrol PWS if YES 
Replace [C4 of the Control PWB\i..tith a new one. I 40VDC is produced. 

----

" , .... ". NO· --

Check the waveform of L2 if it is as shown in the 

w8vefdrtn J fIgure. 
YES 

=-! I Check 03, 05, and R9. Or, r~place it with a new ami I 

NO 
R~place L2 with a n~VJ ~me. 

3-3) 

VBul circuit does not produce output. 

Check the voltage of C9 within the control PWB if NO 
I 5V is produced. Check IC3 and TR11. Or, replace it with a new one. 

YES 
Check OS1 or replace it with a new one. 

3-4) 

VBT circuit fails to produce output. 

Replace F1 with a new one. 

-4~-
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3-5) 

The battery cannot be recharged. 

Check the battery itself using the voltmeter to see if I Replace the battery with a fresh one. 
the battery voltage is OV in the DeV range. YES 

--------- ------ -- ------ - --- --- - - - -- --- - -------------

NO 

Check the battery connector is firmly connected. 
I Make the connector ffrmly connected. I NOI 

YES 

Check the waveform on test pin TP1. 
NG 

Replace IC5 with a new one. I 

GOOD 

Check the waveform on TRi. 
NG 

Replace TR1 and lei with new ones. I 

-43-
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CHAPTERS. KEYBOARD 
(CE-621NK) 

8·1. Input/output data 

1) Start/stop, half·duplex transfer mode for the 
clock and data lines. 

. -2rTfansfel':~ormat- -_. 

Datal s IbOl"lb.I"Ib4Ib5Ib6Ib71 p I 

i I' t i ~ 
Start bit Data bit Parity bit Stop bit 

Odd. Rarity is used. 

Fig. 8-1 

3) Transmit rate 
For- botf). _send and receive, it depends on the clock signal sent from 
the keyboard which will be 14300bps. 

4) Output 
The output (data, clock) is directly connected with the 80C52 control
ler. 

8·2. Data send/receive control 

Prior to-sending and receiving of data on the keyboard, the clock and 
data lines are checked of their conditions. 

Clock 
1 
1 
o 

Data 
1 
o 

o or 1 
0 ... Low 

Keyboard data ready to send 
Keyboard data receive request 
Send/receive disabled 
1 ... High 

NOTE: After completion of the keyboard data, "1" is sent onto the 
cl09k and data signal lines. 

1) Keyboard data output (KB-7Host) 
If there is data in the keyboard internal buffer with a high state of 
clock and dCl;ta, these signals are driven in the timing shown separ~te
Iy to send the data. Incase the clock signal is at a low (0) with "1" 
sent on the 'clock line, that is, the clock (0) is send, by ihe host, the 
clock, and data signals are fixed to n1,n and the data output is inter-
rupted. - .. - - . 

2) Keyboard input (Host-7KB) 
If clock is at a high (1) and the data low (0), the host assumes that 
data is going to be sent to the ks)!board,· and the clock signal'js driveJl 
in the timin~i ~ep'ilrately:.shown ~nd data are recE!ivlj!d.in synchro-niza
tion with it. 

If a parity or 'framing error· is- involved, the RESEND command is 
issued from the keyboard and be,co,mes ready for an input again. 

8·3. Key code 

A key code is sent to the FIFO buffer in the keyboard and the con
tents of FIFO are sent when it become-s ready ta-:send-·.afte~ hand
shake. The SET 2 mode is establi$h:~d·after the p'ower was turned on. 
The key code can be selected by.the SELECT SCANco.nimand (FO, 
00-03) and it is possible to select SET 1, SET 2, and SET3 for the 
output code. Except for special code keys shown,in a separate Ijs:ting, 
it produces a "MAKE" code and a "SR~Kri code.' -

Set 1 mode 

l Make code ...... Value in the code table ... ~ .. 1 byte . 

Break code ...... Value in the code tabie+80hex .. , ... 1 bYte 

Example: MAKE code = 20 hex produces BREAK code = AO) hex 

, Set 2, Set 3 mode 

I Make cede ...... Value ··in the cede table ...... 1 byte 

1 st Break code ...... FOhex 

2nd Break cbde ...... Value in the code table ...... 2 byte 

Example: MAKE code = 20 hex produced BREAK code = FO, 20 hex 

NOTE: If a key code that needs to be sent is occurred when the 
FIFO buffer is fully occupied, the OVERRUN cede is 
provided after waiting until a vacancy is obtained in the buff
er, then the' key code is set. In this event, either 
MAKE/BREAK cede may not be lacking. 

8·4. Repeat operation 

When the same key is kept depressed, it produces the key code 
repeatedly sent to the FIFO buffer. The following is established for the 
repeated key. 

If the same key was kept depressed, that particular key code is 
repeated to issu~ and stored in the FIFO buffer. All keyboard keys are 
subject to this in the SET 1 and SET 2 modes, except for the SET 3 
mode where the following keys are effective for repeat. 

Released 

Key "A" 

Key "8" 

Store in the 
output buffe r 

""1-

J 

n 
TDolay 

Released 

n n n 
,~. "" "" 

"An Make code 

Pressed ..s---
Pressed 

n n n ~ , 
Tllolay "" ,~. ,~. 

"k' Break code 
"8" Make code 

"8" Break code 

Fig. 8-2 

Repeat takes place in the following sequence. 

1. Wait for depression of a repeat (TYPEMATIC) key. 

2. When a TYPEMATIC key is pressed, the MAKE code of that key is 
stored in the output buffer. 

3. Step 2 is repeated until the MAKE code is accepted to the output 
buffer. 

4. The key by which the MAKE code is produced is temporarily 
stored in the latest output buffer. 

------------------------------------~~46~----------------------------------



5. It waits for the time TDelay that programmed by the SET 
TYPEMATIC RATE/DELAY command. If a new key depression 
was made in this period, it returns to Step 2. If the key that stored 
the key code latest in the output buffer is released, it returns to 
Step 1 after storing the BREAK code of that key in the output 
buffer. If the other key than that stored the MAKE code latest in 
the output buffer is released, the BREAK code of that key is stored 
in the output buffer. 

6. If the key that stored the MAKE code latest in the output buffer 
without a new key depression, the MAKE code that temporarily 
stored is sent to the output buffer. 

7. It waits for the repeating time TRap that programmed by the SET
TYPEMATIC RATE/DELAY command. If a new key is pushed in 
this period, it returns to Step 2. If the key that stored the MAKE 
code latest in the output buffer, the BREAK code of that key is 
stored in the output buffer and returns to Step 1. If a key other 
than stored the MAKE code latest in the output buffer is released, 
the BREAK code of that key is stored in the output buffer. 

8. If the key that stored the MAKE code latest in the output buffer is 
released without a new key depression, it returns to Step 6. 

8-5. Fn key 

Operational description 

The Fn key (key No.128) is the key employed to emulate the 24 key 
which was removed from the IBM AT 101/102 keyboard in regard to 
the US, GE, and UK keyboard. It is also used to generate the key 
code that expanded from the original 1 01/1 02 keyboard. 

Key code shown next will be issued when the following key is pressed 
while depressing the Fn key or the Fn key is pressed while the 
following key is depressed. 

Key combination Emulation key 
(US keyboard) (AT101/102 keyboard key No.) 

~ +~ (Key No.8) 171Ten key for Number) I ( 91) 

~ +~ ( 9) 8(Ten key for Number) I ( 96) 

~ + [9/Q ( 10) 191Ten key!or Number) I (101 ) 

~ +§J ( 11) l'ITen key>! (100) 

~ +[ZD ( 14) Ilns(Ten key for Cursor) I ( 99) 

~ + 1<-IBackSPacell ( 15) I DeilTen key for Cursor) I (104) 

~ +@] ( 23) 14(Ten keyfor Number) I ( 92) 

~ + 0 ( 24) 151Ten key for Number) I ( 97) 

~ +~ ( 25) 161Ten key for Number) I (102) 

~ +0 ( 26) 1-ITen keYII (105) 

~ + 0 ( 37) 11 ITen key for Number) I ( 93) 

~ +0 ( 40) I 'ITen key) I (106) 

~ + \ .J(Enter) \ ( 43) I EnterlT en key) I (108) 

~ +a ( 52) I OITen key for Number) I ( 99) 

~ +~ ( 54) I ITen key for Number) I (104) 

~ +§J ( 55) I/ITen key) I ( 95) 

lB +.E] ( 79) I HomelCursor keYII ( 80) 

[§J + IT] ( 83) I PageUPICursorkey) I ( 85) 

~ +0 ( 84) I PageDownlCursorkey) I ( 86) 

[§J +B ( 89) I EndlCursor key) I ( 81) 
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Key combination Emulation key 
(US keyboard) (AT1 01/1 02 keyboard key No.) 

[§J +~ (110) I Blank/5lTen key for Cursor) I 

~ +@] (112) §J 
[§J +@] (113) §] 
~ + @] (114) I <-IT en key for Cu rso r) I 

~ +§] (115) 1->ITen key for Cursor) I 

[§J ±§] --- ------- (116) I t(Ten key!or Cursor) I 

~ + §] (117) I.LITen key for Cursor) I 

~ + ~ (118) I PageUplTen key for Cursor) I 

~ +§] (119) PageDown(Ten key for 
Cursor) 

~ +~ (120) I Home(Ten key for Cursor) I 

~ +§] (121) I EndlTen key for Cursor) I 

~ +§] ( 75) I Num Lock I 

~ +~ ( 76) I Scroll Lock I 

~ + I SysReq [ (124) I Print Screen I 

~ + I Setup I (127) 
,...---------~ 

L ~1~~n_a!e_~e!u.P J 

~ + I Pause! (126) 
,... - ----, 
'Sleep' L __ ~ 

8-6. Typing timing 

1) Normal typing timing 

Key "A" 

Key nB" 

TO t-~ 
Released ~ r---'"l 

-, I Pressed i It""' ---

f I II---!-f --
Output buffer set --H.i ~-+-+f .!--t,!-~ -"-.! h'-~ ,H-::! ~!--

TSt TSl Tsi TS
1 

"A" "B" 'B" "A" 
Make Make Break Break 

Fig. 8-3 

Ts: 10-20msec (NOTE) 

( 97) 

(122) 

(123) 

( 92) 

(102) 

( 96) 

( 98) 

(101) 

(103) 

( 91) 

( 93) 

( 90) 

(125) 

(124) 

U::LEWl 
(NEW) 

But, if it is shorter than the time required to prevent chattering by TO, 
the order of outputs "A" and "B" may be inverted depending on the 
sequence of sampling. 

NOTE: For this period is required to prevent chattering and is the 
parameter that may vary according to keyboard mechanical 
characteristics. The parameter shown above is the one when 
the bounce convergence time. 

Shown below is the expression to obtain Ts. 

Min Ts = Maximum bounce convergence time 

Max Ts = 2 x (maximum bounce convergence time) 
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;2) Power on timing with a key depression or key, 
code 'output tiinin~LafRESET c()ll1l11andinput· 

;When power. is turo.ed-on.witii ~a key depressed orthe key code of:ih~ 
:key-pusned aHerseriding the-SAT completion code (AAH) is'sent 
'af!9r'_the F!~SET cO"-,,_rl!~nd" ~~~;b'e~n' 'processed. ' 

Power OFF 

-Reset 
,ceimniand {FF Hex}, 

, , 
HS.".o,.HOST 

'q~tput command 
1:50m$, ~ax. 

BAT Completion 

, Code (AA Hex) 

8_"7: Inputloutpufcommands 
, . 

• , _ _ _ '_ - 1 " : '_ ~" , ~ 

Released 

ON 

1)lnputcommancl (hOl;Hkeyboard controller) 
,-,j"' , --";,- '-' . "- '" , 

,When a command gi9'e(ri in the' cQrTUl1and list is inptJtted.,'-the pmcess 
'take'~·1 place. The response signa.!., 10 the host shoufct be returned 
within -20msec, except for the response to the RESET command. If 
there is no such a command, the RESEND command is returned to 
the host. 

2) Output command (keyboard co~troller--?host) 
The keyboard controller sends the command 'ccide to ,the host except 
the key scan code. 

3) Newly employed command codes 
DISABLE SLP commarfd ............... "" ........ ", .......... ,E2 hex 
ENABLE SLP cammand" ............... ", ....... "" ......... "E4 hex 
RESET SLP command , .. " .. " .......... ,."" ...... "" ........ ,EO h.ex 
SET SLP camrT)and.· .......... ", .. " ................... ", .. " .... E1 hex 

8-8. N-key rollover 
The keyboard controller itself does the N-key rollover. A resistance 
method matrix is usedifor the-key matrix, and the return data is sent 
to the controller via the rollover chip (VHi3JD2CA1A-1) made by Alps. 
Because of this, a complete N~Rey 'rollover may not be attained owing 
to the limit to the key numbers, it has been so_ made, as ~9 f1~cure the 
10 key rollover. Adoption of the ,N-rollover chip ""ould not generate the 
p"e~un:GOdecau~'e(:io~irriultiple}k~Ydepre's~ioft' , -', ,,' 
,. .". ' , __ j i ". , " ,', " ",' 

13-9. MiJltiple. key·depressionin~h,(~ingJJ1e 
emulcitionkey,.l; .' ..... '. ••.. •••... 

(1 ).:i~-, ca~~' 'a normal, ke~ is pr~s~ed while, t~e' emuiat!or) ~ey 'is -,being 

p~~ss~q, afld t~9:~the'flor~~1 key-!s,release~ fi-rst. 

Released 

Fn key or --, 
NUM LOCK: key ) I '- j: , Pr,essed ], I 
Emulation 
key 

Normar keY--:.- . 

. ,Released', 

I 
Released 

I 
j J ,I} '" 

.. , Einulalion key; 
Emulation MAKE 

<cOdel 

r--

nono .~ .~ 
. . ·.I··l l •• t 

, > Normal' liay Normal key • emuiatlon key 
MAKE COde, BREAK code Emulation SREAI 

Fig. 8·5 

(2) When the normal key is pressed while the emulation key'_,is being 
pressed and that the emulation is released first. 

Released 

~~~~bCKke~L"=·~'~ __ ~ __ ~ __ -!P~'~~'d~ __ ~~ ________ JI 
Released 

Emulation 
key 

Normal key 

Burfer set 

I 
Released 

o 00 0 
Emulation key 
E!l1ulation.MAK~ 

"", 

Press!ld 

0000 ~ 
I t t 

Normal key Emulalion key Norm131 key 
MAKE 'code Emulation BREAK BREAK code 

"", 
Fig, 8·6 

(3) When the normal key is released while the emulation key is being 
depressed and that the' Fn, key, emulation key, and normal key are 
releaSed in this otder. 

Released 

Fn Rey or ~ Pressed 
NUM'LOCK key L.....,~~~ __ ~~-'~~ __ --l 

Emulation 
key 

Normal kay 

Buffer set 

Released' 

I " Pressed 

Rereased 

Pressed I 

o non oonou~ou ~ 

Em"'.'o~ kei . No .. " ,,' ~AKE ",d' t llN"mt'Y Emulation MAKE Emulation key -·1 _; ~REAK-code 
COde;· , ,-,,-~~,t .','~ 

Emulatton BREAK ' .. , 
code 

Emulation key Emulation key 
Normal operation Norm8/ operalion 
MARK ccxle BREAK code 

. Fig. 8-7 
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(4) When the normal key is pressed while the emulation key is being 
pressed and that the Fn key, normal key, and emulation key are 
released in this order. 

Released 

Fn key or I Pressed 
NUM LOCK key ReleL"-"'-:---------'-'=""----' 
Emulation 
ko, 
Normal key 

~L-~~~ ____ ~P~'$='='d~ __________ ~r__ 
Released 

Pressed 

-PC--ti22Q 

(7) When the normal key is pressed with the shift key while the 
emulation key is being pressed and that the normal key, emulation 
key, and shift key are released in this order. 

Released 

Fn key or ~ Pressed I" 
NUM LOCK key Rele:"~'~d:----------''''''''''''----------..JI 
Emulation 
k" 

Shift key 

~ 
Released 

Pressed 

Pressed 

Released -0---0 o-n--o 0 00 m 0 n ~ m~-----N"mot k', ---- Pressed I 

Emulation key 
Emulation MAKE 

"", 
Nocmot k', ~AKE "", i jN"J k', 1 

Emulation key BREAK code 

Emulation BREAK 
",d, 

Emulation key Emulation key 
Normal operatJon Normaloperatloo 
MARK code BREAK code 

Fig. 8-8 

(5) When the normal key is pressed with the shift key while the 
emulation key is being pressed and that the normal key, shift key, 
and emulation key are released in this order. 

Released 

Fn key or I Pressed I 
NUM LOCK key R L---;d-------""'~"---------.....J 

elease 
Emulation 

k', ~ Pressed r__ 
Shift key 

Normal key 

Buffer sel 

Released 

Pressed 

Released 

o 0 
Em,'.'" "J i 
Emulation MAKE 
code 

Shift key 
MAKE code 

Pressed 

o 0000 m 
~"m" k', 'MAKE rod~ r 

Normal key 
BREAK code 

Fig. 8-9 

Sh'ft ,1 t 
BREAK code I 
Emulation key 
Emutat10n BREAK 
code 

(6) When the normal key is pressed with the shift key while the 
emulation key is being pressed and that the emulation key, normal 
key, shift key, and Fn key are released in this order. 

Released 

Fn key or I Pressed I 
NUM LOCK key Rele~'~"~dl-----;:==~==========--
Emulation ~ Pressed 
key ReleaseLd,.----:..:::=::..J 

Shift key Pressed 

Normal key 

Buller set 

Emulation key Normal key MAKE code 
Emulation MAKE"", I 

Emulation 
Normal case 
BREAK code 

Fig. 8-10 

Normal 

Shift key 
BREAK code 
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Buffer sel o 0 
t t 

Emulation key Shift key 
Emulation MAKE code 
Normal case 
MAKE code 

n n ~ 
~i MAKE code 

Normal key 
BREAK code 

Fig. 8-11 

t 
r Shift key 

BREAK code 

Emulation key 
Emulation 
Normal case 
BREAK code 
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(1-1 (). FI~l>il>tQ( inl!lmbran~ 'in~thQ(:f 

(1) Configuration 
The resistor membrane N-key rollover circuit consists of: ' 

CD a membrane switch that has the resistor matrix (printed), 

® scan circuit that) convert the unsele.qted, row to g~~und level, and,,, 

@ comparator that recognizes the receive signal leVeL 

Matrix 
resistors 

A B 

Fig.2 R'esistor membraine N-key configuration 

(2) Operation 

VIN ~can pulse SP . . 
. Receive signal RIA 

: RS1 SP lA II!l< RS1 

: _:":~.~_:1-·_··_··_:,,;':~,,:-·~_1~-1 ::'_,,_"_"_''''~~'''2,-li-_'~_ ¢ l;,'~"';r :";~S2 
"" 2~h Equivalent 

Theoretical A -{T~ circuit 
drawing ____________ -==~ ____ __1 

Fig.3 Theoretical drawing 

(2)-1 Removal of phantom key by line separation 

Each key switch constitutes a serial matrix resistors RA 1-R2B. 

Using those resistors, the not selected by the scan pulse is set to 
ground level. 

This way, line is isolated in terms of circuits (see Fig.3 Equivalent 
circuit). 

So, there would be no phantom key generated caused by line to 
line interference as seen in the conventional configuration. 

(2)-2 Receive Signal level recognition 

With this method, there would be no generation of phantom key 
caused by line to line interference. 

But, if there was a rollover operation in the same line of the matrix, 
the scan pulse peak value VIN is divided by the matrix resistors 
R1A and R1 B to decrease the receive level. 

So, the comparator KM1 (KM2) is used to recognize the level. 

• So, if assumed that occurrence of comparator threshold value Vref 
as many as the maximum rows of the matrix rows, the N-key 
rollover can be attained by setting it to the minimum receive level. 

-50-



-PC-6220 

CHAPTER 9. EXPLANATION OF LSI SIGNAL 

9-1. SOC2S7 SO-Bit HMOS NUMERIC PROCESSOR EXTENSION (80C287) 

• High Performance SO-Bit Internal Architecture 

• Implements Proposed IEEE Floating Point Standard 754 

• Expands iAPX 286/10 Datatypes to Include 32-, 64-, 80-Blt 
Floating Point, 32-, 64-Bit Integers and 18-Digit BCD 
Operands 

• Object Code Compatible with 8087 

• Built-In Exception Handling 

• Operates In Both Real and Protected Mode iAPX 286 Systems 

• ax80-Bit Individually Addressable, Numeric Register Stack 

• Protected Mode Operation Completely Conforms to the IAPX 
286 Memory Management and Protection Mechanisms 

• Directly Extends IAPX 286/10 Instruction Set to 
Trigonometric, Logarithmic, Exponential and Arithmetic In-
structions for All Datatype_s ~~_~_~ __ ~ ___ ~ 

• Compatible with 80386 CPU 

• Available In EXPRESs-standard Temperature Range 

• Available In 40 pln-Cerdip package (see Packaging Spec: 
Order #231369) 

The lntel® BOe2a? is a high performance numerics processor extension that extends the iAPX 286/10 architecture with floating point, extended 
integer and BCD data types. The iAPX 186/20 computing system (802C86 with 802C8?) fully conforms to the proposed IEEE Floating Point 
Standard. Using a numerics oriented architecture, the BOe2a? adds over fifty mnemonics to the iAPX 286/20 instruction set, making the iAPX 
286/20 a complete solution for high performance numeric processing. The 80287 is implemented in N~channel, depletion load, silicon gate 
technology (HMOS) and packaged in a 40-pin cerdip package. The iAPX 286/20 is object code compatible with the iAPX 86/20 and iAPX 88/20. 

STATUS 

ADDRESS 

BUS INTERFACE UNIT NUMERIC EXECUTION UNIT 

CONTROL WORD 

STATUS WORD 

NEW INSTRUCTION 

OPERANDS 
OUEUE 

FRACTION WXPONNENT 

'" eo, 1+---.., 

MICROCODE 
CONTROL 

UNIT 

INTEAFACE 

§~'" ''I ''I 
"I REGISTER STACK 

g 3'" '" "I 
'"I _ aOBfTS -..... 

NOTE: 

N" '" 
N" " N" " N.C. " 
'"' " 
'" " 
'"' " 
'" " vee 

'" " " 
'" 

8028? 
" 

"" " 
N.C. " " 
" " " 
" "' " 
07 " " 
" " " 
" " " 
" " " 
" " 

NC PINS MUST NOT BE CONNECTED. 

Fig. 9-1. 80C28? block diagram Fig. 9~2. 80C287 pin configuration 
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"M 
N'C 
N,e 

"""" RESET 

NPSI 

NPS2 
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Table 9-1. 80C287 pin description 
. .. , .' •. . .c. . .. -~ - -' 

Symbol Type Name and Function 
.. 

·';Clock! input: this clock-provides the basic timing for internal<SOC28? operations. Special' 
ClK I. MPS level inputs are required. The 82284 or 8284A elK outputs. are compatible toJhis. 'Input. - , -, ',- - ,--;.,; ,.; -'" " . '; 

J .J " 
. Clock Mode signal: indicates whether CLI< input i~ tab" di~id~d by 3 or used direCtiy. A· , 

CKM I . HIGH input will cause ClK to be used direclly. this input may be connectedtc Vcd or VsS 
asappropriate. this input inust be either HIGH or LOW 20CLK cycles befdte RESET goes 

• J' • ' .... 
.... LOW. 

I Qystem"Heset: causes the 80C2B7 to immediately terminate its present aetivity and :e'rlter 
RESET I 

. a-dormaAfstate. RESET is reqUired to be HIGH for more than·4802,87 CLK-cYC_les.:For: 
"-;';;,,':-- .. p(oper initialization the HIGH-low transition must occur no Sgener than' 5,0' ~s after ,Vee a_nd 

C~K meet their D.C. and A.C: specifications; : ' 

015-00 I/O 
D~~a: 16-b"it bidirectional data bus. Inputs to these pins may be applied asynchronous to 
the 80287 clock. .,., , , .' .. 

BUSY --.1 0 Busy-status: asserted by the, 80287 to Indicate that it is-curr~ntly executing a cO!11.mand., 

.' ERROR' 
, 

Error st.:dus: reflects the -ES bit of -the status word~ This signal 'i,hdicii.tes;that an t1hm~sked, -. 0 
error condition exists: ' , .. 

Processor Extension Data Ghanhei operand transfe( request: a HIGH 'on this outpufindi-

PEREa 0 cates that the 80C287 is ready to transfer data. PEREQ will be disabled upon assertion of 
PEACK or upon actual data transfer, whichever occurs first, if no more transfers are re-
qUired. 

Processor Extension Data Channel operand transfer ACKnowledge: acknowledges that 

PEACK I 
the request signal (PEREa) has been recognized. Will cause the request (PEREa) to be 
withdrawn in case there are no more transfers required. PEACK may be asynchronous to 
the 80287 clock. 

NPRO I 
Numeric Proc_essor Read: Enabl~s transfer of data from the 80287. This input may be 
asynchronous to The ~OC287 clock. 

NPWR I 
Numeric Processor Write: Enables transfer of data to the 80C287. This input may be 
asynchrono':l~_t~the 80C287 clock. 

Numeric Processor Selects: indicate the CPU is performing an ESCAPE: instruction. Con-
current assertion of these signals (Le., NpS1 is LOW and NPS2 is HIGH) enables the 

NPS1, NPS2 I 80C287 to perform floating point in'structions. No data transfers involving the 80C287 will 
occur unless the device is selected via these lines. these inputs may be asynchronous to 
the 80C287 clock. 

Command lines: these, along with select inputs, allow the CPU to direct the operation of 
CM01, CMOO I the 80C287. 

These inputs may be asynchronous to the 80C287 clock. 

9-2. SC9889 o AT/AX compatibility 
80C286 interface 

9-2-1. General 
Clock control 
Ready control 

This LSI incorporates two 82C59A interrupt controllers, 82C54 timer, 
82C50 UART, and CMOS RAM, with a random gate to control the 
system operation and pseudo-8RAM control based on the AT/AX 
architecture. 

Reset control 
Command generator 
Data control 
Hold control 

Features 
o AT/AX compatible machine system controller 

o Internal peripheral controller 
82C59A interrupt controller 
82C54 timer 
82C50 UART 

o Internal 2KB CMOS RAM 

x2 
x 1 
x 1 
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80C287 interface 
Interrupt control by the 82C59A (internal: 3, external: 14) 
System timer, refresh request, and speaker tone generation by 
82C54 
RS-232C interface by 82C50 
Modem control 
RTC interface 
Including 2KB CMOS RAM 
Pseudo-SRAM control (conventional memory, extended memory, 
EMS memory) 
Port-B control 

o SpeCial functions 
Sleep function 
Power save function 
Resume function (not used for the PC-6220) 
Interface power off 

o 184-pin aFP 
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9-2-3. Signal description 

Signal name IN/OUT Function 

CLK14M IN A 14.31818MHz clock input used lor the CPU clock and also used lor the timer clock after dividing it to 
1/12. 

CLK24M IN A 23.9616MHz clock input used for the CPU clock and also used for the 82C50A UART clock after divid-
ing it to 1/13. 

SYSCLK OUT 110, slot strob,e signal. A 1/2 CLK14M or 1/4 CLK24M is delivered. 
PRCLK OUT CP'U clock. A CLK14M or CLK24M input or 1/2 CLK24M is delivered with the clock selection. 

SI-0 IN Bus cycle- status signal input from the CPU. 
MIO OUT MamQ[)LancWLQselectJrom-tos-cf'U. 

ALE out Strobe to externally latch the CPU output address. 

MEMR IN/OUT 
~emory read signaL During tne memory re:actcyCle and refresh eyere, a low state of strobe signal is is-

. sued, except,wh~ri reading the memory signal on the local bus. 

MEMW IN/OUT 
ME!,mory write signaL Except for th,? memory write of the local bus, a low state of strobe signal is issued 
during the memory write cycle. 

lOR IN/OUT , 1/0 J89d §ignal. A low state of strobe, is issued during the 110 read cycle. 
lOW IN/OUT 110 wr'!te s,ignal. A low state of strobe is is~ued during the 110 write cycle. 

LMSEL OUT 
Indicates accessing of address below 1 MB which is ,used to generate SMEMR or SMEMW in the exter-
nal circuit. , 

EALE OUT Address latch signal,used by the expansion unit employed to emulate a 6MHz bus cycle. 
PWRGOOD IN Input from the power supply unit to indicate that the -supply voltage is normal. 

RESCPU OUT 
Reset signal [§~l,.Ied When returning from the protect mode to the real mode, or when exiting from the 
shut down-,cycle. Connected only to the CPU. 

BRESET OUT Sy~tem rese{signal. 
READY OUT Signal'used to inform the CPU the end of the cycle currently executed. 

OWS IN 
Signal used to request the system to terminate the bus cycle currently executed by the device on the 
I/O slot. 

10CHRDY IN 
Signal used to request the system to extend the bus cycle currently executed by the device on the I/O 
slot. 

HOLD OUT Signal used to request the CPU to hand down the bus. 
HLDA IN Acknowledge to the CPU for its hold request: 

HREO IN Bus request signal from the DMAC. 
HLDAK OUT Acknowledge request to the DMAC. 

AEN OUT 
Signal used to indicate that it is a DMA cycle not by the master. A high on this line indicate the DMA 
cycle. 

MA21-14 OUT Pseudo-SRAM high address. For MA21-19, the address from the CPU is internally latched for output. 

PCSLO Pseudo-SRAM chip select. Four chip selects are used to access 16 bits of 2-bank pseudo-SRAM. 
PCSHO 

OUT BankO Bankl 
PCSLt Low byte PCSLO PCSLt 
PCSHI High bYte PCSHO PCSHI 

PSOE OUT Pseudo-SRAM output enable signal. 

PSWE OUT Pseudo-SRAM write enable signal. 

REFR OUT Pseudo-SRAM refresh signal. 

CSBIOS OUT Display BIOS chip select signal. 

NMI OUT Non-maskable interrupt signal to the CPU. 

10CHCKN IN Signal used to inform an error in I/O slot. 
PCKN IN Parity check error signal. 

INTR OUT Interrupt request signal to the CPU. 
IROI Interrupt request signal from an external device. 

IR03-7 
IR08N IN 

IR09-12 
IR014-15 

LA23-0 IN/OUT CPU side address signal. 

SA9-0 IN/OUT System side address signal. 

BHE IN/OUT Data bus access signal, high side. 
SBHE IN/OUT Latched data bus access signal, high side. 
D7-0 IN/OUT CPU side data bus, low side. 

D15-8 IN/OUT CPU/system side data bus, high side. 

XD7-0 IN/OUT System side data bus, low side. 

Table 9-2 (a) 
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Signal name IN/OUT Function 
RDI IN Receive data. 
CII IN Calling tone detect signal. 

CTSI IN Send enable signal. 
DSRI IN Modem signal ready signal. 
COl IN Carrier detect signal. 
SOl OUT Send data. 

RTSI OUT Send request signal. 
DTRI OUT Terminal ready signal. 
SP OUT Speaker tone output signal. .... 

RFRSHN IN/OUT Refresh timing signal to external bus. 

BCNT1 External buffer control signal. 
BCNT2 

OUT Enable Direction 
BCNT3 Data bus, low side BCNT3 BCNT4 
BCNT4 Data bus, high side BCNT1 BCNT2 

EXPND IN Connected with GND of the expansion unit when connected need to pull-up externally. 
SELTM IN Signal used to inform selection of external gate array. 

DACK2 IN Signal used to inform transfer on DMA channel 2. 

AS OUT Strobe signal for the RTC to latch address. 

OS OUT Strobe output for RTC to reaeL 
RW OUT Strobe output for RTC to write. 

CSRTCN OUT RTC chip select signal. A low state of signal is issued to select RTC. 

VIFCNT OUT Printer and RS-232C interface IC control signal. 

VCCOFF OUT Shuts off the unwanted power supply during the resume. 
LCDCNT OUT Controls the LCD power supply. 

VMDCNT OUT Control the modem power supply. 

BLCNT OUT Control the backlight power supply. 
RSMSW IN Resume switch status input. 

ONRSM OUT Signal used to inform the resume state. 

MANOFF IN Indicates the main power supply status. 

SHUT IN 
Top cabinet close alarm signal. A high state of signal is an input normally by the external pullup resistor. 
When the top cabinet is closed, the microswitch is closed to have a low level input signal. 

BUSY OUT Signal used to indicate to the CPU that NDP is busy. 

BUSYNDP IN Signal from the NDP to indicate the busy state. 

ERRNDP IN Signal used to indicate occurrence of an error from NDP. 

RSTNDP OUT Signal used to initialize NDP. 

CSNDP OUT NDP select signal. 

PWRDWN2-1 OUT Signal used to select the VGA controller operating mode. 

CSMDMN OUT Internal modem select signal. 

MINT IN Interrupt request from the internal modem. 

MORSTN OUT Internal modem reset Signal. 

MRI IN RI signal from the internal modem. 

MEMCS16 IN/OUT Indicates that the currently accessed memory is a i6-bit device. 

IOCS16 IN Indicates that the currently accessed 1/0 is a i6-bit device. 

MASTER IN Indicates that the bus control is requested by an external master. 

DMACLK OUT DMAC clOCk which is 1/2 of SYSCLK. 

CLKSM OUT Key controller clock. 1/3 of CLK24M is supplied in 50% duty. 

ADS N.C. Reserved. ADS Signal input pin when the 80386SX is used. 

MA23-22 N.C. Reserved. Memory address high order 2 bits (corresponds to 4M RAM). 

TEXT IN Test input. With a high state of this signal, the test mode is established. 

VDD ---- Power supply. 

GND -... GND 

Table 9-2 (b) 
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9·2~4. Function of block 
4.1. Clock control 

in this clock controller, the system clock supplied to the OPU, internal 
Circuits, and I/O _slot is derived from the, clock input. Also, the input 
clock to the 82C54/82C50 serial controiJer and th-e minute-increment 
#mer used by a special fanction is detived~ 

p-
ds 
he 
lie 
H 
bit 

Two' kinds of input clocks are -supplied at all times; 14.3181SMHZ and 
23;9616MHz. 1.8432MHz (After dividing 23.9616MHz to 1/13) is su 
plied. to the internal timer. The OPU·clock can be changed to 3 kin 
software-wise. The lID _ address 022H ilnd 023H ar9' us~d for t 
$e!ection-oLti:J6--GgtJ..-GI0G~Q4H-is--wFittef)-to--the--port-622H;-therrt 

data are- write to the port D::23H. When 023H is once accessed, 04 
needs-to be written to 022H--again. See the table next-for the 
definition of the port 023H. 

Bit Signal name Significance 

0,1 RESERVED Reserved. 

2,3 OKSEL1,2 CPU clock seleCtlo-n ' 

4-7 RESERVED Reserved. 

When rese!, all are reset ~_~cept for CLSEL2 is set to ~1". 

Shown next is the OPU dock and the system clock when OKSE l1 
and 2 are set for the port 023H. 

OPU 
OKSEL2 OKSEL1 OPU clock operating System clock 

frequency 

0 0 

0 

o 

11.980S MHz 5.990.4 MHz 

14.31818 MHz 7.15909 MHz 

5.9904 MHz 

7.15909 MHz 

23.9616 MHz 11.9808 MHz 5.9904 MHz 

Prohibitted 

4.2. Ready control 

In the ready controller; waits during the CPU access is determined. 
Shown below is the number of waits when accessing devics. 

Waits 
Device 5.9904MHZ! 

7.15909MHz 
11.9808MHz 

Main memory, private memory 0 1 

Extended memory, EMS memory 0 1 

BIOS ROM 0 1 

VRAM (8-bit) 4 7 

VRAM (16·bit) 1 2 

DOS ROM, 8 bits 4 11 

DOS ROM, 16 bits 1 5 

80287 0 0 

VGA (8-bit) 4 7 

. System 110 (OOOH"()FFH) 

VGA (16-bit) 1 2 

Internal-IIO, 8·bit 110 ... _. ,. . 4 11 

HOO, EMS register, 16·bit 110 1 5 

);Iriterrupt acknowledge cycle 1 2 

4.3. Reset cl)ntrol 

The CPU and system reset signal is created from the signal 
PWRGOOO. 

When the CPU went into the shut down cycle, the reset signal is 
issued to the CPU. The data bus is monitored when the reset CPU 
command is sent to the keyboard controller (80042) and the reset 
signal is sent to the CPU without receiving the signal from the 8042. 

4.4, Command generator 

The command -signal is created by receiving the 286 CPU status 
signaL-Also, tl}e s)mJal ALE:is issued. 

For a device: ,that requires the command recovery time in ,the I/O 
cycle, 'the com ":land del~y iJ) automatically inserted. 

Shown n~xt i$ the_ 9PLJ-cl_Qcks for tlie 6(jmmand delay when access
ing a device. 

-'--~ 

Command delaylOPU clock,; 
Device 5.~904MHz! 

- ; j" : . 7:15909MHz 'l-H!~98MHz 

Main mern()ry! _~~~~ate niemory 0 ·0 _._-
Extended memorY. EMS me'mary 0 0 

BIOS ROM 0 0 

VRAM (8'~it) 
, 

0 Q 

VRAM (16,b~) . 0 0 

Dictionary' ROM, 8 biis 0 3 

Dictionary ROM, 16 bits 0 3 

800287 0 0 

VGA(8-bit) 1 2 

System 1/0 (OOOH-OFFH) 

VGA (16-bit) 1 2 

Internal 1/0, 8-bit 1/0 1 5 

HDO, EMS register, 16-bit J/O 1 5 

Interrupt .ackn_owledge cycle 0 0 

4,5. Data control 

The-internaJ/externaJ data bus buffer is controlled and a,bits to 16 bits 
and 16 bits to 8 bits conversion is carried out. 

4.6. Address decoder 

Internal device port select signal is created from the address. Also, 
chip select signal is issued for some of external devices. 

Since the address input is latched by ALE, it may not be needed to be 
fully established during the cycle and may use CPU local address 
cycle. 

4.7, Hold control 

DMA request and refresh ~equest are arbitrated and a hold is- applied 
to the OPU. 

When.going into the- sleep mode, the hold state is established before 
stopping the OPU clock: After this, the hold request is cancelled. For 
the ciock is at a.hall, the OPU stays in the hold state. Therefore, DMA 
requ~st or refresh request during the sleep mode canbe-per:tormed 
without contention. 

4.8 .• Special. functIons 

(1 ).Sleep function 
The CPU clock is suspended to supply when the HLT command is 
executed. . 

(2)- PO'fier save fUnction 
. With ihis'leature, the power supply!o the LOD and backlight is 
"tLirned:off-aftE3:r:alapse-of a certain tim'_s (auto Rower save fea,ture). 
It is ~Iso possible to directly shut off the power supply to the LCD 
.~nd backlight independently. 

(3) Resume lunction (not used lor the PO·6220) 
With this feature; the IT]emory contE3nts are backed up -when the 
p-ower is turned off so that the previous state may be recovered 
when the power is turned on. 

(4) Interface power off 
With this feature, power consumption is abated when not required 
for the RS-232C interface IC and internal modem. 

(1) and (3) functions mentioned above are not able to use when 
connecting the expansion unit. 

________________________________ --=_5;~6_~------------------------------



4.8.1. Sleep function 

The sleep function is completely supported by the hardware once the 
HLT command has been executed. When the HLT command is ex~ 
ecuted. the CPU sets SO and S1 low and MI'IO and A1 high to inform 
the existence of the hold state to externals. As the sleep controller 
recognize it, the sleep mode will be established in the following se
quence. 

(1) Hold request is issued to the CPU. If the refresh request or DMA 
transfer request is issued at the same moment, it will be handled 
by the arbitrary circuit. 

(2) After recognizing the halt acknowledge, the CPU clock is
suspended to supply in synchronization with a high to low transi
tion of the clock input to the controller in $2 cycle. 

(3) The hold request is cancelled by the sleep. Since the CPU is at a 
hold state, the DMA transfer and refresh during the sleep continue 
to perform. 

An interrupt request is issued including NMI, it exits from the sleep 
mode. When the interrupt occurred, the clock is resumed to supply to 
the CPU in synchronization with a high to low transition of the clock 
input to the controller and the CPU starts executing the command 
that follows Hl T. 

When the input to EXPND line is at a low, connection of an expansion 
is assumed and prohibits steps (1 )-(3) so that the sleep function does 
not take place. The state of the EXPND line input can be known by 
scanning EXPND of the EXSTAT register. When EXPND is at "0", the 
expansion unit is in connection. The EXSTART register is a read only 
register which is allocated to ODH of the Sharp original port. The table 
below shows its bit definition. 

EXSTAT register 

Bit Signal name Significance 

0 EXPND State of expansion unit connection 

1-7 - Undefined. Reads "0" at all times. 

4.8.2. Power save function 

The power save function automatically turns off the power supply to 
the LCD and backlight when there was no key operation met for a 
period of the given time. So, it has a timer within the power save 
controller which continues to count the time as long as there is no 
interrupt request from the 8042 key controller. When the prescribed 
time is reached, the signal is issued from the lCDCNT and BlCNT 
line to turn off the LCD and the backlight power. At the same time, the 
VGA controller goes into the relax mode. 

The VGA controller operating mode can be directly set by the internal 
I/O register. PWRDWN1 and 2 of the VGACNT register are used to 
set the relax mode and retire mode. DISVGA of the VGACNT register 
is used to set active or inactive of the internal VGA, which is active 
"0". The VGACNT register is allocated to OEH of the Sharp original 
port and its bit definition is shown next. 

VGACNT register 

Bit Signal name Significance 

0 POLINV Internal SIO input/output polarity inversion 

1 ~UISVGA Internal VGA on/off setting 

2 PWRDWN1 VGAcontrolier mode setting (relax mode) 

3 PWRDWN2 VGA controller mode setting (retire mode) 

4-7 RESERVED Reserved. Possible to read/write. 

When reset, all are reset to "0". 
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The table next shows the VGA controller operation mode set by 
PWRDWN1 and 2. 

PWRDWN PWRDWN 
LCD 

Blpower VGA 
2 1 

power 
supply controller 

Note 
supply 

0 0 ON ON 
Normal 
mode 

0 0 ON OFF 
Normal 
mode 

0 0 OFF· OFF 
Relax PWRCNT 
mode register, 

0 1 OFF Relax PCBl=O 
OFF 

mode 

1 0 OFF OFF 
Retire 
mode 

1 1 OFF OFF 
Pro-

hibited. 

When the power save feature is used. both PWRDWN1 and 2 need 
to be set to "0". The DISVGA is set to "0" to set the internal VGA 
active, and "lCDEN of the SIOCFR register needs to be set to "0" to 
select the LCD as a display device. 

To directly turn off the LCD or backlight power supply by means of 
software. "0" must be written to PCVlCD and PCBL of the PWRCNT 
register. The PWRCNT register is an 8-bit read/write register 
employed to control power supplies which is allocated to OSH of the 
Sharp original port, whose big definition is as shown next. 

PWRCNT register 

Bit Signal name Significance 

0 PCVIF Printer, RS-232C interface IC control. 

1 PCVLCD 
VGA controller and LCD power supply 
control 

2 PCVCC System power supply control (VCC) 

3 PCBL Backlight power supply control 

4 PCVMD Modem power supply control 

5-7 RESERVED Reserved. Read/write possible. 

When reset. each bit of PCVIF. PCVCC. PCBl, and PCVMD is set "1" 
and others are reset. 

When using the power save function (auto power save) by means of 
the timer, OCVlCD and PCBL of the PWRCNT register must be set 
to "1". Then write "1" to ASLCD of the ATSTBY register to put the 
timer effective, then set in the PWRTIM register the time the power 
save should function. 

The ATSTBY register is an 8-bit read/write register with which 
programmed to put control functions in effect, which the timer be
comes effective when set to "1 ". It is allocated to 07H of the Sharp 
original port whose bit definition is as given next. 

ATSTBY register 

Bit Signal name Significance 

0 ASVIF Auto i1iterlace power off on/off setting 

1 ASLCD Auto power save on/off setting 

2 ASVCC Auto resume on/off setting 

3-7 RESERVED Reserved. Read/write possible 

All are reset to "0" when reset. 
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The:PWRTIM register_js used to' pi'ogram;the_ tinie for, , auto. power 
save that it may be set in increment of one minute ih a. range. of 0 to 
~ 5-_minutes.~ However, the actual time is ,~horter than the programmed 
time within a minute. When PST3-0 "a.re:all "-1", the- settil)g, wiJl.-be 
14-1,5:minutes. ,It is, possibls_ to read/write and Hie' set vallie is read. It 
is allocated: to 09H of the 8h'arp origi'nar port whose bit definitIon is 
given next. -

PWRTIM registe' 

Bit Signal name Significan'f':e 

When reset, ARTS-D are all set to "1 n and the bit 7 is 'reset Siinilar as 
the auto_power saye1 ,an interrupt requ~t from the 8042_ (IRQ) turns 
hign b~f()rethe ~rog[am~ed:tirne, the set value is loaded In the timer 
and the count starts aU over again from the beginninQ. The_timer"will 
be 'reloaded wh'en "the" PWRCONT register, ATSTBY register; or 
RS'MTIMr~gister 01 the Sharp original port is written, ' .. , 

In either case 01 (1) and (2), occurrence of NMI does the same 
process and requires software support. The following ,are r~quired in 
toe NMj' routine in'order to power down during the resume m~de. 

, '" ' '" , 

(1) Judges the NMI cause, 
Q-3 PST!l:-3 

4-7, RESERVED 

Auto power save time setting . 

'Reserved. R~adlwrite possible. 
- ---(2)-AIFWcrrggisters-ott_iCelVCC supply) Installed to the system 

mustbe saved;to the expanded.CMOS RAM, 

When reset. PST3'-O are set 10 '''1'' and-others are reset. 

When IRQ1 which is the interrupt request from the 8024 goes high 
before the set time, the set valtie is reloaded in the tiiner and starts to 
count from the sfarfall over again.' The timer will be reloaded even if 
the PWRCNT register,ATSTBY register or PWRTIM register 01 the 
~ha~p ~.ori~inal port is __ '!iritt~n. ' 

4.8.~. RE!$urnE! functiqn (not ulled for thePC-6;!20) 

1h:us~'the~-re,s'ume_ fu~ction~, it, has "to"be enabled ,by: writi~g'''1'' _in 
RsMEN 01 the' RSMCNTregister, Th. RSMCNT tegister is' an 8-bit 
read/Write register which is allocated: to' aSH of the Sharp original port 
who~e_ biJ definiti9n is giv~n n,ext. 

RSMCNT register . 
Bit Signal name Significance 

0 RSMEN ' Resume mode setting 

1 CIEN Reserved. Read/write possible. 

2 MRIEN , Reserved. Read/write possible. 

3~7 RESERVED Rese.rve,d .. , ~~ad!writ~ possible. 

When reset, all-are reset to "0". 
In the resume_ mode (RSMEN=1), there are two cases that moves to 
the power down state by shutting the power supply (Vee) off with the 
memory backed up. 

(1) Input of a loW to high transHion signal from the RSMS line. 

(2) No key operation is done within the prescribed time. 

In the case of (1); a high state 01 signal is issued from the NMIline at 
a low to high' transition of the signal input from the RSMSW line to 
apply NMI to the CPU. On the other hand, in the case 01 (2), the 
resume controller internal timer coritinues to count while there is no 
interrupt request from the 8042. Woen the programm'ed time is 
reached, the NMI is caused . .But simil'ar as the sleep function, a low 
on the EXPND input prohibit the NMI and the resume function does 
not take place. The state of the EXPND input can be' 'scanned on 
EXPND olthe EXSTAT register. 

When using the resume function by"the timer (auto resurTie), the timer 
must be turned on after writing "1" to ASVCC 01 the ATSTBY register 
and the time that the power down is expected" must be set in the 
RSMTIM register. It would be possible to program it in increments of 
one minute within a range of 0 to 127 minutes. actual time is shorter 
than the programmed time within a minute. When ARTS-O are all,"1", 
the ~etVrlg, ~111. _f;1:e.J~6~127"mi9,u~~,~~ ,'t ,is 'posslb!~ t9 read/write, and' 
the set value is read. It is allocated to OAH of the Sharp original port 
whose bit definition is given next. 

PWRTIM register 

Bit -Sign'al name Significance 

0-6 ARTO-6 Auto resume mode setting 

7 RESERVED Reserved. Readlwrite possible. 

·5ff· 

(3) If the VRAM contents maynofbe:reiained, -ifhas:tb be'saveel in 
the pseOdo~SRAM'private area (256KB), 

(4) All CPU registers at NMloccurrence must be saved to the stack 
and SS:SP must be written in the CMOS RAM. 

(5) In' order to shut down- the 'system poWer 'supply, "0'" ,m,ust' be 
Y1ritl~n 'ih peVeC 'ohhe 'PWRCNT'r~gister, " , 

To judge th~~aus~ 01 NMI at (1), RSMNMI of the I'JMIFCT register 
must be' scanned:' If ';1", an NMi occurrence 'is i'ndicated, by the 
RSMSW input or the resume timer. The NMIFCT register Is' a read 
oniy register which Is-used to jUdge the NMi caus-e which is allocated 
to OFH-ofthe ,Sharp original-port whose bit definhion is shown next. 

NMIFCT register 

Bit Sig~al name Significance, 

0 RSMNMI On state of the resume NMI request 

1-7 - Undefined. Re<:!ds "0" at all times. 

To restore from the_ power down state in the resume-mode, the sys
tem power must be turned on and PWRGOOD input must change 
from low to 'high. Because a reset is' applied in this instance, the 
following process takes place in the initialization routine after the 
reset. 

(1) Reset cause is judged. 

(2) The contents 01 1/0 registers saved in the CMOS RAM and are 
loaded to devices. . 

(3) The contents of the VRAM are loaded from the private'area of the 
pseudo .. SRAM (in case the contents of the VRAM may not be 
retained). 

(4) SS:SP is read Irom the CMOS RAM' and all CPU registers are 
restored from the stack. 

To judge the reset cause in (1), RCR 01 the RSTFCT register is 
scanned. If "1 ", it indicates to turn off the vce supply by software in 
order to power down if) 'the. resume niode~ The RSTFCT registeir- is a 
read only register used to judge the reset cause. When this register is 
scanned, each bit 01 RCR, RCCI,and RCMRI is reset to "0';. It is 
allocated to OCH of the Sharp' Original port whose bit definition is 
shown next. 

RSTFCF register 

Bit Signal name' Significance 

0 - Undefined--: Reads "0" aralJ--times. 

1 RCR 
On stat" of the system poWer (VCC) 
off request 

2 RCCI 
state of the power on cause by the CI 
input of the internal SIO. 

3 RCMRI 
State of the power on'ca:use by the RI 
input of the internal modem. 

4-7 - Undefined. Reads "0" at all times. 

RCCI and RCMRI 01 the RSTFCT register is used to support the auto 
sensor from the internal SIO and the internal modem. 



When the system power turns on, a reset is applied, and the CPU 
reads the RSTFCT register during the initialization routine. If RCCI or 
RCMRI is "1", it indicates that power on took place by the auto 
answer. Reading it again resets RCCI and RCMRI. 

4.8.4. Interface power off 

Withe the interface power off function, the power consumption of the 
interface IC may be held down when not using the printer or RS-
232C. The time the interface power off feature functions is when the 
printer or the internal SIO was not accessed within the given time, or, 
the internal 1/0 register is directly accessed by means of software. 

To directly turn off the interface power by software, l'O'! must be writ- --- - -
ten to PCVIF of the PWRCNT register. When written, the printer 
interface IC output goes high impedance and the RS-232C line drive 
receiver goes into a standby mode to decrease the circuit current. 

To use the auto interiace power off feature, PVCIF of the PWRCNT 
register must be set to "1 to. then write "1" to ASVIF of the ATSTBY 
register to turn on the timer. The timer will be cleared when the 
internal printer and internal SIO is accessed. 11 may also be cleared 
by writing the PWRCNT register or ATSTBY register of the Sharp 
original port. The time power off feature comes active after the timer 
has cleared for 14 to 15 minutes. 

It is also possible to control the power supply to the internal modem 
using the interface power off function. To shut off the power supply to 
the internal modem (VMDM). write "D" to PCVMD of the PWRCNT 
register. With this, the signal employed to shut off the modem power 
supply appears on the VMDCNT line. 

4-8-5. Power status 

Since the power is automatically shut down for the auto power save 
timer, and auto interface power off functions by means of the timer. 
The CPU will recognize the status of the LCD power, backlight power, 
and printer-RS-232C control by scanning the PWRSTAT register. The 
PWRSTAT register is a read only register which is allocated to 08H of 
the Sharp original port. Except for PSVIF, PSLCD, and PSBL, the 
power supply control data set to the PWRCNT register are read. "0" 
means off and "1" on. See the table next for the bit definition of the 
PRSTAT register. 

PWRSTAT register 

Bit Signal name Significance 

D PSVIF 
State of printer and RS-232C interiace 
IC control 

1 PSLCD State of LCD power supply (VLCD) 

2 PSVCC State of system power supply (VCC) 

3 PSBL State of backlight power supply (VBL) 

4 PSVMD State of modem power supply (VMDM) 
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4-9. Interrupt control 

A pair of 82C59A interrupt controll.ers are internally contained in this 
chip for the interrupt control and supports 16 interrupt levels in con
junction with the cascade connection NMI. The NMI is port-B control
led. 

As an 8-bit 1/0 device on the system bus (XD bus), a pair of 82C59A 
has address mapped to 020H-03FH on the master side and 
OAOH-OBFH. In order to avoid contention with the CPU clock switch 
controlling 1/0 address 022H and 023H (refer to paragraph 4.1) for 
the 82C59A on the master side, the selection is not done when the bit 
of the latch address is "1". 

The table below shows the 82C59A interrupt outputs. 

Master Slave Function 

IRQD Timer output channel 0 

IRQl Keyboard (output buffer full) 

IRQ2 Interrupt from the slave side controller 

IRQ8 Real time clock interrupt 

IRQ9 VGA controller or INTDAH (IRQ2) 

IRQ10 Reserved (expansion slot) 

IRQll Reserved (expansion slot) 

IRQ12 Reserved (expansion slot) 

IRQ13 Co-processor 

IRQ14 Hard disk controller 

IRQ15 Reserved (expansion slot) 

IRQ3 Serial port 2 (COM2) 

IRQ4 Serial port 1 (COM1) 

IRQ5 Parallel port 2 

IRQ6 Floppy disk controller 

IRQ? Parallel port 1 

4.10. Timer 

A Single 82C54 interval timer is internally contained in this chip. 

The 82C54 is mapped to the 1/0 address D4DH-D5FH as an 8-bit 1/0 
device on the system bus (XD bus). Three independent 16-bit counter 
on channels 0-2 of the 82C54 can be defined as followS: 

Channel 0 System timer 

GATED Fixed ON 

CLKIND l/l2l4.3l8l8MHzclock 

CLKOUTD 82C59AIRQD 

Channell Refresh request generator 

GATEl Fixed ON 

CLKINl l/l2l4.3l8l8MHzclock 

CLKOUTl Refresh request cycle 

Channel 2 Speaker tone generator 

GATE2 Fixed ON 

CLKIN2 l/l2l4.3l8l8MHz clock 

CLKOUT2 Speaker drive 
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4.11. Serial interface .-: ,-:",.,,-

The 82C50- UART is internally,contairied- in" this chip' as a serial ,inter
face and sup'ports ,a' single channel RS~232C interface· using th'e ax
te-nia/ 'RS-232C. ariver· as an. internal SIO. This also 'used for the 
interface with the internal modem. 

Two seria.ll interfaces may be port allocated and set:on'or off, which 
thee SIOCFRregister is used for the RS·232C ~nd: the MDMCFR 
register fat· the internal' modem; The SIOCFR register. is a 7~bit 
"read/writs' register which, is _allocated to· 01 H of the Sharp original port.
The MDMCFR-register"ls a 2-bit re'ad/write register -which is allocated 
to 03H of the Sharp original port. : ):'. " 

The table next shoW's, bit" definition. 

SIOCFR-register: 
-

Bit Signa[name Significance . 

0-2 'FDD0-2 ; Rese'road.' Read/write possible. ' 

S SW11*2 Internal'SIO'part allacation 

4 >:SIOEN' l~terha'f 810 onloff setting 

5 :l:INTKEY' -AeservecL -Read/write 'possible. 

6 >:LCDEN -Display deVice selection 

7 - Undefined. Reads "on at all times. 

MDMCFR register 
, 

Bit Signal name I SignificaAce 

0 OUTSEL MORSTNoutput signal selection 

1-3 - Undefined. Reads "0" at all times. 

4 >:MDMEN' , Internal modem on/off setting 

5-7 - Vndefined. Reads "0" at all times. , 

When reset, >:SIOEN of the sib CFR register and >:MDMEN of the 
MDMCFR register are set hili" aJid-a11 athers are reset. 

>:SIOEN and S1011>:2 of the SIOCFR register may be revised of their 
contents when written to. "02" to the Sharp ariginal port. The inverted 
bit 4 of the 02H port corresponds to S1011>:2 and bit 5 to SIOEN. 

The table below shows the, ports that allocated by the setting of 
SIOCFFiand MDMCFR reilisters vs. active input to IRQ3 and IRQ4 of 
the 82C59A. ' 

>:SIOEN "'MDMEN SI01/>:2 
Internal Internal IRQ3 IRQ4 

SIO modem input input 

a 0 0 COM2 COM1 
Internal Internal 

SIO madem 

0 0 1 COM1 COM2 
Internal Internal 
modem SIO 

0 1 0 COM2 OFF 
Internal External 

SIO IRQ4 

0 1 1 COM1 OFF External Internal 
IRQ3 SIO 

1 0 0 OFF COM1 
External Internal 

IRQ3 modem 

1 0 1 OFF COM2 
Internal External 
m0gem. IRQ4 

1 1 0 OFF OFF 
External External 

IRQ3 IRQ4 

1 1 1 OFF OFF 
External External 

IRQ3 IRQ4 
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The _RS~232C inteiiace_serial input/output and;contro[' 'signals'can, be 
inverted with POl:lNV, of the VGACNT register. Whet; POLlN)'( is.at 
"1 n, the pa!arity iJi~erts. The VGACNT. register is -allocated to .oEH_ of 
the Sharp original p0it'who.se bit defhiitian is as sho.wn next ' 

VGACNT register 

Bit 

o POLINV RS·23ZC fnpuVputput polarity inversion 

1 DISVGA' lil!ernal VGAbhloff setting 

2,:3 PWFiDWN1,2 VGAcdnti611~rmbdesetting 

'4 ... 7, . RESERVED' 'Fi,eserved.ReadiWri\e, pdssible ••.. , 

To., reset the int~rnal modem (that can' be, insta'iled wIthin the 
machine), the outputf[om the MORS'rN line Is used. The 1-blrblitput 
of the MORSTN output pori can be switched with' the port select 
signal output usirigOUTSEL of tfle MDMcFR tegister. When OUT
SEL is-'at"1 n;- the; bit 3 af the 1/0 address ,204H'p6ri: [S-is:~ued. When 
"0"; the 'decode~ signai- of-the 1/0 ad?ress 202H is'issued as ei port 
sel~ct signal: The 202H port'is a 'read/write interhal_I/O-reglsterwhose 
bit definitian is shown next. 

202H port 
c-',; - , 

. Bit Sighai ~ame . Significance 

0-2 RESERVED ReseNed. Readlwrite passible 

3 MORSTN Internal modem reset signal 

4 RESERVED Res9Ned_ Read/write possible 

5-7 - Undefined. Reads "0" at all times. 
. 

lijhsn 'reset, bits 0-4 i:lre ~eset. 

4.12. RTC and CMOS RAM 

Fdr this chip, RTe iscontroll,ed byAS; DS, R/W, and SCRTCN out
puts. Por setup expansion, a2KB CMOS RAM is provided. 

Among 11 bits address input of the 2KB CMOS RAM, the low 6 bits is 
connected to the I/O 070H port bits 0-5, and high 5 bits to the latch 
address bits 10-14. Which is to be selected, RTC or CMOS RAM, 
when the 1/0 071 H port is accessed is determined by the data in the 
I/O 70H bit 6. When "0": RTC is selected and "1" the CMOS RAM. 
See the figure belaw for the mapping af the RTC and the CMOS 
RAM. 



4.13. Pseudo-SRAM control 

This chip supports control of a maximum 4MB of the pseudo-SRAM. 
Memory has three address spaces of the system area, EMS control 
area, and private area. The EMS control area can further be divided 
into three subsections of conventional area, extended area, and EMS 
area according to the internal 110 register setting. 

(1) System area 
The area of 256KB is allocated to 000000H-03FFFFH as the 
conventional memory. 

(2) EMS control area 
Address can be allocated to three areas using the internal 110----
register setting. 
(a) Convectional area 
An address space of 384KB can be allocated to 
040000-09FFFFH as a conventional memory. 
(b) Extended area 
Address space can be allocated after 10DaDaH as an extended 
memory. 
(c) EMS area 
To support the EMS version 4.0, 34 windows of 16KB increments 
can be mapped in 040000-09FFFH and OCBOOOH-OEFFFH. 

(3) Private area 
Using the internal liD register setting, 2 256KB of address space 
is allocated to OEOOOOH-OEFFFFH (access by bank select), which 
is to be used to save the VRAM contents during the resume and 
used by the system. It fs possible to eliminate the private area by 
the internal 1/0 register setting, 

4.13.1. System area 

Among 4MB memory area supported by the memory controller, a 
256KB of address space 000000H-03FFFFH is allocated as a con
ventional memory, regardless of the internal 110 register setting. 

4.13.2. EMS control area 

The maximum 4MB area from which excluded the system area and 
the private area is allocated to the EMS control area, and mapped to 
the conventional area, extended area, and EMS area by the internal 
!f0 register setting. 

There are EMSCFR register, PSRAMCF register, and EMSSTAT 
register as the internal liD register controlled, whose bit definition is 
shown next. 

PC-6220 

EMSCFR register 

Bit Signal name Significance 

0-2 SWO-2 EMS control register 1/0 address setting 

3.4 JP2,3 
Extended memory capacity setting 
(expansion) 

5,6 SW5,6 Extended memory capacity setting 

7 RESERVED Reserved. Read/write possible 

PSRAMCF register 

Bit Signal name Significance 

0 RESERVED Reserved. Read/write possible 

1 INTLV Pseudo~SRAM interleave access enable 

2 "PCS3EN 256KB standard RAM usage setting 

3,4 JPO, 1 Extended memory capacity setting 

5 VPTMEM Private memory access enable 

6, 7 MAPO.1 Private memory bank select 

EMSSTAT register 

Bit Signal name Significance 

0-2 SWO-2 
State of EMS control register 1/0 address 
allocation 

3,4 SW3.4 Both SW3 and SW4 reads "1·· at all times. 

5.6 SW5,6 
State of the extended memory capacity 
setting 

7 EMS EN EMS on/off setting 

The EMSCFR and PSRAMCF registers are allocated to 04H and 05H 
of the Sharp original port, and reset to "0" when reset. 

SWO-2. and SW5-6 of the EMSSTAT register are read only bits 
which the data written in the EMSCFR register is read. EMSEN is a 
readlwrite bit that turns to "0" when reset. 

When operated with the CPU clock at 24MHz, INTLV of the 
PSRAMCF register, is a bit which enables the non-wait access for the 
conventional memory and private memory interleave mode when the 
bit is set to "1". 

(a) Conventional area 

To allocate the memory space 040000H-09FFFFH to a conventional 
memory. EMSEN of the EMSSTAT register must be set to "0·· to 
disable the EMS. 

---- ---_ .. _----. 
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(b) Extended area 

:By-setting~sW54l;JP2~3;'onhe EMSCFR'registWaflclJPO"'l, ana 
"'PCS3EN of thePSRAMCI' ~register, the meinory~:Space'8fter 
100000H can be a/foc'ated'td1the -extended memorY iri:a man-lier a~ 
shown ne~Ji:" 

, 
SW6 SW5 "JP3 JP2 ,,J~l , JpO "'PCS3p;N, 

Extended 
: memory 

0 0 :Ie "" "', 
" '" ~ 

, 

'" ,- ,OMB 

Ml<S1 
,Q. , ,.1 , ... -.-* '" ~ '" " J1QQOJll!l;{~" f--. , 10FFFfH) 

-

1 0 0 ,,:0 ,0 '0 , :1 OMB -

1 ' • 
, ,,' , , 256KB 

0, 0 0 ,0 0 0 (100000H-., 
13FFFFH) 

I 1MB 
1 0 '0 O· ,'I' 0:'" '1-'1,-, 1 (iOOOOOH-

, ,lFFFFFH) 

1 0 0 0 0 1 0 ';1~~~~H~ 
23FFFF,R) 

1 0 
2MB 

1 0 6 1 0 1 (100000H-
2FFFFFH) 

2,25MB 
1 ' 0 0 0 1 0 0 (100000H-

33FFFFH) 

3MB 
t 0 0 0 t 1 ' 1 (iO.oOOOH~ 

3FFFFFH)' 

3,25MB 
1 0 ii 0 1 t 0 (tOOOOOH-

43FFFFH) 

3MB 
t 0 0 t '" '" t (tOOOOOH-

3FFFFFH) 

3.25MB 
1 0 0 t " '" 0 (tOOOOOH-

, 43FFPFH) 
, 

3MB 
t 0 t 0 '" '" t (100000H-

3FFFFFH) 

3.25MB 
1 0 t 0 '" '" 0 (100000H-

43FFFFH) 

3MB 
1 0 1 1 '" " t (100000H-

3FFFFFH) 

3.25MB 
t 0 1 t '" '" 0 (100000H-

43FFFFH) 

512KB 
1 t '" '" " " " (100000H-

t7FFFFH) 

;I:: : don't care 

"'PCS3EN is the bit employed to specify the usage of the 256KB area 
within the standard RAM which may be used as a private area when 
"1" and as an EMS control area when "0". 

(c) EMS area 

TO'Wm On the EMS, EMSEN: of the, EMSSTAT registermustbe1setto 
"1,':, Tosuppolt.1he,EMSversibn 4.0, the EMSADR register, and the 
'EMSDAT regIster are provided, as internal registers,.,whoS:9 bit defini~ 
tion is, shown next. 
EMSADR register 

,..,-," 

sit , Signal. nam~ Sigr}ific~nc.e; :: , , 
0-7 EMSADRO-7 EMS mapping rE!'gister' address ' J; f 

., ... " 
EMSDA"b,egister " " 

, 
'i" 

Bit Signal name Signi~c"n~, , " . '. 

EMSQATO~7 E;M,S'!)1apping register data 

-" ' ' 'r U,' tlde,fined" .' Re,ad, s, "o,"',~a,t a, ",tim,e" s,' 
EMSPEI'l-i EMS page enable .I<it ., ... _ c' .' 

The EMS control register for the EMSADR register, EMSDAT iegister, 
including the EMSSTAT registeI, is I/O, address. allocaied' bySiNO-2 
Q'ithe E~MSSTATregister,~'which are set'as Sh6,wnin the"taeilet' ~I 

- - , -, - ,- --, ~ - -" ,_,J', - j. .,,-, .. ' -" -:, 

SW2 SW1 SWO EMSSTAT EMSADR EMSDATL: ,EMSQATH 

0 0 0 
, 

'208W 209H 20AH 20BH 

0 0 ' '1-1 

I, '. 
'21SH '219H' , ':2\AH 21BH 

0 1 0 24BH ,249H 24AH 24BH 

0 1 1 25BH 259H 25AH 25BH 

1 0 0 26BH 269H 26AH 26BH 

1 0 1 2ABH 2A9H 2AAH 2ABH 

1 1 0 2BBH 289\"1 2BAi-l 2BBH 
,,' " , 

" .2EBH 1 1 1 2EBH 2E9H 2EAH 
., 

VVhen r~set, SWCk-2 are reset to "0". 

The EMSADR register is a a-bit readiwrite register which is employed 
to paint the 34 EMS mappings using EMSADR2~7: EMSADR2-7 is 
automatically incremented when the high side of the EMSDAT 
register-is accessed. "0" is always read from EMSDARO-1 and write 
is ignored. 

The fol/owing shows the address setup range for the EMSADR 
register 
40H, 44H, 4BH, 4CH, SOH, 54H, 5BH, 5CH, 60H, 64H, 6BH, 6CH, 
70H, 74H, 7BH, 7CH,BOH, B4H, BBH, BCH,90H, 94H, 9BH, 9CH, 

CBH,CCH,DOH,D4H,DBH,DCH,EOH,E4H, EBH, ECH, 

The EMSDAT register is a 16-bit read/Write register and there are 34 
sections. The EMS mapping data is set in EMSDAT0-7 of the 
EMSDAT register and determines the page that mapped to the win· 
dow of address space of 040000H-09FFFFH and OCBOOD-OEF, 
FFFH. Window can be set on or off for EMSPEN; sets on when "1" 
an. EMSDAT8-14 are read "0" at all times and write is ignored. 

When the EMSADR register is out of the setup address range, 
EMSDATO-15 is read "a" and write is ignored. 

The EMS control area equals to the memory controller supported all 
memory but the system area and the private area, of which capacity 
is a maximum 3.75MB when the private memory is not used 
("PCS3EN=0). 

The following shows the mapping of the EMS control area. 

"G" represents conventional memory mapping, "X" extended memory 
mapping, and liP" expanded memory mapping. "nnnnnnH" is depend
ents to the extended area setting, "mmmmmmH" to the actually in· 
stalled memory capacity. 

------------------------------~-~~------------------------------



The actually installed memory capacity may be set to "nnnnnnH" 
when mapping the conventional memory. For an example, the ex~ 
tended area for the 4MB memory, it should be set to 3.25MB and 
"nnnnnnH" is 3DFFFFH (in case XPCS3EN=0). 

When mapping the EMS memory, the capacity under the actual 
memory capacity should be set to "nnnnnnH". For the 4MB of actually 
installed memory, the EMS area should be set to 0-3.2SMB. If OMB 
was set, all are mapped as the EMS memory. 

4.13.3. Private area 

It may be possible with the internal 1/0 register setting to reserve a 
256KB private area out of the memory controller supported 4MB 
memory. 

To reserve the private area, set ~PCS3EN of the PSRAMCF register 
to "1" and set 256KB of the internal standard RAM as the private 
memory. Set EMSEN of the EMSSTAT register to "0" and PVTMEM 
of the PSRAMCF register to "1", which is then mapped to the address 
space of OEOOOOH-OEFFFFH. 

To access the 256KB private memory, four banks must be selected 
using MAPO-1 of the PSRAMCF register. 

4.14. Port-B 

The port-B consists of a logic gate which is used for NM I occurrence 
control, speaker output control, and refresh detection by the parity 
and 1/0 channel checks. 
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4.15. Sharp original port 

To access the Sharp original port, 110 addresses 07CH and 07DH are 
used. First, set the pointer to 07CH port and read and write the 
painter specified port with 07DH. Unless the pointer is set with 07CH, 
it may not permit to access the Sharp original port of 07DH. Once 
07DH has accessed, it needs to set the pointer again. 

See the table below for the Sharp original port used by this chip. 

Pointer 
Register name 

address 

01H SIOCFR (SID Configuration Register) 

02H PRICNT (Peripheral Control Register) 

03H MDMCFR (Modem Configuration Register) 

04H EMSCFR (EMS Configuration Register) 

OSH PSRAMCF (PSRAM Configuration Register) 

06H PWRCNT (Power Control Register) 

07H ATSTSY (Auto Stand·by Control Register) 

08H PWRSTAT (Power Status Register) 

09H PWRTIM (Power Save Timer Register) 

OAH RSMTIM (Auto Resume timer Register) 

OSH RSMCNT (Resume Control Register) 

OCH RSTFCT (Reset Factor Register) 

ODH EXSTAT (Expansion Unit Status Register) 

OEH VGACNT (VGA Control Register) 

OFH NMIFCT (MNI Factor Register) 

Chips port map (Si) 

[1J Access method 

CD Write the pointer address in the 1/0 address 22H. 

~ Read or write the data in the 1/0 address 23H. 

RlW 

RIW 

WID 

RIW 

RlW 

RIW 

RIW 

RIW 

RIO 

RIW 

RIW 

R/W 

RIO 

RIO 

RlW 

RIO 

After the 23H has accessed, it may not permit to access the 
pointer again unless the painter is set again. 



9-3. MC146818 (Real time clo'ck); .. ] ... 

Advance Information· . ;;:" 

REAL·TIME CLOCKPLUSHAM (RT~) 
The MC14681aReai~TimetJock plus flAM Isa peripheraJdevice 
which :inchjdes:'-the' uniq'ue'MOTEL conc'ePt for us-e with various 
microprocessors,-" microcomputers~---and larger computers., This part 
'combines three unique .features: a complete time-af-day Clock with 
alarm and one hundred year calender, a programmable periodiC:' inter~ 

-~. [tip-Limd-sqlJaFe;-wav~~ieFlefat0IT-ana;-s(}:;byte~ci:pjow=poWerstatiC
; RAM.T~e MC146818 uses high-~p~e(:1 CMOS technology to interface 
:wi,th 1~ M,Hz _f?~c?~~so~)~u.~~s, whit~ consLHning}{~ryJittJEl power. 

The 'Real-Ti~~- cioek pl~~ __ RAM' tl~s W;o 'distinct' uses. First, it is 
'desig-ned as ci' 'batterY- powelred: CMOS -'part~-(in' an otherwise 
NMosmL system) inCluding all the common battery backed-up func! 
tions,:such as RAM" time,-and calender.· Secondly, the MC146818 
·mp.y be used.~itb a CMOS microproces,sor, f6,-reii~v~ the software of 
ther- timE!keeping·"\.vorkioad ahct 'to<:~xfent(the aVfiilable RAM of an 
iMPU such as the MC146805E2... 

,. LOW-Power, High'Speed, High'DensityCMOS;· 

' •. :Ihterrial Time· Base ahct··Osciliator 

;. Counts Seconds, 'Minut:es" aiid Hours o(th-e bay 

. CoGn~s Days of the Week; Oatei Month, and Year 

3 V to 6 V Operation 

• Time Sase Input· Options: 4.194304 MHz, 1.048576 MHz, or 
32.768 kHz 

lime Base Oscillator for Parallel Resonant Crystals 

40 to 200 IlW Typical Operating Power at Low Frequency Time 
Sase 

• 4.0 to 20 mW Typical Operati'n~f Poyjer' at High Frequency Time 
Base 

Binary or BCD Representation ,of lime, Calendar, and Alarm 

12- or 24·Hour Clock with AM and PM in 12·Hour Mode 

~. ·'Ne· 

OSC1 .. 
OSC2; 

·ADO 

AD1 

AD2 

AD3 

AD4 

AD5 

AD6 

AD7 

VSS 

.• PIN ASSIGNMENI . 

Fig. 9-4 

VDD 

SQW 

PS 

CKOUT. 

-CKFS 

IRQ 

DS 

NC 

RlW 

AS 

CE 

'. ; 

Pin numbers in parentheses represent equivalent Z suffix chip carrier 
pins. Pins that have not been designated for the chip carrier are not 
connected. 

eSC1· --01;;:::::= 
a'"' 

"00_ 

VSS_ 

c, 
os 

"W 
AS 

", 

r----~::====+=====~=====f~~~:C~UT CKFS 

sow 

IRa 

JR~~~ 
Clcck.Alarlll. 
CaienderAAM 
(10 Bytes) • Daylight Savings TIme Option 

Automatic End of Month Recognition 

Automatic Leap Year Compensation 

Microprocessor Bus Compatible 

MOTEL Circuit for Bus Universality 

Multiplexed Bus for Pin Efficiency 

AOQ-A07 .;CY. 
BinillY 
Increment 

Interfaced with Software as 64 RAM Locations 

14 Bytes of Clock and Control Registers 

• 50 Bytes of General Purpose RAM 

Status Bit Indicates Data Integrity 

Sus Compatible Interrupt Signals (IRQ) 

Three Interrupts are Separately Software Maskable and Testable 
Time·of-Day Alarm, Once-per·Second to Once-per.Day 
Periodic Rates from 30.5 IlS to SOD ms 
End-of-Clock Update Cycle 

Programmable Square-Wave Output Signal 

Clock Output May Be Used as Microprocessor Clock Input 
At Time Base Frequency + 1 or + 4 

24-Pin Dual-In-Line Package 

Chip Carrier Also Available 

AS 

as 

R/iN 

Fig.9-5 Block diagram 

.l<-----,[VHIGH 
VlOW 

-----+1 

User RAM 
(50 Byte;) 

ADD ---------4:---~~--------_Jo------,h_-----AD7 
READ 

NOTE VHIGH=VDD-20V VLQW=O.8V for VDD.,5.0V'!10% 

Fig. 9-6 
__________________________________________________ ~6~----------------~M~C~1~4~6~8~18~b~u~s~t~im~i~ngL_ ____________ ___ 
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SIGNAL DESCRIPTIONS 
The block diagram in Figure 1, shows the pin connection with the 
major internal functions of the MC146818 Real-Time Clock plus RAM. 
The following paragraphs describe the function of each pin. 

Voo, VSS 
DC power is provided to the part on these two pins, Vao being the 
more positive voltage. The minimum and maximum voltages are 
listed in the Electrical Characteristics tables. 

.. OSC1, OSC2~ TIME BASE, INPUTS· 

The time base for the time functions may be an external signal or the 
crystal oscillator. External square waves at 4.194304 MHz, 1.048576 
MHz, or 32.768 kHz may be connected to aSCi. The internal time
base frequency to be used is chosen in Register A. 

The on-chip oscillator is designed for a parallel resonant. 

AT cut crystal at 4,194304 MHz or 1 ,048576 MHz frequencies, 

CKOUT-CLOCK OUT, OUTPUT 
The CKOUT pin is an Dutput at the time-base frequency divided by 1 
Of 4. A major use for CKOUT is as the input clock to the microproces
sor; thereby saving the cost of a second crystal. The frequency of 
CKOUT depends upon the time-base frequency and the state of the 
CKFS pin as shown in Table 9-3. 

CKFS-CLOCK OUT FREQUENCY SELECT, INPUT 
When the CKFS pin is tied to Voo it causes CKOUT to be the same 
frequency as the time base at the aSCi pin. When CKFS is tied to 
Vss, CKOUT is the aSCi time-base frequency divided by four. Table 
2 summarizes the effect of CKFS. 

lime Base (OSC1) Clock Frequency Clock Frequency 
Frequency Select Pin (CKFS) Output Pin (CKOUT) 

4,194304 MHz High 4,194304 MHz 

4.194304 MHz Low 1,048576 MHz 

1,048576 MHz High 1.048576 MHz 

1,048576 MHz Low 262,144 kHz 

32.768 kHz High 32,768 kHz 

32,768 kHz Low 8,192 kHz 

Table 9-3. Clock output frequencies 

SQW-SQUARE WAVE, OUTPUT 
The saw pin can output a signal from one of the 15 taps provided by 
the 22 internal-divider stages. The frequency of the saw may be 
altered by programming Register A. The SOW signal may be turned 
on and off using the SQWE bit in Register B. 
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ADO-AD7-MULTIPLEXED BIDIRECTIONAL 
ADDRESS/DATA BUS 
Multiplexed bus processors save pins by presenting the address 
during the first portion of the bus cycle and using the same pins 
during the second portion for data. Address-then-data multiplexing 
does not slow the access time of the MC146818 since the bus rever
sal from address to data is occurring during the internal RAM access 
time. 

The address must be valid just prior to the fall of ASIALE at which 
time the MC146818 latches the address from ADO to AD5. Valid write 
data must be presented and held stable during the latter portion oL 
the OS or WR pulses. In a read cycle, the MC146818 outputs eight 
bits of data during the latter portion of the DS or RD pulses, then 
ceases driving the bus (returns the output drivers to the high-im
pedance state) when OS falls in the Motorola case of MOTEL or RD 
rises in the other case. 

AS-MULTIPLEXED ADDRESS STROBE, INPUT 
A positive gOing multiplexed address strobe pulse selVes to demul
tiplex the bus. The falling edge of AS or ALE causes the address to 
be latched within the MC146818. The automatic MOTEL circuit in the 
MC146818. The automatic MOTEL circuit in the MC146818 also 
latches the state of the DS pin with the falling edge of AS or ALE. 

OS-DATA STROBE OR READ, INPUT 
The OS pin has two interpretations via the MOTEL circuit. When 
emanating from a Motorola type processor, OS is a positive pulse 
during the latter portion of the bus cycle, and is variously called OS 
(data strobe), E (enable), and £12 (£12 clock). During read cycles, OS 
signifies the time that the RTC is to drive the bidirectional bus. In write 
cycles, the trailing edge of OS causes the Real-Time Clock plus RAM 
to latch the written data. 

The second MOTEL interpretation of OS is that of RD, MEMR, or 
IIOR emanating from the competitor type processor. In this case, DS 
identifies the time period when the real-time clock plus RAM drives 
the bus with read data. This interpretation of OS is also the same as 
an output-enable signal on a typical memory. 

The MOTEL circuit, within the MC146818, latches the state of the OS 
pin on the falling edge of AS/ALE. When the Motorola mode of 
MOTEL is desired OS must be low during ASIALE, which is the case 
with the Motorola multiplexed bus processors. To ensure the com
petitor mode of MOTEL, the DS pin must remain high during the time 
AS/ALE is high, 

R/W-READ/WRITE, INPUT 
The MOTEL circuit treats the Rm pin in one of two ways. When a 
Motorola type processor is connected, Rm is a level which indicates 
whether the current cycle is a read or write. A read cycle is indicated 
with a high level on RiW while OS is high, whereas a write cycle is a 
Iowan RtW during OS. 

The second interpretation of RiW is as a negative write pulse, WA, 
MEMW, and i/OW from competitor type processors. The MOTEL cir
cuit in this mode gives Riw pin the same meaning as the write (W) 
pulse on many generic RAMs. 

--_._-- ---_ .. 
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CE-CHIP ENABLE,INPuf 
The chip-enable (CE) signal must be asserted (low) lor" bus cycre in 
whicnthe MC146818 is to be accessed.CE is not latcliedand must 
be stable during OS and AS (Motorola' case 01 MOTEL) and during 
RO and WR (in the other MOTEL case). Bus cycles:which take place 
without asserting CE case rio actions to take place within the 
MC146818_Wheh CEis high, the multiplexed busoutputis. ina high 
impedance state. 

WhenCE is high, ali address, data, oS, andRlWihpllts lrom the 
processor are disconnected within 'the MC146818-. This permits the 

--'MG-1-468-ta--to-be-isolated-ofrotrhiopowe'red::doWft-processoi7When--e~ 
is' held -high, an unpowered device cannot receive power through the 
·i'nput pins from the real-time clock -pow-er: soutce. Sattery powel" con
su-rnption can "thus be reduced by using a pul/up- resistor or active 
clamp on OE: when the· main power is off. Whert- CE is not'used, it 
should be grounded. 

IRQ--INTERRlJPfREQlJEST, OUTPUT. 
ThelRO pin'is Mactive low outpulol the MC146818 that maybe 
used as an interrupt input to 'a processbr. The IRQ output remains law 
as 16ng 'as the, status' bit causing the, interrupt: is present and- the 
corresponding:- Interrupt-enable bit is set. Ta 'crear the IRQ pin, tRe 
processor program 'normally-reads Register C, -The RESET pin also 
clears pending interrupts. 

When no interrupt conditions ~re present, the IRQ' level is in the 
high:.impedance 9·8t8.te. -Multiple interrupting devices may thus be 
connected to an IRQ-bus with one pullup at the processor. 

RESET--RESE~INPUT 

1he R~SET pin d,a~s ncit _aff~ct the Clock, calendar, or RAM functions. 
On powerup, the RESET pin must be held low fo~ the specifiec;l time, 
tRLH, in_order to allow the powe~ supply to stabilize. 

When RESET is low the following ocqurs: 

a) Periodic Interrupt- Enable (PIE) bit is cleared to zero. 

b) Alarm Interrupt Enable (AiE) bit is cleared to zero. 

c) Update ended Interrupt Enable (UIE) bit is cleared to zero. 

d) Update ended Interrupt Flag (UF) bit is cleared to zero. 

e) Interrupt Fiequest status Flag (IROF) bit is cleared to zero. 

ij Periodic Interrupt Flag (PF) bit is cleared to zero. 

g) The part is not accessible. 
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9-4. 82C455 VGA FLAT PANEL/CRT 
CONTROLLER DATA SHEET 

• VGA~Compatible flat panel controller optimized for laptop com~ 
puter applications. 

• Supports CRT, LCD, Plasma and Electro-Luminescent displays of 
varying resolutions. 

• Single chip implementation tightly couples to the CHIPS/250 and 
CHIPS/2aD and interiaces with 8 and 16 bit PC bus and MeA (an 
interface compatible with the MicroChanneI™). 

• Up to 40 MHz dot clock speed for graphics and text modes. 

• Can utilize an external palette OAC with up to 16 million colors. 

• Provides intelligent backward compatibility to the EGA, eGA, 
Hercules TM, and MDA on Flat Panel displays. 

The 82C455 Graphics Controller provides a complete solution for 
implementing a Video Graphics Array-compatible controller. The 
82C455 is supplied in a 144-pin PFP package. It can be used in 8 
and 16-bit PC bus and in 16-bit MCA bus environments. 

Display Types Supported 
CGA, EGA, MDA, Multifrequency, IBM PS/2™ and other monitors 
can be used. The choice of fiat panel displays includes EL, plasma, 
as well as single panel/single drive, dual panel/single drive and dual 
panel/double drive LCDs. Both gray scale and monochrome panels 
are supported; a proprietary frame rate control algorithm provides 
gray scale capability on monochrome panels. 

CHIPS/250 and CHIPS/280 Interface 
The 82C455 interfaces directly to the CHIPS/250 and CHIPS/280, 
providing a simple, cost-effective solution for PS/2 compatible sys
tems, When used with one of these CHIPSets®, the 82C455 can 
execute FAST memory cycles at a speed greater than that normally 
available on the MCA bus. 

Backward Compatibility 
The 82C455 is compatible with IBM's EGA, CGA and MDA, in addi
tion to offering a Hercules monochrome-graphics-compatible mode. 
On-chip compensation registers permit software designed for low 
resolution displays to utilize the entire screen area on a flat panel with 
higher resolution. 

Hardware Support for Context Switching 
Multitasking and windowing environments can be implemented easily 
since all internal registers of the 82C455 can be read and written. 

DATA 

82C455 

ADDRESS 

CONTROL 

L-~-'1Jl' 
Fig. 9-7 82C455 System Implementation 

82C455 Functional Description 

TO 
CRT 

TO 
FLAT 
PANEL 

The 82C455 offers a complete solution for implementing a 
VGAlMCGAlEGAlCGAlMDAlHercules-compatible display system. By 
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flat panel used in an implementation. Mode initialization is supported 
at the BIOS and register levels. ensuring compatibility with all applica
tion software. The 256 Kbytes of display memory size is comprised of 
8 64K*4 DRAMs. Display memory refresh is controlled by the 
82C455; it is transparent to the CPU. 

For support of multitasking environments and context switching, the 
entire state of the 82C455 (internal registers and latches) is readable 
and writeable. This feature is 100% compatible to IBM's VGA. 

The 82C455 directly interfaces to 8-bit PC and PCIXT, 16-bit PC/AT 
and 8 or 16-bit MCA buses. All operations necessary to ensure proper 
operation in these various environments are handled in a fashion 
transparent to the CPU. These include internal decoding of all 
memory and 1/0 addresses, bus width translations and generation of 
the necessary control signals. 

The 82C455 contains 16 color palette registers. It also interfaces 
directly to an external Inmos G171 (or compatible) color palette and 
D/A converter. Like the VGA, it is capable of display resolutions of 
640*480 with 16 on-screen colors (internal palette) and 320*200 with 
256 on-screen colors from an external palette of 256 thousand (or 16 
million) colors. The 82C455 can also be programmed for higher 
resolutions up to 800*600 in 16 colors. 

The 82C455 integrates four different modules as follows: 

Graphics Controller 
The Graphics Controller interfaces the 8 or 16-bit CPU data bus to 
the 32-bit data bus used by the four planes (Maps) of display 
memory. It also latches and supplies to the Attribute Controller display 
memory data for use in refreshing the screen image. For text modes 
this data is supplied in parallel form (character generator data and an 
attribute code); for graphics modes it is converted to serial form (one 
bit from each of four bytes form a single pixel). The Graphics Control
ler also performs anyone of several types of logical operations on 
data while reading it from or writing it to display memory or the CPU 
data bus. 

Sequencer 
The Sequencer generates all CPU and display memory timing sig
nals. It controls CPU access of display memory by inserting cycles 
dedicated to CPU access and contains mask registers which can 
prevent writes of individual display memory planes. 

Attribute Controller 
The Attribute Controller generates the 4-bit-wide video data stream 
used to refresh the display. This is created in text modes from a font 
pattern and an attribute code which pass through a parallel to serial 
conversion. In graphics modes. the display memory contains the 4-bit 
pixel data. In text and graphic modes the 4-bit pixel data acts as an 
index into a set of internal palette registers which generate a 6-bit 
stream. Two additional bits of color data are added if 256-color mode 
is enabled. Text blink, underline and cursor are also the responsibility 
of the Attribute Controller. 

CRT Controller 
The CRT Controller generates all the sync and timing signals for the 
display and also generates the multiplexed row and column addres
ses used for both display isfissh and CPU access of display memory. 

-- integrating-all ileeessary-~e§ie-t-Ae---tleviG8--eR8uf-eS----that-total--ChiJl---COl1f1L-___ _ 
for a VGA-compatible solution can be as low as 14 chips (includes 
82C455, display memory, buffers and drivers). 

Anyone of a variety of CRT monitors or fiat panel displays can be 
driven. Internal compensation registers ensure that industry-standard 
software designed for different displays can be executed on the single 
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Pin Description Tlible 
, ", , , , 

Flatpack --
.·Pin No. Name ' , Type Active- De~cription , 

63 ADO I/O Both' SYSTEM ADDRESS and DATABtls 0-15. 
62 ADI ·1/0 ' Both These' bits are used to address displ,ay memory and the 110 mapped 82C45,5 internal 
61 I AD2 I/O , " Both r~gi~ters. They also transfer data betwe'en the CPU bus and dispiay memory arid 82C455 
60 AD3 

" 

I/O: Both register,s'. Addresses must be valid when output signal DATAEN is loW- and data -musf be 
59 AD4 I/O Both helduntill\(GACMD (COMMAND) is low, Addresses are latched internaUY. 
58 AD5 I/O 'Both 
57' AD6 I/O Both 

" ;~ 
Ag.~ ~f/0'-'--=Bdth-'- ' -

53 ADa I/O Both 
52 AD9 I/O Both -; .. . -" - _ ... 
51 AD10 I/O Both 
50 AD 11 I/O Both 
49 AD12 I/O Both 
48 AD13 110 Both 
47 AD14 I/O Both 

,46 AD1,5 , I/O ,Both , 

44 At6' I' Both SYSTEM ADDRESS Bits 16·18 and AUXILIARY DATA BitSD-2. These bitstransler a 
43 A17 I Both high,order address when DATAEN is low. The auxiliary data btls on pins A16,A17, and 
42 A18 ' , I Both At8 respectiyely are read into Bits 0-2, respectively, 01 the DIP Switch register when that 

register is accessed by the CPU. The El-ddress bits -are la,tchE;!d internally and are ignored 
" lor I/O cycles. 

72 \BHE I Low BYTE HIGH ENABLE and AUXILIARY DATA Bit. IBHE low indicates that the high order 
byte at the current word,addr~ss:is being accessed. If active. \BHE must be valid when 
DATAEN is low. The pin ',is, also an-auxiliary data input which is read into Bit 3 of the DIP 
Switch register when the DIP Switch register is accessed by the CPU. This data bit is 

" latched internally on the lalling edge 01 IVGACMD (lIOR). 
41 ADDHI I High ADDRESS HI and AUXILIARY DATA Bit. This high order memory addre~s eneble input is 

-generated external to the 82C455 by decoding system addresses A 19-A23. As an address, 
it must be valid when DATAE'N is low, is latched internally and specifies ttiat the current 
memory address is valid for the 82C458. This pin is an auxliiary data bit read into Bit 4 of 
the DIP- Switch register when the DIP Switch register is accessed 'by ihe CPU. this' input 

I pin is Igilored during 1/0 cyCies. .' 
67 DATAEN 0 High DATA ENABLE. The DATAEN output controls external multiplexing 01 the system ad-

dress/data bus. DATAEN low selects address and DATAEN high selects data. In an MCA 
interface, DATAEN is low when IVGACMD is high and DATAEN is high when IVGACMD is 
low. In a PC or PC/AT bus interface DATAEN is low when aU IMEMR, IMEMW, IIOR, and 
IIOW are high. DATAEN is high when anyone 01 IME;MR, IMEMW, \IOR or IIOW is low. 

65 IRDLO 0 Low READ LO. this output contro,ls the. direction 9f the external data transceivers on the low 
order byte (Bits 0-7) of the address/data bus. It is low When data is read from the 82C455 
and high when data is written to 82C455. DATAEN can be used to enable the external 
transcefver. 

64 IRDHI 0 Lo'w READ' HI. This output operates in a fashion identically to the \RDLO output except that it 
controls direction lor the high order byte (B~s 8-15) 01 the address/data bus. RDHI is low 
when data is read from 82C455 and high whe.n data is written to 82C455. 

71 MIlO, I Both MEMORY/IO or ADDRESS ENABLE and AUXILIARY DATA input. In MCA interfaces, the 
(AEN) MIlO input. pin selects either a -memory or an I/O transfer. M/IO high selects a memory 

cycl~ 'and low selects an 1/0 cycle. When defined as MIlO, it must be valid when the 
DATAEN input is low. In PC,.Bus interfaces, this input is renamed AEN. When low, it 
indicates a valid I/O address when DATAEN is low. The MilO (AEN) signal is latched 
internally. In both MCA and PC-Bus environments this pin serves as an auxiliary data bit 
input. It is read into Bit 5 of the DIP Switch register whenever the D[P Switch register is 
accessed by the CPU. 

69 ISO I Low SO or, MEMORY WRITE. ISO is the memory and VO write input lrom the MCA bus. In 
(lMEMW) PC:Bus interface applications, this input is nam~d.\~,sMYV., It must be low for CPU writes 

,," ., ,. 
" 

- , " to display memory. 
70 lSI I Low Sl or MEMORY READ. lSI is the memory and I/O read input Irom th., MeA bus. In 

(IMEMR) PC-Bus interface applications, this input is named \MEMR. It must be low to permit the 
CPU to read display memory. 

79 IVGASETUP I Low VGA SETUP or VO WRITE. In an MCA environment this aclive low IVGASETUP input 
(IIOW) allows configuration registers at [/0 Addresses -100-1 04h to be acce-ssed. All other- memory 

and I/O functions are disabled. rn PC-BUS interface applications, thfs input is named .\lOW. 
It must be low to permit the CPU to wr~e to an 82C455 VO register, " 

68 IVGACMD I Low VGA COMMAND or VO READ. In an MCA environmentthis active loW IVGACMD indicates 
(IIOR) a command bus cycle. WGACMD must not be asserted during system memory refresh 

cycles. In a PC-Bus environment this input is flamed \lOR., It must be low to permit the 
CPU to read an 110 registe;r. 

Table 9-4 (a) 
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Flatpack 

Pin No. Name Type 
80 VGAENAB I 

(IREFRESH) 

78 IVGAREQ 0 
(1IOSC16) 

74 VGARDY 0 

77 IVGADS16 0 
(IMEN16) 

75 IVGAACK 0 
(IWR46E8) 

113 VGAINT 0 

114 RESET I 
38 TEST I 
40 PWRDN2 I 
111 PWRDN1 I 

105 CLKO I 
104 CLK1 I 
103 CLK2 I 

101 MCLK I 

108 SENSE I 

100 IPALRD 0 

99 IPALWR 0 

142 MODO I/O 
3 MOD1 I/O 
7 MOD2 I/O 
12 MOD3 I/O 
16 MOD4 I/O 
24 MOD5 I/O 
28 MOD6 I/O 
33 MOD7 I/O 

144 M1DO I/O 
5 M1D1 I/O 
10 M1D2 I/O 
14 M1D3 I/O 
22 M1D4 I/O 
26 M1D5 I/O 
31 M1D6 I/O 
35 M1D7 I/O 

115 M2DO I/O 
118 M2D1 I/O 
120 M2D2 I/O 
122 M2D3 I/O 
124 M2D4 I/O 

l~" -1v1w" te-
130 M2D6 I/O 
132 M2D7 I/O 

Active 
High/Low 

Low 

Low 

Low 

Low 

Either 

High 

High 
Both 
Both 

Both 
Both 
Both 

Both 

Both 

Low 

Low 

Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 

Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 

Both 
Both 
Both 
Both 
Both 

---Both-
Both 
Both 

Description 
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VGA ENABLE or REFRESH and AUXILIARY DATA. In an MCA environment this active 
high VGAENAB input signal enables memory and 110 accesses. In the PC~8us interiac8, 
REFRESH high indicates a valid memory cycle. This pin also selVes as an auxiliary data 
bit input which is read into Bit 6 of the DIP Switch register whenever the DIP Switch 
register is accessed by the CPU. 
VGA REQUEST or 1/0 SELECT 16. In an MeA environment this output indicates that a 
FAST memory cycle can be executed (this feature can be disabled through a register). In 
a PC~8us environment this active low \IOGSi6 signal indicates a valid 16 bit lID cycle. 

VGA READY. when low this output indicates that the current CPU read/write cycle must 
be extended with wait states. 
VGA ADDRESS SELECT 16 or MEMORY ENABLE 16. In an MCA environment this 
active low WGADS16 output indicates that a 16~bit memory or 1/0 transfer cycle is 
occurring. In a PC·Bus environment this active low \MEN16 signal indicates a 16·bit 
memory cycle transfer is enabled. This signal should be used in external logic to decode 
the high order address and generate \MEMCS16 for the PC·AT bus. 
VGA ACKNOWLEDGE or WRITE 46E8h. In an MCA environment this active low 
IVGAACK output indicates a valid CPU access (memory and I/O) to the 82C455. In a 
PC·Bus environment this active low \WR46EB signal indicates a valid 1/0 write to address 
46EBh. 

VGA INTERRUPT. This pin is asserted whenever the vertical sync signal goes active. 
This pin can be configured to be active high (EGA) or active low (VGA) through the 
Emulation Mode register (XR14). 
RESET. An active high input which resets the 82C455. 
TEST. This input is used for factory testing only. It should be tied low. 
POWER DOWN 2, 1. The POWER DOWN input pins select the Normal, Relax, and 
Retire modes of operation as follows: 

PWRDN2 PWRDN1 OPERATION 
0 0 Normal Operation 
0 1 Relax Mode 
1 0 Retire Mode 
1 1 Illegal 
CLQCK 2·0. Video Clock inputs. One of these dot clock inputs is selected by the Miscel· 
laneous Output Register. 

MASTER CLOCK. This clock input is used to sequence internal 16·bit [f0 cycles. 
SENSE. The state of this input pin can be read in Input Status Register 0, Bit 4. 
PALETTE READ. This output is active low during an [f0 read to an address in the range 
3C6·3C9h and is connected to the Read input of an externallnmos G171 Palette/DAC. 
PALETTE WRITE. This output is active low during an lID write to an address in the range 
3C6·3C9h and is connected to the Write input of an external Inmos G171 Palette/DAC. 
MEMORY 0 DATA. Display memory data bus for Plane 0 (Map 0). 

MEMORY 1 DATA. Display memory data bus for Plane 1 (Map 1). 

MEMORY 2 DATA. Display' memory data bus for Plane 2 (Map 2). 

Table 9-4 (b) 
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Pin No. Name Type : Active Description 
116 . M3DO 1/0 Both . MEMORY 3 DATA. Display memory data bus for Plane 3 (Map 3). 
119 M3Dl 110 Both 
121 M3D2 1/0 Both 
123 M3D3 1/0 Both 
125 M304 110 Both 
129 M3D5 1/0 Both 
131 M3D6 1/0 Both 
133 M3D7 1/0 Both 

. 143 AAO . 0 Both ADDRESS PLANES 0 1. Displa~I'DBAM-plan9S-D.<!nd-l. 
4 AAl 0 Both 
8 AA2 0 Both 

13 AA3· 0 Both 
21 AA4 0 Both 
25 AA5 0 Both 
29 AA6 0 Both 
34 AA7- 0 Both 

141 BAO 0 . Both ADDRESS PLANES 2, 3. Display memory address bus for DRAM Planes 2 and 3. 
2 BAl 0 Both· 
6 BA2 0 Both 

11 . BA3 0 Both 
15 BA4 0 Both 
23 BA5 0 Both 
27 BA6 0 Both 
32 BA? 0 Both . 

20 IRAS 0 Low ROW ADDRESS STROBE. Row.address strobe for all DRAM memory banks. 

134 ICASO 0 Low COLUMN ADDRESS STROBE O. Active low column address strobe for Memory Plane O. 

135 ICASl 0 Low COLUMN ADDRESS STROBE 1. Active low column address strobe for Memory Plane 1. 

136 ICAS2 0 Low COLUMN ADDRESS STROBE 2. Active low column address strobe for Memory Plane 2. 

137 ICAS3 0 Low COLUMN ADDRESS STROBE 3. Active low column address strobe for Memory Plane 3. 

139 IWE 0 Low WRITE ENABLE. Active low write enable signal for all display memory banks/planes. 
97 HSYNC 0 Both HORIZONTAL SYNC OUTPUT. HSYNC is active high if the horizontal polarity M (Bit 6 of 

the MiscellaneoLis Output register; VO address 3C2) is low. It is active low if the horizontal 
polarity bit is high. 

98 VSYNC 0 Both VERTICAL SYNC OUTPUT. VSYNC is active high if the vertical polarity bit (Bit 7 of the 
MisceUanebus Output register; 1/0 address 3C2) is low. It is active [ow if the vertical 
polarity bit is high. 

96 BLANK 0 Both BLANK is a programmable output for blanking the CRT or Flat Panel. Its polarity is 
programmable. It can be redefined as the Display Enable Signal. 

. 85 VIDEOO 0 Both VIDEO 0-7. Eight video outputs to drive a color or monochrome display devices. 
86 VIDEOl 0 Both Color values for digital CRT interface are assigned as follows: 
87 VIDE02 0 Both VideoO B Blue 
88 VIDE03 0 Both Videol G Green 
89 VIDE04 0 Both Vide02 R Red 
93 VIDE05 0 Both Video3 BSN Secondary Blue/Monochrome 
94 VIDE06 0 Both Vide04 GS/I Secondary Green/Intensity 
95 VIDEO? 0 Both VideoS RS Secondary Red 

Vide06 User Defined 
Vide07 User Defined 

92 SHIFTCLK 0 High SHIFT CLOCK. Output pixel clock to which video output data is synchronized. 
83 WGTCLK 0 High WEIGHT CONTROL CLOCK. Gray scale reference clock for Panels with Pulse Width 

Modulation support. 
17 ACDCLK 0 High LCD CLOCK. A 50% duty cyde square-wave with programmable period. Used to back 

bias LCD panels . 
140 IERMEN 0 Low . EARLY MEMORY INDICATOR. This output indicates whether display memory is being 

accessed by the CPU or by the 82C455 t6 refresh 1Me display. A high indicates display 
device access and a low is CPU access. This Signal can be redefined as a general 
purpose output. 

112 ITRAP 0 Low TRAP. This active low output indicates a TRAP condition requiring special CPU assistance. 
It can be redefined as a general purpose output pin. 

82 PTMC I Both PTMC. this input selects the type of CPU interface. PTMC low selects an MCA interface 
and high selects a PC-Bus interface. This inpl;lt must always be valid. 
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9·5. )lPD80C42 Universal peripheral interface 

Features 
o Instruction cycle: 1.25J.lsl12MHz 

o Program memory (ROM): 2K x 8 bits 

o Data memory (RAM): 128 x 8 bits 

o 1/0 port: 2 x 8 bits 

o Async slave master interface 
Two data registers (DBBIN" DBBOUT) 
-B-BFIOS-l'A-l'tf-S- - ---~~--

o Internal timer/counter: 8 bits 

o A pair of working registers 

o 8~[evel stack 

o Internal clock oscillation circuit 

o Interrupt function 

o DMA function 

o Expandable 1/0 port 

o Single step operation 

Block diagram 

MASTER 
SYSTEM 
INTERFACE 

DO 
-07 

WR 

RO 

cs 
AO 

EA 

SYNC 

ss 
PROG 

RESET 

CRYSTAl{ XTAL1 
LG,OA 
CLOCK XTAL2 

vee 

vss 

n 

'---< 

CONTROL 
LOGIC 

1 

TIMING 

1 
STANDBY 
CONTROL 

+2.5V-+6.0V 

GROUND 

DBBIN 

DBBOUT 

DBB STATUS STATUS 
REGISTER 

4 
FLAGS 

1t41 
IACCUMULATOR 

I ALU 

I 
I TEMP REG 

I 
INSTRUCTION 
DECODER 

I IBFINT I 

Fig. 9-9 
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9-6. TC51128AFL-80 CMOS 
PSEUDO-STATIC RAM (131,072 
WORDS X 8 BITS) 

General 
The TC518128AFL is a single 5Voperated 131,072 words x 8 bits 
pseudo-static RAM. It realized a large capacity, high speed, and low 
power dissipation by a combination of single transistor type dynamic 
memory cell and peripheral CMOS static circuit With the 
TC518128AFL, auto refresh and self-refresh can ea§ily be achieved 
with -RFSH input, and, similar as an asyne static RAM, the R/W input 
is accepted at a low to high transition of RNI, which enhances easier 
interface with microcomputer. 

The TC518128AFL is pin compatible with 1 MB static RAM (JEDEC 
standard) and a package of 0.3" wide, 32-pin SOP minHlat static 
package is used. 

Refresh can be done by selecting 512 address (AO-A8) within 8ms. 

Features 

tCEA Access time 

tOEA OE access time 

tRC Cycle time 

PD Operating power dissipation 

Self~refresh current 

Large capacity:, 131 ,072 words x 8 bits 

High speed, low power dissipation 

Single 5V supply: 5V±10% 

Auto refresh possible by the internal counter 

Self-refresh possible by the internal counter 

All input/output are TTL compatible 

512 refresh cycle/8ms 

Adoption of the auto refresh power down function 

Pin compatible with 1 M static RAM (JEDEC standard) 

• 32-pin mini-flat package 

Pin configuration 

32 VDD 
3i A15 

A14 30 CE2 
29 RIW 

28 A13 
A6 27 A8 
AS 26 A9 

25 All 
OE 

A2 Al0 
Al CEl 
AD Iloa 

1101 1107 

1102 1106 

1103 1/05 

GND 1104 

~--

Fig. 9-10 

80ns 

35n5 

130ns 

385mW 

1mAl220~A 
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Pin name 

AO-A16 

R!W 

OE 

RFSH 

CIT, CE2 

1/01-1/08 

VDD 

GND 

Block diagram 

CIT 

CE2 

RIW 

-PC-6220 

Address input 

Read/write input 

Output enable input 

Refresh input 

Chip enable input 

Data input/output 

Power supply 

GND 

8 
Column decoder € 

~ 
8 

Sense amp 8 8 ~ 

1/0 gate ~ 

.~ 
~ 1101 
0 -I/OB 

512 Memory array € 
512x256x8 Jg 

B 
~ 8 
~ 
0 

~ 
0 

Fig. 9-11 



9-7. M5M27C102FP ONE TIME PROM FOR!" 
BIOS' 

DESCRIPTION . 

The M5M27CI 02FP, is high-spee~ I 048576-bif pne time program-, 
rnabfe read only,- me"r)1.oti,8s. 1 They are suitable for _ microprocessor: 
programming- applilica~on~',~here rapid turn"arou~d ,is required. The 
M5M27CI02FP are labricated by N.channel double'p'olysilicon gate 
for Memory and CMOS: techno_logy for peripheral -circuits, and are, 
available in 40 pin (DIP, SOP, VSOP) or 44 pin (PLCC) plastiC pack-

--ages.~- _., "--... - -~- -,~ , 

FEATURES 

65536 ~~rd. ~ 16 bit organization 

• Package ~- , SOP (52,5 mil) .....•••.......• M5M27C1 02FP 

Access lime : ................ : ............... , ............................... 200ns (",,,,,.) 

Programming voltage:,012.5V 
, 

• Two line c.qntrol OE; CE 

Low PoW~r.9urrent;(lcc): Active .. :~ .. , ........................... SOmA (max.) 

• Single 5V-power s~pply 
3-Stat'! output buffer 

Stand by ............... c ••••••••••••••• I rnA (max.) 

• Input and oUfput TTL-compatible in read and program mode 

Word p'rograniming algorithm 

• Page programming algorithm 

PIN CONFIGURATION (TOP VIEW) 

(SV,12.5\I) VPP , 0 " vec (SV,6V) 

CHIP ENABLE w-, 39 -PGiil PROGRAM 
INPUT 015_ 3 " '0 ''fur 

014_ 4 

"-"'} 013- 5 36 -A14 

OATAINPUTS 012_ Ii 35 -A13 
OUTPUTS 011- 7 34 -A12 ADDRESS 

s: INPUT 
010- S 

'" 
33 -All 

09_ 9 s: 32 _A10 

OS- 10 '" 31 -A9 -.J 
(OV) GNO " !] " GNO(OV) 

07_ 12 0 29 -AS '" os_ 13 
.., 

2S -A7 " 05_14 V -A6 

DATA INPUTS 04-15 2S -AS 
OlITPlITS 03- lS 25 -A4 ADDRESS 

"eve 02-17 24 -AS 

01_11'1 23 -A2 

OUTPUT 00- 19 22 -Al 

ENABLE lJE'"_ 20 21 -AO 
INPUT 

Oulline 40P2M (SOP: FP) 

Fig. 9-12 

9-8. SC9871 DMA-c 

9-8-1. DMAC general description 
The DMAC lunction is stored in the SC9871. 

Two 8237 DMACs are contained in this controller which supports 7 
D,t:AA chann.els .. 1he DMA controller~ 1 operate~ as ~ slave to carry out 
the DMA transfer lor CHO-3 i~ byte incremen.t. The DMA cootroller-2 
operates as a· master to c~ry out the DMA transfer for c,,:f4-7 in 
16-bit increment., CH4 is used for the cascade connection. The rate 
translerred afa time is 64KS lor CHD-3and.128KS·lor CH4-7. The 
transfer ,ar~a -is,' 16,MB . whose high order area is' ,set.to' th~e page 
register within the. sup~ril}~e.9r~tion; 

Channel allocation 
CHO : 1/0 slot 

CH1 : 110 slot 

CH2.: RPRPY disk + 110 slot 
, . "" !~, . . , 

CH3 : 1/0 slot 

CH4: For cascade connection 

CH5: 1/0 slot 

CH6 : 1/0 slot 

CH7 : 1/0 slot 

110 address 
Described next is 1/0 address. 

OOH : CHO base, current address 

01 H : CHO base, current address 

02H : CH1 base, current address 

03H : CH1 base, current address 

04H : CH2 base, current address 

05H : CH2 base, current address 

06H : CH3 base, current address 

07H : CH3 base, current address 

08H : DMAC 1 command, status register 

09H : DMAC I request register 

OAH : DMAC I single mask register 

OSH : DMAC I mode register 

OCH : DMAC I clear byte paint register 

ODH : DMAC I master clear 

OEH : DMAC 1 clear mask register 

OFH : DMAC I all mask register 

COH: CH4 base current address 

C2H : CH4 base current address 

C4H : CH5 base current address 

C6H : CH5 base current address 

C8H : CH6 base current a,ddress 

CAH: CH6 base current ~ddress 

CCH: CH7 base current address 

CEH: CH7 base current address 

DOH: DMAC 2 command, status register 

D2H : DMAC 2 request register 

D4H : DMAC 2 single mask register 

D6H : DMAC 2 mode register 

D8H : DMAC 2 clear byte point register 

DAH: DMAC 2 master clear 

-------------------='-74<-:-~----------------



DCH: DMAC 2 clear mask register 

DEH: DMAC 2 all mask register 

DMAC 1 address and count must be set in increment of a byte. The 
address of DMAC 2 is possible for DMA due to a 16~bit word environ~ 
ment and a half of the actual address is used to set. 

Page register 

87H : DMAC CHO page address 

83H : DMAC CH1 page address 

81 H : DMAC CH2 page address 

82H : DMAC CH3 page address 

8SH : DMAC CH5 page address 

89H : DMAC CH6 page address 

8AH : DMAC CH7 page address 

8FH : High address during DRAM refresh 

80H : MFG port 

9·8·2. DMAC block diagram (SC9871) 

DXO-7 

DREQO
DREQ5-
DMACK 
RESET 
HACK 

245 

~~ 
3 

'0. 
/ 

HLDA 
MASTE 
REF RJ~ 

LS175 

CSDMWT '-

T 

62C37 

DMAC = 

62C37 

DMAC f 
LS612 

Mapper ~L 

lS373x2 

DMA 
lach 

LS13B 

Decoder 

~ 
,-. 

- -

a fl 
IOCHADY 

Fig. 9-13 

245244x2 

-' 

'-~ 

~~ 

245,244 

10 

LS74x6 

t 

XAO-23 

DACKO-7 
TC,AEN 
AEN1,A'ENT 
AEN2,AE"N'2 
EOP1,EQP2 
ADSTB1,ADSTB2 
HRa 

XIOR 
XIOW 

XMEMR 
XMEMW 
XBHE 

p DMCS 

A CK 

-T5-
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84, 85, 86, 88, 8C, and 8EH are reserved. 

In the page register is set the DMA address A23-16. But, for the 
DMAC 2, the LSB of the page register is insignificant because the 
DMAC is an output far A16. 

DREQ/DACK signal are connected to the 110 slots, but, the internal 
FOC is connected for the channel 2 of the slave when the bit 3 of the 
3F3H/372H port is at "1". 



9-8-3. Config uration register 
Can be: a~cessed-when the regiSter nu'mlJer'is s~t-ih-the ccinfiguration" 
register 22H and the set vahj9 'is oLltputted to, th,9_' ~ddress 23H. ' 
o 22H: Regis~er nl,lm~er ,(write only) 

a 231;1: Value.to beset intl1eregister (~eacl/write possible). 

There are some registers provided, but explan'a:tion will be given here 
for the register number 01 H whic~ is DMAC related. 

Register number 01 H (readiwrite port) 

7 

x X I 16W1 I 16WO I 8W1 I 8WO 

Default .... ALL "0" 

The register to which set the DMA wait control. 

Table 

x 

Set value 
DMAC 2 waits 

16W1 16WO 

0 0 

0 1 

1 0 

1 1 

Set value 

8W1 8WO 

0 0 

0 1 

1 0 

1 1 

DMAC 2 is for 16-bit transfer (master DMAC) 

DMAC 1 is for B-bit transfer (slave DMAC) 

1 walt 

2 waits 

3 waits 

4 waits 

DMAC 1 waits 

1 wait 

2 waits 

3 waits 

4 waits 

o 
x 

9-8-4. SC9871 DMAC signal descriptions 

PIN No. NAME I/O FunCtion--
1-5 TXAa-:5 Not used.' 
6-7 XA0-1 B System, address bus , 
9-15 XA2-8 B 
17 XA9 B 
18-24 XA10-16 0 
26-32 XA17-23 0 

33-36 DACKO-3 0 Response to a-bit transfer re-
m '0<' '0< m'EQO-3 

37 DACK4 0 Not used. 

38-40 DACK5-7 0 Response to -16-bit transfer· re-
quest for DREQ5-7. 

42 AEN 0 Not used. 

43 AEN1 0 Not .usec!. 
44 AEN2 0 "Not -used. 

45 AEN1B 0 Address enable 

46 AEN2B 0 Not used. 

47 ADSTBt· 0; Not Li~ed~ 

48 ADSTB2 0 Not used. 

49 EOP1 0 Not !,!sed. 

50 EOP2 0 Not used. 

51 TC 0 DMA complete signal 

52 HRQ 0 Hold request, to system gate array 

53 HRQ 0 Not used. 

54 ACK 0 Not used. 

55 TEST I Fixed LOW 

56 GATERDY 0 Not us~d. 

58 XIOR B I/O read 

59 XIOW B I/Q write 

60 TXIOR Not used. 

61 TXIOW Not used. 

62 XIlHE 0 Byte high enable 

63 XDO B System data bus 
65-71 XD1-7 B 

73-80 TXDD-7 Not used. 

81 XMEMR 0 System bus memory read 
MEMRC 

82 XMEMW 0 System bus memory write 
MEMWC 

83 TESTCK I Fixed LOW 

84 TSTNORT I Fixed HIGH 

85 10CHRDY I AT bus 10CHRDY signal 

86 CSDMWT I Indicates the configuration 
register access inside the DMAC 
that indIcates the 23H is ac-
cessed following to 22H 01. 

87 REF I Indicates the refresh cycle. 

88 MASTER I AT bus m~ter ~ignal input. Indi-
cates·that the A"V bus has be· 
came the bus master. 

89 RESET I Reset 

91-94 DREQO-3 I 8-bit DMA request signal 

95-97 DREQ5-7 I 16·bit DMA request signal 

98 DMACLK I 4MHz DMA clock 

99 HACK I Hold acknowledge 

100 HLDA I CPU HLDA signal that indicates 
that the CPU released the bus. 

---------------------------------------=-7·~b-~-----------------------------------



9-9. LZ95H22 

9-9-1. General 

The DOS_ROM, VGA, and printer interface are contained in a single 
chip for the PC~6220. 

(1) DOS·ROM interface 
Supports the same features as the ROM board. 

(2) VGAinterface 
Creates the memory and 110 chip select signals. 

(3) Printer interface 
Supports the parallel port functions of the IBM serial/parallel 
board. Ports 1 and 2 are set by the Sharp original port. 

(4) 8042 hard disk interface select signal generation 

(5) Others 
Drive select signa! generation 
Key board select signal generation 
CRT display select signal generation 
Drive access LED internal/external key selection 

9-9-2. 1/0 address 
The following 110 ports exist in the gate array. 

(j) Sharp original port 

i2l DOS·ROM interface port 

® Printer interface port 

® Hard disk interface, 8042 decoder 

@ FDD control signal port 

See the table next for the relationship between address and port 

AEN A9 A8 A7 AS A5 A4 A3 A2 Al AO 

1 X X X X X X X X X X 

0 0 0 0 1 1 1 1 1 0 0 

0 0 0 0 1 1 1 1 1 0 1 

0 0 1 # # # # 1 0 0 0 

0 0 1 # # # # 1 0 0 1 

0 0 1 # # # # 1 0 1 0 

0 0 1 # # # # 1 0 1 1 

0 1 $ 0 1 1 1 1 0 0 0 

0 1 $ 0 1 1 1 1 0 0 1 

0 1 $ 0 1 1 1 1 0 1 0 

0 1 1 1 1 0 0 1 1 1 0 

0 1 1 1 1 0 0 1 1 1 1 

0 0 0 0 1 1 0 0 X 0 0 

0 0 1 % 1 1 1 0 X X X 

0 1 1 % 1 1 1 0 1 1 X 

0 1 1 1 1 1 1 0 0 1 

#: Set by the Sharp original port 12H. 

$: Set by the Sharp original port 02H. 

'%: Set by the Sharp original port 02H. 

X: Don't care 

9-9-3. Sharp original port 

__ ilL-Access method 

0 

HEX 

XXX Not selected 

7C Sharp port pointer (WO) 

70 Sharp port data (RIW) 

1#8 
DOS ROM port pointer 
(WOI 

1#9 DOS ROM port data 
(RIWI 

l#A DOS ROM port reserved 
(RIWI 

1#8 DOS ROM port 10 (RIWI 

$78 Printer port data (RIW) 

$79 Printer port status (RO) 

$7A Printer port control (RIW) 

3CE VGAport 

3CF VGAport 

60, 64 -CS8D42 signal output 

1 FO-7 -HDGSO signal output 

3F6,7 -HDCS1 signal output 

3F2 FDD select signal output 

After setting the register number in the pointer port oT7C~e 
access through 7DH. For the painter of 7CH is cleared after the 
data port of 7DH is accessed, the register number needs to be set 
to the pointer port of 7CH again in order to access the data port of 
7DH once more. 

-77-
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i2l Register 01 H [W/O] 
Read port is within 81. 

BIT 7 6 5 4 3 2 1 0 

~ Not Used 

~ ·LCD, CRT 

:< ·INTKEY 

~ SIO SEL (Not used in this GA) 

~ SIOEN 

:< FDD SEL 2 (Not used in this GA) 

:< FDD SEL 1 (Not used in this GA) 

:< FDD SEL 0 (Not used in this GA) 

·LCD, CRT 0: LCD MODE 1: CRT MODE 

-INTKEY 

SIOEN 

0: INTERNAL KEYBOARD ENABLE 
1: INTERNAL KEYBOARD DISABLE (IF EXTERNAL 
KEYBOARD INSTALLED) 

0: INTERNAL SIO ENABLE 1: INTERNAL SIO ISABLE 
SIO_EN can also be changed by the register 2. 

i2l Register 02H [RlW] Write port is within SI. 

BIT 7 6 5 4 3 2 1 0 

:< HD EN 

:< HDSEL 

:< SIOEN 

~ SIO SEL (Not used in this GA) @ 

~ PRTEN 

~ PRTSEL 

~ IMS EN (Not used in this GA) @ 

~ IMS SEL(Not used in this GA) @ 

HD EN 0: HD port enable 1: HD port disable 

HDSEL 0: Primary setting 1 : Secondary setting 

PRTEN 0: Printer port enable 1: Printer port disable 

PRTSEL 0: Port 1 setting 1: Port 2 setting 
(378H-37AH) (278H-27 AH) 

SIO EN 0: Internal 810 enable 1: Internal SIO disable See 
register 1. 

NOTE @: A bit exists in the register. 

(3) Register OEH [W/O] Read port is within SI. 

BIT 7 6 5 4 3 2 1 0 

:< ~ :< Not used 

VGA_EN 

Printer busy 
control 

:< PRINTER BUSY CONTROL 

:< :< 
PWRDWN2, PWRDWNl (Not 
used in this GA) 

:< VGA EN 

0: Internal VGA enable 1: Internal VGA disable 

0: Normal, busy in the status port indicates the state of 
the line. 

1: Forced to the busy state by the strobe and cancelled 
by ·ACK. 

Ii) Register 12H [R/W] 

BIT 7 6 5 4 3 2 1 0 

:< :< ~ ~ Reserved. 

~ :< :< :< ID2SW3-0 

ID2SW3-0: The value "X" is set for the port address 1X8-BH. 

tID The register 11 ~1 FH is kept for software address. 
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9-9-4. DOSROM port 
(j) Access method 

-- ~After-the-register number is sent;) the -point~r~p('jrt of 1 X8H-, access 
is made through 1X9H. '.. . 
Existence of the DOSROM Pili! is recognized by the 1 XBH port. 
The value "X" is set by. the Sharp original Jl0rt (pointer 12). 

(2) Register group 

, Pointer register (lX8Hi .. Data register (1 X9H) 

OOh .. Memo:ry data readiwrite 
,;.J 

01h 
".,:, ' . 

~~~~ $,elect r~91~er 
02h rv,~.mory mapper reg,ister 

.. "03h' 
04h 

05h 
.. 

··i;) 
Control regIster: 1 XAH 

10 ,:egister/X~~: 

" 

, 

@ Explanation9fregister' 

-" -Address'register'1 
Address register :2 
Address register 3 

, 

o Pointer register: 1XBH' :1:;": 

TSiT is 5 4 3 :2 1 1J 

" 

:I " " " Data register pointer 

:I: " Reserved. 

" riest bit 
;4(:, i=!,8set 

Data register The register to be accessed through the data register 
pOinter 1 X9H. 

Testbit For counter.e1eaJi normally set to "0". 

Reset . 1 :, Sanie fun'etlen as the hardware reset. The 1 X9H re-
lated register keeps the reset state. 

0: During 'normal operatio'n 

Reserved' "Nortnally set to "0". 

NOTE: Silice the painter set is kept until written next, it needs no 
setting when the same register is to be read or written next. 

o ROM data read: Pointer OOH [R/W] 

ROM data port when acce~~ing the 110. 

Write is valid only when the RAM is installed. 

o Chip select register: Pointer 01 H 

BIT 7 65 4 3 2 1: 0 
,,~ ." )t::, Chip select 

" " ". Reserved. 

:I: Reserved@. 

" Addre~s auto irqrement 

Chip select 
010: DOSROM1(enabled only fbr 8-bit access) 

: .. 011:.DOSI10M2(enabled polY,for 8·bit,aceess) 
100: Reserved 
1 01 : Reserved 
11 0: Reserved 
111: Reserved 

• Address auto increment , 
0: The contents of the address register are not incre

.. mented,when' the lIO is accessed. 
1 :1 ThE;! contents of th~ address register ~re incre

mented when the I/O is accessed. 

NOTE: Set to OOH when reset: 

NOTE@:Abitexistsinthe register. 

o Memory map register: Pointer 02H . , 
BIT 7 6 5 4 3 2 1 0 

" " :I: " " " Memory base address. 

" 8/16. acct?,ss 

" Memory access enabled 

Within the 1MB system address space, the base address"is seffor a 
64KB window at a boundarY of 16KB. 

Setting is possible 010000-111100. 

With the software, 
l1lfflfo BoooO-BFFFF (Disabled depending on tne aisplay mode) 

110100 DOOOO-DFFFF 
110101 D4000-E3FFF": 
110110 DSOOO-_E7,FFF 
110111 DCOOO-EBFFF 
111000 EOOOO-EFFFF 6 kinds of setting enabled 

Disabled addresses are: 
OOXXXX 00000-3FFFF 
COOOO-CFFFF (disabled) 
1111XX FOOOO-FFFFF 

8/16 access , _, 
Selection is made whether the 64KB space set operate as an a-bit 
memory or i6-bit memCiry. ' 
0: Only a-bit access is enabled. 
1 : 16-bit access is enabled. 

Memory access enable/disable 0: Disable 1: Enable 

NOTE: Set to 38H when reset and CPU is reset (test cycle detection 
of FEH to I/O 64H) 

o Address pointer 1: Pointer 03H 

BIT 7 6 5 4 3 2 1 0 

" " " " " 
" " :I: 

Expan~ion address, EA20-EA 16 

E'xpansion address 

Reserved. 

Specified which 64KB sector of a 
2MB memory card is to be mapped 
to a windo,w. 

Reserved. Set to "a" when writing, and "0" when reading 

NOTE: Set to OOHwhen reset. 

o Address register 2: Pointer 04H 

Memory card address AD15-AD08 when accessing the ROM. 

NOTE: Set to OOH when reset. 

o Address register 3: Pointer 95H 

I BITI :1: I! 1 ~ 1 :1: I: 1 ~ 1 Memory address 

Memory card address AD07-ADOO when accessing the DOSROM. 
The. -address registers 2 and 3 are auto incremented according to the 
setting when accessing I/O. (Subsequent addr~ss ,is turned to. OH 
when the contents of the address registers 2 and 3 are OFFFFH and 
carry is not reflected to the address registel"' L fn,tns tesf mode~ oou'nt 
increments at every digit. 

NOTE: Set to OOH when reset. 

____________________________________ --=-18k-~ ______________________________ ___ 



o Control register" 1XAH [RIW] 

BIT 7 6 5 4 3 2 1 0 

:I: Serial in (not used) 

:I: :I: :I: :I: Reserved. 

:I: IDMEME 

:I: IDMEME 

:I: Serial out (not used) 

RESCPUE 0: Reset CPU monitor enable 
The 1 X9 and 1 XA registers within this gate array are 
reset when FEH is written in the address 64H. 

1: Reset CPU monitor disable 
The 1 X9 and 1 XA registers within this gate array are 
not reset when FEH is written in the address 64H. 

IDMEME 0: Memory access enabled when lD changed. 
1 : Memory access disabled when ID changed. 

Others Reserved. 

NOTE: Set to OOH when reset. 

o ID register: 1 XBH 

BIT 7 6 5 4 3 2 1 

1 1 0 0 1 1 0 

0 0 0 0 0 0 1 

0 

1 LSI code 

0 Board 10 

LSI code and ID code are read alternately. The LSI code is read 
immediately after reset. 

LSI code: CDH 
Board code: 02H 

Any board to be developed next will be allocated with 03H through 
OFH. 
When the board ID is written in the ID register, the board is enabled. 
If disabled, read/write to any register is not enabled. 

:+:. Recognition method 

02H 4 10 register 
10 register read x 2 OCOH&02h 4 Yes ~ interface exists 

9-9-5. Printer port 
The printer port consists of three internal ports and external input/out
put. The board address can be selected using the Sharp port bit 
PRT_EN and PRT_SEL, as shown in the table below. 

PRT_EN PRT_SEL I/O address Port name 
1 X Not selected 
o 0 37xH Printer port 1 
o 1 27xH Printer port 2 

o Print data (I/O address, 378H/278H) [RIW] 

Printer output data 

o Printer status (I/O address, 379H/279H) [RIW] 

BIT 7 6 5 4 3 2 1 0 

:I: -BUSY 

:I: -ACK 

:I: PE 

:I: SELCT 

:I: -ERROR 

:I: x x 

-PC-6220 

-ERR: Printer error 0: Printer error. 

A printer error is informed to the gate array. 

x: Don't care. 

o Printer control (I/O address, 37AH/27AH) [RIWJ 

BIT 7 6 5 4 3 2 1 0 

:I: :I: :I: Don't care 

:I: ENIR 

:I: SEL 

:I: -INIT 
.. 

:I: AUTFDX 

:I: STROBE 

ENIR: Printer port interrupt enable 1: Interrupt enabled with -
ACK. 

SEL: 

-INIT: 

ATFD: 

Printer select 

Printer initialization 

Auto feed 

1: Printer selected 

0: Initialization (50$s/min) 

1: Linefeed with a CR code 
(CRILF) 

ST8: Printer data strobe signal 

Don't care: Not affected (during write) 0: (During read) 

9-6-6. Hard disk selection 
Generates the AT bus interface hard disk drive select signal. 

HD_EN HD_SEL -HDCSO -HDCS1 
1 X Not active Not active 
o 0 Active through 1 FO-1 F7 Active through 3F6-3F7 
o 1 Active through 170-177 Active through 376-377 

9-9-7. FDD selection (I/O address: 3F2H) tWO] 

BIT 7 6 5 4 3 2 1 0 

:I: 
DRIVE 0 MOTOR ENABLE (Not 
used) 

:I: 
DRIVE C MOTOR ENABLE (Not" 
used) 

:I: DRIVE B MOTOR ENABLE 

:I: DRIVE A MOTOR ENABLE 

:I: ENABLE IRQ & DMA (Not used) 

:I: FDC RESET (Not used) 

:I: :I: DRIVE SELECT (Not used) 

When the FDD is selected, (BIT 5, BIT 4) = (1,0), (0, 1), (1, 1). 
To turn on the floppy disk access lamp, set FDSELF to "1 ". 

NOTE: Set to OOH when reset. 

9-9-8. VGA port (I/O address: 3CEH, ECFH) [W/O] 
Working range of the display memory is set. 

CD Access method 
Write the pointer OSH in the register of 3CEH to put the 3CFH port 
active. 

CZ> Register group 
3CEH Graphic address 
3CFH Miscellaneous register 

® Explanation of register 

Graphics address 3CEH [W/OJ 

r--dBuSY~~n~re~r~b!~IS~y~s:ig~n~~~::~~O~:~B~US~~~:-------------i~~I~+~~~~t~~~~~~~~~~;:~;:::::::::::::::~-------
-ACK: Printer acknowledge signal 0: Acknowledge :I: * :I: :I: NOT USED 

PE: Paper empty signal 1: Paper empty INDEX TO GRAPHICS CON-

SELF: Printer select signal. Selection of the printer is informed :t: :t: :t: :t: TROLLER DATA REGISTERS 
to the gate array. 1: Printer selected 
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Index: 011 O:'SCFH'is enabled to write. 
Other: 0110: 3CFH.is;disabledJo write .. 

(Reference): Because this gate array consists: pf:a 1,-bit register, no 
signal i~ assumed for other than OSH. 

, J ~ ,,' • ,. ,', • ' , 

Miscellaneou.,egister 3CFHo[W/O] .~-
o' 

BIT 7 6 -5 4 3 2 1 0 

~ ~ ~ ~ NOT USED 

~ M/i'MORYMAP1 

~ ".MEMORY ¥AP 0 
-- - . - .-

CHAIN ODD EVEN PLANES (Not -+ 
~ 

p~edin this GA) 
'. r __ ~ , --~~- GRAPHICSITEXT MODE (Not 

" ., '-, used in this GA)' 

VRAM address is specified by the memory ,map. 

MAP 1 MAP 0 ' '0 Add;ess used ' 
0" (iAOOOOH-BFFFFH 

'. 0 1 AOOOOH-AFFFFH 
1 0 BOOOOH-BFFFFH 

B8000H-BFFFFH 
I' '_' --' ; 

NOTE: Set to OOH when reset. l' " " , 
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9-9-9 . .§ignllt cl9$CripUons 
G) _ The signal name preceded with,,~~, represeMts :~ctjve low signal. 

'(21 The column next tethesignal name indicates: (1) for input; (0) for 
output, (VO) for input/output: 

Signal name I/O Expianation 
When ali'addresses A20-Ag3 are at 0, 

- . _this signal turns low and~cannot be~< 
·LMSEL (I) latched by ALE when the CPU accesses. 

i ' : lJs~ct for t~.~ .mE3rT1ory !!Je,c;ode enable _~j~-
;pak 
Memoryaddress 19-1. Not ALE latched 

• At9-At (/) ':when-the CPU-acceSs"es;"lncorporates a 
, P"I/up resistor.' .. 

, Memory address, 0, Latched by ALE' 
XAO. (I) i . .when the:.cpU accesses. 'Incorporates a 

pullup resistor. 
-'- -~ , 

Address enable signal.that goes high • 

AEN (I) 
during the DMA aCde~s~' With a .0" state 
of the Signal, it is used for the em'able -sig-

. nal of-the·1/0decode circuit. 

Address,-Iatch, enable slgri~d during the 
ALE (I) CPU access. Fixed high other thi:m when 

the CPU access. 

XD7-XDO (I/O) cPU side data bus (lOW side). 

MEMR (I) 
Memory read command. Output for any 
space of 16MB. 

·MEMW (I) 
Memory write command, Output for any 
.pase, of 16MB. 

·IOR (I) lio read' command. 

·.IOW· (I) 1/0. write coromanO_. . 

RESET (I) System reset-'command. Schmidt input. 
I/O select signal for within the gate- array. 

·SELTM (0) 
Turns active when accessing the printer 
I/O, RAM I/O, hard disk I/O, floppy disk 
'I/O, -8ELMD, ·SELEXIO. 

Select return signal from the modem con-
nector. In the case of a device other than 

·SELMD (I) the modem, the sele'ct signal nSffJds to be 
added to this Iins. Incorporates apullup 
resistor~ 

Select return signal from an expansion 
unit. 
When using the XDO-7 bus ,by the expan-
~ion unit, the s~lec~ Signal must be an 

·SELEXIO (I) 
input to this line., Incorporates a pullup 

-resistor. ,. l' 

If the signal is active when the internal 
printer port is selected, it treated invalid 
as the expansion. unit side port, takes 

, . prefe,rent;:9 by the internal print~r logjc. 

1S-bit memory access request signal. 
Turns active when accessing _the VGA 

·MEMCS16 (0) VRAi<I1 and accessing the ROI\1 memqry 
with thE)'memory mapper register bit Sis 
at "1 It. Qpen drain output. 

VRAM 16.bit acc.ess enable signal (VGA). 
0: Enabled (MEMCS16 issued) 

·MEN16 (I) 1 , Disabled (MEGA) 
Enables the VGA to access the 16·bit. 
Conlrols MEMCS16,. .. 

ROM memory access enable signal. Con-

·RMEM16 (I) 
tiols MEMCSt6. 
0: Enabled (MEMCS16 issued). 1: Dis· 
abled. 

IRQ7 (0) 
Parallel port 1, interrupt r~qu~st signal. 
High impedance when not used. 



Signal name 1/0 Explanation 

IR05 (0) 
Parallel port 2 interrupt request signal. 
High impedance when not used. 

-CS8042 (0) 
8042 key controller chip select signal. Ac* 
tive address 60H, 64H. 

-HDCSO (0) Hard disk chip select signal. 
Hard disk chip select signal. 
HD_EN HD_SEL -HDCSO -HDCS1 

-HDCS1 (I) 1 X Not active. 
o 0 1 FO-1 F7 3F6-3F7 
01170-177376-377 

Internal keyboard enable signal. Con-
-INTKEY (0) tents of the Sharp original port 01, bit 5. 

0: Internal 1 : External 
CRT display enable signal. 
Turns active when the VGA_EN bit is "0" 

·EN_CRT (0) with the contents of the Sharp original 
port 01 bit 6 in 1he CRT mode. L: CRT 
display mode ·LCD/CRT inversion issued. 

VGA chip select signal. Turns low when 

VGAAEN (0) 
the bit 1 of the AEN input is at a "0" with 
the bit 1 of the Sharp original port OE 
(VGA EN) at "0". 

VGA memory chip select signal. Turns 
"1" when the bit 1 of the Sharp original 

VGACS (0) port OE (VGA_EN) is at a "0" with -
LMSELat 0, A19 at 1, A18 at 0 and A17 
at 1. 

·READY (I) VRAM ready signal. 

System ready signal. Open drain output. 
10CHRDY (0) Turns low with a "0" state of the -READY 

signal. 
Address multiplex bus. 
Hands down the address and data to the 
ROM and the printer. ADO is an input 
when word accessing to DOS ROM. 
In the normal operation mode, XAO and 
Ai ~ 7 latch signals are issued. 

ADO-7 (110) 
When accessing the ROM 110, the con~ 
tents of the address register 3 is issued. 
When the printer data is written, XDO-7 
are issued. 
When printer control is written, the printer 
data is issued. 
When the printer status is read, it is in 
the input mode in the floating mode. 

In the normal operating mode, A8~15 
latch signal. 
When ROM 1/0 is accessed, the contents 
of the address register 2 are issued. 
When accessing the ROM, AD14 and 15 
are converted. 

AD8-15 (0) 
Low order two bits of the mapping 
register. 
00011011 
00 .... 00 01 .... 00 10 .... 00 11 .... 00 
A14, A15 .... AD14, AD15 01 .... 0110 .... 01 
11 .... 01 00 .... 01 
10 .... 1011 .... 1000 .... 1001 .... 10 
11 .... 1100 .... 1101 .... 1110 .... 11 

In the normal operating time, A16~1 9, -

EA16-20 (0) 
LMSEL latch signal. 

-When-aeeessiflg4he-l'lGM~lO,-toe..co"-
tents of the address register 1 are issued. 

·MEMWE (0) 
Memory write enable signal for Sharp 
memory 

-MEMOE (0) 
Memory out enable signal for Sharp 
memory 

Signal name 

-MEMCEO-3 

BYTE 

VIFCNT 

-PRT EN 

·STBY 

·PDCLK 

·PDIN 

STROBE 

AUTFDX 

INIT 

SLCTIN 

-ACK 

FDSEL 

-81-
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II O~~~ __ ~~-=Ex~p~la=n~a=ti~on~ ________ ~ 
Memory chip enable signal for Sharp 
memory. Refer to ROM port chip select 
register. 

(0 

(0) 

(I) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

(I) 

(0) 

Turns to "1" when MEMCS16 has turned 
to "0" by the ROM memory access. ALE 
latched signal. 
1: Printer/re232C driver enable. 1 if the 
printer is connected. 
0: Printer driver enable 

0: RS232C driver enable 

Printer data latch clock. Issued when -
lOW with address 378, 278H. 

Printer status input. Issued when lOR 
with address 379/279 or 37A127A. 

Printer strobe Signal (externally inverted). 
The contents of the printer control 
register bit O. 
Printer auto linefead signal (externally in
verted). The contents of the printer con~ 
trol register bit 1. 

Printer initialize signal (externally in
verted). The contents of the printer con
trol register bit 2. 
Printer select signal (externally inverted). 
The contents of the printer control 
register bit 3. 
Printer acknowledge signal. Used for the 
interrupt signal from the printer. Incor
porates a pullup resistor (inside the Chip). 

FD access signal for LED activation (ac
tive when the motor on bit of DOR). 



10. Pin description 

, 80 ' ,51 
'B1 '," 50 

1000 31 
, 

30 

,NO SIGNAL, BUFTYPE NO SIGNAL BIJFTYPE NO SIGNAL' BUFTYPE NO SIGNAL BUFTYPE 
1 VGACS: OBF2M 26 -BYTE 'OBF2M' lj1 XD6 10BF 76 A11 IBF 
2 ADO , 10BF 27 -MEMWE "OBF 52 XD7 10BF 77 I, A10 IBF 
3' AD1 10BF 28 -MEMOE OBF 

, 
53 -CSB042 OBF2M 78 A9 IBF 

4 AD2 10BF 29 -MEMCEO OBF2M 54 -INTKEY OB.F2M 79 A8 'IBF 

5 AD3 LOBF 30 -MEMCE1 OBF2M ~5 -MEMR iBF ,80 A7 IBF 
, 

6 AD4' 10BF : 31 -M~MCE2 OBF2M 56 -MEMW IBF 81 A6 ' IBF 

7 ADS 10BF, 32 -MEMCE3 OBF2M 57 -lOR IBF ' 82 A5 IBF 

8 AD6 10BF 33 -RMEM16 IBF 58 "lOW IBF, 83 A4 IBF 

9 AD7 ,IOBF 34 PDCLK OBF ~9 RESET IBFS 84 A3 IBF 

10 GND 35 -PDIN OBF2M 60 -SELTM OBF2M 85 A2 IBF 

11 ADS' OBF 36 -ACK IBFSU 61 -MEMCS16 OBFN6M 86 A1 IBF 

12 AD9 OBF " 37 SLCTIN OBF2M 62 IRQ7 TOBF 87 XAO IBF 

13 BCC 
, 

:iB INIT OBF2M 63 IRQ5 TOBF 88 10CHRDY OBF 

14 AD10 OBF 39 AUTFDX OBF2M 64 AEN IBF 89 VCC 

15 AD11 OBF, 40 GND 65 GND 90 GND 

16 AD12 , OBF 41 VCC 66 ALE IBF 91 VIFCNT IBF 

17 AD13 OBF ' 
, ' 42 STROBE OBF2M 67 -LMSEL IBF 92 -HDCSO OBF 

18 AD14 OBF 43 -PRT EN OBF 68 A19 IBF 93 -HDCS1 OBF 

19 AD15 OBF 44 -STBY OBF 69 A18 IBF 94 -ENCRT OBF2M 

20 EA16 OBF 45 XDO 10BF 70 A17 IBF 95 -FDSEL OBF2M 

21 EA17 OBF 46 XD1 10BF 71 A16 IBF 96 -SELMD IBF 

22 EA18 OBF 47 XD2 10BF 72 A15 IBF 97 -SELEX10 IBF 

23 EA19 OBF 48 XD3 10BF 73 A14 IBF 98 -READY IBF 

24 EA20 OBF 49 XD4 10BF 74 A13 IBF 99 -MEN16 IBF 

25 GND 50 XD5 10BF 75 A12 IBF 100 VGMEN OBF2M 

IBF : TIL level input buffer 
IBFS : TIL level schmidt trigger input buffer 
IBFSU : TTL schmidt trigger input buffer with a pullup resistor 
OBF' : Output buffer 10L=4mA 
OBF2M : Output buffer 10L=2mA 
OBFN6M : Nch open drain output buffer IOL=6mA 
10BF : TIL level input/output buffer 
rOSF : Tri-state output buffer 

-------------------------------------=-8:~2-~---------------------------------



9·10. J..lPD4714GT (RS·232C DRIVER) 

Block diagram/pin configuration (top view) 

STBY Standby 

TTUCMOS{ 
INPUT 

17l--J>--H~I-~--122l ~:~~:}RS-232C 
OUTPUT 

1B1--I>+i~\-~-o--jl2il DOUT3 

AS-232C 
AOUT2 RIN3 INPUT 

~~~~~s ROUT3 RIN4 

ROUT4 RIN5 

OUtput contrOl! ::u~~ [i09l-_~J-lc"'==-_!i9l :::: ) 

ROUTS AeON Threshold voltage 

·VDD and VSS are the voltage output pins 
that internally raised. 

Fig. 9-14 

Standby line is internally pulled down. 

Voltage withstand of C1-C4 must be above 16V. 

Truth table 

STBY DeON DIN Dour Note 

H X X Z Standby mode 

L L X L MARK level output 

L H H L MARK level output 

L H L H SPACE level output 

control 

H: High level L: Low level Z: High impedance X: H or L 

STBY RIN 

H X 
L H 

L L 
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ROUT 

Z 

L 

H 



--EC42aCk-

9-11. Sharp original port map (SOP) 

9-11-1. Access method 

CD Write the pointer address in the 110 address 7CH. 

(2J Read or write the data in the VO address 7DH. 

9-11-2. Register groups 

Pointer Register name 
01 FD, etc. control SIIRIW\-

02 Device control SI(W/O) 

03 Modem control SI (RIW) 

04 EMS control SI (RIW) 

05 PSRAM control SI (RIW) 

06 Power supply control SI (RIW) 

07 Auto standby control SI (RIW) 

08 Power supply status SI (RIO) 

09 Power save timer SI (RIW) 

OA Auto resume timer SI (RIW) 

OB Resume enable SI (RIW) 

OC RSTCPU cause register SI (RIO) 

OD Expansion unit SI (RIO) 

OE VGAcontrol SI (RIW) 

OF NMf cause register SI (RIO) 

10 Reserved 
11 Reserved 

12 ROM support control 

13 , Reserved 
IF 

GA(W/OL 

GA (RIW) 

GA(W/O) 

GA(RIW) 

9-11-3. Explanation of registers 
Pointer [QI] FO, etc. control SI (RIW) GA (W/O) 

BIT 7 6 5 4 3 2 1 0 

" Not used 

" DISPLAY MODE (-ENCRT) 

" KEY ASSIGN 

" SIOSELECT 

" SIOASSIGN 

" " " FDDASSIGN 

DISPLAY MODE 0: LCD MODE 1: CRT MODE 

KEY ASSIGN 

SIOSELECT 

SIOASSIGN 

FDDASSIGN 

BIT 

210 

000 

001 

010 

011 

100 

101 

110 

111 

0: INTERNAL KEY ENABLE 
1: INTERNAL KEY DISABLE 

0: PORT 1 1: PORT 2 

0: ENABLE 1: DISABLE 

INT-FDD EXT-FDD 

0 1 0 

0 1 2 

2 1 0 

0 3 1 

1 3 0 

2 3 0 

0 2 1 

2 3 0 

0 2 1 

SIO SELECT affects the pointer 02 setting. 

1 

3 

3 

2 

2 

1 

3 

1 

3 

Pointer [Qg] DeVice c'9ntrol" - . Sr(W/O)'GA(1JIW) 
'" " 

BIT 7 6 5 4 3 2 1 0 

" HDEN:·> 
c 

" HDSEL 

" SIOEN 

" SIOSEL 

~ PRT EN .. 

:" PRTSEL 

" IMS EN (InpOrl.Mouse) 
7 ~ IMSSEI 

HD EN 0: INTERNAL HD ENABLE 
1: INTERNAL HD DISABLE 

HD SEL 0: PRIMARY 
1:SECONDARY 

SIO EN 0: INTERNAL,SIO ENAB.LE 
1: INTE;RNAL SIO DISABLE 

SIO SEL 0: PRIMARY 
1 : SECONDARY 

, 

PRT EN 0: INTERNAL PRTENABLE 
1: INTERNAL PRTDISABLE 

PRT SEL 0: PRIMARY 
I:SECONARY 

IMS EN 0: INTERNAL IMS ENABLE (Not used) 
1: INTERNAL IMS DISABLE 

IMS SEL 0: PRIMARY 
1: SECONDARY (Not used) 

IMS=INPORT MOUSE 

Pointer [Q[] Modem control 

BIT 7 6 5 4 3 2 1 0 

" " " Not used 

" MODEM_EN 

" " " Not used 

" OUTSEL 

MODEM EN 0: INTERNAL MODEM ENABLE 
1: INTERNAL MODEM DISABLE 

OUTSEL 0: MORST signal is issued 
1: 202H decode. signal oulput 

SI (RIW) 

MadeJ port selectkm ~s's~t opposite to the internal SIO port setting. 

Poinler [Q±J EMSconirol SI (RIW) 

BIT 7 6 5 4 3 2 ·1 0 

" I. Not used 

" * SW6,5 

" " JP3,2 

" " " SW2, 1, 0 2><8-2xB (X,6=XXXO, 

SW6,5 

SW2,1,0 

Extended memory area setting 

EMS control register 1/0 address setting 

JP3,2 Pointer 05 JP1, 0 expansion 

Poinler ~ PSRAM conlrol 

BIT 7 6 5 4 3 2 1 0 

" " MAP1,0 

" PVTMEM 

" " JP1,0 

" PCS3EN 

" INTVL 

" Not used 

MAP2,1 Private memory bank selection 

SI (RIW) 

PVTMEM 1: Prtvale memory access enable (EOOOOH-EFFFFH) 
0: Disable 

-----------------------------------------=-~~-~-------------------------------------



PCS3EN Standard RAM capacity setting 
1: 256KB used for a private memory area 

INTlV 1: PSRAM interleave access enable 
0: Disable 

Pointer [Q[I Power supply control SI (RIW) 

BIT 7 6 5 4 3 2 1 0 
~ ~ " Not used 

~ VMDM CNT 

~ VBlCNT 

" VCCCNT 
~ VlCD CNT 

~ VIFCNT 

VMDMCNT 0: Off 1: On Modem power supply 

VBlCNT 0: Off 1: On Backlight power supply 

VCCNT 0: Off 1: On System power supply 

VlCDCNT 0: Off 1: On LCD power supply 

VIFCNT 0: Off 1: On Printer/RS232C driver power supply 

LCD and backlight power on needs to be in the LCD mode with the 
pointer 01 and display circuit enabled with the painter OE. 

Pointer [QZ] Auto standby control SI (RIW) 

BIT 7 6 

" " 

VCCSAVE 

VlCDSAVE 

5 

" 
4 3 2 1 0 
~ ~ Not used 

~ VCCSTB 
~ VlCD SAVE 

~ VIF SAVE 

0: Auto resume disabled (with timer) 1: Enabled 

0: Auto power save disabled (with timer) 1: Enabled 

VIFSAVE 0: Auto driver power save disabled 1: Enabled 

SI (RIO) Pointer @ID Power supply status 

BIT 7 6 5 4 3 2 1 0 
~ ~ ~ Not used 

" VMDMSTS 

~ VBlSTS 

~ VCCSTS 
~ VlCD STS 

~ VIF STS 

VMDMSTS 0: Off state 1: On state 

VBlSTS 0: Off state 1: On state 

VCCSTS 0: Off state 1: On state 

VlCDSTS 0: Off state 1: On state 

VIFSTS 0: Off state 1: On state 

(Even though set to on by the power supply control, off is established 
by the auto standby. 

Pointer @]J Power save timer SI (RIW) 

BIT 7 6 

" " 

PST3-0 

5 4 3 2 1 0 
~ " Not used 

~ ~ " ~ 
PST3-0 0.0 min.-1 min. F.15 
min.-i6 min. 

VLCD, VBL off timer count time is set between a and 15 
minutes. The set value is read when read. 

Pointer @EI Auto resume timer SI (RIW) 

BIT 7 6 

~ 

~ 

ART6-0 

5 4 3 2 1 0 
Not used 

~ ~ ~ ~ " ~ ART6-0 

vee off time-out time is set between 0 and 127 
minutes. The set value is read when read. 
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Pointer [Q[I Resume enable SI (RIW) 

BIT 7 6 5 4 3 2 1 0 

" " " ~ ~ Not used 
~ MRI 

" CI 

" RE 

MRI 1: Enabled to return from resume by the RI signal from the 
modem. 

CI 1: Enabled to return from resume by the CI signal from the 
232C. 

RE 1: Resume enabled 

Pointer I OC I RSTCPU cause register 

BIT 7 6 5 4 3 2 1 0 

" " ~ " Not used 
~ MRI 

~ CI 
~ R 

% Not used 

MRI 1: Resume return BY MRI 

CI 1: Resume return by CI 

R 1: Resume return by the resume switch 

Pointer 100 I Expansion unit 

BIT 7 6 5 4 3 2 1 0 
~ " ~ ~ ~ ~ ~ Not used 

~ EXU 

EXU 0: Expansion unit exists 
1: Expansion unit does not exist 

Pointer [Q[J VGA control 

BIT 7 6 5 4 3 2 1 0 
~ ~ ~ ~ Not used 

~ PWRDWN2 

~ PWRDWN1 
~ VGAEN 

" SIO POL 

PWRDWN2,1 0 0 Normal operation 
o 1 Relax mode 

SI (RIO) 

SI (RIO) 

SI (RIW) 

Though power turns down, RfW is enabled 
for VRAM and REG. 

VGAEN 

1 0 Retire mode 
Power turns down and RfW is not enabled for 
VRAM and REG. Needs refresh timer to set. 

0: VGA enable 
1: Disable 

0: Normal 1: 232C input/output polarity inverted 

Pointer @f] NMI cause register SI (RIO) 

BIT 7 6 

~ ~ 

RSMNMI 

5 4 3 2 1 0 
~ ~ ~ ~ ~ Not used 

~ RSNNMI 

0: Resume request NMI does not occur 
1: Resume request NMI occurred. 

. 

Pointer 08 Cleared by setting the bit a of RE sets to O. 

Pointer [}]] ROM port control GA(RIW) 

BIT 7 6 

~ " 
IOA3-0 

5 4 3 2 1 0 

~ ~ 1"01 Useo 

~ ~ ~ ~ IOA3-0 

Specifies the part of "X" of the 1/0 address 1X8-BH 
that set by the dip switch for the UE-1R06/06 (AX dic
tionary ROM board). 



Chapter 10. CRT ifF urlit(CE~621A) 

10-1. Am81EC176 
VGA Enhanced CMOS Color Palette 

10·1·1~ DISTINCTIVE CHARACTERISTICS 

• VGA hardware. and software compl;ltible, with Low-Power 
"Sreep" Mode ' , , ' 

• Full static operation during SLEEP mocie - no pixel clock 
needed 

• Compatible wHh the Am81C176 and In most IMSG171!176! 
176L 

• Clock rates up to 80 MHz 

• Avaiiable in 32-pin PLCC package 

• 256 x 18 Color Lock-Up Table (LUT) 

• Triple 6-bit DACs 

• RS-170A compatible RGB outputs 

• External current reference 

• Asynchronous CPU: interface 

• Single monolithic, high-performance CMOS 

• Single +5V power supply 

10·1·2_ GENERAL DESCRIPTION 

The Am81 EC176 has been designed specifically lor Laptop Personal 
Computer manufacturers offering VGA compatibility and the' option of 
dri,ving an external RGB monitor. This part is hardware and software 
compatible with the Am81 C176. The Am81 EC176 operate,. at speeds 
up to 80 MHz and can support monitors with resolutions up to 1024 x 
768. 

The low-power option is enabled by pulling the SLEEP pin high. 
Enabling the SLEEP feature r~duced power consumption of the 
Am81 C176 by about 98. 

In the SLEEP mode, the LUT RAM and states 01 all internal registers 
are maintained and carl be read from and written to as in the normal 
mode. 

An internal pull-down resistor has been provided at the SLEEP pin to 
maintain lull compatibility with the Am81C176. The Am81EC176 
defaults to normal operation when the SLEEP pin is left open (N/C). 

The Am81 EC176 has a 256 x 18 Look-Up Table and triple 6-bit 
DACs. It can simultaneously display 256 colors out of an available set 
01 256K colors. 

A proprietary technique allows read and write operations to the Color 
look-up table during active video without the "snow effect" (white 
noise) appearing on the display. 

The Am81 EC176 generates RS-170A compatible outputs into doubly
terminated 750 loads, without external buffers. 

The Am81EC176 is labricated using AMD's state-ol-the-art 1.211 
CMOS process. The devieeis.aVaiiableitl.a 32'lead PLCC package. . 

10·1·3. BLOCK DIAGRAM 

eLK 

Color 
L.U,T:RAM ' lalc_h 

PIXD·PIX7 

AS' 
A., 

"" "" 
SLEEP 

,., 
Rsgislar 

256x 18 

10·1·4_ CONNECTION DIAGRAMS 

PLCC 

, 3 2 1 32 31 

IREF • 
PIXO 

PIX1 

PIX2 

PIX3 

PIX4 

PIXS 

PIX6 

PIX7 

30 

~ ~ 0 " ~ I~ I! ~ w z " " w '" > ~ 

"' 
10·1·5. LOGIC SYMBOL 

eLK 

R 
BLANK 

8 
PIXQ.PIX7 

G 
IREF 

8 
00·07 

WR 

2, S 
RSO-RS1 

, . 

RO 

SLEEP 

R 

G 

, 

IR~F 

29 WR 

28 07 

27 06 

26 05 

25 A' 

24 03 

23 02 

22 01 

21 00 
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10-2. PIN DESCRIPTION 

10-2-1. Timing Section 

elK 
Clock Source Pin (TTL Compatible Input) 

This input is the pixel clock of the video system and is to be driven by 
a dedicated TTL buffer. The rising edge of ClK latches the BLANK 
and PIXo - PIX7 inputs and also controls the flow of these signals 
through the pipeline stages of the Color Palette and DACs to the R, 
G, and B outputs. 

BLANK 
Blank (TTL Compatible Input) 

The BLANK input, when active, overrides the color pixel data to force 
the R, G, and B outputs to their blank levels. This blank level is 
required during the monitor's vertical and horizontal retrace times. It is 
latched on the rising edge of elK. typically, blank time is used to 
update the Look-Up Table through Do - 07. 

Bit Map Interface Section 

PIXo -PIX7 

Color Pixel Data Addresses 
(TTL Compatible Inputs) 

These 8 inputs select which of the 256 entries in the Color Look-Up 
Table is to be used to provide pixel color information. These inputs 
run at the pixel rate of the system and are latched on the rising edge 
of ClK. PIXo is the least significant bit. 

10-2-2. CPU Interface Section 

00-07 

Data and Address Bus 
(TTL Compatible Bi-Directional) 

These 8 pins are used by the host microprocessor to write to (with 
WR low) and read from (with RD low) the internal registers (Pixel 
Mask Register, Pixel Address Register, and Color Data Register). Do 
is the least significant bit. 

During write cycles, the rising edge of WR latches data from the Do -
07 inputs into the register selected by the RSo - RS1 inputs. During 
read cycles, RD drives the Do - 07 lines from the register selected by 
RSo - RS1. The end of a read cycle is determined by the rising edge 
of RD. 

When both WR and 'FfD are a logical one, the Do - 07 pins go into 
three-state. 

WR 

Write Control Input (TTL Compatible Input) 

iNA is the control signal used for writing data into internal registers. 
VilA must be a logical zero to write data to the internal registers. 
During Write operations, RSo - RS1 are latched on the falling edge of 
WR and Do - 07 are latched on the rising edge of WR. When active, 
information on the external data bus is available to the Do - D7 inputs. 

RSo-RS1 
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Register Select inputs (TTL Compatible Inputs) 

RSo - RS1 allow the CPU to select any of the internal registers. 
These inputs determine the type of read or write operation being 
performed. See Table 1. 

SLEEP 

Sleep Mode Input (TTL Compatible Input) 

SLEEP is the control signal used to initiate the power down "Sleep" 
mode. SLEEP must be a logical one to initiate the Sleep mode, an _ 
internal pull-down resistor has been provided at the SLEEP pin to 
mainlain full compatibility with the Am81C176. The Am81EC176 
defaults to normal operation when the SLEEP pin is left open (N/C). 
The SLEEP pin will typically draw 20~A when a logical one is applied. 

10-2-3. Analog Output Section 

R 
Red Video Output (Analog Output) 

Analog output of the red DAC. This output is capable of driving an 
RS-170A compatible doubly-terminated 75Q cable. 

G 

Green Video Output (Analog Output) 

Analog output of the green DAC. This output is capable of driving an 
RS-170A compatible doubly-terminated 750 cable. 

B 

Blue Video Output (Analog Output) 

Analog output of the blue DAC. This output is capable of driving an 
RS-170A compatible doubly-terminated 750 cable. 

IREF 

Current Reference (Analog Input) 

IREF is the reference current input. through this pin the user provides 
the reference current for the DAC which, in turn, control the full-scale 
output currents. 

1VWHITE 
[REF 2.1 RLOAO (=37.5Q) 

10-2-4. Power Supply Section 

VCC 

+5 Volt analog Power Supply 

GND 
Ground 

10-3. FUNCTIONAL DESCRIPTION 

RD The Am81 EC176 CMOS color palette integrates all major functions 
required in the video section of a graphics system and supports pixel 

Read Control input (TTL Compatible Input) rates sufficient to drive monitors with resolutions up to 1024 x 768. 

RDmust be a logical zero to read dala from the internal registers'~_~ra mabie 256 x 18 Color look-Up Table (lUT) maps pixel 
Dunng Read ~per~tions, R.So - RS1 a:e latched on the !alling .edge of data from a bit-map memory into physical color, and tree _ I Igl-
RD. When a~tlve, Information on the Internal data bus IS available to tal-to-Analog-Converters (OACs) convert the outputs of the LUT into 

the Do - D7 pIns. RS170A compatible RGB analog format. Up to 8-bits per pixel are 
supported for a maximum of 256 simultaneous colors out of 256K 
color combinations available. 
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10-3-1_ CPU Interface Table 10-1. f!~O,.RS1 Decoding :; .~ 
RS, RSo Access Type 

0 0 Address, Reg,; (LI:JTwrite) . ... 
0 1 Color Data Register 

1 0 Pixel Mask Register 

1 
',~ 

,1 • Address R~g .. (LUT read) . ..:, 

The Am81 EC17i3; is designed to support' a standard CPU bu's,;nter' 
f~cEJ! ,~ith direct 9-ccE:1l~s to 256 <;;oJor Look-Up Table RAM~ locations 
~,iia two control, r,egisters., The ,9PU Interfc,lc9_ is ,_ carnplete,ly 
asynchronous with" respect to pixel clock. However, data transtSrs 
between the LUT RAM and Red Register, Green Register, arld EIiJe 
Register (see block diagram) are internally synchronized .tel pixel 
clock. Double sampling techniques have been utilized in order to 
minimize metastability. problems -occurring, when synchronizing an A typical c%r-data write cycle is -initiated- by setting -the a:':bit Address 
asynchronous event -(such as RD or -WR) with a -free running -clock Register (LUT write) with the address of the LUT RAM into which data 
(such as eLK). is to be writte,n. Next the CPU performs'three write cycles to the Cdlor 

_~=""".~. =T"i"=:r ""=~:'a·~~~~~~~=~~~--;"---OlattfRggisreY~(jfIe for reil; one' for greeh; ohefor bIUeiriterisjt)CAt1h~e 
The Read and Write,acces"i:. t6 the- L0"( fake qne' and' two pixel clock end of the blue cycle the data is concatenated into an 18~bit wbrd and 
cycles, respectively. ' , . ' written to the LUT RAM location painted to by the Address Register. 

The.- nature' of the CPU acceSs is determined-by the .. Register SeleCt the Address Register is then auto~incremented to point to:. the 'next 
(RS1, RSo) inputse RS, and RS, select among Address Register (LUT location in LUT RAM. This process may be repeated again as re-
write), Address Register (LUT read), Color Data Register and Pixel quired. If the user needs to access consecutive LUT' locations the 
Mask Register, as shown in Table, ~O~1;' Address Register-needs t6 be'written to only at the beginning of the 

sequence. See Table 1 O~2'. 

RD WR RS, RSo 

1 0 0 0 

1 0 0 1 

1 0 0 1 

1 0 0 1 

1 0 1 1 

0 1 0 1 

0 1 0 1 

0 1 0 1 

0 1 0 0 

1 0 1 0 

0 1 1 0 

A, tYPical' c%r data read cycle is iriitiated by setting the 8~bit Addre:ss 
Regisler (LUT lead) with Iheaddress of the LUT RAM'to be' read: At 
this point, 18 bits of color data ai~ trat!sferred from the LUT'RAM to 
the Red, Green and Blue portions of the Color Data Register, and the 
Address Register is again auto-increrrisnted; This process may be 
repeated as required. If the user needs to access consecutive LUT 
locations the Address Register needs to be written to' only at the 
beginning of the sequence. See table 2. 

The 6~bit color data occupy the six least significant positions in the 
data bus. Bits 06 and 07 are ignored during write cycles and are set 
to 0 during read cycles. Bit Do is the least significant bit. 

Table 10-2. ReadiWrite Access to the Am81 EC176 

ARb ARa 

X X 

0 0 

0 1 

1 0 

X X 

0 0 

0 1 

1 0 

X X 

X X 

X X 

FUnction 

Write Address Register (LUT Write); AR(7:0) ,.:. D(7:0);ARb, ARa <'- 0 

Write Color Data Reg. (red); RREG(5:0) <- D(5:0); ARb, ARa <- O. 

Write color Dala Reg. (green); GREG(5:0) <- D(5:0); ARb, ARa <- O. 

Write Color Data Reg. (blue); BREG(7:0) <- D(5:0); Arb, ARa <- 0; Write Color 
Look-Up-Table; R(5:0) <- RREG; G(5:0) <- GREG; B(5:0) <- BREG; INC. AR(5:0). 

Write Address Register (LUT Read); AR(7:0) <- D(7:0); ARb, ARa <- O. 
Read Color Look-Up Table; RREG(5:0) <- R(5:0); G(5:0) <- GREG; B(5:0) <-
BREG; INC. AR(7:0). 

Read'Color Data Reg (red); D(5:0) <-RREG(5,:0); ARb, ARa; D(7:6) <-0. 

Read Color Data Reg (green); D(5:0) <- GREG(5:0); ARb, ARa; D(7:6) ... 0, 

Read Color Data Reg (bllle); D(5:0) <- BREG(5:0); ARb, ARa; D(7:6) <- 0; GREG; 
B(5:0) <- G(5:0); INC. AR(7:0). 

Read Address Register; D(7:0) <- AR(7:0); ARb, ARa <- O. 

Write Pixel Mask Register; PMREG(7:0) <- D(7:0); ARb, ARa <- O. 

Read Pixel Mask Register; D(7:0) <- PMREG(7:0); ARb, ARa <- O. 

The Am81 EC176 uses one 8~bit Address Registerto address the .LUT 
RAM. The Address. Register resets to, 0 after a, blue read/write cycle 
to the LUT RAM address 255: Auser tr'ansparent modul0-3 -counter 
(A~bi ARa) keeps track- of the red; green and blue cycles and ,auto-in~ 
cremEihts at the end of each read/write: access to ~he LUT RAM. this 
counter is reset to zero after a.write acces's to the-,Address--Register, 
and is Onchange'd ;'following -ci read access to the Address Register. 
Thus, a write t6 the Address 'Register wiIJ:abort any unfinished_read, or 
write sequence. 

The Am81 EC176 uses one B-bit Pixel Mask Register to modify the 
address of the LUT RAM as provided by PIXo -: PIXy. The eight bits of 
this register are ANDed" with PIXo ~ P·IX7~ _'and the result' used -as the 
address ,to'ttiel LUT RAM~ This: mechariisrrr provides a quick way'to 
afte'r the appearance of one o"r more colors on the display unit-with 
just· one CPU access, withoUt the' 'need- for ch"anging the' bit-map 
memory or the LUT contents. The CPU addresses are not affected by 
this register. 

________________________________ ~_IM~_~-----------------------------



10-3-2. Display Memory Interface 

Pixel data PIXo - PIX7 are latched on the rising edge of elK and are 
used as address to the 256 locations of the LUT RAM. The total 
pipeline delay from PIXo - PIX? and BLANK inputs, to R, G, 8 outputs 
is four clock cycles. 

10-3-3. Video Generation 
During each clock cycles, a 18~bit word from the LUT RAM is 
presented to three DACs: 6 bits for red, 6 for green and 6 for blue. 
The three DACs convert the digital color memory output input RGB 
RS~ 170A analog format. -

The BLANK input is latched on the rising edge of elK. [t is routed to 
the three DACs after a delay of four clock periods, identical to the 
delay incurred by the video stream. 

BLANK, when active, forces a zero to the input to the DACs, overrid~ 
jng the current LUT output. 

The three analog outputs of the Am81 EC176 are each capable of 
driving a doubly terminated 750 coaxial cable. 

10-3-4. SLEEP Mode Operation 

The SLEEP mode operation is initiated by providing a logical one to 
the SLEEP mode input pin. In the SLEEP mode. the DACs and 
internal pixel clock are automatically disabled and the LUT RAM is 
placed in a low-power static state. The LUT RAM and internal 
registers may be read from and written to as in normal operation. 
Since the internal pixel clock is disabled, the state of the external 
pixel clock has no effect on operation and may be held low, high, or 
left in a metastable state. It is suggested that the external pixel clock 
be held low or high to reduce system power consumption. If the 
external pixel clock is left in a metastable state, the input buffer will 
draw unnecessary current. 

The AmB1 EC176 has been designed with SLEEP control circuitry to 
reduce current surging when the part is switched between SLEEP 
and normal modes. The latency period for SLEEP to normal and 
normal to SLEEP is approximately 20 Jls and 5 J.lS respectively. 

The return to the normal operation mode, a logical zero should be 
applied to the SLEEP mode input pin. the Am81 EC176 may be 
powered up in either the SLEEP or normal modes. 
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Chapter 11. Add-on battery 
(CE-621EV) 

11-1. PRODUCT OUTLINE 

Name PC6220 Ontional battery pack 

Description: The battery pack available as an option to the 
PC6220. 
Because the Note computer uses an 80C286 
CPU has a large power consumption, the computer 
goes out of the power after a short time. 
If this battery option is added beside the internal 
battery, the PC6220 operating time may be ex-
panded from normal 1.7 hours to 5 hours. 
For the battery pack is directly housed in the back 
of the PC6220, so it can be carried along with the 
computer. The following introduces the general 
specifications. 

a Battery: 

9.6V,2.2Ah 
(Ni-Cd type 1.2V, 2200mAh x Spcs) 

o Operating time: 

3 hours nominal for this pack only. 

a Recharge: 

Recharged via the AC adaptor as connected to the 
computer, or directly recharged via the AC adaptor 
as connected directly to the CE-621 EV. 
Recharge time: About 3.5 hours. 

-

11-2. EXTERNAL BATTERY 
(Add-on battery pack) 

Option 
1) Model 

2) Type 

3) Capacity 

4) Battery life 

5) size 

: CE-621 EV Attaches to rear of PC6220. 

: Ni-Cd battery 1.2V x Spcs. 

: 21.1 Wh (9.6V 2200mAh) 

: 3 hours (only with CE-621 EV) 
4.7 hours (internal battery + CE-621 EV) 

: 279(W) x 59(D) x 34.5(H)mm 800g 
(11.0" x 2.3" x 1.4") (1.9Ibs) 

11-3. BATTERY INDICATOR 

On the External (Add-on) Battery Pack 

1) Green LED is lit: : 70% or over (fully charged) 
Green LED is off: : 0 - 70% 
The sta,tws of th~ battery can be checked without connecting to 
the computer by pressing the push button on the external battery 
pack. 

* Care should be exercised that the green LED will be lit by 
pressing the push switch if the battery pack is charging with AC 
adaptor or if the battery pack is connected to the computer and 
operating the computer or charging the battery pack with AC 
adaptor. 
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11-4. ADD-ON BATTER'tPACK 

The CE.621 EV add-on batterY pack attacli~s lathe rear 01 th~ PC-
13220. With .. this'pack a-ttached, it IS possipie -to eXtend battery opr;;;r,a-
tion time to up to '4.7 hours. ' 

In order to save some weight, and still have a longer battery life, it is 
possible to use the add-on battery pack without the, internal bc:!ttery 
installed. In tryis case, 3 hours of battery operation can'be acHieved'. 

11~4-1.lnstaliing the Battery Pack 
• [ urn off the power and place the computElr and battery 'pack as 

shown in Fig. 11-1. 

Fig. 11-1 

Bring the battery pack up -td the rear of the computer, and slowly 
push the two units together. Make sure that the two alignment pins 
that project from the battery pack are i09atec;l in their holes, on the 
r~ar of the PC6220. 

• Push together firmly until·the connector mates, then use a finger to 
tum the,tWo lock screws clockwise until tight. 
NOTE: If the screws are not tightened securely. they might be 

loosenE!d during operation. 

11-4-2. Charging the Battery Pack 

The add-on battery pack can be charged either when attached to the 
computer, or as a separate unit. 

11-4-3. Charging as a Separate Unit 
To charge as a separate unit, plug the AC adaptor into the jack on the 
side of the pack as shown in Fig. 11-2. 

Fig. 11-2 



It takes about 3.5 hours to fully charge the pack. First the LED next to 
the button goes on and off, It goes on lighting if the pack is approx. 70 
percent charged. It takes about another 45 minutes at this state to 
fully charge the pack. 

11-4-4. Charging While Connected to the PC6220 
To charge while connected to the computer, plug in the AC adaptor in 
to the PC6220's power socket. The battery pack is charged in parallel 
with the computer's internal battery. It takes about 3.5 hours to fully 
charge the PC6220 with the battery pack attached. 

When connected to the main computer, the add-on battery pack is 
connected in parallel with the internal battery. In this configuration, the 
computer will automatically draw power from whichever of the two 
batteries has more charge at a particular time, equalizing the power 
demands between both batteries, 

11-4-5. State of Charge 

1) Charge indication 

When charging the computer with the add-on battery pack attached, 
the state of charge of the battery pack is shown by the pack's own 
LED. The state of charge of the add-on pack can also be cheCked 
when the AC adaptor is not connected, provided that a few hours 
have passed since disconnecting the adaptor. Press and hold down 
the button next to the pack's LED for at least 3 seconds. The LED 
shows green if the pack is at least 70 percent charged. If you press 
the button with the AC adaptor still connected or within a few hours of 
disconnecting it, the LED may show green independent of the actual 
state of charge, 

2) Low battery indication 

The computer's battery indicator displays the low battery indication for 
the internal battery and the add-on pack in paralleL When the in
dicator shows red, the combined power of both batteries is low. When 
the indicator blinks red, the computer is about to shut down. 

11-5. ADD-ON BATTERY PACK (CE-621EV) 

11-5-1 CHARGE 

About 
POWER SW:OFF 

Charge Time 
3.5 hours 

When connected the 
PC6220 

POWER SW:OFF 
Typ.O.6A When connected the 

Charge Current PC6220 

Typ. SSmA 
POWER SW turned ON or 
after fully recharging 
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AC 
Adaptor 

Charge 
Cln"rent 

Battery 
VoHage 

LED 

O.6A 

OFF ,-..JIJUL'--'JUUIU 

*1; Ta VF 

55mA 

40"C approx. 11.2V 

2S"C 11.7±O.1V 

S"C approx.12.4V 

%2; ta+tb:::;: 4 hour 
::+::3; tc+td =. 45 minutes 

Power 
PC6220 

trickle f---I-i--! 

-PC-£220 

VF is compensated by the thermis~ 
tor inside the battery. 

Fig. 11-3 

In case of connecting to the PC6220, the battery is recharged rapidly 
and the LED goes on and off when POWER SW is turned off, and it is 
recharged slowly (trickle mode) and the LED goes out when the 
POWER SW is fumed on. 

If the voltage of the battery already CDmes up tD 11.7V (at2S"C), the 
LED has going on when the POWER SW is turned on. 

In case of recharging as a separate unit, it is always reqharged rapid
ly and the LED goes on and off. 

During recharging rapidly, the LED on the Battery Pack goes on and 
the 45-minutes timer starts when the voltage of the battery comes up 
to 11.7V (at2S"C). 

When the LED goes on, the battery is approx, 70 percent charged. 

And after about 45-minutes, the recharging is finished and the charge 
mode is charged to the trickle mode. 

If the POWER SW is turned on while the 45-minutes timer is working, 
the operation of the timer is ceased, not reset 
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H-5-2.CFfECKTHE BATTERY-BY THE PUSH SW 
I' i 

AC"'~t" , O+I----'~---11 
VF 

., 
Battery 

u----voJtage vFL ------- --.- .. -........... , ..•.. ...-:.-........ : ....... . 

" in: -~:, if-'--'-----'nL----+-lr,,( ----i---
QN 

LED 

OFF 

*1; VFL ,'C 102 ±O,1V, 

If the vDltage of the battery is more than 'about 102V, the LED shows 
green when the button next to the LED ls pressed and heM down. In 
this case, the battery is more than about 70 percent charged .. 

If pressing the button with an AC Adaptor corinected " or within a few 
hours at qisconne.cting: it, th~·LED may Q:e green, Becaus,e the volt-
ageofthe ba~ery comesmor~ than 10,2V, ' , ' 

11-6. Ni-Cd Battery 

Efectric~i characteristics 

Item 

1 Open voltage 

2 Capacity 

High-effiCien"cy di~chargihg 
3 

performance 

4 Overcharging performance 

5 Capacity storage performance 

6 Lifetime 

Safety valve operation 
7 

(Destructive test) 

Test method 

Use a bC,~Qltm.eter (class 0.5 or higher, internal resiStance 1000 
OhmlV or more) to measure the vbltage between pins. 

After charging' for 5 tiours with 660mA current anci leaving for 1 
flour, make-'contin"uous" discharging with a constant current of 
440mA to the end voltage (8V) of ~ischarging. 

After cn~rging:fQr -~,~q~rs with 660mA current and I'~aljing'for 1 
hQI,IJ, make _ .continuqus, discharging with a constabt c!Jrrent- of 
220mA to the end voltage (8V) of discharging, 

Charge a discharged battery for 48 hours with a constant current 
of 660mA under ambienttemperature of 10 ± 2'C. Leave it for 16 
to 24 hours under 20 ± S·C. Then perform discharging according 
to item 2. 

After charging for 5 hours with 660mA current and leaving for 28 
days, make continuous discharging with a constant current of 
440mA to the end voltage (8V) of discharging, 

Discharge a charged battery for 2 hours and 20 minutes with 
5S0mA current. Discharge it for 3 hours and 10 minutes with 
S50mA current. Repeat these charging and discharging. To check 
the capacity during the test, repeat 50 cycles of Charging and 
discharging, discharge the battery (which finished the former dis-
charging) with a 440mA current to 8V, then charge and discharge 
according to item 2. 

Discharge continuously with a 440mA current to the end voltage 
(8V) of discharging. Then charge it with a constant current of 
2200mA. 

92~ 
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Standard 

Min, 10V (within 14 days from 
charging) 

Discharging time: min. 5 hours 

Discharging time: min. 50 minutes 

Must be free from remarkable 
deformation and leakage, The 
standard in item 2 must be met. 

Discharging time: min. 3 hours 

Until the capacity falls to 60 % of 
the rated capacity, Min. 500 times. 

The safety valve must operate in 5 
hours. 



CHAPTER 12. 3.5" FDD unit 
(CE-621F) 

12·1. General 

This is an external 3.5" floppy disk drive option that connected to the 
expansion bus connector behind the PC~6220. This floppy disk drive 
can read/write a 1.44MB and 720KB disks. When the CE-621 E ex
pansion box option is connected to the PC~6220, the floppy disk 
drive can be installed to the CE~621 E. For this unit also has the 5.25" 
FDD (CE-4S2F)/external keyboard (PS/2 keyboard) interfaces, those 
devices can connect 10 CE-621 E. 

12·2. System configuration 

CE-621F 

~ 

interface 

Fig.12-1 

12·3. General specifications 

FDD (Internal) 3.S": 1 FDD 

· Storage capacity 1.44MB1720KB 

• Transfer speed SOOK-biU2S0K-bit 

(External) 5.25" : FDD connectable 

• Intertace 2S-pin D-SUB 

· CE-452F connectable 

External keyboard · PS/2 full keyboard supported 

· 6-pin mini-D IN connector 

Connection with PC-6220 Directly connected to the system bus with a 120-pin connector 

Power supply +SV (from the PC-6220) 
Phv.;o.! rl;mAM;ons 166mm(W) x 143mm(D)x34.Smm(H) (6.S" x S.6" x 1.4") 

Weight 630 g (1.4lbs) 
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12-4. Block diagram 

1~in 

Address r= decode 110 
port 

I 

~ 2. 
'---' 

HOST 
19.2MHz Select 
'---J 

k:-
Floppy 
disk 

. controller 

EXT.key 
<- interface 

Rg.12-2 3.5 inch Portable FDD 
12-5. Circuit description 

It incorporates the 3.5" floppy disK driVe and its interface to make 
expansion of the PC-6220. In tlie CE-621 F is contained the IBM PS/2 
full keyboard, 5.25': floppy disk drive interface, and external keyboard 
interrace. '. ' _ 

Assignment of the 3.5" and 5.25" FDD can be selected via the Sharp 
original port (SOP). To -make it connected, write the pOinter address 
01 H) in 7CH, then write data in SOP 7DH. 7CH will be cleared to 
DOH. 

(1) 1/0 address 

Address ReadlWrite Function lID allocation 
7CH Write Pointer address setting 01H 
7DH Write Key allocation setting BitS 
7DH Write FDD allocation setting Bit2,1,0 

bitS Key selection 
0 Internal key 
1 External key 

bit2 bit1 bitO Internal drive External drive 
0 0 0 DriveO Drive1 
0 0 1 Drive1 DriveO 
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CHAPTtR 13. Circuit diagrams and PWB layout 
R II B Ie, 0 I ElF 

13-1l CPU and Co-Processor 

R 

RESET 

eLK 

Ne 1 IC100 [elel ~' " I 00 15 NC 7532 7SHB 

AE;~: fg I I I ~~ I ~;;T 
~ HLDR 

-RERDY 6'i IREADY 

BUSY 5 BUSY 

, so 
51 

n/-l0 Ii? MilO 

PROCLK 31 > eLK 

u.,--"" 
~ICl.~ 

RSTNDP 7S32 I 

CLK24M eLK NC HC 
-BUSYNQP -BUSY eLKM 

-[RRNOP -[RROR 

RESET -PERCt:: ~====t=~~':::===~ -lOR c=:::>----'LI -NPRO PEREfJ ~ 

-IOU ~~5:===~ -CSNOP( 1 C30 DB 13 08 

SA[2] ~ 21 02 
SA[I] 03 '3 

04 19 0'1 

+ ~ 17 06 

g~ 08 

C154 o~~ 
0.1u 011 

op1 \on 012 B [)lZ 
7 

OOC287 g:~ 6 01'1 

VSS OIP4Il Dl5 

40pln Ie-SOCKET 

B c o E F 

G 

lC12 

80C286 

A8~ Al 
A2 3: 
A3 
A~ 27 
AS 

~~ f24 
AB 
A9 

Al' All 
Ai2 
An 
R14 ffi 
Al5 

~l~ I 
AlB 
A19 

'" A21 
A22 
A2l 

IBHE I 

G 

" 
ti4 

'5 
[ , 

m Dl, , 

ft 
R 
R 
e 
A' 
jj 
ft 
R 
R 
R 
R 
R 

H 

.R 
ill 
ill 
R 
R 
R 
L 

'" 
~22 

H 

J K 

~HLDA 

R[0"Z31 

SHE 

DUUSl 

~+: 

BR123 +Cl84 
8 .,g. ll1!l0p 

50' Dg Sog 

OJl ~le S1J1l 
S0i2 
5013 
SOl'! 
5015 

~g. 
Cl95 

J K 

L 

CN-l 
EX-UN IT 

L 

B 

7 

6 

5 

4 

3 

2 

~I o 
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IE 1 I [ROla !B9!~ .... -.. SYSTEM-liD 

CONTROL :'1 ?}I~ 
CCIIJ2) 

SC9889 ~I_. 
(eNS) 

1",.i0 rHnnHJ I"''''' 'WI 
~ "",I 
1< """ (eNl) Cl'1551~15~1~1~16bu&I~I611 lOID QFPl84 

~~!!: m. 'ji: li ~ 5HJr
n

- (Ql13 I'fHEL -SlJl ..,. 
YOUl !i~t~ "'". 4f CI~1 Cl4e CI39 CI3B cm m6 ~ -m!~ 

MI:{mn (CH5) 

~u ~t, ~t ~~, lr,~l~p 
SP 

r ;J;;nrJ 
R 8 C 0 E F G H J K L 
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A / I BCD I E ~_L F _L G _I H ~ 1 J ~ K L L 

13-3f Standard memory (1 MB) 
B 

• • ) "11(0;::131 0[8:151 ~ .-..,I""'----------~--T"-----------II_-"T----------_1I_-T--o-) CN6,CN7 

--1 ",(I',IBl cj= I I i i 

7 

-

6 

BRIB8 1~II\A2~i" lile ",8 Al 
MI9 J 16 AZ 
MR2tl IS A3 
MAZI :5 I~ A~ 

AS 

D2 

" D4 
D5 

5 12 RS Dfi 
6 11 A7 07 

AS 
A9 IC23 

a.l~ ~~ 
C1431 MAl4 Al2 

F 
i= 

III RB 
tIR A9lCl12 

Rill ' 

MAl Al2 CI42 

J MA1S AI3 
MAl6 AI4 

EX-RAM C L7 MAl? AlS '\ """ 
C5~L6 MIS RIS MAIB 

CN 6 csitLs IDE 

MAl4 Fill vee t:! 
MAlS AI'S GND lil!l0p 
.. n,~ AI4 . 

Al5 
Al6 

-J - CSEL -'I IUE 
CN-7 g~[~ CS SlJl'32 

I 

CSELI! CSEL C5ELil 
5/ I 

~ 
1 

00 00 

: ~ nlA 

~ ~ 

L-

ICI? 
VCC~CI53 
Gf{l pq 0.1" 

~ 
~il 
H "ICI09~ 

vee C133 

GND 11l00p , 
" lREF fJ--

5 5OP32 
EillJ2B.. 

-p~i~ II \111 II II q 
-PSCEllI 1 I 

I I I I I I II ' I 
4 

-

3 

-

2 

-

!J[0:71 I I 

:Rll~ 

R2 r-- ~~0" MA2 
A3 Ic:== MA'S 
A4~61MAA 

~ ~ '5 M6 
A7 n 7 
Al2 5 12 MAl 
AI'S MA 

AlB I~ ,'""IB 
flll -'I 5 "fill 
AB I M 8 
FIg I nA9 

lilll ><4 
8R1lB 

I~~ .. IC24 ~ vee 
1 ~13 GN!l 

ICS 
IREF 

~ SOP3'l 
EillJ2B.. 

, ,,--
,~ --
5-,,,,--
1 

~ 
~ 

r-

CSELil 

IC113~ vcc 

'" AI5 
AlB ICS 

~~B~ii~ 

Ml---
l.'-iiW

;--; ,-5-,--

f_ 
:' :1, le1 B ~. MA All vee 

A12 
AI'S GND 
A14 

~==~AI5 Al6 I!:S 
10E IREF 

~ som 

l
t-

t 
'MR1~ 

'\ MRl~ 
~. IC110~ RIB ,n, vee 

OND 

1 iiis 
Al6 ICS 
~- IREF 

SOP32 

I CSf" u [2 

:==!II~' ~~I~j ~~1~1 ~j~1 ~~Il ~~jl ~~II~~II~~'I -PSCEL0 c=:=> 
-PSCELI c:=> 

!:SEll 

A / B 1 C 1- o E I F 1 G 1 H r I J ,I K 1 L 

8 

r 

7 

r 

6 

r 

15 

r 

4 

r 

3 

r 

2 

f-

~I 
~ 
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13-4, ROM & Printer IIF 

XOJ:6:i] 

A[J0:191 

~B~.'. 
~ 
~~ 

-lHSEL~-

_ to. " 
.551~1 

----:......aJR[SO 

N:: -.-Wj 100000Y 

e----..aI-fftI11S 

(CN::!) -SEUlD$ ~1-5EUIl 
(CNIl -SELEXIO ~ -~ro 

:: IJ- . - .", 'VCAfEN 

VEFH:N ~ VGACS 
~~ I :1 

-llEllJE ,Nr , . 

~"'" = ~~ "~ ~_ '-', , r -CEOOS 
-/lEl(U Ml~_ - , r 
--I1EHE ~_NC- I --'i- fIOU:lSJ 

\li~ - .. :\' ER~:l,\',r9J-
~~ I ~ ~~ .'C:' I m, = L.J _ . O:lJ'T 8fU 
1Il5 5 , '. 190" H 
frio E ~ 3 :ICl1, ~ I DIITA0 
~~~ , R 
flJ9 1= t:: ~ I I [)fITM 

FflUJ .1.- ~ I reTAIl 
""" 15 1! I J CATAS 

DRTfIj 7 1'. DATA? 
!=::~' _~O._ 

"".:-- -. - ~"'" ~ '"' -ERIS t:::: IC27 1 g ~.?I( "" IIR?2I! ~ 4 _ I • 'I_ ~ f=: 3 lC10 2 .. ~-:.:-- --_. 
- . -em . , I 

I C 11 ~ He <::J ~j = = ~ FBI33 -ERROR. 
S /C82 tS: I SELECT 

-paLEN 143 I 6j(C27'L~' u... ""- ~~ _! I ~_BUSY 
r--- l c:107 I(:TZ" 221: "" Im.J( 34--- e-:j~ t..==..:.. BR3 

-1'01" _ 0 I. 2 FBl32 -STROBE 
ICI011 3 

-.:. _ "yFLS39 

STRlEE ~ 5' : , 1'B1E6 SLCTlN 

~~~~ .tlICl~4 ,R~B I ; _ I - . 

~~ 1\' I ]3 J\' 11 FBI3!.L . -RUTDFDX 
~CI~~l J; 3B, . y=' 

:~~ g: FBIYt, -[NIT 
-Ji0C5B !!\ICI04 39 

-MEt1.lE 
-OERON 

~~ I ---:-:- : Dle0 FD139 , :' ~RCi:: 
, ,,-n~~ m721 I -CS8342 

VlfCNL -2l YlftNT -fDSEL -iNTKEY 
VIFCI'lT 1N17 :~r ,(CN3~l - '. ~ LZ95H22-S18f "4 ': " -~RBWI6(CN2) - ~-

I l 

CN-9 
ROlf 

CN-10 

PRINTER 

~ii~ lni!5~ '11m _ :- '"IRD? (CND t .:rfl lIlmn., ! IRD5 (CNI"CN~) 
-"l~ 1/1"" ~5TBr" " __ 

' .. ;r; i;7Hf-.+ii"1~ ."_ 
- C1l6l.....!1:-l1lllllp t 

W1l0) CNTD) CNTlI 

A I B I c I o I E 1 F 1 G 1 H 1 r J I K I L 

"0 o 
J 
'" 8 :l~' 

f--

7 

f--

'; I 6 

f-

i: 15 

f--

4 

f--

3 

f--

2 

f--

'I 
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13-5~ Key ifF & RTe 

Fl31i3 15 

" "'" ~B123 T5 

""TAO 1(-( --+-,-------------------, 3 C 11l 1S T? ~~ '''~ 

[=: ~ . n:: r "'" CN15 R n i8 
Q He2? NC"", XTAL2 P27 + 13 l! rn'~tl 

KBClKO B ---""- Slt411 T9 

(cN" I I I -P'tj IC26/ L~ XTALI P26 loo,f± ~E ~H'- NC m" 10KEY 
5 211 n;r-t-NC F T4 

~HC27 I~l P32 P2slB T7~ F T3 I'~ 13 n 
KBORTRI / 

BRJ0B ___ 33~l ><2 

, IC26\12 ~ HC", IC27 '" P24 L.. ~ .R"" 11 "t"ib + ~I ,~4" ICB '" 

~.....--l I.~ u, IC1031 rcCI0'~2'\:> P33 PIEl 019 001 Fill XEl 

5 IC26 vro P2611~ .JHcz7 P31 PI2 4 DIZ 002 X2 
TE'STil PZ!i ~NC _ R PI3 013 003 X3 

8 

I-

7 

r-

6 
He:::'? XTFl.l fC ~ Ie 10~IC27 '" >;' -EA PIli DU 004 F X4 jru:m ml.Z 1'24 \t)--'" PI5 DIS 005 F X5 

7Ir 1:135 TEST! 1'27 r-:':'--./ R_j Pll 011 001 I " 
NC 2] r£ m ~ RESET PI6 015 I C7 to'I F X6 l_ 

ei 4 "--;: --RE!U PI5 Hell:::' PI? 017 007 35 X7 CN B ' 
1 ~ &--;l '" '" ~ 331: ,,4 N~ 33 ALE P21 019 009 33 F X9 

+ -SS Ie :-!- If: BRUI9 ---E, -PSEN P2tl DID mo 3' )(8 

5 

r-

4 

I-

3 

-[;50042 I "' __ 25 EfI Pl4 NC - PZ2 211 ons Dl\B 32 F X16 
-IOR c===:::- ~ --I![) m ;=l! NC P23 E D!!1 rou 31 Xll 

Sm2] ;:::::=:=C ? I'fI IC21 PI2 NC NC KEY 
-IOU -m PH Ni1C::::ll: 23 NC KEYIF 

XO[il:71 NU_ sm: PIS L...... NC NC POO 43 I!Il!I RI~ T4 Yil 
.. ~ ."" ~ NO 3JD2CRIR ""l'" -RESET R12? 27K DI 1£ C!L- NU""" P34 pal ~z RIll RII n n 

(CN3Rl I ~ 02 j 43 + T:> K1W 22~ 
C2 X 03 P23 f-*- NU 11 P35 pa2 4! !~ 1m. RI~ , 2 T Y2 

X404 1'22
41

rru KHI!::I'22~ 
Hca4 il5 aFP44 1'21 ~ NU I IB P36 Pil3 49 13 1m R13 3 Tl Y3 ~ 0; P2II~ NU Kl\j!::l 22~ 
~ 01 OOC42 VSS J m- NC ~ P3? Pill! 13V 12 m.M RI~ ~ I-tHl( 22K H 

j .CRT E!"[." Pil5 9 1\ !lOS RIS ",,\Iolh, '" Y5 . VCC .•• __ 
OF :LCO Pil6 Ie ROO RI6 ~ YS 

SUl H.I... OOC52 HUl:', 22K 

r Cll3 ~ VSS pw: ""," Pil? +!!Oi' RI? 7 Anlll Rl£14 22~ Y? 

~vro va:B"9 + 
p-}-- ~ OFP44 ~.," ;:f L100 

, Cl Rl~l T1' CIfJ YBll! HC38 ~ ~ ~ 06!il f'f,;fIl 7 ~ 4?uH 
I"""" C103 t 100Bp ~p 5]:; W1z QC102 . I J. HW : Bt:: e, lu Cll2 10~-:lev 

I-

m- I"': 1 xd 47PII£--!- 1£ ~CC~ 4 9 3 B T1C1B7~ 5 ~ CI21 C120 _ va:: 
IJlile 4~L Rlil2 ~ ~r::---' RHl3 I~ ~I ~ BRIl7 

-I I 
OTC1"t'''1K 1 ~ FOO OOJJT ~ 1£ P--#- ~ . U/'"64 eeil ><8 $ 

(CN4-6) VA[: 2~ 3 ffll [XFS ~:- 3 ~ - <;[::~,~.":Fi 1F': LEOS CAPS LOCK 

/ I V :: ~ ~ 6tlcu~l'·4 V ,,,r--t!..W4,'l'l 15 $LEO? N.UM LOCK 

2 

-

2 

I-

,h l'--- "" IC3 "'Sj '.1" ,.'" ~C64 1'7. I ERlle R'-- f'D5 1£ It:: ClilS+' J Ciil4 HC27 C H>,V 14 LE08 SCROLL LOCK 

22K )t2 I r.:-- ::: RI: [}~~ R /0., 13 $LEDII FDD ' ,r bKJ SCl46Bl B ICE V 
ttA724: - - iOAI02 5 12 $ LEOS HO~ '"' -', '" -CSRTC T '" II GREEN(I -. 

R73 R125 RED (I 1 LEOI POWER 
OS I'm'I ~TlrR'lV8U1 

11 FOSEL IK 7. IB REll '$ LEbz'! lOW BAn -HOACT 

(CN3BJ :a 9 $LE03 FULL BATT (CN5) LB 
Fe , 1 ""I ? 

Rl 
~ 

R I B C I o I E I F I G I H I I J I K I L 
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I ~I c13~6~ VGA Data/Address 
eli 81 

8 ~ 
RDHI~:: I ~. 0[8:~5] 

I I c:::::::> -VGAD[ B: IS] 71 ~ ~tY~r :':? ~@RC~ 
"I 

6 
DATREN :=: I' L5/ 

RDLO . I 

X0[0:7] , 6 
VGAO[0: 7] 

5, .. n"' .. 

~I j " 
C173~C134 

SA[0:9] 

H100pJ J0.1u 

15 

4 

3 
FAlE 

, r---l ' 1 13 
ff8;l91 __ 

21 1\ i1i5 i, I~ ~Li5 veRDi3 :J 
12 

,I 

A '8 c o E F G H J K L 
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-
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13-7 J VGA controller & VRAM 

YGAOU1: IS J, 

---"-

" 

",D' ,m, 
""" '''' ''''' '''" '''' ''''' :>4L -ll 

'" :::l .. .. 
'" 
"'~ nlO\ 

",m 

"'~ '''' ",00 
"'~MI 
"'~ 

'''I~~~~ 
,~, 

-1'", J -I" 19j_,w IC28 
-lOR < _1M 51! I-ttf! 

DW~~N ~>;g~===========~ RCtO C 

0102·' nRnI 

lRDg~~~::::::::::::::::::::::::~~::::::::::::~"C=::::::~l",lm RESET taET I£5CT 
1m 

PIJlDUNl _I N{IIl 
PIJlOUH2 rum2 

~H6 

"'" 25.175MHz 

RlIa 
28. 322MHz 'c;'~ c14s1 ilia 1 m~ 

lllliIPJ l- flJI JIfJ 

'" ~CUI 
I Un{.CU2 

RI21~- 18B 1SE1I5E 
I it: t::::::::::if] pm: 

VGR 

NC:3S,37, EI4 
1~6J Ie?, 189, 116 

82C455 

, .. 
''''' '''' ''''' '" ,~, 

'"',~~~~. ~, ~ 

_~ ~~~'~"!~"~'~R~"~6~~~~~~~~~~~~~~~~~~~~~~::~ -~. -.,., 
."., 
-"" -<E 

-PfUR 6 11 -f'ALUR 
-PRR[l -f'ALRD 

Y10E1Il 11~~~~~'''~''~\~''~'~I5~~~~~~~~~~~~~~~~~~~~~ V1l 

• B 
V1D::03 V3 
Y!ll'M V4 

• I 
Yl[{ll7 Y7 
,~ 

RttCu: 1£ 100 Rl36 
u~ He 5§( 

HSYIIC HS 
OFPI~~ YSYliC m1C V5' 

-""rn 

(CN2 ) 

8 

r-

7 

r-

6 

r-

5 

f--

4 

f--

3 

r-

2 

r-

1 I .,;);o,;r.~~~; m~m~~~~,,"" '~"r'-' ~ I 
~158Cl71 ellB cln CI9B(PIe,~ .. ,C-) ~ 

BCD E F G H J K L 
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13-8. LCD OUT PIS speaker 

fl 81 SSOP-14 
8 ,&5 

V0~ 'IP 
01 I I 

- 22Hp DU' 
R133 2S.C2021:- . __ HeM 

(CNJ2-7l V,LeOD ( Vl~ J CL88 
~ . 0 I (VLCD (CN4-5) 

I ~HlJRT H _ ~ R134-· ' 0U2 2 -. • 471:: r 220p 1: 1: CIIIl @.. 71 V2~ 'loJ"oJ JLOOllp 
..... ~,:~~,:-I(:- ___ 'f 15~ _ I 17 '" 22", OUl 

C199 ClEI' C181 
V3~ J C190 (PUB; ... er,C~) 

" f 220p 
) Due 

He08 
C191 CN12 

51 V4 c::::=:: ~, 'PLCO!', L~'0~ 15 f 220p 
DL3 

V5~s Cll<; LCD .,ff OTCl!4-YK. f 220p 
0L2 

IC08 
V6 _ Cl83 

vee J 220p 
Dll 

51 
V7 Cll<; 

, V8Ul CN4 
15 

'La J 2Z0p 
Cl87 cro q 

-1 1~~ C4 ';I HSYNC c::::=:: 

f 220p 
CPI !I.047F-S.SV 

'---"""" ----- Uloid C",o.llor) 41 SFTCLK c::::=:: 4~5 C193 

14 1: 220p ) CP2 , HeelS 
(CN4) (o+\l (~GIlII'£~)(C2E6) (1m/H. (~l 

lj~ll J CL82 + V5YNC <===' 
.1 +5V ' ~5V' ;:> :1 220p 

) S "_il -5V CBB 
J Cl" C9 IC3~, . ; I IB 47u-16Y-

DCIOC 
cw 31 , 

2 ,GND 4~u-16Y ,1 
13 

8 IC35 LCDCNT 
HeelS 

NNSH05~5CA 

VMDCNT 5 VMOCNT GND 

(PlJB:"er,Q-) (PU8:v&r>.8/C) + , - C~~ -lli35 
MSPK c:::::- 'I~ 21 

[11 ~"4;0 . 4.1, :'.1 12 lK R13) 
_ ; (3216,t~pe) . QHH -BEEP) 

1 "OnHI4 ~ 4,7K ( CNllj) 
. It:: '[2~' RI31 3-: . OIPSI-JI °mwYK Rl29 3.3K ':'BEEP ~ 

155332 ! (CNI4 ) - 0.1... 4.7K (n Cl96 R135 SPY OIPSWI R129 3.31:: SP ( ., -<-------j 
0.47u 4.71:: R128 LSI:: [1] RI30 . Spy (32161\/P~) SP "==- II "-------" 

YLCO SPEAKER 
!l.lu 4.?1:: R128 l.SI:: 

VLCO " ) SPEAKER 

A 8 C 0 E F G H J K L 
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13·L DMAC 
8 8 

- ~ 

7 7 
,<;AfI 6 XR0 XA10 18 Rl~ , 1 ~ 

5 [0:9J l' XAI XAli 19 A A[Ul.231 -CSBlOS 19 1 

A 9 XA2 XA12 20 A -MEMR 
_ 5 XA3 XAI3 21 A XO[0.7] 2 18 DB 0(13'7) I-

XA4 XAl4 22 R14 3 1 1\ \7 
SAS XR5 XR\5 23 A 02 " rz 16 02 

A 13 XA6 XA16 24 AI 5 3 T3 15 
A "XR7 XAl7 26 A 7 " 6 1~ \4 04 

6 SAB XAB XA18 7 A 7 T'.i 13 5 6 
A 17 x.A9 XR\9 Al OS 8 l1i 12 06 

~~~~ ~~ ~~ ~11 7 
X U:l'7] X 6 XD0 XA22 A I RGS'l1 

_ - X XO\ XA23 2 A -_ 

X l' ~g~ X8HE ,,, -SBHE Ie 106 
X4 B xo. IC31 NC~NC x XDS He He 

5 x 7)(06 Ne He 5 
X7 7 X07 NC+NC 

ORE 0I~~~~~~~~~~~~~lg'DRE00 NC~ 33 NC 

ORE 1 OREIlL DACK0 DACKI'l 
- ORE 2 [lRED2 [JACK! 34 -ORCKl CN 1 I-

C N l ORE 3 94 DRE~3 [JACK2 35 -DRCK2 
ORE 5 95 ORE05 [JACK] -DRCK3 
ORE 6 96 DRElle DACKS 38 -DACK5 

/. ORE 7 97 DRED? [}f1CK6 DRCK6 I • 
., __ DRCK? 40 DRCK7 ., 

HA K gO! HACK 
HL fi C nlr1 HLDA DMAC AEN ~ ~c 

ft TSTNORT RENt f--if.- Ne 
TESTCK AEN2 ~ He 

_ 55 TEST RENtS 45 He 
IOCHR y c=::>-----------.JiL--!&H IOCHROY AEN2B NC 

I 
~ CSDMUT ROSTB! NC 

-REFRE H =------w REF ADSTB2 NC 

3 eNl --MAST R B MASTER EOP! NC 
RESEfT IJ] RESET SOP2 1- NC 3 

OMRCUK " OMAC" SC 9871 H',ia 52 ~c CN I 

-Mlj S XMEMR Pll~g~ []t ~~ REQ 
- -ME U MEMU GRTEROY ~ ~C _ 

-] XIOR HC -#-NC 
-I 5 XIDU N~ 174! NC N~ -{ NC QFP100 Ne 7 NC 

2 NC--{NC NC 7 NC 
Ne...! NC NC 7 NC 2 

, !; I;!:~~~ 
- C174 i.I-,.-t+-4'+++:J..m- _ 

ell5 fl!t-
I I 

R' 8' C' 0' E' F' G' H' I' J' K' L 
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13-10. ROM board unit (1 Mbit-OTP) 

CN-Rl 

'" XOI 
X02 
X03 
Xo. 
X05 
XDB 
X07 

xm0:71 

( 

0[ 8:15J 

, 
DB 

" ow 

'" 012 
013 
01. 
015 i Xo[B:7J XU[(l:7] 

-:-
I AO[B:151 A0[0:151 . 

, 
_ : R[][a: 15] I'IllI.lI: ADi 

AOI 
A02 
AD' Ao. 
AD5 
AD6 
AD? 
ADa 
AOO 
ADI 
AOI 
ADI 
A81 
AOI 
A81 

, 
" Di I" ";;,' " 0' XDi 

~ oz::= Al 01 18 f1 Ai D! liDI =. ~ 3 A2 112 l~ A 3 A2 02 XD2 

'--- ~_ ~~ ~~~ ~ 'A ~~ ~~ ~g~ 
, '--- AS 05 ~ A A5 05 liDS 
- _ '--- :- 7 R6 BIOS 06 ~ 7 A~ 06 Xfl6 
j '---- '----29 A? 07 l{j A? 07 XD7 
I :-- ~ AS DB As !IB_ NC 
~ - fl9 09 A9 D9L 
; ~ 'AI' ow' AI'mL~ 
~ 34 All 011 7 0[8:15) All Oll _NC 
j i \ L 3" AI2 012 5 A Al2 012 _ NNCC 

. .~ ~ AI3 013 A13 013_ 
ER( 16i:J9] I ~ ~ AI4 1114 4 A AI4 014 _ ~~ 

~_ i L-------t..tU. -----...lJL fll5 015 ~%-- fil5 DIS AO(l 

~, i 27C102 1 + t-- =i~ NC _ NC 
'AI 
'AI 
'AI 
'AI 
EA21 

3" la -CE vpp ~+ A AlB (+ 

~ Ne + vee I ICE GNO ;~:k* 1 
" . ~ -OE 40 vee I-+-~ 

39 11 ~l"TI8flilp ------.......;/OE r--' T 
. -PGM GND~ C403 Ib-C402 ,... IBYTEGNDt-- ,~4iUI-'1r ( 

\ 44 NU NC GNO~ 7Ir GND r--
3 SIlP-411l NC-- N~,t ~D \---; 

42 IMbll OTP-ROM 
(:4 EX:OOS j' 

-CS8IDS 
-tlEMR 

-CEAONl 
-OEROM (4Fl ,,_ J;JlSYO 
-MEMlJE ~ 
-CER0/12 'ft1- NC 

- P 
vee ) I 

3Ju 16V I e3BB 
~ND ) 7Ir 

.... 
" 
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13-11l Main PWB connector Table-(1) 

CN1 EX-UNIT 

PIN NO. SIGNAL PIN NO. 

1 S015 61 

2 5014 62 

3 S013 63 

4 8012 64 

5 5011 65 

6 S010 66 

7 SD9 67 

8 SD8 68 

9 -MEMW 69 

10 -MEMR 70 

11 A17 71 

12 A18 72 

13 A19 73 

14 A20 74 

15 A21 75 

16 A22 76 

17 A23 77 

18 -SBHE 78 

19 GND 79 

20 SAO 80 

21 SA1 81 

22 SA2 B2 

23 SA3 83 

24 SM 84 

25 SA5 85 

26 SAS 86 

27 SA7 87 

28 SA8 88 

29 SA9 89 

30 A10 90 

CN1 EX-UNIT (CONl) 

SIGNAL I PIN NO. SIGNAL PIN NO. 

GND I 31 A11 91 

-MASTER I 32 A12 92 

vee 33 A13 93 

DREQ7 34 A14 94 

·DACKl 35 A15 95 

DREQS 36 A16 96 

-DACK6 37 vee 97 

DREQ5 38 vee 98 

-DACKS 39 vee 99 

DREQO 40 AEN 1DO 

·DACKO 41 10GHRDY 101 

IRQ14 42 XDO 102 

[ROfS 43 XD1 103 

IAQ12 44 XD2 104 

IRQff 45 XD3 105 

[Rata 48 XU4 106 

·IQCS1S 47 XD5 107 

·MEMCS16 48 XD6 108 

GND 49 XD7 109 

GND 50 ·IOGHCK 110 

vee 51 HLDA 111 

vee 52 EALE 112 

ALE " KBCLKo 113 

Te 54 KBDATAO 114 

-DAGK2 55 Ne 115 

IR03 56 Ne 116 

[RQ4 57 Ne 117 

IRQS 58 Ne 118 

lAOS 59 -IN1KEY 119 

IAQ7 60 ·EXUNrr 120 

CN3A HDD CONNECTOR 

SIGNAL PIN NO. SIGNAL PIN NO. SIGNAL 

eLK 1 -RESET 2 GND 

-REFRESH 3 XD7 4 D8 

OREQl 5 XU6 6 D9 

-DACK1 7 XD5 8 D10 

DREC3 9 XD4 10 D11 

-DACK3 11 XD3 12 D12 

-IDA 13 XD2 14 D13 

-lOW 15 XD1 16 D14 

PWRGOOD 17 XDO 18 D15 

DlA245 19 GND 20 Ne 

-EN245 21 Ne 22 GND 
----

GND CN3B HDD CONNECTOR 
-ows 
GND 

PIN NO. SIGNAL PIN NO. SIGNAL 

DREQ2 
1 -lOW 2 GND 

GND 
3 -IDA 4 GND 

lR09 5 Ne 6 Ne 

GND 
7 Ne 8 GND 

RESET 9 lRQf4 10 ·[OGSI6 

GND 
11 SA1 12 Ne 

Ne 
13 SAO 14 SA2 

-5ELEXIO 15 -HDCSO 16 -HDGS1 

KBCLK1 17 ·HDAGT 18 GND 

KBDATAI 19 vee 20 vee 

Ne 
21 GND 22 vee 

Ne 

Ne 

Ne 

NC 

AT/-XT(NC) 

~I o 



CN2 MODEM & CRT 

13-12. Main PWB connector Table-(2) 

CN4 PIS POWER 
PIN NO. SIGNAL PIN NO. SIGNAL PIN NO. SIGNAL PIN NO. SIGNAL 

CN6 EX-RAM A 
PIN NO. SIGNAL PIN NO. SIGNAL 

CN? EX-RAM B ~"I '" 9 PIN NO. SIGNAL PIN NO. SIGNA~ 
1 vee 35 GND 1 vee 2 vee 1 vee 26 GND 1 vee 26 GNDI 

2 GND 36 vee 3 vee 4 VBU1 2 CSEl4 27 CSEL5 2 CSEl6 27 eSEq 

3 -5V 37 -SELMD 5 VLCD 6 VAe 3 CSEL2 28 CSEl3 3 CSEL4 28 CSELq 

• SAO 38 SA1 7 GND 8 GND 4 -REFR 29 MA1a 4 -REFR 29 MA18 

5 SA2 39 SA3 9 VBD 10 VBD 5 MA17 30 MA16 5 MA17 30 MA16 

6 SA. .0 SA5 11 TEMP (GND) 12 eB 6 MA-15 31 MA14 6 MA15 31 MA1. 

7 SAS ., SA7 13 8_GND ,. B_GND 7 MA13 32 MA12 7 MA13 32 MA12 

8 SAa .2 SA9 CN5 PIS SIGNAL 6 MA11 33 MA10 8 MA11 33 MAlO 

9 RESET '3 ·MORST 9 MA9 3' MA8 9 MA9 3' MA8 

10 MSPK 44 , fNTMDM 

11 -CSMDM 45 - -JOR 

PIN NO. SIGNAL PIN NO. SIGNAL 

1 Ne 2 ONRSM 
10 -MA7 35 MA6 

11 MAs 36 MA4 

10 MA7 35 MA51 

11 MAs 36 MA4 

12 -[OW 46 VMOC3NT 3 PWRGOOD 4 RSMSW(NC) 
12 MA3 37 MA2 12 MA3 37 MA2 

13 -MRI 47 vee 5 RSMKEY(NC) 6 FB 
13 GND 38 GND 13 aND 38 GND 

14 XDO 48 XD1 

15 XD2 49 XD3 ' 

7 LB 8 -BEEP 

9 Ne 
14 -PSCELO 39 ·PSCEL1 

15 ·PSCEHO 40' -PSCEH1 

14, .-PSCELO 39 -psceq 
15, ·FSCEHO .0 -PseEH~ 

16 XD4 50 XD5 16 ·PSOE 41 -PSWE 16 ·PSOE 41 -PSWEI 

17 XD6 51 XD7 17 015 42 014 17 ~15 42 014 I 

18 AEN 52 [R010 18 013 43 012 18 013 43 012 

19 [Ra11 53 lAOS 

20 VGADQ 54 VGAD1 §l 
I 

19 011 44 010 

20 09 45 08 

19 011 , , 44 010 i 

2. 09 '. 45 08 I 

21 VGAD2 55 VGAD3 21 07 46 06 21 '07 46 06 

22 VGAD4 56 VGAD5 22 05 47 04 22 05 .7 04 

23 VGAD6 57 VGAD7 23 '03 48 ' 02 23 03 ", 48 02 

2. PWRDWN1 " ·ENCAT 24 01 49 DO 24,. 01 49 DO 

25 SFTCLK 59 -PALRD 25 GND 50 vee 25 aND 50 vee 
-

26 GND 60 -PALWR 

27 VO 61 V1 

26 V2 62 va 
29 V4 63 V5 

30 V6 64 V7 

31 -BLANK 65 VSYNC 

32 HSYNe 65 -SENSE:.,..CAT 

33 vee 67 GND 

34 GND 6B vee 
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13-13. Main PWB connector Table-(3) 
CN8 KEYMTX 

PIN NO. SIGNAL 

1 VO 

3 V2 

5 V4 , V6 '., .Y7· 

11 NC 

13 - xo 
15 X2 

17 X4 

" X6 

21 X8; 

23 X10 

CN9 ROM 

PIN NO. SIGNAL 

1 vee. 
3 GND 

5 XD7 

7 XD6: 

9 XD5 

11 XD4 

13 XD3 

15 XD2 

17 XD1 

19 XDO 

21 ADO 

23 AD2 

'25' AD4 

27 AD6 

29 AD8 

31 -ADtO 

33 AD12 

35 AD14 

37 ,EAt6 

39 EA1S 

41 EA20 

43 ·MEMR 

45 -OEROM 

47;' NC 

49 GND 

~[NNO. 

I 2 

4 

I 6 

8 

1"0 

;i; 12 

: 14 
1 1-6 

'I 18 

I 20 

22 

'I, 24 

RINNO. 

I 2 

I 4 

I ,6 

I 8 

11,10 .. 

i 12 

i. 14 
! 16 

1,8 

; 20 

! 22 

: 24 

" 26 

I' 28 

130 

132 

1: 34 

136 

138 

j-40 

142 

I.-
146 

148 

150 

I 
I 

J 
ii 
I 
I 

CN10 PRINTER 

SIGNAL PIN NO. SIGNAL 

V1 1 -STROBE 

V3 2 DATAD 

V5 3 DATAl 

X16 .4 DATA2 

NC • DATA3 

NC' 6 DATA4 

X1 .1' . DATAS 

-- xa, 8 -DATAB 

X5 9 DATA7 

X7 10 cAGK 

X9 11 PR BUSY 

X11 12 PE 

13 SE:lECl' 

SIGNAL .CN11 RS-232C 

'GND PIN NO. SIGNAL 

Vcc 1 CD 

D8 2 RD 

D' 3 SD 

DlO 4 D,TR 

D11 5 GND 

D12 CN12 LCD 
D13 

D14 
PIN NO. SIGNAL 

D1' 
1 S 

AD1 
2 CP1 

AD3 
3 CP2 

AD5 
4 BLOFF 

AD7 • VCC 

AD9 
6 GND 

AD11 
7 VLCDO 

AD13 
8 DUO 

AntS 
9 DU1 

EA17, 
10 DU2 

EA19 11 DU3 

-CEDOS 12 DLD 

-CSBIOS . 13 DL1 

-MEMWE 14 DL2 

GND 
,. DL3 

VCC 

CN13 PANNEL SW 

PIN NO. SIGNAL PIN NO. SIGNAL 

14 -AUTFDX SHUT I 
15 -ERROR I 2 GND I 
16 -INIT CN14 SPEAKER 
17 ·SleTlN 

18 GND 
PIN NO. SIGNAL 

19 _ GND 
1 SPEAKER 

20 " GND i 
2 SPV 

21 GND I CN1510-KEY 
22 GND PIN NO. SIGNAL 
23 GND 1 T1 
24 GND 2 T2 
25 GND 3 T3 
26 CNfo , 4 T4 

• T' 

PIN NO. SIGNAL 
6 T6 

6 DSR 
7 T7 

7 RTS 
8 T8 

8 CTS 
9 T9 

9 CI 
10 GND 

CN16BATIERY 

PIN'NO. SIGNAL 

1 B GND 

2 CB 

3 VBD 
-

---I, 
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13-1~.1MB RAM board (CE-621B) 
81 <eNl> 

Dr 8:151 I [U151 

I I 
MA[Z'131 1Il2:t3l 

-

7 

MA[I~;lB] 1R1~,lal I I I 
i I I I IlIIz,m I 1R2:131 1R2:131 I 

t 1R2J 12 R0 DB 13 [( 9] m[2] 

Al DI 

Ill<1lal eep , 
'" 7AS 05 N AS 05 ... 
~ fiAB 0528 ~ 6f1i 0620 I;: 6 

1R2:131 

~1'(2J 

8 

r-

17 
lBA2 025 ; 

I" ~.---s A~ ~fiE! w .... r" 5 ~ ~~ 18 . ' 

fi;' 07 0:; R7 07 R7 

~g IC3 IS] ~~ IC4 B.ISI ~g ICl 
-

vee 1 
C6 IS.-t8V 

GND) I iIr 
.15) (15J ~ 

6 

-

5 

-

4 

-

3 

-

2 

-

AlB + AlEl ~ AI' ~' 

"

All vee I ~,' C2 All vee All vee CI 
4 Al2 [-"'-;;; 4 Al2 '§! 4 All ._ 

~ Al3 Gt/O I IF.' t90llp : A13 GNIJ ~ ~ A13 [;NO 1ll08p ~ 
A14 r'"":; i All! ~.'\- _ A\4 e 

~ AIS AIS ~ AI5 
I AlB ICS AIlS IGS AlB ICS 
I I'Rl~'I~J IDE IllEF ~ m:l~:l~ IDE /REF ~ I'f[l~, 4 IDE IREF ~ IR14'T[ 

r- IWE _ IIJE ,-------- fWE 

r- CS 1=28 cs ~~2e I CS =29 \\ r 
CSEL2I4 ~ !Sill 1 1 I 

,-

R9 IC2 ~ AI' 
AI! vee 
AI2 
Rl3 GNO 

rrctr 

" ; TCSl812B 

--=-
CSEL3/S 3 

REFR' \1 II -PSUE ~ 

_p~~~~~ 15 
-PSCEH\ 4 

O[ll : 71 lIe, 7l 

iii m2,m I I I 

~ 
~ 

~ 

I"H:13J 

-

~f! 

~ 

,-

~ AS DB 
Al 01 
R2 --
Al 
A4 

lIS 
DB 

A7 D7 

~ Ie? "' 

AI' ~ ~g vee 32 C4 

A13 (;NO 16'- e,h. 
AI4 z 
AI5 
Al5 ICS 
IDE fREF 
rUE 
CS Tt51812B 

"'" 

1R2:131 11ft< 13] 

~ 
WI 

IC6 

i 
~ 

rn:l~;161 

r---' 

:i, IC5 ~ FIll vee 32 

~\~ GmJ 15 
AI' 
RI5 
AIS ICS 
IDE IREF 
rUE cs TlSlS129 

""" 

~i~~II~' ~~jj~~"I~~ji~~jl~~ji~~jl~I:' ==~'I -pseRA ) II - - . 
-PSCELl) I 
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r-
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r-
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r-
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L 
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~I 
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13-18. 1 MB RAM board layout 

[ 1'11jl11jljljljljllljljljljlj 

Xl009DC-04 

[ON1] ~ 
PIN No.Ll SIGNAL 

; 1 I vee 
2 CSEL4 

3 I eSEl2 
4 I -REFR 

5 , MA17 

6 i , MA15 

7 MAI3 

8 I MAli 

• MA • 

10 U MA7 

11 I MAS 

12 MA3 

13 GND 

14 ·PSCElO 

15 -PSCEHQ 

16 -PSQE 

17 D15 

18 DI3 

I. 'I Dl1 

2. " D. , 

21 ! D7 

22 D5 

23 i D3 

[ 24 'I Dl 
;' 25 GND 

" 

~.;I ~I 
~! 

PIN NO. SIGNAL 

26 GND 

27 CSEl5 

28 CSEL3 

29 MA1B 

30 MA16 

31 MA14 

32 MA12 -.C 

33 MAIO 

34 MA8 

35 MA6 

ss MA4 

37 MA2 

3B GND 

3. ·PSCEl1 

4. ·PSCEH1 

41 -PSWE 

42 D14 

43 D12 

44 Dl' 

4S DB 

46 D6 

47 D4 

4B D2 

49 D. 

5. vcc~ 
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13-t" CE-621NK circuit 7 

2 6 16 
I 
I 

~~ :~ :~ 
>= ! 

i I 12.5K±20%i 
I :3 :; 

T5 L5 
3 ~ 

sl ----y-~ or Is 

8 
T6 L6 

12.5K±20% J 
4 ~ ~I 

I 
9 

_ T8 L8 

41 .... T9 L9 .rL...... .rL...... 14 
5 

I 

~ 10 1 ~ 

~ 

~ 

I 

31 ~ ~ ~ ~'77'77377'7},"7Q fi- II 13 
6 7 8 9 10 

PIN NO. SIGNAL 
1 T1 

2 T3 

3 T5 
2 2 

4 T7 

5 T9 
6 T2 

7 T4 

8 T6 

9 T8 

10 GND 

~I o 
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13-20. CRT adaptor (CE-621A) 

A 

CNl CN2 

[cN1-1,3" vee ~ 
[CNI-33,581 vee .~' 33,d6V 1<2 

[CNI-2,26,34,35,671 GND) Te
? I CB 

1£32 

[OU -55] VSYNC : 9 B ~B.IU ::JIC , ' 33Bp II 2 
- ~ 12 - - - ~-==~l:-=-.=====::::::::!:~~l~===~hs 

[OU-32] HS'fNCICI 11 CII 1:2 ) HS 

[CNI-561 -5ENCE CRT f---t 1£32 T T Fll 

[oo-H] 
[00-13) 

_ .,J,- 7/T 7/T D~ or:: """ D-45C 

75 
[Ctl1-27] 
[CNl-611 
[011-28] 
[(lU-621 
tcrU-Z91 
[CNl-631 
[CIU-311] 
[CNI-64] 
[CHI-31] 
[CHI-2S1 
[CIH-59] 
(eNl-5111 
[OU-4J 
[CHI-S81 

" VI 
V2 
V3 
V4 
vs 
V6 
V7 

-BlANK 

-1>\(&' 
-P~~R 

SAl 

WU-581 -ENCRT~4 6 
Ie 

(CNl-241 PIJRDIJNI '---

[CNI-28) 
[CNl-5~ I 
[CNI-211 
[CNI-55] 
[CNI-22] 
[CNI-56] 
[CNI-23) 
[CNI-57] 

8 

Rll· 
3.31:: 

VGR"@ VGAOI 
VGAD2 
VGAD3 
~~~' " 

VGR06 
VGRD? 

c 

R , , 
: tf:1 8.11'l·"' lLe,h,"· 
m: 5 , 1: 1: ~:t 1,.' .. 1.1 'OF • 

D E 

RIB 
IS' 

F 

01'" 1l'I2tl41:: 

GND4 [00-81-
GNIl3 (1Je-71 
GN02 [CN2-fi] 
REO [CK2-11 
GREEN [00-.2) 
BLUE (CN2-3 1 
GMO [[N2-5] 
GMO [CK2-l6l 

DSUB-15pln 
5 , 

'Q2)' 15 11 

G 

H 

CNl 

PIN NO. 

1 

2 

3 

• 
5 

6 

7 

• 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

'0 

31 

32 

33 

3. 

H 

J K L 

U 8 " <;1- -

I 
-CN2 

SIGNAL PIN NO. SIGNAL PIN NO. SIGNAL 

VCC 35 GND 1 RED 7 
GND 36 VCC 2 GREEN 

5V 37 -SELMD I 3 , BLUE 

SAO 3. SA1 • NO 

SA2 39 SA3 1 5 GND 

SA. 40 SA5 6 GND2 

SA6 41 SA7 
, 

7 GND3 6 
SA8 .2 SA9 B GND4 

RESET 43 -MORST 9 NC 

MSPK 44 lNTMDM 10 GND 

-CSMDM 45 -IDA 
1 

11 NC 

-lOW 46 VMDCNT 12 NC 

MRI 47 VBUl 
! 13 HS 5 

XDO 48 XD1 14 VS 

XD2 49 XD3 15 NC 

XD. 50 XD5 

XD6 51 XD7 

AEN 52 IR010 

IROll 53 IROS 
4 

VGADO 5' VGAD1 

VGAD2 55 VGAD3 

VGAD4 56 VGADS 

VGAD6 57 VGAD7 

PWRDWN1 58 -ENCRT 

SFTCLK 59 -PALRD 
, 

I 

3 

GND 60 -PALWR 

VO 61 "Vl 
, 

V2 62 V3 

V, 63 V5 

V6 64 V7 2 
-BLANK 65 VSYNC 

HSYNe 67 ~ND 
, 

VCC 67 GND 

GND 68 VCC 

J K L 
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13-2b. FD unit board (CE-621 F) - 2/3 

,,, 
, 1m , (1-'11'1 

(1-'1A 

, I 

, I", 
(1-4~ 

0-4A , 
)Q6 
I ,os 

(1-4A 

(l-4A 

) XD7 
(1-MI 
0-4A 

a-SA '"' 
Cl-SA """ 

'"' 
'"' 

(l-SA 

(I-SA 
(1-5A 
(1-51'1 ::: " "' 
(1-5A 
(1-5A 

(1-5A 

(1-51'1 

(1-6H 

(1-41'1 

(1-41'1 

(l-GA 

(1-~H 

U-3H 
(1-411 
(I-4H 

, ""' I 5~2 

, ,,,' 
'''" 'L 

lID 

,row 

,""" 
,t'· , " ,-
"" "'" 

eN) -53 ~O[LKD 

CNI -5~ 
KAnRT~ 

t:Nl-lI~ 
KBDR1Al 

CNI-113 
KBCLKI 

R 

'" 

L 

I 

I "" 
" 

" lell - II "'" 
ACS2 

lell " 
, "'" '" " ~ , 

" , 
" , , 

HC19B 

~ , , 
~co~ :I~ ~ 

, 
I ~ 2l-ocO~ 

lCl~ 

'4-AC11 

AC!J~ 
, , 

1(14 12 :; lCl~ G 

ACll nell 

" I lC13 12 , 
3 le13 s 

ACIl J[21 

~ 
A[11 

, , ACO~ 

~O~ 

~ , , 
l..m:04 < 1(20 

le23 

"' 
, -L--

HC04 
ACll 

m ,~ , , , , 
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SHARP PARTS GUIDE 

MODEL 

PC-6220 
CE-621A/CE-621B 
CE-621F/CE-621NK 
CE-621EV 

~----------------------CONTENTS----------------------~ 

1 PC-6220 Exteriors 

2 PC-6220 Top cabinet 

3 PC-6220 Packing material & Accessories 

4 PC-6220 Display unit 

5 CE-621 F Exteriors 

6 CE-621 F FDD unit 

7 CE-621 NK Ten key pad 

8 CE-621 EV Battery pack 

9 CE-621A Packing material & Accessories 

10 CE-621 B Packing material & Accessories 

DESTINATION TABLE 
U USA 
y Canada 
G Germany, Austria 
H U.Kingdom 

E 
Q Australia 
K Hong Kong 
S Singapore 

DEFINITION 
The definition of each Rank IS as follows and also noted In the list 

A : Parts necessary to be stocked as High usage parts. 

B : Parts necessary to be stocked as Standard usage parts. 

e : Low usage parts. 

D : Parts necessary for refurbish. 

EJ 
ESH 
ESB 
ESG 
EH 

E : Unit parts recommended to be slocked for effiCient after sales service 

11 CE-621 F Packing material & Accessories 

12 CE-621 NK Packing material 

13 PC-6220 Ma i n PWB un it 

14 PC-6220 VR PWB unit 

15 PC-6220 Power supply unit 

16 PC-6220 ROM board unit 

17 CE-621A CRT I/F PWB unit 

18 CE-621 B RAM PWB unit 

19 CE-621 F FDD I/F PWB unit 

• Index 

Korea 
South Africa 
Saudi Arabia 
Indonesia 
Malaysia 

~-- -.--- _.- -. -Flease' -note·-I:tlllt-the-leed·-tlme-~Gr -the-said_par.ts_may-be-lollg.er--1bao...nOI..llliIL.parls ___ . __ ,_ 

S : Consumable parts. 

Please note that the following parts used in Copier under the same deSCription are classified mto A or BRank 

depending upon the place used 

Example Gear made of Metal. Sprocket, Bearing. Belt made of Rubber, Spring clutch mechamsm 

A Rank The parts which may be with the revolution or loading, 

BRank. : Parts similar to A Rank. parts, but are not Included in Rank. A. 
Parts marked with "A" is important for maintaining the safety of the set. Be sure to replace these parts 

with specified ones for maintaining the safety and performance of the set. 
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[lJ PC-6220 Top cabinet 
NO. PARTS COOE I ~I ~~ I ~rK ~~~~ 

:-8 Z 
'-p 
v
-"-

18 
Z 1 

'A 1 
A 
A 
C 

N 
N 

rn PC+6220 Packin~ material ~A 
NO. PARTS CODE I ~~~~ I ~~rK ~~ 

1 '5 A N 

2 

crew 
ush switch 

(2pin) 
ill<.4) 

:abinet 8 
Iinsul.lor sheet A 
Option cover 
Display unit' 

'. , 

~anual case ' 
i ok aplink) 

3 

.. ---- ------- -.~-

OESCRIPTION 
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[2J PC-6220 Top cabinet 

rn PC-6220 Packing material & Accessories 
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'] 

@] PC-6220 Display unit 
, 

d - e·'"::,, )' 'I O:~.">' <:,'- f"T=l 'e .' ..:"JJ IJt,;,)J ,IL \,' '.! ~: :_.~ J 

NO, PARTS CODE PRICE NEW. PART Q,ESCRIPTION RANK MARl{ RANK I· . 
I GCABCI009DCZZ BB 0 Cabinet c 
2 DUNTMI034DCZZ BC E o tical conduct late unit 
3 T lAB H I 0 6 5 0 C Z Z, AA N' 0 - Caution label' 
4 PTPEZ I 0 0 2DCZZ' AA , 0 TaDe B 
5 XEBSD26P04000 AA C Screw (2.6X4) 
6 lANGTI002DCZZ AE !', C Install B 
7 PZETZI002DCZZ AC C Insulator sneet B 
8 PCUSSI007DCZZ AD C Cushion A 

QJLLQ.~ InstallA 
10 PZETZIOOIDCZL AC C Insulator sheet A 
12 PCUSSI008DCZZ AD C Cushion 8 
13 QCNW 101lDCZZ AW ,C LCD cable, . , 

14 QCNW 1009DCZZ AF C VR caoJe 
15 MSPRCIOOIDCZZ AA C S rin 
16 JBTN 100lDCZZ AB C Stopper button 
17 lSTPFIOOIDCZZ AD C 510 er 
18 DUNT 1033DCZZ AW E _CCFT unit 
19 PSHEZI008DCZZ AE I C Reflection sheet 
20 GCABDIOIIDCZZ A,l 0 Cabinet 0 
21 l H l OW 5 0 2 3 N C Z Z NCB , 

C Holder I 

22 PTPEHI323CCZZ AA C Key sheet fixing tape 
23 XESSD26PIOOOO AA C Screw 2.6 x 10) 
24 PCAPZIOOIDCZZ AB C Rubber ca 
25 JBTN 1002DCZZ AB C Slide switch button 
26 CNW 1012DCZZ AD C PS cable 
27 lX BZI003DCZZ AA C Screw 
28 DUNTKI036DCZZ BA E Inverter unit 
29 CPWBFIOl9DCOI A Z~, N E VR PWB unit 
30 PSHEZI005DCZZ AZ C Displav sheet 
31 XUSSD26P07000 AA C Screw 2.6X7) 
32 XUSSD26P06000 AA C Screw 2.6X6) 
33 lANGTI003DCZZ AD C Damper L 
34 lANGTI004DCZZ AD C Damper R 
35 JBTN 1003DCZZ AB C VR button 
36 PSHEZI007DCZZ AA C VR. sheet 
37 lX BZI004DCZZ AA C Screw 
38 QCNW 1010DCZZ )\0 C INV cable 
39 PTPEZIOOIDCZZ AD 0 Tape A 

• I 

' .. " 'r~ .,., 

~~-;', 'j(y'-, ,~ ~"_ ' ;:_ I .... .. .: ~ " , .,,"J, .; 5 '-', i,: '->' ~r- ~,i -I It, .iL ,. 
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@] PC-6220 Display unit 
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[5J CE-621F Exteriors ':;-jrH) ,:.:;] Ci:O j U D ~~ s.~ a~ :.) ~.! ',", i 
l :j~ ;' 

NO. PARTS COOE PRICE NEW PART D ESCR I P T ION RANK MARK RANK 
I XBPSN20P04000 AA C Screw_(2X 4)_ I 

2 LANGQI 0 13DCZZ AE N C Connector angie B 
3 XBBSD20P06000 AA C _Screw 2~X6 
4 CPWBXI 0 16DCO I N L· FOD IIF- PWB unit 
5 XBBSD3 OP06000 AA C Screw 3X6 
6 QCNW I 0 I 7DCZZ AS N' C FD harness 26 in 
7 LANGQIO I 2DCZZ AE ·'N C Connector anj;tJe A 
8 PCAPHI 0 16ACZZ AD' C 25P cap 
9 LX BZ I I 4 ICCZZ AA C Screw 
Ir C-X=-S Z I 0 I lDCZZ ~. C Screw , 
II PGUMMI 562CCZA AD " ,C Rubber "1 
12 XUPSD30P08000 AA ,C' Screw (3X8 

. , . 
II LANGTI 0 15 DeZ z AF N C FD_ angle R . , 
14 DUNTKI 062DCZZ BW N \ E FOD unit 
15 LANGTIO 14DCZZ AF N C FD ai::!&!e L 
16 GCA&A I 0 I 2DCZZ AX N D Cabinet A 
17 XBPSF3 OP06000 AA C Screw 3X6 ,., 

18 XU,B S F 3 OPIOOOO AA C Screw 3xlO 

19 
TL'AB,G I 025DCZZ AC N 0 Label :' " [Y] 
TLABSLQ 2 6DCZZ AC N .'D label [G] 

20 G LEG G 10' 0.2 DC Z Z AA D Rubber foot 
21 LX BZ I 007DCZZ AG C Screw>", , 

22 GCABBI 0 13DG-ZZ AY N D Cabinet B ~-_,>" " 
23 PSHEZ I 0 12DCZZ. 'AF N C Insulator ,sheet , 
24 MSPRCI 005DCZZ AA N C Spring , " 

" , "" 
i , 

" 
, 

'" - Un! ~I,"" , [[] CE 621F F:DD t 
,-' 

PRIC. ,NEW ,PPiRJ 
, 

NO. PARTS CODE RANK rMA_RK RANK D'E S C R I PT I ON 
I 0 i E K 9 0 2157/// AM N D Case , 
2 0 i E K 9 0 2 I 5 6 0 :>/ AN N 0 ,.panel A'ss'y(Fdr.30 
3 0 i EK32003403)/ AD 'N, C :Komti{Fo(30) 
4 0 i EK902 160/// AN N S Track 00 Switch Ass'y 
5 0 i EXBI 2 2 6 0 4 o 5 AA ' N C, Screw 
6 0 i EK79 0700/// BR ,N B Head Ass' , ' 

7 0 i EK 16 0 2 0 5///, AG N C Guide,Bar 
8 0 i EXD2 I 2 0 0 I 2 2:<; AA N " ·e E t e Rin ',1 

9 0 i EK 7,9'074 all/ BB N B Steppinl2' Motor 
0 EK 7·,910 74 2/// BB N B Steopinl2' Motor 

10 0 EK79074 1/// 'AK N C Pivot Bearinl2' 
0 EK790677/// AK N C Pivot 8earin'i2' ,. . " . 

" 
II 0 EK790678/// AA N C Ball 
12 0 EK4 10793/// AB N C Clapper , -

13 0 EXBI 2260405 AA N C Screw ' ,,' 

14 0 EK9021 93/// BQ N E PCB Ass''{ " 
I 

16 0 EEI6200026 AA N C Screw 
" 

I 
'", 

" 
" 

" (Unit>- ,'". 

901 D.UNTKI 062DCZZ BW N E FDD unit ':,,-

" 
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, --, ---'~--~P:C6ZZ(F----- , 

[Z] CE-621NK Ten key pad 
NO. PARTS CODE PRICE NEW PART 

RANK MARK RANK ,! 
I o OP40AAAO 131A BA N D U er case 
2 00P74AAAOl23'A AN N C Torsion bar 
3 00P2B72AAOO!1A AG N C T screw_ 
4 00P2A09AA002A AG N C M screw 

,5 00P4KA4AAOl9A AV N C Connector 
.6 o OP62AAA'02 71A AV N C Plate , 
7 00 P'2 A 02 A'A'D,D,5 A ... AG N C ,M"screw ." 
8 o 0 P 4 K A 4A,A 0 2 0 A i B H "N C ,- 'Connector 
9 00P2C02AAOO2A AG N C W screw • ,', , 

'-1(, o-o-P:4Z-AAAo-nT~ ~ N C Sub case 1 \ , 
11 o 0 P.7 2 A'A ADD 5 2A AN N , C Bushin 
12 00P49AAA2002A' AR N '! D !label 
I. O. OP2 B 7 2 A ADO I B AG N C T screw , 

, •. >. 

14 0,0, P 4 YAA A 0 103 A BJA-"-. N D :1, Lower case ~ 
.101 o 0 p'J 1 A A A2 D 0 6 B BL • N C Kev top ass'v 
1/ _ , . , 

" 
'. ' 

, '. 
(I,' ,.,', 

'; -lID CE 62IEV Battery pack 
>':NO. '~ARTS CODE , ... .; 

1 OO-S-CAB i NET-AU 
20DBBA-TT8-2'200 
30DBCABINET.-B/' 
4 ODB,C NNECTR'/ 
5 0 D BC H A R G E R -.U. T 

PRICE NEW 
RANK MARK 
B H N 

/BQ N 
B H iI,' N 
B F N" 
C F N \)1 

" '. 

, 
" 

., ' 

PARt 
RANK ) 

D Cabinet A u er 
B Ni-cd 
o Cabinet B Ic'wer 
C Connector 
E ,', ell'ar er unit: . 

ffiJ' CE-621A 'Packing material&Accessories 
, ,. 

NO. ,PARTS ; CODE 
I S. P A'K P I 0 3 8 D'C Z,Z 
3 SPAKAI057DCZZ 
4 SPA KA I 0 4 4 DC Z Z 
5 ri"N-SM,1021HCZZ-/ 

TiN S MIO.2 4 DC Z Z 
6 SPAKC I 0.3 ~D'CZ.Z 
7 T LAB P I 0 23 D.C ZI Z 
8 T L A BM 2 12 I WC.Z Z 

TLABMI466ACZZ 

AD 
AF 
AG 
AA 
AD 
AC 

NEW 
MARK 

N 
N 
N 

N 
N 
N 

:, 
, 

::PART 
RANK 

D 
D 
D 
D 
D 
D 
D 
D 
D, 

II' 

I', 

'--"'/ ! 

Vinvl bag 
Packing cushion 
Packing cushion 
Operation manual E F G S) 
Operation manual 
Packi~case 
U PC barcord label 
Packin label 
Packin label 

.\ 

" ' 

DESCRilPTION 
, 

~" 

--. 
:-""'" 

',', 
" 
• 

, , 

.'C 

, 

, 

, 

c:':, , 

, ,-- " ."'J'- , 
, 

>--' 

DES CR I PI lOIN 

DESCRIPTION 

,"; j j] :,' ~ 
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i\ ,. 

i" 
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--
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! ! 
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, ,~. 

-, 

;, ,. 
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·If 
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[Except YJ 
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. rn:l CE-621A Packing material 
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IJ] CE-621 B Packing material&Accessories ~'r' I 

,-::'J "~) 

1 

3 
-- -- ------~"-- ---

6 

Il2IcCE-;621NK. Packingmate~ial 

-/' 
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.'. I ~ 
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fllI CE-q21F P?cking material&Accessories 
. c 

2 
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5 
6 
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1m CE -621 B Packing material&Accessories 
NO. PARTS CODE PRICE NEW PART 

RANK MARK RANK 
I SPAKPI031DCZZ AA N D Vinyl bag 
3 SPAKAI056DCZZ AC N D Packing add 
4 SPAKAI043DCZZ AK N D Packin add 
5 TiNSMI021HCZZ AD D o eration manual E F G S 
6 SPAKCI032DCZZ AG N D PackinJi! case 
7 TLABPI022DCZZ AA N D UPC barcord label 

B 
TLABM2121HCZZ AD D PackinJi! label 
TLABMl466ACZZ AC C Packing label 

Iill CE-621F Packing matenal&Accessones 
NO. PARTS COOE PRICE NEW PART 

RANK MARK RANK 

I 
TiNSMI021HCZZ AD D 
TiNSMIOIIDCZZ AF N D 

2 SPAKAI027DCZZ AV N D 
3 SSAKH3010CCZZ AA D 
4 SPAKCI025DCZZ AM N D 
5 TLABPIOl9DCZZ AA N D 

6 
TLABM2121HCZZ AD D 
TLABMl466ACZZ AC C 

Il2l CE -621 NK Packi~ material 
NO. PARTS CODE 

210 ADO AY N D 

IU PC-6220 Main PWB unit 
NO. PARTS CODE I ~~~~ I ~f:'" ~~~~ 

:
:
:
:
:-

A 

Operation manual E F G S 
Operation manual 
Packing add 
Vinyl bag O.03tX 180X240 
Packing case 
UPC barcord label 
Packin label 
PackinJi! label 

I i 
I i r (4. 
I i 
I . resistor 
I . resi :or 
I . resi :or 
I i 
I i 

re .. tor· IX 
re, tor· 

, re,istorl 
,res lor 
,re, lor 
,res lor 
. resi lor 

IX 
IX 

IX 
IX 

I . resi lor 
I 
I 
I 
I 

i16~ 
. (l6WV 17 uF: 
• (O.047F· 

16WV 

-12-
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IDl PC-6220 Main PWB unit 
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IIJI PC-6220 Main PWB unit\!:: ;::'}I:-: :,:,',1 :)'~:>,'}Ci 

'NO. PARTS COOE) , liRANK:M'1:d~~~~ : ,,';0; {J~~ !RipT I 0 N_": ,~,\: : 11 

199 I R 3 A :Z ." :ore;~' lWIA~GOlll]= ,,:;; •• -,+,: LI :::0=:[' :::::::=::c::: ,,'~':j:=, ~Ii:+ ':::JI:;===::::m~Q::j 
200 I v : 4 6 Ie- ¥i ,,64) '," " ' 
201 I v : 4 6 -= <1M), ,\ " , I 
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hoto I 
hote ran 'I ~ " 
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I lor (1, OV 

I R, I lor (1, OV 
I Resistor 'lOW 
I Resistor 
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J]] PC-6220 Main PWB unit 
NO. PARTS CODE ~~~~ I ~~;fK I ~~~~ 

l
I-

1-
I
I-
1-

1-' 
I
I-
1-' 
1-

,
,
,-
,-
,
,-

AA 

!AD2 

N 

tor 
tor 
cor 

I Re,islor III 
les slor 

.0 
a 

lesislor loa 
lesi cor 'a ± 
lesi cor 6) 

i 6l 
i 1300 

'esi,'or 
lor 
.or 
.or 
.or 

'in 
:rys I 
:ry, I 
:ry, I 
:ry, I 

I 

I 
(2XI 

i (I, 

'lOW 27Ka ±5' n 
IW ,±! 6) 
IW 6) 
IW . 6) 

5%: 
5%: 

.7Ka :5%) 

901 PWB Y '0 CO • • N E I Main PWB unil 

I)] PC-6220 VR PWB unit 

9 
10 

-sz 
IW
IW-
1-

,
.R ,-

VR cable 
, cabl. 

16WV 33uF) 

islor (1/4W OOKa ±2%) 

~~ 
j i 

'ariable resislor (2KI 
ener diode 

) COl N E VR PW~il 

)]I PC-6220 Power suply unit 
NO. PARTS CODE PRICE NEW PART 

RANK MARK RANK 

DESCRIPTION 

DESCRIPTION 

DESCRIPTION 

PC6220 

[VR: 
[ZO 

110B 13/// N ~harness 
1--~;'~O~B~~~.~o~7.~7:~7-~~~~~-r~-+jar~n'e~hsasrn==ess~---------------------------------4*l.~~ 

~ ass.'v. 
(tini!) 

901 ROENC 02DilZZ BV N E !Power I 
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PC6220 

MI PC-6220 ROM board unit • •• I • \; ... 

,,,'. '.. " d ,.: ,; 

" NO. PARTS CODE,. I~~~~' ,,\'t~Jii . ~m 

.901 IN 

, , 
'. '.. , '. 

lIZ! JE-621A CRT !/FPWB unit ; - --' . : 

PARTS CODE PRICE NEW PART .,.' DESC,RIPHON .: 

v 

IV 

i-' 
i-' 
i-' 
i-' 
i-

IP 
IE 
:-

iP 

3 3 I 
3 3 I 

'-
;C 
;C 

RANK MARK RANK 
A 
A 

N 

N 

N 

[lSI CE-621B RAM PWBunit 
-I'NO; PARTSCOD~. I ~~~~ ,,\'t~K I k:~~ 

: V . 2 K ' 
,V 2 K 
,V 
:V 

NV F) 
F) 

~ 33.F) 
(6f oj 

)-SUB female (15p;n) 
i cle. 

I 
I 
I 

B 
stor 
stor 

;or 

i r (I ilOW, ~ 
cor (Ii lOW ISO 

I ±5%) 
±S%) 

±S%: 

[es;stor (liIOW; ISOO ±S%) 
: angle',. 

icrew ". 
~rew 
crew (; 

• (I 

r earth 

" " 

.: . 

, ". 

, ". DEst'''',I,Pr'1 eN' "". :. 
c', 

,in) 

17 

" 

" 

.., , .. , .. 
.

. " ..... , 

. ':.' 

, 

: 

[ 

, I 
I 
I 

; 

". '.: 

fm= 
Hal 

, , 

'-' . , 

C2 



~ CE-621F FDD IIF PWB unit 

I-I 

-

;
;
;
;
;-

o 

F 
F 

;-

A 

ToO 
)WV OOoF) 
)WV OOoF) 
20, 

'-SUB fe~ '5pin) 
I 

:~ I; C 

I ') 

lore 
lore 
;>r. 
lre 

'" 

, 
lesistor (I, 

lesistor 
·stor 
i 

FN) 
FN) 
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, 

-PC6220 

~ CE-621F FDD IIF PWB unit 
NO. PARTS COO!;, 1 

81, RCRSZ 1 0 0 6DCZZ 
82: R C R S Z 1 0 5 3 A C Z Z 

Unit 
,901 CPWBX1016DC01 

'l.-C-

, 

':,~ 

j " 

I! 

'I 

-' 

Ji 

AP 
AP 

·NEW 
MARK 

N 

N 

, PART 
RANK 

B 
B 

E 

Crystal {19.2MHz):': 
Cr stal' 16MHz 

FDD.!IF PWB unit 
',-I: 

J ' L ~~)' .rj • • J'" ".!; 
,,' , 

, ' 

".J 

',' 
, , i , -,I, 

,.! 

.. 
;,:; 

,)', 
" 

: \' , 
:1 

i \ ;,' '-;, 

;;-' "" 

"" "" 

I,' 

( ',--' 

, ' 

19 

p t S,C ,R, I piT ION] ,J L 

" 

! ' 

.-\ 

;-\ 

" 

::: 

j : 

,! 
J J 

1 :) 

" , \ , 

J' 

. ,\ :1,' 

'I.' 

. '1.'\': 

" 

/ ! 
'( 

[X 1] 
[X2] 

'I'i 

'j 

) , 

'; .J 

• J 

" ii 

" , 

, ,,'.j r'f 

) '/ 

, ",; 

, 

: ~ ':' 

. 'i 

V,)' 
\1 .) 

t 'I ., " 

. ',a 
, \ ' 



PC6220 

• Index 
PARTS CODE NO. PRICE NEW PART 

RANK MARK RANK PARTS CODE 

IC 1 
CCADZIOQ3DCOl 3- 2 AM N 0 P 1 
CCNW 2814SCOl 3- 15 AX B 
CPWBF 10 19DCO 1 4- 29 A Z N E 

1/ 14- 901 AZ N E 
CPWBX1016DCOl 5- 4 N E 

1/ 19- 901 N E ,- N 
CPWBY1007DCOl 1- 15 •• N E 

1/ 13- 901 •• N E 
I 0 1 

DUNT 1020DCZZ I- I BG N E 
DUNT lO21DCZZ I- I BH N E 
DUNT lO22DCZZ I- I BH N E 
DUNT 1033DCZZ ,- 18 AW E 
DUNT 1038DCZZ 2- 11 CQ N E 
DUNT 1060DCZZ 3- 9 BD N E 
DUNTKI036DCZZ 4- 28 BA E 
DUNTK1037DCZZ 1- 11 •• N E 
DUNTK1062DCZZ 5- 14 BW N E 

1/ 6- 901 BW N E 
DUNTKI090DCOl 1- 45 BG N E 

1/ 16- 901 BG N E 
DUNTM1034DCZZ ,- 2 BC E 

I G 1 
GCABA1003DCZZ 1- 28 BB N 0 
GCABA1012DCZZ 5- 16 AX N 0 
GCABBI004DCZZ 2- 7 BB N 0 
GCABB1013DCZZ 5- 22 AY N 0 
GCABC1009DCZZ ,- I BB 0 
GCABD10llDCZZ 4- 20 AL 0 
GC VA1008DCZZ 2- 10 AP N 0 
GCOVH1002DCZZ 1- '0 AD N 0 
GC VH1003DCZZ 1- 44 AE N C 
GC VH1004DCZZ 1- 27 AD N C 
GC VH1005DCZZ 1- 33 AD N C 
GC VH1006DCZZ 1- 39 AN N 0 
GLEGG1002DCZZ 1- 35 AA N 0 

1/ 5- 20 AA 0 
I J 1 

JBTN lOOlDCZZ ,- 16 AB C 
JBTN 1002DCZZ ,- 25 AB C 
JBTN 1003DCZZ ,- 35 AB C CM 25 IE 
JHNDP2008SCZZ 3- 7 AB C :NCW.OO :2B 

L 1 
LANGQ1012DCZZ 5- 7 AE N C QCNCW 21 CC 
LANGQ1013DCZZ 5- 2 AE N C :NCW 21 :2F 
LANGT1001DCZZ 4- 9 A F C QCNCW I 1 3 I : 5 . 
LANGTIOO2DCZZ ,- 6 AE C 
LANGT1003DCZZ ,- 33 AD C 
LANGT1004DCZZ ,- 34 AD C 
LANGT1005DCZZ 1- 25 AF N C L4 8 AI 
LANGT1006DCZZ 1- 2' AF N C 
lANGTIOO7DCZZ 1- 12 AE N C 
LANGT1008DCZZ 1- 22 AH N C 
lANGTIOO9DCZI 1- 6 AH N C 
LANGT10l0DCZZ 1- 41 AE N C 
LANGTI014DCZI 5- 15 AF N C 
LANGT1015DCZZ 5- 13 A F N C QCNW-: 10DCZZ A 
LANGT1016DCZZ 17- 31 A F N C 1/ 14- A 
LHLDW5023NCZZ 4- 21 AB C QCNW-l0 lDCZZ A' 
LHLDZ1001DCZZ 13- 312 AD C A' 
LPLTP1004DCZZ 3- 10 AF N C v- )C A 
LSTPF1001DCZZ 4- 17 AD C y- A 
LX BZ1003DCZZ 4- 27 AA C y-
LX BZ1004DCZZ 4- 37 AA C y-
LX BZ1007DCZZ 5- 21 AG C /-
LX-BZ1008DCZZ 17- 32 AC C /-
LX-BZ1011DCZZ 5- 10 AB C iA' 
LX BZ1018ECZZ 1- 2 AA C iA 
LX BZl141CCZZ 1- 23 AA C N 

/I 5- 9 AA C :z 22 N 
/I 17- 33 AA C N 

hJ( H1147CCZZ 1- 14 AA C ;W- 105: 3- 303 N B 
/I 2- 1 AA C .-

LX BZ1155CCZZ 1- 7 AA C 
LX BZ 118 7CCZZ 1- 5 AA C 
LX BZ1199CCZZ 1- 42 AA C ~ 

1M 1 
MSPRC1001DCZZ 4- 15 AA C IRAIlPAl 1031 :ZZ 3- B Q N B 
MSPRC10050CZZ 5- 24 AA N C IRADPAI l4DCZZ 3- B 5 N B 

-20-
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N 
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, 
, --:: 
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I RR-O: 13 3ACZZ, ',: 
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Ie 
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lA ~ZZ 

,~~:Z 
=~ZZ, 

II 
II 

II 

'RR-OZ4172A~ZZ 
IRR-OZ8101A~ZZ 

, 

1-[ 
0-

Ii ! ~~ 
Ii --;: ,,--;-, ~ <: A 
Ii 'A{A 

25 

, 

3- -AM 
j-=- ,_ AG 

B 
'B 
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PC6220 

PARTS CODE NO. PRICE NEW PART 
RANK MARK RANK PARTS CODE NO. PRICE NEW PART 

RANK MARK RANK 
T iNSMI024DCZZ 9- 5 AF N D VCKYTVIEFI04Z IJ- 70 AA C 
TlABB1381ACZZ J- 25 AC D /I IJ- 71 AA C 
TLABGI025DCZZ 5- 19 AC N D /I IJ- 74 AA C 
TLASHlO650CZZ 4- J AA N D /I IJ- 75 AA C 
TLABMI0040CZZ 1- 49 AF N 0 /I IJ- 76 AA C 
TLABMI4 66ACZZ 9- 8 AC 0 /I IJ- 77 AA C 

/I 10- 8 AC C /I IJ- 79 AA C 
/I 11- 6 AC C /I IJ- 84 AA C 

TLABM2121HCZZ 9- 8 AO D /I IJ- 85 AA C 
/I 10- 8 AD D /I IJ- 86 AA C 
/I 11- 6 AO D /I 13- 100 AA C 

TLABM2270SCZZ J- 2J AB D /I 13- 103 AA C 
TLABPI0190CZZ 11- 5 AA N D /I IJ- 106 AA C 
TlABPI022DCZZ 10- 7 AA N D /I 13- 107 AA C 
TLABPI02JOCZZ 9- 7 AA N D /I 13- 114 AA C 
TLABSI009DCZZ 1- 47 AC N D /I 13- 127 AA C 
TLABS 1026 DCZZ 5- 19 AC N D /I 16- 2 AA C 
TLABZI546ACSA 1- 4il AC D /I 16- 5 AA C 

[ U 1 /I 17- 4 AA C 
UBATNIOO2DCZZ 1- J8 BU B /I 17- 6 AA C 

II J- 19 BU B /I 18- J AA C 
UBNOAI008CCZZ J- 16 AA C /I 18- 4 AA C 

[ V 1 /I 18- 5 AA C 
VCCCTSIHHJ3!J 17- I AA C /I 19- 5 AA C 

/I 17- 2 AA C /I 19- 6 AA C 
VCCCTVIHHIOIJ IJ- 87 AA C /I 19- 7 AA C 

/I IJ- 88 AA C /I 19- 8 AA C 
/I IJ- 89 AA C /I 19- 9 AA C 
/I 13- 90 AA C /I 19- 10 AA C 
/I IJ- 91 AA C /I 19- 11 AA C 
/I IJ- 92 AA C /I 19- 12 AA C 
/I 13- 9J AA C /I 19- IJ AA C 
/I 13- 94 AA C /I 19- 17 AA C 
/I 13- 95 AA C /I 19- 18 AA C 
II 13- 96 AA C /I 19- 19 AA C 
II 19- JI AA C H 19- 20 AA C 

VCCCTVIHH220J 13- 61 AA C /I 19- 2J AA C 
/I 13- 62 AA C /I 19- 26 AA C 

VCCCTVIHH221J 13- 115 AA C /I 19- 27 AA C 
/I 13- 117 AA C /I 19- 211 AA C 
/I 13- 118 AA C VCKYTVlEF22JZ 13- 112 AA C 
/I 13- 119 AA C VCKYTVIEF47JZ IJ- 4il AA C 
/I 13- 120 AA C VCKYTVIHBI02K IJ- 42 AA C 
/I 13- 121 AA C /I IJ- 5J AA C 
/I 13- 122 AA C /I IJ- 54 AA C 
/I 13- 123 AA C /I 13- 55 AA C 
/I 13- 124 AA C /I 13- 6J AA C 
/I 13- 125 AA C /I 13- 64 AA C 
II 13- 126 AA C /I !J- 69 AA C 

VCCCTVIHH470J 13- 39 AA C /I IJ- 72 AA C 
/I 13- 41 AA C /I 13- 7J AA C 
/I IJ- 65 AA C /I !J- 78 AA C 
/I IJ- 66 AA C /I 13- 80 AA C 
/I 13- 67 AA C /I IJ- 81 AA C 
/I 13- 8J AA C /I IJ- 82 AA C 
/I 13- 97 AA C /I 13- 102 AA C 
/I 13- 98 AA C /I 13- 104 AA C 
/I IJ- 99 AA C /I 13- 105 AA C 
/I 13- 101 AA C /I 13- 113 AA C 
II 19- 21 AA C /I IJ- 116 AA C 
/I 19- 24 AA C /I 16- J AA C 

VCCSPUIHLIOIJ 19- 32 AA C /I 16- 4 AA C 
/I 19- JJ AA C /I 18- I AA C 

VCKYTQIEF474Z IJ- 128 AB C /I 18- 2 AA C 
VCKYTVIEBIOJK 17- 5 AA C /I 19- 15 AA C 
VCKYTVIEFI04Z 13- 40 AA C /I 19- 22 AA C 

II IJ- 4J AA C /I 19- 25 AA C 
/I 13- 44 AA C VCKYTVIHBIOJK 19- 16 AB C 
/I IJ- 45 AA C VCKYTVIHB221K 19- J AA C 
/I IJ- 46 AA C /I 19- 4 AA C 
/I IJ- 47 AA C VCSAPJlAEI06M IJ- 59 AE C 
/I IJ- 49 AA C /I 17- J AE C 
/I 13- 50 AA C /I 18- 6 AE C 
/I IJ- 51 AA C VCSA lCTI10M llF 1. ·AT" . - -c . ---

/I 13- 52 AA C /I 19- 29 AF C 
/I IJ- 56 AA C /I 19- JO AF C 
/I IJ- 57 AA C VHDOA204K// I 17- 11 AC B 
/I IJ- 58 AA C VHDMA721///-1 13- 146 AC B 
/I IJ- 60 AA C /I 13- 148 AC B 
/I IJ- 68 AA C VHDMA724/// I IJ- 149 AO B 
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.. 

PARTS CODE' 'l,'i.jO,'.i PRICE .. NEW PART, 
") ·~'fj'L\ ,,, ",, RANK'MARK RANK 

, , 
PARTS cqq(: PRICE NEW PAR\J 'NO;:, RANK MARK RANK' "j " J • L-' 

VADMA724/// .. I' 13- 150 AD ,8, r 'i : 'r.) '.', ! VHi518128AF1l8, 13- 2451 ,BC " B ,I 

" ) 13- 151 'AD 
" 

, 8 : " 13- 246, BC B', I·j .,\ 

I 
" 

" 
, 13- 152 · AD, .! Il .' , ".- . II 13, 153 AD S' : " 

, 
" 13- 154 ,AD 8 

" '.j ,13- 248: :BC : B', I 

" " 13-249 " B C , B Ii;;' 'i i ' ) I 

" ! J8- S 8C N: ',B ' ' 
.. " I I , --,j , --13:' 155 AD 8 , " ] 18- ' 9 , BC N: , B, , , 

VADl SS'3 3'2//, 1 IF 147 P;:-B , 

B 
! V'HERD10ELf/', I 14' '10 A A, 8 

" " ! 18- : 10 , B C ',N: B 

" , 18- I 11' BC N B ! 
V'ATA LS'J8AN S/ / 13- 2'W · A E: 

' , 8 , 
I'ATAMa-rEC-I 7 ,r IF'1lI BA 

, 

8 I 
I VH IC I 02 FDA8 IC IF' 8 BF :,N i B 
I Vii i'C I 0 2 FDACIC, 16 .. 9 " B F N' 8 

" , - lL B.C.. N.L "=, , , 
~ 

" :] 18- ': 13 BC N, B 
II 18- ' 14' BC N' 8 I 

" 18- : IS; B C, ,N - B ' ". " 
! , i r vIr; KMl rC464', I IF 200 AQ 8 

" i VHi74ACl1238Ni 13-224, . AM _f; , " B , : T ! , " 
, 

13' 201. 'AQ 8 " ! VHi 74HCT3'73MF: 13-219. ,A H ii; :, B" , , . ! ! 

" , 13- 204, ' A Q, , 8 , VHi 80C286Y I 2 '13-211 BP , ., B') I :cl , , 

" " , 13' 205 AQ B , VHi80C42G//I. 13- 22cr AT: B . ~ ,:: ',: -I 

" 13- 208 AQ 8 I VHi80C52N/Y'I' 13- 207 AZ 'B -

" I 13c 209, AQ 8 i VH i 82C455R4: I, 13-227 BY , B " 
, .. ! 
, " 

" 13- 212 ,AQ B I VHPGL3ED8// I ' 13-254 AC B , I 

" 
" 

13- 213 :AQ B ", I VHPGL3EG44Y; I' 13- 256, ' AA: , " B '!: " , 
'.', 

VHi LA53 SO'MY.I· 16- ' 7 Ba 8 " 13- 257 , AA, , 8 
VAi LM3 3 4Z77, I 17- : 19, AL 8 " 13- 258 .AA B i ') , ,:,1,;' ,,'11J i 

VH i L Z9 5 H 22/ I ' 13- 210, ' A'Z S' ',) II 
, 13- 259 AA B 

V-H f SoC 14--6 a-I S-P 1 13' 202 AW 8 '.'. II 13- 260 'AA B ' ' ';YJ, 
VRiSC9S71//I' 13- 230 " B a 8 II 13- 2H AA 

, 
8 

VHi SC98 8987: 1 IF221 BP 
, 

B VHPGL3HD4,V I' 13- 255. A B' B 'j ,! 'i ! , 

, V'HiSNHHCHH 'IF 244 ,AF B VHSDTNDIO'4HM' 14- I 7 AC' 8 

" , 13- 250 ' AF , B VRD HT2EYlOI2J : 13- 3111- AA C , , 
'VHiSNHRCT245 ' 13- 2J1, ,AF B VRD AT2EY332J 17- 37, ! AA C I 

- )F , 13- 247 ' AP, B VRD RC2EYI04G 14- i 4 ,AA C 
VHiSN74HC02NS 13- 22. ,AC 8 VRO RC2EYI83G, 14- 5 AA C 

" 13- 239 AC B VRS TS2AOIOIJ 13- 28& 'AA C 
, VHiSN74HC04NS 13-228 AC B " 13- 28I A A' C 

: VA i SN14HC08D8 13- 233 AC B 

" 
, 

" 13- 234 AC: B 
II 13- 30a ! H' C 
II 17- : 2S A A'l C 

" 13-235 · AC B II , 19- 74 " A A li: , C 
VHiSN74HC238S 13- 218 \ A F' B " 19- 75. " AAI , C, " " ! I:' 
VH i SN14HC27NS' 13- 225 AC B VRS TS2AD102J' 13-271, A A' C i 

" , 13- 238 AC, B 
! VHiSN74HC30NS 13- 243, ' AC B 

II " 13- :293. A A' -,'! i C, : , 
II 19- , 71 ,AA, .. \ C 

.' VHiSN74HC32NS 17- , 17 AK ,8 " 19- 7& AA C 
, VH i SN74LS06: I 19- 62 A E, , B , , , , " 19-' 77 " AA C 

VH i SN74LS07: I 19- 38, AK B, , " 19- ! 80 AA'! C 

" 19- 40 A K' B VRS TS2ADIO,3J 13- 282 \AA C 
VHi SN74LSIL I 19- , 39 AM B II 13- 289. "AA , C 
VHiTC7S04FTPR' 13- 215 AC, B " '. 13-290. ,AA C 
VHiTC7S08Fl'RR' 13- 237 AC, , B " 

, 17- ~ 21 A Ali C i 
. 

VH i TC7S32FTPR 13- 236 ' AC, 8 II 17- , 23 A A, C 

" 13- 252 ,AC B VRS TS2AOI04J, 13- 294 " AA C ! 

VHiTC74AC-02fiN! 19- , 52 ,AD B VRS TS2AD'150J 17- 29 AA C -i'-' 'j ~ i 

VHiTC74ACIO,N 13- 203 AD B VRS TS2AD'15IJ 17- 30 A A., C , 
VHiTC74ACIIFN 19- 50 AD B VRS TS2ADI52J 13- 296 " A A: C 

" 19- 51 \ AD) B VRS TS2AD15'3J 13- 299 AA: C 

" 19- : 60 AD B " 19- 79. '. A AI C 
VHiTC74AC17'4F: 13- 241 AG: B VRS TS2AD,15.4J 13- 270 AAI J C ! 

VH i TC74AC2OFN 19- 61 AD B VRS TS2AD223J, 13-268 A A, C 
VHiTC74AC32FN 19- 48 ,AD B " 13- 272 AA C 
VHiTC74AC374F 13- 214 AK B " 13- 273 AA C \; 

VH i TC74AC54 IF' 13- 242 ,AL B " 13-274 " AAI; C 
VH i TC74AC7HN' 19- 53 ,AE B " 13-275 A A: C 
VHiTC14HC02FN 19- 54 'AD B " 13- 27& , AA C 
VH i TC74HCOHN, 19- 43, AD 8 " 13- 277 \ AA: " :. C: .. ", " 

, 

" 19- ' 57 AD 8 " 13- 27S AA C " I 

, " 19- 58 ' AD 8 , VHiTC14HCIOFN 19- 45 AD B 
, 

I 
! VHiTC74HCI25F 19- 56 ,AH B 

, 

VHiTC74HCI38F 19- 49 A L, B 

" 
, 

13- 279 AA "C" ' , ,I! 

VRS TS2AD273J: 13- 295 AA , C: ,! . , 
" 'J i 

VRS TS2A0331J 13- 291 A A, I C, V: 
VRS TS2AD332J 13- 280 " AA, C I 

: VH i TC14HC 15H 19- 46, 'AE B: Ii ; / " , 13- 28I', AA C 
VHiTC74HC32AF 19' , 47 ,AE B' j , " , II , 13- 1!J7· AA C 

" ) 19- ' 59 ,AE B VRS TS2AD470J 13- 285. , A /it,", C I 

VH i TC14HC74FN 19- 42 , AF ,B i ' j :. " 13- 288 AA C 
, " 19- 44 ,AF , B 
I 

" 19- 55: ' Af 8 
VRS TS2ADO'2 J; 13- 298 A A', C I 

II 13- 30J, AA' '.'1 C 
VH TC8566AF., I' 19- 41 , A Z' ',) B: ' ' " 19- 72 A A' i C 
VH UPD4714GTI 13- 251 AW B " 19- 73 ' AA C 
VH 3JD2CAIA,Ii 13- 206 AU B VRS TS2AD473J 13- 300 'AA C 
VH 518128AF18 , 13- 216 BC '8 ! VRS TS2A056·2J 13- 292 AA C 

" i 13- 217 " B C, 'B VRS TS2AD563J 17- 22 A A' , C , 
, 

" : 13- 222 " B C 8 II 17- 27 A A, C 

" 13- 223 BC 'B , , 
" 

'" VRS TS2A0565J 13- 269. ., AA: C 

------------------------------~~~=------------------------------



PARTS CODE 
IVRS H83 
IVRS-TS2Ai '50 

1/ 

1/ 

IVSDTA 14YK/-I 
1/ 

IVS fAI44EK/=
IVS 14Y~ 

1/ 

NO. 
19- 78 
17-
17-

IX88S)21P06000 5- AA 
13- _A A 

IXRE 
I XU8 

IXUSSD 
I XUS~ 
IXU~ 

25-0100 
30P lOO 
30P tOO 

o 6Jl OJ[ 
!l..!JJlJl 
ill 

108 
08 
08 

IIII 15- 2 A 

o )81:01NE 

IIII 
'W81 

II 
'LI"

.,'LL, 
~ 

1-

; 126/ 
; V/I 
; '3/ 
; !LII 
; 'IL 
I 'LL 

; 1/// 

8 

; 2/// 6-
5011 
/L/I 
!L'L 
!LIL 
t.!n 

L CIlJl 

IP 

: 0 
(A 

looP IAA 
lOOP IAA 

'AD 

~ 
~ 

IF 

PC6220 

PARTS CODE NO. PRICE NEW PART 
RANK MARK RANK 

8 

_ .. .. -_._- - .. -. -
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