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u PRECAUTIONS

Precautionary notations throughout the text are categorized relative to 1} personal injury, and 2) damage
to equipment:

DANGER Signais a precaution which, if ignored, could resull in serious or tatal personal injury.
Great caution shouid be exercised in perfarming procedures precedad by DANGER
headings.
WARNING  Signals a precaution which, if ignored. could result in damage fo equipment,
The precautionary measures itermized below shauld always be observed when performing repair/maintenance

procedures.

DANGER

1. ALWAYS DISCONNECT THE PRODUGT FROM BOTH THE POWER SOURCE AND
PERIPHERAL DEVICES BEFORE PERFORMING ANY MAINTENANCE OR REPAIR
PROCEDURE.

2. NO WORK SHOULD BE PERFORMED ON THE UNIT BY PERSONS UNFAMILIAR WITH
BASIC SAFETY MEASURES AS DICTATED FOR ALL ELECTRONICS TECHNICIANS IN
THEIR LINE OF WORK

- 3. WHEN PERFCRMING TESTING AS DICTATED WITHIN THIS MANUAL, DO NOT CON-
NECT THE UNIT TO A POWER SOURCE UNTIL INSTRUCTED TO DO S0. WHEN THE
POWER SUPPLY CABLE MUST BE CONNECTED, USE EXTREME CAUTION IN WORK-
ING ON POWER SUPPLY AND OTHER ELECTRONIC COMPONENTS.

WARNING

1. Repairs on Epson product shoultd be performed only by an Epson certified repair technician.

9 Make certain that the source voitage is the same as the rated voltage, listed on the seriaf
number/rating piate. if the Epson product has a primary AG rating different from avaiiable
power source, do not connect it fo the pawer source.

3. Always verify that the Epson product hias been disconnected from the powey source before
removing or replacing printed circuit boards andfor individual chips.

4. In order to profect sansitive microprocessors and circuitry, use static discharge aguip-
ment, such as anti-stalic wrist straps, when accessing infernal Components.

5. Repiace malfunctioning components onfy with those components racommendsd by the
manulacturer: introduction of second-source ICSs or other nonapproved components may
damage the product and void any applicable Epson warranty.




PREFACE

This manual describes the theory of operation of the QX-16 microcomputer system, and includes
troubleshooting, repair. and mairenance procedures for servicing system subassemblies, The text s divided

into six chapters:

CHAPTER 1.

CHAPTER 2.

CHAPTER 3.

CHAPTER 4.

CHAPTER 5.

CHAPTER &.

PRODUCT DESCRIPTION — Describes the features and specifications of the com-
puter, ilusrates systern componeanis, and ists the logic cantfiguration of the primary
circuit hoards,

PRINCIPL=S QF OPERATION — Details the functional crganization of the logic
cirouitry.

TROUBLESHOOTING — Provides instructions for isolating computer malfunctions.

DISASSEMBLY AND ASSEMBLY — Describes system disassembiy for replacement
of mallunctionming subassemblies.

ADJUSTRWENT AND MAINTENANCE - Lists the necessary adjustments for unit
assembly and servicing.

DIAGRAMS AND REFERENCE MATERIALS — Describes option board specifica-
tions and 'O port addresses, illustrates 1C pin configurations. and provides explod-
ed, circuit noard layout, and schematic diagrams for use in conjunction with the text.

Subsequent product modificatiors will be brought to your attention via Service Bulleting; please revise the
text as bulleting are received.

This document is subject to change without notice.
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_MTMOXiE PRODUCT DESCRIPTION

1.1 FEATURES

The EPSON QX-16 desktop computer system includes a 12-inch moncchrome monitor and two SD-543
double-sided. quad-density floppy disk drives. Dual processers in the man memory unil allow the system to
operate with 8-bit, Z-80A compatible or 16-bit. 8088 compatible operating systems. making the computer
suitable for use with a wide variety of software. Standard equipment includes the multifunction keyboard,
with eighteen programmable function keys, an EPSON parallel printer port. an RS-232C senal port, and three
option slots an the main memaory board for system expansion. The APX-ICRT video board, which enabies the
system to emulate the IBM viden miemery map. is also included as a standard feaiure.

1.2 SPECIFICATIONS

The specifications beiow apply to the entire system: sections following iiemize specifications by major subas-
sembly {All weights include packaging materials.}

POWER SUPPLY

fnputValtage . ..... ... .. ...... .. ..... 115V % 20% {USA)
230 x 20% (Europe)
Frequency ... ... ....... «....c...... 5060Hz
Power Consumption .. ... ... . ... ... Approximaiely 55W
Input Surge Current . .. .. ... . ... .. 30A for 20 ms maximum
INSULATION STRENGTH
100-120¥ Units ... ... ..o 1KV for 1 minute between AC power supply and case
220-240¥ Units ... .. oL o 1.25KV for 1.25 minutes between AC power supply
and case
INSULATION RESISTANCE . ... .......... .. 10Mohms for 500VDC minimum
STANDARD INTERFACES .. ... .. ...... .. Centronics-compatible paraliel printer interface port
RS-232C serial inlerface port
OPTIONAL INTERFACES (3 option slots) . ... . ... RS-232C interface

IEEE-488 interface

A-DID-A converter

Fiber optic interface

Universal interface

Multi-font character generator interface

ENVIRONMENTAL CONDITIONS Operation Storage
Temperature . ............... ........... bB®Cto4a0°C —30°C to 70°C
Humidity (no condensationy .. ... ...... ... ... 10 - BO% 10 - 80%

Shock Resistance (maximumy .. ... ... ... ... 1 G, 1 msec 5G, 1 msec
Vibration Resistance (maximunm) ... ... .. 025 G, 5-50 Hz 3G 550 Hz

1.21 Main Unit Specifications

PROCESSORS .. . . ..o Z-80A (4 MHzy8088 (5.3 MHz)

MAIN MEMORY ... . ... .......... .... 25K bytes (eight 256K-bit DRAMSs} Expandable to
512K bytes

IPL .. e e 2764 EPROM for Z-80A mode

BIOS . . . e 2764 EPROM for 8088 mode

CLOCK .. CMOS real-time clock {battery backed)

1-1




PRODUCT DESCRIPTION

INTERRUPT LEVELS . ... ...

COUNTERTIMER ... ........... ..

VIDEO MEMORY
APYIGGES Video Board ... .
APXACRT Video Emulatar Board . . . .

DIMENSIONS (wxdxhy ... . ........

WEIGHT ... ... . ... . ... L.

1.2.2 Keyboard Specifications

KEYBOARD CONTROLLER . ... .. ..
TRANSFER RATE ... .. . .. .... ..

DIMENSIONS (wxdxh).......... ..

WEIGHT ... ... .. oo

1.2.3 Monitor Specifications

DISPLAY SIZE . ... . ....... ... .. ..
PHOSPHOR ... . . ... .. ... ...
RESOLUTION . ... .. ... ... ... ..
HORIZONTAL SYNC . ... .. ... . ..
VERTICAL SYNC ... . ... ... .. ...
VIDEQ SIGNAL . ... oL
DIMENSIONS fwxdxhy ... ... . ...

WEIGHT ... .. .. ... o

1-2
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B channals (two pPDB237AC-5)
13 {two 2 PDB259AC)
g channels {two uPDB253AL)

128K bytes ifour 64K x 4 DRAMs)
32K bytes {four 16K x 4 DBRAMS)

508 x 340 x 114 mim
{20 x 13.4 x 4.5 inches)

11.2 Kg (24 8 Ibs)

CWERTY keyboard with multiple. programmabie func-
tion keys, editfcurser keypad, and numeric keypad

$PDB04G {11 MHz)

Synchronous transter belween the keyboard and main
unit at 1200 BPS

438 » 210 x 355 mm
{17.2 x 8.3 x 1.4 inches)

1.6 Kg (3.5 log)

127 {diagonal)

green

640 x 400 pixels

18 87 KHz {TTL compatible)
4536 KHz (TTL compatible)
62.5 nsec (1.6 MHz)

310 x 310 x 280 mm
(12,25 x 12.25 x 11.0 inches)

8.5 Kg (18.7 lbs}
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1.2.4 Floppy Disk Drive Specifications

DRIVESIZE ... ... . ... ... .. .. ........
RECORDING METHOD . ....... ... ... ..

STORAGE CAPACITY

Unformatted . ... ....... ... .. .. ..
Formatted {16 sectors/track)y .. ... . ..

NUMBER OF TRACKS ... ... .. U
TRACK DENSITY . . ... . .. .. .. .. ...
RECORDING DENSITY {side 1, track 79) ..

TRACK RADIUS

innermos] Track (TR 79) ... .. ... .....

Qutermost Track {(TKO) .. ... ... .. ... .

TRANSFERRATE ... ....... .. ... .. ...
AVERAGE ROTATIONAL DELAY .. .. ...

ACCESS TIME

Trackto-Track . ... .. ... . . ... . .. ...,
Average .. ...
SetfingTime . . ... ... ... . . . . .. ... ...,

- READMWRITE HEAD
Typea .

Positioning System

DRWE MOTOR . ..

Sart-up Time ...
Speed L e

SENSORS ... ... ...

POWER REQUIREMENT
+ 12V Read Current . .. . ... ... .. ...,

+ 5V Read/Write Current .. . ... ... ...

POWER DISSIPATION . . .. ... . ... .
DIMENSIONS (w xdxh) ... . ... . ...,

WEIGHT ..

PRODUCT DESCRIPTION

5.25 inch drives (two)
MEM

1000 K bytes
565 K bytas

180 (&0 per side)

.. Side 0V 3825 mme
~Sige 3 34,13 mm

CBide (A AR mm
‘Side 15503 mm
TASRK B per-setond

100 msec

2 msec
96 msec

.15 meec

~Tunnget eragse head with gimbal support

Stepper moior:

- Direct drive spindie motor
0.5 sec or less

300 rpm
Index, track 00, and write protect

0.6A typical, 1.5A maximum
250mvypp maximum ripple
0.15A typical, (.44 maximum
100mvVpp maximum ripple

8.0 W typical during operation

146 x 1955 x 41 mim
(5.7 x 7.7 » 1.8 inghes)

1.4 Kg (3.0 Ibs)

1-3
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1.3 HARDWARE CONFIGURATION (Figure 1-1)

The computer is composed of the main CPU unit, which includes the power supply, controller, and graphics
boards; the monitor; the keyboard; and two floppy disk drives.

APX - ISYM APX - IGGS
CONTROL BOARD VIDEQ BOARD
APX-ICRT Q10PS
VIDEO EMULATOR POWER SUPPLY
BOARD BOARD

SD-543

FLOPPY DISK

/ DRIVES

FIGURE 1-1. COMPONENT LOCATIONS

1.3.1 Main Unit Components (Figures 1-2 through 1-4)

The main unit houses the Q10PS power supply board, which includes the filter and switching regulator; the
APX-ISYM control board, which includes the ZB0A-compatible and 8088 processors and related logic compo-
nents; the APX-IGGS video board, which includes the uPD7220 graphic display controller and VRAM for
monitor control; and the APX-ICRT video emulation board, which enables IBM format video display.

Logic component relationships are diagrammed in Figure 1-2. Figure 1-3 and Table 1-1 describe layout and
functions of the APX-ISYM board components, including the three option slots (refer to the Specifications for
a list of available interfaces). Figure 1-4 and Table 1-2 describe the APX-IGGS board, and Figure 1-5 and Table
13 describe the APX-ICRT video emulator board. The power supply board is illustrated in Figure 1-6, with
power supply voltages listed in Table 1-4

The CPU unit also houses the two floppy disk drives; however, these are discussed separately throughout the
text. (See Section 1.3.2)
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5.3MHz
C e _lt WAIT -‘4MH C —]
OS¢ 14MHz PU CPU
: 1empz el CONTROL —=5  57goa 8088
N D284
|
IPL FOR Z-80A INTERRUPT CONTROLLER
2764/128 #1 {8259)
|| INTERRUPT CONTROLLER
BIOS FOR B088 #2
2764/ 1281256
COUNTER/TIMER
#1 (B253C-5)
——
| LKEY _.] COUNTER/TIMER DAAM CONTROLLER
| BOARD | #2 (B2530-5) Z-80A BANK REGISTER
T
L SERIAL IfF ]| _'_""““"“““”*“*}
— {7201
_E BANK #0 o BANK #4  °
— 1 [T T T | — T T T |
IRS-232C IFF | DM&#%'JQE;%LEH BANK #1 BANK #5
—_— A D T T T T T wdn]
BANK #2
DMA CONTROLLER | o | BANK#S
42 (8237.5) B T
BANK #3 BANK #7
CMOS ELOCK
—— {46818)
r NiCd {BM VIDEQ -
| BATTERY EMULATION BOARD ™
L == cmosAam ks l
s CRT CONTL r=-a
(7220-1) pronmms st sones s CRT |
T I
r.:>|=f‘rn:)#r«41 SLOT VIDED FAM
o e e oo oo 32KB (128KB)
P B e
o T'O,Pz sLot CHARACTER GEN
_______ ROM (2732/64)
OPTION SLOT
#3
FDD CONTROLLER - -:
]
—=
PRINTER I/F r
L—

NOTE: BANK 0-7 BECOMES 512K BYTE MEMORY SPACE fN 8088 MODE.

FIGURE 1-2. LOGIC BLOCK DIAGRAM
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TABLE 1-1. APX-ISYM BOARD COMPONENT DESCRIPTIONS

Ic
NAME MODEL LOCATION Qary FUNCTION
CPUs LFD780-1 18C 1 8-bit CPU {ARiHz) compatible with Z804
BORE.2 16C 1 16-bit TFU {3.38Hz)

DA Contraller 8237ALG BF 10F 2 Provaded with a ioial of 6 channgis far FOO,
mOndot. arxd opbong.

Interrupt Controliar H2ROAC- ahan 2 Contrals the interrupt priony with a fotal of 13 evels
of nterruplinciading PWD ot keyvhoard inter-
ropt. anc ophons.

Counlen Timer H253C.5 aC . 10Cc ? Contrals the baud rate of the kehoard, clock, and

- H5-232C invterlace.

Serial Controiler T2010L B8 1 Allocates channgl & to the keyboard and B 1o the
RS-2320 infertace. and coneois sena cata transier
with tha CPU.

Printer Cosviroller B2ESAC.G 16A 1 Prowded walh an 8-hil paraliel port for mterfacing
with an £psan compaibie pringer.

Azai Time Clack 1468187 184, 1 Clock with calerdar functions.

Floppy Disk Comtroller MPOTESAC 13A 1 Conmrois 80543 FDROs.

Gata Arrgy for FDD GAFDDC 10A 1 Insertad between the FDC (UPDYES) and the

Cordralier SD-543 drive. this device controls the FDDs,

YEO SELD4 11B 1 - Varakle freguency oscillaior o the FDD read cir-
cuit. Daia separatar.

1O Selector L5154 a8 1 .. Accesses gach VO port by decoding the 4-Dit low
orders address {(AZ-AL) of the TRPLU.

dain Memosy HPDA1257 13H  20H 8 Z58K-byie svsiam rpempry.

{HMELO256) 134 204 16 S12K hyte mamory configuratinn

PROM 2764 22C 1 Z-BGA inmat grogram loader {IPL).

2FONATIZR2TING 240 L BOBE basic inputioutput system (BICOS),

CMOS BAM LPGA4D 25C 1 Stores the data {Backed by the NiCd batlery )

TABLE 1-2. APX-IGGS BOARD COMPONENT DESCRIPTIONS

NAME MODEL LOC.IETION ary FUNCTION

Graprc Display HPDY220A0 1C 1 Graphics display coniroler with widec mamory
Controter IMEATIRIETIET.

Vides HAM 41254416 68— 98 4 Viddel memaory.

Characier Generatar 27324/64 &0 1 Character ganerator EPROM.

Gate Array EG2050BA 3C 1 Includes zoom, kne cound, and attribute crcut.
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CN2 CN3 CN4
(RS -232C) (PRINTER) (MONITOR)

CNBE
(FDD - A) CN9, CN10
(TO APX-IGGS)
CN7
(FDD - B)
CN15, CN16
(TO APX-ICRT)=
256K
OPTION SLOT SYSTEM
41 MEMORY
#2
#3
512K WITH
EXPANSION
MEMORY
uPD7220AD
GRAPHIC DISPLAY.
CONTROLLER
GAAPGD
(ED2050BA)
GATE ARRAY
2764/2732A
CHARACTER
GENERATOR
41254/416
VIDEO RAMS

FIGURE 1-4. APX-IGGS VIDEO BOARD
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GAIBVA
GATE ARRAY
HD46505
CRT CONTROLLER ; }
-
GAIBVD
GATE ARRAY
2764
MB81416 CHARACTER
SO SN & (EPSON P TS =1, k1 GENERATOR
“-"-f g = o el
FIGURE 1-5. APX-ICRT VIDEO EMULATOR BOARD
TABLE 1-3. APX-ICRT BOARD COMPONENT DESCRIPTIONS
ic
NAME MODEL LOCATION QaTy FUNCTION
CRT Controller HD465055P-2 24 1 Controls VRAM and gate arrays to enable emula-
tion of IBM PC display hardware.
Gale Arrays MB62H 159/ 2D, 2F 2 Controls memory addressing and converts VRAM
GAIBVA/GAIBVD MB63H137 data to video signals under control of 46505
VRAMSs MBB1416-10 3B-3E 4 32K bytes DRAM store graphics display or
character and atiribute data
Character Generator 2764 3F 1 EPROM stores character patternsfor8x 16, 7 x 7,

or 5x 7 fonts.

1-8
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FUSE VR1

TRANSFORMER

FIGURE 1-6. Q10PS POWER SUPPLY BOARD

TABLE 1-4. Q10 PS BOARD OUTPUT VOLTAGES

OUTPUT VOLTAGE USE VOLTAGE LIMITS NOMINAL CURRENT
+5 Logic circuil 50t 51V 3.6A
+12(C) Not used in QX-16 —
+12(F) Floppy disk drive 11.4 10 126V 1.2A
+12(L) Keyboard, R5-232C 11 1o 13V 0.45A
-12 DRAM, RS-232C -11 to =13V 0.02A
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1.3.2 Floppy Disk Drive Components (Figure 1-7)

Two SD-543, 5 1/4 inch floppy disk drives are housed in the system CPU unit. The half-height (1.6 inch / 41
mm) drives perform double-sided, quad-density recording (80 tracks per side). A brushiess, direct-drive spin-
dle motor rotates the disk at 300 rpm; a stepper motor and steel band positioner move the head rapidly (3 ms
access time) and with high reliability. The motor control circuit and data separator are incorporated in two

LSls on the APX-ISYM board, enabling FDD control board size to be reduced. (Refer to Section 2.6 for a
description of FDD operation.)

INSERT/EJECT MECHANISM
(COLLET & SUBFRAME)

DISK
INSERTION
BUTTON

STEPPER MOTOR

(L

FRONT . X HEAD CARRIAGE
PANEL L (BENEATH SHIELD)

—
| R
"M .
MOTOR
CONTROL
BOARD
DRIVE
MOTOR

STEEL BELT
TENSIONER

FIGURE 1-7. SD-543 FLOPPY DISK DRIVE COMPONENT LOCATIONS
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1.3.3 Keyboard Components (Figure 1-8)

The desktop keyboard is a standard QWERTY keyboard with eighteen programmable function keys, an edit/
cursor keypad, and a numeric keypad. The keyboard performs synchronous data transfer at 1200 BPS with
the system CPU, using a custom keyboard controller IC. (Refer to Section 2.7 for a description of keyboard
operation.)

" NS R I R R O

[L4] !IrirllJrl I ';1 . r'l"-'--ﬂ‘ TT T l'nll
w AT J l._q ._ 1 LER
i : s T6930KB 8049 (11MH2)

ENCODER

(UNDERSIDE)

FIGURE 1-8. KEYBOARD COMPONENT LOCATIONS

1.3.4 Monitor Components (Figure 1-9)

The standard, non-glare green monitor has 640 x 400 line resolution, and uses TTL compatible horizontal and
vertical sync signals. Figure 1-8 illustrates monitor component locations. (Refer to Section 2.8 for a descrip-
tion of monitor operation.)

ANODE

CRT

CRT MAIN BOARD

FIGURE 1-8. MONIT(ZJR COMPONENT LO(_ZATIONS
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2.1 SYSTEM OVERVIEW (Figure 2-1)

PRINCIPLES CF OPERATION

The interconnection of the main GPU unit, floppy disk drives, keyboard, and monitor is diagrammed below
and summarized in Table 2-1. Pin assignment for each connector is detailed in Tables 2-2 through 2-16.
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FIGURE 2-1. SYSTEM CONFIGURATION BLOCK DIAGRAM
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TABLE 2-1. CONNECTOR SUMMARY
CONNECTOR TYPE DESCRIPTION HEFERENCE
CN1 DIN, 8-pin. TC4480 Keyboard por Table 2-1
CN2 Cannaon, 25-pin, GMM-25HUFDA R5-232C pan Table 2.7
CN3 Honda, 36-pin, ADS-3EBLFD Farallel printer port Table 2-3
CiNd DN, 8-pin, TC4480 CRT umt Table 2-4
CNS —— NC (unused) e s
CNE 3M. 34-pin, 3463-0001 FDO-A (left drive) Table 2-5
CN7 3M, 34-pin, 3464-0001 FDD-B {nght drree) Table 2-5
CN8 13-pn. 5271-6A Fowet suoply ta APX-ISYM Tabte 2-6
CHND Honda, 22-pin, HKF-22F02-2 APX-ISYM 1o APX-IGGS hoard Tahle 2-7
CN1GQ Haonda. 22-pin, HKP-22F02-7 ARX-ISYM 1o APXIEGS baard Table 2.8
CH11 §-pin. 3022.7A Fowsr tes! terminals Tahle 2.9
Ch12 3-pin, ADS-36BLFDRA NICH batery Table 2-10
CM13 2opin, 504534 Fan moior power Table 2-11
CN14 2-pin Speaker and power Indicator Table 2-12
CMN15 22-pin APX-SYM ta APX-ICRT board Tabie 2-13
CN16 22-pin APY-ISYM to APX-ICRT board Table 2-14
O;:;;on :lams B0 pin  DDK2250D-1003002-23 Opticn carg conmeclors Table 2115
TABLE 2-2. CN1 PIN ASSIGNMENT (Main unit to keyhoard)
PN ND SIGMNAL DIRECTION DESCRIPTION

1 RXD ouT Aeceaived data

2 CLK ouT Clack

3 +12 ouT + 12V

4 X0 IN Transmitted data

C] GL — Ground

NOTE: Sigral is viewsd from the APX.ISYM board.
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TABLE 2-3. CN2 PIN ASSIGNMENT (RS-232C)

PIN. NOQ. SIGMAL DIRECTION DESCRIPTION
1 FG — Frame ground
oy TXD ouT Trapsmitted data
3 RXC IN Receved data
4 RTS ouT Request o send
5 CTS IN Clear to send
G DSR IN Data set ready
7 GL — Signal ground
8 cco IM Carrigr datact
910 — — MG {unused)
" REY QuT Reverse channal
12-14 — — NG {unused)
15 DE IN Transmitter clock input
16. 21-23 — — MNC funused)
17 RxC IN Reacaiver clock
20 DTR ourt Data tarrminal ready
24 T>C ourt Tranamittar clock autput

NOTE: Signal direciion is viewed fram the APX-ISYM board,
TABLE 2-4. CN3 PIN ASSIGNMENT (Parallel printar)

PIN NOQ. SIGNAL ‘DIRECTION DESCRIPTION

1 STE ouT Strobe
2 DBO ouT Data line 0
3 DB- ouT Data line 1
4 DB2 OuT Data line 2
5 DB3 auT Data line 3
& DBa auT Data line 4
7 DB5 QuT Data line 5
8 0B ouT Data ine &
g []= ouT Data line 7
10 ACK IN Acknowledge
" RD¥ IN Ready
12 NPZ [N Mo paper
13 30 IN Select oul
14 ALF ouT Auto line leed
15 — — MNC funused)
16 GL — Sighal ground
17 FG — Frame ground
18 — — NG funused)

19.30 GL — Signai ground
3 RST ouT Reset
32 ERR IN Error
33 GL — Signal ground
24 — NC {unused)
35 PWF IN Power failre
36 — — NC (unused)

NOTE: Signal direction 15 viewed framm (be APX-ISYIM board.
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TABLE 2.5. CN4 PIN ASSIGNMENY (CRT)
PIN NO. SIGNAL PIRECTION DESCRIPTION

| — Intensity signal

1

2 GP — Graund

3 - — NG {unused)

4 H.8YNC ouT Horizontal syne

5 Y.SYNC ouT Yertical sync

6 VIDEC (R) ouT Video signal {red)

7 VIDEO {() QuT Yideo signal (green)
g YIDEC ¢B) auT Video signat (blue)
E FD — Frame ground

MNOTE: Signal direciion s viewed from the APX-ISYM board,

TABLE 2-6. CNG/CN7 PIN ASSIGNMENT {FDD interface)

PIN NO. SIGNAL DIRECTION DESCRIPTION

1 23 ouTt Stepper motor phase signal
2 21 ouT Stepper motor phase signal
3 14 ouT Stepper motor phase signal
4 a2 ouT Stepper motor phase signal
5 WPRT IN Write protect
& MON ouT Motor on signal
7 TRO IN Track 00 indicator
2] LEDASY ouT +5Y for LED
9 WDz ouT Write dala
10 ERS QuUT Erase timing sgnal
11 WG ouT Write gale
12 W QouT Write data (complement of WD2)
13 + 12V — +12Y
14 SWEL ouT Read ampifier control signal
15 GND — Ground
16 GMND — Ground
17 RD IM Read data
18 +5Y ouT + 5V
19 INDX IN Index
20 S801 ouT Side select

21-24 — — NC {unused}
25 HDsY ouT + 5V for RW circuitry
26 5TP ouT Stepper motor hoid signal

NOTE: Signal direction 1s viewed from the APX-IS¥M board. The above pinout is used lor each cannector.
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TABLE 2-7. CNB PIN ASSIGNMENT (Power to APX-ISYM board)

PIN NO SIGNAL DIRECTION DESCRIPTION
1 PWL — Power failure delechon
2 GND — Ground of + 5V
3 GND — Ground of ~ 12V
4 GND Groued of +12L
5 GF — Ground of +12Y
5 GP — Ground of +12V
7 + 5 — + 5V for logic
8 + 5 — + 5V for logic
9 +5Y +5Y for lngic
10 =12y — —12v
11 +12L — + 12V for logic
12 +12F + 12V for FOD
13 +12C — + 12V far CRT

TARBLE 2-8. CN9 PIN ASSIGNMENT {APX-ISYM to APX-IGGS board)

PIN NO. SIGNAL DIRECTION DESCHIPTION
1 -12V — - 12V
2 -2y — -2y
34 — — NC {unuseadh
5 +12L — +12¥
6 +12L - +12y
7 + 5 — +5V
8 +12L — +12¥
8 +5 — +8v
10 + 5y — + 5Y
i Do IN/QUT Data line 0
12 1 IN/DUT Data line 1
13 Dz INQUT Data line 2
14 D3 INtOLT Data line 3
15 D4 INHOUT Data ling 4
16 D5 INFQUT Data line &

17 D6 IN{OUT Data line 6
18 o7 INIQUT Dala line 7
19 GL - GND
20 GL — GND
21 GL — GND
22 GL — GND

NOTE: Signal direction is viewed from tha APX-ISYM board,
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TABLE 2-9. CN10 PIN ASSIGNMENT (APX-ISYM to APX-IGGS)

M-TM-OX16
JANUARY 1985

PIN NO. SIGNAL DIRECTION DESCRIPTION
1 GL — Ground
2 VIDED (R) I Vided signal (red)
3 DACKZ ouT DMA acknowledge
4 VIDED ({3) [N Video signal {green}
5 ! IN Videt sigral (inlensity)
g VIDED (B} IN Video signal {blue}
7 Y SYNC IM Yerfical sync
B DOLK NG (enused)
9 IORD ouT Read data contred signa!
10 A ouT Agddirass e 0
11 — — HE (wnused)
12 OWR ouT Write data control signal
13 CSCCR ouT APYGGES VO select
14 DREQZ N OMA transfer request
15 RESET ouT Reset
14 — - HNC {urused)
17 - — NC {unused)
18 H.5YNC M Mosizonta sync
19 — NG (unused)
20 — — NC (unused)
21 A1 ouT Address line 1
22 CSCRT ouT APX-HaGS HO selact

NOTE: Signal direction & viewed from the APX-ISYM board.

TABLE 2-10. CN11 PIN ASSIGNMENT (Power test terminals)

PIN NO. SIGNAL RIRECTION DESCRIPTION
1 GP — Ground for +12V
2 +12C — +12¥y for CRT
3 +12L — +12Y for logic
4 +12F — +12¥ far FDD
5 —12¥ — -12Y
6 GND — GND
7 +5 — + 5V for logic
TABLE 2-11. CN12 PIN ASSIGNMENT (NiCd battary)
PIN NO, SIGNAL DIRECTION DESCRIPTION
A - — Ground
B — — Valtage for charging MiCd haltery
C — — +3.6Y

2-6
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TABLE 2-12. CN13 PIN ASSIGNMENT (Fan motor)

PIN NO. SIGHAL DIRECTION DESCRIPTION
1 G Ground
2 + 12 — +12v
3 +12R — +12V
TABLE 2-13. CN14 PIN ASSIGNMENT (Speaker)
PIN NO. SIGNAL DIRECTION DESCRIPTION
1 LED ouT Fower indicator
2 GL — Ground for power inchealar
3 SPG — Ground for speaker
4 SF ourt Spesker signal

NOTE: Signai direction 1§ viewed Trom the APX-ISYM board.

TABLE 2-14. CN15 PIN ASSIGNMENT (APX-ICRT board)

PIN NO.

SIGNAL

..._._._._._L_._._.._..
D E WD bR W =g 9RO O R LN

[ IS S
PR — 2

+5
+3
A1
RES
A3
[fMA
HLDA
AG
DA
Al
A4
Al
ALE
DaG
A2
O A,
GNDG
GNDL L

DIRECTION

IN/OUT
IN

ouT
ouT
GuT
ouT
ouT
ouT
INAOUT
ouT
ouT
ouT
ouT
INFOUT
auT
ouT

DESCRIPTION

Multiplexed dalz address ine 2
Video RAM range signat

NC (unused)

NG (unused)

+ 5V

+ 5V

Address Ene 10

Reset

Address Hne 13

D memary select line

Hold acknivetedge ine
Address line 9

Muliplexed dala‘address line 1
Address line B

Addrass line 14

Addraess me 11

Addrass jatch anable
hulliplexed datafaddress e B
Adcirats line 12

OMA address enahle

Graund

Ground

NOTE: Signal direction is viewed from the APX-ISYM board.
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TABLE 2-15. CN16 PIN ASSIGNMENT (APX-ICRT board)

PN NO. SIGNAL DIRECTION DESCRIPTION
1 CLK ouT 5.3MHz clock signal
2 — — NC {funused)
3 aTiR CuT Transmitireceve s control line
4 WAIT IN ICRT wail requesi line
5 Da3 INFOUIT Multiplexed dalafaadress line 3
6 DAT INFOUT Mulliplexed dala‘address line 7
7 DAd INJOUT Multiplexed dataladdrass ine 4
8 DAL IN/CUT Muliplexed datajaddrass ine &
9 AlB OuUT Address line 16
10 WH ouT 8088 write contral hne
1 S80 ouT 8088 pus status lina
12 A15 QUT Addregs iing 15
13 DEN QuT 8088 data enable line
14 RD ouT BOBR read conirol line
15 AT ouT Address line 17
16 — — N (unused)
17 A1 ouT Address ne 19
18 — — NC {unused)
19 — — NC {unuged)

20 - NC {unused;
21 Al8 ouT Address line 18
22 DAQ — Muttiplexed datafaddress line O

NOTE Signa! chregion & viewsd from the APXISYM board,
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TABLE 2-16. OPTION CARD PIN ASSIGNMENT

FIN NO. SIGNAL DIRECTION LDESCRIPTION
1-2 GND — Ground
310 DTBO—7¥ INQQUT Dala bus
1112 =12V — =124
13-20 ADROD-7 ouT Address bus fneg 0--7
21.28 — - NC {unused)
29-30 GND — Ground
31 CLK ouT Systam clock
32 GND — Ground
33 BSAK ouT Bus acknowiedye
34 — — N {unused)
35 TRD QuUT #C read contrel line
36 WR ouT IO write control line
37-38 — MC funused)
39 RSIN N Resgel input
40 INT{H)1 ] High-prigrity interrupt #1
41 INT{H)2 IN High-paricwity inderrnt #2
42 INT(_} IN Low-priority interrunt
43 +54 — +5Y
44 RSET ouT Reset putput
45-46 +5 — + 5V
47 DRCEE) [N DMA recquest {masier!
48 ﬁfﬁ;’g} IN OMA request (slave)
49-51 - - HE (unused)
52 TWS GuT 1O write conitrsl ing
53 DAKF) QuT DMA acknowledge {master)
54 TAKS) ouT DA acknowedge {slave)
55 EOPT) ouT End of process {mastar)
56 EQP:S) ouT End of process (slave)
2758 +124 — + 12V
59-80 Gl Ground

WOTE: Signal direction is viewsad from tne AFX-1SYM board.
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2.2 POWER SUPPLY OPERATION (Figure 2-2)

The Q10PS power supply board converts AC input to the voltages used by the CPU unit, FDDs, and keyboard.
The power supply board is available in two versions: in the 110VAC model jJumper J1 is installed: in the
220VAC model J1 is removed. {Refer 1o the Q10PS schematic in Chapter 6.)

The primary conirol circuits are simplified using hybrid ICs, and amplify oscillation pulses of approximately 30
KHz to drive the transformer primary. The secondary voliages are reclified, smoothed, and reguiated to
produce system voliages of + 5 and = 12VDC. The + 5V is monitored by IC2 and stablized by varying the
duty of the osciliation frequency.

Protective circuitry in the power supply includes excess voitage and current prevention circuits, which pro-
tect the componenis on the load side from overveitageicurrent, and the power down circuil, which monitors
AC and initiates a protective inferrupt to the main CPUs in ingtances of sudden voltage drop.

J l T4 0+ 5V
@
ol 3FIN
SR bt REGLILATOR o+ 12V(0} {10 CRT}
FrrREVERTIvE] L w 2 £+ 12WiFY (TO FDOY
CIRCLIT 1CH
PLLSE JRIVE CIRGUT ) oGP
NOISE VOLTAGE DSCILLATOR FOWER
AC— FILTER MULTIES TG SUPPLY P
N ELFIEH 14 AEGULATOR 2 4 I2VIE) (TS LOGIC)
— L | 1
A ' 1
|@ —} 3-PIN < - 12V
I REGULATOR
PWD
nn
Lot
QECILLATEE FATECTOR m 1G4
IEXCERE WL TAGE! ERROE AMPLIFIER

C .ARENT| EXCESS YOLTAGE ]

DETECTOR e

PWO

CETECTOR

FIGURE 2.2. POWER SUPPLY BLOCK DIAGRAM.
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2.2.1 Noise Filter (Figure 2-3)

The noise filter prevents system maifunction due to input surge, and inhibits electronic noise to the AC line.

ac:olaum/f—g:li l

T2 {

54P.1-50
T 6a) plibbk

a LR-152-02 LR-152-02

700 p
400V

AL

— op
mﬂu

»
82
o
<

| c20
T00p | 4

400V

-
»
[
4

22
4700p 400V

B

4700p 400V
- c23

FIGURE 2-3. NOISE FILTER AND INRUSH PREVENTION CIRCUIT

2.2.2 Inrush Prevention Circuit (Figure 2-3)

The inrush prevention circuit protects diode bridge DB1 and subsequent components from being damaged
by excessive current flow in C1 and C2 at power-up. R2 limits the current to DB1 when power is applied; when

the switching oscillator operates normally, voltage from T1 activates triode TY 1, permitting increased current
flow to DB1.

2.2.3 Voltage Multiplying Rectifier (Figure 2-4)

The voltage multiplying rectifier (DB1, C1, C2, and J1) doubles and rectifies the 110VAC input when J1 is
connected; when J1 is discaonnected,the circuit is bypassed and the 220VAC is rectified directly. When DB1-1
conducts, C1 is charged with the maximum AC voltage, Vin. in the next half-cycle DB1-2 conducts, the C1

charging voltage and supply voltage are applied in the same direction, and voltage doubling occurs on the
output side of the circuit.

DB -1
Ov_wT—Dl————%-m@
VIN %T —> l +C1
¥
O + Vo:2EVm
DBi-2 l cz
©
(_-r

FIGURE 2-4. VOLTAGE MULTIPLYING RECTIFIER
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2.2.4 Oscillator/Pulse Driver (Figures 2-5 through 2-8)

The oscillator and pulse driver circuit includes 1C2 (STK752), which generates the high frequency switching

signal, and IC1 (STK711), the putse driver used to drive T1. The following is a description of the internal
circuits of these two devices.

IC1 (STK?7II)

FIGURE 2-5. OSCILLATOR / PULSE DRIVER CIRCUIT

212
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At power-up approximately 8Y from the series pass regulator {Figure 2-6) is applied to pin 8 of 1C2, initialing
30KHz oscillation. Pulses from 1C2 are applied to IC1 to drive the primary of transformer T1.

R3 (Fuse rasistor) (o)

B —

Apprax, 8V (IG2 PIN &)

FIGURE 246, SERIES PASS REGULATOR

The voltage generated at T1 by switching of Q1 (IC1) is stabilized by L1 and an internai diode of IC1, and
approximately 9V is returned to pin 8 of IC2 1o maintain osciliation. If ascillation stops for any reason, exces-

sive current s drawn through the series pass regulator, and fuse resistor R3 opens after approximately 2
minutes to hait power supply operation.

(IC2 PIN 9) Approx, 9%

T
FIGURE. 2-7. OSCH.LATOR POWER CIRCUIT

The drive pulse from the osciilator is amplified by transistors within IC1 {Q2 and Q3. which switch Q4) driving
T1. The approximately -9V power supply is derived from the voltage of T1 through L2, D3 {in IC1), and C18,
and + 8V is supplied ifrom the oscillator power eircuit. A counterelectromotive force protection circuit is
formed by R4, C25, C24, and D1, connected to pins 10 and 12 of T1.

Pawwar supply

To oscillptor (152 FIN 4)

FIGURE 2-8. PULSE DRIVER CIRCUIT
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2.2.5 Protection Circuitry {Figures 2-9 through 2-11)

When the output valtage on the + 5V line rises above 8V, IC4 activates the opto isolator, PC1. which triggers
the internal protection circuit of 1C2 (Q2 and Q3), disabling oscillator output until the system power is turned
oft, then on again.

L s
o ...,.,,..q....m“p Qgoilalor ouipin
R

T A R — g5y
- | P
asc 121 j—ol——- {z) l
| N P}
L'KIOM - - WA PIN }
o

FIGURE 2-¢. EXCESS VOLTAGE PROTECTOR

The voltage on the + 5V fine is monitored oy the error amplifier in 1C4. When the voltage exceeds the refer-
ence value, PC2 operates to aller the duty cycie of the internal oscillator of IG2. By varying the duty cycle of
the oscillator output of pin 4 of IC2, a conglant voltage is mainlained on the + 5V outpult.

BT PRPRTTIIE: SRR . -
s ! -~ by
. ) RC2

35¢ J LU = #
Fuceys woltage mriiaciorn - e 4 PIN S

FIGURE 2-10. VOLTAGE STABILIZER

The voltage at each end of R1 in the pulse drive circuit is manitored by IC2. Excess current causes Q1in IC2
lo disable the IC2 internal osciflator; when aii componenis in the power supply secondary are drawing masi-
mum current, excessive current at the prmary of T1 is detected by IC2, and oscillation stops. This circuit
does not operate when only the + 5V line 15 overloaded.

MAX CURRENT
+ 5V[7A [ ‘[ l123)

+ 12 2A i 1T

+ 12F|2A |

+12L [0 5A

—12 |0.54

FIGURE 2-11, EXCESS CURRENT PROTECTION GIRCUIT
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2.2.8 Error Amplifier and Excess Voltage Detector (Figure 2-12)

IC4 is used to monitor the + BY line, operating in conjunction with PC2 as an error ampilifier. and with PC1 as
an excess voltage detector In the error amplifier circuit, voltage iower than the reference value activates PG2
to set pin 1 of IC2 to low, and IC2 modifies the osciliation duty cycle to stabilize the voltage. YR is used 1o
adjust the reference voltage under full load. in the excess voltage detector circuit, the + 5V line is monitored
by 71in IC4 (Vz = 7.5V); when over 8V is detected PC1 is activated and oscillation stops until the system
power is turned off, then on.

| T TR T T T T e

| IC2 PIN % s Fot ;’VRI

| 53 |

| cis ¥re |

L_ tR3 aw?iﬂﬁl!
+5v #ﬁ:; l ! 3E|ns:|
{ | If (zon _sfmu|

Excess voltage —c! L

n

5 IC4(STKTB0) fyy o“zr’ s L pd J
Vpltage } R R4 3
stabilization : I 2
p ¥ o IO
—f |
I1 75V .

FIGUARE 2-12. ERROR AMP AND EXCESS VOLTAGE DETECTOR {IC4)

2.2.7 Power Down Detector (PWD) (Figure 2-13}

In the power down detection circutt, rectified and filtered signais from pin 5 of T1 are input to IC3, which
monitors the voltage on the AC line. If power drops below 80VAC in the 110V models or 160VAC in the 220V
modeis, the PWD signal is output 10 the APX-ISYM board, causing an interrupt of the highest priority before
the power instability is detected oy the remainder of the system.

3

Ti

' e ) PWE
L cas
*

FIGURE 2-13. POWER DOWN DETECTCR (IC3)
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2.28 Voltage Output Circuit

The + 5V output from T1 is rectified by DB2 and filtered by C3, C4, C5, and L3. The +12C, +12F + 12V and
— 12V cutputs from T1 are rectified by diodes DB3, D2, and D3, and the respective circuits are regulated by
one of four three-pin regulators, SR3, §R4, SR1, and SR2, which provide internai protection against over-

voltlagefovercurrent on their outputs.

2.2.9 CMOS Battary Backup Circuit (Figure 2-14)

The CMOS iCs on the APX-ISYM board require a minimum 3.0VDC to retain memaory: when power 18
turned off. this voliage s supplied by the baltery backup circust

During normal operation. +5V s supplied :0 CMQOS via the 7BMOS series regutator (D4 raises the regulator
potential by approximately 0.6V 1o compensate tor the drop at D8). and the batiery is charged through
D3 and R99. When power is turned off, approximately 3 5V is supplied to the |C from the battery. with D5
eliminating reverse current. C8 fiters glitcnes from the CMOS supply during power on or off conditions.

R1
Iw 3
AN o +12R
1641 2
o412 CH13
EGI G
+ 120 = O+ 120113
f | | - 12F & =+ 12F | 12
M
A —— o +12L | 11
c Ao
12V 12 (10
1.8K 152075F
+ 5V +E5V 19
132075K SR +hy | B
i) C8
CMOS B5 11 oo™ 2204 esv |7
Voo i | 168V
cg  152075K | . e e
155
I‘ﬁ'ﬂ I 164 -l_ C154 23K
Q.14 vl IV GP 5
D4 GND | 4
152075K ' 3
GND | 2
/

FIGURE 2-14. CMOS BATTERY BACKUP CIRCUIT
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2.3 APXISYM BOARD OPERATION

Alogic block diagram of the APX-ISYM board is provided in Figure 6-63, at the end of this manuai. The board
is functionatly divided into CPU centrol, memaory control, and inputfoutput {1£0) control circuits, and the addi-
tionai circuitry required to incorporate the programmabie devices. In some circuits, the Z-80A and 8088
interact differently with the related components, as noted throughout the text.

2.3.1 CPU Control Circuits

This section describes the duai-processor configuration of the QX-18 and discusses the CPU control circuits
in their descending order of importance to systern aperation,

2.3.1.1 8088/2-80A CPU Clrcuit (Figure 2-15)

An 8088-2 and a Z-80A compatibie chip, the 780C-1, are used in the QX-16. These processors share the
agdress and data bus cireuits, but are driven at different rates (5.3 MHz for 8088 and 3.99 MHz for Z-80A) and
only one CPU can be active at a time.

The Z-B0A is selected al each system reset: the IPL is enabled, and the Z-80A executes code from within the
IPL. After initializing the programmable devices, a shorl diagnostic test is performed on the first four (0-3)
memory banks and the Z-80A CPU. if no errors are detected. the Z-80A atiempts loading the 8-bit ope rating
system from the left floppy disk. it this step fails, the Z-80A attempts loading & 16-bit cperaling system, and
repeats the loading process until a valid operating system is found on the left drive. If a 16-bit system is
loaded, the Z-BOA switches controt to the 8088, which begins execution from the BIOS ROM at location
OFFFFOH.

} ADDRESE BUY AQ-.a10 _}

N AN

t """ CRTE HEE D07 A

| fi

A0—4a' 6 Do—-0r

ADDAL 55
LATC ~

I =L
2423 [=RER:p) "1
f— T

-
SR I
SELECT ¢ . >
I Pepd 13t
L5303 Dx\

FIGURE 215, QX-16 CPL CIRCUIT DIAGRAM

NOTE: ifan error message is displayed. press RESET to retry, or refer to the froubleshooting procedures in
Chapter 3.
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2.3.1.2 Systam Reset Circult (Figure 2-16)

A 500 millisecond system reset is generated under the fottowing conditions -

1. Manual reset is accomplished by clesing switch SW1, located under the right hand floppy disk drive,
which turng on CY1 and pulls the input on pin 11 of IC 25H Tow.

2. Power-on reset occurs when power is applied.

3. Power-down reset cceurs when the Q10PS board detects low voltage on the AC line and supplies a
postive pulse to pins B and 9 of IC 24F. R77 and C199 act as a filter to prevent reset from occuring
for inputs of less that 10 milliseconds duration. The output of the power-dawn reset circuit causes the
same action as ciosing SW1 during manual reset.

4. Option slot reset occurs when an option card pulls low the RSIN signal on pin 39 of the aption connectar.
The option card hardware determines the exact period of the reset pulse, but it must be a minimum of
500 miliiseconds 1o guarantee proper initialization of all devices,

The output of the reset circuit is suppiied 1o the Z-80A memory bank latch, the CPU selector circuit, and most
of the programmable devices. The 146818 real time clock, however, is reset and disabied by the power-down
circuit, praventing any spurious read or write gperations to the RTC during power-down conditions.

{ A0 (KD PIN 18)

+ AES (10184 PIN 18}
i OF (IC18A PIN 13)

1 KEIN {iCeF PIN 13)

RESET

R93 K

+3
(NEC} s

--—
RESET SW

FIGURE 2-16. SYSTEM RESET CIRCUIT
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2.3.1.3 CPU Select Circult (Figures 2-17 and 2-18)

The CPL select circuit determines which CPU has active control of the system bus. The L8259 system

configuration latch {15F} selects the active CPU by its Q1 output {pin 5); the output is controlled by bit 0 when
either CPL writes 10 port 24H.

When one CPU writes to port 24H, the value of data bit O determines which CPU is active. When this bit is low,
as in power-on default, the Z-80A 1s selected, if high, the 8088 is enabted. The quiput from the fatchi (15F) is
input to IC 7J, which updates the CPU select signal two clock cycles later,

The output of IC 7J pin 13 controls the activity of the CPU reset inputs, and a pracessar switch command is
used to start the selected CPU at the reset vector (0000H for the Z-80A and OFFFFOH for the 8088). Note that

switching the CPL does nat cause the [PL to be selected nor is the Z-80A memory bank switch reset for bank
0.

Q1{IC15F PIN 5)
+5 Tz
Q ] SDSH RD1
10 13

5 Q § RESET (IC22E P
—_L—_ . C 8284 { IN 5}

1 2 I
K {>>—4 280 RESET (112D PIN 5)
l 26E

6.3MHz {IC19E PIN 12)

§ RESET (HC22E PIN 3)

FIGURE 2-17. CPU SELECT CIRCUIT

CK fIC7J PIN 11;_]

Q1 {IC15F FIN 5)

RESET

RES
(IC16C PIN 21)

RESET
(IC1BC PIN 26}

"The 8088 RESET signal is active high.

FIGURE 2-18. CPU SELECT TIMING DIAGRAM
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2.3.1.4 System Clock and Timing Generator Circuits (Figures 2-19 through 2-22}

The clock and timing generator circults include the BO88/Z-80A CPU clock generator circuil, composed of ICs
16E and 17€, which initiates system cperation, and the system timing generator, composed of ICs 26D and
20E, which provides timing signals to the O and memory devices.

8088/2-80A CPU Clock Generatar Circuit

The 8284A clock generator (IC 17E) containg an oscillator and additional circuitry to generate the main
controi signals for the CPUs (Table 2-17) A 1597 MH2 crystal, CR3, is connected across ping 16 and 17 of
17E. For 8088 ciocking, a 5.3 MHz square wave with a 33% duty cycle from the CLK output (pin 8) is used.
The 82B4A also receives the reset (RES) and ready (RDY1 and RDY?2) control signals, which it synchronizes
with the 8088 CPU clock. RES is used to reset ihe processor during system reset and to control the B088 from
the CPU select circuit. RDY1 is used to provide wait state timing for system mermory, and RDY2 to implement
walt state timing during an /O access to the APXICRT board.

To begin Z-80A clocking, the square wave from CR3, present on the OSC output (pin 12} of 17E, is supplied to

the LSS3 divider circuit (16E), which cutputs a 3.99 MHz clock 1o the Z-80A from pin 9, and a 1.99 MHz clock
to the 8253 timerfcounters from pin 8.

FIGURE 2-19, CPU CLGCK GENERATOR GIRCUIT

oscacrerng [ (LM ML ML ML LML
15.97MHz
CLK OCI7E PIN 8 | [ [ ] ] | s3mHz

QB ({IC16E PIN §) m 390MHz

QC {ICISE PIN 8) _I I l

129MH2

FIGURE 2-20. CPU CLOCK GENERATOR TIMING DIAGRAM
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System Timing Generator Circuit

The L5175 4-bit shift register (20E) in the system timing generator ¢ircuit produces timing signats used by the
170 and memory devices. All outputs of IC 20E are low when the reset input, pin 1 of 20E, is tow. During a write
aperation, or a DMA memory read or write initiated by the 8237, IC 26D ocutputs a high and the data and reset
inputs of 20E are driven high. On each positive transition of the clock input. pin 9 of 20E, the level on the data
input is transferred by cne bit.

—Q,
_ i (8] 7 ‘12 fiolia
260 WR (C16C FIN 22) j—1-d a o oS s DB
DA W (IC10F PIN 4) 0 D ss 206 FTe] L ———T o
DMA MR {IC10F PIN 3) F—2g qr

CK 10 g
9 a 11

L

Z - 80A CLK (IC19E PIN10)

2

o
O

Z-80 CLK

ZB80WR
OR

DMANW |\ /

OR
DMA MR

1D(IC20E PIN4) f \

QA(IC20E PIN2)

QB{IC20E PIN7)

QCC20E PIN11)

QD{IC20E PIN18)
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TABLE 2-17. 8284A CLOCK GENERATOR PIN DESCRIPTION

PIN NO. SIGNAL
3 AEMNT.
7 AENE
A HDOYA
[ RDY 2
5 READY
17 A1 X2
16
13 FiC
14 EFI
8 CLK
2 FCLK
15 ASYNC
12 CSsC
11 RES
10 RESET
1 CSYNC
g GND
18 Voo

DIRECTION

DESCAIPTION

IM

ouT

ouT

Address enzble. BEN is an achve low signal winch
satvas to qualfy 115 respechve bus ready sgnal (ALY 1
or ROY2).

Bus ready {transter compiale). RDY is an active high
whch g gnosnckcaton from a devce located on the
syatern data bus tha! dala has Deen racaved, s
mvailatle.

Ready ¢ an active high signal which 15 the
synchronzed BOY sgnal input to the 8088 CPL

Cryslat ing X1 ana X2 are the @ins to which a crystal
of 3 ures the processor clock frequency is attached,

Frequencyitrystal select. When sirapped ow, FiO per-
muts the processcr clock i be generaied by the
crystal.

External requency :n Whan B/ s sirapped oo
CLE 5 generated om g inpul frequency apoesr
ing on his pin

Processor clock. Sk is the clock ouiput used by the
procesenr. CLE has an aulpul freguency wier s 143
of the crestal or BHLinput frequency and a8 113 suty
Cyce

Per:pheral clook, POLK iz 5 TTL lever penpneral ciock
sanal whose optput freguency s 1/2 that of CLK ang
has & 50% duty oycle.

Synchronization select mput. Synchranizes READY
i when bad high,

Cecillator output. OSC s the TTL evel outpu! of the
internal oscdialo: cirgustry. ts frequency is egqual i that
of the crystal

Fese :n RES 15 an zctve ow signal which s used
w0 gansrale RESET.

Rt s g aotve bigh signal wiich s ased 0 reso
the BOBE.

Cloce Synghronization When using the intarss:
ascilator. CSYMNC shauld be harg-wered 1o groundg.

Ground

+ BV supply
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2.3.1.5 Z-80A WAIT Signal Generator Circuit (Figures 2-23 and 2-24)

To allow an adequate timing margin for all memaory devices, the WAIT signal generator circuit provides one
additional cicck cycle for every instruction tetch cycle of the Z-80A.

The Z-BOA machine cycle lasts 3 or 4 clock cycles (T states), depending on the instruction baing executed.
The first part of the instruction fetch is the same for all instructions: the CPU outputs the address specified by
the program counter onto the addrass bus during the T1 cycle and reads the memaory data at the end of the
T2 cycle. The WAIT signai generaor uses the GPU M1 line and the Z-80A clock io generate an active iow
signal on the WAIT input {pin 24} of the CPU, which adds one T state {Tw) at the end of the T2 cycle and
provides adequate timing margin 1o ensure accurate reading of data from memory.

_ 20D
(C18C PIN 2741 13:{>"2 o ILsrs
') 5
| T
(IC19E PIN 6) b 103 o
§- K T8 1C18C PIN 24)

250 ng
T T2 T T3

SYSTEM CLDCK_/_\_/' /_\_/_L
(39936MHz)
WATT
(IC18C PIN 24) v/

M1
(IC18C PIN 27} =/ \

FIGURE 2-24. M1 TIMING CYCLE WITH WAIT STATE
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23.1.6 8088 RDY Signal Generator Circuit {Figures 2-25 and 2-26)
The 8088 cutputs the address specified by the bus interface unit (BIU) onto the address bus during the T1
cycle and reads the memary dala into the insiruction queus during the T3 cycle. It is necessary 1o add one
ciock cycle 10 every bus cycie of the 8038 CPU to allow adequate timing margin for ai memary and /O
devices.
The RDY signal generator circuit uses the CPU RD, WR, and INTA lines and the 8088 clock to generate an
active low on the RDY 1 input (pin 4} of the 8284A clock generator. The 8284A synchronizes the RDY 1 input
with the B088 ciock and suppties this signa! 1o the RDY input (pin 22} of the 8088 CPLL which adds one T state
{Tw)at the end of the T3 cycie, providing an adeguate Himing rmargin 10 ensure accurate reading of data from
memory,
FROM
APX-ICRT BOARD
(IC16C PIN 32) L573
{IC18C PIN 29) J[EDF]
(IC16C PIN 24) } (IC17E PIN 4}
Kk Q@
(IC19E PIN 12 ;—E H )
5.3MHz Ez ~
FIGURE 2-25. 8088 RDY SIGNAL GENERATOR GIRGUIT
T1 ra T3 ™ T4
CLK £\ [\ I\ [\ N
AD.WhINTA \ /
{IC19F PIN 3 - ‘
{IC18B PIN 6} . .
|
RDY {(IC16C PIN 22) \ ;

FIGURE 2-26. 8088 BUS CYCLE WITH WAIT STATE
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2.3.1.7 Data Bus Directicn Contraol Circuit (Figure 2-27)

The data bus consisis of 8 fines which are used to read and write information into the memory and 10
devices. The L8245 bidirectional bus driver (14£) is used a3 the direction controi gate 1o switch the data bus,
depending on the CPL or DMA operation taking place. Two nputs on 1C 14E (G and DIR) control the direction
of transfer between the /O and CPU side of the bus.

The G input is an active low gating signal which enables cornmunication between the 11O and CPU busses,
and disables communication when i is high. The & input goes low when a vatid /O write (IOWR), /O read
(IORDY, or interrupt acknowledge {-NTA) signal is generalad by Ihe respective clrcuit,

The DIR input is the direction control ine. When a valid IORD or iNTA signal is generated, the DR input is
brought high by the output of IC 17F pin 8 allowing the HO side to drive the CPU side of the bus. When an
HOWH ocours, the DIR signal goes low, aliowing the CPU 1o drive the NG side of the bus,

(e AD BOF—"
i h | —
——q 2 b —
y 3 3p— Data Bus
Data Bus L . a
o O ) [ SE——— .} {15;;}5 ) I from CPLU
Frmmr—] 5 5 i
e L 6pb——
[ ——7 7—rt.
G DIR
VYCC =
19
12F 114 8 !
IOWR ! 2 _1IveC TS T
%ND ADL-2005

5
IORD +—
INTA ¥

FIGUF!IE 2.27. DATA BUS DIRECTION CCNTROL CIRCUIT
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2.3.1.8 CPU Bus Request Circuit (Figures 2-28 and 2-29)

The bus request circuit performs two functions: 1) it provides the bus request and acknowledge functions for
both CPUs, and 2) it acts as the refresh timing generator, (Refer to Section 2.3.2 8 for description of refresh
timing operation.)

The CPU bus request circuit causes the active CPU to relinquish the data bus so that DMA and DRAM refresh
operations can be performed. The device needing access 10 the systemn bus initiates the bus request. To
acknowledge this request, the CPU switches its output controls and busses 1o high-impedance and outputs a
bus acknowledge signal while waiting for the bus request to finish,

When the active CPU is executing object code, the system bus acknowledge signal at IC 23J is low and pins 5
and 2 0f 21D are high, making the DMA o1 refesh request valid. When either of thege inputs (ping 3 and 4 of IC
21D} goes high, the oulput on pin 8 goes low to start the bus request cycte. This signai is defayed by two clock
cycles through IC 21F to allow for synchrenization. When the active CPU acknowtedges the bus request, pin
B of 23J goes high.

It the request is from the DMA controller, pin 12 of 25F is high, indicating that the request is not for a refresh
operation, and the output on pin 11 of 25F 15 low, which sends the hold acknowiedge (HAK) signal to the DMA
controlier.

It the bus request is from the refresh circuit, pin 1 of 25F is high, indicating that the request was not for a DMA
operation, and the cuipLl on pin 3 of 25F is low, which disables the DMA request input and causes a low hold
acknowledge (HAK) signal to be sent to the DMA controller,

REFRESH RECHJEST § f HAK {TTOF PIN 7)

IC73H FIN &)
12
R VT I Se— 1"
13 | 25F
8 HOLD (CTEC PIN 31
2
+— 2
| osF Bl Sy
T - 1 Fi
AG22F IR 12, HROQ p—— 4 8 § BRO (C18C PIN 25)
g (HZ10F PIN 10
ouT
2u
ey V]
IN

BLUSAK (10256 PIN 65 4

FIGURE 228 CPU BUS REQUEST CIRCUIT.
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BUSAK fic2sF PN e __ | I
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REFAESH {C23H PIN 8) 1
{IC210 FIN 5) 1 I
{IC21D PIN &) [
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| ESU—— | J SO

BLSRO (IC21F PIN B)

FIGURE 2-20. CPU BUS REQUEST TIMING DIAGRAM

2.3.2 Mamory Control Circuits

. The APX-ISYM board provides space for sixteen 256K x 1 dynamic random access memory chips (DRAMS),
providing a possible total of 512K bytes systermn memory. The memory controt cireuit includes those devices
used to access the memory The Z-80A and 8088 CPUs require different memory control configurations,
described in the fallowing sections; therefore, the QX-16 includes two memaory maps.

2.3.2.1 Memory Map Layout (Figure 2-30)

At power-on, resident RAM and the initial program loader {IPL} are the only memory devices selected. The
IPL, at addresses 0000H to OFFFH, can be enabled by writing a 0 to port 1CH. When IPL program execution
is completed, the IPL selects the active CPU and memory map.

Z-80A Mode

The Z-80A has limited address space and must address the total memory area by switching between eight
B4K-byte banks via two l/O ports. Each bank contains 56K byles of DRAM dedicated to that bank, and BK
bytes resident RAM, at addresses OEOOOH to OFFFFH, which is shared between alt banks.

In Z-80A made, the 2K-byte CMOS RAM in the IPL is enabled by writing a value of 1 to port 20H. The CMOS
RAM, at addresses 08000H to 087FFH. can be accessed from any of the eight banks. When this device is
enabled. none of the memory in ine selecied bank between the end of the CMOS memory and the beginning
of resident RAM can be accessed.

8088 Mode

The 8088 CPU does not have the same address limitations as the Z-80A, and is able to direclly access the
512K bytes of DRAM as a single memory area (addresses GO000H to 80000H). The only other memary
device required when the QX-16 s in 8088 mode is the BIOS firmware at addresses FBOOCH to FFFFFH of iC
24C. The CMOS RAM cannat be accessed from 8088 mode.
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FIGURE 2-30. MEMORY MAP LAYQUT
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2,3.2.2 Z-80A IPL Enable Circuit (Figure 2-31)

The {PL 1s the firmware which instructs the CPU 1o initialize the system hardware and read-in the boot loader
from disk storage. This device is autornatically selected at power-on by the system reset signal, and is en-
abled by two relatively simple circuits, chip enable (CE} and output enabte (OE).

The chip enable (CE} circuit has two inputs: the IPL select bit (15F pin 12), which is addressed as bit 0 of port
01CH, and the IPL range select signal, output active low from the Z-80A range select circuit when the Z-804 is
addressing any location between 0000H and 1FFFH. When the IPL select bit and the IPL range bit are both
low, IC 24D outputs a low ievel signal on pin 6.

The output enable (OE) circuit receives both of its inputs from the Z-80A CPU. The memory request signal
(MRQ) goes low to indicate the current read or write operation is intended for memory. not I1Q circuitry, and
the Z-80A read signal (AD) is issued active low by the CPU to enable the accessed memory or 11O device to
put the requested data on the bus. When the Z-80A is ready 10 read the program contents from the IPL chip,
IC 24D outputs a low at pin 11,

_ — 5
MAD formrreend . . D00 -] 6 .
— 12 | 24D OE (IC22C PIN22) | — 4|, 24D CE (IC22C PIN 20)
ZAD frr—reery PL f—=qA

CHIP ENABLE OUTPUT ENABLE

2.3.2.3 8088 BIOS Enable Circuit (Figure 2-32)

IC 24C contains the BIOS firmware that the 8088 CPU executes when control is transferred from the Z-80A.
This circuit requires oniy one gate. as the 8088 memory area is contiguous.

Three signals are input to the BIOS enabile circuit: address bits A18 and A19, and the 8088 /0 memory select
signal {I/M). This circuit supplies a low ievel output from pin 12 of 26D whenever the 8088 accesses memory
in the address range CO000H to FFFFFH.

26E

— 4
1M § 3 13 12 _
260 CE {IC24C PIN 20}

BA18 —
BA1G frommmme]

FIGURE 2-32. 8088 BIOS ENABLE CIRCUIT
2.3.2.4 449 CMOS RAM Enable Circuit (Figure 2-33)

The CMOS RAM enable (CE3) circuit has five inputs. These signals are combined to generate three inputs to
IC 26D,

The CMQS select bit {15F pin 4}, addressed as bit 0 of port 020H, and the CMOS range select signal, output
active from the Z-80A range selec: circuit when the Z-80A is addressing any location hetween 8000H and
SFFFH, are combined to produce a high fevel signat on pin 13 of IC 24F
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The Z-80A read (RD) and write signals (WR) are issued active low by the CPU to enable ihe accessed memory
or I#O device to read data onto the bus or into the specified location. When the Z-80A is ready to read or wriie
memaory to YO, IC 23D outputs a high on nin 8.

The memory reguest signal (MRQ) goes low to indicate the current read or write operation is intended for
memory, not /O circuitry This signal is inverted to high active by IC 26E.

when all of the above conditions are met. the three signal groups combine at IC 26D to preduce a iow level
output, enabiing the CMOS RAM,

26E
CMOS § 13 12 1 "

_ 12 24F
8000 ¢ ]

3
e 10 6 —
ZRD | a 4| 260 GE1 (1C25C PIN 20)
—_ 9 230
ZWH t 5

26E

WA § 2 ]

FIGURE 2-33. 449 CMOS RAM ENASBLE CIRCUIT

2.3.2.5 2-80A Memory Range Select Circult (Figure 2-34)

In Z-80A mode, three special memory areas are active: the IPL region (0000H-1FFFH), CMOS RAM (8000H-
87FFH), and the resident RAM space (EOGOH-FEF-H). The range select cireuit is used 1o detect when any of
these areas are being accessed,

The LS138 {(21C) is used 1o decode the three most significant address bits of the Z-804A {A13, A14, and A15);
when an access is made to any of these regions, the corresponding output goas fow.

The gate inputs of IC 21C are used te enable the L5138, input G1 is the active high input, and is always true
{+ 5V). Inputs G2A and GZ2B are the active low enable inputs, and are tied to the CPU select circuit. When the
Z-BOA is selected, this input is low and the cutpuls are enabied. All cutputs are high when the device is
disabled.

PR} SRR—_ Py

muﬂwm-g-a Yuol-s-wwu—im 1FFF
A15 2| C LS138

6 vapllo—y 5000 SFFF
+5Y g1 1

. FrT Y S A— e
;’:ﬁ;—Eﬁﬁ

SELECT SIGNAL

(21C)

FIGURE 2-34. Z-80A MEMORY RANGE SELECT CIRCUIT
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2.2.2.2 Z-80A IPL Enable Circuit {Figure 2-31)

The IPL is the firmware which instructs the CPU to initialize the system hardware and read-in the boot loader
from disk storage. This device is automatically selected at power-on by the system reset signal, and is en-
abled by two relatively simple circuits, chip enable (CE) and output enabie (OF).

The chip enable (CE) circuit has two inputs: the IPL. select bit (15F pin 12), which is addressed as bit 0 of port
01CH, and the IPL. range select signal, output active low from the Z-80A range select circuit when the Z-804 is
addressing any location between 0000H and 1FFFH. When the IPL select bit and the IPL range bit are both
low, IC 24D outputs a low leved signal on pin 6.

The output enable (OF) circuit receives both of its inputs from the Z-80A CPU. The memory request signal
(MRQ) goes low o indicate the current read or write operation is intended for rremary not VO circuitry, and
the Z-80A read signal (RD) is issued active low by the CPU to enable the accessed memory or /O device to

put the requested data on the bus. When the Z-80A is ready 1o read the program conients from the IPL chip,
IC 24D outputs a low at pin 11.

2.3.2.3 8088 BIOS Enable Circuit (Figure 2-32)

IC 24C contains the BIOS firmware that the 8088 CPU exacutas when control is translerred from the Z-80A
Thig circuil requices only one gate. as the 8088 memory area is contiguoLs,

Three signals are input to the BIOS enable circuit: address bits A18 and A19. and the 8088 I/0 memory select

signal (I/M). This circuit supplies a low leve autput from pin 12 of 26D whenever the 8088 accesses memory
in the address range COCO0H to FFFFFH.

26E

_ 3 4 13
1M :{> 12 —
26D GE (IC24C PIN 20)

BAT8 oo
T S—

"FIGURE 2-32. 5088 BIOS ENABLE CIRCUIT
23.2.4 449 CMOS RAM Enable Circuit {Figure 2-33)

The CMOS RAM enable (CET) circuit has five inputs. These signals are combined to generate three inputs to
IC 26D,

The CMOS select bit (15F pin 4), addressed as bit 0 of port 020H, and the CMOS range select signal, output
active from the Z-80A range select circuit when the Z-80A is addressing any iocation between 8000H and
9FFFH, are combined {o produce 3 high level signal on pin 13 of IC 24F
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The Z-80A read (RD) and write signals (WR) are issued active low by the CPU to enabie the accessed memory
or I/ device to read data onte the bus or into the specified location. When the Z-80A is ready 1o reac ar wriie
memory to 10, 1C 23D outputs a high on pin 8.

The memary request signal (MRQ) goes low to indicate the current read or write operation is intended for
memory not 11O circuitry This signal is inverted to high active by IC 26

When all of the above conditions are met. the three signat groups combine at IC 26D to produce a low level
cutput, enabiing the CMOS BAM.

2BE
CMOS 13 12 11 .
12 | 24F
8000 ¢ )
3
— 10 6 —
ZAD + a 4| 260 CE1 (1C25C PIN 20)
g | 230
TWR + 5
26E
MAG § 3 8

FIGURE 2-33. 449 CMOS BAM ENABLE CIRCUIT

2.3.2.5 Z-80A Memory Range Select Circuit (Figure 2-34)

In Z-BOA mode, three special memory areas are active: the |PL region {0000H-1FFFH), CMOS RAM {8000H-
87FFH), and the resident RAM space (FO00H-FFFFH). The range select circuit is used to detect when any of
these areas are being accessed

The LS138 (21C) is used to decode the three most sigaificant address bitz of the Z-BOA {A13,
when an access is made to any of these regions, the corresponding oulput goes low.

The gate inputs of IC 21C are used 1o enable the L5138. Input G1 is the active high input, and is always true
(+ 5V). Inputs G2A and GZ2B are the aclive fow enable inputs, and are tied to the CPU select circuit. When the
Z-B0A is selected, this input is low and the cutpuls are enabled. Alt outpuls are high when the device is
disabled.
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A13 frremref &
PRPY S— YO 2 OB 1FFF
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+5Y gy (51

4 7 J—
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FIGURE 2-34. Z-80A MEMORY RANGE SELECT CIRCUIT
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23.2.6 Z-80A RAS Inhibit Circuit (Figure 2-35)

To prevent signal conflict during memcery bank setection and aperation of the IPL and CMOS circuits, the row
address strobe signal (RAS) for the DRAMs must be periadically disabled. There are four inputs to this circuit
(CMOS select bit, A15, resident RAM range select, and CE), and the output is supplied to the DRAM RAS
timing generater.

When the CMOS select bit (15F pivi 4), address bit A15, and the resident RAM range seteci signal are high, a2
low levet signal is autput on pin 8 of IC 22D, which indicates that CMOS is selecied andthe current address is
greater than 8000H and fess than EQOOH. This signal is input to pin 12 of 22E.

The IPL chip enable (CE) signai is is applied to pin 13 of IC 22E. The output of IC 22D on pin 11 goes low when
either of the inputs are low, inhibiting the generation of the RAS timing signal during use of the CMOS RAM or
IPL

CE (o220 PIN 20)

FIGURE 2-35. 2.80A RAS INHIBIT GIRCUIT

2,3.2.7 8088 RAS Inhibit Circuit (Figure 2-36)

In 8088 maode, the row address strobe (RAS) for the DRAMS must be disabled whenever the CPU is accessing
memaory outside the DRAM address space. There are four inputs to this circuit (A19, HLDA, I/, and the CPU
select signal), and the output is supplied to the DRAM RAS timing generator.

When address bit A19 (IC21D pins 1, 12, and 13) goes high, a iow is ouput on pin 8, inhibiting the RAS
signal when the 8088 requests access above address 80000H.

When the 8088 is active, in control of the bus, and attempting to access any /O device, the hold acknowledge
(HLDA), 110 memory select line {|/M), and select output from the CPL select circuit are combined 10 cause the
output on pin 8 of 210 to go low, inhibiting the generation of the RAS timing signal.
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2.3.2.8 DRAM Rafrash Timing Generator Circuit (Figuies 2-37 and 2-35)

Dynamic RAM chips require a refresh cycle 1o retain the data stored in their internal celis, and as chip size
and memary density increase, the refresh rate must increase 1o accommadate the increased number of
imtarnal cells. The DRAMs used in the QX-16 require 256 refresh cycles every 4 milliseconds.

The refresh timing generator circult is responsible {or periodicatly stopping the active CPU and generating
the signals which enabie the DRAM address corlrol clrouits lo provide the reéfresh cycles, Bafresh cycles are
requested appraximately every 25 microseconds by the L8393 counter (23H). This IC is clocked by the output
of 18F pin 11, a gated, 5.3 MKz square wave. The count procesds urdll the cutput an pin 8 goas high, This
autput is Ted back tothe clock gate circuit hough the inverier (200), which stops the count and simullane-
ously begins a bus requast cycle by causing a low on the cutput of 6 210 pin G {(Refer o Section 2.3.1.8 tor
explanation of the bus request cycle.}

The ouiput of IC 25F pin & goes hign when the active CPU acknowledges the bus reguest. This has two
effects: it latches the stale of the pin 8 cutpat of 1 23H into the LEY3{22F) fip-fop, and it supplies the signal
to pins 2 and 13 of 25F with a 200 nanosecond delay inserted by defay line 234 The refresh column address
strobe output {REFCAS, pin 3 of 25F) ther: goes low, enabting the RAS refresh generator (Z1E pin 9) and
inihiating the refresh timing cycle.

When pin @ of 21E iz brought high, it Ioads the preget value of OCH into the D0-3 inputs and beging counting.
The least significant bit {(L.SB) is input directiy to pin 10 of 25F and the most significant bit (MSB} is delayed 100
nanosecands by IC 24 before being appied to pin 9 of 25F These two signals generale four active low pulses
on the oulput (pin 8} of 25F, which are the refresh row address strobe (REFRAS) signals. When the count
progresses past (QFH, the carry cutput on oin 15 (21E) resets the refresh timer (23H). The atove operahon
must be performed 84 times 16 compietely rafresh the DRAMs. (Because it termporarily stops the aclive CPU,
this operalion does have an effect on software timing loops.)

4,2513

BAK \
BRO T\

REFCAS \

REFRAS

%Wj\! '

o |

250ns

FIGURE 2-37. DRAM REFRESH TIMING CIRCUIT
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2.3.2.9 DRAM RAS and Write Enable Generator Circuit (Figures 2-39 and 2-40)

The DRAM RAS and write enable (WE) generator circuit coordinates the RAS signal for each DRAM bank with
the refresh signat required by dynamic BRAM, generating a comman set of signals for controliing the DRAMSs.

ICs 24E and 24F provide adequate timing margin te the signals from the 8237 DMA controller: these signals
are combined by |C 24F to provide an active low to 22H pin 4 when the DMA controller begins a read ar write
operation trom system memary,

The £-80A memory request circuit generates a single, active low memory request signai in the M1 machine
cycle tor a valid memory read/write operation. Normatly, the memory request signal goes iow twice during
the M1 cycie: once for a read/write operation and again for the Z-80A refresh cycle. Because the OX-16 uses
an external refresh circuit, the circuit composed of I1Cs 23F 25A, and 25E eliminates the second memory
request pulse. ICs 25A and 25E provide high inputs to IC 23F when a memory request is occurring. The Z-80A
clock signal loads this into 1C 23F, causing the cutput on pin 13 to go low: the output, considered a modified Z-
80A memory request (MRQ"), relurns to high when the memory request has ended.

IC 22H combines the modified Z-80A memory request (MRQ') signals, moaified DMA conlrofier readiwrite
signals, and 8088 read/write signals; if any one of Ihese goes low, an active high signal (3RAS} is output on pin
& of IC 22H and supplied 1o the address multiplexer circuit. The ARAS signai is used 1o generate the RAS
timing signats.

IC 21H is used to generate the RASO and RAS1 timing signals that are supplied to the two o groups of DRAMs.
There are two identical 4-input NAND gates in IC 21H, and three identical input signais: 8INH, the 8088 RAS
inhibit signal, ZINH, the Z-80A RAS inhibit signal, and 3RAS, described above; if any of these gignals goes low,
the generation of a RAS timing signai is inhidited. The fourth input, address bit A18, inverted by 244 and input
to pin 9 of 21H, is used to select between tne two DRAM banks, when A18 is low, a RAS0 is generated, and

when it is high, a RAS1is generated. IC 21Jis used to cormbine the RAS timing signals and the refresh RAS
(REFRAS) timing signai.

The Z-B0A requires additional circuitry to generate a write signal. [C23F is ciocked by the Z-80A CPU clock
1o lalch the state of the read (RD) line. This generates a high output on pin 9 of 23F when the CPU is not
reading data. This output, the RD line, and the 25E pin 4 oulput cause a low 10 be generated on pin 12
of 250 when a valid mermary request which is not a read cycle is received.

IC 25D is the write enable generator circuit, which combines all the write signals from the Z-80A, 8088, and
8237 1o generate an aclive low output on pin 4 of IC 24H to indicate a valid write cycle. This signal is supplied
to all of the DRAMs,
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2.3.2.10 Address Multiplexer and CAS Generator Circuit (Figures 2-41 and 2-42)

The DRAMs used in the OX-16 use a row/column matrix system to address a single memory cell. The row
address strobe (RAS) signal is used to specify the active cell row; column address strobe (CAS) is used to
specify the active cell column. At the intersection of these two locations is the selected memory cell. The cell

value is output to DO (pin 14) during a memory read cperation, and assumes the valie of the DI input {pin 2)
during a memory write.

The address multiplexer circuit is composed of three LS258 multiplexer ICs which are switched by a delayed
RAS signal. In normal operation lhe address is placed on the bus and a RASD or RAS1 signal is generatedi
The select input of the multiplexers is low and supplies the A inpuls to the Y ouiputs, providing the row
address and RAS controt signat io the correct group of DRAMs. The output on pin 12 of delay line 22J goes

high 20 nancseconds after the leading edge of the RAS signal, switching the multiplexer cutputs from the A to
B inputs.
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The CAS signal is generated on pin & of 21J under the following condilions:

1. During a refresh cycle, the refresh CAS (REFCAS) signal on pin 5 of 21J causes the CAS cutput to go low
for the entire refresh cycle,

2. Whenthe B outputs of the multiplexers are selected, the 1Y output on pin 4 of each LS258 goes high and
ig applied 10 1C 22H with the cutput of 22J pin 10, which goes high 60 nanoseconds after the leading edge
of the RAS signal. When all inputs are high, the output of 22H pin 8 goes low, bringing the CAS signal on
pin 6 af 21J to low and providing the column address and GAS cantrot signals to all of the DRAMS.

® - 200ns
RAS (IC17F PIN 6) / \ SR BN B Y A W

SEL (IC22J PIN 12) jr‘“‘“““‘“""’“\ RN RN R
&60ns
(1G22 PIN 10} ' y \ m

MUX 1Y QUTPUTS /) \ /_\_/—\_/'_L/_\___

REFCAS \

CAS \ / \

MEMORY READMWRITE REFAESH CYCLE

R

FIGURE 2-42. ADDRESS MULTIFLEXER AND CAS TIMING DIAGRAM
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2.3.2.11 Z-80A DRAM Bank Select Circuit (Figure 2-43)

The Z-80A addresses the DRAM as two groups of four, 64K-byte banks via two }C ports (Tabie 2-18). Each
bank containg 56K bytes of DRAM dedicated to that bank and 8K byies resident RAM (QEOCOH 1o OF FFFH)
which is common to ali of the banks. The Z-80A RAS inhihit and DRAM address selector circuits always select
the same region of mermory for resident RAM, regardless of which bank is selected.

Port 28H determines which of the two DRAM bank sets is selected by address bit A18, which is output from
the the L5258 (15F pin 6). When this signal is low, as in the power-on detault condition, hanks 0-3 are se-
lected, when it is high, banks 4-7 are selected. The four most significant hits from port 18H enabie one of four
banks in the selected group. (Only cne bank may be enabled at a time: enabiing twe banks causes improper
bank selection.) Both 1O port outputs are suppiied to the address selector circuit (Section 2.3.2.12).

PORT 18H 12
(CBG PIN 7) frmmemmerse) JaF
IOWR 20
{IC23E PIN 6)
19
sl ©K g
r—m—-—-?— D7 Q?—g—-—-—-—-———‘i MB3
FAOM [IRSSS— " T 7| M- AOS—— ¥ | ] TO DRAM
SYSTEM 4 5 ADDRESS SELECTOR
DATA BUS i’"“m"""*s'Dﬁ Qbp-~——ri MB1 | AND STATUS REGISTER
PR T PR W ¥ § MBO
R
I1
FROM SYSTEM
RESET

FIGURE 243, Z-80A DRAM BANK SELECT GIRGUIT

TABLE 2-18. Z-B0A BANK SELECTION

28H

18H

e Tt e [ w Y v N i Y e Y e Y o)

g
0
g
Q0
1
1
1
y

oo oD ooCcoo
o0 Cc o oo ac
o R o T o e S e I o e O o
o o000 Cc oo
I e R T e T T R e
=R I = = T B R
- oo D - O oo
[T o N T T o e
T B B o o N o S
o R o R S o T R o J
e O A O A a4
R A A A
LA A
Mo oM oM OO M

X = Controlg gther funcions {See Chapter &),
NOTE: Bank 4.7 are valid ooty when 5124 system BAM 5 nstalled.
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2.3.2.12 DRAM Address Sslector Circuit {Figure 2-44)

The Z-80A supphies sixteen address bits 1o setect any location in its 64K byle address space (Table 2-19). The
DRAM address setector is used to convert the outpul signais from the bank setect circuit to the required four
upper address bits, and also switchas thermn with their 8088 equivalents it the BO88 CPL) is enabled G 17F
selects which CPU address signals are output 1o the system address bus. When the Z-B0A (s selected, the
input an pin 2 goes low, causing a high output to be applied to pin 1 of the L5157 {20C) to select the B set of
inputs from the Z-80A bank select ciouil.

IC 14F is used to encode thee of the bank select signals inte the correct address, H bamk 0 is selected, all
inputs are low, and the upper address bity are ow. The bank groun gelect signal, from pin 6 of the L8253, is
applied to the 3B input; the 3B inpu is switched to the 3Y output, address bit A18,

The gate input {()on pir: 15 is used 1o ensure that the circuit is in bank ¢ whenever resident RAM is selected.
The EOOO signal is supplied by the Z-80A range selec circuil, which s active low when the Z-804 accesses

mernory in the EOOOH to FFFFH range. if this input is low, the LS157 disables the outputs, bringing them alt
low.

000 ! :
200 5

4 G
8219 ¥ Mls
BATE § LI LYY
5 12
BA17 § 28 A g AYE
BA16 ¢ 2 14 ha‘r..g...—._._...’:,mg
/ﬁ 4B g 2Y -Lumw-m-m{ A1T
10 = a
GROUP SELECT {IC15E PIN6) + - b 4 P U T
MB4 5 6 &
MBa —4 28
o (200
MBZ $— | & 3
10 18
SEL
1
CPU SELECT {IC15F PIN 5) 2 3
ADEN ! s ZSEL

FIGURE 2-44 DRAM ADDRESS SELECTOR CIRCUIT
TABLE 2-19. Z-80A BANK LOCATION IN 8088 ADDRESS SPACE

Z-80A BANK NUMBER 8088 ADDRESS LOCATION
0 P )
100001 — — 1TFFTH
2 [ o g -

2 30000H i

4 ADADOH — = AFFFFH

2 SOO00H -~ - BFFFFH

G BOOODOH — - SFFFFM

! TOOO0OH — — ?FOFFH
£ B0A remdant memiery 8 always iocaled on pank O B0 EFFFH
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2.3.3 110 Control Circuits

The /O control circuils support the IfO devices, providing select signals 10 each, and are needed to generate
readfwrite timing pulses. Differencas in 8088 and Z-80A architecture necessitale, in some instances, dual O
circuitry to provide Lhe required control signais.

2.3.3.1 O Write Signal Generator (Figure 2-45)

The write signal generator provides a low autput from pin 6 of IC 23E tainitiate an VO write operation in Z-80A,
BO8B, or 8237 DMA modes. An /O write in any of these modes causes one of the three inputs of this gate to go
high, inducing a low oulput,

In Z-80 operation mode iC 23E pin 12 goes high when alt lhree spuis are Iow. The signal :nput af gin 2
causes the O write pulse-width to be a maximum of two clock cycles,

In 8088 mode an I/C write pulse is generated whenever the /M pin of the CPU is high during a weite operaticon.
In 8237 DMA made, when the DMA coniroller is performing a memory o output transter the MR pin of the
selected 8237 goes low, initiating a read operation from: systerm memory. loputs on pin 9 and 10 of 23E, in
conjunction with the MR signal, cause output at pin 8 to go high tor three clock cycles, rasulling in a fow al pin
& of 1C 23E, which loads the data nto the selected VO device,

10R0 ’—1C 12
o 2 23E
IWR ——

Cs F———

T —1g 25e 12 £ | 23E & MOWR

23E

2.3.3.2 11O Read Signal Generator (Figure 2-45)

The read signal generator provides a low ouiput from pin 12 of 1C 24E for /O read operations in Z-80A, 8088,
ar 8237 DMA operation modes, causing one of the three inputs of this gaie 10 go high., resuiting in a iow
oultput.

In Z2-80 gperation mode 1C 25E pin 10 goes high when both inputs on pin 8 and 9 are low.
In 8088 mode an IO read pulse is output whenever the M/ pin of the CPU is high during a read operalion.

In 8237 DMA mode, when the DMA controller is performing a transter to memory from an input device, the
MW pin of the selected 8237 goes low, initiating a read operation from the selected 110 device. inputs on pin 8
and 10 of 24k, in conjunction with the MW signal, cause the output on pin 8 16 go high for three clock cycles,

resutting in a low at pin 12 of IC 24E, which loads the data from the selected /O device into the specified
memaory tocation,
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IORQ 23

FRD g
- 2
M/| oo}
8RD o0

Qof-m—-—g-d
o)L T—

MW 11

IORD

FIGURE 2-46. READ SIGNAL GENERATOR
2.3.3.3 1/0 Address Decoder (Figure 2-47)

The I/O selector, LS154 (8C), decodes all of the base 1/0 port locations. This circuit decodes address bits A2
through A5 to set one of its sixteen outputs low, supplying chip select signals, CS, for the various 1/O functions
on the APX-ISYM board. Table 2-20 describes the 1/O address map.

The 1/O selector is enabled only when pins 18 and 19 are low. Pin 18 is tied to address bit A6 and pin 19is a
combination of address bit A7 and the ADEN outputs of the master and slave 8237 DMA controllers. There-
fore, the 1/O selector is disabled when A6, A7, or either of the ADEN signals is high.

A7+——(q

ADEN

v

13

A5 =2
Fyy—
P ym—l

AB (]

14C

20

22

23
18
19

NIB')W O O

15— Y15
14p—-1Y14
13p—sv13
12p—s Y12
1Mp—s Y11
10 5

LS154
(8C)

4
2
1

o—iY6
o4 Y5
o4 Y4
o—4Y3
o—4 Y2
p—4 Y1
po— YO0

O~ NV W A OO N ® O

Y14
Y15

CSCRT (CN10 Pin 22)
146818 (18A) AS (Pin 14)

4+ CMOS RAM SELECT
4 CPU SELECT
ey BANK GROUP SELECT
I———-—O IPL SELECT
4 5 6] 12
Q0 Q1 Q2 Q5
“qE LS259 RH2—4 FROM SYSTEM RESET

A B C D

11 21 31 131

A2 A3 A4 Do
{See legend)

]
; 13C 6 1 3
‘rs 2| 14F
(IC14D PIN 8) IOWR

PIN CONNECTION
1% 8253C-5 (10C} CS (Pin 21)
17 8253C 5 (9C) CS (Pin 21)
Y2 8258AC-2 (9D) CS (Pin 2)
Y3 8259AC-2 (8D} CS (Pin 2)
Y4 7201C (18B) CS (Pin 23)
Y5 8255405 (164) CS (P 6)
G LS541(21A) G2 (Pin 19)/1:5273 (11€) CK (P 11)
Y7
:g System Configuration Latch
Y10
Y11 CSCCR (CN10 Pin 13)
Y12 LS541 (20A} G1 (Pin 1)
Y13 TESAC (13A)
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FIGURE 2-47. /O ADDRESS DECODER AND.SYSTEM CONFIGURATION LATCH
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TABLE 2-20. /O ADDRESS MAP

HEX BASE

OFFSET

Spesker mmer
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...........................................

SOFT s Mo, 1
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2.3.3.4 System Configuration Latch

The LS259 system configuration latch (IC 15F) is used to establish the signal conditions which enable the Z-
80A or 8088 CPU and associated memory devices. The bit-addressable latch, illustrated in Figure 2-47 with
the I/O decoder, is addressed as a series of I/O ports (see Table 2-21). At power-on the chip is reset by the
system reset pulse to select the Z-80A, IPL, and banks 0-3 of DRAM.

TABLE 2-21. SYSTEM CONFIGURATION LATCH FUNCTIONS

1/0 PIN NO.

ADDRESS FUNCTION IC15F HIGH (1) LOW (0)
1CH Z-80A IPL enable 12 IPL disabled IPL enabled
20H* CMOS RAM select 4 enabled disabled
24H Active CPU select 5 8088 active Z-80A active
28H** Upper/lower bank select 6 Banks 4-7 Banks 0-3

*This function is valid only when the Z-80 CPU s active.
**Port 18H is used to select one of the four active banks. Valid only in Z-80A mode.

2.3.4 Programmable Devices

The function of each of the programmable devices is determined by the values written into its command
registers. This section describes the default functions; for additional information on these devices refer to
Chapter 6.

2.3.4.1 8253 Programmable Interval Timer (Figures 2-48 and 2-49)

Two 8253 programmabile interval timers (9C/10C) are located on the APX-ISYM circuit board. Each of these
counters is dedicated to a specific function within the system, as described in Table 2-22.

Counters 1 and 2 of 9C generate the baud rate clocks that are supplied to the 7201 multi-protocol serial
controller for the keyboard and RS-232C interfaces. Both of these counters are programmed to operate as
square wave generators. Counters 1 and 2 of 10C are used for interrupt timers and are not configured in the
IPL; the two interrupt channels assigned to the timers are disabled. The function of these devices can be
defined by the resident operating system or application program. Tables 2-23 and 2-24 describe the functions
of the 8253.

TABLE 2-22. 8253 PROGRAMMABLE TIMER FUNCTIONS

IC COUNTER NO. GATE CLOCK FUNCTION

aC 0 +5V 1.99MHz Speaker frequency
9C 1 +5V 1.99MHz Keyboard clock
9C 2 +5Vv 1.99MHz RS-232C baud rate
10C 0 Port 18H, bit 0 Keyboard clock Speaker duration
10C 1 +5V Keyboard clock Interrupt timer
10C 2 Port 18H, bit 2 1.99MHz Interrupt timer
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+5
[}
° GATE 2 16
0o 0 e
2 8 w 11
[o]
D7 o7 © 17
Z out2 Pl & RS-232C BAUD RATE
o i |23-4—e=KEYBOARD CLOCK
10WR "—-——‘—;G WR 1
e lm 0w 0 Ho 1 —e= SPEAKER FREQUENCY
10RD RD 0 18
21 CLK 2
Y1 ()C8C PIN 2) ¢—~8s} CS N 15
Al 20 At ® !
e
18 o 9
AQ f————Tg AO )
1.9968MHz
cate 2 |16_| o MEMORY BANK
00 Do ' REGISTER D2 OUTPUT
! & 45
{ { - ol | MEMORY BANK
o7 b, W “® REGISTER DO OUTPUT
¥ out2 Pt s |R1(ICOD PIN 19)
— 2des @ i H3{—a IR5 (IC8D PIN 23)
¢ &0 10
—— 22 =5 ' ) # SPEAKER TIMER
o 2 0P cike PBL o 1.9968 MH2
YO(C8C PIN 1) ~2&d T3 o 15
20, @ !
PR = = Y 9
0 [
Y] S— PV

FIGURE 2-48. 8253 PROGRAMMABLE INTERVAL TIMER CIRCUIT

TABLE 2-23. 8253 PIN DESCRIPTION

PIN NO. SIGNAL DIRECTION DESCRIPTION
1-8 D7—D0 IN/JOUT Connected to data bus. Used to read/write counter values and
configure individual counter modes.
23 WR IN Connected to system IOWR signal. Loads selected internal
register when input is low.
22 RD IN Connected to system |ORD signal. Places contents of selected
internal register on bus when input is low.
21 CS IN Connected to I/0O decoder. This input must be low for any read
or write operation to the device.
19,20 A1,A0 IN Connected to address bus. These inputs, in conjunction with
RD, WR, CS, determine which internal register is selected.
9,15,18 CLK 0-2 IN Counter Inputs.
10,13,17 OuUT 0-2 ouT Output signal is dependent on programmed counter function.
See text for details.
11,14,16 GATE 0-2 IN Used to control counter. Some of the counters are always en-

abled (+5V) and other are triggered by port 18H.
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TABLE 2-24. 8253 INTERNAL REGISTER SELECTION

cs RD WR A1 A0 FUNCTION

0 1 0 0 0 Loads to counter #0

0 1 0 0 1 Loads to counter #1

0 1 0 1 0 Loads to counter #2

0 1 0 1 1 Control word

0 0 1 0 0 Reads from counter #0

0 0 1 0 1 Reads from counter #1

0 0 1 1 0 Reads from counter #2

0 0 1 1 1 No operation (high impedance)
1 X X X X Disabled (high impedance)

0 1 1 X X No operation (high impedance)

Sound Generator Circuit

Two of the counters are used to supply inputs for the sound generator circuit, shown in Figure 2-49. The
values programmed into counter 0 of 9C and counter 0 of 10C determine the frequency and duration of sound
generated from the internal speaker. Counter 0 of IC 9C is configured as a square wave generator; counter O
of 10C is configured as a one shot which is triggered by bit 0 of port 18H.

When pin 10 of 13C is brought low, the speaker frequency is output on pin 8 (13C) under two conditions: 1)
setting bit 2 of port 18H to high causes sound to be generated continuously, and 2) a transition from high to
low on bit O of port 18H causes sound to be generated for the duration specified by the programming of
counter 0 of 10C.

The output on pin 8 (13C) is processed by the wave-shaping circuit consisting of R48, R49, C27 and IC 4C. The
output of this circuit is input to the power amplifier consisting of C1, R50, VR1, C90, C16 and IC 5C.

VR1 R50 4069 R49 ?
5 10K sk O 5 g, 220K 8 S 4 outo
4 AN/ 'VV\"H“‘ e | o (ICQOCUTN 10)
0.
5 NJM o———-—-—-——-——.—.
386 | == 0.1 1o czl': +5
5C 3 [ce0 R48 -
cie |4 5 | 560P 10K TCTIE PIN 15)

47 u
16V
+12L

e

J—— o ') 'Y

A\

SPEAKERS 2 W

FIGURE 2-49. SOUND GENERATOR CIRCUIT
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2.3.4.2 7201 Multi-Protocol Serlal Controller (Figure 2-50 through 2-53)

The 7201 multi-protocol serial controlier {MPSC) is a very flexble, two-channel serial interface chip responsi-
bie for communication with the keyboard and external devices. The 7201 converts data from the CPU into a
serial bit stream, and converts serial input data to a format compatible with the CPU.

The 7201 has two channels: channel A is reserved for synchronous communication between the system unit
and the keyboard; channe! B is available as a general purpose BS-232C serial interface. Refer o Tables 2-25
through 2-27, and to Chapter 6 for additional information on configuration of the 7201 in the QX-16 by the |PL
firmware.

The operative CPU {Z-80A/8088) communicates with the serial controller via the B-bit data bus. The 7201
interrupt signat {INTR, pin 28) is connected into the master interrupt controller circuit (IC 8D pin 22) to allow
fast response. (Software design determines the optimal use of this feature )

The 7201 has 23 internal registers,which configure the device, provide status signais, and buffer serial data
for the hast CPU. Eight basic registers are selected by various combinations of the BfA, C/D, WR, RD and CS
signals. The exira registers used to configure the device are accessed via software. Refer to Table 2-27 for a
description of the eight basic registers; refer to Chapter 6 for more information on the 7201,

3

OUT1 (ICEC PIN 13) k——t TXCA AD
RXGA A1
VTR i P} a2
RESET (IC150 PIN 12) oo log] FES g :i DATA VS
184 (ICHD PIN 22) }-—-—-——-—--ﬁc NTR § AS
Y4 (ICBC PIN 5} 22 58 & A8
21 | — AT
IOWR {IC23E PIN 5] frmmranarr 2] WL
KORD (IG24E PIN 12) frmnmmarmerrrm o2 D
Al B o
PY TSP F 7

FIGURE 250. CPU BUS TO 7201 CIRCUIT

TABLE 2-25. 7201 BASIC REGISTER SELECTION

c/iD WR RD cs A/B  CHANNEL FUNCTION

0 4 1 4] 0 A Writing ransmission data
1 B
0 A -

0 1 ¢ a Reading recewed dalta
1 B

1 0 1 0 0 A Writing the commandiparameter register
1 B (WRO0.7)

1 1 o 0 0 A Reading from Lhe statusivector regisier
1 B (RRO-2)
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Channel A: Keyboard Interface

All output signals to the keybeard are driven by 7406 open-collector TTL inverters, and the receive data input
is buffered by a 4584 CMOS inverter (Figure 2-51).

Gommunication with the keyboard is pericrmed synchronously at 1200 baud. Receive data on pin 34 {RxDA)
is sampled on the leading edge of the recewve clock signal, pin 35 (RxCA) of IC 1B. Transmitted data on pin 37
(TxDA) is sent on the trailing edge of the transmit clock signal, pin 36 (TxCA) of IC 1B.

The keyboard power (+ 12V) is momentarily switched off whenever a system reset occurs, causing the
keyboard to be re-initialized. Pin 9 of IC 120 is connected to the system reset signai; when this input goes low.
the output on pin 8 goes high, turning off transistor Q4 via 1C 1C.

CHL
4+ 05 2z 4 %
[=1
T e
QI} O
T
LI
i, st
7 1300pe s
Pl e e
; L k.
" %‘ - -
153t e s RSN T I 3
. 3 Tca
s g
oy
o

- P e e e R M £ Y o UT T ICGC PN 13

1 RESET {IC150 PIN 12)
|+ a
i LT
u“} - . IC R % v]ﬁ

. - N - Tt | TN 2

.|24-] ]'E?_Q) _

L AT

FIGURE 2:61. KEYBOARD INTERFAGE CIRCUIT
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FIGLRE 2-52. KEYBOARD TIMING DIAGRAM




_MIM-QX16 PRINCIPLES OF OPERATION
JANUARY 1985

Channel B: RS-232C Serial Interface

IC 4A (Figure 2-53) is a 75188 line-driver which provides sufficient signal level for the outputs to be compatible
with the RS-232C standard. ICs 1A and 3A are 75189A line-receivers which convert incoming RS-232C sig-
nals to TTL signal levels compatible with the internal circuitry.

The baud rate for the RS-232C port is determined by counter 2 in IC 9C, or externally, based on the jumper
settings described in Table 2-26. The RS-232C interface can be used for most applications by referring to the
pinout and signal description for the RS-232C interface in Chapter 6. Non-standard devices or special appli-

cations can usually be accommaodated by careful use of the jumpers located at the rear of the APX-ISYM
board, under the option slot cover.

NOTE: The DSR (Data Set Ready) signal on pin 6 of CN2 is not input to the 7201; it is read as Port B bit 0
(PBO) of the 8255 programmable 1/O controller,

- [V

2
a
> [1e]
[ o (o) w
P ' it
ol TX30 T

H m HH Y NI HH Q

fiea iz o7 f agcss——BllBd):

o

82 ,185
{i2BF-253D-01
x 12

+12L

1S52778 CI8 O.ln
Viw [
AN/ 7 ces

75188 7
3 T 3900 4A
75188 D2 1
; O)az ‘1552773 cis
4A 22*0 5 -l2v olp
— L R25
544 3.3k
R6
2"% s OUT2 (IC9C PIN 7)
. e T 5 +PBO (IC16A PIN 18)
b= b= <X < <l [2e] 8 E E
e FEER P EE
(1B) 7201C e 59 gzymyaen|
FIGURE 2-53. RS-232C INTERFACE CIRCUIT
TABLE 2-26. RS-232C CONFIGURATION JUMPERS
JUMPER SIGNAL DIRECTION FUNCTION
J1 A DTR IN Data Terminal Ready. Normally closed.
B REV IN Reverse channel,
Al Input of RXCK Selects the internal baud rate clock. Normally closed.
Jo* A2 signal from —
B1 RXC IN Selects external inputs as baud rate clock. Normally
B2 DB IN open.
A DSR IN Pull-up of the control line. Space status is set with the
J3 B DCD IN pull-up on. Normally closed.
C CTS IN

*Only the A or B set of pins J2 should be jumpered, not both.
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TABLE 2-27. 7201 PIN DESCRIPTION

PIN NO. SIGNAL CHRECTHON DESCRIPTION
12-19 oo—D7 INFOLT B-bil data bus used for ransmission of déta. commsand. and
status between the 72071 and the CPU.
28 INTH QuT Interrupt raquest signal output.
27 INTA IN Interrupt acknowledge input,
25 Bia IN ig@ciﬁ.es the channgd for reacdiwriie opergtions, Connected o
24 Cio IN Indiicates that the information on the data bus is data, cormmand,
o stalus, Connectad to A1
23 Ca I Enables data transfer to 7201, Connected to /D decoder Y4
output.
2 RESET IN Resat 1nput. Connected to system input.
22 RD I Connected 1o system X0 read signal.
21 WR IN Connected to system M0 wiie signal.
1 " IN Ciock input. Connected 1o Z-804 clock. {3.99MHZ)
435 RXC IN Receive ciock.

Ghannel & — OUT1 (IC 8C pin 13
Channei B OUTZ2 {IC 8C pin 17)

7.36 TXC M Transmii chock;
Chanmel A — QUTT {IC 9C pin 13)
Chanped B — OUT2 {IC 8C pin 17}

.39 CTs IN Indicates transmisson permission from an exlernal device and
controis data transmission.

26.31 OTR ouT irdorms the recaiving device that the ranamitting communica-
tion channegl s reacy,

934 RXD IN Serial data line lor received dats

B 37 TXD oul Senal data line tor transmitted data

10.38 RTS ouT Tranzsmssion permission from an external device.

35 Dok IM INChcales ransission permissicn Irem an axternal device.,
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2.3.4.3 8259 Programmable Interrupt Controller {Figures 2-54 through 2-56)

Two B259 programmable interrupt sontrollers (8D/90), connected as shown in Figure 2-54, provide 13 inter-
rupt inputs or levels. The interrupt controliers operate in a master-siave arrangement with |G 9D acting as the
master. These two devices are configured differently depending upon the active CPU. {Refer to Tables 2-28
and 2-29.)

When z valid interrupt condition is detected, the master (9D) outputs a high interrupt (INT) directly to the
interrupt {INTR) input on the 8088 CPU, ar through an inverter (200) to the Z-80A interrupt (INT} input, and the
active CPLU! then responds o the inlerrupt reguest,

PCa (IC16A PIN 17) — 21 \Ro WRpE | TOWR (IC23E PIN &)
INTSL1 (IC7F PIN 18) —— 2 IR+ AD -2 TORD (C24E PIN 12)
20
IRQ (IC238 PIN 8) —=2 |72
{ ) 21 A0 EL— ag
INTSL2 (IC7F PIN 17) ——={ IR3 "
INTSL (IC7F PIN 18} y—rrrid IR4
QUTZ (IC10C PIN 13) . B3R5 g1, D1
24 D2 DATA BUS
IR D3 D0—D7
=5 | |R7
Dé
Ds
264 iWNTA 06
17
INT e
Y3 (IG8C PIN &) 14 T8
SP 2 1 0
/_J;s 15 |13 |12
15 |13 |12
27TTg
8 cAs_ | , L
PWD (IC12F PIN 12) § 1RO WA P2t [OWH (IC23E PIN 6)
OUTZ (IC10C PIN 17) + 2 A BD p-2ennt [ORD (IC24E PIN 12)
20
INTF4 (IC6F PIN 12) ¢ IR2 27
INTF2 (IC6F PIN 11) 4 211 \na AD e
22 DO

INTR (IC4D PIN 10) § IR4 o1
INTC (CN10 PIN 6) § 2Z21IRs  (apy

bl D2
iNT (IG13A PIN 18) ¢ 24 ire 03 DATA BUS
IR7 o4
L oe | 05
INTA (IC22E PIN 8) —8—25q iNTA 06
INTR (IC16C PIN18)INT (IC200 PIN 3} f— | T o7
¥2 (ICBC PIN 3) fm— TS
SP
415
+5

FIGURE 2-54. 8258 PROGRAMMARLE INTERRUPT CONTROLLER CIRCUT
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TABLE 2-28. 8259 PIN DESCRIPTIQN

PIN NO SIGNAL DIRECTION DESCRIPTION
1 C5 IN RD and WH are valid when CS 15 low. Note that INTA s not
affected by this signal.

4-11 Do—-07 INFOL T In read mode, these lerminas autpul 8 bits of data from the
status register or interrupt vector; n write made, commands
are written in

16 SP IN Deiermines wheli:er the 8258 = {0 operate as a masler (SP=1)
or & slaye controller (SP=0).

27 AQ IN Along with signals C5, WR. and AD, thig 12 used 10 write com-
mands ar read conlents of & regster

12,1315 CASD—CASZ INFOL. T Quiput terminals when the 8259 15 used as a master (SP= 1)

andd nput lerminals when i is used as a slave (SP =0}, To con-
tral & system of more than ong 8258, the CAS lines form the
bus of the 8259,

17 INT ouT When the 8259 requesis interrupt, iNT goes igh to deliver an
interrupt request to the CPU or masiar 8259

26 INTA IN Permits 8258 interrupt vector data outpul. This operation s per-
formet in the sequence of INTA generaiad by the CPL.

18-25 IRO—IRY IN These tarrmngs are asynchronous inputs. |80 has the tighest
nterrupt priority by default.

TABLE 2-29. 8259 INTERRUPT LEVELS
CONNECTION INTERAUPT CAUSE PRIORITY

IRC Power gdown datection uiterrup! High-arder
IR1 Saoftware timer #1 interrupt ‘
IR2 Extarnal {onton) interrupt INTF 1
IH3 Extzmal fopton) interrupt INTF 2

Master R4 KeyLoard/RS-232C interrupt .
IR5 Unused '
IRE Floppy contralier inteript !
"7 St controter i
IR0 Printer interrept :
IR External {option) interrupt #1 - INTSL
IR2 Calendar clock interrugt
|F3 Externzl {opton) interrupt #2 - INTSL

Siave A4 External {ogtion) interrupt #3 - INTSL
[R5 Software trner interrunt #2 '
IRG Wnused
IR7 BN ce l.owe-arder
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Interrupt Acknowledge Circuit

The Z-80A and 8088 CPUs each use different contiol lines to signal acknowledgement of an interrupt. The
circuitry composed of IC 220, 22E, 23D,and 24F (Figure 2-55) is necessary (o implement a slandard interrupt
acknowledge {INTA} for the 8259s.

e 9

BINTA B
0 c fHTA {{CBD,O0 PIN 26)
.

23D

ZWHR
HESET |

FIGURE 2-55. INTERRUPT ACKNOWLEDGE GIRCLHT
Interrupt Response Sequence

NOTE: The following describes the interrupt response sequence when the Z-80A is set in interruet mode 0
and the 8258 controflers are in the default state set by the IPL. The first three steps of the response
sequence are identical for either Z-80A or 8088 operation. Refer to Figure 2-56 for a timing diagram
of the interrupt response sequence.

1. One or more of the interrupt request lines (IR0-7) are set high, which sets the carresponding bits in the
inferrupt request register (IRR).

2. The 8259 evaluates the pending requests, and sets the INT output high if necessary
3. The active CPU responds,causing a low on the INTA line.
Z-80A Operation:

4. The interrupt controller sets the highest priority level bits in the in-service register (ISR) and rasets the
appropriate bit in the IRR. A CALL instruction (OCDH) is placed on the data bus.

5 The CALL instruction generates two more INTA pulses from the Z-80A.

6. Thetwo INTA pulses cause the 8259 1o release the interrupt vecter address: low order address byte first,
followed by the high order adaress byte.

7. ltthe 8259 s set for autematic end of interrupt {AEOI), it automatically resels the corresponding bit in the
ISR, otherwise, it waits for a specific EOl command to be issued at the end of the interrupt subroutine.

8088 Opearation:

4. The interrupt controller sets the highest priority level interrupt bit in the in service register (ISR} and
resets the appropriate bit in the IRR. The 8259 does nat drive the bus at this time.

5. The 8088 CPU generates a second [NTA pulse. During this pulse, the 8259 releases a one-byte vector
onto the data bus to be read by the CPU.

6. W, at the completion of the interrupt cycle, the 8259 is set for automatic end of interrupt (AEQI, it auto-
matically resets the correspending bit in the ISR, If not, it waits for a specific EOl command 1o be issued
at the end of the interrupt subroutine.
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iNTR \ /
m W o Jl

lerrrupt acknowladge

sgns
IORQ
MREQ ( v/
RD { S S
WR

Ragat
iNTA
DATA ~(_CALL ) Add)—{Add s
FIGURE 2.66. INTERRUPT RESPONSE SEQUENCE TIMING DIAGRAM Z-80A)

2.3.4.4 8255 Programmable Peripheral Interface (Figures 2-57 and 2-58)

The 8255 programmable peripheral inlerface is used for four different purposes in the QX-16, as detailed in
Table 2-30. The primary function is to provide the necaessary hardware for the paraiiei printer interface port
signals on CN3 (refer to Figure 2-58). Secondary operations include monitoring the DSR line of the seriai
interface {described in Section 2.3.4.2, in the discussion of the senal interface); controlling the step move-
ment of the readiwrite heads; and reading the status of the extended memory bank switch. Table 2-31 details
pin use in the 8255, Initialization is performed by the IPL program, as described in Chapier &.

TABLE 2-30. 8255 PORT FUNCTIONS

PORT BITS FUNCTION

Port A bits -7 iJsed 1o siore the oltput byte for the printer.

Porl B bt 0 Used o sense the state of the Data Set Ready (D8R} line of
the sarial interlace.

Pod B bit 1 Lsed 1o read the status of the extended memaory bank switeh.
This value 1 2 0 f banks 0-3 are selecled and 1 if banks 4-7
are @ Use.

Port 8 s 3.7 Wsact to read prnter siatus,

Port biis 0, 4. and 5 Lised to putput control signals.

Paort brs 3 ana € Used to wmplement the interrupt circuit for printer handshake.

Port T bt 1 Lsed to contral pperation of the stepper motor which moves

tte floppy disk readiwnte heads. This valug is a 0l the drives
ara operating in 48 TPl mode or 1 for 96 TPl mode. Reler to
Chapter &
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PARALLEL
DATA
)l Ous JlOus
(min) trin)
DATASTROBE |
""I '_._I.Ojll {min}
300psimax)
ACKNLG __,_{
- ACK DELAY. e
(For Data) Ack
“HackoeLay
BuSY I L{For Busy Condition)
BUSY DELAY —ay |—-—BUSY——

FIGURE 2-57. PARALLEL TIMING SEQUENCE
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FIGURE 2-568. 8255 PROGRAMMABLE PERIPHERAL INTERFACE
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TABLE 2-31. 8255 PIN DESCRIPTION

PIN NO. SIGNAL DIRECTION DESCRIPTION
00—D7 INSOUT Conneacted ta the CPU data bus and used far data transfer with

the CPLIL

3] CS IN Active low inpu! o allow VO operabon. Connecied to LS154
{C 82 pin B3,

1-4 and PAD — PAY ouT Usad &8 & data oulput pon 0 tha printer
37-40

16 FEBO IM This signal shows whether dewce i ready or not (RS-232C
signal).

19 PE1 IN Bank aroup status inpat
0 = Banks (-3
! = Banks 4.7

21 PB3 I A low actve input sgnal wndhcates printer errar

22 PB4 it Accepts the paper-end signal from the pnintar,

23 PBS IM Low = Fenter is ready 1o receive data.
High = Frinter ss busy and cannol recave data.

24 £B& IN Low active signal delecis prater power down

25 PBY ™ Indicaies that the printar is in the seleci slale, &nd operabon
15 effective.

14 PCQ our & low active srrobe pulse generated when data is sent to the
printer

15 PCH ouT Caonirois floppy disk mode,
0 = 48 TPI
1 =96 TR

17 PC3 QuT Anomgrrupt inpui Lo the 82594 nterrupt controller (80,

13 FC4 auT By setting this signai low. the printer autornatically tine feeds

after printing the nput data.

12 PCS our An actve low signal valid at reset by power on. reset switch,
or an external KO, At this time, all the iniernal registers {inciuding
the contral regsster) are cleared,

89 Al AT N Connectad to the CPU addresses AQ and Al and used for
mede selting of the B2E5A in conjuction with 10RD and IOWR
signals.

5 RD N Connected IQRD line. Used to read data from inputs.

36 Wh IN Connected IOWR line. Lsed 1o write data and configure the

§255.
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2.3.4.5 Floppy Disk Controller — (PD765A, GAFDDC, and SED9421COB (Figures 2-58 through 2-66)

Three LS| integrated circuits are used tc interface the CPU to the disk drive: the 785 floppy disk cantroller
(FDQ), the GAFDDC custom LS floppy disk interface, and ihe SED3421C0OER data separater (VFQ). The FDC
accepts commands from the CPLL reports the status of the command execution, and retrieves and stores
information from the floppy disks. The GAFDEC interface chip includes the custorn circuitry required to
enable the FRC to control the S0-543 disk drives. The SED9421C0OB VFO separates the data and clock
pulses read from the floppy disk, and provides critical timing signais to the FDC and GAFDDC.

765 FOC
WRITE
DATA SEDY421
0
VFO GAFDOG
READ AN
DATA Q
|—
=
o
\7
FDD-B FOD-A
(SD-543) {SD-543)

FIGURE 2-59. FLOPPY DISK CONTROILLER ELOGK DIAGRAM
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CPU to 765 FDC Interface

The basic configuration of the 765 for the double sided, double density operation of the QX-16 is provided in
Figure 2-60. The 765 interprets afl commands issued by the active CPU and initiates the approriate control
signals; some are used as inputs to the GAFDDC and others control DMA transter {Table 2-32).

Clock inputs to the 765 are supplied by the SED9421. The two clock signals are CLK, a 4 MHz square wave,
and WCLK, an asymmetrical square wave of 500 KHz. The other inputs 1o the 765 from the VFO are the
separated data (RD) and the window timing (WND) signals.

Standard 1/Qinterfacing is used to convey the daia to the system bus. When the host CPU issues a command
to the 765, the port address causes the VO decoder (8C pin 18) to go low, bringing the chip enable input, CE,
{13A pin 4} iow and enabling the FDC. The command byte is loaded into the command register when the WR
line is pulsed low. A low address bit AQ selects the command/status register; a high selects ihe data register,

In the DMA maode, the active CPU igsues the command and the 785 then reguests service by raising the DMA
service request (RDREWQ) line {pin 14) to high, signaiing the 8237 DMA controlter {(10F F pin 19). The DMA ac-
knowiedge (DACK) line is used to select the chip for each byte transferred, and the BDAWR lines determine
whether data will be read from or written to the device {Figure 2-61). Thig process continues until the pro-
grammed count is reached, at which point the 765 issues an interrupt to the host CPU and status information
can be read.

RESp L RESET pren e
(U] Y T,
AD |2 iTAD 1024 Py 17)
A = 4D

“ bl
RS pad 00
&l e 18 10 o
L 2 oz
i DATA BUS
n
R ICTEF B TR & 4:FQ] A oA Da a7t
ISJJ Ghr o4
18 05
HaE Rt e L T e ':“ |£|' 5
R ekl LT S —— o °F o
T et T VI S —— Leng .

FLAL R oa [ PR Y T R ——— o
__4>£a & om
238 l( wK

FIGURE 2-60. 765 FDC SYSTEM BUS INTERFACE CIRCUIT

WRITE READ

A0, CSBACK ¥ X ao.cspack X X
WA T\ s "0 /
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TABLE 2-32. 765 PIN DESCRIPTION

PIN SIGNAL HRECTION DESCRIPTION
6-13 Do—o7 INFOUT Connecied lo the system data Dus.

19 i IN 4MHz single-phase tlock is supphed ffom VO circui

1 RESET IN Hesel inpul

18 INT ouT indicates that FOC is requesting service. Thig is cuinut ior every
byte during non-DMA moade and dunng DMA mode oa com-
pletion of command gxecuban,

5 AQ N 0 = Siatusfcommmand register selecled
1 = Data register eelected

14 DR ouT Data transfer raquest signal betwesn FOC and memony Dy
DMA.,

15 DACK IN Incheates that DMA cycle may be entered.

39 RWISEEK ouTt Distinguishes betwesn teadiwoie (RW) and seek (SEEK) drive
interface signal. C=RW and 1= SEEK.

27 SIDE QuT Selects head 0 or 1 of & oouble-sided disk drve. D=head 0O
ang 1=nhead 1.

38 LCTiDIH ouT When RWISEEK daesignatas RW. this works as LET toindicate
that the driver's readiwite head salects s cytinder beyand #4.3.
Whan RWSEEK designates SEEK, his works as DIR o indicate
saek directian (0= oulward 1 = inward})

a7 FIL.TRISTEP ouT When BW/SEER desgnates AW s works as FLTR 10 1eset

—_ the faull state of the drive. When FIW/SEEK desygnates SEEK
hits works as STEP which ie the sesk step aignal. OUTPLUTTO
GAFDOC,

35 READY IN Ingeates drivé is ready.

34 WPRT!2 SIDE IN When AW/SEEK, designatas BW, this works as WPRT o ndicate
thiat the drive or disk is wote-protecled. Whan RW/SEEK
designates SEEK, this works as 2 3IDE which wndicates that
& gobbied sided disk dnve 15 being used.

17 INDEX N Indicates the physca start of tracks an the disk,

33 FLT/TRKO IN When RW/SEEK designates BRW, ths work as FLT to indicats
that e dresg is in faul stare. When RWISEEK designates SEEK.
this warks TEOD o indicats that the readbwnte head 15 posiioned
at cylinder

16 TC IN Indicates the end of read or write cycle by system,

30 WOATA OuT Clock and data bas to be written through the drove.

25 WE auT Enables the drive o writa data. GUTPUT TO GAFDDC

21 WCLK IN Write clock supaliad o the dnve fram VRO cirguit. S00KHz is
usad n FM made ang 1MHz in MEM mode.

23 RDATA IN READ DATA from WFO.

22 WINDOW IM Generated in VFO and used 1 sample RDATA. FDC syn.
chonizes the daia bits of RDATA with WINDOW in phase.

3 WR IN Active low input used o write commands and paramelers to
765

—_— —_
2 RD IM Actree low nput used o READ statos and dasw from 765
4 CS IN Active low mput used to select the 785 for access by aclive

CPU.
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GAFDDC to 765 FDC Interface

The SD-543 quad-density drives use the custom GAFDDC IC, easily identified at 10A on the APX-ISYM board
as an 80-pin fiat-pack, to convert standara FOD control signais from the 765 into control signals usable by the
drive. Table 2-33 provides a full description of GAFDDRC inputs: the major tirming signals for the GAFDDC are
supplied from the following sources.

1.

L

CLK input {pin 40), used as a general purpose timing signal, is 1 MHz square wave from the VFQ circuit,
QSCK {pin 46), used for spindle moter timing, is SQW output from 146818 RTC.

MS0 and MS1 {pins 56 and 57) are motor start puises from the motor fiming circuit,

RES {pin 53} is the system reset pulse.

WTR (pin 35), used 10 select 40 or 80 track operation, is supplied by 8255 port C bit 1.

) n mltrlra O O -
(134) wPovesac v & L dizle | & 560
= o = m
°n8 Fr ® uo Haxi
= E ot tf  x czdf £
27 (28293 33837 25|30 Aulzali 7R3N
s f SQW {(IC1BA PIN 23}
CK {IC11D PIN 11) +—
Lax
| e
I
i |
1
|
R L
| |
| [
| .
| I
b
SSHI {CN7 PIN 20) — ———J i |
46| 44las| selsiso| 42 a7|38]a1ag]
Z¥z2 Bth £  YREB
[EIY;] 0O o w O = x o a o
i i %] [
T GAF DOC 2

2-80

FIGURE 2:62. GAFDDC TO 765 FDC CIRCUIT
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TABLE 2-33. GAFDDC PIN DESCRIPTION

PIN SIGNAL HRECTION DESCRIPTION
310 ADO-7 ouT Tri-state bus output; nat used in OX-18.
13-20 SWo-7 IN Switch wnputs; no! used in GX-16.
11 TEST IM Test input; lied 1o + 5V,
36 TER IN Test input; tied 1o +5V.
37 THME iN Test input; ted to ground.
25 G IN Tri-states ADO-7, tied to +5V.
53 RES IN Active high resel input.
46 O5CK IN Clock for matar-on lirning: RTC SQW signal.
40 CLK IN Clock anput {1MHZ) supphed by SEDD421,
65,79 1Cx0.i0%1 IN index signals from SD-543 drives.
41 INDX QUT ingex signal output to 765 FOC.
49 RDY QuUT Ready signal outpu! 1o 765 FOC.
30,3239 HOLO,HDLY, — Head load swynals; not used on OX-16.
HOLD
66.80 CING, CINY IN For 3.5" drive; not used on QX-18.
57.58 M5S0, M51 I Motar on signal from mator conirei circuit,
29.67 MSTD FSTA ouT Motor on signats to S0-543 drives.
54.55 FOS1.FOS2 IN Sets drive typa for cutput contral signals.
o 2 FO%
2.68 TKCO.TKO1 IN Track O detect inputs for SD-543 drives.
47 TRKO CuT Track 0 cutput signal to 765.
58 SEEK IN Specifies seek mode when high and reacdfwrite mode when [ow.
Connected to 765
80 STER IN Maoves RAW head ane track per puise.
a1 DIR IN Specifies direction ol STEP cperalion.
0 = certrifugal {oul}
1 = centripatal fin)
44 45 0s0, 051 IN Connecled to 785, drive select signals.
C&0 S CRIVE
4 4] FOD-A
1 4] FOD-B
61,62 S5TPOSTPY QuUT Active low hold signal for RW siepper motor.
€9-72 STO 1.4 ouT R stepper motor drive outputs tor FDD-A.
74.77 571 1-4 ouT RAW stepoer motor drive output lor FDO-B.
35 WTHR IN Specifies 48 TP| or 96 TP mode.

Controlled by 8255 Part C bit 1.
0 = 48 TP
1 = 86 TP
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TABLE 2-33. GAFDDC PIN DESCRIPTION (Coentinued)

PIN SIGNAL DIRECTION DESCRIPTION
N SWFL o Controls time constant of read amplifers.
0 = tracks 0-42
1 = tracks 43-79
2728 SE{0SEDT out Enaples FDD-A and lurns on drve selecl |LED.
2425 LELZSELZ ouT Enables FOD-B and iurns an dinve seiect LED.
Salects proper channel for VFO data input.
SELO SELY SEL2 SEL3
FOD-A 0 1 1 ]
FOD-B 1 O 0 1
NOME 1 0 1 0
22 WG ouT Active low write gate signal,
42 WEMN IN Active high write enabig from 765
21 ERS ouT Erase timing signal.
34 WFPRS it Setects polarity of wrile protect signals; lied to +5Y.
64.78 WPRO-1 I Write protect signals from dnves.
48 WFPRT ouT Write protect signal for 179X series FDC, not used on QX-16.
28 WP2S ou~ Write protecttwe side signal 1o 765
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GAFDDC to SD-543 Interface

The GAFDDC does not control the drives in the conventional daisy-chained configuration. It uses two sets of
identical signals which are used to control the drives via connectors CN6 and CN7. These control the read/
write head positioning, motor on timing and drive select functions. Inputs from each drive consist of index
pulses, track 00 indication, and write project status.

There are three common control signals which control erase timing (ER), valid write condition (WG) and side
select (SIDE from the 765).

The data written to the drives is still supplied by the FDC through the circuit composed of IC 11D and 12D.

IC 11D acts as a divide-by-two circuit and provides complementary signals to the enable circuit composed of
IC 12D. The two AND gates disable any signals when the WG signal (10A pin 22) is high, which indicates that a
write protect condition is in effect.
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FIGURE 2-63. GAFDDC TO SD-543 INTERFACE CIRCUIT
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VFO Data Separation

The SED9421COB variable frequency oscillator (VFO) at 11B {Figure 2-84) separates the data and clock
pulses from the raw data read from the disk. Data received from the active drive via the select circuit at IC
10B is input to the VFO at pin 5, where the window (WND) and data (RD) signals are separated before being
input to the 765 at pins 22 and 23, respectively. The VFO is also responsible for generating all timing signals
for the FDC and GAFDDC chips. The clock signal used for all output timing signals (WCLK, 01 and 02) is
generated by an internal oscillator circuit, and its frequency (16 MHz) is set by crystal CR2. (Refer to Table 2-
34, and Chapter 6 for more details on the VFO integrated circuit.)

RD {CN7 PIN 17)

SEL? (1C10A PIN 26) }— — .. . > .. b0 = o2 méw%
- eI
RD {CNG PIN 17) > z Rd2 9
=TS OSET FagI ®
SELO (IC10A PIN 28) @l §3:1‘|:{=
g
CNT
LPF§ o
G E— )
WG LI Bwors i =WCLK
VDD _ o a
MMETOR| S e By 2
TR E -
|
CLK {IC10A PIN 40) %
.
FIGURE 2-64. SED3421C0OB VFO CIRCUIT
TABLE 2-34. SED9421COB PIN DESCRIPTION
PIN NO. SIGNAL DIRECTION DESCRIPTION
1 XG IN Inputs for 16MHz quartz crystal.
2 XD
3 01 ouT Clock output to 765 FDC (1MHz square wave).
5 FD DATA IN Read data from disk drive
6 WINDOW QuUT Data window signal supplied to 765 for separaling data and
clock puises.
7 DATA CcuT Data signal supplied lo 765. This signal is combined clock and
data pulses.
8 MFM/FM IN Selects recording method. QX-16 always uses double-density
(MFM). This input is pulled high by R24,
9 MIN/STD IN Selects drive speed for 5 1/4" or 8" drives. This input is always
high for SD-543 drives.
10 VSS — Ground terminal
11 CONTROL IN Control voltage input to VFO circuit.
12 OFFSET IN Offset input to set frequency of VFO.
14 WCLK ouT Write clock for 765. {(1MHz square wave)
15 02 ouT Clock output for 179X type FOC; not used on QX-16.
18 VDD — + 5V supply terminal
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FDD Motar Contral Clrcuits

PRINCIPLES OF OPERATION

The FDD motor contral signal is generated by the circuit composed of IC 218, 238, 248,and 25B (Figure 2-
65). When the CPU writes to the /O address 30H, the output of IC 24B pin 4 goes high, which starts the two
L5393 counters at 21B and 25B. The counters are clocked by the SOW output from the RTC and the count
continues untit the cutput on pin & of 218 goes high.

238

MSO ,MS1(IC10A PIN 57,58) sﬂ<t:”

8136} L5383 L5393
o
okl o 'I 1_| {255}
[21 B} g,r B ﬁ 5
12[2] 12]

Tm‘l’m .

{

o

Yo

{20

—— SQW {(ICT8A PIN 23)

4 (ﬁ p————4 [OWR (IC23E PIN 6)

L v12 (IC8C PIN 14)

FIGURE 285 FDD MOTOR CONTRGOL CIRCUIT

FDC Status Porl

Figure 2-66 shows the status post for the FDC,which can be read as port 30H. Three signals from the FDC

circuit can be read from this port:

1. BitO({pin 2 of 20A} allows you {5 read the INT output (13A pin 8) from the FOC. This signal is low to indicate

a pending interrupt.

2. Bit 1 (pin 3 of 20A) is the motor on status. This signat is low when the molor is on.
3. Bit 3 {pin 5 of 204} is the ready signal. This signal is high when the floppy disk drives are ready for

operation.

Y12 {(IC8C PIN 14)

IORD (IC24E PIN 12) —. 24 &3 a1
Yo AD IR6 (ICOD PIN 24)
Y1 Al 20D (IC21B PIN 8)
2 A2
OATA BUS I IRG (IG23B PIN 4)
Y3 ooa A3 RDY (G134 PIN 35)
00—D7
Y4 A4 MEMORY BANK #G,#4
Y5 A5 MEMORY BANK #1,#5
Y6 AB MEMORY BANK #2,#6
v7 A7 MEMORY BANK #3 #7
(641
FIGURE 2.66. FDC STATUS PORT CIRCUIT
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2.3.4.6 148818 Real Time Clock (Figure 2.67}

The real time clock {RTC) updates the time and calendar display, providing a means for programming real-
time system interrupts and alarms, and includes a 50-byte RAM. The RTC is battery-backed by a NiCd cell
connected 10 CN13, and continues 1o operate when the main power is turned off or disconnected. The RAM is
typically used to store machine configuration data.

A 32.768 KHz crystal is used for the internai oscillator circuit. This value is divided to enable clock updates
every second. Three types of imterrupt can be generated:

1. Themost commoniy used interrupt is the update interrupt, which tells the host CPU that the update cycle
is complete.

2. Aperiodic interrupt, ranging from once every 30 microseconds o once every 500 milliseconds, may be
programmed into internal registers of the RTC.

3. An alarm interrupt, which generates an interrupt reguest when the programmed alarm values coincide
with the current hour, minule, ang second, may alse be programmed.

The 50-byte RAM is accessed by assigning the address value to port 3DH and reading or writing the selected
data on port 3CH. These values are retained until changed or urdi the battery discharges ta less than 3 volis.,

The SQW output from the 146818 chip is a programmabie rate square wave generator. This signal is used as
an input to the FDD motor control circuit.

DATA BUS
0o—07

— IOWR {IC23E PIN 8)
— TORD (IC24E PIN12)

+5
Fts.%% 238

3<:Di| IR2 (ICB0 PIN 20)

238

i
L

Bpa 3
22Bp2 22BEE (vs (cac PIN 6)

1 BATTERY BACKUP LINE [CN12 C)
| PWD (IC25H PN 10)
| | RESET (1C150 PIN 12)

FIGURE 2-67. 146818 REAL TIME CLOCK CIRCUIT
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TABLE 2-35. 146818 REAL TIME CLOCK PIN DESCRIPTION

PIN NO, SIGNAL BIRECTION DESCRIFTION
2 asCA IN Input terrminals for 32 788KHz crystal
3 GsC2
20 CKFS iN Specdies drvder for CKOUT signal. Connected o ground
23 SOW auT Frogrammahia square wave ouiput used for floppy disk motor
cardror cirguit.
4-11 ADRQ- ALY INFCQILUT Mulliplexed adcress and dala fnes. Agcdress s oulpul io Dot
03DH ang data can e raad from of witten o part 030H.
14 AS [N Adgress strebe inpul Used to latch contents ol
ADO--ADT nto atdress ialch
17 DS [M Data strobe input. Achive iow inpul used ‘o regad fram or
write to ADQ —AD7
15 RAw IN Selects whether data will be read ar waten when data
slrobe input i5 1ow,
13 CE It Actve low mpul used o selecl dewice lor addess by active CTPLU
18 IAC ouT Interrupt request output. Active low o signat an
irerrupt candition.
18 RES N Achve fow Teset inplt.
22 PS IN Powar sense apsl. Connecis to GMOS battery supply to

detect low-voltage condition.
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2.3.4.7 8237 Programmable DMA Controller (Figure 2-68)

Two 8237 programmable direct memory access (DMA) controllers (10F and 8F) are utilized to provide fast,
efficient transfer of data from I/O devices to memory, or vice versa, without intervention by the host CPU. (The
host CPU is held in an inactive state while the DMA transfer occurs.) Each controller normally provides four
independent DMA channels (Table 2-36). The DMA controllers are tinked in a master slave relationship, with
10F as master and 8F as slave, by connecting the hold request (HRQ) output, pin 10 of 8F with the DMA
service request (DRQA4) input, pin 16 of 10F and the hold acknowledge (HAK)input, pin 7 of the slave, with
DMA acknowledge (DAK4) ontout, pin 15 of the master (Table 2-37).

EOPS (IC7H PIN 8) wwwmwawguc EOP /} VAN
— 1
OPTION SLOT #1 DRGS (IC7E PIN 11} remrmssemseerereered ] DRQ
OPTION SLOT #2 DRGS (IC7F PIN 12} $———————12q DRQ2
OPTION SLOT #3 BEQS (IC7F PIN 13} e ] DRQ3
4V 4————1%qpRas I
OPTION SLOT #1 DAKS (ICTH PIN 6) $omoeeoererree et DAK1 3 AD—AT7
OPTION SLOT #2 BAKS (IGTH PIN 5) F—-—--—-—-———%io DAK2 a2
OPTION SLOT #3 BAKS (IG7H PIN 4) 2 DAKS
ETPFE (IC7H PIN 7) e ipremon] DAKA. 2
7 © AD
HAK O
10 10 2
12F 12 HRQ & pr
11 D5
N 3 —
MERD § y il D4 -
FEWH ¢ % v b3 Do
ORD + ;_a 12 D2
IW! 1.1-OTW D1 0 ~N B M & W =
Y5 (IC16F PIN 10) § qCs oo, vLooooooo ;
RESET (IC4D PIN 6)‘——7 LEN A0STB— H:'; ENAG HC373 (12E)  OCp—9
6 ok 5338388858
ADY (IC22D PIN &)
12F |3
& +5V +5V
36 ADY 9
QGECP  ADEN ||
ORES 4 19 5 A8—A15
765 DHEQG (IC13A PIN 14) 4 o DRQ1 A7 —
7200 BEES (1C6A PIN 3) + 184 pRa2 a5 12F
OPTION SLOT DREG (IC7F PIN 14) ¢ 17d bRas o A
184 bRO4 _—
[ 25 Ad
765 DAGK (IC13A PIN 15) ¢ 4 a3 | e
7220 DACK (IC7A PIN 1) § 214 pakz A
OPTION SLOT BAEK (IC7H PIN 3) ¢ “qpaks o e
15’c|:>m<4$-’m0 oDdboLDOOO 1
= 1
HAK (IC24H PIN 12) ¢ 7. HAK 3 ' ENAG HC373 (13E) &C
HRQ (IG21D PIN 3} 4 Wlire & o BN Do s wn =
12 @ Q000000
AMHZ el CK $ DB
e ]
MERD 4| MR D4 <
MEWR w—————w—{c MW D3
fORD - T D2
IOWR j—————— O TW D1
Y4 (C16F PIN 11) jie L 55 DO
13 |= 8
R ADSTH v \/
10K

+ 5V

FIGURE 2-68. 8237 DMA CONTROLLERS
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TABLE 2-36. DMA CHANNEL ASSIGNMENTS

CHANMEL CONNECTION PRIORITY
1 765 Flopoy Dhek Controdler High
Master 2 APX-GES
3 Conon glots (Onn of OF #1
through OF #3)
4 Stave DMA Controtier
1 Ckotion slots {(OF #1)
Slave 2 Ootion slois {OF 42)
3 Chotion slods (0P #3)
4 Limand L o
TABLE 2-37. 8237 DMA CONTROLLER PIN DESCRIPTION
PIN NGO, SIGHAL DIRECTION DESCRIPTION

& REALDY IM Used o expand memcry readiwite pulse ousipul from B237
o adapt to 8 low-speed mamory or IO devics,

7 HLA IM Activa high aignal indicating the CPU has reieased contral of the
syslem bus.

1619 GRECO OHEDE IN DMA request signals which peripheral devices wse o receive
084 service through agynchrongus channats, DREQ must be
maintained untl DMA becomes active.

24,25 DACKD . DAST ouT Acknowledge signals to DMA request which nform specific

14,15 peripherat dewvices of accepiance of DMA reguest.

9 ADEM QUT Enatles the lalch holding the most sigrficant eght bits of
acdress 10 QUi them 10 tha acdress bus.

2] ADSTE ouT Strobes an axternal latch for the mast significant byte of adciress,

10 HRQ ouT Hold request signat to the OPLF hus request crreut.

36 EOR INOUT Informat:on on comoleton of DMA servce s avalable at this
tarminal. Signal EOP is generated internally or externally. This
tarminal i3 cormacted baih throusgh a ped-up resision to present
antry of spurious signas.

21-23 CBO—DB7Y INOUT During DA oycle, the mast significant eight bits of address

26-30 are outpui o the data has and placed i an exlornal 123, strob-
ed by ADSTA.

32 35 AQ A3 IN/CUT Ouring -dle cycre: Addresses the cosirg register 'caded ar raad,
During active oycle: Provides ihe least significant tour bits of
output address.

3740 Ad—AT ouT Provides the most significant four its of address. permetted only
cunng DA gervice.

1 10R IN Active low signal Lsed to read status intormation from B237

2 1O IM Active low signal used 10 wide conhiguration and address in-
lormation o 8237,

3 MR QuT Active 'wow signal used to resg data from memcty ntg O
device.

4 MW cuT Active low signal used to write data that has been read from
/0 device nto memory.

11 Cs I Actve law sigrial used (o selact 8237 for aocess by CPUL
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DMA liO Selector

IC 16F, an LS138 1-0f-8 deccder (Figure 2-69), 13 used to select the DMA contrellers. The Y4 output (pin 11} s
aclive low when the CPLU cutputs any address in the range of 40H to 4FH; the Y5 output {pin 10} is low when
the CPU cutputs an address in the range of 50H to 5FH. The outputs of the decoder are inactive (high) when
either of the DMA controllers cutpuls a high address enable (ADEN) signal.

Al frmeud A -
1
5s-m-—§—3 ~r4o-1---«~sucar= PIN 11)
40H
6 formemmeorod O
6 LS138
ADEN §rrmet G 1
An———"‘cm vsn-’—@—;(lcmr PIN 11}
ﬂ&qm ”

(16F)

FIGURE 2-69. DMA IfO SELECTOR CIRCUIT

DMA READY Control Circuit

Al of the DMA, channeis in the QX-16 are used for HO4o-memory transfers. To provide adequate margin for
readiwrite timing when providing DMA suppart 1o slower devices, the READY control circuit {Figure 2-70)
temporarily makes the DMA controliers READY signals {pin 6) active low for a period of two ciock cycles
during each read or write opsration by the DMA controilers.

MW= 10 )2
3MA
4
9| 22D ROY ¢ 1ceF 10F PIN 6
Q.
5
Q.+

FIGURE 2.70. DMA READY CONTROL CIRCUIT
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DMA Transler Sequence

The operaftion sequences in VO-o-memory and memory-o-0 DMA transfers are very simiiar for Z-80A and
8088 operalion. In Z-80A rmode, DMA transfer is possible when a low BRQ bus request signal (pin 23 of 18C)
enables Z-80A use of the system bus. and the Z-80A outputs a low BAK (pin 25} acknowledgement. in 8088
mode, DMA transfer is possible after the 8088 requests centrol of the system bus with a high HOLD signal
{pin 31 of 16C), to which the 8088 responds with a high HLLDA {pin 30). Thereafter, the transfer sequence is
similar, as follows:

1.

A DMA service request is supplied by an external #Q device by raising ils corresponding 8237 DRQ input
ta a high level.

The 8237 determines the valicity of the request and outputs an aclive high HRQ signal to the CPU control
cireufl, requesting controf of 1e system bus from the active CPU. {Refer to Figure 2-71)

The CPU switches the bus cutput and control fines to high impedance and outputs the acknowledge
signal to the CPLJ controt circuit.

When the HLA input is brough: high, the 8237 gains coriral of the bus and outpuis a high ADEN signai to
put the memory address an the bus. The 8237 also fatches the high-arder address bvie to the external
address latch {13k for the master, 128 for the slave) with the ADSTE signal.

The B237 cutputs the DAK signal to select the requesting VO device.

The B237 activates the MR fing 1o read dala frorn memory and load it into the /0 device, of the MW iing to
read data from the /O device and fosd i into the memory address.

The end-of-process (EOP) signal is outpul al the comptetion of the DMA cycle,

| 2 3 4 5 6 7 B 9 10 11 12 I3 14 15
si|si so-so;siiselszisa enlesisaia s s

ELK oo “\_,'—\_-—L/—\_/‘u'—umr
OREG frmmm—— - [ - ,

HRG T S .

HLDA I A |

ADEN S o B
ADSTB .

7= [0 T T r O ——— LI S IS FR B

AO~ A7 oo + S ]
DACK i o L
READ . I U an §

iNT EOF / oy T

EXT EOP n .

FIGURE 2-71. DMA TRANSFER SEQUENCE TIMING DIAGRAM
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24 APX-IGGS CIRCUIT BOARD

The APX-IGGS circuit beard provides all the necessary haraware for an 80-column by 25-line alphanumeric
display or a 640 by 400 pixel graphics dispiay. This beard employs two LS| devices that provide the system
bus interface, video timing signais, and control signals to manage 128K bytes of memory:

2.4.1 APXIGGS Overview (Figure 2-72)

The RAM used on the APX-IGGS circuit board is isolated from the system bus of the QX-16 by the 7220
graphic display controller (GDC), sepatating the video RAM (VRAM) from the 512K system memoaory

The 7220 GDC is responsible for generating most of the timing signals for the GAAPGD, based on its initializa-
tion values, {The GDC also performs other high-ievel functions under CPU conirol) The GAAPGD LS| gate
array performs most memaory control functions and transtates the VRAM data to video signals. The GAAPGD
receives input signals from the 7220 and converts these to VRAM timing control signals far the RAM chips
and the APX.IGGS internal bhus control devices.

The VRAM circuitry consists of the memcry devices and the bus control gates which direct the flow of
informaticn between the 7220 and the characler generator. The memory is organized as 64K x 16 bits. The 16
bits of output data from the VRAM are latched and input to the character generator, which feeds the proper
dot informaltion into the GAAPGD for conversion to the video signal.

The character generalor circuit is composed of two fatches, which store the VRAM data; the character
generator EPROM: and the ocutput buffers. which select whether the RAM data are input to the GAAPGD
directly. m graphics mode, or to the characier generator, in alphanumeric mode.

. IOAD

T i

. TOWR G0C

FROM | * i It
CPU . (1C)

\ po—p7

}
RAS VIDEQ
— - RAM
CAS " {6B-0B)
WE 64K x 16

e haE
l"..q INTENSITY
VIDEQ GAAPGD CHARACTER
- EO2060BA | LINE COUNTER J GENERATOR K VRAM DATA
10 {3C) {60} —'
CAT
< HSYNG [ |
< GRAPHIC / CHARACTER DATA
V.5¥YNG
[ - < GRAPHIC / ATTRIBUTE DATA

FIGURE 2-72. APX-IGGS BLOCK DIAGRAM
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2.4.2 APX-IGGS System Interface (Figures 2-73 through 2-75)

The system interface circuitry decodes all I/O requests sent to the APX-IGGS circuit board, and selects the
appropriate devices for access. This circuit also provides support for DMA mode transfers to the 7220 GDC.

ICs 2A and 3A provide gating for the I/O read and write signals (IORD and IOWR), which are applied to pins
9 and 10, respectively, on the 7220 GDC. The gated read signal on pin 6 of 2A is aiso used to switch the
direction of the LS245 (1B) bus transceiver. The output of IC 2A pin 6 provides the gating signal; this output
is high whenever a read or write to port 038H or 039H is issued by the active CPU, or a DMA transfer
acknowledge occurs.

ICs 2A, 3A, and 4A are used to impiement the /O address decoder for the APX-IGGS board, which is mapped
to the addresses 02AH, 038H, 039H and 03AH. Port 02AH is used to decode the type of display board
installed in the system. When port 02AH is accessed by a read or write command, the 2Y0 output on pin 9 of
4A pulls bit 0 on the data bus to ground, signifying that an APX-IGGS circuit board is installed.

The 1Y0 and 1Y1 open-collector outputs of 4A on pins 6 and 7 are tied together and used to enable the IORD
and IOWR signals when the active CPU accesses port 038H or 039H. The 1Y2 output on pin 5 is active low
when port 03AH is accessed, and is used to write bit 7 and the lower four bits of the data bus into the
GAAPGD gate array.

ICs 2A, 6A, and 7A are used to implement DMA transfer handshaking logic. The DMA acknowledge input
(DACK2) is normally high and applied to pin 1 of IC 6A. This enables the DREQ2 output on pin 3 to go low
whenever the 7220 requests DMA service. When the request is acknowledged, pin 1 goes low and the output
on pin 3 returns to high.
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FIGURE 2-73. APX-IGGS SYSTEM INTERFACE CIRCUIT
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FIGURE 2-75. SYSTEM DMA READ/WRITE TIMING
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2.4.3 7220 Graphic Display Controller {Figures 2-76 through 2.79)

The 7220 GDC is an advanced, L8l peripheral chip, which generales a high-resoiution raster display and
manages the display memcry. The GDC is also respensibie for carrying out high-ievel commands issued by
the active CPU on the APX-ISYM board tor graphics and display functions such as zoom, scrolling, and figure
drawing.

The 2CCLK input on pin 1 of the GDC is a 4 MHz signal output from pin 9 of the GAAPGD. The signal originates
al ascillator CR1 (18 MHz).

In the QX-16, the 7220 is an IO device mapped to two different addresses. The RD and WR signals are
brought low by the system inter{age whenever the active CPU accesses port 038H or 039H. The 7220 does
not have a chip select input; access 1o the internal registers is determined by the status of address bit AD
when RD and WR lines are made aclive tow. (Refer to Table 2-38 for internal register selection.)

Lines ADO-15 on the 7220 are multiplexed acdress and data lines used for display generation and VRAM
updating. The RAS output on pin 8 of the 7220 is used to lalch the display address into the external address
latches and 1o generate preper fiming of the memaory signais by the GAAPGD. When the DBIN output onpin 2
of the GDC is low, the GAAPGD and the bus transceivars are signaled that the 7220 is requesting data at the
specified location for a display memory update cycle.

The timing signais for the raster dispiay are output from the 7220 to the GAAPGD for output to the CRT
VSYNC is the vertical synchronization signal used 1o reset the scan of the CRT to the upper left corner.
HSYNC is the horizontal synchromization signatl used to reset the scan of the CRT to the teft side (o prepare for
the next scan.

Display attribute controt is perfermed by the GAAPGD, and the GDC outputs the ATB.CLC signal which
supplies the timing for the blinking attribute,

Organization of the display memary for graphic, text, or mixed mode is controlled by the GAAPGD based on
the BLANK and CSR IMG signals oulput by the GDC. Character made is selected when GSR IMG is tow
during an active blanking cycle: graphic mode is selected when CSR IMG is high during blanking.

ngﬁw BYMC — B4T [CER-LT4) A16LLT) ADIS AD(4  AD13 ADK—
BLANK SYNC REF  LPEN (CERMAGEY ETELHRLLGY 02 (G {LCH AD12

T T T it

DISPLAY MEMORY CONTROLLER 'WITH
LINE COUNTER. AMw DaTA PATH

) b

DISPLAY
ALGRESS
. CONTROLLER

DOT ADDRESS
PATTERM
CONTROLLER

7
' : |

DIRAWING
PROGESSOR

vIDEQ SYNG
2aCULK O—im p ey rins

E REFAESH
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. PARAMETER CONTROL COMMAND =
173 FIFQ AAM AOM - FROCESSOR =0 RD
cPy  |e—OWR
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FIGURE 276, 7220 GDG BLOCK DIAGRAM
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TABLE 2-38. 7220 REGISTER SELECTION

AQ RD WR MODE
o i 0 0 1 Raads statuz ftag ) -
1 0 1 Reaos daia (from GOC)
¥ 1 0 Wriss parameler
1 1 O Wiites command
TABLE 2-39. 7220 PIN DESCRIPTION
PIN NO. SIGNAL DIRECTION DESCRIPTION
22-34 ADO-AD12 INIQLT Bidiractional address bus lines
35-37 AD13 {LCOY INFOLT During graphsc and characler-graphic mixed mode: address
AD14 {LCT) husg Hnes,
A5 (LE2) During character masde: tine counter.
ADTE (LC3)
12-19 DBO-OBY INADLT Brdrectionsi data bus
5 RAS ouUT Mamary controd signal output from GDC to YRAM, also used
as the: liming signal 1o lalch address. CAS is generated from this.
ag AT BLINKCLE ouT During blanking tme (BLANK signal output): Clears tha ing
caunter.
Cruring tracing time fwieo sighat ougal Ouwiputs atribute blink-
ing tming signials,
39 CSR-IMAGE ouT During blanking time {BLANK signal cutput): Outputs cursor
mark.
During tracing time (widec signal outpul): Qutpuls
character/graphic area switching tming signal.
1 Al It Connettad 1o an address fine of the CPLE and used to designate
internal regisiers.
AD RO WR FUNCTION
0 0 1 Read status flag
1 0 1 Read data
0 1 0 Writa parameter
1 1 0 Write command
g DACK It Supplied from the DMA conlrolier to enable the GDC to
distinguish between read and write performed by DMA,
7 DREQ QuT DA request
2 DBIN ouT Memory controt signal oulput fram the GDC 10 VRAM {timing
signal used to put YRAM outpul to the data bus).
4 V.EYNG aut Vertical sync signal
3 HSYNC ouT Horzontal sync signal
5 BLANK ouT Branking s:gna output cunng horzontal refrace tme. vertical
retrace e, me belween execulion of BYNC and START com-
mands and draw execution tme
1 2XCCLK IN Supplied trom an external dot clock generator. The clock fre-
quency s delermined by the relationsivg between the horizantal
reselution n dots and the hornzomtal scanning tme (dMHz).
9 FD IN Used in combinatian with AQ to read slatus and data from 7220.
10 WR IN Lsed in combweatar with AQ o write commands and

parametars to the 7220
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2.4.4 GAAPGD LS| Gate Amay (Figure 2-79)

The GAAPGD LSI gate array receives input signals from the 7220 and the active CPU and converts these to
VRAM timing controi signals for the RAM and APX-IGGS bus control devices. Control of the VRAM on the
APX-IGGS board is dependent upon the tardware zoom register, accessed as port 03AH. When the zoom
register is accessed, the lower four bits {ZOM 0-3) and bit 7 (STOP) of the data bus are written into the
GAAPGD gate array Bits 0-3 are used for controlling the row and column counters, and bit 7 is used to disable
the videc output signais frem the GAAPGD.

The RASI {pin 2) and DBIN (pin 3) inputs are used to generate the memory liming signal outputs from tha
GAAPGD. MPXN {nin 47) is used as the enable signal for ihe column address latch (3B). MPXP is the enabie
signal for the row address latch (2B). These signals are used in conjunction with the RASO and CASQC signals
to strobe in the row and column addresses for the VRAM.

Write enable (WE) is used to wrile the 7220 bus data into the VRAMs. The output enable (OF) signal is used to
read the contents of the VRAMs onto the b.is during display or update cycles. The DLAT signal {pin 38) is used
to latch the data from the VRAMs into the VRAM data latches (ICs 8C and 9C).

The LGTI, RVS, SCRT and BLINK inputs {pins 38-42) are the attribute inputs to the GAAPGD from the VRAM
data latch{9C). Cutputs LCO-3 {pins 33-35 and 37} are supplied from the line counter circuitry to the character
generator (6D) when the dispiay is in character mode.

The IMG output on pin 22 is active low during the character display mode to enable the outputs of the
character generator: this output is high diring graphic mode. The HB and LB signais (pins 22-23) are used to
successively load the high and low bytes of the VRAM data latches intc the GAAPGD during graphics mode
operation. The video dot patterns loaded into the GAAPGD by the IMG, HB and LB signais are shifted out of
the VIDE output on pin 21. If the display is in graphics made, the highlight signal LGTO (pin 20} is low; LG TO is
active high when the display is in character mode and the high intensity or bright altribute is set. VSOT and
HSOT are the vertical and horizontal syachranization signals, respectively. The VIDE, LGTO, V8GT and ASOT
signals are ail disabled when the STOP {bil 7) input is high duting a write ta port 03AH.
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TABLE 2-40. GAAPGD PIN DESCRIPTION

PIN HO. SIGNAL DIRECTION DESCRIPTION

1 CLK| M Clack inpu fram CR1.

2 RASI IN RAS memory timing signal fram 7220

3 DBiN IN Used to read data from VRAM inlo 72240

g CLKD auT CLEI input frequency is divided by four and applied to 7220
2xCCLK input.

48 RASC our RAS uring signal for VRAM devices. Based on RASI input.

47 MPXN QuT Active iow signal to enable coiumn address fateh onto YRAM
address tuis.

46 MPXP ouT Active iow signal 1o enable row address latch onto VAAM ad-
dress bus.

45 CASQ ouT CAS timing signal for VRAM devices.

44 WE ouT Write enatde signal for VRAMs.

43 OE ouT Active low to read conlents of VRAM.

38 DLAT ouT Latches VAAM dala into 8C and 8C.

7 HSYN IN Haorizantal sync signal from 7220

B WSYN IN Yerlical sync signal from 7220.

4 BLAMK IN Blanking signal from 7220

5 ATCL IN Altribute clock signal from 7220,

6 CSIM IN Cursoridisplay mode signal from 7220

16-19 ZOMO-3 IN Zoam part inputs from data bus.

15 STOP IN Stop signal: latched-in with zoom value.

14 ZWHR IN Zoam part clock input; aclive low.

21 VIDE ouT Video dot signal to CRT.

20 LGTO Qur Intensity signal for CRT.

10 HSOT ouT Horizanial sync output to CRT.

11 YSOT auT Yertical sync output to CRT.

333537 LCO-3 auT Line counter outputs for 2764 character generator.

22 IMG auT Enables character generator outputs in alphanumsric mode.

24 LE auT Enables iow Dyte of graphics word inlo GAAPGD.

25 HEBE auT Enables high byte of graphics word into GAAPGD.

42 LGTI I Highlight attribute signal.

41 RYS " Reverse attribute signal.

40 SCRT IN Secrel atiribute signal

39 BLINK IN Blinkmng atdribule signal.
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2.4.5 VRAM Memory Circuit (Figure 2-80)

The VRAM circuit is used to store the contents of the display image in graphics mode and the character code
and attribute data in alphanumeric mode. The circuitry consists of the memory devices, address latches and
the bus transceivers.

The row and column address latches hold the display memory address during VRAM memory cycles. The
address is latched in by the RAS signal (1C pin 6) and the outputs of the latches are selectively enabled to
coincide with the RASO and CASO signals from the GAAPGD.

The bus transceivers (ICs 4B and 58) are used to control the direction of information between the GDC and
the VRAMSs. These devices are enabled by the RASO signal (IC 3C pin 48) white the memory address is being
loaded into the RAMSs by the RAS and CAS controi lines. The direction is selected by the DBIN signal from the
GDC, which is active low when it is reading from display memory.

The memory devices are very similar to those used on the APX-ISYM circuit board, with the exception of the
output enable (OF) pin. This active low signal is required for controlling the common data input/output lines,
andis generated by the GAAPGD to enable the RAMs when the GDC needs information, or when data is to be
output to the display.

Table 2-41 describes the function of the memory address bits for character and graphic modes.

TABLE 2-41. APX-IGGS VRAM CHIP FUNCTIONS

MODE ICéB IC7B IC8B ICaB
CHARACTER ASCII VALUE BRIGHT REVERSE FLASHING SECRET
GRAPHIC LSB ~g— GRAPHICS WORD ==~ SB
i
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FIGURE 2-80. APX-IGGS VRAM CIRCUIT
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2.4.6 Character Generator Circuit (Figure 2-81)

The character generator circuit provides the switching circuitry to output the VRAM information to the
GAAPGD gate array as graphic or character data .

The two latches (IC 8C and 9C) store the VRAM data when the DLAT signal (3C pin 38) goes to high. The
display mode programmed into the 7220 controls how the data stored in the latches is interpreted. The
BLANK and CSR.IMG signals, output by the GDC control circuit, indicate which mode is in effect.

When character mode is selected, the content of latch 8C is interpreted as ASCIt character code, and its
value is supplied to the character generator address lines A4-A11. Four bits of latch 9C are used as the
attribute data for the selected character. Line counter outputs from the GAAPGD are applied to the character
generator address bits AQ-A3. The GAAPGD chip brings the IMG output (pin 22} low to enable the character
generator outputs to be read into the DOT A-H inputs (pins 25-32). Eighty consecutive addresses are re-
peated 16 times and the line counter value is incremented each time to form one atlphanumeric display row.
At the end of this process the display row counter is incremented and the process repeats itself for the next
alphanumeric display line. This process occurs 24 or 25 times, depending on the display format (80 X 24 or
80 X 25).

When graphic mode is selected, the data in latch 8C is read into the GAAPGD when the LB output {pin 24)
goes low. The data in latch 9C is read into the GAAPGD when the HB output (pin 23) goes low. This process is
repeated for 40 consecutive addresses to create one scan line. At this point the display row counter is
incremented and the process repeats for the next scan line. In graphic mode this process repeats itself 400
times for each display frame.
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FIGURE 2-81. APX-IGGS CHARACTER GENERATOR CIRCUIT
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2.4.7 APX-IGGS Output Circuit (Figure 2-82)

The APX-IGGS output circuit, composed of ICs 5A, 6A, 7A, and 8A, combines its outputs with those of the
APX-ICRT board. The VIDE, TGTO, VSOT. and HSOT outputs from the GAAPGD are all set high when the
STOP input (bit 7} is high during a write to port 03AH. {Refer to Section 2.5.4.) This allows the APX-ICRT
outputs, listed in Table 2-42, to drive the LS541 buffer. The APX-ICRT outputs are disabled when bit 7 is low
during a write to port 03CFH. For a more detailed description of this port, refer to Section 2.5 and Chapter 6.

TABLE 2-42. APX-IGGS VIDEO INPUT SIGNALS*

CN1 PIN SIGNAL. NAME FUNCTION
1 GND Signal ground
2 Vs Vertical sync
3 HS. Haorizontal sync
4 B Blue video signal
5 G Green video signal
6 R Red video signal
7 T Intensity signal
8 N/C NG connection

*All inputs to the APX-IGGS are from the APX-{CRT board.
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FIGURE 2-82. APX-IGGS VIDEO OUTPUT CIRCUIT
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2.5 APX-ICRT CIRCUIT BOARD

The APX-ICRT circuit board provides all the necessary hardware to emulate the monochrome and color video
display circuitry of the IBM PC. This board empioys three LSt devices to provide system bus interfacing, video
timing, and control signals to manage 32K oytes of video memory. (Refer to the APX-ICRT schematic, Figure

6-66.3
2.5.1 APX-ICRT Ovarview (Figure 2-83)

The APX-ICRT board uses the HD46505 CRT controller (6845 compatible), a 2764 8K character gengrator.
four 16K x 4 bit 81416 YRAMs. and the GAIBVA and GAIBVD gate arrays, which tetch display data from the
VRAM based on control signals generaled by the 46505,

Figure 2-83 diagrams the connection of the VRAMS to the GX-16 sysiem bus wa the GAIBVA at 2D and the
GAIBVD at 2F The VRAMs are organized as 16K x 16 bits: ihe 16 bits of cutput data are input 1o the GAIBVD
gate array for conversion to the video signai. VRAM memory is separate from the 512K systerm memory, and
the devices used on the APX-ICRT board are different from those used on gither the APX-ISYM or APX-1GGS
boards.

The 46505 generates maost of the timing signais for the GAIBVA and GAIBYD LSI gate arrays based on its
initialization values. The GAIBVA and GAIBYD do mast of the memaory control and translale the VRAM data to
video signals,

The character generator stores the character matrix patterns, This EPROM receives the character address
from the GAIBVD and the row address frem the 46505, The character patterns are input to the GAIBVD.
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FIGURE 2-83. APX-ICRT BLOCK DIAGRAM
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2.5.2 APX-ICRT Systemn Interface

The systern interface circuit {ICs 1E and 1F) buffers the incoming bus control signais and the multiplexed
ADO-AD7 signais. The GAIBVA gate array buffers the reraining address and contral lines. IC 1F is always
enabled to buffer the incoming control and timing signals to the GAIBVA chip. IC 1E (ALS 245) is enabled by
the GAIBVA and the bus direction is determined by the 8088 DT/R line, which is butiered by IC 1F All /0
regisiers, except the internal registers of the 46505, are contained in the GAIBVA and GAIBVD LSIs.

2.5.3 46505 CRY Caontroller

The 46505 CRT controller {CRTC) generates display memory addresses, row addresses for the character
generatar, display timing, and cursor signals, enabling the APX-ICRT board to provide all the functicns of the
IBM monoachrome and color graphic display hardware. In conjunction with the advanced gate array circuits,
the CRTC is able to provide additional display modes (Table 2-43).

The 46505 uses a different clock rate depending upon which dispiay mode has been programmed. When the
display mode is 40 characters per line, the ciock input of the CRTC is 1 MHz. This value is switched to 2MHz
when 80 character mode is selected. The CLK input on pin 21 of the CRTC is output from pin 40 ({CCLK) of the
GAIBVD and criginates at oscillator CR1,

The 46505 is used as an /0 device in the OX-16, and is mapped to two different sets of addresses, depending
upon whether the monschrome or color board is being emulated: the CRTC is mapped to 1/Q addresses
03B4H-03BE&H for monochrome board emulation and addresses 03D4H-03D5H for color board emutation.
Mapping is controlled by the GAIBVA gale array

The 46505 has eighteen internal registers, which are accessed by setting the register number in the index
register al port 03B4H or 03D4H (depending on mode). The data value for the selected register is accessed
through port 03B5H or 03D5H (Table 2-44).

TABLE 2-43. 46505 PIN DESCRIPTION

PIN NO, SIGNAL DIRECTION DESCRIPTION
1 =t Ground
2 RES IN Resel sigral input
3 LFSTE iM Light nen strobe sigral input. Mot usea i the X146,
4.17 MAG-MAT] ouT VRAR memory address sgnals,
18 DISFIMG ouT Active hugh fming ssgnal used o defing achve splay area
19 CUDISP ouT Aclive high Cussor unung syt
20 Voo + 8V supply connechon,
21 CLK IM Tering ciock supplied by GAIBYVD.

TMH, 40 colums dispiay
2MHz. 80 column dispiay

22 RAW IN Readrwrite sigral fom GAIBVA.
23 E M Enable signal for readiwrnite aperahons.
24 RS it Register select signal suppsed by GAIBYA.
25 C3 IN Active low chip select signal,
26 33 oo- 7 INAOUT Biudirechonal ¢dala hus sgnals,
34-38 RAD RAJ cuT Row address signals far gate arrays and character generalor
10 selgct cormac! scan row,
38 HSYNG GuT Hanzontal syns output to GAIBY(D.
40 VSYMNC ouT Verlical synd ocutput to GAIBYD.
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TABLE 2-44. 46505 CRTC REGISTER SELECTION

CSs RS HAE&g$§§I REGISTER REGISTER PROGRAM READ WRITE DATA BIT
43210 NAME UNIT 7 6 5 4 3 21 0
1 X XXXXX . — _ _
0 0 XAXXXX AR Address register — X Q
0 1 Qo000 RO Horizental totat® Character X o}
0 1 00001 R1 Horizental displayed Character X 8]
0 1 00010 R2 Horizamtal syne nositon*  Character X e}
0 1 00011  RE Sycwidn Moo e X 0| a|we2 | wet|wno|wh3 | wn2 whi|who
0 1 00100 R4 Vertical total* Line X 0
0 1 00101 RS Vertical total adjust Raster X o]
0 1 00110 R& Vertical displayed Line X o}
0 1 00111 R7 Vertical sync position™ Line X o}
0 1 01000 R& Interface and skew — X 0 Cli|Co|[D1]| Do
O 1 01001 A9 Mawimum raster Raster X 0
0 1 01010 R10 Cursor starl raster Raster X e} B P
0 1 01011 R11 Cursor end raster Raster X o]
0 1 01100 R12 Start address (H. — e} o}
0 1 01101 R13 Start address (L - o} o}
0 1 01110 f14 Cursor (H) - 0 e}
0 1 01111 R15 Cursor (L} - o} o}
0 10000 R16 (&{g{‘{,ggg}“” - 0 X
0 10001 R17 o pen - 0 X
NOTE: 1. The ragisters marked " (Written value) = (Specified vaiue) -1
2. Written value of R9 s mentioned below.

1) Rloninterlace mode | (written value Ni) = (Specified value) ~ 1
2) Interlace sync and video mode
(Writlen value Nr) = (Specified value) -2
3. CO and C1 specify skew of CUDISP cutput signat.
D0 and D1 specify skew of DISPTMG output signal.
When S is 17, V specifies video mode. S specilies the interface sync mode.
4. B specifies the cursor blinking. P specifies the cursor niinking period.
5. wv0-wv3 specifiy the pulse width of vertical syno signa:.
whO-wh3 spacify the pulse with of horizontal sync signal.
6. RO is ordinally programmed 0 be an odd number in interlace mode.
7. 0; Yes, X; No.
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2.5.4 GAIBVA LS| Gate Array (Figure 2-84)

The GAIBVA LSI gate array, an 80-pin flat-pack, converts display memory addresses from the 46505 and
inputs from the APX-ISYM board into timing control signals for the VRAMs and the GAIBVD gate array. The
GAIBVA is clocked (pin 28) at 5.3 MHz, the same rate as the 8088. This device regulates CPU and display
requests for VRAM access using the WAIT output {pin 44). The CRTC has priority over the 8088 for access to
APX-ICRT VRAM. The number of wait cycles is not fixed, and varies with the display mode.

All display addresses generated by the 46505 are input to the GAIBVA (pins 46-50 and 53-61 ),where they are
multiplexed into the VRAM address signals (VRAQ-7, pins 72 and 74-80). All /O port address decoding for the
46505 is done in the GAIBVA gate array. The GAIBVA chip performs address mapping of the 46505 for IBM
color and monochrome emulation. The chip select signals for the 46505 are output on ping 64-67.

To synchronize operations with the GAIBVD gate array, the GAIBVA outputs signals on pins 3-10, including the
CPU control signals (CPRQ and CPAK) VRAM control signals (MPX, MALT, MRD and MWR), and the I/O port
range select signals (W3CX and BW3X).The GAIBVA pin description is provided in Table 2-45.

8 8 1 prirrmereee el MRD
AD7-0 < T S
4 L1y a o WIWH“ GAIBVD
AS19-16 3*‘ B # i 3 ool \WAC
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FIGURE 2-84. GAIBVA LS| BLOCK DIAGRAM
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TABLE 2-45. GAIBVA PIN DESCRIPTION

PIN NO. SIGNAL DIRECTION DESCRIPTION
.2 RACA N Raster address npat from 46505
3 MWR ouT VHAM memory wiite signal for addresses n the range
BOOOOH-BFFFFH.
4 WRD ouT VRAM memory read signal ior adgresses in the range
BOOOOH -BFEEFFR,
5 Rwax ou” O select lor pont addresses in the range 03B0H.030FH.
€ W3CXx ou~ Write pulse for conirol and mapomg registers in GAIBYD
7 MALT iN Memory address iatch arming sgnas rom GAIBVD.
g MFX IN Mulliple sigaal for BAS and CAS brmung fram GAIBVD
0 = HAS
1 = CA3Z
B CPAK IN CPL acknowdedge sigrsl for VEAM access
10 CPRO ou- CPU reguest signal {or WBAM accoss.
11 ALE IN Address latch enabte signat input from S0BA CRU
1252 og — Ground.
13 LPSW I Light oon sgnal .nput Mot ussd o the Y16
14-21 ADO 7 INSOUT Multiplexed ackiress and data bus for bils 0-7.
22 RSET IN Reset signai ingngl.
2363 N/ — Mo cannection - unused ans.
68-71
24 ChHM IN 8088 CPU clock signal {9.3248MH2Z).
25 OT/R 1N Diata bus ditection signe! from the BOER CRU
0 = Extarnal device cirivers bus
1 = CPU drives bus
26 WR 1N 3088 write signal.
27 IO/M IN 8088 bus control sinal.
0 = Memory access
1 = KO access
28 AD 1M BOBS read signal.
29 GBF ou” Contro! signa! for L8245 bus hufier.
30 A3 IN Address line B from BOBE,
1 S50 IN Status cordral ne from BOSA.
32 AQ IN Address line 9 from BOBE.
33.73 Vg - + 5V supply cornechan.
34 AS19 IN Address/Status line 1% from 8088,
35 Al10 IN Acidress dne 10 from A0RE.
36 AZ18 IN Address/Status ine 18 from 8083,
37 Al IM Adadresgs line 11 from BO8E.
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TABLE 2-45. GAIBVA PIN DESCRIPTION {Continued)

PIN NO. SIGNAL HRECTION DESCRIPTION
38 AS17 IN Address/Status kne 17 fram S0BAR.
39 Al IN Address ne 12 tram BOSS.
40 AS16 IN Address!Status e 16 from BOBE
41-43 At3—A14 IN Address Ines 13-14 frorm 8088,
44 WAIT ouT Wall signal 1o synchronize CPU accesses e VRAM.
45 BM ouT IBM emulation mode signal
0 = APX.ACRAT aclive
1 = APX-ICRT disabled
ggg? MAD—13 IM VRAM memory address signals trom 46505
51 TPIN IN L:ght per awdoh mpot, Nol used i the QX-16.
62 LPEN ouT Light pen fag. Mot used n the QX-16
64 R568 ouT 46505 reqgistar salect signal.
0 = Address regisler
1 = Data ragisier
65 C568 ouT 46205 chup select signal.
66 EG8 ouT 46505 enable sipnat.
&7 RWEB ouT i'0) readiwrite signal tor 46505,
72.74.80 VRAO—VRAT QuT Multiplexed YRAM address lines.
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2.5.5 GAIBVD LSl Gate Array (Figure 2-85)

The GAIBVD LSl gate array, also an 80-pin flat-pack, receives input signals from the 46505, VRAMSs, charac-
ter generator, and the GAIBVA gate array, and converts these to VRAM control signals, character generator
addresses, and video output signals. The GAIBVD performs display attribute controt according to data re-
ceived from the VRAM circuits. The main timing signal for this chip is the 16 MHz signal generated by CR1
and input to pin 41 (Refer to Table 2-46.)

VRAM control varies with the selected display mode and the type of access being performed. The GAIBVD
controls the memory RAS and CAS control lines to specify the type of address being output from the GAIBVA.
When the 8088 CPU is accessing VRAM, the output data are read into the GAIBVD. then transferred to the
system data bus via the ALS245 buffer (IC 1E). In display mode, VRAM data is read into the GAIBVD, which
converts it to the video signal (graphic mode) or supplies it to the character generator (character mode). The
video dot patterns loaded into the GAIBVD from VRAM or the character generator are converted to the
appropriate signals based on the mode and color information programmed in the GAIRVD.

Two jumpers on the APX-ICRT board are available for modifying the operation of the GAIBVD; both J1 and J2
are factory set open. Normally, VRAM data are refreshed when the APX-ICRT board is disabled. When jumper
J1is installed, refresh is inactive and VRAM data are lost when the board is disabled. The open configuration
of J2 eliminates video output interference during access by the CPU in high resolution character mode
(80x25). When J2 is closed, display interference is caused when the 8088 tries to access VRAM, to prevent
interference, high speed RAMs (MB81416-10) should be installed at 3B-3E.

c c
G G
A ]
A3 7-0
Te 8
T20
L3 GHARACTER | CHDT
VADT0 et yRaM S
DATA T4 GiRCUIT T
VADF-8 | FETCH AIRBUTE | 7 18 - ""ﬁ
= CIRCUIT ATTRIBUTE]
16| CIACUIT 3 GRAPHIE S =
e I -
EGISTER e
T ) i CIRGUIT 7
505 [l b
4 CONTAOL "
SIGNAL
CIRCUIT
RA3-0 L
FEGISTER
| T
: i
I 1
B | i
| : CHTR : [~ CONTRGL REGISTER
GPy
ACCESS |« i
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MR MODE REGISTER

E COLOR REGISTER
I
| |
1 ] BTATUS REGISTER
] t |
Ao s bt e ]

AD7-0
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éIMiNG

ENERATOR

[N = R ——————————— R |, (1Y ]} ) 2 & CCLK
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FIGURE 2-85. GAIBVD LS| BLOCK DIAGRAM
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TABLE 2-46. GAIBVD PIN DESCRIPTION

FPIN NO. SIGNAL DIRECTION DESCRIPTION
1 FLES IN Controls VRAM access modde
0 = Flash mode
1 = Flagniess made
25972 YROO-VRDE IN/OUT VRAM bidrachonat dala signais.
74-80
1011 CGDO-CGOY IN Character gengalor ata isputs.
13 18
12.52 Yss — Ground
19-28 CGAI-CGAC QuT Character gencratar address sutpals.
29 1 our Video .ntensity signal.
30 H OuUT Horzonial sync sgnal
A G ouT Green viden signal.
32 V QUT Vartioal synag SHanE
33,73 Vdd + 5V supply connection,
34 R QUT Red viges signal
35 g8 ouT Biua vires signal.
36 CuBd IN Actwve high cursor tming signal from the 45505,
a7 V568 IN Yerural sync npul from 48505
38 I8 HN Acliva high disglay bming s:gng! ror e 46305,
34 HS68 I~ Hezizontal sync sggnal from the 46505
40 COLKE QUT 48505 contraller clock,
41 C16M- H 16MHz master timng signal from CR1L
42 DT/R N BOSS bus direction control signal.
43 RSET IN Rasat signal input.
44-51 ADQ—ADT IN/OUT Mutliplesed Didirectionat acdress and data ines ta system bue.
53 TEST IN Actve low input stops liming oirguds,
54 ALE IN B08E andress igtch enable signal.
b5 CPRC IM CPU request mput for YRAM acoess.
a8 CPAK ouT Acknowledge for CPU YRAM request.
57 MPX ourt VRAM address mulipiex signal.
0 = RAS
1 = CAS
58 MALT ouT Memory address latch timing sgnal 1o GAIBVA.
59 W3CX IN Wrile pulse for contral and mapping regisiers.
B0 RW3X [N 140 selact for part addresses .0 ine range O380H G30FH
61 MAD 1N YEAM memsey regad signal for adoresses 0 the rangs

BO00Oi-BFFFFH
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TABLE 2-46. GAIBVD PIN DESCRIPTION (Continued}

PIN NO. SIGNAL DIRECTION DESCRIFTION
62 MR ] YRAM memaory wrie egnal for addresses nothe tange
BOODOH-BFFFFH
§3-66 RAQ RA3 IN Raster address inputs from 46505,
&7 TQap ol Test signal for lireng circwt. Nt used in the QX116
68 CAS our Column address strobe for VRAMs,
6o RAS ous Row address stzobe for VRAMSs.
7071 WEC—WEN QU Write enabile signals for VRAMs.
0 = Wiile
1 = Aead

2.5.6 VRAM Mamory and Character Generator Circuits (Figures 2-86 through 2-90)

The VRAM circuit, four MB81416-10 dynamic RAMs {ICs 3B-3E), store the character cade and attribute data
in character mode and the contents of the display image in graphics mode. Unlike the APXAGGS boaid,
which is /0 mapped. the APX-ICRT board iz mapped to the 8088 address space, and the VRAM are direcity
accessible similar fo systern memory. The 32K Dytes of VRAM are mapped to addresses BOGOOH-B7EFFH or
B800OH-BFFFFH, depending on the contents of the mapping register at /O location 03CFH. {Refer to Chap-
ter & for an overview of IO register mapping )

During VRAM addressing, the B088 accesses the VRAM memory as consecutive addresses, starting at
BO00OH, with a single byte at each address; however, the 46505 treats each address as two bytes. This
means that the 8088 sees VRAM as 7FFFH locations while the 46505 sees only 3FFFH tocations. This
conflictis resolved in the GAIBVA and GAIBYD gate arrays, which lranstate the data according to the source.
Data are transferred between the GAIBYD and VRAMs over a 16-bit bidirectional bus. Because of the ex.
pandec memory capacity on this board, the VRAMs are separated into two groups. The row and column
addresses for both groups are output by the GAIBVA and are synchranized with the RAS and CAS outputs of
the GAIBVD. Data are written into the VRAMs when the write enable input (WE pin 4} is low. ICs 3B and 3C
are controlled by the WET signat (IC 2F pin 71}and ICs 3D and 3E are contrelled by the WED signals (iC 2F pin
70).

CPU data to be written to or read from the system data bus are directed through the GAIBVD. Display data
are sent to cne of two destinations: in character mode, the data are used to select the character pattern from
the 8K-byte EPROM character generator {see Section 2.5.6.1); in graphic mode, data from the VRAMS are
converted to display pixets based on programmed resolution and color information (Section 2.5.6.2), and the
character generatar is not used. High and low resolution displays are possible in sach mode, enabling a wide
variety of display formats to be established. Tables 2-47 and 2-48 summarize the most common modes. and
Figure 2-87 diagrams VRAM memory allocation.
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2.5.6.1 Character Mode (Figure 2-88)

When the display is used in character mode, the graphics selection signal, GR. bit 1 of the mode register
(03B8H in monochrome, 03D8H in color), must be set 1o 0, and the character generator provides character
patterns to the GAIBVD gate arfray In ine two-byte character address data, the even numbered addresses
(2n, Figure 2-88) store characier codes and the odd numbered addresses (2n + 1) store attribute data.

The character generalor stores three character sets: 7x12, 7x7, or 6x7 characters in corresponding 8x16 or
8x8 (for both 7x7 and 5x7) matrices. Character codes are supplied to the character generator on address
lines A3-A10. The two upper address lines (A11. A12) select one of four character sets: the upper halt of the
8x16 matrix, the lower half of the 8x16 matrix, the 7x7 font, or the 5x7 font. The upper and lower halves of the
8x16 matrix are selected by the 45505 raster address signal (RA3). The thres lower raster address signals
(RAO-RA2), connected to character generator address lines AG-AZ. select the appropriate scan row for each
character. The characler dot patterns are then read by the GAIBYD and converted to video cutput signals.

Character matrices are determinad by bits 4 (C16/8) and 3 (C77/C57) of the control register {03CEH), in

conjunction with maximum raster address, programmed to register RS of the 46505, as described balow:

7x12font (8x16 matrix areay. 02CE bit 4 = O, bit 3 is disregarded, and R9 = OF Atthe CG. A12 = 0. Al =
RA3, and 4K bytes CG ROM (0000-0FFF} are used. When a character mairix of more than 8 dots
vertically is selected, the dot pattern for each character is divided and stored in two locations:
D000-07FF for the upper B dots, 0B00-0FFF for the lower dots.

7x7 font (BxB matrix areay 03CEbit4 = 1, bit3 = 0, and RY = 07 Atthe CG. A12 = 1, A11 = 1.and 2K
byles CG RCM {(1800-1FFF} are used,

5x7 tont (8x8 matrix area) ICEbit< = 1,bit3 = 1,andRY = 07 Atthe CG A12 = 1.A11 = 0, and 2K bytes
CG ROM (1000-17FF) arz used.

EVEN ADDRESS (2n) ODD ADDRESS (2n + 1)
CHARACTER CODE ATTRIBUTE
00 - FF
8LEN (BIT 6§ OF MR) = 1
BLINK BACKGHOUND FOREGROUND
R G B ! R| G | B

16 FOREGROUND CGLORAS/A BACKGACUND COLORS
BLINKING ENABLED

CR
BLEN = O
BACKGROUND FOREGROUND
| R G B | R G B

16 FOREGHOUND COLORS/16 BACKGACLUND COLORS
NO BLINKING

FIGURE 2-88 CHARACTER AND ATTRIBUTE DATA FORMAT
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TABLE 2-47. APX-ICRT SAMPLE CHARACTER DISPLAY MODES

MODE LOW-RES MODIFIED LOW-RES HIGH-RES MODIFIED HIGH-RES
{LCH) (LLCH} (HCH) (HHCH)
CRT TYPE [LINES) 200 ¢ 400 200 200 1 400 400
""""""" CHARACTER .
COLUMNSHLINES 40 x 5 a0 x 12 80 % 25 80 x 50
VEAMIPAGE 2K 1K 4K 8K
CONTROL |Bit 4 (C16.C8) 1/0 0 170 1
REGISTER oo SOV OSSN IS —
(D3CEH) Character Matnx Bx 878 = 1€ 8 x 16 BxB8/8 x1 B x 8
46505 R (Horizonta) 28H {40) 28H (40 S0 (80} 50H {80)
DATA bt ones L
REGISTER : 6 {Verticah 19H (26) acH (12} 1SH {25) 35H (50]
(03BSH, |- S S —— S
DADSH) | RY (Repeal) 07H (8) | OFH (18) OFH (18} Q7H (8 7 DFH (16} 07H (8)
MODE | Bit 0 (HCH) G 0 1 1
REGUSTER hormrreerremreeemm e trssie s s e e e e s N
(03B8H. | Bit 1 (G o 0 0 o
OS0BH) b e
Bt 4 (HGR] o 0 0 0
BI % (BLEN) | 1 1 1 1

2.5.6.2 Graphic Modes (Figure 2-89)

To establish graphic mode, the (GR signal, bit 1 of the mode register (03B8H in monochrome, 03D8H in color)
must be 1. Graphics data are viewed in 2-bit pairs for low resolution displays and individualty for high resolu-
tion displays.

Graphics inciudes seven video modes, distinguishabie by display size and ailocation of VRAM memory. Dis-
ptays of 200 or 400 lines are selected by the setting of maximurm raster address RS of the 46505. R8 = 01
proviges a 200 line display, and R9 =03 provides a 400 line display. VRAM allocation is determined by bits 7,
6, and 5 of the contral register (CNTR, at Q3CEH), as follows:

CMIEX (bit 7) = 0. 16K bytes VRAM used
1; 32K bytes VRAM used

O Addresses DO00-3FFF are accessed.
1. Addresses 4000-7FFF are accessed.

G400/G200 (bit 5) = O With raster address RS set to the maximurn, 03, each display line is repeated,
resulting in a 400 tine display.
= 1. With raster address RS set to 01, this produces a 200 line display. If a 400 line CRT is
attached, the 200 lines will be comprassed in the upper half of the screen.

The resulting display modes are identified as VRAM modes VMO-7; however, VM7 is the same as VM5 and is
therefore not listed.

A/B (bit 6)

NOTE: The lower half of the accessed address space is used for the even scan fines and the upper haif for
odd scans in all configurations except VRAM mode 6. (Refer to Figure 2-88.)
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VMO:

Lower 16K bytes VRAM (0000-3FFF), with R9 =03, causing each line to be displayed twice for a 400
line display

VM1, Lower 16K bytes VRAM (0000-3FFF}, with R9 =01; each line is displayed once for a 200 line display.

VM2: Same as VMO, using the upper 16K byles VRAM {(4000-7FFF).

VM3: Same as VM1, using the upper 16K bytes VRAM {(4000-7FFF).

VM4: Enables use of all 32K bytes VRAM by using 0000-3FFF for the even scan data and 4000-7FFF for the
cdd scans; R8 =03, causing repeat scanning and a 400 line display.

VMS: Same as VM4 but with B8 =01, resulting in a 200 line display.

VME: 0000-7FFF, R9 =03 and R6 (verticat dispiay height) = 84. 32K bytes VRAM, 400 line disptay without
repeat. Address space is spiit inte 48K-byte blocks. The first scan uses raster data from the lowest
address biock, the second scan {rom the second block, the third scan from the third block, ete., and
the cycle is repeated for subseguent scans. (Refer to Figure 2-87.)

EVEN ADDRESS (2r} QDD ADDRESS (2n+ 1)
7 6 5 a a 2 1 0 7 6 3 4 3 2 1 0
ctleco|lcitlco]ject|cof|ci]| co ci1|{co]Jci|{co|lci|co| 1] cCo
S\ \ o \ > A " r o h, v A . A — J
PIXEL 15T 2ND 3RD aTH 5TH 6TH 7TH 8TH
LOW RESOLUTION
EVEN ADDRESS (2n) ODD ADDRESS (2n+ 1)
7 6 5 4 3 2 1 0 7 B 5 4 3 2 1 0
P P P P P P P P P P P I P P P
PIXEL1ST 2ND 3AD 4TH 5TH 6TH 7TH 8TH 9TH 10TH 11TH 12TH 13TH 14TH 15TH 16TH

HIGH RESOLUTICN

FIGURE 2-89. GRAPHIC DATA FORMAT
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TABLE 2-48. APX-ICRT SAMPLE GRAPHIC DISPLAY MODES

M-TM-OX18
JAMUARY 1385

MODE LOW-RES MODIFIED LOW-RES HIGH-RES MODIFIED HIGH-RES
(LCH) (LLCH) (HCH) {HHCH)
CHT TYPE (LikE& i 200 ¢ 200 200 200 1 400 400
] R A LA R AR L e
DISPLAY SIZE [FIXELS) {320 = 200 {Nots 1)) 160 » 100 {Nots 23 | 640 x 200 (Note V)| 640 x 40C {Noie 3)
YEAMIPAGE 8K 16K 16K 32K
CONTRQL | Bt 5 (B400ME200) 150 0 140 1
T g e S BT SOOI S O G
B3CEH)  18it 6 (AR - L
Bit 7 {CMIEX) = T = B —i9 1
EESTDS R1 fHomranial 2EH (40 B IR0 PEH (40} ZOE L40)
ATA e v s s S
REGISTER |16 (Vertoal) B4AH (100) Bart {100) G4H (100) BAH (100)
EOSB;‘ H , P o e ] LR A A LA S LR AL LA AT AS AEAS AL | et e B e e £ P AR Ao A .
030AH 89 (Repsa) O7H E D OFH (18 OF {16) 7ML 8] 7 OFH 118) 07 {8
MODE Bit G (M 0 0 1 1
REGISTER | —
033aH, | BY 1 {GR) 0 0 0 0
o ) B e B SR [
Bt 4 (HGR) 0 0 0 0
B 5 (BLEN) | | 1 ! -

NQTE. 1. Tre graghe dala are duslcated w0 8 e gepbay pags.
2. LLGR 15 16-color gragh:cs dertwved from UH moge. Both the undering enable, EMUL and mongchromeicolor sslecton,

2-08

BA. must e 00 LL
3.0 In HHGR mode. he asplay data s no

(G8 mocks (Rels

o Trapter 6
picated. Reter to the desor

i of VMG,
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2.5.6.3 Monochrome/Color Display Modes

Monochrome/Color Selection

Bit 1 of the 46505 contral register (B/W) is used to determine whether monochrome or color display mode is
supported. If BIW = 1, a monachrome display is produced on either a monochrome or colar monitar, H BAW
= 0, the video signals are output as R, G, B, and |, and only a color monitor will produce an accurate display:
maonachrome monitors witl disptay scrambled data. Table 2-49lists the RGB anid intensity signal combinations
which produce the 15 possible dispiay colors,

Color Selection and Blinking
Color data display methods vary according to whether high or low resgiution character or graphic mode is in

effect and whether a color or monochrome maonitor is connected to the system. {Refer 10 the summary in
Table 2-50.)

If a color display and character mode are used, the 8-bit attribute datais divided 1¢ establish background and
foreground colors, intensity, and enabling or disabling of biinking (Figure 2-88). When the blinking enable
signal, BLEN, bit 5 of the mode register. eguals 1, blinking is controlied by bil 7 of the attribute dala; bits 0-3 of
the attribute data indicate the foreground color as described in Table 2-49, and bits 4-6 establish the back-
ground color. When BLEN = and blinking 18 inactive, bit 7 of the altribute data is used as the background
intensity signal.

Color graphic mode defines each pixel by consacutive pairs of bits, C1 and GO, for low resclution displays,
and bit-by-hit far high resolution displays (Figure 2-88). in low resolution maode, the active colar set is selected
according to the CSEL and BACKI signals of the color register (02D9H). One of the four colors in each set is
selected by the CO and C1 pixels, as described in Table 2-51.

Color data may be displayed on a monochrome monior when B/W = 1. To do so, the pixel is “white,” or
foreground, when C1 or CO equals 1, with intensity determined by BACK!; when C1 and CO are both 0, the
pixel is "black,” or backgraund, with infensily determinad by bit 3 of the color register. The foregroundiback-
ground refationship is reverged when attribute bits 0-2 are ali 0 and bits 4-6 are all 1.

TABLE 2-49. RGB/DISPLAY COLOR COMBINATIONS

COLOR I R G B
Black ] b 0 o
Blue o O UUUUUUUUUUUUUUUUUU 0 1
F— G o \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ ; -
__________ _C_ya,l:l_“”ﬁﬁo p 1 -
REd o 1 : P
7 Magerta 0 1 0 :
,,,,,,,,,,,,,,,,,,,,,, B HM” ; 1 1 :
,,,,,, " - 1 : MMW{W““
Gray 1 .
Light Blis 1
Light Graen 1
Light Cwan 1
Light Rea 1
Light Magenta 1
Yellow 1
White {(H.gn Intensity) 1 1 1 1
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TABLE 2-50. COLOR SETS BY MQDE

M IMOKIE
JANUARY 1885

MODE FOREGROUNL BACKGROUND BORDER
CHARACTER
Low or High Hesolution Color COne of 16 colors derived 16 colors non-tiinking ¢ 8 16 colors derived from
(LCHC, HCHC) from attribute bis 3-0. colors with biinking derived CR (03D9H).
from attnbute bir 6-4.
Low or High Resolution Mono- | White Black Black
chrome {LOHM, HCHM) Intensity (1) derved from | =0 Intensity derivad from
attribute kit 3. colar register, bit 3.
GRAPHIC
Low Resolution Color (LGRC) (Refer to Table 2-51) 16 colars
C1,C0 =

Low Resoliston Monoachrome
{LGRM)

White
C1.C0 =00
Intensity derived from

BACKI, bit 4 of color regisier.

IRGB derived fram color
register (0309H).

Black .

Intensity derived from it 3
of color register.

(Same as background)

High Resclution Cofor {(HGRC) |  One of 16 colors (hit= 1) Black
IRGE derived f-om bits 3-0 {bit =0}
of color registar, (Refar to
Table 2-49
High Resoluiion Monochrome White Black
HERM} {bit =13 {bit=0
Intensity derived !rom bit 3
of color ragestar.
TABLE 2.51. LGRC MQDE COLOR SETS
COLOR SET 0 1 2 3
CSEL 0 0 1 1
BACKI 0 1 o] 1
C1,C0 =01 Green “H.l. Green Cyan H.1. Cyan
C1,C0 =10 Red H.I, Red Magenta H.l. Magenta
C1,00 = 1,1 Brown Yellow White H 1. White
C1,C0 =00 Cne of 16 backgrourd zoiors, IRGE outputs determined by bits 3-0 of color register (0308H).

* H.I. = High Intensity
NOTE: | = Color Register bt 4 {(BACKD). R = C1 G

2.5.6.4 Underlining, Cursor Selection, CRT Polarity

= C0, and B = CR bit 5 {CSEL).

Underlining

The monochrome emulation mode of the APX-ICRT has an underline attribute which is enabted by writing a 1
to bit 2 (ENU) of the control register (CNTR, 02CEH). Character-by-characier undertining is displayed when
the atiribute byte for the character has bit 2 =0, bit 1=0, and bit 0= 1.

The underline bar is displayed in the eightn line when an BxB character matrix area is selected, and on the
sixteenth line when a 8x18 matrix is used

Cursor Aftributes

Cursor attributes are in effect only in character mode. Curscr blinking is turned on and off by bits 6 and 5 (B,P)
of 46505 raster address R10. When bath bits are O, the cursor is displayed; when bit 5= 1 and bit §= 10, the
cursor is turned off. Bit 6 set 1o 1 enables the blinking function of the curser, In standard cperation, both bits

are set to 0 and cursor blinking is controiied by the GAIBVD, which divides the VSYNC signal into 16 fields/
pericd for cursor blinking.

Cursor size and shape are set by the 46505, R10 and R11 specify the starting and ending scan rows for the
cursor height, and R14 and R1% store the cursor address.

Sync Polarity

The VEYNC and HSYNC polarities may be set to positive or negative based on bit 0 (POL) of the control
register. If bit 0 =0, positive polarity is used on the CRT. if 1, negative polarity is in effect.
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2.6 SD-543 FLOPPY DISK DRIVE OPERATION

The SD-543 disk drive is very simuar to Epson’s SD-540, except it uses a mechanical head lpading mecha-
nism and a coniroi board designed for use with the QX-16. The following is a brief summary of SD-543
operation, fecusing on system use of the drives; for additionat information on their basic mechanical con-
struction, reter to the SD-540 techaical manual,

2.6.1 FDD Main Controt Board

The FDD main control board (refer to the schemalic in Chapler 8) is composed of three basic circuits: a drive
motor interface, which conveys drve selecl, motor phase, and sensor signals between the FDRD motor con-
trol board and the APX-ISYM boara; a write data circuit, which supplies side setect, wrile. and erase signals to
the heads; and a read ampiifier circuit based on the MC3470 IC, which converts the peak of each AC differen-
tial signal received from the readiwrite heads to a digital signat far the APX-ISYM beard (CN6 and CN7).

In the drive motor interface circuil. the MOTOR ON signal selects the active drive based on MTS0 and MTS1
signals from the GAFDDC (derived from DS0 and DS1 of the 765 FDC), and starts the drive motor. Phase
signals ¢1-¢4 drive the stepper mator. The stepper motor holding voltage is eontrotted by the SPM POW
DOWN signal. The track 00 and wrile protect signais are afso exchanged in this part of the circuit.

In the write portion of the FDD control circuit, the SIDE 1 BELEG signal activates the upper or lower head
while WRITE 1 or WRITE 2 deterrrines the drive to be written to. The ERASE GATE signal is used for write
opérations,

Inthe read amplifier circuit, Ihe value of the SWITCH FILTER signal determines the constant of the differentia-
tor circuit in the the read amp (0 = tracks 0-42; 1 = tracks 43-79)

2.6.2 Read/Write Head (Figure 2.91)

The 50-543 readfwrite head is flanked by two erase heads in a tunnel erase configuration. The upper and
lower heads are gimballed to imgrove media contact and minimize disk wear. The head is loaded mechani-
cally when the disk is inserted ana moved track-to-track by a steel-band positioning mechanism,

FIGURE 2-91. READWRITE HEAD
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2.6.3 Disk Drive Motor and Motor Control Board (Figures 2-92 and 2-93)

A direct-drive spindle motor is built into the FDD motor control board. When the motor is activated by a low
MOTOR ON signal (P3 pin 4), ICs 12 and 13 begin oscitlation. IC 13, the motor driver IC, maintains a constant,
300 rpm disk-revolution rate (within 2.2%) based on signals received from the motor speed control chip, IC
12, a frequency-to-voltage converter. IC 12 compares the reference voltage, 12, established by VR2, R61, and
C47, with the 11 voltage at the frequency generating coil of the circuit board, and adjusts the motor voltage
accordingly: if motor rotation is too fast {(f1 > {2), voltage is reduced; if motor speed is too slow (f2 > f1),
voltage is increased. When the MOTOR ON signal goes high, Q6 turns on, oscillation is stopped, and the
motor drive circuit turns off.

FG COIL
(BENEATH SHIELD)

WRITE PROTECT
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FIGURE 2-92. MOTOR CONTROL BOARD
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FIGURE 2-93. MOTOR SPEED CONTROL CIRCUIT
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2.6.4 Stepper Motor (Figure 2-94}

The stepper motor moves the head one step in the direction specified by the transition of the #1-g4 signals
supplied from the APX-ISYM board, using the steel beit connected to the motor shaft to translate the rotary
movernent to linear head movement. One complete rotation of the stepper motor equals 200 steps.

OT‘,. STEEL BAND

STEPPER MOTOR ~——

ROTOR

FIGURE 2-94. STEPPER MOTOR

2.8.5 Sensors

The index. write protect, and track 00 sensors are simple, LED-phototransistor detectors, which generate
timing and relerence signals used by the drive,

2.6.5.1 Index Sensor

The index sensor outputs a low signal each time the index hole of the disk passes over the phototransistor of
the sensor. The trailing edge of the index pulse indicates the beginning of the track (Figure 2-85),

2.6.5.2 Track 00 Sensor

The track 00 sensor, located at the edge of the readtwrite area, determines the outermost position accessed
by the readiwrite head. At power on, the readiwrite head returns autoratically to track 00, initiating a low
track 00 signal from which the location of subseguent tracks may be determined by the stepper motor.

2.8.5.3 Write Protact Sensor

When a write-protected disk is inserted in the drive, the write protect sensor outputs a low signat 1o the
GAFDDC, which disables writing 1o the disk.
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2.7 KEYBOARD OPERATION (Figures 2-102 and 2-103)

The primary componenis of the keyboard are diagrammed betow. Depression of any key on the keyboard
unites a row signal with a column signal, enabling the T6830KB keyboard encoder IC to output a correspond-
ing scan code to the 8049-020, which uses a synchronous format to serially transmit the keyboard codes to
the main CPU. All keys except SHIFT, CRTL, and ALT have an automatic repeat function, which is activated if
the key is depressed for ionger than the programmed interval,

The keyboard clock signal, input to T0, is supptied from OUT1 of the 8253 programmable interval timer at 9C.
The RxD data, input at the INT port (pin 6) of the 8049-020 via channel A of the 7201 multi-protocol seriat
cantroiler, provides the reset signal, establishes key repeat intervals, and monitors the LEEs, as described in
Chapter 6. The TxD ciata, output from the keyboard at P17 (pin 34) of the 8049-020, includes key codes,
SHIFT, CRTL, and ALT switch data, and LED status signals. Data format for BxD and TxD is diagrammed in
Figure 2-103, keyboard address corelates are listed inTable 2-52. Refer 1o Figure 2-52 for the keyboard timing
diagram.

e . KEYBCARD

TO SYSTEM { g%"ﬁ ::: : MATRIX
LUMNIT

< SCAN DATA

TES3IOKE
ENCODER

FIGURE 2-102. KEYBOARD BLOCK DIAGRAM

S5TART | © 1 2 3 4 5 & 7 | PARITY | sSTOP

FIGURE 2-103, KEYBOARD DATA FORMAT
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TABLE 2-52. KEY SCAN CODES

LoC SYMBOIL DATA Loc SYMBOL DATA LoC SYMBOL DATA
F1 STOP 73H F2 HELP 72H F3 COPY DISK 71H
F4 UNDO O1H F5 STORE 03H F6& RETRIEVE D4H
F7 PRINT 05H F8 INDEX 06H F9 MAIL O7H
F10 MENU 09H F11 EDIT 08H F12 CALC DAH
F13 SCHED 0BH F14 DRAW OCH F15 BOLD OEH
F16 ITALIC OFH F17 SIZE 1FH F18 STYLE 1EH
Et MAR REL 74H E2 ~ 75H E3 1 76H
E4 @2 61H ES #3 62H E8 $ 4 B3H
E7 % 5 GET E8 6 65H 3¢ &7 66H
E10 o 67H E1- {9 68H E12 30 £9H
E13 — BAH E1a + = BBH E15 ! 6CH
E16 «— 6OH | D — TAB — 77H D2 \r_’} 51H
D3 W 52H Da E 534 | DS R 54H
D& T 55H D7 ¥ 56H 08 U 57H
D3 | 55H D10 0 59H D11 P 5AH
D12 Ya Ve 5BH 013 [ < 5CH D14 > ] 5DH
C1 TAB REL aB | e SHIFT ALPHA 42H c3 A 43H
Ca s aH | cs 0 45H c6 F 48H
oy G 47H C8 H 48H C9 J 49H
c10 K 4AH C11 L 4BH 12 HH 4CH
c13 A 4DH C1a RETURN 4EH | B1 TAB SET 78H
B2 (L SHIFT*  &7H.86H B3 z 33H B4 X 34H
B5 c 36H B6 Y 36H 87 8 37H
B8 N 38H B9 M 38H B10 ' 3AH
B11 .. 3BH B12 21 4FH B13 (RO SHIFT*  85H.84H
Al CTRL BBH.84H AZ (SP) 3z2H A3 ALT 80DH 8CH
Ad CTAL 8FHBEH || E17 =X BEH E18 LINE 6FH
D15 INSERT [PRT $C]  5EH M6  WORD [SCL LK}  SFH C15 [PRIOR PAGE]  3CH
B14 - [-] 3DH B15 — [~ 3EH A5 [NEXT PAGE] 3FH
E19 DEC TAB 2FH E20 + 2EH E21 x 2DH
E22 +i- 1CH D17 7 2BH D18 8 2AH
D1g 9 29H D20 - 2CH €16 4 1BH
c17 5 1AH ci8 & 19H C18 + 28H
B16 1 27H B17 2 26H B18 3 25H
B19 ENTER = 15H AB 0 17H A7 . 16H

“Inthe ALT, CTRL,and SHIFT key rows. the first data 1is a2 MAKE code and the second is a BREAK code.
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2.8 MONITOR OPERATION (Figure 2-104)

The model Q602 monitor is a monochrome, raster scan display with the internal circuitry diagrammed in
Figure 2-104: a power supply circuit and flyback transformer; video sync and processor circuitry, vertical and
horizontal deflection circuits; blanking; and dynamic focus. Timing diagrams for the CRT are included in
Figures 2-109 through 2-111, at the end of the monitor section.

© HORIZONTAL 0 H-HOLD o H-SIZE
SYNC SIGNAL HIGH VOLTAGE
\
SYNC AND HORIZONTAL HORIZONTAL HORIZONTAL FLYBACK
AMPLIFIGATION CSCILLATION DRIVE - OUTPUT TRANSFORMER
Qo5 Qos Qo7 TCz
INTEBMEDIATE
VOLTAGE
DYNAMIC
AFC
q FOCUS
D02 D04 anocus,
HORIZONT A, DEFLECTION CIRCUIT
FOCUS
™ ADJUSTMENT
LOW
VOLTAGE
BRIGHT/SUB-
HOLD V-SiZE v
© VERTIGAL VHOLD V-SIZE VLN o BRIGHT ADJ
SYNC SIGNAL R37 R39
! GRID #1 | #4 | #3[ #2
VERTICAL OSCILLATION
SYNC AND ' RETRACING DEFLECTION
DRIVE, AND QUTPUT | CRT |
AMPLIFICATION 1CO1 Q16 YOKE ANODE
VERTIGAL DEFLECTION CIRCUIT GRID# f
@ AC INPUT
VIDEO CIRCUIT ©
POWER RECTIFIER S‘);:ZSDEEL o VIDEO SIGNAL/HIGH VIDEO CATHODE
TRANSFORMER CIRCUIT CONTRAST SIGNAL AMPLIFIER
Tea i HIGH PROCESSING CIRCUIT 004
CONTRAST 1C02
SIGNAL
CONSTANT-VOLTAGE
REGULATOR CIRCUIT | 12vD FBT
Q10 - Qi1 HEATER
HORIZONTAL DEFLECTION CIAGUIT
POWER CIRCUIT VERTICAL DEFLECTION CIRCUIT
DYNAMIC FOCUS CIRCUIT
VIDEG CIAGUIT

a FIGURE 2-104. MONOCHROME MONITOR BLOCK DIAGRAM
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2.8.1 Video Circuit (Figure 2-105)

M-TM-QX16
JANUARY 1985

The video circuit consists of a video processing circuit and a video amplifier circuit.

In the video processing circuit, there are four possible signal combinations, described in Table 2-53, which
determine the voltage levet at point A in Figure 2-105. The four combinations produce two possible display

modes: one in which the display contrast is variable and one in which maximum brightness is set.

On the video amplifier circuit board, transistor Q04 amplifies the signal according to the value at A. Resistor
R10 is the load resistor for Q04; diode D01 protects Q04; and CO3 is the capacitor for high-pass compensa-

tion,

VIDEO SIGNAL PROCESSING BD

+5V +5V
TO CAT
CATHODE
g:gﬁgl."‘l
1
S o
i a3 <
/i i VIDEQ AMPLIFIER
CIRCUIT
FIGURE 2-105. VIDEQ/INTENSITY CIRCUIT
TABLE 2-53. VIDEO INTENSITY SIGNALS
STATUS VIDEO SIGNAL INTENSITY SIGNAL EXPLANATION
1 0 0] Point A is low and there is no display.
2 0 1 Diode D01 causes point A 1o go low, ang
there is no display.
3 1 0 Point A is variable according to the posi-
ticn of the contrast potentiormeter, R70.
4 1 1 When both the video and high contrast

signals are high, the voltage is equal at
both ends of R70 and point A goes high,
resulting tn a high intensity dispiay.
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2.8.2 Horizontal Deflection Circuit (Figure 2-106)

TTL horizontal sync signals are inverted twice, then amplified at IC02 and input to the AFC circuit via R12.
Horizontal blanking pulses from the flyback transformer (TQ2) become sawtooth waves at R26 and C14, and
are also input to the AFC circuit, passing through R20 before becoming AFC output. Horizontal oscillation is
generated by the circuit including Q05, C12, C13, and L0O1; the inductance value of LO1 changes with horizon-
tal hold adjustment. Oscillation output passes through R25 to Q06, and combines with TO1 to supply sufficient
base voltage to switch horizontal output transistor Q07, controlting the harizontal deflection current flowing to
the CRT yoke and supplying the bianking pulses required for high voltage generation at the FBT.

NOTE: The horizontal width adjustment, LO3, is connected in series with deflection yoke (DY) and is ad-
fusted by moving its core.

T02 PIN &

cie
a.018/300v
HSYNC 1C02 PIN 12
35 i % I
mT 20
o4 INggi s ﬂgg; E'-
m: ) I 4
L] coa >
- IN34A L“KEE *o'm ciom 3
o.oonI
(314
G022
+12V o= & RiNsen .
T I...-- = T02 PIN 7
39K
i W RCILUBST2PAZZ
pytd me 1+ H-HGLD N
vesc i P cia nze ¢ 412V
1000/ 18Y 0.1/200V 13K {2w)

FIGURE 2-106. HORIZONTAL DEFLECTION CIRCUIT

2.8.3 Vertical Deflection Circuit (Figure 2-107)
TTL vertical sync signals are inverted twice, then amplified at Q01 and Q08 before being input to pin 5 of IC01,
the vertical deftection IC. The internal circuitry of the IC is diagrammed below. When SYNC signals are input
at pin 5, vertical oscillation begins and is input 1o the sawtooth wave block. Vertical hold is controlled at pin 6
of the oscillator block, and vertical size adjustment is controlled at pin 6 of the sawtocoth wave block. The
output signals are input to the ampilifier before being received at the the deflection yoke at pin 1, generating a
flow of deflection current.

NOTE: Linearity correction is adjusted by R53 (the V LIN resistor) to control the extent of duplication of the

sawtooth waves at pin 4.

|
|
1
© SYNCHRONIZATION & SAWTOOTH
OSCILLATION WAVE
6 FORMATION

FIGURE 2-107. VERTICAL DEFLECTION CIRCUIT
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2.8.4 Monitor Power Circuit (rigure 2-108)

The AC supply voltage is lowered at TO3, then rectified at diode bridge D13, and 16VDC is output. At the
constant voltage regulator circuit of Q10 and Q11, the voltage is converted to a 12VDC wave (with little ripple)
which powers the FBT, CRT, heater, horizontal and vertical deflection circuits, dynamic focus, and video
circuits.

Fo2 A
______ J\ FUSE T2SA _ . 2.
o)L . {re)—o~ o
i 1 A I |
! i
. i | |
cap OFF I 1 |
re | ‘(’ﬁ ey ARSI -

Foo48
Le

RCILEQOANCE

TO3
RTRNPOILSPA

zZ

FIGURE 2-108. MONITOR POWER SUPPLY

2.8.5 Flyback Transtormer (F8T)

The blanking pulse from the horizontal output transformer is input to the FBT and raised to approximately
13.5Y, which is supplied to the CRT anode. A second tap of the transformer generates approximately
485VDC, which is supplied to CRT grid #3 via the FOCUS resistor and CRT grid #2. A voltage of 44VDC is
¥ supplied to the video, constant voltage regulator, and bright/sub-bright circuits from a third transformer tap.

2.8.6 Dynamic Focus Circuit

The dynamic focus circuit uses transistors Q12 and Q13 to create differing convergence points for beams
applied to the center and edges of the CRT. A scatter-shaped waveform from the horizontal sync circuit is
input to Q13, inverted, amplified, and supplied to CRT grid #4 to increase the voltage of signals applied to the
screen edges.

2.8.7 Blanking Circuit

Horizontal and vertical blanking pulses are input to the base of Q16, inverted, amplified, then supplied to CRT
grid #1. The voltage of grid #1 goes low between vertical and horizontal blanking puises, darkening the
screen and preventing viewing of the raster lines.
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FIGURE 2-109. VERTICAL SYNC SIGNAL
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FIGURE 2-111. VIDEO SIGNAL
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3.1 MODULARTROUBLESHOOTING

Madular troubleshooting enables isclation of malfunction to the items listed in Table 3-1, and is accomplished
using the following'test sequence. which verifies the operation of the main CPU unit, monitor, keyboard, and
FDDs. Table 3-2 lisis tools necessary for modular testing. Table 3-3 lists the IPL error codes, and Table 34 isa
troubleshooting reference guide tor determining malfunctioning 1Cs according 1o malfunction symplom.

NOTE: Units received from the held should be carefully inspected for signs of misuse or shipping damage.
Note the packing materisls used 1o SHip the system, if applicable, and ook for profective spacers
between the read/write heads and for the shipping support at the oplion port.

TABLE 3-1. MODULAR SUBASSEMBLIES
REPLACEMENT MODULE/COMPONENT

PART NUMBER

QOFS Power Suppsy Boears Ung (1007115 ¥130203000
Fan Lint ¥ 1305000
APX-ISYM Conirol Boarc Ling fwithou! BOMs) ¥ 141201000
Z-804 CPU XaQ00078M
BOSE-Z2 CPU X400080881
2764 BIOS EFROM ¥141800102
2764 |PL EPROM ¥141810402
50258 256K DEAM: X400502580
BRA7 DMA Contralles X400082370
8259 Interrupt Gonirolier ¥AGDOG2590
8253 Counter Tirmesr - X400082530
7201 Graphic-Dispte-Contrelier S rilt il HARUGT 2010
8255 Programenabtile Periphera! Interface XAQODE2550
146818 Baa Time Cwock X400 4630
449 OMOS BAM KAGOODAAD
785 FOO Controller KAGIO0OTESES
APXAGGS Vudeo Beard whnit Y142202000
7220 Graphic Displey Contraliar #ABOOT2E04
GALAPGD ¥ 140B00000
41254 B2k x 4 DRAM= XA0041 2541
APXCAT Viden Emulaton Sosrd Unit V143201000
46508 CTRC X400065050
2784 Characte: Generalor XB30112830
Maritar Unit Q6024
Manitar Maun Crcut Bosrdd Y139501213
CRT Y139501007
30-543 FOOD Ut ¥141501000
tAain Ciroant Boarg Y38LZ 501
Keyboard Uit QA0 84
Keyboard Upper (Case #2 ¥ 142501001
Keyboard Cover Cae ¥ 142501002
Keyboard Croul Board 1425010}
TABLE 3-2. MODULAR TROUBLESHOGTING TOOLS
TOOL PART NUMBER
Fhillips screwdriver (#1) B743800100
Oigital ¥ M

Syslern disk (CRM znd MS-DOS) e r————
Blank dizk (36 1)
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STEP 1

STEP 2!

3-2

YES:
NO:

YES:

NO:
STEP &:

YES:
NO:;
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Connect the main unit to AC {mcniter and keyboard disconnected} and turn the power on. Do the
main unit power LED and FDD drive select LEDs flight, and does the fan operate?
Gotostep 3.

Make sure the AC cable is securely connected and retest. if the problem is not corrected, remove
the upper case from the main unit {(Section 4.2.1} and check fuse F1 on the Q10PS board. Replace
the fuse i damaged. and retest. If the fuse blows or the unit remains malfunctional. go to step 2.

Measure the supply vohiage at GN11 on the APX-IS8YM board. is + &Y present at pin 7, +12V at
pins 2, 3, and 4, and -12V at pin 57

If the voltage is correct but the fan or LEDs are inoperative, replace the malfunctioning item. When
the main unit is operative, go to step 3.

Replace the Q10PS board (secton 4.2.3}).

Connect the monitor to the CPU unit and to AC, and power both. Does the monitor LED fight and
does the following display appear:

IPL VERSION X X TESTING RAM

And, does the second line of the disptay change 0 the following:
INSERT SYSTEM DISK IN LEFT DRIVE

Go to step 7.

If thare is no display, check the brightness and contrast controls, then check aili cable connections
and retest |f necessary test the monitor with another CPU unit to verify whether the maifunction
lies in the montor or the CPLL

If the monitor operates with the sscond CPU unit. ingpect the APX1GGES and APXICRT cireuit
boards for poorly seated or damaged components, cracks, iifted traces. or misplaced or lcose
connectors, Replace any board showing obvicus damage. If the boards appear undamaged. ex-
change the foflowing ICs, one al a time, relesting after each swap:

APX-GGS: 7220 APX-ICRT: 46505
GAAPGD 2764
2764

If the malfunction is not eliminatad by chip exchange, replace the APX-IGGS or APX-ICRT,
or exchange the 7201C on the APX-ISYM board, or replace the APX-ISYM board.

If the monitor does not operate zt all with the second CPU unit, exchange the monitor, or furtner
troubleshoaot it by reterring to step 4.

If the monitor operates but the vertical or horizontal adjustment cannot be carrected, replace the
maonitor main circuit board, or exchange the monitor.

If the TESTING RAM display message appears, followed by an error code, refer to Table 3.3 and
perform the appropriate IC exchange.
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TABLE 3-3. IPL CODES

MESSAGE

REMEDY

IPL VERSION 1 XX

TESTING RAM
INSERT SYSTEM DISKETTE M LEFT DRIVE

RAM ERROR! PRESS RESET T RETHY
£80 PROCES30R CHiF FARETD!
PRESS BESET TO RETRY

16 BIT CARD NOT INSTALLED!
UNABLE TO BOOT SYSTEM

INVALID SYSTEM TRACKS FOUND

MNormal oparahon.
Repiace suspec! socketted RAMs, or replacs
the AFXASYM hoard then retry.

Replace the Z-80A CPU Replace the
APX-ISYM board if necessary

Replace the system conlrol lgteh (F4L5154) and
retry. Aeplace the APX-ISYM board I
NECESSAry.

Replace the disk and retry,

HARD DISK NOT RESPONDING

ERROR READING HARD DiSK!
FRESS RESET TO HETFY

ERROR READING THE HARD DISK
PARTITION TABLE.

INVALID PARTITION TABLE FOUND

Probable hard disk damage. Refer to the aper-
aticr: and technical manuals for the hard disk,

STEP 4:

YES:
NO:

STEP &5:
YES:

NO:
STEP &:

YES:
NO;

To troubleshoot the monitor. begin by removing the monitor upper case and discharging the CRT
anode {Section 4.5.1),

DANGER

THE MONITOR CONTAINS HIGH VOLTAGE CIRCUITRY. DISCHARGE THE ANODOE IM-
MEDIATELY AFTER THE CASE IS REMOVED. USE CAUTION IF POWER IS APPLIED
DURING TESTING, AND USE NON-CONDUCTIVE ADJUSTMENT TOOLS WHEN WORK-
ING ON THE MONITOR.

Inspect the interior of the monitor for burned or damaged components or itose connections. Re-
pair or replace malfunchoning compaonents and retest. |s the monitor functional?

Gotostep 7.

Check the SUB-BRIGHT adjustment (R37). if adjustment does not produce a clear display, go to
step b.

Test the rmonitor power supply on the + 12V line. 1s the voltage 10.8-13.2V7

Check the heater of the CRT and the voltage at pin 2 of the FBT. If the heater is not lit or the voltage
Is not approximately 485\ replace the flyback transformer (Section 4.5.5) and retest. If the FBT is
operative but the manitor remains malfunctional, go to step 8.

Replace the monitor power supply and retest; if the malfunction is not corrected, go to step 6.

Check the CRT G1 ang G2 voltages. is G1 approximately -21V to-44V and G2 approximately 4857
Exchange the monitor unit if malfunctional at this step.

Replace the moenitor main circuit board (Section 4.5.7) and retest: it the malfunction is not cor-
rected at this step, exchange the monitor unit.
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STEP 7:

STEP &:
YES:
NO:

STEP S

STEP1D:
YES:

34

YES:
NO:

YES:
NO:

NO:
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Install the keyboard. Do the LEDs on the SHIFT/ALPHA and INSERT keys blink. then ture off, and
does the character gengrated by each key correspond with the symbol on the keytop?

Go 1o step 8.

Check the keyboard with another QX system, if possible. to verify whether the malfunction iies in
the keyboard or the main CPU Lnit.

If the keyboard is operable wher connected to the second QX. exchangs APX-ISYM board ICs in
the following order, retesting after each swap:

7201 (1B}

8253 (9C)

8259 (9D)

If the malfunction is not correctad, or the keyboard is not functiona! with a known operative ma-

ching, check the socket contact of the keyboard CPU. If necessary, repiace the keyboard circuit
board {(Section 4.4 3} or the keyhoard

Insert a system disk in the teft crive and press the disk insertion bution. Does the sysiem boot?
Gotostep 8.

Recheck the umit using another systam disk; if the system boots the backup, go o slep 9.

If the systerm dees not boot, remove the the FDD connectors from the APX-ISYM board and install
the drive B connector at CNE, Retest the booting operalion by inserting the system disk in the B
(right) drive. I the system boots on FDD B, replace FDD A and reconnect ihe connectors in their
ariginal arientation (FDD A to CNE, FDD B 1o CNY) and retest.

If the system still does nol boot, exchange the 765 {13A) on the APX-ISYM board and retest. If the
malfunction is stil not correctec. replace the FOD (Section 4.3 11 of the APXISYM board (Section
4.2.9) When the system is operative. proceed 1o step 9.

With the sysiem disk booled al =DD A and a blank disk inserted in FDI B, attempt to format the
blank disk and write and read daia to and from each drive. ts the data recorded and retrieved
accurately, and is the time disptay accurate?

Go 1o step 10

If the time drifts or is incorrect. reprace the NiCd battery and recheck. I formatiing or data read/
write fails, exchange the 765 (13A) on the APX-ISYM board and retest. If swapping the |Cs does not
remedy the malfunction, replace the APXISYM board.

From the operating system_type CTRL G. Does the speaker sound?

Repeat the modular test sequence: the unit should now be completely functional. H an aptional
peripheral fails to cperate with the QX-16, test the device in a known operative computer: if the
option operates with the second CPU unil, replace Ihe 8255 or the APX-ISYM board.

Replace the 82535 {(9C and 10Cion the APX-ISYM board, one at a time, retesting after each swap,
then repeat the modular test sequence: the unit should now be functional.
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TABLE 3-4 PLUG-IN IC TROUBLESHOOTING REFERENCE GUIDE
SYMPTOM PROBABLE CAUSE

Syslam goes Aot oot H237 DMA controller, 256K DRAMS. 2 B0A or 30B3
CPUs. 2764 (IPL or BIOS), 7405154 VO seleciors

FDOO rioes nod readiwrnite 745 FOD contratiar, GAAFDC. SEDR4Z1COR vEO,
B237 DMA contzolisrs, B25% interru ot controders, 8255
prntes nteinog, 148818 reat time Glock.

RS 2320 does not opersie 72010 senal nienace. 8259 imerrunt controilers, 8253
trmericounier (90 8255 printer imterface. 7415154
Y salactar

Mo prinou 8250 prnter interface. 8258 mtarrunt cordroller (B0,
Caendar does nat updae 146818 real lirne clock, 8253 imtarrept confrolers,
Dptian card does not operals 8258 nterrunt contraliers, 8237 DMA controlisrs,

Keywbozrd ooes not g 7200 serial inferace. B3GR mierrsp conimlers, 8253

wmerizounter (9], 7405154 110 seleclor.

Dhspday miafunchions APKHRGSE: T201 graprse dispiay controler. SASPGD.
8284 A character genaraor
APR-ICHT, 6845 CHT controllar, charaoter gernernan:
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4.1 GENERAL REPAIR INFORMATION

This seclion provides procedures far remaval and replacement of the major subassemblies of the QX-16.
Recommended repair tools are lisied in Table 4-1 with corresponding EPSON part numbers: these tools are
also commercialiy available.

TABLE 4-1. REPAIR TOOLS AND EQUIPMENT

TOOL PART NUMBER
Flat-blade screwdrver {(#1) BV4300000
Phillips sorewdriver {#1) BY 42800100
Phull:ps sorewdnys: {#2) BT438002500
E-rirsy Dol (#2 5) H740800400
E-ring holder (#1.6) B E08002040
Torgue o 8740100102
Tworzars B741000700
Raw Bl Driver
Scldenng iren B740200700

DANGER

THE MONITORINTHIS SYSTEM INCLUDES HIGH VOLTAGE CIRCUITAY, DISCONNECT
THE MONITOR FROM THE AC OUTLET BEFORE DISASSEMBLY. IMMEDIATELY AFTER
REMOVING THE MONITOR CASE, USE A SCREWDRIVER OR SIMILAR BEVICE TO
SHORT THE ANQDE OF THE CRT TO THE CONDUCTIVE CABLE ON THE TURE. DG
NOT ATTEMPT TO DISCHARGE THE ANODE BY CONNECTING IT WITH JSOLATED .
PARTS OF THE MONITOR, AS THIS MAY PRODUCE A SHOCK HAZARD.

WARNING

The circuit boards contain static-sensitive CMOS ICs and must be handied with care,
Discharge bodily static before removing circuit boards, and wear a grounded wrist sirap
during disassembly. Place the boards an a rubber mat or simifar non-static surface when
removed from the case,

L A A L A T R R T | A i e e i Y S
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4.2 MAIN UNIT DISASSEMBLY AND ASSEMBLY N

4.2.1 Option Cover and Upper Case Removal (Figure 4-1)

1.  Remove two screws (A) from the option cover and lift the cover from the main unit. Remove the option
port shield (B) if present.

2. Use a flat-blade screwdriver to lift two caps (C) from the upper case, then remove four screws (D).

3. Remove cables (E) from disk drives A and B, and remove speaker connector CN14 (F), then lift the case
to remove.

4. Remove ground wire (G).

©

.

FIGURE 4-1. UPPER CASE REMOVAL/REPLACEMENT

4.2.2 Option Cover and Upper Case Replacement (Figure 4-1)

1. Install connectors (E) to drives A and B and connector CN14 (F) to the speaker, connect ground wire (G),
then position the upper case on the lower case assembly.

NOTE: Make sure the FDD cables are not pinched between the grounding tabs on the video board and the
case top.

2. Install the four Phillips screws (D) and two caps (C).

3. Install the option port shield (B) and the option cover; secure the cover with two screws (A).
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4.2.3 Q10PS Power Supply Board Removal (Figure 4-2)

Remove the upper case (Section 4.2.1).

2. Disconnect CN8 (A) from the APX-ISYM board and remove four screws (B) which secure the power
supply board to the lower case.

3. Lift the AC receptacle (C) and the rocker switch (D), and remove the power supply board from the lower
case. (Do not disconnect the heat sink from the board.)

(Outside Case) @
(Outside Case) @

FIGURE 4-2. Q10PS POWER SUPPLY BOARD REMOVAL/REPLACEMENT

4.2.4 Q10PS Power Supply Board Replacement (Figure 4-2)

1. Install the power supply board in the lower case, positioning the rocker switch (D) and the AC receptacle
©).

2. Secure the board with four screws (B) and connect CN8 (A) to the APX-ISYM board.

3. Install the upper case (Section 4.2.2).

4-3
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4.2.5 APX-IGGS Video Board Removal (Figure 4-3)

1.

Remove the upper case (Section 4.2.1) and remove the APX- ICRT connector, CN1, from the APX-IGGS
board.

Remove Phillips screw (A) and two Phillips cup screws (B), and lift the APX-IGGS board and shield
straight up to remove.

Remove three Phillips screws (C) from shield plate (D); two of these also secure mounting plate (E).
Remove ground screw (F) and the accompanying nut and outside toothed lock washer.

FIGURE 4-3. APX-IGGS VIDEO BOARD REMOVAL/REPLACEMENT

4.2.6 APX-IGGS Video Board Replacement (Figure 4-3)

Install Phillips screw (F) and the accompanying outside toothed lock washer and hex nut.

Install three Phillips screws (C) to secure shield plate (D) and mounting plate (E). Install an outside
toothed lock washer and hex nut with the screw at the inside hole at the right-front corner.

Install the board assembly at keyed connectors CN9 and CN10, and install Phillips screw (A) and two
Phillips cup screws (B).

Install the APX-ICRT connector, CN1, to the APX-IGGS board, then install the upper case (Section 4.2.2).
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4.2.7 APX-ICRT Board Removal (Figure 4-4)

Remove the upper case (Section 4.2.1).

Remove CN1 (A) from the APX-IGGS board.

Remove three screws (B) to release the APX-ICRT assembly.
Remove three screws (C) to remove the shield from the board.

il * A T

FIGURE 4-4. APX-ICRT BOARD REMOVAL/REPLACEMENT

4,2.8 APX-ICRT Board Replacement (Figure 4-4)

1. Install three screws (C) to secure the shield plate to the APX-ICRT board.
2. Install the APX-ICRT assembly with three screws (B).

3. Connect CN1 (A) to the APX-IGGS board.

4. Install the upper case (Section 4.2.2).
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4.2.9 APX-ISYM Board Removal (Figure 4-5)

1.

Remove the upper case (Section 4.2.1), the APX-IGGS hoard (Section 4.2.5). and the APX-ICRT board
{Section 4.2.7).

Rermove screw (A) from the shipping orace at the option slot.
Remove ten screws (B) from uposr shield plate (C).

Disconnect fan connector CN13 (D), battery connector CN12 (E). and power supply connector CN8 (F)
from the APX-ISY M board.

Remaove eleven screws (G} and three hexagonal stand-offs (H),

Press back on the tabs (J} beforetifting each side of the circuil board, then lift the front edge of the board
to remove it from the lower case.

4.2.10 APX-ISYM Board Replacemant iFigure 4-5)

1.

4-6

Position the APX-ISYM board in the lowsrcase and press back on tabs (J 10 seat each side of the circuit
board.

WARNING

Do not attempt to install the board without refeasing the Securing tabs; fo do so may
crack or otherwise damags the circuit board,

Install eleven screws (G} and three haxagonat stand-offs (H),

Connect fan connector CN13 (B), battery connecior CN12 (E), and power supply connector CN8 (F) to
the APX-1ISYM board.

install the upper shieid plale () with en sorews (B).
Install the shipping brace at the option Dort with sorew (A)

Instalt the APX-IGGS board (Section 4.2.6), the APX-ICRT board (Section 4.2.8), and the upper case
{Section 4.2.2}.
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4.2.11 Fan Removal (Figure 4-6)

1.  Remove the upper case (Section 4.2.1).
2. Remove connector CN13 (A) from the APX-ISYM board.
3. Remove four screws (B) from the fan and lift to remove.

FIGURE 4-6. FAN REMOVAL/REPLACEMENT

4.2.12 Fan Replacement (Figure 4-6)

1. Install the fan with four screws (B).
2. Install fan connector CN13 (A) on the APX-ISYM board.
3. Install the upper case (Section 4.2.2).

4-8
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4.3 FLOPPY DISK DRIVE DISASSEMBLY AND ASSEMBLY

4.3.1 FDD Unit Removal (Figure 4-7)

Remove the upper case (Section 4.2.1).

2. Remove four screws (A) from ground plate (B) and remove screw (C) from the LED power indicator, then
remove the grounding plate.

3. Remove two screws (D) to remove drive A; remove two screws (E) to remove drive B. Slide the drive
through the opening in the front case of the main unit to remove.

FIGURE 4-7. FDD UNIT REMOVAL/REPLACEMENT

4.3.2 FDD Unit Replacement (Figure 4-7)

1. Slide the drive through the opening in the front case. Install two screws (D) to secure drive A, and two
screws (E) to secure drive B.

2. Install screw (C) to the LED power indicator, position grounding plate (B), then install four screws (A).
3. Install the upper case (Section 4.2.2)

4-9
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4.3.3 FDD Control Board Removal {Figure 4-8)

1. Remove the FDD from the main unit {Section 4.3 1).
2. Remove two Pniltips screws (A), lift shiald plate (B), and remove LED (C} from the front panel.

3. Release head lead wires (D} from the w re restraint, remove the index connector ieads from connector J4
(E}, and remove screw (F) from the circuit board,

4, Remove the head connector wire at J& (G} and Iift the circuit Doard from the right edge, near J3.

FIGURE 48, FOD CONTROL BOARD REMOVAL/REPLAGEMENT

4.3.4 FDD Control Board Replacement (Figure 4-8}

1. Position the circuit board on the mechanism frame and install the head connector wire at J5 {G). The
head lead wires must be positioned at the right side of the mechanism frame, and covered with a plastic
shield.

Install screw {F}in the main circuit board,

Install index detector connector (E), and pcsition the head lead wires {D) under the wire restraints.
Install LED {C) in the front panel, and replace shield plate {B) with two Phillips screws (A),

Install the drive in the main unit (Section 4.3.2).

e T

4-10
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435 Front Panel Removal (Figure 4-)

1. Remove the FDD control board (Section 4.3.3}).
2. Remove two Phillips scraws (A} to remove panel (B).

FIGURE 4-9. FRONT PANEL REMOVAL/REPLACEMENT

4.3.6 Front Panel Replacement (Figure 4-9)

1. Secure the front panel {B) to the mechanism frame with two screws (A),
2. Install the FDD control boara (Section 4.3.4),

4-11
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7 Collet, Subtrame, and Index Sensor Removal (Figure 4-10)

Remaove the FDD unit from the case {Section 4.3.1) and remeve the FDD control board {Section 4 3.3)
Remove three screws (A to remove shield plate (B).

Insert a protective strip of paper or lignt cardboard between the upper and lower heads. then remove
four screws {C) and subframe assembiy (D),

Push collet lever (E] down uriil coltet (F) is free from the the coliet guide shaft. Slide the collet away from
the collet lever untii free.

Remove E-ring {G) from collet lever shaft {H)
To remove the index sensor, remove screw (K and |ift the sensor from the mechanism,

1

FIGURE 4-10. COLLET, SUBFRAME, AND INDEX SENSCR REMOVAL/IREPLACEMENT

4.3,.8 Collet, Subframe, and Index Sensor Replacament (Figure 4-10)

Install the index sensor and secure with screw (K
Install collet lever (B}, shalt {H), E-ning ((35), and the spring.

Depress colled tever (B}, siide caoilet (F) on to the end of the iever, and raige the lever, making certain the
collet is centered on the guide shaft,

install subframe (DY and screws {C).
Install shield ptate (B) and threa screws (A), and install the FDD unit in the case (Section 4.3.2).
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4.3.9 Track 00 Sensor and Jacket Lifter Removal {Figure 4-11)

Remave the FDD from the case (Section 4 3. 1) and remove the FDD control circuit board {Section 4.3.3).
Remove the front panel {Section 4.3.5) and the FDD controt beard shigld plate,
Rernave the track 00 sensor connector (A from the rmotor control board.

Remove screw {B). slide the sensor free of the mechanism, and lift straight up 1o remaove the sensor from
the frame.

5. Remove the jacket lifter (C) and jacket lifter spring (D), as necessary,

ol o=

FIGURE 4-11. TRACK 00 SENSOR REMOVAL/REPLACEMENT

4.3.10 Track 00 Sensor and Jacket Lifter Replacement (Figure 4-11)

1. Install jacket lifter (G and lifwer spring (D), if removed,

2. Install the track 00 sensor ir the frame with screw (B), and install the sensor connector (A) on the main
board.

3. Install the FDD controf boacd shield plate,

Install the front panet (Section 4.3.6) and the FDD control board {Section 4.3.4).
Adjust the track 00 sensor. (Refer to Section 5.3.5))
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4.3.11 Stepper Motor Remaval (Figure 4.12)

Remave the FOD unit from the case (Section 4.3.1). and remove the FDD control board (Section 4.3.3).
Rernove the front panel (Section 4 3.5}, ard the subframe (Section 4.3.7).

Remave the track 00 sensor and jacket lifter spring (Section 4.3.9).

Disconnect the motor circuit lead wires (A from the motor control board.

Lift jacket lifter {B) up and forward and -est it on the frame. Remove screws {C) from the ends of the steel
belt. Use flat-tipped tweezers {0 lifi tha siee! belt above the screw posts,

Remove screws (D) from the stepper niotor bracket and remove the motor from the frame.
Turn the steei belt tensioner (£} to release it from the frame.

A S

S

FIGURE 4-12. STEPPER MOTOR REMOVAL/REFLACEMENT

4.3.12 Stepper Motor Replacement (Figure 4-12)

1. Install the steel belt tensioner (E) in the frame.
tnstall the stepper motor and bracket on the frame with screws (D).

Install screws (C) to secure the steel belt. Use flat-tipped tweezers to lift the sieel belt above the screw
posts.

Connect the motor circuit lead wires (A} 1o the motor control beard.

Ingtall the track 00 sensor and jacket lifter spring (Section 4.3.9):

install the front panel (Section 4.3.6}), and the subframe (Section 4.3.8).

Install the FDD control board (Section 4.3.4), then install the FDD unit in the case (Section 4.3.2).

S
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4.3.13 Head Carriage Ramoval (Figure 4-13)

Rernove the FDD unit from the case (Section 4.3 1), and remove the FDD control board (Section 4.3.3).
Remove the subframe unit (Section 4.3.7) and the track 00 sensor and jacket lifter spring (Section 4.3.9).
Remove the stepper molior (Saction 4.3.11).

Disconnect the head lead wiras from the clamp (A) on the main frame and remove siide shaft plate (B).
Tilt the carriage downward on the stepper motor side and lift the head assembly from the frame.

Turn the steel belt tensioner {C) 90 degrees and reiease if from the frame.,

ook W =

FIGURE 4-13. HEAD CARRIAGE REMOVAL/REPLACEMENT

4.3.14 Head Carriage Replacement (Figure 4-13)

Install the steel belt tensioner and tension spring (C).
Insert the slide shaft into the jacket lifter and instali the assembly on the casriage.
Install the carriage assembly and the slide shaft fixing plate {B) on the frame.

Connect the head lead wires at clamp (A} on the main frame, making certain that there is ample stack in
the wires (o aflow the head to move freely between the inner and outer tracks. Apply Cemedine achesive
to the wires at the ciamping point,

Install the stepper moter (Seclion 4.3.12).

5. Install the jacket lifter spring and track 00 sensor (Section 4.3.10) and the subframe unit {Section 4.3.8).
The arm of the upper carriage must be on the collet lever.

Instalt the FOD control boara (Section 4.3.4), then install the FDD unit in the case {Section 4.3.2).

B N
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4.3.15 Motor Control Board and Drive Motor Removal (Figure 4-14)

Remove the FDD unit from the case {(Section 4.3.1), and rernove the FDD conltrol board (Section 4.3.3).
Remove the subframe unit {(Section 4.3.7),
Disconnect track 00 connector P (A} and stepper motor connactor P8 (B) from the mator comral board.

Remove motar securing screws (C} and dismount the motor unit. Handle the motar with care so that the
spindle is not damaged,

i S

FIGURE 4-14. MOTOR GONTROL BOARD HEMOVAL/REPLACEMENT

4.3.16 Motor Control Board and Drive Motor Replacement (Figure 4-14)

1. Install ihe drive motor with screws (C)

2. Connecl P5-J5 {A) and P&-J6 {B) on the mator control board.

3. Install the subframe (Section 4.3.8) and the FDD controi board (Section 4.3.4).
4. Adjust the motor speed. (Refer to Section 5.3.1)
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4.4 KEYBOARD DISASSEMBLY AND ASSEMBLY

4.41 Keyboard Case Removal (Figure 4-15)

1. Disconnect the keyboard cable from the main unit and the keyboard.

2. Turn the keyboard upside down and remove screws (A) from the lower case. Lift the case straight up to
remove.

(8 PLACES)

FIGURE 4-15. KEYBOARD CASE REMOVAL/REPLACEMENT

4.4.2 Keyboard Case Replacement (Figure 4-15)

1. Install the keyboard case with screws (A) and install the keyboard cable.

4-17
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4.4.3 Keyboard Circuit Board Removal (Figure 4-16)

1. Remove the keyboard case (Section 4.4.1),
2.

3.

Remove four screws (A) and the accompanying brackets

Remove 11 screws from the circuit board and carefully lift the board to remove.

FIGURE 4-16. KEYBOARD CIRCUIT BOARD REMOVAL/REPLACEMENT

4.4.4 Keyboard Circuit Board Replacement (Figure 4-16)

1. Install the circuit board with 11 screws , and install the four brackets with screws (A).

2. Install the keyboard case (Section 4.4.2).

4-18
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4.5 MONITOR DISASSEMBLY AND ASSEMBLY

DANGER

THE MONITORIN THIS SYSTEM INCLUDES HIGH VOLTAGE CIRCUITRY. DISCONNECT
THE MONITOR FROM THE AC OUTLET BEFORE DISASSEMBLY. IMMEDIATELY AFTER
REMOVING THE MONITOR CASE, USE A SCREWDRIVER OR SIMILAR DEVICE TO
SHORT THE ANODE OF THE CRT TO THE CONDUCTIVE CABLE ON THE TUBE. DO
NOT ATTEMPT TO DISCHARGE THE ANODE BY CONNECTING IT WITH ISOLATED
PARTS OF THE MONITOR, AS THIS MAY PRODUCE A SHOCK HAZARD.

4.5.1 Monitor Upper Case Removal (Figure 4-17)

1, Disconnect the monitor from the AC outlet and from the main unit.
2. Remove two screws (A) from the rear case and gently lift the case to remove.

FIGURE 4-17. MONITOR UPPER CASE REMOVAL/REPLACEMENT

4.5.2 Monitor Upper Case Replacement (Figure 4-17)

1. Position the edge of the case in the bezel at the front of the monitor. Gently push down to lock the case
tabs under the edge of the bezel.

2. Insert two screws (A) to secure the case,
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4.5.3 Monitor Lower Case Removal (Figure 4-18)

Remove the upper monitor case (Section 4.5.1)

Remove socket (A) and anode cap (B) from the CRT.

Remove cable tie (C) and disconnect the CRT yoke at connector (D).
Disconnect the AC power switch at (E) and remove cable tie (F).
Disconnect the black ground wire (G) and LED power indicator (H).

Remove five screws (J) and separate the CRT and bezel from the lower case. Place the CRT face down
on a level surface.

w N
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FIGURE 4-18. LOWER (-'JASE REMOVAL/REPLACEMENT

4.5.4 Monitor Lower Case Replacement (Figure 4-18)

1. Position the lower case with the upper case and bezel and install five screws (J).
Connect ground strap (G) and LED power indicator (H).

Connect the AC power switch at (E) and install cable tie (F).

Install the CRT yoke at connector (D) and install cable tie (C).

Install socket (A) at the rear of the CRT and install the anode cap (B).

Install the upper monitor case (Section 4.5.2).

SIS A
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4.5.5 Power Transformer Removal (Figure 4-19)

1. Remove the upper case (Section 4.5.1) and lower case (Section 4.5.3).
2. Disconnect transformer connector (A) from CRT circuit board (B).
3. Remove four screws (C) and lift the transformer assembly.

(4 PLACES)

FIGURE 4-19. POWER TRANSFORMER REMOVAL/REPLACEMENT

4.5.6 Power Transformer Replacement (Figure 4-19)

1. Position the transformer connector (A) on the lower case and insert four screws (C).
2. Connect the transformer and the CRT circuit board (B).
3. Install the lower case (Section 4.5.4).

4-21
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4.5.7 Monitor Circuit Board Removal (Figure 4-20)

1. Remove the lower case (Section 4.5.3).

2. Disconnect transformer connector (A) from circuit board (B); disconnect AC connector (C), video
input cable (D), and brightness control (E).

3. Remove two screws (F) and press outward on tabs (G) to remove the circuit board.

FIGURE 4-20. MONITOR CIRCUIT BOARD F!EMOVAUHE‘PLACEM ENT

4.5.8 Monitor Circuit Board Replacement (Figure 4-20)

1. Press back on tabs (G) while installing circuit board (B). Secure the board with two screws (F).

2. Install transformer connector (A), AC input (C), video cable (D), and brightness control (E).
3. Install the lower case (Section 4.5.4).
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4.5.9 Brightness Control Removal (Figure 4-21)

1.  Remove the lower case (Section 4.5.3),
2. Disconnect the brightness control (A) from CRT circuit board (B).
3. Remove screw (C) and lift the brightness control to remove.

FIGURE 4-21. BRIGHTNESS CONTROL REMOVAL/REPLACEMENT

4.5.10 Brightness Control Replacement (Figure 4-21)

1. Install the brightness control (A) with screw (C).
2. Connect the CRT circuit board (B) to the brightness control.
3. Install the lower case (Section 4.5.4).

4-23
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4.5.11 Power Switch Removal (Figure 4-22)

1. Remove the lower case (Section 4.5.3).

2. Remove tie (A) and remove two screws (B) from the switch bracket. Remove the bracket by sliding it
backward.

yh

FIGURE 4-22. POWER SWITCH REMOVAL/REPLACEMENT

4.5.12 Power Switch Replacement (Figure 4-22)
1. Install the switch assembly and attach two screws (B) and cable tie (A).

2. Install the lower case (Section 4.5.4)

4-24
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4513 CRT Removal (Figure 4-23)
DANGER

MAKE CERTAIN THE CRT IS DISCHARGED BEFORE PERFORMING ANY OF THE FOL-
LOWING PROCEDURES. DURING REMOVAL AND REPLACEMENT, HOLD THE CRT

WITH THE FACE OF THE SCREEN POINTED AWAY FROM YOUR BODY. DO NOT SUP-
PORT THE TUBE BY THE NECK.

Remove the upper monitor case (Section 4.5.1).
2. Remove the lower monitor case (Section 4.5.3).
3. Remove four screws (A) and carefully lift the CRT from the front bezel.
WARNING

Handle the tube with care to avoid scratching, and do not subject the CRT to pressure or
shock during removal or replacement. Use only the approved replacement CRT.

(4 PLACES)

FIGURE 2-23. CRT REMOVAL/REPLACEMENT

4.5.14 CRT Replacement (Figure 4-23)

1. Position the CRT in the front bezel and install four screws (A).
2. Install the lower case (Section 4.5.4).

3. Install the upper case (Section 4.5.2).

4-25




	Table of Contents
	Chapter 1 - Product Description
	Chapter 2 - Principles of Operation
	Chapter 3 - Troubleshooting
	Chapter 4 - Disassembly

