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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




