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L/ Introduction

The Radio Shack I'lodel 2000 Personal Computer is modular in
design to allow maximum flexibility in system configuration.
The basic computer consists of a lvlain Unit, a detached
keyboard with coiled cable for positioning the keyboard in
the most convenient location, and a monitor. The lv1ain Unit
may be supplied with two internal floppy disk drives or one
floppy disk drive and one internal hard disk drive. The
standard monitor used with the Model 2000 is a monochrome
displ-ay (green phosphor) which has a standard screen format
of 80 characters width and 25 lines vertical. Since this
unit is modular, it may be placed on top of the Main Unit or
at any location convenient to the operator.

Internal floppy diskette storage is provided by either one
or two 5-I/4" floppy disk drives. If the unit is supplied
with two of these units, total internal memory storage
capacity is L.46 l4bytes. When supplied with the internal
hard disk and one floppy disk storage unit, total internal
memory storage becomes 10.73 Ivlbytes.

An optional Color l'lonitor may be used with the Model 2000 to
provide up to eight of sixteen different colors on the
screen at one time. This optional feature requires the use
of a color monitor PCB assembly which plugs into one of the
mother board slots at the rear of the Main Unit.

An internal 128K RAt't board is standard on the Model 2000.
An option to the Model 2000 is an additional 128K RAM board
which provides expansion to 256K. Both boards are mounted
internal to the Main Unit. An additional optional feature
is a 256K RAM board which connects to the internal
motherboard of the lt{ain Unit. It is populated with 128K RAM
which may be expanded to 256K RAf',[ with the addition of RAM
ICs. Two of these boards can be installed into the
motherboard in the unit's card cage assembly. With aII
these options installed, the Model 2000 then has internal
RAM memory capacity of 758K bytes.

Other options include a IY/Joystick input, a mouse/cl-ock
option which aIlows input from a hand-positioned interface,
a monitor pedestal, black and white graphics option, and a
f loor unit which mounts the l"lain Unit vertically.

-1-
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Figure I.1 Model 2000 Computer Assembly
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The Main Unit is the heart of the Radio Shack Model 2000
microcomputer. It houses the microprocessor, Read-Only
l'lemory (ROM - 15K for system start-up), system power supply,
RAM boards and expansion slots for optional features, floppy
disk drives (either one or two), and the internal hard disk
drive and power supply.

The ltain Logic Assembly is a large board mounted to the
bottom of the lvlain unit and interconnected to the keyboard,
povrer supply, motherboard, and disk drives by a series of
cables. A system block diagram is shown in Figure 1-1
showing the major components of the Model 2000 and the
interconnecting cables. Both standard and optional features
are included in this figure to provide a complete overall
interconnection diagram of the unit.

The standard Power Supply for the lrlodel 2000 microcomputer
is a 95W switching regulator type, designed to provide
adequate capacity for most all add-on features of the
computer. When the system is supplied with the hard disk
option, however, an additional 38W power supply is required
to power the hard disk assembly separately.
The Model 2000 has a detachable keyboard which is connected
to the Main Unit with a lightweight coiled cable which
allows the keyboard to be used up to 3 feet away from the
Main Unit for operator convenience. The keyboard features
90 keys in a standard typewriter keyboard layout with
additional keys for numbers and functions.
The Floppy Diskette Drive uses special 5-L/4" double-sided,
double-density diskettes to read, write or store data.
These are 96 TPI soft sector diskettes. Two Disk Drive
assemblies are installed in the standard unit r or it may
contain one floppy disk drive and one internal hard diskdrive assembly. Each of the floppy diskettes stores
approximately 730 Kbytes of data. The hard disk drive is
capable of storing 10 Mbytes of data. A11 system programs,
with the exception of the system startup sequence, are
stored on diskette.
The monitor used on the Radio Shack t'lodel 2000 may be either
a monochrome (#26-51ff) or color (#26-5J-12) display. The
monochrome monitor is a high resolution green phosphor
display which provides excellent visual quality. It
features a L2" screen with an anti-glare surface for
improved viewing. The display is 25 lines of 80 characters
each with the capability of displaying 256 ALfferent letters
or characters. The characters are formed using a 7 x 9
matrix dot pattern.

-4-
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Also available as an enhancement of the black and white
monitor is a e/w graphics option board (26-5L4O). This
feature al-J-ows the presentation of graphic material on the
display monitor with individually addressed pixels. A color
monitor (26-5LI2) is available which utilizes a 14" color
screen, a color graphics option (25-26-5141), and the B/w
graphics option to provide 8 color presentations at one time
on the monitor.

Standard internal RAIvI memory consists of a plug-in 128K
board. This board plugs into the Main Logic board and may
be expanded to provide 256K of RAM with an additional 128K
board (26-5160). In addition to this memory up to two
26-5L6L boards (considered external since they are
accessible from the outside of the ltain Unit) may be plugged
into the motherboard located at the rear of the Main Unit.
These boards are populated with 128K of RAM and may be
further expanded to 255K each with additional 54K x I RAM
chips (option 26-5L62). When all of these boards are
incorporated into the system, they provide a total RAIII
capacity of 784K bytes of memory.

The TV/Joystick Board allows attachment of user-supplied Joy
Sticks or paddles. Two joysticks may be attached to t,he
ltodel 2000 for use with games available in the software
library of the Model 2000.

The I'1ouse,/C1ock option board allows input with an external
input device called a "mouse" as well as providing the time
of day with a battery backup clock,/calendar chip. The mouse
is a unit which is rolled along a desk top and encodes a
digital input to the computer.

A built-in RS-232 asynchronous interface allows
communication with external devices through the use of a
modem. These devices may be local or remote, using a
telephone line to co'm0unicate. The option supports 50 to
9500 BPS transmission speeds and utilizes a 25-pin D
connector located on the rear panel of the Main Unit.

-5-
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Ivlonoc hrome
Graph i c s
Board Color MONITOR Connector

Figure I.3 External Plug-in Option Cards
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2/ Specifications

2 .L Phys ical Characteristics

Main Unit
Width 19.0 inches
Height 6.0 inches
Depth 16.0 inches

48 .26 cm )

L5.24 cm)
40.64 crn)

Weight
25-5103 23.0 Pounds (10.4 kgm)
26-5L04 25.5 Pounds (12.0 kgm)

l"lonochr ome lvlon i tor
width L6.25 inches (4L.28 cm)
Height 11.4 inches (29.0 cm)
Depth L2.2 inches (31.0 cm)
Weight 15.4 pounds (7.0 kgm)

Keyboard
width L6.25 inches (4l-.28 cm)
Height L.2 inches (3.05 cm)
Depth 7.875 inches (20.0 cm)
Weight 2.8 pounds (1.3 kgm)

2.2 System Operating Characteristics

Storage Temperature -40 to +160oF (-40 to 71'C)
embient Temperature 55 to 95oF Q2 to 35oC)
Voltage Range (USA) 95 to 135 Vac

(Europe) - 190 to 270 Yac

Current Drain - USA - AC lvlain Unit,/Convenience Outlet
Model 25-5103 3.0 AmPeres
Model 25-5L04 3.5 AmPeres

European - AC current lv1ain Unit only
l4ode1 25-5103 0.94 AmPere
l'lodel 26-5L04 - L.2 Amperes

Line Frequency 47 to 63 Hz

2.3 Peripheral Interfaces

RS232C Connector - DB25 socket connector accessible at
the rear of the main unit. Pinout connections are
shown in Section 5 of this manual.

7
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2.3 Peripheral Interfaces (con't)
Parallel Printer Connector 34-pin connector for

connection of parallel printer or modem for
conversion to serial transmission. Pinout
connections are shown in Section 5 of this manual.

Ivlonochrome l'lonitor Connector 8-pin socket DIN
connector accessible at the rear of the lrlain Unit.

Motherboard accessible from the rear of the Main Unit
allows up to four optional boards to be plugged
into main unit. Existing cover strip and NyJ-atch
latches are removed and optional board is inserted
and latched into place with t',tylatch hardware.

2.4 Optional Features

Internal 128K RAlrl Board plugs into existing 128K RAM
board to give 256K bytes of internal RAII{ storage.
Requires disassembty of the main unit for
installation. See Section 2 on disassembly
procedures.

External 256K Board - plugs into slot on Motherboard at
rear of main unit. Supplied with 128K, but may
have another 128K added for total of 256K bytes of
external RAl4.

TV/Joystick Board plugs into slot on Motherboard and
allows use of Joysticks for games available in
software library of Model 2000.

It{ouse/Clock Option Board - plugs into slot on
Mother-board. Provides real time clock displayed
on monitor screen as well as input from external
"mouse" option, a hand-positioned transducer which
translates rrxrr and rrYrr position into digital
encoded signal.

8
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l/ Disassenbly/Rssenbly

Since the Model 2000 is modular in its construction,
disassembly,/assembly procedures are simplified. The main
modules which make up the Model 2000 are the Main Unit, the
keyboard, and the display monitor. These three units may be
supplemented by various I/0 devices such as printers,
modems, memory devices or additional monitors. Disassembly
of each module will be described in the following
paragraphs. Exercise case when handling the modules to
prevent damage to internal components or exterior surfaces.

3.1 Main Unit
The Main Unit contains the Power ON-OFF swit.ch and
indicator, the disk drives and the system power supply. AII
cables interconnect this unit with external devices. Most
cables are connected to the rear terminal panel of the lrlain
Unit but there are some connections to the front panel of
the Main Unit, such as the keyboard connector. Attached to
the bottom of the main unit is a metal chassis which houses
the main logic PCB assembly. Turn the Main Unit assembly on
either the left or right side to gain access to the mounting
screws. There are four screlrs which attach this assembly to
the l4ain Unit housing. When properly positioned, the logic
board provides interconnection from this base pCB to the
Mother Board which is used for interconnecting optional
feature boards. In addition to this 95-pin connector, there
are other connectors which tie to t,he PCB. When the screws
are removed from the base cover, swing the rear of the cover
away from the main unit. This will allow the connectors
which are at the front of the unit to be removed without
damaging them.

Disconnect all connect,ions to the main logic PCB (these
include the power input, reset, and sound). With these
connectors disconnected, the base assembly may be removed
completely from the Main Unit assembly. The PCB is attached
to the metal base assembly with nine screws. There is an
insulating separator to prevent possible shorting of any of
the components on the PCB to the metal base assembly.

The Main Unit housing contains the Power Supply, the Disk
Drive Assemblies (either two floppy disk drives or I floppy
and I hard disk drive) and the Motherboard for system
options. To gain access to the interior of this unit,
remove two mounting screws at t,he lower rear of the I'tain

-9-
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Unit. After removing these two screws, slide the top cover
forward to release the catches at the front, then lift the
top cover off the assembly. The back panel portion of the
case housing remains a part of the Main Unit base as well as
the power swj-tch/reset and indicator.

3 .1.1 Power Supply

The 95!! main power supply for the lrlodel 2000 is located at
the left side of the Main Unit and is accessible when the
cover is removed f rom the lvlain Unit as noted previously.
The power supply is attached to the base of the Main Unit
with 6 screws, 4 of which are screwed into the bottom of the
base and 2 of which are attached to the backside of the
front bezel If the Main Unit has a Hard Disk assembly
installed, it must be detached to provide access to the
connectors which connect the power supply to the Main Logic
PCB.

t. Remove the connectors attached to the lrtotherboard, d,isk
drives, and l{ain Logic PCB.

2. Remove 4 screws which attach the power supply assembly
to the base plastic.

3. Remove the two screws which connect the power supply to
the front bezel assembly.

4. Lift the power supply from the Main Unit.
5. Remove 3 screws from the RH side of the power supply to

allow the upper enclosure to be lifted off the supply.

6. Remove 4 connectors which attach to the power supply
PCB.

7. Remove 8 screws which attach the PCB to the lower
enclosure weldment.

8. Cable replacement is accomplished by removing the
connectors from the enclosure wel-dment. AIl connectors
are clip-mounting type connectors which a1low
replacement without special tools. Remove wires
attached to the connector and then depress retaining
clips from inside the enclosure. S1ide connector out
of enclosure weldment.

10
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Assemble the power supply in the reverse order of
disassembly. Ensure that the power supply is properly
operating before reinstalling it in the lvlain Unit. See
Section 7.2 for checkout procedures for the main power
supply.

The 38W Hard Disk power supply assembly is attached to the
underside of the power supply cover and nests above the main
power supply PCB. It is accessible when the cover is
removed from the main supply.

1. Remove the cover from the main unit as noted in
Paragraph 3.1.

2. Remove the main power supply cover by removing the 4
mounting screws.

3. Remove the mating connectors to the 38W power supply
there are two connectors. One is for AC input and

the other for DC output. There are three DC output
connectors on the PCB. The DC output connector may be
attached to any one of the three on reassembly.

4. Remove the 38W power supply board from the cover by
removing the 4 mounting screws.

Reassembly of the power supply is in the reverse order of
disassembly. Ensure that the orientation of the supply is
the same as it was prior to disassembly to prevent
interference with the main power supply PCB components.

3 .L.2 Disk Drives

The floppy disk drives are mounted at the right side of the
Ivlain Unit, attached to the base of the main unit with a
mounting bracket on either side of the drives. The drive
assemblies ( including mounting brackets ) may be removed from
the Main Unit base by removing 4 screws in the base. After
these screws and cables connected to the drives are removed,
the drive assembly may be removed completely from the Ivlain
Unit.
The hard disk assembly is mounted to the left of the floppy
disk drive assemblies. If the unit contains a hard disk
drive assembly, it is removed from the Main unit by removing
the four mounting screws and attached cables.

11
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3.2 Keyboard AssemblY

The keyboard assembly is connected by a coiled cable
attached to the left side of the front plate of the ltlain
Unit. Disconnect this connector to completely detach the
keyboard assembly. Disassemble the keyboard as noted below.

3.2.I Disassembly

1. After removing the connector from the l4ain Unit, turn
the keyboard assembly upside down on a soft surface to
prevent scratching the surface or keys.

2. Remove three scre\,ts from the front of the keyboard-
Keep separate so that they mayu be replaced in the
front 3 mounting holes.

3. Remove remaining 5 screws from the sides and back of
the keyboard assemblY.

4. Hold the top and bottom of keyboard assembly together
and turn the assembly rightside up.

5. Lift the top cover off the assembly, exposing the
keyboard printed circuit board.

6. Disconnect the cable connector at the right rear of the
keyboard assembly and remove the keyboard PCB.

7. Lift the keyboard supports from the rear of the
keyboard. These are positioned over the support
springs in the keyboard base (two on each side).

8. The cable is secured to keyboard base with a strain
relief. If necessary' squeeze the strain relief to
remove the cable from the base.

9. The cable wire connections must be removed from the
connector to replace the cable assembly. Use a small
tool to depress spring clip in the connector and pu1l
the wire/clip end from the connector.

I0. The four keyboard support springs slide into the base
from the outside of the plastic holders. See the
exploded view in Section 8 if required.

-L2-
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3.2.2 Assembly

The keyboard is assembled in the reverse order of
disassembly. Ensure that the keyboard supports are properly
positioned on the support springs prior to inst.alling the
top cover. Also ensure Lhat the shorter mounting screws are
used in the front positions of the keyboard assembly to
prevent damage to the keyboard plastic.

3.3 Display Unit

The Oisplay Unit for the Tandy Model 2000 computer may be
either monochrome or color, depending on individual
requirements. Servicing either of the two units is covered
in the service manual for the particular type monitor used.
See the supplemental sections at the end of this lrlodel 2000
service manual for servicing information.

13
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4/ Adjustments

4.L Power Supply Adjustment

Adjustment of voltage sources required by the Model 2000 is
contained in Paragraph 7.2.L.3 Performance Test. These
voltages include +5 Vdc, +I2 Vdc, and -12 Vdc.

4.2 PLL Ad justment

Adjustment of the PLL circuitry is accomplished by the
adjustments noted in Paragraph 7.L.7.4.

4.3 Video Adjustment

Adjustments to the video circuits should be made according
to the alignment instructions noted in the supplements
contained in Section I0 of this manual. Instructions are
included for both the Monochrome and Color Monitors.
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S/ Cabling Diagrams/ninout Connections

rhis section of the manual contains connector diagrams and
pin out descriptions of the connectors used in the l'lode1
2000 microcomputer. Figure 7-L shows an interconnecting
wiring diagram and identifies the connectors by symbol
number. The following pages then show physical
representation of the connector and corresponding pin
designations.

L7



Tandy@ Model 2000
t.

Servi ce Flanua1

1E



lrl()-lrlElr,H

Q
z

H
F

$$$ggs$E
$E

giF
.$E

Glrl-UFalrul
GloGIt(9ec,!FolrlaoJLI(,()o3oa|'*

oz(9zx
$$ $$$gg*$$$B

F
.$H

aFc(r()6U
J

o

lE
=

 **

ozlrlJ(D3
-6,1 rorrn,@

r9=
!e?ggE

g
rI-*-=

'=
3]=

';'=
]

\0oc\oOO€Edt{tn(d
.F

{o

I

o\r-lI

go.F
{+
JU

t{
(u(u
C

+
J

ooU
E

H
O

O
U

+
Jco

H
OO

O
c\

F
{

.a t-{
do
U

€
\ot{E
o+
JUoctroU

!)?$JA
|c

.-l

Lng

F
 j 

il
+

; 
B

 
l! 

'F
{

E
 aslgu; 

rr{

H
 E

 ;[E
E

5
l{ 

o l?F
 z o

3 P
 E

=
 i F

 -

T
 E

 3H
 =

 E
 il

6 A
 ba 3 i 

3
n 

H
 br e I 

o
g E

 i: 
P

 3;
3 5 gT

; P
 H

X
, E

 ; " P
 r 3E

P
l F

 E
e.s H

 ig
9l l gaf e nd
z,a 

.( 
.! -'- (* 

<
-'e<

-€

IE9E
 =

d.o o
{a e
;oL* 

r^r

6>d E
^

s6i
(}o=

rE
P

3EI

.-t

noooooot
iillsE

3

iE-oo 
F

31 
P

E
9

*ttl| | 
3r

I 
I 

ccl

A
A

 
A

N(\lo-

A\
=

N
-toF

to
'1:-1?

G
C

<
oeoT
g

E
E

-l-=
E

Flo-FfoI

Alo-ooooo-B
,

a3tInIroNGolr

nIooooGrdoDf,!t),S(\lGo

rtftA
r

olrJ

lrJ

Fltj

rttrJ

l'lad

(v
E

T
i '.P
P

 otU
,

|(,

9rt

g'
olrl

(olrJ

+
t:-l

-Y
 .V

 =
r

!- | ii
trjI

IttJ

t

O
J

.IIP8=rlv,

fl,iE

!oIl|Iooo33n

Jo'o.toG
,

lrlloo.()o

nl

tI#E
tn

t r-151
I |iH

5 
I

lL5_l
E

tdtS
o

8HE
'

J 
lrl

<
()

F
il

E
iG

F
 tl

ilz

U6Fldo*lo-I
<

EZ
 l.l

O
F

@

d^!l:EA
T

6TF
l!

*8
€

3to5l-()lrf--o(,
b^

tr 
iE

[H
E

It
A

 
s 

3r
zfr -$- f,.

Il=



H p, 5 o K @ E o o o ts N
) o o o C

N o F
t F
. o o E 0, 5 F o, H

r) o F
I

P H >
) (D o rt o n \ o s) ct H

B
O

o O
H

(D
5

F
ff

rD
N

fr
C

O oo O
T 5

(.
)o oo 3r
t

rC
 P

.
tr

o
rt

5
(D ilU

H
.

0, (q il 9) = @ c) O O N O o\

I f\) O I



Tandy@ Model 2000 Service FIanuaI

l
t 

,, 
*:"

t5
KFY + 14

&

1

rn

Cable Assennhly Wl {6n08058}

--- 
^,*tf

Er

tsit

#-

(,

E-]
Jh

/o//
/o///o//

{w
/ll

CONUECTS / PfU *r

ia+tF =:1
t,4trit*+ ilrC

t i i t f + +
*- ltl*r ,L!-.*:zo-+5v lA REF il 4

Il r,-rrTl- rrT-qF! J L J

Dr5 l ntSaR.lF'-l- Cl'l l'i,'F,5 ' F3RT iJ0- EEMAEI{ g

- anL,l |,l, gdlftEl 5 F65 -[1Or.r t\n []L E 'e,3 -5f]r-

E L.O UTAC T !']LLEA JnF. EO - -_-j EMATE
{O I! asllt f. L | :7 rl! S lr "{tq I

LLL AL L'\ 
-Jf-"'rll -l 

tr

iDl.rf'.i g,!e K= El & FC,S 
:T 

i=1f,1 39 - 'E. -30G
(a -r.1i -r /r-tL4_l f'/c-r LE .t- I ,l I - 5'a -d la 5

.JfiL Ar.]il 60{l.aEr + Fdg, TOtl .Al"/tr / -+CL+t+ -dr
iJ tl Lltr G 7

McLE,r. "q J4 t? q

+l L]

ZT



Tandy@ Model 2000 Service Manua1

TIE U/PAP

H
PIN 1

Pee

PIAJ | 

--

ffi

fil
/

WIPE L IST
FUi/C-

7f0u
WIV-E uMNEtroz. / PtN Na.
\Ll6 :0tfl P?Z P5 ?+

+tzv zo oP6. I 5
r rzv zo 8.a. I ?

6ND 20 BL(' ? 2
6ND zo ILK 3 2
+5Y ao TED 1 I

+5V ?o RED a I

PAIZI S r- IST
DTS AIY DESCRiPTID N MFG P/\ "-T N6. EFVIAkxS

PZ7 I 4.OUN.SGKET. 4 rcslnot{ AMP,/ t- +ao4zl- o
+ COUTACT xXtP/ C"l l17- l

PW5 z 4ONN. SOCKET. + I6tTION MOLEX / Z7-Ot-W7
a COUTACT MOLEK / Oa-SO-ot 13

Cable Assembly w2 (5008059)

-22-



Tandy@ Mode1 2000 Service Manua1

th
plN 3-

Ptu 34

?fN 2

tl
t-

P26

PIU I PIN Z

Pll'J Z

34 POSITIOM CAPD
ED6E CONUECTOPS

31 POStTtOt{
EECEPTACLE CONMECTOR

PiLJ 33

34 COMDUCTOP PI&^ON CAtsLE

PAE.-TS LIST
L E MALI<Jv1Fr. / PA-.],-.T \JC.DESCK IP T iO\J

TKAIN {E-LIEF 15.MoLEx / $-zq-,=f43C'ONN. .:+ - PIN TE"CLTTACLE.
3M / 3463-000)aONr\.,i4- PIN E)aE CARb

At{P / 4999 9- 3

C/IBLE 3 4 -COND .'.OsO P|rcll

Cable Assembly W3 (5008057)

-23-



-,-.

Tandy@ Model 2000 Service l.Ianual
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MAIN LOGIC PCB REV. E

SERIAL INTERFACE ( RS -232C)
(25-P IN FEMALE RT. ANGLE DB25')

J1

OI
03
0s
07
09
1I
13
15
L7
19
2I
23
25

J2

OI
03
05
07
09
1I
13
15
L7
19
2L
23
25
27
29
31
33

GROUND
SERRD
SERCTS
GROUND
NO CONNECTION
NO CONNECTION
NO CONNECTION
SERTXC
SERRXC
NO CONNECTION
NO CONNECTION
NO CONNECTION
NO CONNECTION

LPRDATSTB
LPRDO
LPRDl
LPRD2
LPRD3
LPRD 4
LPRD5
LPRD6
LPRDT
LPRACK*
LPRBSY
LPRPAEM
LPRSEL*
GROUND
LPRIN O

GROUND
GROUND

02
04
06
08
10
L2
14
16
18
20
22
24

02
04
06
08
10
L2
14
16
18
20
22
24
26
28
30
32
34

SERTD *
SERRTS
SERDSR
SERCD
NO CONNECTION
NO CONNECTION
NO CONNECTION
NO CONNECTION
NO CONNECTION
SERDTR
SERRI
NO CONNECTION

PARALLEL INTERFACE
(34-PIN MALE SHROUDED RT. ANGLE )

GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
STROBE IN
LPRFLT*
LPRINI
LPRIN2 E

INBUFFULL

30



Tandy@ Model 2000 Service lulanual

I4AIN LOGIC PCB REV . PPz

J3 MONOCHROME VIDEO
( 8-PIN DIN RT. ANGLE )

1 NO CONNECTION
2 GROUND
3 INTMON
4 BUSHSYNC
5 BUSVSYNC
6 NO CONNECTION
7 VIDEOMON
8 NO CONNECTION
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J4 MATH CO-PROCESSOR CONNECTOR
(DUAL 3I-PrN, 0.I00" GRrD)

0l
03
0s
07
09
I1
t3
l5
L7
I9
2L
23
25
27
29
3r
33
35
37
39
41
43
45
47
49
51
53
55
57
59
6I

+ 5 VOLTS
s0*
s2*
CLKOUT
ADl 9
ADI 7
ADl5
ADl 4

ADl 3

ADI 2

ADI O

ADO 9
ADOB
ADO O

RD*
wR*
ALE
ARDY
HOLD
MCSO*
DT/R*
NO CONNECTION
NO CONNECTION
MCSI *
GROUND
HLDA
DEN*
SRDY IN
SRDY OUT
LATCHED SRDY
+5 VOLTS

02
04
06
08
10
L2
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62

GROUND
sl*
RESET
BHE *
ADl 8
ADI5
ADO 7
ADO 6
ADO 5

ADO 4
ADI I
ADO 3
ADO 2
ADO 1
RD*
WR*
ALE
ARDY
HOLD
MCSO*
DT/R*
MCS2 *
IVICS3 *
MCSI *
TEST*
HLDA
DEN*
DRQ0
DRQl
MCP INTI4
GROUND

NOTE: SIGNALS INTERCEPTED AND REGENERATED BY THE I4ATH
CO-PROCESSOR ARE INDICATED BY BOLD FACE PRINT. A JU}{PER
TO THE CORRESPONDING SIGNAL IS REQUIRED WHEN THE MATH
CO-PROCESSOR IS NOT USED. THESE JUMPERS ARE
INCORPORATED ON THE PCB ARTWORK ON THE SOLDER SIDE OF
THE BOARD AND IT'IUST BE CUT WITEN INSTALLING THE !TATfI
co-PRocEssoR.
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IITAIN LOGIC PCB REV . PPz

J5 MOTHER BOARD CONNECTOR
( 96-PIN MALE EUROCONNECTOR)

OIA NO CONNECTION
02a GND

03a cND
O4A BUSBLANK
05a BUSCLK
06a NMI*
O 7 A BUSVLT
08a BUSPCLK
09a BUSRFSH*
10a BUSIOR*
11A BUSHLDA*
L2a BUSBHE*
13a BUSMCSI *
14a BUSMR*
15a BUSRFINH*
15 a BUSII,IRST*
L7 a BUSDT/R*
I8a BUSDMACK2*
I9A BUSALE
20a cND
2La BUSD04
22a BUSD06
23a BUSD0 0
24a BUSD14
25a BUSDI3
26a BUSDO8
27 a BUSAll
28a BUSA18
29a BUSAI9
30a BUSAO8
3Ia BUSAI0
32a BUSAI6

0Ib
02b
03b
04b
05b
06b
07b
08b
09b
10b
ltb
L2b
13b
14b
lsb
16b
t7b
tBb
t9b
20b
2Lb
22b
23b
24b
25b
26b
27b
28b
29b
30b
3rb
32b

NO CONNECTION
AGVID
GND
G/A
BUSHSYNC
GND
NO CONNECTION
BUS INTO 3
BUS INTl6
HDCINTO 6
RATINTl2
BUS IOW*
BUSIvICS O *
BUSIvIW*
BU SL/ B*
BUSDEN*
BUSDMACK3 *
MEMINTI5
BUSHOLD*
GND
BUSDO 5
BUSD O 7

BUSDO I
BUSDI O

BUSDO 9
BUSAO 4
BUSAI2
BUSAIT
BUSAI 3
BUSAO 9
BUSAO 3
BUSAO 6

NO CONNECTION
NO CONNECTION
GND
BUSDOTCLK
BUSVSYNC
AINT
NO CONNECTION
BUSPCS5 *
BUSPCS 4 *
BUSPCS 3 *
BUSLOCK*
BUSDMARQf 't
BUSDIvIARQ],t
BUSARDY*
BUS INTO 5
BUS INTO 7
BUS INTI7
BUSD},IACKI *
BUSDMARQI*'
GND
BUSDO 3
BUSDl5
BUSDO 2

BUSDI 1

BUSD1 2
BUSAO O

BUSAO 7
BUSAI5
BUSAI4
BUSAOl
BUSAO 2
BUSAO 5

0Ic
02c
03c
04c
05c
06c
07c
08c
09c
10c
lIc
L2c
13c
14c
15c
I6c
L7c
18c
I9c
20c
2Lc
22c
23c
24c
25c
26c
27c
28c
29c
30c
3lc
32c
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MAIN LOGIC PCB REV. PP2

J6-

01
03
05
07
09
1I
I3
1s
L7
19
2L
23
25
27
29
31
33
3s
37
39

SYSTEM RAM INTERFACE
( 4O-PIN MALE HEADER,

IBO l
IBO2
IBO3
IBOT
DI PL
wRO *
RASO*
DMEMAO O

DMEMAO 2
DME EAO l
GND
GND
+5 VOLTS
+5 VOLTS
wRl *
DOPU
IBI2
IBII
IBl O

IBO9

STRAIGHT )

02 rB0 0

04 rB04
06 rB05
08 1806
10 DOPL
L2 DMEMAO6
14 DMEMAO 3
16 DMEMAO 4
18 DI\4EMAO 5
20 DMEMAO 7
22 CASU*
24 GND
26 +5 VOLTS
28 RAS1 *
3 O CASL*
32 DIPU
34 rB15
36 rB14
38 IBOS
40 rB13

J7 KEYBOARD INTERFACE
( 5 -P rN DrN, RT. ANGLE )

OI KBDDAT
03 GROUND
05 KBDPOWER

JB RESET
(2- P IN MOLEX

01 RES*

J9 SPEAKER
(2_ P IN MALE

OI SPKDRV

A2 KBDBSY*
O4 KBDCLK

w/FRrcrroN LocK )

02 GROUNDE

HEADER, POLARIZED )

02 GROUND

- 34
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JIO DC POWER
( 9-PrN MALE HEADER , POLARTZED )

01 +L2 VOLTS
02 ACLO*
03 +5 VOLTS
04 +5 VOLTS
05 GND
05 GND
07 -L2 VOLTS
O8 . GND
09 NO CONNECTION

JlI - FLOPPY DISK CONTROTLER INTERFACE
( 3 4-PIN MALE HEADER, STRAIGHT )

01 GROUND
O3 GROUND
05 GROUND
07 GROUND
O 9 GROUNI)
I1 GROUND
13 GROUND
15 GROUND
L7 GROUND
19 GROUND
2L GROUND
23 GROUND
25 GROUND
27 GROUND
29 GROUNT)
3I GROUND
33 GROUND

02
04
06
08
IO
T2
I4
r6
18
20
22
24
26
28
30
32
34

NO CONNECTION
FLD INUSE *
NO CONNECTION
FLDIDX*
FLDDS O *
FLDDSI *
NO CONNECTION
FLDMTRON*
FLDDIR*
FLDSTP*
FTDWRDAT*
FLDWE *
FLDTRKO *
FLDWRPRT*
FLDRDDAT*
FLDSDSEL*
FLDRDY*
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EXPANSION RAM PIN DEFINITIONS

01
03
0s
07
09
1I
13
l5
T7
t9
2L
23
25
27
29
31
33
35
37
39

( Jt3

IBO l
IBO2
IBO3
IBO 7

DI PL
NO CONNECTION
NO CONNECTION
DMEMAOO
DMEMAO2
DMEMAOI
GND
GND
+5 VOLTS
+5 VOLTS
wRl *
DOPU
IBI2
IBIl
IBIO
IBO 9

EXPANS ION RAIvI BD . )

02
04
06
08
10
L2
14
t6
I8
20
22
24
26
28
30
32
34
36
38
40

IBO O

IBO4
IBO5
IBO 6
DOPL
DMEMAO6
DMEMAO3
DIvIEMAO 4

DMEMAO5
DIvIEMAO 7

CASU*
GND
+5 VOLTS
RASI *
CASL*
DI PU
I815
IB14
IBO 8
IBI3
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OPTION CARD CONNECTOR PIN ASSIGNMENTS
( 9 6-PIN EUROCONNECTOR )

01a +5 VOLTS
02a cND
03a GND
O4a BUSBLANK
05a BUSCLK
05a NMI*
O7a BUSVLT
O8a BUSPCLK
O9a BUSRFSH*
10a BUSIOR*
lla BUSHLDA*
L2a BUSBHE*
13a BUSIvICSI*
14a BUSMR*
I5a BUSRFINH*
I6a BUSMRST*
L7 a BUSDT/ R*
I8a BUSDMACK2*
19a BUSALE
20a cND
2Ia BUSD04
22a BUSD05
23a BUSD00
24a BUSDI4
25a BUSDl3
26a BUSD08
27 a BUSAII
28a BUSAIS
29a BUSAI9
30a BUSA08
3Ia BUSAI0
32a BUSAIS

0rb
02b
03b
04b
0sb
06b
07b
08b
09b
10b
Ilb
L2b
13b
14b
rsb
16b
17b
lEb
t9b
20b
2Lb
22b
23b
24b
25b
26b
27b
28b
29b
30b
3lb
32b

+5 VOLTS
AGVID
GND
G/A
BUSHSYNC
GND
+L2 VOLTS
BUS INTO 3
BUS INTI5
HDCINTO 6
RATINTI2
BUS IOW*
BUSMCS O *
BUSMW*
BU SL/ E*
BUSDEN*
BUSDMACK3 *
I,IEMINTI5
BUSHOLD*
GND
BUSD O 5
BUSDO 7
BUSDO I
BUSDl O

BUSDO 9
BUSAO 4
BUSA12
BUSAI 7
BUSAI3
BUSAO 9
BUSAO 3
BUSAO 6

0Ic
02c
03c
04c
05c
06c
07c
08c
09c
I0c
1Ic
L2c
13c
14c
15c
16c
L7c
18c
19c
20c
2Lc
22c
23c
24c
25c
26c
27c
28c
29c
30c
3Ic
32c

+5 VOLTS
+5 VOLTS
GND
BUSDOTCLK
BUSVSYNC
AINT
.L2 VOLTS
BUSPCS5 *
BUSPCS 4 *
BUSPCS 3 *
BUSLOCK*
BUSDII{ARQ f 't
BUSDMARQf *
BUSARDY*
BUS INTO 5
BUS INTO 7
BUS INTI 7
BUSDMACKI *
BUSD},IARQ ] 't
GND
BUSDO 3
BUSDl5
BUSD O 2
BUSDI 1
BUSDl 2
BUSAO O

BUSAO 7
BUSAI5
BUSAl4
BUSAOl
BUS AO2
BUSAO 5
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MOUSE INTERFACE
( 9 -p rN , p ';r TypE , FEMALE RT . ANGLE )

01 GROUND 02 +5 VOLTS
03 s3* 04 xA
05 xB 06 s2*
07 SI* 08 YA
09 YB

COLOR MONITOR PIN ASSIGNMENT
( GRAPHICS BD. )

1 GROUND
2 GROUND
3 RED
4 GREEN
5 BLUE
5 INTENSITY
7 NO CONNECTION
B HSYNC
9 VSYNC
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S/ Troubleshooting Procedures

5.1 Power Supply

General diagnosticd can be performed on the power supply
without removing it from the chassis.

To check the power supply for correct outputs to the logic
board and floppy disk, simply remove the top cover of the
main unit and disconnect the power connector (P30 ) from the
top floppy disk drive. Check for +L2 Vdc (pin 1) and *5 Vdc
(pin 4). If these voltages are present, replace the plug
and remove the power connector (P10 ) from the main logic
board. Check for +I2 vdc (pin 1), -L2 vdc (pin 7), and +5
Vdc (pins 3 and 4).

CAUTION

DO NOT DISCONNECT BOTH PLUGS AI IhC SAME
time. To function properly' the power

supply must have a minimum load.

If any of the voltages do not conform to the specifications
contained in Paragraph 7.2.1.1, the power supply and/ot
harness may be defective. Remove the power supply and
troubleshoot using Paragraph 7.2.L.2.

For troubleshooting the power supply assembly, see Section
7 .5 .4.

5.2 Other Components

If a1I voltages are present as described in Paragraph 6.1
and the unit is still inoperative, replace first the RAM
board and then the CPU to correct the problem. Refer to
Paragraph 7 .5.2 for a theory of operation on the RAIvI boards
and 7.1.2 for the CPU theorY.
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Z/ Theory of OPeration

This section of the manual contains an explanation of the
components used in the Model 2000 Microcomputer. It
includes a discussion of the t'lain Logic Board, Power Supply
Board(s), and optional boards. The discussions on the Main
Logic Board are related to the overall block diagram shown
in Figure 7.1. Each subsection contains a simplified block
diagrim, referenced to a specific page of schematic . The
co*i]et" schematic of the Main Logic Board is located at the
end of Section 7.I. The Power Supply used in the l4odel 2000
is described in Paragraph 7 .2, as well as the supply
required for the addition of a Hard Disk Drive Assembly.
Th; Disk Drive Assembly description is contained in
Paragraph 7.3. Information concerning the Card Cage
assemury and l,lotherboard is contained in Paragraph 7.4.

Discussion of optionat features, such as I28K Add-On Memory,
S/W eraphics Board, Color Graphics Option, Color Monitor'
rv/,royslick Board, and lt{ouse,/clock Board is contained in the
manual covering the specific option-

-4L-
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Figure 7.I Model 2000 Functional Block Diagram
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7.L Main Logic Board

7.1.1 General

The l'lain Logic Board is mounted to the underside of the Mainunit and is accessible from the underside. rt is mounted to
1 pan assembly which. provides protection and support for the
board which is approximately 10" x 16,,. tt conllins
connectors which al1ow it to be interconnected to the power
supply, disk drives, reset circuiLry, and motherboard
assembly for optional boards.

see section 3 for disassembry procedures for the Main Logic
Board.
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7.I.2 CPU (Sheet 2)

The CPU (Central Processing Unit) revolves around an Inte1
80186 microprocessory chip with a clock input of 15 ltlHz
(this yieldi a L25 nsec machine cycle or rrTrr state). It is
assumed that the reader is familiar with 80186 timing and
interfacing. For more information, refer to Intel
literature. The CPU section includes logic to buffer and
latch all data and address signals. AIt chip selects
(except the boot ROIvI and character generator) are generated
by this section also. A "fail safe" memory timeout circuit
pievents the 80186 from waiting forever for a non-existent
memory or port address to respond. A programmable DMA
(Direct Ivlemory Access) multiplexer maps four bus DIVIA

channels into the two channels resident on the 80185. Logic
that directs the bus controller to point the system buses in
the right direction is contained here also.

7.I.2.L CPU Buf fering

The Intel 80185 uses a multiplexed address-data bus. The bus
is demultiplexed using 74SL373 8-bit transparent latches and
74L5245 oclal bi-directional bus drivers. The 74L5373 is
enabled for output by CPUHLDA (CPU HoLD Acknowledge, active
high) so that it may drive the address bus while the 80186
hai the control of the system. The latches are controlled
by CPUALE (CPU Address Latch Enable, active high). The
falling edge of CPUALE locks the data into the latches for
the entire memory cycle. A16 - A19 are not multiplexed with
data but require latching as do S0* S2* (Processor Status
bits 0 - 2).

The data buffers are controlled by 80186 generated signals
DEN* (Data ENable, active low) and oT/R* (Data
Transmit/neceive, high for write cycles, Iow for read
cycles). Within the first T state, DI/R* is set to point
the data buffers in the right direction, and DEN* goes low
when data appears on the bus.

7 .I.2.2 CPU Address Decoding

Address decoding falls into two categories: memory and
peripheral. Each is identified by unique read and write
status codes on S0* - S2*. The 80186 is software
progralnmable to generate select signals to both spaces. The
lloaef 2000 will ilways be programmed as shown in Figure l.
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Signal I'Iemory/ Per ipheraL

LCS *
MCSO*
MCSI*
MCS2*
( not used )

IvlCS 3 * i'I
( not used )

UCS* M

PCSO*
PCSl*
PCS2*
PCS3*
PCS4*
PCS5 *
PCSS*
( not used )

NOTE:

Address Range

Not Used
OOOOOH 1FFFFH
2OOOOH - 3FFFFH
40OOOH 5FFFFH

60OOOH TFFFFH

F8O O OH -FFFFFH

0000H 007FH
OOSOH OOFFH
OIOOH Ol7FH
018 OH O1FFH
0200H 027FH
02 8 OH 02 FFH
0300H 037FH

IvI

M

M

Ivt

P
P
P
P

P

P
P

MCSn* address areas are programmed to insert 0 wait states
and use 80186 ready inputs. The UCS* address area is
programmed to insert 3 wait states and ignore 80186 ready
inputs. A11 PCSn* areas are programmed to insert 2 wait
states and ignore 80186 ready inputs.

Figure 7-2. 80186 Programmed chip selects

Most internal peripherals are mapped into pCS0* space. this
space is split into eight 16-byte active low chip selects by
a 74LS138. Both PCSO* and CPUALE condition the 74LSt38 to
guarantee the subsequent chip selects are valid only when
all address bits are sLable. the first block of 16
addresses is further broken into four 2-byte blocks(mirrored twice) by r/2 of a 74LS139. Address assignments
are given in Figure 7-4.
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Address Name Device

0000H - 0001H PCS0P0A* Speaker/clocks control
0002H - 0003H PCS0P0B* DllA Multiplexer control
0004H - 0005H FLDTC* Floppy Oisk Term. Count
0006H 0007H
00r0H 00tF

Unused ( no connect )

PCS OPI 825IA
0020H - 002FH PCSOP2 Unused (no connect)
0030H - 003FH PCSoP3 8272A
0040H - 004FH PCSoP4 8253-5
0050H - 005FH PCSoP5 8255A-5
0060H - 006FH PCSOP5 8259A (Controller 0)
0070H - 007FH PCSOP7 8259A (Controller 1)

Figure 7-3. Peripheral Chip Select 0 Address Assignments

Four DIvIA acknowledge channels are generated at a base
address of 0080H in CPU peripheral address space (See Figure
3). Each one is thrity-two bytes in length. BUSDMACK0*
(BUS DMA ACKnowledge 0, active low) is dedicated to Lhe
internal floppy disk controller and BUSDMACK3* is dedicated
to the internal hard disk. BUSDMACKI* BUSDMACK3* are
routed to the expansion bus connector.

Addres s Name Devi c e

0080H - 009FH BUSDIvIACKO* Internal Floppy oisk
Controller
00A0H - O0BFII BuSDIvlAcKl* No assignment
00c0H - 00DFH BUsDIvtAcK2* No assignment
0080H - 00FFH BUSDMACK3* Hard Oisk Controller

Figure 7-4. DMA Acknowledge Address Assignments

An additional level of decoding is required to support the
Ivlodel 2000 bus structure. The CPUL/E* (cPU LocaL/External,
high for locaI,low for external) is generated by a 74LS30
8-input NAND gate. The decoded chip selects for CPUMCS0*,
CPUMCSI*, PCSO*, BOOT*, and BUSDMACK0* as well as INTAK* and
TI{OINT0t* constitute local addresses. AlI oLher addresses
are external.
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7.L.2.3 Synchronous and Asynchronous Ready

Addressed memory and peripherals handshake with the CpU
indicates that a transaction is complete by pulling CPUARDY*
(CPU Asynchronous ReaDY, active low wire OR bus) Iow.
Devices not required to handshake in this manner are those
which are selected by a memory or peripheral chip select
that ignores external ready inputs (See Figure 7.1), with
the exceptions being the boot ROM and any interrupt
acknowledge cycle (see next paragraph). CPURDY* is then
inverted and connected to the ARDY (Asynchronous ReaDY,
active high) input on the CPU. Once synchronized inside
the CPU, ARDY is ORed with the SRDY (Synchronous ReaDY,
active high) so that if either input is a logic "1", the CpUwill assume that the addressed device is ready to complete
the transaction.

The SRDY input to the CPU is handled differently. When the
CPU is reset, UCS* (Upper memory Chip Select, active low
from which the boot ROM chip select is generated) will have
three wait states inserted automatically and will include
external ready inputs. Because no logic provision was
included for a UCS* addressed device to respond to the
CPUARDY* bus, the CPU will wait indefinitely. A
corresponding situation exists for INTAK* ( INTerrupt
AcKnowledge, active low). To overcome this, UCS* and INTAK*are logically ORed together to generate an active high
signal whenever either input is active Iow. This signal is
routed directry to the cPU SRDY input as well as to a 74Ls74
which synchronizes it to the CpU clock for use with a
co-processor.

7 .I .2 . 4 Memory Timeout

A safeguard circuit is included to prevent the CpU from
waiting an excessive amount of time for memory to respond
with a ready. Revolving around a 74LSI23 timer set for
approximately 100 usec, the circuit begins timing a
transaction at the leading edge of cpuALE. This forces the
timerrs Q output to a logical "1u. The e output is gated
with CPUDEN* to form TMOINT0I (TilvleOut lNTerrupt controller
0,Ievel 1, active high) which goes active only if the timer
times out whire a transaction is still in progress (signaled
by CpUOnn't remaining active low). TMOINT0I is inverted by
an open collector gate and output in the correct sense to
the CPUARDY* bus and remains low until CPUDEN* goes
inactive, indicating that the CpU acknowledges the
handshake. Concurrent with this operation, CpUL/Et, is
forced to the local state (1ogic "1") so that the bus
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drivers are forced inactive. This action prevents a
contention on the CPUARDY* bus. If the transaction
completes before a timeout, the time will continue until it
is restarted by another CPUALE or until it times out. (The
system will not see this timeout because CPUDEN* is
inactive. )

7.L.2.5 Four Channel DI\{A Multiplexer

The Model 2000 has provisions for multiplexing four
BUSDMARQn* (BUS Direct Itlemory Access ReQuest n, active low)
into the two 80186 resident DL1A channels, DRQn (DMA ReQuest
n, active high). An 8-bit write only register' located at
0002H in CPU peripheral address space, controls the
multiplexing process (bit assignments are given in Figure
4). This register is cleared after a system reset. Each
input channel has both an enable bit (to enable the
corresponding channel for requests), and a select bit (to
select the 80185 channel to which the incoming request is
routed). The DMEINT16 (DIt'tA Error INTerrupt controller 1'
level 6, active high) signal is used to indicate to software
that an invalid programming condition has occured (more than
two enabled channels routed to the same 80186 channel ).
DMEINT16 will remain active until the error condition is
removed. DRQn are forces low while INTAK* is active low due
to a logic error in early versions of the 80186.

75543210
Chan3 Chan2 Chanl Chan0 Chan3 Chan2 Chanl Chan0
select select select select enable enable enable enable

For select bits: 0 for DRQ0
I for DRQI

For enable bits: 0 for disable
I for enable

Figure 7-5. DMA Channel Control Register (Port 0002H)
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7.1.3 Bus Interface ( Sheet 3 )

The Model 2000 uses a unique high performance split-bus
architecture. The CPU (Central Processing Unit), base
peripherals (floppy disk interface, RS232 interface, and
printer/keyboard interface), and the first 256K RAI'I reside on
the local bus while the monochrome and color video systemsr €ts
well as any additional memory, are on the external bus. These
buses remain independent until a device initiates a
transaction that crosses the boundaries.

7.1.3.1 Bus Signal DescripLion

BUSAnn I/O 20 bit bidirectional address bus (BUSA00 is
the least significant bit, BUSAl9 is the
most significant bit) . 220/310 ohm split
termination.

BUSDnn I/O t6 bit bidirectional data bus (BUSD00 is the
least significant bit, BUSDl9 is the most
significant bit) . 220/330 ohm split
termination.

BUSMCS0* t/O BUS Memory Chip Select 0, active low.
Selects RAM (on main logic board) in the
address reange 00000H - 1FFFFH. 2.2 kohm
puIlup.

BUSI4CS0il I/O BUS Memory Chip Select 0, active low.
Selects RAl,l (on main logic board) in the
address range 00000H - IFFFFH. 2.2 kohm
pullup.

BUSINTO3 I BUS lNTerrupt controller 0, level 3, rising
edge sensitive. 2.2 kohm pulIup.

BUSINT05 I BUS INTerrupt controller 0, Ievet 5, rising
edge sensitive. 2.2 kohm pullup.

HDcrNT06 r Hard Disk controller rNTerrupt controller 0,
level 6, rising edge sensitive. 2.2 kohm
pu1lup.

BUSTNT0T r BUS rNTerrupt controller 0, level 7t rising
edge sensitive. 2.2 kohm pullup.

RATTNTI2 r Mouse controller rNTerrupt controrler l,
level 2, rising edge sensitive. 2.2 kohm
pulIup.
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MEIvIINTIS I MEMory lNTerrupt controller 1, l-evel 5,
rising edge sensitive. 2.2 kohm pulIup.
Open collector bus.

BUSINT16 I BUS INTerrupt controller 1, level 5, rising
edge sensitive. 2.2 kohm pullup.

BUSINTIT I BUS INTerrupt controller I, 1evel 7, rising
edge sensitive. 2.2 kohm pullup.

BUSNMI* I BUS Non-Maskable Interrupt, active low. 2.2
kohm puIlup. Open collector bus.

BUSDITIARQn* I BUS Direct l"lemory Access ReQuest n (1 3),
active Iow. 2.2 kohm pulIup.

BUSDI{ACKn* I BUS Direct l'lemory Access ACKnowledge n (1
3), active low. 2.2 kohm pullup.

BUSIIIR* I/O BUS Memory Read, active low. 220/330 ohm
split termination.

BUSMW* I/O BUS lvlemory Write, active low. 220/330 ohm
split termination.

BUSIOR* r/O BUS I,/O nead, active low. This line may not
be driven by an external master. 220/ggO
ohm split termination.

BUSIOW* I/O I,/O lvtemory Write, active low. This line may
not be driven by an external master.
22O/330 ohm split termination.

BUSIvIRST* O BUS lrlaster ReSeT, active 1ow. Indicates
that the CPU is in a reset state. This
signal is never tri-stated. 2.2 kohm
pullup.

BUSALE O BUS Address Latch Enable, active high. When
active, bus addresses are unstable.
Addresses may be latched at the falling edge
of BUSALE. This signal is never tri-stated.
2.2 kohm pu1lup.

BUSDT/R* I/O BUS Data Transmit/Receive, high for
transmit, Iow for receive. This signal
indicates the direction that data wilI flow
across the bus. 220/ll0 ohm split
termination.
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BUSDEN* I/O BUS Data ENabIe, active low. When active,
this signal enables the bus data buffers.
220/330 ohm split termination.

BUSHOLD* I BUSH HOLD, active low. This line is pulled
low by a bus master when the system bus is
required for a transaction. Open collector
bus. 2.2 kohm pullup.

BUSHLDA* O BUS HoLD Acknowledge, active low. This line
is driven 1ow when the bus controller honors
the bus request on BUSHOLD*. 2.2 kohm
pu1Iup.

BUSLOCK* I BUS LOCK, active low. Signals the bus
controller that a locked transaction is in
progress on the bus and may not be disturbed
by another device. 2.2 kohm pu1lup.

BUSBHE* l/O BUS Bus High Enable, active low. This
signal enables the high byte (BUSD08 -
BUSDl5 ) for access . 220/330 ohm split
termination.

BUSL/E* I BUS LocaI/nxternal, high for local, Iow for
external. This signal informs the bus
controller if memory on the main logic board
(Ioca1), or expansion memory is requested
for an external master. 2.2 kohm puI1up.

BUSARDY* I/O BUS Asynchronous ReaDY, active Iow. When a
device is ready to complete a transaction,
it will puII this line Iow. This line is
always pointing in the opposite direction
from the address linesr so that an external
master may communicate with internal memory.
Open collector bus. 220/330 ohm split
termination.

BUSRFSH* O BUS ReFreSH, active low. This signal is the
logical OR of CPUMR or CPUMW to indicate to
a memory refresh controller that a hidden
refresh may occur. THis signal is never
tri-stated. 2.2 kohm pullup.
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BUSRFINH* O BUS ReFresh INHibit, active low. This
signal indicates that the current bus master
has a fixed memory access time and will not
insert wait states so refresh cycles should
be inhibited. Never tri-stated. 220/330 ohrn
split termination.

BUSPCLK O BUS Processor CLocK. Buffered CLKOUT from
the CPU. May be used for synchronization
with the CPU. This signal is never
tri-stated. 2.2 kohm pullup.

THE FOLLOWING SIGNALS
ARE CONNECTED TO THE BOTTOI{
EXPANSION CONNECTOR ONLY

BUSDOTCLK O BUS DOT CLocK. The system dot clock either
22.387290 MHz or 27.984113 MHz, depending on
the monochrome video mode selected. No
termination.

BUSVSYNC O BUS Vertical SYNChronization, active low.
When active, this signal indicates a
vertical synchronization interval. No
termination.

BUSHSYNC O BUS Horizontal SYNChronization, active low.
When active, this signal indicates a
horizontal synchronization interval. No
termination.

BUSBLANK O BUS BLANK, active high. When active, this
signal indicates that the video beam is
blanked. No termination.

AINT I/O Alphanumeric video lNTensity. This bit
reflects the intensity of the video beam on
the monochrome monitor outlet (high for full
intensity, Iow for partial intensity). No
termination.

AGVID T/O Alphanumeric/Graphic video data. This bit
reflects the state of the video on the
monochrome monitor outlet (high for onr low
for off). No termination.
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G/ A*

BUSVLT o

Graphic /xtphanumeric. This bit describes
the source of the data that appears on the
AGVID/ AINT buses . If high, video f rom the
high resolution option card will appear on
the bus ; i f low, video f rom the monochrome
sub- sys tem wi 1I appear . PuI l ed up by 2 .2
kohm resistor on the main logic board.

BUS Visible Line Time, active high. When
active, this s ignal indicates t.hat the video
beam may be vis ible . No termination.

7 .L.3 .2 Bus Controller

The bus controller logic is contained in two PAL
(Programmable Array Logic) devices. An eight-bit
synchronizing latch, clocked by BUSDOTCLK' is used to force
changes in state of all signals to occur synchronously. The
first PAL (U103, a 16L8) decodes the present bus state and
outputs a bus state code on outputs X0* - X4*. It also
directly controls BUSADIR and BUSAEN* based on the control
inputs. The current bus state also indicates whether the
CPU must be halted to honor the bus requestr so HOLD is also
output by U103.

The second half of the bus controller (UI02, also a 16L8)
decodes the bus state code and asserts the proper control on
the bus. It acknowledges all hold requests and asserts
BUSRFINH* when necessary. It also maintains control over
BUSDEN* and BUSDT/R*. If the bus is granted to an external
master, these lines are tri-staLed so that the master may
direct the data as necessary.

A11 requests are arbitrated in conjunction with the
requester's L/g't signal to determine the extent of action
taken. The 80186 has the lowest priority followed by the
external bus master. The monochrome video controller has
the highest priority. If an external master requests the
Iocal bus (as indicated by the associated L/n* being driven
high), the CPU is put in a HOLD state and all buses are
given to the requester. As long as the CPU does not request
the external bus, transactions may occur on that bus without
halting the CPU. If an external transaction is in progress
and the CPU requests the external bus, it will wait (by
virtue of CPUARDY* being high) until the transaction is
complete. It is highly recommended that transactions take
less than 100 usec because the memory timeout circuit will
abort the transaction. A11 external master devices are
expected to drive all tri-stated I/O signals listed in the
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previous section or be satisfied ldith the default condition.

The latched status code signals (LSO* LS2* ) are decoded by
a 74FI38. Two signals enable the decoder: CPUALE and
CPUHLDA. The latched status bits are not guaranteed to be
stable until CPUALE falling edge and while the CPU is in a
hold state, the status bits indicate a passive state (a11
ls) and may be disregarded. The read and write signals
(MR*, t{RF*, !1W*, IOR*, and IOW*) are further conditioned by
RD* and WR* as necessary to generate read and write signals
with the correct timing.

7.1.3.3 Bus Timing Parameters

Symbol Parameter t"lin lrlax Unit Comments

tvaolC Valid address to memory 20 ns
command

t,., Address valid length 415 ns Assuming no wait,.V states

tvaon 
::lit""udress 

to data 130 teo ns

t - -- Ivlemo ry command pul se 19 0-l'Icl width ( read or wr i te )

t- -- - lrlemory read conrmand to 17 5-RCDr data i n

L-- Chip select hold after 35-csHc 
command

ns Assuming no wait
s tates

ns As sumi ng no wa i t
s tates

NS

tOS Data setup before data in 20 ns

tou Data hold after data in 10 ns

TOOWC Data valid after write 15 200 ns
command

tnpf, BUSARDY* pulse length L25 ns To generate
recognition

t--^* BUSHLDA* active to ad- 500 nsDIrLA dress and control driven
by requestor

t^-^- Control inactive before 20 nsLrErr BUSHoLD* inactive
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BUSAOO-I9

BUSI',ICSN *

BUSDT,/R*

BUSDEN *

BUS}4R*
BUS}lW*

BUSDOO.I5

BUSARDY*

BUS HOLD *

BUSRFINH*
BUS HLDA*

BUSI4R*, BUSI{W* ,

BusDEN't , 3usDT,/R*
BUS[,1CSN * N

BUSANN

Timing Parameter Diagram

VALID

Figure 7 -7
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7.L.4/ VIDEO SYSTEM (pages 4 & 5)

The standard Microsystems corporation cRTgxxX chip set
constitutes the major components of the monochrome video
sub-system. SpecificalIy, the CRT9007 Video processor and
Controller (VPAC) is at the center of the system. It
generates all video character-related timing such as
horizontal sync, vertical sync, composite blank, etc. It
also generates memory addresses so that the two CRT9212
Double Row Buffers (DRB) may latch character and attribute
data. Attribute data is presented directly to the CRT9021
Video Attribute Generator in the format given below, while
the character itself is latched and presented one CCLK*
(Character Clock - 357 nsec) later to the RAM-based
character generator. The attributes are delayed within the
CRT902I by two CCLK*s so that the character dots from the
character generator may "catch up".

The VPAC addresses in system memory (as defined by the
address control register ) are directed toward even bytes.
rhis allows an entire word of character and attribute data
to be loaded into the 92L2s in a single, word-wide memory
cycle. Confusion may arise when referencing the SIr,lC
specification, because that document assumes that the
CRT9007 is addressing byte-wide memory. Therefore, each
entry in the video row table takes four bytes in system
memory, with the two bytes associated with that entry
located at even addresses. The fourteen-bit address written
to the row table entry should be divided by 2 to account for
the VPAC addressing offset. The data at the odd addresses
is unused. Also, the addresses of the VPAC registers should
be multiplied by 2 to get the correct offset into the system
peripheral address space.
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7 .L.4.1 VIDEO SYSTEI*I THEORY OF OPERATION

The CPU may access the CRT9007 registers by driving PCS2*
active Iow. A PAL10L8 conditions PCS2* with CPUAOO and
CPUDEG* to generate a chip select to the VPAC on even
addresses only while data is valid. The PCS2* signal is
also conditioned with CPUBHE*, CPUDEN*' and CPUIOW* to
generate the ADDLWE* (ADDress Latch Write Enable) signal on
odd addresses. Data from CPUDO8-CPUDI5 is written to the
address latch on the rising edge of ADDLWE*' approximately
30 nsec after the rising edge of CPUIOW* (the propagation
delay through the PAL10I8 ). The logic allows writing to
both the 9007 and the address control register at the same
time.

Data and addresses are buffered through 74F series octal
buffers with control signals generated in the PAL10L8. The
data buffer, a 74F245, is enabled when either VIDCS* (the
VPAC chip select) is active 1ow, or both VIDHOLD and VIDHLDA
are active high, indicating a CRT9007 Dl'lA cycle is in
progress. When PCS2* is active, the data buffer's direction
is controlled by CPUA06. When low, data is transferred from
the CPU to the CRT9007; when high, data is transferred from
the CRT9007 to the CPU on data lines CPUD00-CPUDO7. During
a VPAC DltA cycle, the data buffer is enabled with the
transfer direction from the data bus to the CRT9007.
VAO0-VA05 are bidirectional address lines and are buffered
through a 7 4F245 whose enable signal is derived from PCS2*
active low or VIDHOLD and VIDHLDA active high. Direction
for the 74F245 as well as the 74F244 enable (buffering
VA07-VA13) is generated from the HIP (HoId In Progress'
active high when VIDHOLD and VIDHLDA are active) signal.
Addresses are transferred to the CRT9007 when HIP is low.

A11 DIIA cycle timing is derived from VIDCCLK* (the VIDeo
Character CLocK), which in turn is derived from VIDDCLK (the
VIDeo Dot CLocK). Bit 5 in the address control register
selects how many dot clocks constitute a character clock
(hence the number of dots across a character, either 8 or
I0).

In the 10 dot-per-character mode, the counter is initialized
with a value of 06H. When the counter counts up to a value
of, OAH, a'0'is clocked LnLo L/2 of a 74574 flip flop on
the next rising dot clock edge, forcing the VIDLDSH (VIDeo
LoaD,/SHift) signal low for use by the CRI902L. The inverted
value of the counterrs Qc output (delayed by four 745 gate
delays to make it coincident with VIDLDSH) is used to
generate VIDCCLK*. When a count of OAH is decoded, a "0n is
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clocked into the flip flop, forcing VIDLDSH low. Qc rising
edge (one state after VIDLDSH goes low) presets the 74574,
foicing IIDLDSH high. When a count of OFH is reached, the
RC* (Ripple Clock) output of the 74L5669 counter goes Iow,
and forces the counter to reload the initial count value on
the next clock. The 8 dot-per-character mode is identical
except that the counter is loaded with 08H (VIDCCLK* period
becomes two states shorter).
Delay logic (in the form of a 6-shift register) delays two
of the attribute signals (BLC and BKC) as well as the
composite sync signal. The attribute signals need two CCLK
delays because the 902L adds these delays to aII attribute
inputs except BLC and BKC. The delay of the composite sync
signal was required because the 9007 offsets the "real" sync
signals (vertical and horizontal sync) from the composite
sync signal by two character times. Both the monochrome
graphici adapler and the color video adapter require all
timing to line up.

During a video DII{A cycle, BUSAI5 thru BUSA19' BUSMCS0*' and
BUSMCSI* are driven to states defined by the address control
register (see below) through a 74L5244 driver. BUSAOO and
BUSBHE* are driven low through bidirectional drivers in an
82S153 integrated field logic device to enable 16-bit data
transfers to the CRT9007 and the CRT9212s. BUSMR* is also
driven through a bidirectional driver in the 82S153. Its
timing is derived from VIDCCLK* and DLYCCLK* (VIDCCLK*
delayed by about 100 nsec) so that CPUI,IR* goes active low
115 nsec lfter VIDCCLK* rising edge and stays low until the
next VIDCCLK* rising edge.

Scan line data is output by the CRT9007 in a serial fashion
with the LSB output fj.rst. A 74L5378 is used to convert the
data from serial to parallel for use by the character
generator. Each bit is output on CCLK* rising edge on SLD
lS.an Line Data) as framed by SLG* (Scan Line Gate, active
low). The CRT9021 has an on-chip shift register to perform
the same function.

A flexible means for transporting video signals from the
monochrome system to the color monitor and from the high
resolution giaphics option board to the monochrome monitor
is provided. Two single-bit data buses' AGVID
(al-phanumerics/Graphi-s vlDeo) and ArNT (Alphanumerics
INTensity) form the bidirectional data path. VIDOUTSEL
(VIDeo O0f Snlect) controls the monochrome monitor which
wiIl display character video or high resolution graphics
video (see Address Control Register, below). Both types of
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video are passed through a 74LS159 multiplexer with
VIDOUTSEL acting as the select input. The VIDEOUT and
INTOUT outputs from the CRT9021 are also routed to a pair of
74LSL25 gates which are enabled by the bus signal c/A*
(Graphics,/alphanumerics, high for graphics, low for
alphanumerics). When no graphics board is present, this
signal is pulled up.
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7.T.4.2 ADDRESS CONTROL REGISTER

Note: The following register definition describes
production level boards (Rev 3 ).

Bir 7 Bir 0

VIDOUTS CLKCNT CLKSPD A19 A18 AI7 A16 A15

The address control register is a write-only regisLer that
appears at all odd bytes in the space shared with the
CRT9007 (which is located at all even bytes) in the bLock
mapped into the system peripheral space defined by the CPU
signal Pcs2*.

AI5-A19 The value of these bits is output to the address bus
during video DMA cycles to select the 32x byte page
of display RAl4.

CCKCNT This bit selects which count value is loaded into
the video clock generator. When this bit is zero,
the clock generator is loaded with a '6' (for 10
dot-per-character normal video), and when high, the
counter is loaded with an '8' (for I
dot-per-character color and graphic video).

CLKSPD This bit selects the dot clock frequency. When
it is a "0", 22.4 MHz is selected (normally for
8 dots-per-character), and when it. is a "1", 28
MHz is selected (normally for I0
dots-per-character). Note that when either the

monochrome graphics adapter or the color graphics
adapter is installed, this bit should be set to a
rl 0 r:.

VIDEOUTSeI This bit. selects the source of video information to
be output to the monochrome video connector. When
this bit is a '1', video from the onboard video
system is output to the monochrome video connector.
When this bit is a "0", video from a card in the
expansion cage is selected.
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7.T.4.3 CHARACTER ATTRIBUTES BYTE

Bit 7 Bit 0

REVID INT BLINK MSl IVISO BLANK BKC BLC

This byte is located on the odd byte of each character word
in the character block defined above (bits 0-5 of the
address control register).
REVID This bit, when set, will display the character in

reverse video.

INT This bit, when set, will display the character in
full intensity.

BLINK This bit, when set, will cause the character to
blink.
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MSI-!,IS0 These bits are programmed to control character
attributes as shown below:

Ir{S1 I{S0 Character Attribute Selected

0 0 Wide graPhics mode*
1 0 Thin graPhics mode*
0 I Normal character mode
1 I Normal character mode with
underline
*For more information on graphics modes, see cRT9021
specification.
BLANK This bit, when set, will blank the character

position.

BLC-BKC These bits are programmed to control cursor
attributes as shown below:

BKC BLC Cursor APPearance

0 0 Blinking underline cursor
I 0 Blinking reverse video block
0 I Underline cursor
t I Reverse video block
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7. 1.5 character Generator ( sheet 6 )

As mentioned earlier, the character generator is RAIvI based.
Two upD4016 2K x 8 static NI\,IOS RAM devices form the 4K byte
block. Addresses are supplied by two mutuatly exclusive
sources. During video display, the least significant three
bits (CGRAO1-CGRA03) from the scan rine decoder (the fourth
bit CGRAOO is used by the 825153 to select one of the two
RAMs ), and 8 latched bits from the CRT9212 connected to the
rower data bus form the ll-bit character generator address.
During a cPU access to the character generator ( indicated by
CGRCS* Character Generator RAM Chip Select going active
low), these outputs are disabled and buffered cpuA0l-cpuAl2are sent to the RAM address bits instead. Because any CpU
access takes precedence over a fetch from the video system,
it is highly recommended that any access to the character
generator (read or write) should wait for a horizontal or
verticar retrace when the video is branked. objectionar
"hash" will occur otherwise. The 82s153 selects which RAMwill output or receive data as determined by BUSIr{R* and
BUSI'IW* by pulsing the OE* (Output Enable, active low) or WE*(write Enable, active low) of the correct RAM device. one
RAt'1 is dedicated to odd addresses and the other to even
addresses.

66



Tandy@ Model 2000 Service Manual

I.-(f
I

O

D
lJI

O

EISZE

&&
Fto
HHU<<q
trtr]4Z
FF fr'l

UU

U
H

F-.. E c\

'<3 
=Ei t-.{

(/)

HO
HFU<4&
<z
F r-1

UU

U)

(,

-{
-l

I

{
tr,
fn

U
CI

H

cx
r{^)

H

H

O
cO

o
H

zr{< o N4z? O ;L)s<U H
/na f-l
w,l Fi H c

aft'cU)=E]ElH 'Of\ti-fn
HHT-
r-.rAH D
>oH

a3!dlr.l E] u r.o
o & F cn;3s D

{

N
r-l

I

-lO

(n
D

r-l
-{

I

C)

u
U

cx
c{

H

Character Generator

67-

Figure 7 -9



Tandy@ Model 2000 Service Manual

7.L.6 Boot ROl,t,/tnterrupt Controller (Sheet 7)

7.1.6.1 Boot ROII{

The boot ROM (Read OnIy l{emory) section consists of two ROM
devices. Device pinouts must be compatible with the TUIS2532
(Texas Instruments). One of the ROl4s provides CPUDOO -CPUD07
and the other provides CPUDO8 CPUD15. They respond to all
accesses in CPU (Central Processing Unit) memory space from
FC000H to FFFFFfI. The decode is done in two stages:

1. UCS* (Upper memory Chip Select, active low from
F8000H to FFFFFH in CPU memory space) is qualified with CPUALE
(CPU Address Latch Enable, active high) to provide a chip
select that is valid when all bus address bits are valid.

2. The decoded space is then divided (by CPUA14) into
16K byte spaces so that it may be shared with the character
generator.

7 .L.6.2 Interrupt Controller

The interrupt controller section consists of two Intel 8259A
priority interrupt control devices. They are configured as
slave devices to the 80186 | s internal master interrupt
controller (set for cascade mode). Communication with the CPU
occurs in one of two forms. The CPU may write commands or
check status by accessing the space decoded by PCS0P6*
(Peripheral Chip Select 0, Port 6, active low at peripheral
addresses 60H to 6FH) for controller 0 or PCS0P7* (Peripheral
Chip Select 0, Port 7, active low at peripheral addresses 70H
to 7FH) for controller 1. Address assignments for 8259A
registers are given in Figure 7-11. A11 interrupts for the
Ivlodel 2000 microcomputer are generated on the rising edge of
the interrupt input. If the input is high prior to the
interrupt, it must go low and remain low for at least 100 nsec
to insure recognition. If the interrupt level is unmasked.,
the interrupt controller will then signal the CpU by
activating the INT (INTerrupt output, active high) line. In
response, the CPU will pulse either INTAO* or INTAI*
(INTerrupt Acknowledge 0 or 1, active 1ow) twice. On the
second pulse, the addressed controller is expected to place
the vector corresponding to the active interrupt on the
preipheral data bus. Interrupt input assignments are given in
Figure 7-11. For more information on programming and
interfacing with the 8259A, see Intel literature.
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CPUA0I-I3 ,) CPUDOO-15 \

,/

CGRCS *

CPU
coNrRoL 

D
H FFFFFH

CHI P
SELECT
DECODE

IJ4, r33

Figure 7-I0.
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ADDRESS READ/WNI'IE FUNC'IION

0060H Read
006 2H Read
0060H Write
0 06 2H Write

0070H Read
00 7 2H Read
00 7 0H Write
0072H Write

Read OCW2 and OCW3 ( Controller 0 )

Read OCWI ( Controller 0 )

Write ICWI ( Controller 0 )

Write ICW2 ICW4 ( Controller 0 )

Read OCW2 and OCW3 ( Controller I )

Read OCWI ( Controller I )

Write ICWI ( Controller I )

Write ICW2 - ICW4 ( Controller I )

Figure 7-LL. Interrupt Controller Register Assignments
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Name Location Source ndge/Leve1

IvtE!,lINTO0 8259A 0 Main Logic Board parity error

TI4OINTO1 8259A 0 Memory/Peripheral acknowledge timeout

SERINTO2 8259A 0 Onboard Serial transmit/receLve
interrupt

BUSINT03 8259A 0 Reserved for second serial channel
(on motherboard)

FLDINT04 8259A 0 Onboard floppy disk controller
interrupt

BUSINT05 8259A 0 Reserved for second floppy disk (on
motherboard )

HDCINT06 8259A 0 Hard disk controller interrupt (on
motherboard )

BUSINT0T 8259A 0 Reserved for second hard disk (on
motherboard )

KBDINT1O 8259A I Keyboard interrupt

VIDINTI1 8259A I CRT 9007 interrupt

RATINTI2 8259A 1 Mouse interrupt (on motherboard)

LPRINTI3 8259A 1 Line printer interrupt

[,tCPINT14 8259A I Onboard math co-processory interrupt

I{EMINTI5 8259A 1 Add-on memory parity error (on
motherboard )

DMEINT16 8259A I Dl4A programming error

BUSINT1T 8259A I Unused (on motherboard)

Figure 7-I2. Interrupt Controller Input Assignments
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7.L.7 Ctock/PLL (Sheet 8)

The phase lock loop (PLL) circuit is part of the frequency
synthesizer for BUSDOTCLK. The BUSDOTCLK signal must be
locked (synchronized) to CLKl6Ivl. The frequency of BUSDOTCLK
is selectable via CLKSP0 to 28.00 MHz ( high res display
mode) or 22.40 MHz (normal display mode).

PHASE
DETECTOR f2 f1t

Nf2

Figure 7-I3. Block Diagram

7 .L.7 .L General Frequency Synthesis Theory

The block diagram above shows the basic operating principle
of the frequency synthesizer. The input frequency is
generated by a stable source such as a crystal oscillator.
The input frequency f2 is compared at the phase detector
whose output consists of f2 + f1. The low pass filter
selects fl - f2. This signaT is amplified and fed to the
voltage-controlled oscillator. This drives fl toward t2 so
they lock together, and only a phase difference exists
between fl and f2 which gives sufficient signal to fI to
keep it locked to f2. To vary the output frequency, the
value of N is changed in the programmable divider.

PROGRAIyIMJ\BLE
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7.L.7.2 lvtodel 2000 pLL Frequency Theory of Operation

The reference frequency f2 is generated by a 16 MHz crystal
oscillator (CLK16M) which is divided by either 16 (divide by
8 x 2) or 20 (divide by 10 x 2), depending on the status of
CLKSP0. The divide by 2 altows f2 to have a 50E duty cycreinto the PLL. this provides reference frequencies or 1:0
MHz and 0.8 tvrHz respectively for f2. The vco output
frequency fo (BUSDOTCLK) is divided by 2g (divide by 14 x 2)ald input to the phase detector (f1). The phase delectorwill output an error vortage (f2 fl) to the vco to lock flto t2. Due to the fixed divider in the feedback leg (divide
by 28), the VCO output frequency equation becomes:

f0 = 15 MHz x 28/L6 or 20

CLKS P O
NE 564508

DC [-#-

l'2 -l
1i

foPROGRAMMABLE

I OR t0 VCO

CLKI 6 M

16 0R 20
508
DC

Figure 7-15. Moder 2000 pLL Brock Diagram

7.L.7.3 Theory of operation - NE,/s8564 phase Locked Loop

The NE564 is a monolithic phase locked loop with a postdetection processor. The use of Schottky Llampedtransistors and optimized device geometries exlends the
frequency of operation to greater than 50 MHz. rt is usedin the Model 2000 as a modulator with a controrlablefrequency deviation.

I'
I

l_ BUS05

f 2tfr

fL L-l I - lf
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The output voltage of the pLL can be written as shown in the
following equation:

( f ir, -f o )V0:
Kvco

where Kvco

f.
1n

f o

= conversion gain of the VCO

= frequency of the input signal
: free running frequency of VCO

The process of recovering FSK signals involves the
conversion of the PLL output into logic compatible signars.
For high data rates, a considerable amount of carrier-wilr
be present at the output of the pLL due to the wideband
nature of the loop firter. To avoid the use of complicated
filters, a comparator with hysteresis or schmitt trigger is
required. Wit.h the conversion gain of the VCO fixed, the
output voltage as given by the above equation varies
according to the frequency deviation of f*- from f^.
Since this differs from system to system, ^tt is neEessary
that the hysteresis of the Schmitt trigger be capable of
being changed so that it can be optimized for a particular
system. This is accomplished in t.he 564 by varying the
voltage at pin 15 which results in a change in the
hysteresis of the Schmitt trigger.
For FSK signalsr dn important factor to be considered is the
drift in the free-running frequency of the VCO itself. If
this changes due to temperature (according to the equation
above), it wilr lead to a change in the dc levels of the pLL
output and consequently to errors in the digital output
signal. This is especially true for narrow band signals
where the deviation in f._ itself may be less than the
change in f^ due to temp3Pature. rhis effect can be
eliminated if the dc or average value of the signal is
retrieved and used as a reference to the comparator. In
this manner, variations in the dc levels of the pLL output
do not affect FSK output.

Due to its inherent high frequency performancer €rn
emitter-coupled oscillator is used in the vco. variation of
the phase detector output voltage changes the frequency of
the oscillator. The frequency of the oscillator has a
negative temperature coefficient due to the positive
temperature coefficient of the monolithic resistor. To
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compensate for this, a current I- with negative
temperature coefficient is introduced to achieve a low
frequency drift with temperature.

The phase comparator consists of a double-balanced modulator
with a limiter amplif ier to improve Attl rejection.
Schottky-clamped vertical PNPs are used to obtain TTL level
inputs. The loop gain can be varied by changing the current
at pin 2 which effectively changes the gain of the
differential amplif iers.

The free-running frequency of the VCO is shown by the
following equation:

f=r-op 
@r

R = 100 ohmsu

CI : external caPacitor in farads

C, = straY caPacitance

The loop filter is explained by the following equation:

F(s) =
I + xRCa

R = Rr2 = R13 = r'3 kohm (TNTERNAL)

By adding capacitors to pins 4 and 5, two poles are added to
the loop transfer function at w = 1

RCI

7 .L.7 .4 Adjustment Procedure

Remove jumper E4-85 and set R19 for a voltage of 0.0 V at
pin 2 of the NE554. Connect a frequency counter to pin 5 of
U89 and adjust C6 4 for an output frequency of 25.2 MHz. Set
R19 for a voltage of 1.30 V at pin 2 of the N8564. Replace
the E4-85 jumper and the PLL should lock at either 28.0 ytlz
or 22.4 YrHz, depending on the status of CLKSP0.
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7.1.8 Timing and Control Circuits (Pages 9 & 10)

The onboard 256K memory timing and control circuit is
designed to be a high performance, zero wait state system.
It generates a 280 nsec memory cycle for 54K DRAMs (Dynamic
Random Access !{emories) as well as refreshing the array and
checking parity. It is able to inhibit the refresh logic
whenever necessary, and store the "missed" refreshes.

7.f.8.1 Memory Control Overview

The memory control circuit takes the timing signals
generated by the timing circuit and generates buffered (and
in some cases terminated) control signals. Data in and out
as well as addresses are also buffered in this circuit.
Parity is generated and checked here a1so.

7 .L.8.2 Memory Timing Circuit

A memory cycle is started by the leading edge of either a
CPUMR* (Central Processing Unit lt{emory Read) or a CPUMW*
(CPU t'lemory Write), framed by either a CPUMCS0* (CPU Middle
Chip Select area 0, active in CPU memory space from 00000H
to IFFFFH) or CPUMCSI* (CPU lliddle Chip Select area 1,
active in CPU memory space from 20000H to 3FFFFH), all
active low. This condition is reflected by SMC (Start
Memory Cycle) being active low.

The leading edge of SIvIC starts the memory timing chain. It
also clocks a 74SLL2 flip-flop which generates the leading
edge of T00 (all timing taps are active Iow and are denoted
Tnnn where nnn is the time in nsec). When the T00 leading
edge propagates through a ten-tap, 40 nsec per tap delay
Iine to T80, the T00 flip-flop is cleared, generating an 80
nsec pulse width for all taps in the chain.

The leading edge of SMC also clocks another 7ALSLI2 which
generates RASTAP*. This allows a cycle to start as soon as
possible (without waiting for the delay through the delay
Iine and additional logic). RASTAP* is then routed to the
control circuit to output RAS* to the correct RAM bank.
RASTAP* is cleared by the leading edge of T160 (or master
reset) generating a 160 nsec RAS* Iow time.
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The T40 tap is used to generate both T40AI4UX* (T40 Address
l4ultiplex, T40 renamed) and AMUX (Address l,lultiplex). Both
signals are used in memory control address generation.
T4OAMUX* is delayed by six 74L504 inverters tied in series
(approximately 25 nsec total delay) to generate AMUXDLY*
(AMUX Delay, active low). The leading edge of this signal
sets a 74SLL2 to genbrate CASTAP*. CASTAP* is then routed
to the control circuit to output CAS* to the correct RAM

bank. The flip-flop is cleared by the leading edge of T200
(or master reset), generating a CAS* pulse of about 135
nsec. The leading edge of T40AIvlUx* also sets a 74SLI2
flip-flop to generate hIRTAP*. hIRTAP* is also routed to
memory control to output WR* to the correct RAM bank. It. is
cleared by T240 (or master reset) to generate a 200 nsec WR*
pulse.

An 825153 IFL (Integrated Field programmable Logic device)
is used to generate the correct gating signals for memory
control as well as two other miscellaneous signals
(ENPARITY, ENabIe PARITY latch; and BUSRFSH*, the logical OR
of CPURD* and CPUWR* to indicate to a bus memory controller
slot exists for a hidden refresh). The active conditions
for RASEN0*, RASENI*, CASENL*, and CASENU* are given in
Figure

CPUMCSO* CPUMCSI* CPUAOO CPUBHE* RASENO* RASENI* CASENL* CASENU*
I
X

0

0

0

t
I
I

I
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I
I
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I
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I
I
I
t
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I
I
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t
I
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I
0
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I
0

0
0
I

Figure 7-L7 . RAM ControllerIFL Output Definitions

7.1.8.3 Parity Testing

Parity inputs from memory control' PARU and PARL (PARity
Upper and PAR Lower) are ORed together to test for a rrln.
This signal is then gated with ENPARITY (generated in the
IFL, active high which indicates a read from 00000H
-3FFFFH). If no parity error exists, a I'Itr is clocked
through a 74L574 latch during DATALATCH time.
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The latch is set to rrlt' by SMC* to ensure a known state at
the start of each memory cyc1e. The inverted sense output
of the latch is buffered through a 74LS38 open-collector
buffer to generate l{EIvlINT00 (MEMory INTerrupt controller 0,
Ievel 0, active low). The interrupt controller will latch
the rising edge to signal the error condition to the CPU.

7.1.8.4 Refresh Control

Refresh cycles are always "tacked" on to the end of a CPU
memory access. Memory accesses are stretched by not pulling
down on CPUARDY* (CPU Asynchronous ReaDY, active 1ow) until
the refresh cycle is finished. If no refresh cycle is
required on the current cyc1e, CPUARDY* is pulled low as
soon as the access is decoded to provide a no-wait-state
access. The refresh logic is completely disabled during
BUSRFINH* (BUS ReFResh INHibit, active Iow) so that devices
accessing nemory with fixed access times are not disturbed
by the refresh 1ogic.

Refreshes are timed by output I of the 8253-5 counter/timer
chip (see RS-232 interface document) at a 15 usec interval.
Each rising edge of the timer output increments a 74LS193
four-bit binary up,/down counter. The count is decoded as
non-zero by a 745260. If the count value is greater than 8,
a NMI (Non-Maskable Interrupt) is generated so that the
refresh may be serviced before memory is lost.

Before a refresh cycle is run, a memory cycle must be run to
arbitrate the refresh request. The refresh cycle is run on
the subsequent memory access. At 2OO nsec into a
non-inhibited memory access (the trailing edge of TL2O), the
state of the refresh count decoder (zeror or non-zero) is
clocked into a 74L574 rtDrr latch. The latch's output creates
both active low and active high senses of RFRQ (ReFresh
ReQuest). BUSRFINH* deactivates the latch so that another
arbitration cycle must be run after an inhibit.ed cycle. The
trailing edge of NCOMC1 (active high for either CeUMCSO* or
CPUMCSI* ) while RFRQ is active clears the t4EMRDy 0'IEMory
ReaDY) latch so that CPUARDY* will not be pulled low at the
start of the next cycle.

The next non-inhibit.ed memory cycle is run normally until
T120 when the latch that drives ENRASCAS* (ENable RAS CAS
address buffers, active Iow) is set, deactivating the
signal. The trailing edge of TI20 (at 200 nsec) clocks
RFnq* through another 74L574 latch to create a
non-overlapping ENREFAD* (ENabIe REFresh ADdress buffers,
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active low). With the proper address buffers activated, a
pseudo memory (refresh) cycle may be ru!. At T280 time, the
i,nfSn* (Run ReFreSH) goes active low and starts a T00 pulse
tnrougfr the timing chiin. So that the refresh cycle is a

RAS oify cyc1e, CeS is inhibited by deactivating CASENU* and
CASENL* in the 825153 IFL and totally inhibiting WRTAP*.

The DECRCNT* (DECrement Refresh CouNT, active low) signal
performs two functions: (1) it decrements the refresh-counter, and Q, it increments the refresh address counters
(in the memory control circuit, described below). It goes
active at the leading edge of T4OAMUX during a refresh
cycle. Refreshes continue until a zeto refresh count is
decoded at the trailing edge of T120. This sets RFRQ

inactive. At I24O, boLh ENREFAD* and MEi"1RDY change states'
with ENREFAD* going inactive and MEMRDY going. active'
MEMRDY active iignifs the CPU that the cycle is complete.
The last operation of a refresh cycle is to set ENRASCAS*

active by Llocfing the inactive state of RFRQ at the leading
edge of T280.

7.1.8 .5 lvlemory Control

The DRAM array has a common data in,/data out bus' Data into
the memory array is buffered by 74L5244 octal buffers
enabled Ui MeMWR* (I'{EMory WRite, active low during a write
to the CPU memory space from 00000H to 3FFFFH) to enable
memory data onto ttre CpU data bus. Data to be output to the
cpu data bus is buffered by 74F373 octal latches which hold
data valid during extended refresh cycles. The latches are
enabled for output by MElttRD* (MElvlory ReaD, active low during
a read. from the cPU memory space from 00000H to 3FFFFH).
The latches ai" ctocked bl OAfar,afCn (active low) which is
itt" Iogical combination of a CAS* to either RAll bank.

earity is both generated and checked by two 74S280s. On a
write operation, data is summed eight bits at a timer €Io

additio-naI "1. is added on the I input, and odd parity is
writt.en to the appropriate parity RAIvI for the selected
bank(s). On a rela, data is again summed and added to the
pieviousfy stored parity on the I input. The parity sum

ii"" the -active high odd sum bit will always be odd. rf
L*r"n parity is decoded, the error is indicated to the memory
timing circuit for reporting to the CPU.
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Addresses to the memory array may be from one of twomutually exclusive sources. cpu addresses A0l-A16 (cpuAOO
is used to select the Iow eight bits of a word address) are
multiplexed through a pair of 74F258 multiplexers. During
RAS* time, Al\,tux is low, and A0l-A08 are oulput to the memory
array. When RAS* hold time is satisfied, AMUX switches to ahigh state and selects A09-A16 to be output. Non-refreshcycles are defined by ENRASCAS* active low, which enables
the 74F258s for output. During refresh cycles, ENREFAD* is
active 1ow, enabring a 7 4F244 to output the refresh address(stored by both halves of a 74LS393 counter and incremented
by DECRCNT*). A11 addresses are series terminated by 33 ohmresistors to minimize ringing and overshoot.
A set of discrete F famiry rogic aates is used to generate
and buffer control signals for the RAI'I array. The array isdivided into both odd and even byte banks and 1ow and high
address banks (at the 128K byte boundary as defined by
cPUMcsO* and cPUMcsl*). Both the RAS* ind wR* signalsfollow the address boundaries while cAS* forlows ttre byteboundaries. A11 control signals are series terminated by 33
ohm resistors to minimize ringing and overshoot.
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7 .L .9 Floppy Di sk Controller ( Sheet 11 )

The Model 2000 Floppy Oisk Controller (FDC) circuitry is
located on the t'lain Logic PCB Assembly (P.N. 8898001). It
consists of an Intel 8272 FDC, an FDC92L6 Floppy Oisk Data
Separator (FDDS, write precompensation control logic, drive
select Iogic, and other support logic).

The FDC is capable of controlling two thinline Floppy Oisk
Drives (FDD) using double-side, double-density 5-L/4"
flexible diskettes. This provides a formatted memory
capacity of more than 635 kbytes per drive for
double-density recording.

7 .L.9 .L Data Bus Interf ace

A1l peripheral control devices on the l{ain Logic PCB, with
the exception of the Video Control circuiEry, communicate
with the CPU over a bidirectional 8-bit data bus
(PERD00-07). This interface is represented on the FDC
schematic (sheet Il of the l4ain Logic PCB schematic).

The signal CPUDT/R'k controls the direction of data flow to
and from the peripheral devices through the DIR input on the
octal bus transceiver (74L5245). To prevent data bus
contention between peripheral devices, the transceiver is
enabled by the logical AND of peripheral chip select PCS0*
and CPU DIvIA acknowledge (BUSDMACKO*) which is then ANDed
with DMA interrupt acknowledge (INTAK*).

7.L.9.2 FDC Port Specifications
I,/0 mapping of the peripheral devices places the 8272 at
Base r/0 port PCS0, port 3, which is the chip select input
to the 8272 (PCSOP3*). This signal must be low (positive
logic 0) during any read or write operations to the FDC.

There are two registers in the 8272 which are accessible by
the CPU -- a Status register and a Data register. The Main
Status register is an 8-bit register which contains status
information of the FDC that may be accessed at any time.
Access to this register is accomplished by a READ
instruction to address 0030H. A WRITE instruction to this
register is illegal. The Data register is an 8-bit register
that stores data, commands, parametersr and FDD status
information. It is actually several registers in a stack
where only one register is presented to the Peripheral Data
Bus at a time. Data is read from or written to this
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register by a READ or WRITE instruction to address 0032H to
obtain results after executing a command or to program the
8272

One other operation that is requred is a terminal count
strobe (TC). This strobe terminates a DMA transfer or the
execution phase of an instruction cycle in programming the
8272. The terminate transfer strobe (FLDTC) is executed by
a READ or WRITE instruction to address 0004H.

The following table sunrmarizes this information.

FDC PORT SPECIFICATIONS

Reg i s ter
Status
WR

Data
TC

Instruct i on

RD
i f fegal

RD/wR
RD/I,|rR

Addres s

0030H

0032H
0004H

Bits
DO-D7

DO-D7
xx

(xx = don't care)

7.L.9.3 Dl{A Request and Acknowledge

The 8272 is used in the DIvIA mode in conjunction with the DMA

routing controller fFL (825153) and the data latch (U49).
OI'[A requests from the FDC (DRQ) are delayed by U130 (74L574)
to satisfy timing constraints before being sent to the DIvIA

routing controller (BUSDIIIARQ0*). DMA acknowledge is decoded
from CPUAO5 and CPUA06 through Base T/0 port I (PCS1*) by
U98 (75LS139, sheet 2 of t'lain Logic schematic) and output to
the FDC (BUSDMACKO*).

7.L.9.4 FDD Read Data Sequence

When the FDC receives the first READ command from the CPU,
it selects the drive and issues the head load signal (HDL).
A high (Iogic I) on HDL activates the motor-on (luTRoN)

signal to the disk drive. Before any data transfer can
begin there must be a delay (approximately 250 msec) to
a1low the drive motor to reach its operating speed. This
delay is accomplished by using the internal head load timer
in the 8272 as a motor start-up timer. The HDL signal is
also used to activate the activity light. on the disk drive
(FLDINUSE* if used by Tandon drives only).
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once the FDD has been activated and the 8272 has been praced
in the Read Data Mode, the head is positioned at the
required track on the diskette. The data is then read from
the sector(s) and is presented to the Floppy Disk Data
Separator (92L6) as a composite serial clock/data stream.If the recording format used is single density, the signal
wiII be an FM (Frequency Modulation) encoded signal. If the
recording format used is double-density, the signal will be
an lvlFl'l (Modified Frequency Modulation) encoded signal.
Typical FM and ITIFM encoded signals are shown in Figures 7-I9
and 7-20. The FDDS derives a clock signal from the
composite signal and regenerates the clock (Dt{) and the data
(SEPD*) signals.
As data is being transferred between the FDC and the CpU,
the FDC must be serviced by the CpU every 54 psec in the FM
mode and every 25 psec in the IvtFM mode f or 5-L/ 4" disk
drives. The FDC will terminate the Read command if the
transfer times are longer than those specified.
When the Read Data command has been terminated, the HDL
signal will go low, after the specified Head unload time has
erapsed as determined by the 8272 programming. The falling
edge of the HDL starts the rnotor-on timer (7aLSr23) which
maintains the lrlrRoN signal to the disk drives. This allows
the drive motor(s) to continue running for a period ofapproximately 3 seconds so that subsequent drive accesses
may be initiated without having to wait for the motor
start-up time. This delay decreases the access time betweenthe FDC and the Disk Drives. This is especialry valuable
when a diskette is copied from one drive to another.

7 .L. 9 .5 FDD Write Data Sequence

The write Data sequence is similar to the Read Data sequence
in that, when the wRrrE command is first issued by the cpu,
there is a deray for motor start-up time before the head ispositioned at the required track. This delay is not
required if the motor is already up to speed when the
command is issued which may be determined by reading the
motor-on status port located on the Two-sided media input(TS) of the FDC.

when the head is in position, the FDC takes data from the
cPU on a byte-by-byte basis from the peripheral Data Bus
(PERD00-07) and outputs it to the FDD. Data is written into
each sector until the write operaLion has been completed.
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Once completed, a Terminal Count (TC) is issued by the CPU
and the Write command is terminated. Again' this sequence
follows that of the Read DAta sequence by starting the
motor-on time when HDL goes inactive (low).

Data transfer rates in the Write Data mode must also meet
specific requirements to prevent the 8272 from terminating
the command. Data transfers from the CPU to the 8272, when
using 5-L/ 4" disk drives, may not exceed 62 psec for Rl{
mode or 30 psec for lvlFl'l mode.

When writing data on inner tracks, it is necessary to shift
the bit positions so that they appear to be at their nominal
positions when reading data from those sectors. This is
accomplished by using write precompensation which is a means
of causing the flux transitions to be written early or late
from their nominal positions. The direction of this shift
is determined by the FDC according to the data pattern to be
written. Precompensation for lvlodel 2000 FDC is controlled
by U131 (74LS195) and U133 (74LS02). The clock rate for
write precompensation is selectable depending on the
requirements of the disk drives used. The default rate is
250 nanoseconds (jumper E7 to EB) or L25 nanoseconds (jumper
E6 to E7), if required.

A11 read and write operations must have the write clock
(WRCLK) input to the 8272 enabled. WRCLK for the Model 2000
FDC is a I MIlz clock with a 250 nanosecond pulse width
generated from the 4 MHz clock (cLKo4M) lhrough-a^4-bit
6inary counter (74LS161). This allows the lrlodel 2000 to
read single or double density diskettes, but to write only
to double density diskettes.

7 .L.9 .6 FDC,/FDD Interf ace

Requirements for the Floppy Disk Controller to Floppy Disk
Drive interface are met by using 7 4L6 open-collector drivers
and 74LS14 Schmitt-triggei receivers with terminated inputs.
The drive select decoder is a 74LS145 lamp/display driver
which has the drive capability required for this interface.
FDC connector pin assignments are shown in the Table 7-L.
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FDC INTERFACE

CONNECTOR PIN ASSIGNIUENTS

Pin Number Signal Name
2NC
4 FLDINUSE*
6NC
8 FLDIDX*
10 FLDDSO*
T2 FLDDSI*
14 NC
16 FLDMTRON*
18 FLDDIR*
20 FLDSTP*
22 FLDWRDAT*
24 FLDWE*
26 FLDTRKO*
28 FLDWRPRT*
30 FLDRDDAT*
32 FLDSDSEL*
34 FLDRDY*

NOTE: A11 odd numbered pins are connected to ground.
NC = No connection.

7 . L .9 .7 Dr ive Select Decode

Since the 8272 FDC is an "intelligent', controller, it
utilizes a polling mode. this mode is automaticalry entered
between commands and step pulses during the SEEK command.,
where it monitors the READY lines from all "four,' disk
drives. Since the Model 2000 is configured with only two
drives, it is necessary to decode the drive select so that
the motor on timer can time out after the last r/0 operation
to the disk drives.

7.1.9.8 nnao/wnrTE and SEEK Control

During a READ or wRrrE operation, the 9272 sets the RS,/SEEK
output low (logic 0) which enabres two receivers on ur35(74Ls24r). rn this mode, the FDC can read the write protect
status (WRPRT) of the diskette instarled in the drive(s) and
the FDD fault status bit. The input of the receiver of the
FDD has been tied low to prevent the FDC from seeing a fault
condition that wourd result from a floating input, iince the
disk drives used do not use the fault line.
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When a SEEK command has been issued by the FDC, the RVSEEK
output is set high (logic 1). This enables two drivers and
two receivers on the 74L524I. The drivers control the FDD
head direction (DIR) and step pulses (STp) which are output
to the disk drive(s). The receivers monitor track 0 status
(TRK00) and the two-sided media input (TS) to the 8272 which
is used as a motor bn status port.

7.L.9.9 FDC Reset Control

The reset input to the 8272 is under software control for
programming flexibility. A reset is output to the FDC
(FDCRST*) by the 74L5273 (sheet 13 of trlain Logic schematic)
when a WRITE instruction to address 0000H is executed to set
to a low state (logic 0) bit 5 of the data byte written.
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7.1.10 Para1lel,/Keyboard Interface (Sheet L2)

The Printer Interface operation depends on the 8255-A
Programmable Peripheral Interface for its operation. The
8255-A is mapped at 050H to 05FII in the peripheral address
space. It is-located at even bytes only, and register
mapping is shown in the table below.

Addres s

0050H
0052H
0054H
0056H

0050H
0052H
0054H
0056H

R/w Operation

R POrT A
R PortB-
R PortC-
R Illegal Condition

W Port A
W Port B
W Port C

W Control

Table 7 -L. Reg i ster l,lappi ng

7 .L.10.1 Printer Port

For unidirectional printer port operation, Port A and the
upper half of Port C are programmed for t'lode 1 operation
(for more information on 8255A-5 progralnmi.g' see Intel
Ivlicroprocessor and Peripheral Handbook, 1983). Port B and
the lower half of PorL C are programmed as input and output
respectively.
To output a byte of data to the printer, the following
sequence should occur. After programming the 8255A-5 for
the proper operating modes, a'1'should be written to Port
C bit 0 to enable the printer bus buffer for output' and a
n00" should be written to Port C bits I and 2 to enable
printer status for output on the Port B data bus (see Table
7-2 for bit assignments ) . After determining that the
printer is ready to accept data, a byte is written to Port
A. Hardware in the 8255A-5 will generate a low-going pulse
on Port C bit. 7 (Output Buffer Full). This pulse is fed
into a 74LSJ-23 one-shot to generate a fixed length pulse of
about 1.5 psec which is the specified length for line
printer strobe. The line printer acknowledge is dual-routed
to the line printer status port as well as to Port C bit 6
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(ACKnow1edge). A rising edge on the ACK* input of the
8255A-5 will cause an interrupt. Any read operation to the
8255A-5 will clear the interrupt.

Bit Assignment

0

1
2
3
4

5

6
7

Table 7 -2

Auxi I i ary
Auxi I i ary
Auxi I i ary
LPRACK*

ffifi5;II
LPRPAEM
LPRBSY ( L

Port B

input 0
input I
input 2

currently unused
currently unused
currently unused

Line pr inter f ault )

Line pr inter select )

Line pr inter paper empty )

ine printer busy)

Bit Ass ignments

For bidirectional printer port operaton, the port A/upperhalf of Port c combination must be programmed. for tuodb 2operation. Port C bit 0 must be programmed for the
direction of transfer (rtO't for input from port, "I" for
output to port). rn this mode, port c bits 4 - 7 take on
new meanings. Bit 5 becomes rBFa ( rnput Buffer Full for
Port A, active when the buffer contains unread data), bit 6
becomes AcKa (ACKnowledge output for port A, same functionas for unidirectionar mode), and bit 7 becomes oBFa (output
Buffer Full output for port A, arso same as unidirectional
mode ) .

7 .L. 10.2 Keyboard Interf ace

The keyboard interface is enabled for parallel input bysetting Port c, bits l and 2 to'01". This enablls the
74Ls323 seriar-to-pararlel converter for output onto thePort B data bus. Data is shifted in serial fashion into the
74Ls323 on KBDDAT on each KBDCLK rising edge. Data transferis Lerminated with an End-of-Data pulse on KBDDAT (rising
edge) while KBDCLK is low. This crocks a 74L574 Iow,generating both KBDBSY* on its e output and KBDTNT10 on its
Q* output. A read to address 0052H in cpu peripheral space(Port A read) will preset the 74L574, thus removing KBDBSY*and KBDINT01.

Keyboard power is enabred through bit 0 at
cPu peripheral space. This bit is creared
removing vcc from the keyboard. when this

ad(Cress 0000H in
at reset,
bit is set to
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"1", the logic level is translated to about +12 Vdc by a 751488
level shifter. this in turn drives the gate of an IRFD110
HEXFET, allowing current to pass from drain to source and on to
the keyboard Vcc input. Driving -I2 Vdc into the gate of the
HEXFET (logic rr0'r translated by the 751488) turns the transistor
and the keyboard off.

7 .L.10 , 3 Revision Port

To read the revision port, Port C bits I and 2 musL be programmed
to a "10". This enables the 74L5244 buffer for output onto the
Port B data bus. The revision port is encoded with an 8-bit
number reflecting the current revision level of the main logic
board. Each PCB update will increment this 8-bit value by one.
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7.1.1I Serial Interface/Programmable Timer (Page 13)

7 .L.11.1 Serial Interface

The serial interface relies on the 8251A Universal
Synchronous/Asynchronous Receiver,/transmitter for its
operation. The 8251A is used as a peripheral device and is
programed by the CPU to operate using virtually any serial
data transmission technique presently in use. The USART
accepts data characters from the CPU in parallel format and
then converts them into a continuous data stream for
transmission. Simultaneously, it can receive serial data
streams and convert then into paralle1 data characters for
the CPU. The 8251A is clocked at the rate of 2.00 MHz. The
825IA is mapped at 0010H - 001FH in the CPU peripheral
address space at even locaLions only. Register addresses
are given in Table 7-3.

Addres s

0 010H
0 010H
0 012H
0 012H

Read /Write Operat ion

R 8251A Data
W Data Bus
R 825IA Status
W Data Bus

Tab1e 7-3. 8251A Address Assignments
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7.L.LL.2 Counter,/Timer Chip (Page 13)

The 8253-5 is a programmable counter/timer chip which is
responsible for generating three timing signals:

1. Periodic sPeaker outPut

2. Baud rate clock for the 8251A

3. Refresh timing pulses for the dynarnic RAII array

Ihe 8253-5 is mapped at 0040H - 004FH in the CPU peripheral
address space at even addresses only. The register
assignments are shown in Table 7-4-

Address nead/Write OPeration

0040H W Load Counter 0

OO42H W Load Counter I
0044H W Load Counter 2

0045H W Write lt{ode Word
0040H R Read Counter 0

0042H R Read Counter I
0044H R Read Counter 2

0045H R No operation

Table 7-4. 8253-5 Address Assignments

The clock for channel 0 is 1.00 }l[lz, channel I and channel 2 are
2.00 MHz. These clocks are derived from the 8.00 yllJz clock from
the CPU and are divided by 2 f our times to generate 4.00 t{llz ,
2.00 MH2,1.00 MHz, and 500 KHz by a 74LS161 binary counter.
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7.I.1I.3 RS-232 Operation (page 13)

For asynchronous RS-232 operation, the baud rate crock for
both transmit and receive is derived from the 9253-5 clock 1output. To selecL the internally derived clock (externar
synchronous operation is outlined below), port 00H bit. I isset to rtlrr. This routes the 8253-5 clock l output to boththe transmit and receive clock inputs on the gzsra. Bit.assignments for port OOH are shown in Tab1e 7-5.

B it As s i gnrnent

O KBEN
I EXTCLK
2 SPKRGATE
3 SPKRDATA
4 RFSHEN

5 FDCRESET*
5 TMRINO
7 TMRINI

Funct ion

Keyboard Enable
External baud rate clock
Enable periodic speaker output
Direct output to speaker
Enable refresh and baud rate

clocks
Reset 827 2
Enab Ie 8 0I8 5 t imer 0
Enable 80186 timer I

Active Level

active high
active high
active high

active high
active low
active high
active high

arg fr0tt 
o

NOTE: Following a reset, all bits at port 00H

Table 7-5. port 00H Bit Assignments

Inputs for the 8251A are taken from ,J1 after being level-shiftedfrom +12 vdc levels and inverted by 7514g9 interfice chips.
These inputs include: receive data, crear to send, and data setready (a11 active row). outputs from the g25lA which areinverted and leveI-shifted to +12 vdc are: transmit data,request to sendr and data terminal ready (all active low). Tleoactive high outputs RxRDY and TxRDY) aie ORed together to form
sERrNT02 (sERial rNTerrupt controlrer 0, level zl. RxRDy goesactive high when a full character is received. This bit ii resetby a read to the data port. rn a simirar manner, TxEl4p goesactive high when the transmit buffer is empty whire thetransmitter is enabled or remains active trigh while thetransmitter is disabred. rt is reset by a write to the g25lA
data port if the transmitter is enabled-.

synchronous operation is identical to asynchronous operation
except that the transmit and receive clocks are supplied by the
remote device. Like the data interface, these clocks are
level-shifted by the 75L489 inverting buffers. To route theexternar clocks to the 8251A, port 00H bit r must be set to ,,1u.
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Speaker Port

The speaker port has two modes of operation: periodic and
direct. @or periodic mode, SPKRGATE and SPKRDATA must be set to
'11" (bits 2 and 3 at port 00H, respectively). This enables
output 0 of the 8253-5 to produce a 50t duty cycle square wave of
prograrnmed period. For direct mode, SPKRGATE should be set to
'0u. Then the speaker may be set and reset directly by SPKRDATA.
Data from either source is buffered by a 75477 open collector
high current buffer before being output to the AC-coupled
speaker.

Refresh Clock

The output counter 2 Ls routed to the dynamic memory control
logic and is used to indicate when it. is time to do another
refresh operation. This counter should be programmed for a pulse
on terminal count and a 15 Usec period. Bit. 4 at port 00H
enables this output as well as clock 1 (the baud rate clock) when
it is active high.

99



- t,^'_ t

Tandy@ Model 2000 Service l[anual

100 -



-H
E

+
+

46
i=

s
hr;9
B

 s-d

{$*
R

E
A

$q.bP
F

tr

$*: 5
6 33

n

f{o+
JtO
{

EoUOOac\F
{(u

ooE\ao rn
O

 r-l
c\l
o 

r+
{

O
O

 
t-l

O
C

O
F

I 
F

{
@

O
l

out
.F

{ 
(d

+
JA

dfrarl

o-cUa'(tt{dom

C
J

-F=lrfT()U
'

E
,

lrl.o
nO

-
l*l
l-l 

tr
V

oIIII
q)l
z. 

l
tltllol
llltlnnV
Vo|N

5A--)

tE66i

(\I

g-; =
S

e- d:
$$-E

d
j(\lo@
(\JF

- 
(O

 v
(J

1|r)(oC
O

lt,T
e999
?--->

-

U.F
{cnoF
Ic.F

{dE

Irov
9lr
iq 

A
'-Jl,tg

F
lr--

FTllro|r)
rtl 

$

[! 
S

a-lr,::
F

l
F

|r)
T

T

t(\t r-)
U

' T
'

+
5

FrttS
p

j:F

G
tt
llrlroF

t
U

I
ElrJILl|-f@lrlEo-o

o [-9
olJIaltl%l':l
trt
l3J

I

t\s

t!ir\
{

nN

,noFG
l

.O

r)o
EoN$t

rtoN!t

2oF(,2ooGAGo|r-

olr,otdJtdG

g(rl
tU

'

rf,6Nrol-\E
-

ao@fF()lrlEGoo

IEx,IoFNA
|

ozo(JFGlrJo.
(tu,(nU

J
G

NAo' tlltoa

I

atlrJtr

C
N

E
,

oEzIolrlotd()zlrlE
,

lrfLlrJE

ctl^t
U

'
:)Fo2

FE

oLJo:tFU
'

J

r)g:)
r)Lc

;()
$J
o

?
o)
nE

t06
J

\toF\r

fo00
ir)o:o

ro00C
\I

$J@

ro@t-N@

lrJFo

U
'I

=
l

F
I(n,

zoFl<IGl:)t(9
l-Il!l2lol(J

C
D

r.-
C

\.1
(\J-izt-t!LIJ

ItrJ
E

zIF()=oo(r(LEol!otrl@trJ
Jl!c

IrJ
@lrlJlrjtz,Il-(Jfoo(lo-olrJF=

_ J

t!IFoFoE(LI

T
T

J

E(L

lrJ(LF
-ol-oT
E

o*I

lrJ(r(L

tr.l
LFoFoE(LIU

J
EE

L

zIF(LE
,

(JolrJo

LIJ
LuE

qroo-(L

roo-I

N(L(L
(L(L

GFJlrlxC
)

()o-

ne
nlro
ole

roo
(\J
s

(l

trl
ooC

)

xltJI

6=
"1

F
(./)<

=
l-rttr
?>

*o
Z

 +
trJ 

lr,l
O

 =
E

,E
-

.- 
o()

3s5*'
=

F
<

lrJs)
i, 

uJo:1
:t 

oF
L 

:E
O

{
6U

g *A
iir+

a
F

E
"H

K
(/)>

F
(l

frot a

E
;H

 =
A

iE
gH

:
E

';u g p

I E
lE

H

; E
:t?

:;g; E
:

H
E

3;E
H

<
Jui-<

l|.ur
qIp85H
Y

F
Q

v

=
=

eIss
lrJ<

(ts
F

 b; brk
Ftroo.v)oz9gIt!zo(J

--a\

Fv,Ju,l^l
F(9lrJEo-o

olrlU
'

f,FozU
'

lrlF(9

tr)

I
r.ni9
,rt*

!o:trr
lfl 

_

s9
??ff,
t@

roro 
I

9a'
S

T-@
(o

sF
lt@

ro
j'l{'ll

I
Iro-fo
T

]
9erl
q, q)

tf)

gut
rt 

-14
9tiT

;
r 

I 
0|'_=

(91r,
lrjal!lrJt

q1 
C

) 
66

roorO
o

5555
€ nE

 "
l:f,1f

a[&
:n

fflff
&

.gE
g

lfrf:l
E

3 $r
f 

:l 
f 

=
B

-e3'-
fllfS

lrjC
)

Hlrlo

e$t
eB

P
P

rfrtt!t
F

F
F

F

o
(o$JO

lei
er,o'o(/)
tr.l!lLJ
\trttt
F

F
F

F

O
$Jttt@

ooQ
oo

(nurgrgra
JJJJJ
tctrtrf
F

F
-F

F
F

-

+
(\j 

G
tG

J@
- 

rO
14rqrO

aur(nau,
JJJJJ
t$$rrt
F

t\1.*F
F

m
* 

rD
t')

;i 
sg

ao 
oo

JJ 
JJ

rf\f 
\f\t

F
T

\ 
F

F

;suR
$

JqA
A

-
$t(ft(J
F

F
F

F
=

st@
(D

Q
O

N
N

O
J\T

A
J

E
egB

s
a2lf,l

9$qqi
oqdo-r
=

N
T

O
F

O
$,

f,31>
l

tf
rog
P

-d
F

- 
(t

A
I. F

m
F

s@
loq

61 tD
o)t*0r)

:f,>
ff)

|r)6:ico-
C

o
LjtfH

'r,-
fr;rlt 

t()
rom

- 
d

ts@
 

l(,)

=
N

t'
E

E
6! S

:f:):) 
3

gggs!t

rorS
T

ssddF
gH

#;#
9 

r.u 
uJ l!

Osf<
o(L 

(LL
LO

 
O

O

S
333g

o@
oau,

JJ)JJ
!tti$+

t
F

f\F
F

F

ssfrg&
vrovrurv,
)JJJ1
rttt\ft
F

-F
F

F
F

f;oo3t
$Iforo(O

g)
66aoo
JJJJJ
s$tsfs
F

F
t-1.-F

8+
$ s

,?ilil 
S

4)) 
J

vtt 
t

F
-F

F
 

F

|f) r,o m
 rf 

rO
t-N

F
F

d)
oJnrqrO

|o
uJA

aao
JJJJJ
t$\tt*
F

-F
F

F
.F

eelgl
oA

rt@
-

G
|ro@

ro@

tF
pF

I
8[ggh
aq-e66
Irlsr



H rr D 9, @ E o o o H N o o o u o F
f

fe
r o o E p, 5 F g, H

E pr ts
'

I] E
-.

r o LA ts
-

o w o pr n p; m o 0 J pr

\J
ff

P
J 

ts
.

lQ
O

rD
O

H
C

) fv
,

O
c

F
hO

N
)

H
O (,
 (

, P B o o 0 H N
) O O O o o H rJ tr rt (D F
l

I ts (f t\) I



xotrlou

'q)

'-l l'
u-)

If

1q

O
nrtnC

.,l
F

(oootnN
n

oIfcC
)

$=
l

A Iq
()N
O

s'F
.

u)

T
II."A?fll@IIlr

'| |()A?8

r-()A

|r){_??
(p@
|r, 

!o

lolf)6TI\Ist|r)

6lrl;dII\?(\Ilr)

F
0n

$tA
A

tlrt,? 
t?

T
8

(Jc)

zzrlntn
rt 

rf
6r
ttllbbt(olrt

r)+

;5I\?(\Jt

(')roIII\?

tI,?s

:l.)()F
|(}rc,n|.)
66A

t
tttl
Ilil
\\\\
????
(ve|'o
t, 

fD
 

t.' 
tO

l---rtl
tllllr-
||tl
nj-rr6o
(o(.o|f)|r)tt

IE
- o 

=
$

;t$fiilH
*$P

P
A

E
t; =

$':=
gE

aE
Isl$:ilil

H
 3 H

 H
 H

 3 3 H
 F

 I E
 =

 3 3; I =
 =

 Z
E

=
 I fi 5 5 H

 i 
H

 3 3 3 3

l

i+1lqfo
rort

htllB
fr

.rl,t lt
-I

Itll'

A
S

[-J*i

JJ3l E
l

6B

* 
* 

r- 
** 

p 
c) 

dh @
 r\ 

r\ 
rf) 

rO
 rt 

ro r) 
C

 
ru - 

3 
ro or 

cl 
C

)- 
O

 
* 

* 
rrJ >

 
O

 
*

' rE
sH

 gra?? E
3 E

?E
?E

E
2?E

E
 eA

E
ear" E

i;
()

6;1@
61=

F
(D

F
__nrrlflF

)

IT
_-

I; ftt:lF?

fir(J3rsil
(r6,rt

.$*
N

q 
\,/

=
i 

Y

qqtr) 
lo

i?:l 
:l

frt 
al

fl 
ll

'l-lP
{o

Nt
ur rf
*frtF

?Iq3+

$J
to to

illtrl>

B
F

ill

IJJ
*lnl

=
l olB
Ic)o;

gFzHo-.



H p, p o K @ E o p.
, o H t\) O O O n o n F
. o o E g, F fr 0, ts

B p) ts
-

D rl o !a H
. o E

D o gr n 9, n o F >
)

o(
D

E
E

cp
r rt H

.
tr

o
pr tQ

@
O

O
O

N
)O

O
O

N
M

O w
P

)t
Ld

r B o p, (D H N O O O () o H = rJ F ff o il

I ts O F I



H$lII sH

| .r
(\J

A

HY$lI

=
4&

-
si

I

=
$fi

*lrJJe

=

"A
4qr l
f+

l*+
-rJ

fo 
(\l

t--=
,A

t 
F

o 
-/

br \ 
gF

 
E

/
=

L-J 
- f 

-F

*lrJ-J3(Lo

*rzt!Eo:lct*zLrJ
of(J

*ztl.l
oU

I
f,d)

$l:
to 

o

Foanlcl

*o)Ia:l(D

*oJEe

*(EFofC
L

L)

xttJJfc)

*trj
Ioo= (D

*zlrJo(t,

fD

gE
E

 6
tlll

nlr)lr) 
tr)

-f 
-)'A

 
-t

E
? 

S
rll

lf)rt 
s,)

-)?-

*Izf,EaC
D

*zltlo(nl(D

x(rt-oaf(D

)t(

oJxU
7

f(D

xtrJ

afd)

*(Y(Jo)a3c)

xT
,

@t!Ea=d)

*o-)oIa3(D

gEtl
|f)r)
?'?

t{()+
J5o{EoUOOOc\r-{(l)oo

rtJ r{
oE

 
t+

-t

o
\(on

cf)
O

O
c\ 

cn
ord
O

A
O@

0)U
urd
'-{ 

t+
-{

+
J t{

d0)
E

+
r

0)c
-qH
U|.f,juta
dm!(UomU.-ltnoF

lc.F
{6E

FrlI

A

o)=f,c

Hxlal=
l

fl-l

_qgA

H
H

H
l{

Itl=
$n =

F
n

g 
rq 

q-o

^l Itg1ri 
-.r

#l"l\rlu3

ra)
a5

sf
s€d(/,t-

oooe5 
t,.*

()z.
t(o(E

*ll,l
clglI

,N

*IoILG(n=
q,f
z" z.
llgro,

*0aJ

tD
o(r* 

S
33.ococ.:{

F
 

f._ N
 - 

(D
 v 

(\j N
 

c,t (o fO
 n 

m
 

G
t

ltltT
rtlrtlttl

|nr)tonn|r) 
|I.)ultr)lr)tnlr)|r)lr)

---1--t-?--?'aT
-?

g

-roF
|r)

ot

a(DI
eaou,)dl

3sef;R
3f;S

(\l 
A

l 
6l 

cV
 

C
\J (\l 

G
, 

(\J
rlllllll

lr)rrlrrrotr)|l:ltnr)
----???-)

<
(J,.<

cD
coo<

rofrY
@

l()rtrtq
(\I$JC

U
C

\IC
U

N
G

IN
lllltlll

|J.)u.)|,)lr)r)|r)|r)()
?----t't-?

H
eE

rO
 ro 

r,o
ltl

tr)u)ln
---

(D(\Itf)Itr)

gP
ss

G
l 

$t 
G

J r)
tlrl

r)lr)|r)|r)
--?-?

o}
aa)d)

:)clI
eoo2ct

toU
)

f,c)

Fsafc)

*(EoHofco

*3oHU
,

f(D

xoan()-afdt

xao=of.D

+oEC
N

:)ID

xEIafdt

*= .a:f(D

E
"oS

P
B

eB
T

t?T
1?T

1
st|ori(flr)nlnro
---'?----

sS
$f;-R

rtltl
t')rt|.)|n|')
???--

@
<

a<
o<

S
,

qstnoN
lri

lllr'rr
|f)lo|r)lr)|r,|nlr)
??-f??-?

*EFoq))dt

+zU
J

oo=trt

*EFoV
,

(D

*-Ho@

EHoofo

*zlrJU
)

f(D

(EH6af(o

*(roHf(L()

*= oH:f(L(J

o_J
fl&()

*zlrla)(D

*FoG-e()

E
F

ro()g'n9:
|f)-rth-

L(o.I)g



t{ g, p p, K @ E o p, o H t\) O o O U
I o n P
. o o t 0, E F 0, H

E pr H
.

D r{ o l.q lJ
r n E
d o g, n

E
D

 9
,

F (n
(n o

H
5

p(
D

ffF (D
pr

F
{ 
rt

m
t 

ts
'

pr
o

o (D
@ l-t O

hd
o

pr
o

t-
lQ

 r
\)

O
O (^

)

-P o ftB
o

F
g,

(r
(D

H N
) O O O o o 3 rc tr rt rD il

I F O O
t

I



*trJ

= Joo

t{o+
JaO
{

HO
an

L) '-{
o 

t+
{

oooC
\ sil

;;+
*tltlJrl

N
O

22tltlg 
..1-

fl
lil

a=
=

I
()Yco

(J)ID

ro 
u.)

+
+tlr/) 

|

N
(D

t*N

(J(J
zzlltlII

(\l 
-

c! 
A

t

F
{O

ocn
o(d
O

A
{

t\U
4.'{
ooo
O

O
c\ F

t
oO

O
oo(f,€
@

 'r{

U.F
{ q

+
J .r{
d6E

E
o\
-C

 t{
U

O
C

n F
{

r-f
ooH

l{
d+

J
oc
m

oU
U.F

{ H
tI'tr
O

U
F

lc.F
ldE

(t(,
Nzlr,=H

t;zl^J
T

E

IEEt5

Ito=lp

LoEzt!7

FooFHo

(ooo(oHo

rnoonHorO

to\rHo(o

or.o
or(t
Ho(l)A

I

No6NHo

ooH

sooeHo

roF
 

N

55S

oz(tfoG
J

o(o
N

N
too
(V

:--
fn

al

oo-N
ofo
N

NLJl,

E
 lIFlu,

t()

=
u*e

E
l9H

ljE
oS

S
tB

tE
;j 

13"
@o

3E
H

H
 € $ H

 5 F
 E

 g : =
 T

 8,,'

o5

Eeog

go|r)to

38

9of,
O

U
,

=
J*N

e

sl3lg

4

*oooH

r\rrt

()t1(trt

(,(,oz(,

tx (v
lJz
l() t!
lc;

2tl 
llrJ

trto

8a33t8tE
H

gll
oooooooc

|oF
 

G
I

lr)G
-

5t'' $
l:

E
;rilspsl6E

lE
ooooooootlF

l()

od-oH

*otrt3c(J

*' oH3c()

:f,
zl!ofo-
()

=-HaH

*Fv,G.3o.o

IIII@
F

co
g

gg
ffl

B
;$B

qegS
&

??eh

ltll-l
@

(O
tr)N

-

+
ii.iJ;i01@

6J

F
s

iiR
e:

N
rtg)F

|r)(O
f\r^{D

S
N

N
A

rfrN
tt

*Y)()ooH
o

foo
oo

tC
,

+ln

()-IA
J

=FzHoH

*Fvt(l.:f,o.(J

tv,C
)

J6oH

19fO
t-$ltfn

=IC
)

2

o
@

?aFFoe



H g, 5 9, @ E o 9, o H t\) O o o m o F
l

l'a
.

o o t 0, r' F g, H

E g, H
.

D E
-t

oo ,d
 !a

H
F

- o
o oE

d
D

O
rt

 p
r

ilH op
,

H ts
m

(D
r)

il5 \(
D E
3

g)
 p

)
F

-,
 - 

rt
D

F
' o

H
'@

p.
, 
O

O
O

O
O O

tr
N

oo Q
(,

ts
- 

)>
o\

E
E

O pr
o

(a
O

O
F

I ts O @ I

F
 

f\) O
O

O
F

fr
O

F
O

(/
\)

 O H F
I t5 fr rt o H



H()+
JJoEoUOOOc\

n/)
F

{ 
r'{

oE
 

tt-l
oo
F\tn
do
rn 

U
t

O
d

C
rtA

O<
r

O
U

O
 '-{

O
(no

O
F

I
.-{+

JO
doE

O
(l) 'F

{
-cUac.r{
6(d
H

E
doqU.-ftnoF
lc.-ldE

<
u@

-tO
-

()cocD
(oN

t
lll
|r)|r)|r)
a:-

4
r3

zo.otrj
oH

4

E
3f,o't

ttrtl
|r)u)nn|o
-?>

-)?

Y)c)Foou)fC
D

c
z9otr
72

3i3F
E

sp+II

9

qpa

C
)

zoaf(D

t};o
(oE

F
r

r)+
F

Y
ci

tf

Jt!oFEt
rr,

q)rO

too
3Jt?\

_tO
9tr
J{|

9E)ct$F
-

|o
(lo

ro

IHllllrlIcl

A

+
j(L6l

n3P
at

t
rBlc, I
lit

F

x=l,ul
loF
rJ<

-ooo

_<
oF

o()

E
T

P
H

g
H

(tZ
>H

.tr-9
3sg(t)

(on(rnN
ooooo

-xca-
T

HJo

l(Jl-t>l(,'F
l>

o

c8dG
F

Jul
()G

!,,
rott5)(o
A

l at $l (\l

FfolrloH

clrtrbr*tS

I(nodH



H g, p p, @ B o p, o H N
) o O (f n o F
t F
. o o E s, E F st H

B p, ts
-

D rr o 'A H
. o E

D o g)

E
n

9r
 9

,
H

" 5A
o

l-"
 (D

gr
F

(D
g)

O
rt H

.
tr

o
o tQ

@
ts

"o
O

O F r- \/
E

N
)

F
,O

Q
u) 0P LN

t
oo ftQ

r (D

F
ts

(,
N

) O O O r) o H = rJ F rt (D F
l

I H H O l



oof,clI

osoal(D

*xJ()()e
F

.-

Qeo5

*YJ(JJ

o9:3rn-

o

Fooof6

|r,t\lS
@

 
ntoolF

lu)
t()

(oo
N

t
5R

! saonJ@

ao()a=C
o

*SofL()
x;oJlrJ=

rooot

()oo;

cqe(J

(r(9(J

oa{6(')

oo{Gro(J

|oQG(9I

to(r

o-N
G

I
o9-31191

l(/)
rc)

(o

ro 
\ru

:)(L
J

roN
(''

$lG
l-

@
f-@

(liroN
-

lflE
H

(o
-F

+
n3

lor.-in3:P

dIa

o|r)

I1i9-F
on

ii

oroI

tr.-

o>
I

oJa

rya:fC
DI

sal



H r, !' gJ K @ B o o o H f\) O O o cn o F
t

l.J
r

o o E 0, D F s, ts

B p, H
. I r{ o

O
ta

5t
s-

gr
o

F
l P
) 

E
D

oo rt
 9

)
on F

to
oc

n
oo T

5 oo n3 pr
 p

)

rt
 r

t
ot

s-
ilo H

@
\o rd

o O
tr

o
oN

)
Q

O P
- 

('
oP E

E
gr

o
Q

 p
.,

(D
(D H

o\
N

oo F
fiO

O
H (,

o o = 15 F rt (D F
t

I H H N
) I



t{o+
JaoEoU
cnl.{

OO
T

H
(fo
c{

r\
r-{o(u
€tn
od
E

ol

cno
O

&
NO

+
J

O
O

O
O

opa
@

\
t{

U
O

-.{ r-{
+

J r{
rdo
E

t{
0)+

J
-cc
U

O
C

D
U

td +
J

t{ 
g{

rdJ
O

t{
F

qHo
U

+
J

.F
{ 

C
oHoF
tc.-{d=

e 
sE

4 
44

H

ql

s+

I

15(D

??qq
s4

fil
qT

qla

E
lE

H
lfilfl!

||l

'l 'l 'l
n9l' r

ul

qslIIIIIIII

-F
fi

]-

r9#
oO

F
1ptr)9tO

G
/-

-H
A

iJl 
I

-F
+

gH
fi

ll=
lul
llB
H

3;xB
rB

tbE
F

fF
bs-B

B
tB

tE
retrE

E
lE

E
frE

frH
f;H

T



H 9, p p, r<
@ g o p, o H N c) O o C
N o F
l F
. o o E 0, !t fr 0, H

E F
J ts
-

D rr o
H

(Q
D

ts
.

ffo (D ilE
d

fio F
p)

F
t5

n
rt

 o
,

O
cn oo T
5

rt
 (D tr
3

O
P

r
ts

rr
?P

-
(D

C
)

F
'l \o E
dO oc O
o

rt
o D

\)

F
O ou

r
E

lv

hc
E

gr
o

'A
O

(}
(D H

\-
l

tv
oo F

hO
O

H t*
l 

O o ts = t5 tr rt (D F
l

I H H F I



Ho.tJF
{

g{JD
J

l-loUooo(n
C

\ 
F

{

r-{ t+
{

oo
6O

o
E

o
\tn

C
A

A
Oc\ooO

O
ooO

F
I

O
'51

U
U

.r{ 
O

+
J F

l
dE

O
(uur
-c(d
u-c
C

N
A\

"tc J4
H

U
doO

r{
O

U
U.F
{tr'
oF
lg.F

{(dE

nls
xl b
E

lo
st;
dls#

l
T

F
iloq(,N

*s:()-H
t,

NI3.EL

oqI

oq@G
I

eoq$JN

Nosoo)
lr

=\r@otJ$J

p@nNN

F
E

pl$

E
$ 

H
;

B
f il;

$9(o

llr()O()zzz

lo

rq

o(o
F

l
,?9

oE
,

ob3o
P

E
F

U
olJ-
trh
c:C

)
!l 

ul
Y

! E
.

tvt 
fF

=
fl

6=(LH
?8F

z.

H
H

F
F

a@=
= l1*t(x

cl-3oE(to-8olrftdo

p5 nI'rrJ
t-t
l(/)l

-lE
I
'lI

s$A

t(3!().

H
I

dl

#

Tq
I2



€ g, T o @ B o 9l o H N
) c) o O a o F
l F
. o o B p, p F g, H

E 0, ts
-

D E
{ o |.a l-t
 . o

ob
d

l-,
 o

og
,

oi
l

7i
' 9

,

U
U

)
5r

)
gr

5
ao o7

g,
rr

f
O

 
F

J.
oo 7r

@
f{

o
O

O
O

O
h5

o t\) o
E

U
)

9,
tr

tQ
\

o
E

@
o o,

oo ftt
s

H
N

)
(,

O o O o o 3 rc G rf (D F
t

I H H o\ I



t{0)
+

J5o{EoUOOOc\t-{O
rn

E
'.{

oE
 t+

{o
\fnO
O

c{ 
bt

O
rd

O
A

OO@
trtc

U
 '"{

''{ E
+

J .r{
dHEo.C

t{
U

O
aEo
dEt{domU.F

{tnoF
Jc.F

{dE

*ol!Lrl
EzIll

*cF(nC
)

*U
'

L)(nE-lr,J

?

oEu-(E

(9
H

I

rfiN
f=

|f)g)o@

I -l-l*l.l "l"l*l
F

lrlE
lF

l$lillE
lF

l
.] llll"

f$
E

I
slsE

lilE
l

Rt_ 
|

t4l

YclolF
l

-lHl
IIIT

J I
-l=

n @

5qr+?-
Y

-Nty

1l*I'
*lrlfiltLl

qlolAt?l

t9

*eT(J

-E
A

'ilY
T

l

o
-o)o

lfF
N

sqlt
n0

FEztrJ
s$

Ito(JI

*cFg

C
)
.a

N
tfo=

+

d)v
|r)(v
aai

lr)l- 
t

+
t

i!'

AH *oEItrJ
.

*E' It!I

IIIIIIII
t

@
(ol

olI.
=

tlF

S
S

ll!
qf-

f,9o

il t

ts
N

O
-t!
3tF

(\lr() 
t 

J) to 
o

(J=
sl-lN

ln
(J l()l(Jlc)
(l I(rIE

I(E

QG-fI(J

A
 I'A

i4 
ja

:lf,l*l

B
H

b

; 
\t'

b,9
=

 
tr-rr

F
-

Ielt-sff\-
A

5lI
xlII

clilIrO
I

lrl

o=ou=

lo

A
E

H=
A

I
I 

lp
w

=
N

ro 
()

*Fo(l3I(J

0I=
lnri I

i+
v

L-L ]-

-=
J

S
A

rtd

*Fz(JEL)trl
o

l!v)J:)(LoE
,

t!t"

o_(,
r)N
Y

O
Jt

[=II

'3*

['I

d'l

'F
+

A-lH
I

fl(Ll

a| 
-it

Inr 
I

t_ |
w

_q$e
=

tL
-F

t

B
B

I q



H g, p o K @ E o a o H N o o o U
T o F
t F
. o o E g, I I o, H

E p, ts
.

p r{ o !a H
' o E

d o p) F
t

E
9.

,
o 3c

n
oo fi5 K
O 3

€9
,

l-.
 r

t
3 

l-r
'

r-
O

J La
@ O C

)
tr

o
9r

o
A

N O
O (''

r)

\o
 jl

t

o H
tB o

F
pJ w
o ts N

) O O O o o 3 15 F rt (D F
l

I H H @ I



5
I,

II

t{c)
+

)5O
{

EoUOOON

*taEE
}

=
o)
qEA

A
Y

?tlrl\fe

A
xji

aaa
E

.c(J

C
P

ftF
l'r-lr-
qgqq
A

A
nn

T
JIJU

U
llll
llll
I 

q'l 
rr)

oL@
g

,b.b6,f
-f 

-: 
-) 

-?

????
r..-(o$co

tltl
tttl

A
' A

* A
*A

*
tru tr=

 t#F
 fru

c\vrr)
asQ

e

lrJ 
l,! 

l! 
lrJ

ocoo

S
(oF

|q

P
gE

P
I 

E
E

 
!

oooo

@
.^

B
Y

<
g*U

 
+

IC

=
gg

-z-
<

ar
if(J
o- 

o_
()O

+
(r(E

, 
i

oo<
U

- tr. :trL
e-(J
t 

il 
tl

.gF
F

<

s?o>
ui 

r.r.l trJ

dd=
aas

oElrlxlrlJG53IoolrlG
,

C
I

clGorlrlI

T
 Y

F
 

T
ggqq

????
pn

it(0
I 

u')
r

F
{ 

O
O

(l) '-{
'|cO

 ti{

=
orO

0/l
O

O
c{ 

U
t

O
d

O
A

Oo@
r-{o

U
f{

.F
{ +

J
+

Jq
doE

U
(u

-cU
!

(n0E
dc)
}{E
domU.F
lu'oF
lc.F

{dE

C
T

,

rr)

eatrl=

I3lH
I

rlll

o-{ ; 
i

ls 
[I

lgS
flR

E
q$-"fi

ffi

ttll

l>
-1 : 

$ 
ft'l

l5 
5 

r

lln$$g*i"lF
-

ffi

!tr

rototnatm
I9

-9,nrP
ornrf!

*aa(r

\N
 

|] 
'f, 

: 
o 

to 
$

tr)
(tf
|()
(nJ

S
 

*f,
:)\

L

ilE
l

@
ntor99go

e{ 
o 

I

l=
 

4l
-l=

 
sl

m
cv:9L

t!oo
$=
l

E

too
9e,ltrl,
ilsli

LI

cv

slolflsl

I)
It

II)II

l.)coF
- 

rno!99

A
*

q\tc\l
lr*F

q=Io

(oefo-

E
u)
t9=o_O

=a
lo-
(J

I3b

g2I

sfI()

f$F
ilil$

qgE
9qq

HC
\l

fq

E
ennffi

hflfY
f$

qgq9qq

o,
a(DHo)?

@e(DHfiI

@

lrtr,(D
F

--
9s9S
(D

alldl(D
H

H
H

H
T

Y
T

t
q99q

roa(DHrOI
(o-

$t
s(DHroI

a-oo@
cl

H
H

T
,

(,(o
-T

dHo?(o-

-togoru=
99

ilH
l

o)

H
lg

(o
nf--ap; 

Q
co<

tr-

roltl 
n

-PJFo

q@
gcuQ

oro9oto

dtdtd

9Lrtrn!



H p, p o K @ E o a o ts N
) o o o w o F
t F
. o o E pl 5 F p H

E p, F
r' p r{ o r.

q F
. o E

D o 0,
E

F
I

O
9.

3 on ilo
o

o3 og
,

5r
r

rt
 P

-
H

O
o H

@
O O

E
O 9r
o

Q
N O
O w

ts
!>

O
\ O
E

rt
O o,

ts
(D

(,
H

t\) O C
)

O () o 3 nc F ff (D il

I H N
) o I



t{o+
J5g{F
'

oUoooo
O

 
t-{

C
N

t1{
l-{O
q)
rO

 l-{
o;
E

(u
\ 

ttt
caA
ONot{
o0)
O

F
{

O
 

r-{
@

ot{
U

+
J

.'{ 
C

+
Jo

dUEo-\4
-cu
U

 '.{
cno

"t5sodg{
oo
F

Q
 '-tE

r{

U.t{cnoF
l

**6iO
O

JJl!t!

Z
g

d5E
B

H
P

Z
uF

oc)
O

 lrJ
oz.z
-{o
r, 

()
<

1.. 
lrj

I5C
l=

Z
-

*o(ro)Lr-

vroI

=--)

*trJ
oz6Jt!

**t-
*tr;'i
eo--t.J'
f 

f 
"*

X
oo

IJJ
lr- 

lr 
tL

@
c,N

N
(\ltO

lt 
1

=
=

5

\.t/ 
*

L(L
rFou)
ooJJt! 

lt-

*100tl
-{tl;l

tr)J 
I

rtl

r9 
l

V
eT
ff

$nE
!

x*o:aAili(9
(v

:=??tltl
*l 

I

B
t *l

fl:l

*zoEF=oJl,!(oj=

IIIl>lIlIII

@r(o

ni
{_lIo)

n+
rJ)

+
E

E

(Dfo:)
gaJ\tt-

ogf

(oG
I

o

toorfF

?
II

=
l

qtl
olY

l
Jl'l

I
rol
uro

11,lOo)a
1Jlrr

1L;

ao
(\l

o-
-()(ro-E

.

'
o--o()LrJ
(E(Loz.

^r 
I

6,^ 
+

=
t\ /
iY

IrO(rS
q

=
tf

q(f,

5

I 
! 

1e
frV

3E
,N

fY
F

fToo)

(\l
lf)aJtrr\

.4L.
.r{rdE

Itr
;;

s^I
fr,

r)

L)z.I

t
|r)

c)z.I(\I
fO

o

t*l<
l

olol<
l

H
J'

Fef

troV
'

J\rF

*oE-

;+T
nt i

IF
r-

rr 
t+

11 =
'-

-r)T
o il) l_,o

IIIt'

TG
J

(/))tF
,

I

R
A

r?
=

r-l
<

l
ol(rl
=

g
LA

iil
A

J

tJlr

g99q

d
B

F{rJ
aLrJ
(r(JolJ-

llil
-il,i,l

'l'ldd

('+

rD
r}tnG

l

*oxc)-oolcl

=
i

??tltltl|ltltl|lIIN
Illl*A

t
l5'l
lro

!

svII

fl<
l

olol-l
II

!Y

Ir

C
I

c)gI {-J
rl 

I

(o(-)

H
gE

Ii
,"i):i
l>

qr'i
It 

u-

ry
I

J=
lI

IB

tltlpI
alF

l
o-l

'l+

!E
I

F
-l

F
l

rlt!lJ

(LFtaE
.

LL

!tFaJrtF
-

-
vo

.r,il 
T

rai 
5

t(qo(E-otnfo

-rt,
e-J(J

l-tloI 
sr-t

I 
urs

I 
o'o

=
l,l$i

I 
$l H

''

l"l'l'
6db



H gr E g r<
6 g o o o H N o O o ('J o F
r

l.a
.

o o E R
, p F 9, H

E p, F
.

IJ r{ o ta ts
- o

qt H
E

d
oo 15

 p
,

rc
n

U
A

P
-o aI
'

7i
(D E F

.(

O
P

r
O

rt
D

ts
.

rt
O

n O
@

ts
O

H
O

O
O

H
O N

) O
E

 
L^

)
pr

P
tQ

\
(D

E
l-J

 o
ts

o (D

O
H

F
I

t\)
F

O
(^

) 
O O o o H = r5 F rt rD n

I P N
)

N
) I



5F

=
ts

;7o.R
r-;-
.U

JB

di 
I{

;F
 

0l
IL lrJ 

+
J

xj
g{Eo(J cor{
oo 

r+
{

O
O

c\|
N

r-l r{
oE
Oou'

E
dA

t

cno
oUc{(d
o 

t+
.l

ot{
O

O
O

+
J

O
CH

U.'{ .O
+

JH
(d(d
E

O
(l)-a
-qU

O
oT

(\
dF

{
t{O
(d '-{
O

 ,-{
ca(dt{
U

d
'F

{ A
ooF
lc.-ldt

C
E

- xf i
S

e'33
3 H

8 3
Y

Y
Y

Y
_tN

|f)n
i-*J*t
bara?

C
)

E
,-*utIE

-=
l

E
E

qE
5E

E
E

qqqqIE
5tqgE

T
 qf ?=

 +
T

T
;4B

U
 ?$q{q$ fi | yq r ?q iq T

$ rys N
 qI

N
 $J$lsratN

cr/q 
N

q!cndr 
s.{qJqr$lN

G
r 

c\J 
N

 il!"i 
ololcl 

oial 
ciai 

N
ciclJ 

oi"l
? 

? 
: 

? 
? 

? 
- 

-: 
-? ? ) 

- 
-) - 

I 
D

 a't 
-) 

)_- 
- 

r 
- 

i 
: 

r 
5 

- 
- 

- 
j 

>
 -:

[-''

flro

T
I:g

o)
roY
(r-

Y
taN
E

ci

Js{
a\\T

\*r

1Q
 +

-n

--l t,

f-d
I

ao,

|r)

(L
ul:

-IN
 

I

flfltlll
el<

l
o-lIrf

C
)

r{l
F2Hto.

H
H

I

?

I!t'iF
---T

lfllF

-tr
,l

fr,
I

f-gs
isIA

J

NfC
J

FGoo.
otLF6zoHkE

,
3('HlrzoC

) ;U
J

tdI3ldFzU
J

l,^J
a

= Htr

4(FJl!E
.

(LJ

TlrJ
v,tr0-J

O
 _ N

 
n) rr Ii) (or- 

O
 _ 

N
 |() rr|r) 

(o F
O

 
_qg 

rl{' 
|o (O

 F
,fl f f f ff f f 6 I 

H
 H

 ti g,E
 8 H

 E
 E

 E
 I I R

 I 
R

-
P

eaE
E

V

-^$J
H

=
38 

?
389<

 pn

rosr\ro$t-a

E

storoF
-t.)N

-



H g, p p, K @ B o o, o ts N O O o U
I o F
r F
. o o E 9, E

I fr B
t H

E p, ts
-

T E
{ o Q

hd
 F

-
gr

o
F

.t g,
 E

d
H

O
F

9,
(D

F
r

ts
9,

X
U

)
oo tto o7 p,

 g
,

F
rr

f
O

 
l.J

.
o

H I'@ rt
o

O
O

N
O

H
|(

)
g,

N
O

o
O

ur P
E 9r

E
!q

O oo
, o

H
H

N
N

oo F
hO
o

H t^
l O
o 3 IJ F rt o fr

I H t\) F I



t{0)
+

J5oo
g{ -{
EO

 tr{
U

O
ooo
O

r{
ON

O
U

t
'-{ 

rd
O

A
€oE

g
(l)

\E
{.'{
cnH
Oc\ 

0)
O

 '-l
O

.Q
O

d
oEoE

(0

U
 

l-{
''{ 

[F
|

+
JO

dt{
E

A
(l)\
-c(u
U

U
(ndr+

.f

6t{
LtO
d+

J
oc
E

HU
-{

...{ rd
C

n'.{
O

t{
F

;oC
N

c.F
{dE

TC
D

-atlE
, 

I
olul

III

l_

Ir

d3F
r

tl'l+{

!qii:qiiii'-i

llil 
l

Illllllll
llllllu 

l

Illllllll
llllllllll
llllll,rl
tll|||l

=
ffi?tttttl

^^-+
'-|_|_|*{ lllll
,#lll

t-j-- 
' 

*t
qF

'-

li 
*,*

ll 
t-

r-lri;ffi-
l[iJll*l
llll-+

r rl
j | | | I I I f ; 

I

P
lnlP

lvlql
,ld;f4nld,l{-|nl

tfrlvtnlvt?

"Jlr

E
J ;I

$r\ 
/

lst-J i=
3

Q
dtrl\r

T
ttl

-!ll
it=

r -t
:l 

il 
E

l

flesfl fl

ofr
r 

(t'
-?-

*XJ(JFxt^l

Y
.
)(J{r(DFzH

-(o 
ggt

N
I

-q--

inN
rtroN

to98@
to;n

lT
 trti 

riiT
ili$

*$co(n(,o.

$J
ohzIElr.l
U

'

*o"
oo(JA

-

*Fu,E= fo-
C

)

FoG-fo-
c)

*(EIfg.(J

*-Io.
()

?H
lII=

sA
-Q

t 
I

]JI 
I

F
L_J
gP

ei(JB

-l
I=

*Azll
\+ryro

*l *l
E

l <
l

ot sl
H

I LI
fl 

ol
o-l (/)l

'l 
H

l

*s 
I

S
 3 

.oc\.r
t 

lcv
t- 

A
:r

-zJr
+

T
I

rl

x)(rd)l-z.H

gt--
{OL

(\I

tr, I

3lslG
I

1!I
031t

toF
@

ntn(v

t-ooE
,

U
J

o-

(oeoElrJo-

too.ElrJo.

ooooalrj(L

F
 

lrJ

=
F

o
(,o

(\t(\lE
r(lO

: H
 i 5 3

N
lot()|0F

ooooclo

rtootrltlc

svdFtC
{
r

(\a

e-t.-
ra)

$JI

N-:IFfltNIn

I

-H
/\

=
JtnJ

j:l=

oO
oO

E
.O

F
JzO

Z
0()l^IJU

J

+
l

slxlJl,l9

F
I

.lF
I/h

E
I

F
I

oA
It-

rf

d

()ooEtrJ
G

tBoGU
J

C E
IeTr)

ofto

orOTI

ol*Th

o@Tq) cr(otoN

qP€|(/)
J{r

f.-

f-A
rg

l
i

.lF
l

@
l

E
l

=
l ll

roFaJr.-

sF:f

ot-T@

Fa(rLIJ

o|'r
Tr.-

oor.ttl

roIo(rt!o.

N0o(llrJ(L

eoGttlo-

oeoGlrJo-

tox
F

IN
cG

i

C
)()

zz



H g, p p K @ B o o o F N o o o a o F
r

]r
r o o E P
l

E
' F g, H

B g, F
J. D

a (D
r{

H
O

t-
- 

r-
Q

P
J 

ts
.

H
O H
tr

D
O

rt
 g,

(D
il

F
-t

 p
,

H
l g,
 u

)
oo (D

5
\o U

3
fi9

,
or

f
(.

Q
 F

J-

no pr 3@ 7o g,
 c

)
ffo H

O
O

N O
H

(^
)

r.
- 

)v
=

\
o F

l 3 o o
tr

o
O

JH
ta (D

 t
\)

F \J

H
O u)
o

oo F
ho H =

ts
rJ

t.,
l t

r rt o F
t

I H f\) (n I



8U
 

6U
 0lu

6tn

U
) 

a-;ilT
T

T
-

E
 

* 
onn,ff 3-.'- 

\*-/

V
oezr 'E

n 
r.,r I 

-l#f=
:.

,4r - 

I tU
Y

IU
) 

| 
l

V
E

IU
 * 

8sn

ilnilr-rlt
8gf yE

E
U

 '-p 
t6n 

?

S
rll

llll

rorn \+
/f 

Lrrn

t9n
ssf 

69n 
.-L)

68f
E

gn 961

E
E

U
 *

zgd *

OtJO

*nlrT
 

ottn
+

 Lg) 
zgn

rril
(D

 u/ 
|

981 
L 8n

c\F
 

l-l^l

II) 
IE

Y
-

\oR
 LJ) 

15

98f
+

:N
F

;
(D

l l/ 
r-

R
E

8f Gn\

g O
 

eotn

,6)

LU9U9U
OO@@o\@@dtld>

r
O

 '-t
m

-oE
U

O
-F

{ 
U

)

trro
oF
1

t{
c()

.F
{ +

J 
I

rdlJ
to.r 

r-
E

c..|
\O

 
r-l

Ln(J
$lc{o
O

O
O

O
f\ 

C
\

r-l-{
+

J 0)
5doo>

EdF
]

lJcocog{
FF

{

oU

\ol-rJ

T
Jrr)

il-

01 A
r-

i ilr-l 
I

U
T

 
f

r!' :fir 
#to

U
T

J/#
z9u

;il

I rl

n-Y-0 rf 
I tn

f,-
Lln

-iln

rOfcr)
o-u

llT3

sf, rxir-r
E

0[n u ?o
nS

 
'n 6ctn 3

eE
U

 
5

-1-r
G

 
S

E
tn

tdu
[iln

L9n

$iln5
cr)

5

0r)
o5cr)
ort)

c!0r)

tn-nrO:)

(1)
il(D(Jilr\L)

o\O
l

:)

@

N
q

ro 
rr

c\f

+il

ilt

;
tFch

rou
f

f,\oU

cr)
G

N
{J

A
-

fn:snns
rgT

 

- 

--r

nl
-J

$ilnilniln-h,
9en

E
9f

19n

gE
n 

7.9)
egn 

tL) 
99nf

E
t t n

cD
-l-lcr)O

r^ 
:)

uO
. 7.e tn 9l 13

nnilil013-+
n 

v- 
,gr--co 

$ttf
\./ 

LgU
 -G

 
iliJ;,

E
 rn

0e3 
(D

o tn 
U

8Z
n

6n

iln
Len

8n

\oNU

fif,:iln
n*\-/ 3

tr :ilniln*
(nY

-
3 

rE
n 

rsf 
zsn 

oL) sen
.,nuilnilniln:

E
gn 

09f, 
lsn 

69f, 
tgrt

| 
=

nr----------'inr 
|li--------1,)

| 
=

 
sT

-T
- 

--

aen 
6tf, 

09n 
89t 

E
gn

r- 'n 
u r 

n t-----t 
n I-------l

t 
,t 

I 
Y

-T
-

,.\J 
Y

t 
fi 

tE
n 

src 6tn 
Ls) 

zsn 
...,

tu -G
euq 

F
 fit-g

zu +
 

5 
ul ,3m

cc'r3 N
r 

3
c\ flnirrns[ 

,,
' >

 
? 

| $ 
ro

tn0r)

3
,4.. 

I 
l-

V
\Y

3il

(n(D3@
_L&
d_u
u

o0r)
E

,

+l

(Dc\t
U

c{-?

roA
@

 ll
.., 

uY
+f

(DU
+cr)

&
{

od'
u=O

 lrJ

z?r'->

-l ,, 
l-\

LIJ 
Ln

n t-l
Y

--

;r-T
l

il t-r$
c\(JN(LE
,

xn-
u?-

n:vrnt) 
nnn

t?l
+

flr-r 
s

n
S

ll 
o't) 

ezn

U

tl J-l '-ri
ll 

Lr 
een

ll-|,'G
I lql
| | "5-t
=

N
H

 
U

etln E
n 

LZ
'n

llc\
I l+

,
ll5tt-t 

ilnt--l
| | 

' 

- 

:;-
| | 

cD
 

(.n 
ozn

lliF

ll 
u

a fr-ro
l3N

 
tn 

* 
6Ln

U
U

N
9

u

,Ln &
 

:nt-----:nt------
L6n 

t! !n 
gZ

Jn

I 
l; . tF

-----t frf-----f fi trf-----f i
; 

!/ 
'avr- 

l
16 r-r 

osr urn' , 
nun n 

E
 t !n 

o -:- 
trt-

)", n-^-Z
9cr I'l 

F
-----l

| --" nfT
ll,o+

y-O
' 

f
t n u[L#i-: 

* 
s6n 

zttn 
sorr

i 
l 

lr.rL
t n"*,,.T

:-l 
* 

s6n 
zttn 

sotr

fl#g;::=
:)-

3 --Y
{.*zu-gZ

F
i9n' 

t6n 
!!rn

?;O
 E

'.','l-t 
f, r----r 

il '-tg 
'-t 

3
D

nl----lflrlr, 
/sn 

!60 
86r l- 

H
-U

T
* - 

..qr,-__ 
:tj-_ 

L_-lE
I 5-1-ffi'l.ll-ls 

:t-l 
,en

,-V
r J/-- 

O
eut ,-', 

5 
ttu

3 , "--------r R
 G

.no- 
.+

 
) 

60 !n ni
T

ssn 
o6f, E

6n 
t1, 

so rn 
ff 

I

*H
-

u' 
' 

!

$il

ttn

(.+
nItn

O
l

d!

nil

C
D

 
f..

+
 A

iril
5U

c1

nil
-:J!

:tng?u
u-l 

l-3 
6otf 

qrrr)
I 

l"<
-,' +

 
-{ 

F
 +

:tE
-:

u' 
orr^ 

I 
+

 
l

F
 

| 

- 

-- 
r\

P
;V

. 
T

:=
I t tn

0tn
0/n 

tgn 
Z

6n 
V

96J
o



lo
.-

6
o o

oq
.!D

oo
o 

o
H

-/
 

/<
oo

Ja
o

or
-L

- 

-a
T

a

F
-.

,-
U

f
ts

 
_ 

: 
...

rf
\.j

/r
t.r

r

-a
2:

.a
O

-H

a a a o o a o t a o I a o o o o o o o o o o

o o o a o o a a o a I o o I o o o o o a o o

o P
.

H
E

o
pr

tr
P

. 
P

.
5r

t
tr

H
oF

l
|.Q

P
J

F
-o

o(
D

.A

hd
H

I 
()

\.1
. 

E
dO

1-
rO

N oo
 

U
IF

ul
 u

l
I 

g! = cr
(-

)
ts

o r|
5

@
o

M
D

\o
0

@
D

@
r|

O o 
t/)

}>
H

' p, (D

- 

o^
F

- 
-r

r.
>

!-
_=

hF
.\ 

o\
ot

N
=

G
J-

rF
5

rr
rT

rlr
 

. 
j 

rr
rr

T
rr

J 
ro

f

,r
/fi

 
. 

o a

a'

oU
-/

t
/3

...
.-

 
a

a 
o 

|' 
o 

a 
a 

a 
--

- 

'a

fto
:' 5g

.'T
=

tX
rr

sr
ol

€l
-9

ao
oa

ao
r-

6r
-

t=
::3

,N
7 

oo
oo

to
oa

r.
ar

rr
f 

oo
oD

ra
Q

.o
oD

rl 
\

tW
 

t-
r 

_-
T

- 
g_

_r

- 
3-

<
 

--
- 

-{
tO

^O
O

aO
aO

aO
 

O
O

O
O

aO
ta

aO
 

l._
.l

-r
r-

Jo
o 

^o
,r

'1
lff

i\\

|tf
i{o

. 
r1

t.t
-

H
O

lo
O

oo
 

a

#
^r

 
o 

ao
at

tft

-r

H
'W

o\
/<

O
aO

O
aa

'l:
O

O
 

JO
J

t 

-
o

-il
,/,

--
 

-

=
\.t

Ll
lo

ot
aa

aa
 

a 
O

aO

N
--

 

--
1 

,4
 

_

--
 

a
a-

oa
aa

fo
?t

-\
)I

]r
r

_ 
t 

oo
lo

lo
oo

lt 
o 

U
-O

rr
\ll

ffi
to

. 
_ 

\
oo

oq
 

' 
\.\

o\
oa

.ll
ld

-^
^\

-
co

oS
 

P
 

oo
oo

o:
oo., 

^/
 /-

,T
. 

-t
 

.
rr

lo
oo

tff
i

at
Lo

la
ao

lo
 

o
J 

\G
:. G

-.
 

a

;\g
&

'ft
t 

.

I
o

C
O

* 
/l_

i\ 
-z

=
--

\_
_-

<
_\

--
\:^

.-
\ 

Ja
aa

aa
a

.r
.r

.a
.e

.o
oo

oo
oa

 
o

H

oo
oa

oo
oo

ro

i"_
 

e
a 

ll(
 

'/ 
\-

- 
oo

:a
-i-

--
--

--
--

r-
y1

(-
o 

o 
//o

.A
_.

 r
.-

l-i
r-

-.
. 

r 
/ff

i9
, 

- 
: 

- 
_ 

- 
^ 

^ 
- 

_ 
_ 

. 
o 

.
S

ii-
n'

 
tt_

vS
t-

-

tr
tz

E
'-

- 

./<
 

-^
-r

-O
aa

rr
rr

O
at

 
O

rO
ta

O
O

O
aO

a
:-

-

at
rt

lo
: 

oo
ct

at
ao

lo
 

r 
r 

_-
€

"E
tr

t/-
ll

JJ
JJ

e 
o-

r 
t/r

o 
Jo

Jo

) 
or

or
aa

oo
oo

oa
 

. 
al

or
et

aa
oQ

 
o

-

c\ oa
tu

ao
ao

ao
o

oa
o

oo
to

 
o 

at
oo

ol
o

lf,
az

Z

-/
 

--
-J

<
ao

Jo
a 

a 
o

at
aO

al
O

la
aa

#?
--

i-:

-

ao
oa

oo
oo

G
...

3f r
 

r_
-1

<
 

o 
o

H
tf.

Q
oo

o 
.a

oL
f 

ao
aa

ol
o 

,

or
oo

oo
ro

T
\-

?T
 

o

ffi



oE.F
{c/)

+
JqO
J

coO
l

Fo4
U

O,OrO
0)o
C

or
rd@

r{@tu
h

d-l 
I

c-o
-F

 
o\

5il 
N

,
|{ 

cD
 

1-1

U
n,<

l
-msUc{ 

F
-{

OO
U

f- 
.-{

,-{ trto
(JF

l
UdcI'l -;
tsdE
+

J
.-{5UF

..N

.F
{T
J



c) P
. fi o tr

F
<

ts
"

9,
 r

t
ts

- D
H n

tl 
gr

oo ta
O

F
. O
H {

E
(f no E
d 

r'\
) F

I 
F

U
r

a\
H

m
(^

) 
(D

 h
d

o 
=

o(r
{

I 
ts

ru
H

H
co

 f-
d

m
ts

\o
 p

r

M
F

m
fD

O
r

O }}
m n H tr

,
fD H m ts

-
ts

!.-
Jr

fD





_,-rLl

H
p,
Tor<
o

E
oo
o
H

Nooo

U)
o
Ft

F.
o
o
E
p,
p
F
p,
H

I

F
UJ
N)

I



Tandy@ Model 2000 Service Manual

Parts List

Main Logic PCB 8898800A, Mode1 2000

Item Sym Descr ipLion Part Number

1I
21
3s
u82,95,
45
u40,47 ,56
u41-43,
63
U12L')
7I
8I
9I
r0 I
II 1
L2 I
13 r
L4r
15 r
16 I
L7 I
18 r

102

48 )

55

Main Logic PCB
Socket, 8-Pin DIP
Socket, 20-Pin DIP

,103 )

Socket, 24-Pin DIP

Socket, 28-Pin DIP
)

Socket, 40-Pin DIP

Capacitor, 47 0 mf d,
Not Used
Capacitor r 330 pfd,
Capacitor, 330 pfd,
Capacitor , 330 pfd,
Capacitor, .1 mfd,
Capacitor, .I mfd,
Capacitor, . 1 mfd,
Capacitor, . I mfd,
Capacitor, .1 mfd,
Capacitor, . I mfd,
Capacitor, .1 mfd,
Capacitor, .l mfd,
Capacitor, .1 mfd,
Capacitor, .l mfd,
Capacitor, .1 mfd,
Capacitor, . l mfd,
Capacitor, .1 mfd,
Capacitor, .1 mfd,

Socket, 68-Pin Jedec A ( U76 )

Connectet r 8-Pin DEB ( J3 )

Header , z-Pin ( JB )
Connector r 9-Pin ( J10 )

Connector r 96-Pin Euro ( J5 )

Connector r DuaI L7 -Pin ( Jlt )

Header, DuaI 20-Pin ( J6 )

ConnecLoY r 25'Pin ( Jt )

ConnectoE r 5-Pin DIN
Connector r 3l-Pin ( J4 )

Connector, 34-Pin ( J2 )

Connector r 2-Pin ( J9 )

(uI34)
(u52,68,

( uI2 tL3 ,

(ul 4,L5,

(ur6,75,

16V EIec AxiaI

D ipped l,Iica 5 *
D ipped Plica 5 t
D ipped l,Iica 5 t

5 0V Mono Axi aI
50V Mono Axial
5 0V lvlono Axi al
50V Mono AxiaI
50V Mono Axial
50V Mono AxiaI
5 0V Mono Axi aI
5 0V Mono Axial
50V Mono Axial
50V Mono Axial
50V Mono Axia1
5 0V Mono Axial
50V Mono Axial
50V Mono AxiaI

8709426
8509011
8s09009

8s09001

8s09007

8s09002

8509017
8s19203
8sr9208
85r9191
85r9L82
85r9L20
8sr9202
8519190
8519085
8s19209
Is19198
8s19193

8341337
8341337
8341337
8374104
8374104
8374104
8374104
8374104
8374104
8374104
8374104
8374104
8374104
8374r04
8374104
8374104
8374104

C1
c2
c3
C4
C5
C5
C7
C8
C9
cr0
CII
cL2
cI3
cI4
cr5
CI6
cL7
cl8
cI9
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Parts List

Ivlain Logic PCB 8898800A, Model 2000

Item Sym Description Part Number

C20 Capacitor,
CZL Capacitor,
C22 Capacitor,
C23 Capacitor,
C23a Capacitor,
C24 Capacitor,
C25 Capacitor,
C26 Capacitor,
C26a Capacitor,
C27 Capacitor,
C28 Capacitor,
C29 Capacitor,
C30 Capacitor,
C3l Capacitor,
C32 Capacitor,
C3 3 Capaci tor ,
C3 4 Capac i tor ,
C35 Capacitor,
C3 6 Capac i tor ,
C37 Capacitor,
C38 Capacilor,
C3 9 Capacitor ,
C40 Capacitor,
C41 Capacitor,
C42 Capac i tor ,
C43 Capacitor,
C44 Capacitor,
C45 Capacitor,
C46 Capac i tor ,
C47 Capac i tor ,
C4B Capacitor,
C49 Capac i tor ,
C5 0 Capacitor ,
C5I Capacitor,
C52 Capacitor,
C5 3 Capac i tor ,
C5 4 Capacitor ,
C55 Capacitor,
C56 Capacitor,
C57 Capacitor,
C58 Capacitor,

5 0V Mono Axi al
6 .3V Tantalum
6.3V Tantalum
5 0V Mono Axi al
5 0V Cer ami c
6.3V Tantalum
5 0V Mono Axi aI
50V Mono AxiaI

.I mfd,
68 rnf d,
68 mf d,
.1 mfd,
82 pf d,
68 rnf d,
.l mfd,
.1 mfd,

8374104

8374104

8374r04
8374104

8374104
8374104
8374104
8374104
8374I04
8374r04
8374I04
8374104
8374104

8374104
837 4rO4
8374104
8374104
8374104
834L227
8374104
8374104
8374104
8374r04
8374104
837 4L04
8374104
8374I04
8374104
8374104
8374104
8374104
8374104
8374I04
8374104
8374104

.I mfd,

.l mfd,

.I mfd,

.l mfd,

.1 mfd,

.l mf d,

.I mfd,

.I mfd,

.1 mfd,
68 mfd,
.I mfd,
.l mfd,
.l mfd,
.1 mfd,
.1 mfd,
220 pfd,
.1 mfd,
.I mfd,
.l mfd,
.I mfd,
.1 mf d,
.I mfd,
.1 mfd,
.1 mfd,
.1 mfd,
.1 mfd,
.1 mfd,
.1 mfd,
.I mfd,
.I mfd,
.1 mfd,
.1 mfd,

5 0V Mono Axi aI
5 0V Mono Axi al
50V Mono Axial
50V Mono AxiaI
5 0V Mono Axi aI
50V Mono AxiaI
5 0V Mono Axi al
5 0V Mono Axi aI
5 0V Mono Axi aI
6 , 3V Tantalum
5 0V Mono Axi al
5 0V Mono Axi al
5 0V Mono Axi al
5 0V Mono Axi al
5 0V Mono Axi al

D ipped Mica 5 t
5 0V Mono Axi aI
5 0V Mono Axi aI
50V Mono Axial
5 0V Mono Axi aI
50V Mono Axial
5 0V Mono Axi aI
50V Mono Axial
50V Mono Axial
50V Mono Axial
5 0V Mono Axi al
5 0V Mono Axial
50V Mono Axial
5 0V Mono Axi aI
5 0V Mono Axi aI
50V Mono Axial
5 0V Mono Axi al
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Parts List
Main Logic PCB 8898800A, Model 2000

Item Sym Descr iption Part Number

c59
c60
c61
c62
c63
c64
c65
c66
c67
c68
c69
c70
c7L
c72
c73
c74
c75
c76
c77
C7B
c79
c80
c81
c82
c83
c84
c85
CB6
c87
c88
c89
c90
C9I
c92
c93
c94
c95
c96
c97
c98

Capacitor, . I mfd, 50V Mono Axial
Capacitor, 470 pfd, 50V Cer Disk
Capacitor, 470 pfd, 50V Cer Disk
Capacitor, . I mfd, 50V Mono Axial
Capacitor, .1 mfd, 50V
Capacitor, 2.8-10 pfd, Trimmer
Capacitor, .I mfd, 50V Mono Axial
Capacitor, .1 mfd, 50V Mono Axial
Capacitor, .1 mfd, 50V Mono Axial
Capacitor, .1 mfd, 50V Mono Axial
Capacitor, . I mfd, 50V Mono Axia1
Capacitor, .1 mfd, 50V Mono Axial
Capacitor, .I mfd, 50V l"Iono Axial
Capacitor, 68 mfd, 6.3V Tantalum
Capacitor, .1 mfd, 50V Mono Axial
Capacitor, .1 mfd, 50V
Capacitor, .1 mfd, 50V
Capacitor, .1 mfd, 50V
Capacitor, .I mfd, 50V
Capacitor, 5 pfd, 50V Ceramic
Capacitor, t0 mfd, 6.3 Tantalum
Capacitor, .1 mfd, 50V l{ono Axial
Capacitor, I0 mfd, 6.3 Tantalum
Capacitor , 6B mfd, 6 . 3V Tantalum
Capacitor, .1 mfd, 50V Mono Axial
Capacitor, .1 mfd, 50V Mono Axial
Capacitor, . I mfd, 50V Mono Axial
Capacitor, . I mfd, 50V Mono Axial
Capacitor, .I mfd, 50V Mono Axial
Capacitor, .1 mfd, 50V Mono Axial
Capacitor, . I mfd, 50V Mono Axial
Capacitor, .1 mfd, 50V Mono Axial
Capacitor, . I mfd, 50V Mono Axial
Capacitor, . I mfd, 50V Mono Axial
Capacitor, .1 mfd, 50V lr{ono Axiat
Capacitor, .1 mfd, 50V Mono Axial
Capacitor, . I mfd, 50V Mono Axia1
Capacitor, . I mfd, 50V Mono Axial
Capacitor, .1 mfd, 50V Mono Axial
Capacitor, .l mfd, 50V Mono Axiat

8374104

8374104
839 4r04
8360310
8374104
837 4L0 4
837 ALO4
8374I04
837 4L04
8374104
837 4L0 4

8374104
8394104
8394104
8394r04
8394104
8300054

837 4L04

8374104
837 Aj-O 4
8374104
8374104
8374104
8374104
8374104
8374104
8374104
8374104
837 4L04
8374104
8374104
8374104
837 4r04
8374104
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Parts List

t"lain Logic PCB 8898800A, llodel 2000

Item Sym Descr iption Part Number

C99 Capacitor,
C100 Capacitor,
C10I Capacitor,
CIO2 Capacitor,
C103 Capacitor,
CIO4 Capacitor,
CIO5 Capacitor,
C105 Capacitor,
C107 Capacitor,
C108 Capacitor,
C109 Capacitor,
Clt0 Capacitor,
ClI1 Capacitor,
C1I2 Capacitor,
CIl3 Capacitor,
CII4 Capacitor,
C115 Capacitor,
CII6 Capacitor,

cRl

Qr
Q2

Rt Resistor,
R2 Res istor ,
R3 Resistor,
R4 Resistor,
R5 Resistor,
R5 Resistor,
R7 Resistor,
RB Resistor,
R9 Resistor r
RIO Res istor ,
RII Resistor,
R12 Resistor,
Rl3 Resistor,
RIA Resistor,
R15 Resistor,
R16 Resistor,

Diode, IN4148

Transistor, 2N3906
Trans i stor , TRFDII0 , lr{OS FET

.l mfd, 50V Mono Axial

. I mfd, 50V Mono Axial

.1 mfd, 50V Mono Axial

.1 mf d, 50V lrlono Axial

.l mfd, 50V l'lono Axial
68 mfd, 6.3V Tantalum
. I mf d , 5 0V lr{ono Axi aI
.I mfd, 50V Mono Axial
.1 mfd, 50V Mono Axial
.I mfd, 50V Mono Axial
.I mfd, 50V Mono Axial
. I mfd, 50V Mono Axia1
.I mfd, 50V Mono Axial
68 mfd, 5.3V Tantalum
.I mfd, 50V Mono Axial
.I mfd, 50V Mono Axial
33 mfd, IOV Tantalum
I80 pfd, Dipped lvlica 5t

2 .2 kohm, L/ 4w 5 t
2 .2 kohm, L/ 4w 5 t
2.2 kohm , L/ 4w 5t
2.2 kohm, L/4w 5t
30 ohm, L/4w 5t
2 .2 kohm, L/ 4w 5 t
2 .2 kohm, L/ 4w 5 t
22 ohm, L/4v{ 5t
220 ohm, L/4w 5t
L.2 kohm , L/ 4w 5t
2 .2 kohm, L/ 4w 5 t
I0 kohm, L/4w 5t
2 .2 kohm, L/ 4w 5 *
2.2 kohm, L/ 4w 5t
2.2 kohm, L/4w 5t
2 .2 kohm, L/ 4w 5 t

837 4L04
8374r04
8374104
8374104
837 ALO4

8374104
8374104
8374104
8374104
837 ALO4
8374104
8374104

8374r04
8374r04

8341187

8rs0148

8100906
8110 r 10

8207222
8207222
8207222
8207222
8207030
8207222
8207222
8207422
8207L22
82072L2
8207222
8207310
8207222
8207222
8207222
8207 222
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Parts List

Main Logic PCB 8898800, Model 2000

Item Sym Descr ipt i on Part Number

Rl7
RI8
Rl9
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39
R40
R4I
R42
R43
R44
R45
R46
R47
R48
R49
R50
R51
R52
R53

Res i stor , 2 .2 kohm, L/ 4W 5 t
Resistor, 2.2 kohm, L/4W 58
Potentiometerr 5 kohm, Trimpot
Resistor, 130 ohm, L/4W 5t
Resistor, 130 ohm, L/4W 5t
Resistor, I kohm, L/4W 5t
Resistor, I kohm, L/4W 5t
Res i s tor , 820 ohm, L/ 4W 5 t
Resistor, 200 ohm, L/AW 58
Resistor, 4.7 kohm, L/4W 5t
Resistor, 100 ohm, L/4W 5t
Resistor, 10 ohm, L/4W 5t
Resistor, 390 ohm, L/4W 5*
Resistor, l0 kohm, L/4W 5t
Res i stor , 2 .2 kohm, L/ 4W 5 t
Resistor, 2.2 kohm, L/ 4W 5t
Resistor, 2.2 kohm, L/4W 5t
Resistor, 2.2 kohm, L/4W 5t
Resistor, 2.2 kohm, L/4W 5t
Resistor, 2.2 kohm, L/4w 5t
Res i stor , 2 .2 kohm, L/ 4W 5 B
Resistor, 270 kohm, L/4W 5t
Resistor, 150 ohm, L/4W 5t
Resistor, 150 ohm, L/ 4W 5t
Resistor, I50 ohm, L/4W 5t
Resistor, 150 ohm, L/4W 5t
Resistor, 150 ohm, L/4W 58
Resistor, 2.2 kohm, L/4w 5t
Res is tor , 2 .2 kohm, L/ 4W 5 t
Resistor, 33 ohm, L/4W 5t
Resistor, 2.2 kohm, L/4W 5t
Resistor, 2.2 kohm, L/ 4W 5t
Resistor, 2.2 kohm, L/qW 58
Resistorr 2.2 kohm, L/4W 5?
Resistotr 2.2 kohm, L/4w 5t
Resistor, 150 ohm, L/4W 5t
Resistotr 2.2 kohm, L/4W 5t

8207222
8207222

82071I3
8207113
8207zLQ
8207 2L0
8207 L82
8207 L20
8207 2 47
8207110
8207010
8207139
8207310
8207 222
8207222
8207222
8207222
8207222
8207222
8207222
8207 427
8207115
8207115
8207I15
8207r15
82071r5
8207 222
8207 222
8207033
8207222
8207222
8207222
8207222
8207222
8207r15
8207 222
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Parts List
t'Iain Logic PCB 8898800' Model 2000

Item Sym Description Part Number

RPI
RP2
RP3
RP4
RP5

UI
U2
U3
U4
U5
U6
U7
U8
U9
UIO
UII
UI2
UI3
u14
UI5
UI6
uI7
UI8
UI9
u20
u21
u22
u23
u24
u25
u26
u27
U2B
u29
u31
u32
u33
u3 4
u35
u36
u37

Resistor Pak , 2.2 kohm, 8-Pin SIP
Resistor Pak, 8.2 kohm, 6-Pin SIP
Resistor Pak, 2.2 kohm, 8-Pin SIP
Resistor Pak, 56 ohm DIP I6-Pin
Resistor Pak, 33 ohrn DIP I6-Pin

IC, 7 4500, Quad z-Tnput NAND
rc, 7 4L532 , oR Gate
IC, 74L574, FIip FIop
IC, 7 ALS 00 , NAND Gate
IC, MCI488, Driver
IC, MCI4B9, Receiver
IC, MC1489, Receiver
IC, 7 4L5245 | Transceiver
IC, 74LS 32 3 , Storage Register
IC, 74LS 244 | Line Driver
IC, 74LS 244 , Line Driver
IC, PD40l6 , 2K x I Static RAM
rc, PD40l6, 2K x 8 Static RAM
rc, CRT902L
rc, CRT92L2
IC, CRT9OOT
IC , 7 4 LS 244 | Line Dr iver
IC, 74SL57 , Multiplexer
rc, 7438, NAND
rc, 74LS08, AND Gate
IC, 74LS 32 , OR Gate
rc, 74LsI25A, Buffer
IC, 74LS 04 , Hex Inverter
IC, 74LS L23 , I,lultivibrator
IC, 7 4F32 , Quad 2- Input OR
IC, 745139, DuaI Decoder
rc , 7 4LS 12 5 A, Buffer
IC, 7 4F244, Octal Buffer
TC, 74LS393 , Counter
IC , 7 4LS 244 | Line Driver
IC, 74LS 244 | Line Driver
IC, 7 4L5244 | Line Driver
IC, 7 4F245, Octal Transceiver
rc , 7 4F24 4, octal Buf f er
IC, 74LS 37 4, FIip Flop
IC, 7 4L537 8 , Hex Flip FIop

8290039
8290036
8290039
8290034
8290044

80r0000
8020032
8020074
8020000
80s018B
80s0189
80s0189
8020245
8020323
802 0244
80202 4 4

8 0 41116
B04r116
804002r
80402L2
8040007
8020244
80r0157
8000038
8020008
8020032
802012s
8020004
8020123
80r5032
I010139
8020125
8015244
8020393
8020244
802 0244
802 0244
8 0152 45
8015244
802 037 4
8020378
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Parts List

Main Logic PCB 8898800, Model 2000

Item Slrm Description Part Number

u38
u39
u40
u41
u42
u43
u44
u45
u46
u47
u48
u49
u50
u51
u52
u53
u54
u55
u56
u57
u58
u61
u62
u53
u54
u65
u66
u67
U6B
u69
u70
u7i
u72
u73
u74
u75
u76
u77
u78
u79
u80
u81

IC, 74L538, Buffer
IC, 7 4504 , Hex Inverter
IC, 8253-5, Timer
IC, 8251A r Interface
IC, 8259A2 | Tnterrupt Controller
IC, 825 9AZ , Interrupt Controller
IC, 74LS245, Transceiver
IC, 7 4F258, Multiplexer
IC, 7 4F258, Multiplexer
IC, 64K Boot ROM, Low
IC, 64K Boot ROM, High
IC, 74LS 27 3, FIip FIop
IC, 74LS245, Transceiver
IC, 7 4L5245, Transceiver
IC, 7 4F245 , Octal Transceiver
IC, 7 4F245, Octal Transceiver
IC , 7 4L5245, Trans ceiver
rc, CRT92L2
IC, 7 4F245, Octal Transceiver
IC, 74LS374, FIip FIop
IC, 7 4L5244 t Line Driver
IC , 7 4F16I , Binary 4-Bit Counter
IC, 82S153, Logic Array
IC, 74L5373, Octal Latch
IC, 74LS 37 3, Octal Latch
IC, 7 4F245 , Octal Transceiver
IC, 7 4F245, Octa1 Transceiver
IC, 74LS I38 , Decoder
IC, 82S153 , Logic Array
IC, 74574, Ftip FIop
IC, 74LS 27 3 , Ftip FIop
IC, 74LS138 , Decoder
rc, N8564
IC, 74LS16IA, Shift Register
IC, 7 4F16I, Binary 4-Bit Counter
IC, 8255A5 , Interface
rc, 80186
IC, 7 4L5373 , Octal Latch
IC, 74LS 244 , Line Driver
IC , 7 4L527 3, FI ip Flop
IC, 7 4F245, Octal Transceiver
IC, 74LS 244 | Line Driver

8020038
8010004
8040253
8040251
8040259
8040259
802 024s
80152s8
80rs2s8
804003s
804003s
8020273
802 024s
80202 45
801s245
8 0I52 45
802 0245
80402L2
8 0I52 45
8020374
80202 4 4
8 0ls 161
8040153
8020373
8020373
8 01s2 45
8 0152 45
8020138
80401s3
8010074
8020273
8020138
8040564
8020I61
8O15I6I
804025s
8040186
8020373
80202 4 4
8020273
8 0152 45
80202 4 4
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Parts List

Main Logic PCB 8898800' l{odel 2000

Item Sym Description Part Number

U82 IC,
U83 IC,
u84 rc,
u85 rc,
u85 rc,
U87 IC,
u88 rc,
u89 rc,
u90 rc,
u91 rc ,
u92 rc,
U93 IC,
u94 rc,
u95 rc,
u96 rc,
u97 rc,
U98 IC,
U9 9 IC,
UlO O IC,
ut0l rc,
ul02 rc,
u103 rc,
uIO 4 rc,
UlO5 IC,
uI06 rc,
ut0 7 rc,
u108 rc,
ul09 rc,
ulll rc,
UlI2 IC ,uII3 rc ,uII4 rc ,ull5 rc,
UlI6 IC ,
UII7 IC ,
UlI8 IC ,
UII9 IC ,uI20 rc,
u121 rc ,

PALIO L8
7 4LSL25A, Buf f er
74LS74, Flip FIop
7 4L532 , OR Gate
7 4LS0B, AND Gate
74LS38, Buffer8020038
7 4LS7 4 , Flip Flop
7 4F04 , Hex Inverter
74LS74, FIip FIop
74LS 00 , NAND Gate
7 4LS7 4 , Fl ip Flop
7 45260 , DuaI s-Input NOR
74LSI93 | Clock Counter
PALI6 L8A
7 4864 , AND/OR Inverter
7 4F0 4 , Hex Inver ter
74LS139, Demultiplexer8020I39
7 AFI3I , Demult iplexer
7 4LS16IA, Shift Register
7 4F32 , Quad z-Input OR

PALI6 L8A
PALI 6 L8A
74LSI6lA, Shift Register
7 4LS 244 , Line Dr iver
7 4F'08 , Quad z-Input AND
7 4F32 , Quad z-Input OR

7 4F00, Quad z-Input NAND
7 4F02 , Quad z-fnput NOR
7 ASLLZ, FIip FIop
7 4F00, Quad z-Tnput NAND
7 4SLLZ , Flip FIop
7 4P32 , Quad z-Input OR
7 48280 , Par ity Generator
7 4F37 3, Octal Latch
74LS244, Line Driver
7 4LS7 4 , Fl ip Flop
74LS30, 8-Input NAND
74LS 04 , Hex Inverter
8272, FDC

8041108
8020125
802 007 4
8020032
8020008

802 007 4
80ls004
8020074
8020000
8020074
8010250
8020r93
8042L68
80rs064
801s004

80IsI38
8020r5r
8015032
8042168
8042L58
8020151
8020244
80rs008
801s032
80ls000
8015002
8010r12
8015000
8 010112
8015032
8015280
80rs373
802 0244
802 007 4
8020030
8020004
8040272
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Parts l,ist

Main Logic PCB 8898800, Model 2000

Item Sym Description Part Number

UL22 IC, 74LS 04 , Hex Inverter
U12 3 IC, 7 4F08 , Quad z-Input AI{D
UL24 IC, 7 4SlI2 , Flip Flop
U12 5 IC, 7 4F32 , Quad z-Input OR
UI26 IC, 7 4I.280 , parity Generator
UL27 IC, 7 4F37 3 , Octal Latch
U128 IC, 74L5244, Line Driver
U129 IC, 75477, Driver
U130 IC, 74LS-l 4, Flip Flop
U131 IC, 7 4L5195 , Shift Register
uI32 rc, 74L5L23, Plu]-tivibrator
U13 3 IC, 7 4L502 , Quad NOR
UI3 4 IC, FDC92L6 , Data Separator
U135 IC, 74tS24L, Octal Buffer
U13 5 IC, 74LS 32 , OR Gate
U13 7 IC, 7 4L504 , Hex Inverter
U13 8 IC, 7 ALG , Hex Inverter
UI3 9 IC , 7 4LSL4 , Hex Inver ter
UI4 0 IC, 7 4L6 , Hex Inverter
U14I IC, 74LS 04 , Hex Inverter
Y1 Oscillatorr 15 IvIHz

8020004
80rs008
8 010112
801s032
80rs280
8015373
80202 44
8040477
802 007 4
8020195
8020123
8020002
8040216
802 024L
8020032
8020004
80000r6
80200r4
8000015
8020004
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7 .2 Power Supplies

The Model 2000 l,licrocomputer uses two dif ferent power supplies,
depending on the configuration of the features incorporated into
the unit. The microcomputer which contains two internal floppy
disk drives uses a 95W power supply mounted in the Main Unit
assembly contained in a metal enclosure. It supplies voltages
for the internal systems of the microcomputer.

7.2.I Main Power Supply #8790056 (95W)

This power supply operates from a 110-120 Vac, 60 Hz input. It
may be converted to operate wiLh a 220-240 Vac source if desired.
This conversion must be done by a qualified service technician.
The power supply circuit is protected from abnormally high
currents by either a 3 amp (for 120 Vac) or 2 amp (for 240 Vac)
fuse mounted on the PC board. The power supply is further
protected by a circuit which will shut the power supply down if
excessively hiqh current (5.IV = 15 amps, +L2 or -l2Y = 8 amps)
or low voltage (be1ow 90 Vac for 110-120 volt operation, or 180
Vac for 220-240 Vac operation) is encountered. A "snubber"
circuit protects the power supply against excessive voltage
spikes.

The AC input is filtered by an EI\,II (electro-magnetic
interference) filter.

The voltage outputs of the main power supply in the Model 2000
are *5 voltst +L2 volts, and -12 volts. The outputs are filtered
and have over-voltage and under-voltage protection circuits.
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7 .2.I.L Technical Specif ications
Environment:

Temperature: Operating 0 to 50C (32-L228)
Storage -40 t,o 85C (-40-185F)

Humidity: Operating 85t RH e 35C
Storage 95t RH e 35C

Input Voltage:
90 to 135 Vac rms,/180 to 270 Yac rms, 47 to 63 Hz

Input Surge Current:
70 amps maxinum

Efficiency:
70t minimum at full load with Il5 Vac rms input

Output Voltages:
vl, +5.05 vdc
Y2, +12 Vdc
v3, -12 vdc
Y4, +12 Vdc

Output Power:
Continuous 95 watts maximum

Output Current:

Output
Condition I Vl

v2
V3
V4

Output Ripple Voltage:

Load
LIin imum lvlaximum
3.5 A

.25 A

.005 A
0.0 A

13 .25 A
2.L A

.20 A

.32 A

V1
v2
V3
V4

5 .05 Vdc ) 50 mV p-p
+L2 Vdc)
-L2 Vdc )

+L2 vdc )

I50 mV p-p
I50 mV p-p
150 mV p-p

Note: Ripple is the composite I00/L20 Hz ripple due to
the line, plus the high frequency ripple due to the
porrrer oscillator. Common mode noise which may be
observed due to oscilloscope connections should be
ignored.
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Output Voltage Regulation:

After initially setting the output voltagesr output
voltage tolerances under all conditions of rated line, 1oad,
and temperature should remain within the following limits:

vl (+5.1 Vdc) + 3t
v2 (+L2 vdc
V3 (-L2 Vdc
v4 (+L2 vdc

e s8
e8 . 3t, -252
+I0 t

Over-Current Protection :

VI
v2
V3
v4

Maximum short circuit current is 15 amps.
Maximum short circuit current is 8 amps.
Maximum short circuit current is 8 amps.
Maximum short circuit current is 8 amps.

No damage will result when any output is short
circuited continuously with 50 milliohms or less.

Over-Voltage Protection

The +5.I Vdc circuit is protected with a "crowbar"
circuit with a trip range of 5.8 to 6.8 Vdc.

Hold-Up Time at Continuous Max Load:

Nominal Line 16 msec minimum
Low Line 10 msec minimum
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7.2.L.2 Troubleshooting The Power Supply

Equipment Required

1. Isolation transformer, 250 VA minimum ra'Ling.
Dangerously high voltaqes are present in this power
supply. For the safety of the person doing the
testing, use an isolation transformer. 'lhe 25O VA
rating is necessary to keep the AC wavef')rm from being
clipped off at the peaks. These power srrpplies have
peak charging capacitors and draw maximum power at the
peak of the AC waveform.

2. Variable Transformer (Variac). Use to v,ery the input
voltage. A 10 drp, I.4 KVA rating is re,lommended.

3. Voltmeter for measuring DC voltages to 4,10 Vdc and AC
voltages to 150 Vac. Two digital voltmebers are
recommended.

4. Oscilloscope with XIO and X100 probes.

5. Ohmmeter

6. Load board with connector. See Figure 1 for a
schematic of the load board.

7. 35 Vdc power supply

Min imum Ohms
Load

+5 VoIt 3 .5A 1.4
+I2 volt 0 .25 A 48
-L2 volt 0.05A 240

Iv1ax i mutn Ohms
Load

13 .5A 0. 38
2.lA 5 .7
0.2A 60

Table 7-6. Load Board Values, 95W Pow,3r Supply

Table 1 lists the resistor values required to simulate the
minimum load conditions and the maximum load conditions of the
95W Power Supply. The ohms values are measur€d at the
connector and include interconnecting wiring.
The ohms values may be obtained with adjustable resistors or
by paralleling several resistors. Be sure the resistors are
rated f or the current and power they must han,1le.

The variable resistors must be measured and s,et when they are
hot.
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CLOSE SWITCHES FOR
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15 PIN MOLEX CONNECTOR
TO MATCH J2 ON POWER
SUP PLY

Figure 7-23. Load Box

Figure 7-23 shows recommended resistors and wire sizes for
constructing a load box for the 95W Power Supply. fhe
switches can be SPST toggle switches such as Radio Shackrs
275-65L. A11 parts can be mounted on an aluminum chassis.
Figure 7-24 is a completed load box.

15 PIN IvIOLEX CONNECTOR
TO I\,IATCH J2 ON POWER
SUP PLY

& 12/

+L2

COM

95W LOAD BOARD

+5

-L2
NC

ecr.,o

Load Box Assembly

tu
G

HI
LO

#'g

Figure 7 -24
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Visual Inspection

Remove the power supply from the chassis where it is mounted.
Check the power supply for broken, burnede ot obviously
damaged cornponents. Visually check the fuse. If in doubt,
check the fuse with an ohmmeter. Look for overheated or
burned areas on the back of the circuit board.

Initial Testing

Connect a +35 volt power source to
shown in Figure '7 -25 . Observe the
oscilloscope. The waveform should

J3 through two resistors as
base of Q15 with the
look like Figure 7-26.

B

J3

SEE SCHEMATIC

Figure 7 -25 Test Circuit

Figure 7 -25 . Wavef orm

35DVC

POWER

SUPPLYnr-)
-Y +T

I
M
q
r-1

Ili
.Jv't
o
c{
N

oooo
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If it does not, or if no waveform is present, there
problem with U3 or Q12-15. Do not proceed further
is repaired. See the No Output section.

is a
unti I this

Setup Procedure

Set up the test equipment as shown in Figure 7-27. Monitor
the AC input voltage and the regulated +5 volt output. Use 50
mV/div. sensitivity and AC coupling on the oscilloscope. Load
the 95W Power Supply with its minimum load as specified in
Table 7-6. Bring the AC input voltage up slowly with the
variable transformer while monitoring the +5 volt output with
the oscilloscope and voltmeter. The supply should start with
approximately 90 Vac applied and should regulate at +5 Vdc.
If the output has reached +5 volts, do a performance Lest as
shown in Paragraph 7.2.1.3.

12 OVAC

ISOLATED
0-14 0vAc
VARIABLE

+5
El-
RMER

VOLT
METER

95w
POWER

SUPPLY

95W
LOAD

BOARD

+L2
-L2( COM

.r^
l-r

+0 a
_g c

j UI
OSCITLO S

I2O VAC
5g-6flH2 +-i"LArroN

TRANSFORMER

VARIABL

TRANSFO

COPE

BE SURE THE INPUT VOLTAGE JUMPER IS CONNECTED FROM E8 TO E9

Figure 7-27 . Test Equipment Setup

No Output

If the power supply does not produce correct output voltages,
one or more components have failed. A No Output condition is
most likely caused by a shorted or open component in the
primary circuitry but may also be caused by a fault in the
secondary circuitry.
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A. Check the fuse and replace if necessary.

Check for shorts and opens in the primary circuit
semiconductors. Check the diode bridge BRI' power
transistors Q12-15, and catch diode CR1l for shorted
junctions. A shorted junction will measure zero ohms
in-circuit. Replace any shorted components.

Check for shorts and opens in the secondary circuit.
Use an ohmmeler to measure from each output to
secondary conmon with the output loads disconnected.
Look for shorted rectifiers and capacitors. If the +12
volt output is shorted, also check crowbar SCR Q5.

Check the primary DC with the fuse intact. Connect a
35 Vdc power supply to J3 as shown in Figure 3. Start
with the variable transformer set to 0 Vac. Monitor
the DC voltage from Pin 1 of TI to primary common.
With an input of 95 Vac, there should be about 260 Vdc.
If not, check the fuse, rectifier BRl, and
thermistors RTl and RT2.

Check Ql5 waveforms Look for base drive on the base of
Qf5 ( see Figure 6 ) . The transistor should be
switching. Check the collector waveform with a X100
probe (see Figure 7). If base drive is missing, check
pin 8 of U3 (see Figure 8). See if U3 has +16 Vdc on
pin 10. Check the chip oscillator on pin 5 (see Figure
9).

B.

c.

Figure 7 -28

E.

- I50 -
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Figure 7-29. Qf5 Collector Waveform

Figure 7-30 . Waveform of U3, Pin 8
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A.

B.

Figure 7-31. Chip Oscillator, Pin 5

Low Outputs

AII Outputs Are Low. If all outputs are low, check
that the voltage selection jumper is in the proper
position.

+5 VoIt Output. The power supply regulates the +5 volt
output directly. If the +5V adjustment, R10, is not
set correctly, the other outputs will be too high or
too low.

7 .2.L.3 Performance Test

The following specifications should be met when the power
supply is operated under minimum and maximum loads and input
voltages.

Output
+5 .lv

+L2 V
-L2 V

Min
4 .95

L2 .36
1I

l'lax
5 .25

12.36
I5

Ripple ( max )

50 mV p-p
150 mV p-p
150 mV p-p

Apply 115 Vac to the line input. Measure the +5.1 V output
under full loading. adjust R10 for a reading between 5.05 and
5.I5 volts. Measure the +12.0 volt output under full loading.
Adjust RB for a reading between 11.95 and 12.15 volts.
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7.2.L.4 System Description

Basic Principle
A switching power supply circuit employs a high-speed
semiconductor switch to contror the storage and release of
electrical energy in an inductor and provide regulated Dc
output voltages with a minimum loss of energy in
heat-dissipating elements. There are several schemes for
achieving this result which differ primarily in the
arrangement of the basic circuit elements. These elements
include a switchr €rD inductor, a rectifier, a capacitor and a
DC voltdge source.

An arrangement well-suited for economical porder supplies with
rated power outputs under I00 watts is the FLYBACK CONVERTER
shown in Figure 7-32. The waveforms in Figure 7-33 are used
to describe the operation of the Flyback converter circuit.
For the purpose of this discussion, we will assume thaL the
duration of the 'ON' time equals the duraLion of the "OFF"time.

L
n:Io

Figure 7-32. Basic Flyback Converter

When the switch is closed (ON) at time tE, Vin is impressed
across the primary winding of inductor L and the current rsw
increases linearly from zero untir the switch opens (oFF) at
time tb. Note that Isec is zero while the switch is closed.
This is because Vsec is negative with respect to Vo, thus
reverse-biasing diode D. Note that Vsw is also zero while the
switch is closed.

When the switch opens at time tb, the magnetic field of Linstantly collapses and reverses polarity. At this moment,
Vsw is equal to Vin plus the voltage across L just before the
switch opened (also equal to Vin). Therefore, at the instant
the magnetic field reverses polarity, Vsw = 2Vin.

Is 3



Tandy@ Model 2000 Service Manua1

oFF I

ItI +trll trmermlcrosec,
ta rb

I

I

tc

,ONl
I

tl
Swi tch
Timing

b. Isw

4x Iav

amp s

volts

volts

trme , ml crosec

time rmicrosec

2xVin , Pk

Vin , Pk

Vin , dv

c. Vsw

2xVin , Pk
n

Vo = VrnrdV
n
ll

d. Vsec

e. Isec

time rmicrosec.

trme r IIll crosec .

Waveforms for Figure 7-32

amps

Figure 7 -33
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During the interval when the switch is open (tb to tc),
thesecondary voltage, Vsec, is a replica of the primary
voltage Vsw. Oiode O is now forward biased due to thepolarity of the inductor windings and because the turns ratio,
n, is such that:

Vsec VO

This biasing replenishes the charge in capacitor c that was
delivered to the load R during the ta-tb interval. This is
the "flyback" interval and is so named because the inductor
releases the energy stored in its magnetic field while the
switch is OFF.

several other facts are illustrated by the waveforms of Figure
7-33. First, the voltage Vsw across the switch decays
exponentially from 2VLn to Vin during the "OFF" interval.
This is because the inductor and the switch timing are
adjusted to transfer all of the energy that was stored in the
inductor while the switch was oN into the secondary while the
switch is OFF. (Observe that Isec DECREASES linearly with
time to zero at the end of the "OFF" time period. ) This is
known as resetting the core. Thus, dt time tc when the switch
is ready to turn on again, the DC input voltage Vin is again
available to charge the inductor. AIso at this time, all
currents in the inductor are zero.

second, since we have assumed that rsw increases linearly with
time and that the oN and oFF time periods are equal (50t duty
cycle), the average current in the primdry, Isw (av), is L/4
the peak current Isw. Also, the average current in the
secondary, which is equal to the load current Io, is L/4 the
peak current in the secondary.

Third, the turns ratio is set by the ratio of the average
primary voltage (Vsw) over a full cycle at its lowest value to
the maximum permissible output voltage, Vo. The lowest Vsw
value occurs at low AC line and maximum output load. In
practice, the actual turns ratio, the ratio of peak-to-average
voltages and currents, and the duty cycle may be adjusted to
compensate for circuit losses.

Fourth, notice the ringing or oscillation that appears on the
peak portion of Vsw and Vsec. This oscillation occurs at the
resonant frequency of the leakage inductance of the inductor L
and the parasitic capacitance of the circuit. The parasitic
capacitance includes the interwinding capacitance of the
inductor and stray capacitance of the switch. If this
oscillation is not damped by a suitable means, the peak
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voltages may easily exceed the breakdown rating of the switch
or the insulation of the inductor.

Block Diagram

The basic circuit illustrated in Figure 7-34 can be divided
into three functional blocks: Input DC supply, Primary, and
secondary. To make use of this modelr w€ need to expand it
to provide control for the switch timing and to include
sufiicient circuitry to satisfy performance and reliability.

+I 2V
disk

+l-2V
LIl I

i nnrrf narrrrt/u L uv

supply
output
filters

soft start Iatch

output
filter

Control IC
du ti' cy c I e con trol
os ci I Iator
current limitoutput driver
reference with
scft start

output
f i lter

f eedback
isolat ion

load sens
+5v adj.
feedback
s i gnal
compen sat ion

Figure 7 -34 Block Diagram.

The other blocks provide additional output voltages' add
safety or protective features, reduce circuit noise, and
develop signals for use by the control section. The control
section continuously operates the bipolar transistor switch
and varies the proportion of ON time to OFF time in response
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to changes in the AC input line voltage or output load
current. this is accomprished by feeding back a signal from
the output terminals that instructs the control section to
increase or decrease the oN time to compensate for a change in
the output voltage.

The DC voltage suppiy to the control section is controrled by
the latch circuit when AC power is first applied to the power
supply. A built-in timing circuit allows the input DC supplyfilter capacitor to become fully charged before power is
applied to the control section. After the control section
circuit starts and secondary voltages reach their regulated
output levels, the auxiliary power supply provides the
required DC voltage to operate t,he control seciton. The latch
is reset when the current limit or under-voltage sensors
operate, thus removing DC voltage to the Control IC.

There are three secondary or output voltages in addition to
the auxiliary supply: *5.1 volt, +L2 volt, and -12 volt.
The +5.1 and +12 voltages are regulated by the control
circuit response to the frequency compensated feedback
control signal which comes from the load sense section.
Since the load sensing occurs on the secondary sider dll
optical coupler circuit is necessary to provide safety
isolation between the primary side common ground and the
secondary side common ground.

A11 the secondary voltages, including the auxiliary +12 volts,
share the same magnetic frux linkage in the transformer core
and are controlled by the flyback inductor. Any change in
secondary load currents causes a change in the shared magnetic
flux. This change in the flux of the inductor sets up an EMF(electromotive force) which causes a flux in opposition to the
one which resulted from the change in load current. Thus, the
original change tends to be counteracted and the current
delivered to the load remains constant.

The output filters reduce the remaining ripple voltage
components of the AC line and switching frequencies to levels
Iow enough to prevent interference with the circuits operated
by the supply. Switching frequency components conducted
through the AC input terminals are suppressed by the EMI
filter to avoid interference with other equipment connected to
the power line.

The overvoltage crowbar senses an abnormal rise in the +5.1
volt output and short-circuits the voltage line to the conmon
secondary ground, thus tripping the current limiting circuit
which finally shuts down the supply.
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The surge limiter at the AC line input prevents the input
filter -apacitor in-rush current surge from exceeding
component ratings or unnecessarily tripping external fuses.

7.2.L.5 Theory of Operation
Power Supply Assembly 8790056 (95W Tandy)

PRIMARY CIRCUITS

The input AC is fed through an EIUI filter (C33-C36' C41, and
12) before being fed to the rectifier. A bridge rectifier and
filter capacitors are connected directly across the AC line to
provide the DC input voltage to the power supply. For 115V
operation, a jumper from E8 to E9 converts the rectifier to
voltage-doubler operation. The power supply fuse, a 3 €rmpere
(120V) or 2 ampere (240V), protects the power supply against
abnormally high currents.

Auxiliary Power Supply

The auxiliary power supply (winding 9-10 on T1, half-wave
rectifier CR9, and filter C37) supplies power to U3 and the
base drive circuitry of Q15. The voltage output is
approximately +15 volts but surges to +3I volts during
start-up.
Kick-Start Latch

Start-up of the circuit is initiated by the kick-start latch.
When power is first applied r C37 starts charging through R42.
When the volt.age on C37 reaches 31 volts, zener diode CR10
conducts, turning on QfO which then turns on Q11. with Qll
oor Q10 is held on and the power in C37 is delivered to U3 and
the base drive circuitry for Q15. Q15 starts switching and
the auxiliary power supply comes on to deliver +15 volts to
c37 .

Control Section

U2, U3, and Ql2-I4 make up the control section. U3 has three
major functions: (1) an internal voltage reference, (2) a
pulse generator, and (3) an error amplifier. The internal
reference on pin 12 is +5.0 Vdc. This provides the reference
for the comparators and the power for the photo transistor in
u2.
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The pulse generator freguency is controlJ-ed by R37 and C27.
The generator output is on pins 8 and 9 and is a square wave
that controls Q15.

The comparator inputs on pins I and 2 sense the
propervoltage regulation by comparing *5 volts on pin 2 Lo
the voltage on pin t coming from U2. The other comparator
inputs on pins 13 and 14 detect faulty operating conditions.
Pin t3 is compared Lo the +5 volts on pin 14 and the pulse
generator will stop if pin 13 falls below +5 volts.
Base Drive
The output transistor U3 forms a Darlington pair with e14 toprovide the necessary drive current through C29 to turn on
Qf5. QL2 and Q13 are biased on during turn-off to cause el5to turn off faster.
Current Limit

Transistors Q8 and Q9 form the current limiting latch. R44
is the current sense resistor. Excess current through e15
and R44 will cause the voltage across R44 to exceed 0.5
volts, turning on Q9. This then turns on Q8, holding on e9
and pulling pin 13 of U3 below the +5 Vdc reference on pin
L4, causing the oscillator in U3 to stop.

Under-Voltage Lockout

Resistors R24 and R26 form a voltage divider from the input
DC to ground. The voltage from the divider goes to pin 13
of U3. If the AC input voltage drops below 90 Vac (180 Vacfor 230 V operation), the voltage at pin 13 will drop below
the +5 volt reference on pin L4, causing the oscillator to
stop.

Snubber

CRII, R45, C38, and C39 provide snubbing to prevent
excessive voltage spikes from developing across e15 during
the flyback of T1 when Q15 is biased off.
SECONDARY CIRCUITS

Secondary Outputs

There are three separate secondary output voltages:
volts , +L2 volts, and -12 volts.
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The +5 volts comes from two paralleled windings, each
feeding two paralleled rectifiers (CR13-CR14 ) for improved
current handting and heat sinking. A pi-section filter,
formed by C6, C10, C].I, CI2, L2, and C9 filters the +5
volts. R9, c7, R16, and Cl3 are snubbers to protect the low
voltage diodes CR13 and CRl4 against transients -

The +12 volts is rectified by CR2 and filtered by a
pi-section filter formed by C8, LI, and C42. Transistors Ql
lnd Q2 and the saturable reactor L3 provide improved L2 volt
regulation with varying output loading conditions.

The -12 volts is rectified by CR4 and filtered by a
pi-section filter formed by C21 , L4, and C20. U5 provides
Lfre -fz volt regulatiott "ttl cR3 and cR12 protect U5 agala$0
reverse voltages.

Load Sense And Feedback Development

u2 is an opto coupler, containing one light-emitting diode
and one phototransistor. The phototransistor controls a
comparator in U3 as discussed previously in the Control
Section. The LED is controlled by Q3 which senses the +5
volts through a resistive divider that includes RtO. this
is the regulating feedback path frorn the secondary circuitry
to the prinary circuitry.
Overvoltage Crowbar

To prevent the +5 volts from exceeding a safe level' SCR Q6

"crowbarsn or short circuits the +5 volt output. This
energizes the current limiting circuit in the primary
circuitry and the oscillator stops. Q6 is controlled by
ull.
W And OV Sense

Ul provides UV (under voltage) and OV (over voltage) sense.
CR5 conducts during the forward conduction of T1, providing
power for Ul and a UV sense signal from n20 and R21. This
UV sense provides a TTL UV AC LOW* on pin 6, fully isolated
from the primary circuitry. R18 and R19 generate the OV
sense signal for Ul pin3 and this controls Q5 via pin I of
UI.
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Parts Li st

Power supply Assembly 879P956 (95w randy)

Item Sym Description Part Number

I
2
3
4

6
7
8
9
Lg
11
L2
13
I4
15
16
L7
I8
19
2g
2L
22
23
24
25
26

I
1
I
1
I
I
I
I
1
I
2
2
I
2
I
2
I
I
I
1
2
2
I
2
I
CI
c2
C3
C4
C5
C6
C7
C8
C9
CLg
ClI
CL2
CI3

Printed Circuit Board
Bracket , Heatsink ( CR13 , I4 )

Heatsink, Diode (CR2 )

Heatsink, Transistor ( Ql )

Heatsink, Transistor ( Q15 )

Mount , Transistor ( QI5 ) (with studs )

Insulator , TO-3 , Cond. Rubber ( e15 )

Label, DANGER High Voltage
Lab€I, CAUTION-HeaI Sink
Lab€l, SeriaI Number
Screw, # 4- Afl x 3/ 8" ( Q4 ,5 )

Washer , # 4 Split Lock ( Q4 ,5 )

Nut, #4-49 KEPS (Q6)
Nut, #6-32 KEPS(Q13, 14)
Currenb Loop, E5 to E6
Tab, .LLp" Faston (E7rB)
Jump€r r With .LLg" Faston Connector
SockeL, IC (UI
Socket, IC fi2
Socket, IC (U3
Clip, Fuse ( Fl )

Nut , #6-32 Ztnc Plated ( Q15 )
Screw, #4-49 x L/4" PPH (Q6)
Screw, #6'4fr x L/4" (CRI3rf4)
Washer , Shoulder ( Q5 )

Capacitor | ,Lgg mfd, 63V Lg* Metal
Capacitor, .968 mfd, 63V LflZ Fletat
Capacitor r .ggl mfd, sflV 2fl2 l,ltl
Capacitor, .47 mfd, 35V LfrZ Tant
Capac itor , . 47 mf d , 3 5V Lfl* Tant
Capacitor , 229fl mfd, I6V 2fl2 Radial
Capac itor r . frL mf d , 6 3V 2gZ Metal
Capac i tor , 22gg rnf d , I6V 2fr2 Radi al
Capacitor , 22gg mfd, I6V 2g* Radial
Capacitor, 22gg mfd, I6V 2fl2 Radial
Capacitor r 22gg mfd, 15V zfl* Radial
Capacitor , 22gg mfd, I5V 2fl* Radial
Capac itor , . gL mf d , 6 3V 2fl2 Metal

8799441
87 2922;
8s4efr27

8s49gzL
8s4 efr22
8s3 gfl43
8789889
8789888
8 78 9999
8s6 eggz
8s8eg2L
8s7 efrfr3
8s7egg4
843329L
8s2 eg44
8432fr29
ssgegLL
8sg egLs
gsfr efrg 8
8ss efrs8
8s7efr34
8s6 eg3L
Bs6 eges
8s89926

839 ALfr4
8393684
83e2gL4
833 447 4
833 447 4
832822L
8393tgt
832822L
832822L
832822L
832822L
832822L
83e3Lg4

- 155 -



Tandyo Model 2000 Service !,lanual

Par ts Lis t

Power Supp1y Assernbly 87 90056 ( 95W Tandy )

Item Sym Description Part Number

CI4 Capacitor,
C15 Capacitor,
C15 Capacitor r

CL7 Capacitor,
C18 Capacitor,
CI9 Capacitor,
C20 Capacitor 'CzL Capacitor r
C22 Capacitor,
C23 Capacitor,
C24 Capacitor r
C25 Capacitor r
C26 Capacitor,
C27 Capacitor,
C28 Capacitor r
C29 Capacitot r
C30 Capacitor,
C3I Capacitor,
C32 Capacitor,
C33 Capacitor,
C34 Capacitor,
C35 Capacitor,
C35 Capacitot r
C37 Capacitor,
C38 Capacitor,
C39 Capacitor r
C40 Capacitor,
C41 Capacitor,
C42 Capac i tor ,
C43 Capacitor,
C44 Capacitor,

.01 mfd, 53V 20t Metal

.0I mfd, 53V 20* Metal

.00I mfd, 50V 20t MtI

.I00 mfd, 63v 10t l'leta1
10 mfd, 35V 20t Radial
4.7 mfd, 50V 20t Radial
10 mfd, 35V 20t Radial
100 mfd, 35V 20* Radial
.01 mfd, 63V 20t Metal
. 0I mfd, 53V 20 t Metal
10 mfd, 35V 20* Radial
.01 mfd, 63V 20t t"letal
10 mf d, 35V 20t Radial
.001 mfd, 53V 2* Poly
10 mfd, 35V 20t Radia1
330 mfd, I6V 20t Radial
220 mfd, 250V 20t Radial
100 rnfd, 250V 20t Radial
100 mfd, 250V 20t Radial
2200 pfd, 250V Cer Disk
2200 pf d, 25 0V Cer Disk
2200 pfd, 250V Cer Disk
.22 mfd, 250V 20t Met
100 mfd, 35V 20t Radial
.0047 mfd, 530V 10t PoIy
.001 mfd, 530v 10t Poly
220 mfd, 250V 20t Radial
.01 mfd, 250V 20t Met
1000 mfd, I5V 20t Radial
.0I mfd, 53V 20t Metal
. I mfd, 250V 20t Metal

8393r04
8393104
8392014
8394104
8325r03
8325474
8325103
8327I03
8393104
8393104
8325r03
8393104
8326r03
8392L04
8325103
8327331
8327 227
8327105
8327106
8302225
8302226
8302226
83 9 4226
8327103
8392477
83 9 20L7
8327227
8393105
8328r02
8393104
8394r06

8rs0934
8160050
81s0001
81s0934
81s0934
81s0r48
8rs000r
81s0001
81608sr
81s A2s6

CRI Diode, 1N4934
CR2 Diode, 5 Amp, 35 nsec
cR3 Diode, 1N400I
cR4 D iode , IN 493 4
cR5 D iode , IN 493 4
cR6 Diode , 1N4r4I ( Switching )

cR7 Diode, 1N4001
CRB Diode, IN4001
CR9 Diode, MR851
cR10 Diode, 1N52568, Zener
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Parts List

Power Supp1y Assembly 8790056 (95w Tandy)

Item Sym Descr ipt ion Part Number

JI
J2
J3
J4
J5
J5
J7

L1
L2
L3
L4
L5
L5
L7

Ql

Q2
Q3
Q4
Q5
Q5
Q7
Q8
Qe
QIO
QlI
QL2
Qr3
QI4
Qls

R1
R2
R3
R4
R5
R6
R7
R8
R9

Connector r
Connector r
ConnectoE,
Connector r
NA
NA
ConnecLot t

Inductor,
Inductor,
Inductor,
Inductor r
Inductor r
Coil, 5 .6
Inductor r

2 Pin Vertical
15 PIn
4 Pin
3 Pin

3 Pin

10 uH, 3A 10 t
3.5 uH, 15A 10t
Torroid
25 uH, 1A 10t
100 uH, 3A 10t
uHr lOt
100 uH, 3A 10t

Transistorr 2N6555, PNP, 1A 80V
Transistor, MPS-U56, PNP, .5A 40V
Trans istor , MPSAOS , NPN , 40V
NA
NA
NA
scR, McR59-1, 25A 50PrV
IC, 79ML2 , Voltage Regulator
Transistor, MPSW5IA, PNP, 1A 40V
Transistor, MPSAOS, NPN, 40V
Transistor, MDS76 , PNP, 3A 40V
Transistor, MDS26, NPN, 3A 40V
Transistor, MPSA55, PNP, .5A 40V
Transistor, MDS76 , PNP, 3A 40V
Transistor, MDS 26 , NPN, 3A 40V
Transistor, MJ812005 , NPN, 8A 1500V

Resistor, 27 ohm, L/zw 5t, CF
Resistor, I00 ohm, L/4W 5t, CF
Resistor, 3.32 kohm, L/4w lt, MF
Resistor, 4.7 kohm, L/4w 5t, CF
Resistor r 10 ohm, tW 5t, CF
Resistor, I kohm, L/AW 5t, CF
Resistor, 1.5 kohm, L/4W 5t, CF
Potentiomet€rr I kohm, 20t
Resistor, 10 ohm, L/4w 5t, CF

85 r 92L4
8sr9L94
Is19153
8519153

8 519ls 3

8419007
84r9032
8419036
8419034
8419009
8419037
8419009

8100s55
81000s6
811000s

8r40691
80s0912
81010 s l
811000s
8100075
8100025
8t000ss
8100075
8r0 0026
81I10 0 s

8217027
82 0 7I10
82 0 0232
8207247
8247 6L5
82072L0
8207 zLs
827 92LL
8207010

L67
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Parts List

Power Supply Assembly 8790056 (95W Tandy)

Item Sym Descr ipt ion Part Number

RI0
RII
Rl2
Rl3
Rl4
Rl5
Rl5
RI7
Rl8
Rl9
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R3t
R32
R33
R34
R35
R36
R37
R38
R39
R40
R41
R42
R43
R44
R45
R46
R47

RTI
RT2

Potentiomet€rr I kohm, 20t
Res i stor r 3 .32 kohm, L/ 4w It , I{F
Resistor, 330 ohm, L/ 4w 5t, CF
Resistor , 18 kohm , L/ 4w 5 t, CF
Resistorr 330 ohm, L/4w 5t, CF
Resistor, 470 ohm, L/zw 5t, CF
Resistor, 10 ohm, L/Aw 5t, CF
Resistor, I kohm, L/AW 5t, CF
Resistor, 15 kohm, L/4w 5t, CF
Resistor, 10 kohm, L/4w 5*, CF
Resistor, 200 kohm, I/4W It, MF

Resistor, 30.1 kohm, L/4w lt, MF
Resistorr I kohm, 1/+w 5*, CF
Resistor, 4.7 kohm , L/ 4w 5t, CF
Resistor, 470 kohm, L/2w 5t, CF
Resistor, 100 ohm, L/4w 5t CF
Resistor, 13 kohm, L/4w 5t, CF
Resistor, 4.7 kohm, L/4w 5t, CF
Resistor, 33 kohm, L/ 4w 5t, CF
Resistor, I kohm, L/4w 5t, CF
Resistor, 4.7 kohm, L/ 4w 5t, CF
Resistorr 4.7 kohm, L/4w 5*, CF
Resistorr 13 kohm, L/ 4W 5t, CF
Resistor, 330 ohm, L/4w 5t, CF
Resistor, 58 ohm, L/4w 5t, CF
Resistor, 82 kohm, L/2W 5t, CF
Resistor, I00 ohm, L/ 4w 5* CF
Resistor, 47 .5 kohm , L/ 4w lt, I,IF
Resistor, 390 ohm , L/ 4W 5t CF
Resistor, I0 kohm, L/4W 5t, CF
Resistor, 22 ohm, L/Zw 5t, CF
Resistor , t0 ohm, 5W 5 t, WW

Resistor , 27 0 kohm, L/2w 5 t, CF
Resistor, 100 ohm, L/4w 5t, CF
Resistotrr .22 ohm, 2W 5t, MOF
Resistorr 750 ohm, 5W 5t, WW

Resistor, 82 kohm, L/zW 5t, CF
Resistor, t0 ohm, L/4W 5t, CF

Thermistor r 10 ohm e 25C, Coated
Thermistor, 10 ohm e 25C, Coated

8279211
82 0 0232
8207133
8207318
8207133
8217 L47
8207010
82072L0
8207315
8207310
8200420
8200330
82072L0
8207247
82L7 447
82071r0
8207313
8207247
8207333
82 0 7 2L0
8207247
8207247
8207313
8207133
8207058
8217382
82071I0
8200347
8207L39
8207310
82L7 022
82480I0
8217 427
8207I10
82 48022
8248 l7s
82r7382
82070r0

8298010
8298010
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Parts List

Power Supp1y Assernbly 8790056 (95W Tandy)

Item Sym Des cr ipt ion Part Number

T1
T2

UI
U2
U3
U4

Transformer, Power, 95W Flyback
Choke, Common lt{ode, L.24 mH/ Side

87900s7
87900s8

IC, MC3425P, Voltage Protector 8050425
IC, 4N35 , Optoisolator 817 0035
IC, MC34060 , Switching Regulator 8060060
IC, TL431, Positive Shunt Regulator 8050428

- 159 -



Tandy@ Model 2000 Service Manual

- 170 -



Tandyo Model 2000 Service Manual

7.2.2 Auxiliary Power Supply #8790025 (38W, Hard Oisk Drive
OnIy, Astec AA11330)

When the microcomputer is equipped with a built-in hard disk
driver &n additional 38W power supply is required to supply
voltage to the hard disk drive only. This supply delivers
approximately +15 volts in normal operation, but surges to
+31 volts durin0 start-up. It is contained in the same
housing as the 05W power supply in the Main Unit of the
computer.

7.2.2.L Troubleshooting the Power Supply

Equipment for Test Set Up

1. Isolation Transformer (Minimum of 500 VA rating)

CAUTION

Dangerously high voltages are present in this power supply.
For the safety of the individual doing the testing, please
use an isolation transformer. The 500 VA rating is needed
to keep the AC waveform from being clipped off at the peaks.
These power supplies have peak charging capacitors and draw
full po$rer at the peak of the AC waveform.

2. 0-280 Variable Transformer (Variac)
Used to vary input voltage. Recommend 10 Amp, 1.4 KVA
rating minimum.

3. Voltmeter
Needed to measure DC voltages to 50 VDC and AC volt,ages
to 400 Vac. Recommend two digital multimeters.

4. Oscilloscope
Need XlO probe.

5. Load Board with Connectors
See Table 7-7 for values of loads required. The
entries on the table for Safe Load Power is the minimum
power ratings for the load resistors used.

6. Ohmmeter

7. Wattmeter
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Setup Procedure

Set up as shown in Figure 7-35. You will want to monitor
the input voltage and the output voltage of the regulated
bus, which is the +5 Volt output with DVMs. Also monitor
the +5 Volt output with the oscilloscope using 50
mv,/division sensitivity. The DVM monitoring the +5 VoIt
output can also be used to check the other outputs. See
text under NO OUTPUT for test points within power supply.

Figure 7-35. Test Setup

Visual Inspection

Check power supply for any broken, burned t ot obviously
damaged components. Visually check fuse. If there is any
question, check with an ohmmeter.

O UTPUT M IN LOAD

0.45A

0.sa
0

5W

8W

0

+5

+12

-12

LOAD R

1 1.1 1 ohm

0.40 ohm

0

SAF E MAX

LOAD POWER LOAD LOAD R

2.5A 2 ohr4

2.O2A 24.24 ohm

0 1 20 ohrn

SAF E

LOAD POWER

2sVV

50w

2W

Load Board ValuesTable 7 -7
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Start-Up

First note the position of the input vortage select wire.This wire can be found at the end of ttre pig opposite theinput/output connectors. Make sure that the ioip.r wire isin the proper voltage location.
Load the power supply with minimum load as specified in
Table 7-7. Bring power up slowly with the variable
transformer while monitoring the +5 volt output with the
scope and DVI{ and the input with a DVM and wattmeter. rfthe wattmeter shows significant power with row AC power
being appried, shut down and refer to section folrowing on
No ourPUT- the.suppry should start with approximately
80-120 vac applied and should regurate wrren- 9s vac isapplied. If the output has reached +5 volts, do a
performance test as shown in PERFORMANCE TEsr which follows.

NO OUTPUT

Check Fuse. If the fuse is blown, replace it but donot apply power until the cause of failure is found.

Preliminary check on Major primary components. checkthermistor (Rl), diode bridge (DBl), power transistor(Q2), and catch diode (D3), turn-off Lransistor (eI),
emitter resistor (R10), and diode (D1) for shortedjunctions. rf any component is found shorted, replaceir.
Preliminary check on lvlajor secondary components. using
an ohmmeter f!9* output common to each output (with
output loads disconnected), check for shorled
rectifiers or capacitors. If +I2 volt output is
shorted, arso check crowbar scR (scRl) and zener (zL).

Check For B+. Set up power supply and attach X10 scopeprobe ground to end of Rlr crosest to input capacitors.
Slowly turn up power and check for B* on the t+tterminal of the diode bridge (DBl). With the input at
95 Vac, this point should be I20-L40 Vdc. If this isnot measured, check the fuse, thermister (Rl), DBl, R2,
D3, and input capacitors C6 and CZ.

4.
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5. Check Q2 Waveforms .
package of Q2, check the
should be switching ' with
Figure 7 -36 . If this is
junction on Q2.

Using X10 probe on the case of T03
collector waveform. The transistor
the correct waveform shown in

not present, check for a shorted

50 V/D IV
5 psec/D lV

Input 120VAC
Loads +5 @ 2A

+12 @ 1A
-1 2 @ 0.1A

Figure 7 -36 . QZ Collector Waveform

If OK, check the base waveform as shown in figure 7-37. The
base of Q2 is the uppermost of the two center leads on the
back of Q2 heat sink. If this waveform is not present,
check L3, QI, and D1, secondary components Q3, D11, DL2l
D5, and L4. If any of the semiconductors is found shorted
or if an inductor is open, replace it.

1 .0 v/D lv
5 gec/D lV

Input and Loads

same as above.

Figure 7 -37 Q2 Base Waveform
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Per f orrnance Test

Each of the test
results noted to

conditions noted below should be set up and
be within the limits specified.

VOLTAGE AND RIPPLE SPECIFICATION

MAX T{O I*OAD R IPPLEO UTPUT

+5

+12

12

4 75V 5 25V

11 40V 1260V

1 1 00v 15,00\/

* Applies to resistive load only. Not
cond itions.

Table 7 -8 . Performance Tab1es

Power Pin Ass ignments

For SKI
PI - Neutral
PZ - tine

For SK 2 ,3 ,4
Pl - -12v 0.1A Max.
PZ - +Izv 2.02A Max.
P3 - Common
P4 - +5V 2.5A Max.

under system operating

SK2

SK3

SK4

-
lJ-t=
r-=--| -r-| .--

-
t--_tT-
| 

-l-

-sKr [I'']

Test Input +5 Load + 1 2 Load -12 Load

1 95VAC Max Max Max
2 128VAC Max Max Max
3 'l 20VAC Max Min Min
4 128VAC Min Min Min
5 95VAC Min Mir-r Min

Figure 7-38.
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Parts List
Power supply 8790025 3Bw (Astec AA11330 )

Item Sym Description Part Number

Cl Capacitor, . 01 mfd, 250V Z0Z
C2 Capacitor, .1 mfd, 250V 20t
C3 Capacitor r 4700 pfd, 400V 20t Cer
C4 Capacitorr 4700 pfd, 400V 20t Cer
C5 Capac i tor r .22 mf d , 2 5 0V 202 poly
C6 Capacitor, 100 mfd, 250V Z0Z Elec
C7 Capacitor, 100 rnfd, 250V 20S Elec
C8 Capaci tor , 220 mfd, 10V +5 0 / -L0 EIec
C9 Capacitor, 47 0 pfd, 2KV 10t, Cer
C10 Capacitor, .01 mfd, IKV 20?t Cer
CIl Capacitor, . 0l mfd, IKV 2 0t, Cer
CLZ Capacitor , .22 mfd, 100V 20t poly
C13 Capacitor r .022 mfd, 50V 20* poly
CI4 Capacitor, .22 mfd, l00V 2OZ poly
C15 Capacitor, 1000 mfd, 25V EIec
CI6 Capacitor r 1000 mfd, 25V EIec
CL7 Capacitor r 1000 mfd, 25V EIec
CIB Capacitor, 3 30 mfd, 16V EIec
C19 Capacitor, 330 mfd, I5V Elec
C20 Capacitor, 470 mfd, 25V Elec
CzL Capacitor, 2200 mfd, I5V Elec
C22 Not Used
C23 Not Used
C24 Capacitorr.22 mfdr250V20t

DI Rectifi€E r RGplOA
DZ Rectifier, RGPIOJ
D3 Rectif i€r, RGP1OM
D4 Rectifi€r r 1N400lcp
D5 Silicon Diode, IN4606
D6 Rectifier Assembly
D7 Rectifier Assembly
Dg Rectifier Assembly
D9 Rectifi€r r RGPIOB
D10 Not Used
DI1 Silicon Diode, IN4606
Dl2 Silicon Diode, IN4606
DI3 Rectifi€r r IN400lcp

DBl Bridge Rectifier, KBplO

068-10300010
068-10400010
0ss-47220001
0ss-47220001
0sB-22400r30
057-10120170
0s7-10120170
0s7-22120080
0s5-47Ls4426
055-10369925
055-10369925
058-22400150
058-22300090
058-22400160
057-10220040
057-10220040
057-10220040
0s7-33L20r20
057-33120L20
0s7-47 1201I0
057-22220020

0s8-22400130

226-10400050
226-10400060
226-r0400r00
226-10400080
2L2-10700210
8s3-00200r90
8s3-00200190
853-00200190
226-10400070

2L2-10700210
2L2-10700210
226-10400080

226-30s00010
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Parts t,ist

Power Supply 87 90 025 3 8lll ( Astec AAIf3 3 0 )

Item Sym Descr iption Part Number

ICI

LI
L2
L3
L4
L5
L6
L7

Qr
Q2
Q3

RI
R2
R3
R4
R5
R6
R7
R8
R9
RIO
RII
RI2
Rl 3
Rl 4
Rl5
RI5
RI7
RI8
Rl9
R20
R2 I
R22
R23
R24
R25
R26
P.27

IC, TL43ICLP Regulator

Filter Choke Coil AssemblY
Filter Choke Coil AssemblY
Base Choke
Choke, I.5 mH

Filter Choke CoiI AssemblY
Filter Choke Coil AssembtY
Choke Coil

Transistor, SD467, NPN
Transistot r Power
Transistor, SD56I, PNP

2LL-10800100

852-20100r40
852-20100140
328-00r00030
328-00r000r0
8s2-20100r80
852-20I00180
328-00100060

2A9-rr700460
853-00400050
210-117003s0

Thermistor, 4 ohm, IOt 258-40970015
Resistor, 330 kohm, L/zw 5z 240-33406033
Resistor, 22O ohm, Iw 5t, Metal Ox 248-22106052
Resistor, 33 ohm, 2w 5t Metal Ox 248-33005053
Resistor, I kohm, I/4w 5* 24O-LO206O22
Resistor , 27 ohm, I/ 4w 5Z 240-27006022
Resistor, 68 ohm, I/Aw 5Z 240-68006022
Resistor, l-20 ohm, Iw 5t Metal ox 248-12106052
Resistor, 10 ohm, I/Aw 5z 240-L0006022
Resistor, I0 ohm, I/Aw 5z 240-L0006022
Resistor, .75 ohm, 1W 5t Metal Flm 247-07586054
Resistor, 1 ohm, lw 5t Metal FiIm 247-10085054
Resistor, 5.6 ohm, L/4w 5t 240-56905022
Resistor, 68 ohm, L/Aw 5* 240-68006022
Resistor, 27o ohm, I/2w 5z 240-27Lo6033
Resistor, 270 ohm, I/2W 5* 240-27L06033
Resistor, 8.2 ohm, I/Aw 5t 240-82906022
Resistor, 560 ohm, I/4W 5t 240-56106022
Resistor , 56 ohm, L/ 4w 5z 240-56006022
Resistor, 56 ohm, \/4w 5* 240-56006022
Resistor, L2 kohm, I/Aw 5\ 240-L2306022
Resistor, 470 ohm, I/4w 5* 240-47105022
Resistor, 4.7 kohm, L/4w 2t 247-470L5022
Resistor, 68 kohm, I/Aw 5* 240-68306022
Resistor, 22 kohm, I/Aw 2z 247-22025022
Resistor, 2.7 kohm, I/4w 2* 247-270L5022
Resistor, L2 ohm, I/Aw 5z 240-12006022
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Parts List
Power Supply 8790025 38w (Astec AA11330)

Item Sym Description Part Number

scRl silicon controlled Rectifier, cL22E 227-L3000010

Tl Transformer, Common l"Iode 852-20200950
12 Transformer, Power 851-10200940
T3 Transformer' Control 852-L0200580

zL Zener oiode, 5.5V, lw 5Z 222'56086002
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7.3 Disk Drives

The t'todel 2000 Computer may be equipped with either two 5-L/4"
Floppy Diskette Drives (Ivlodel 26-5f03) or one 5-L/4" Floppy
Diskette and one Hard Oisk Drive (ltodel 26-5L04). AII drives
are mounted in the Main Unit. The associated 381{ power supply
required for the Hard Disk Drive version is also integrally
mounted to the main poner supply inside the Main Unit also.
The Hard Disk Controller PCB is mounted in the Card Cage
assembly at the rear of the Ivlain Unit in the upper-most slot
of the card cage. Its power is supplied from the motherboard
of the Iviain Unit.

7.3.f F.loppy Diskette Drives (Mitsubishi I{4853)

The Model 26-5103 contains two floppy disk drives. They are
accessible from the front of the Main Unit. Removal for
replacement or repair is accomplished according to
instructions given in Paragraph 3.L.2. The service manual for
this type drive is included at the rear of the Mode1 2000
Service Manual.

7.3.2 Hard Disk Drive (Tandon TIr{503)

The lt{odel 26-5104 contains one floppy disk drive and one hard
disk drive. The floppy disk drive is mounted in the lower
position accessible from the front of the Main Unit and the
hard disk drive is mounted internally to the Main Unit. It is
accessible for service or repair as noted in Paragraph 3.L.2
also. Service information is contained in the service manual
located at the rear of the Model 2000 Service Manual. The
Hard Disk Drive is a 10 megabyte (formatted) Tandon TIt{502. It
has Ewo 5-L/4" platters, each of which have two read/wriEe
surfaces. Each surface has its own dedicated read/write head
attached to a common stepper arm mechanism and 305 cylinders
which gives a total of L224 tracks for the drive.

7.3.3 Hard Disk Controller PCB 8898807

The Hard Disk Controller (HDC) PCB assembly is located in the
card cage assembly of the Main Unit and accessible from the
rear of the llain Unit. It resides in the upper-most slot of
the four positions available in the card cage. It is
interconnected to the Ilard Disk Drive assembly by a cable
assembly connected to the rear of the card. It is a 5" x I0"
2-sided board which is mounted to a custom chassis pan
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which makes installation and removal of the board simple.
The HDC is designed to provide all data and control signals
for one internal and one external 5-L/ 4" Winchester
technology drive.

The HDC is connected to the lrlodel 2000 motherboard via a 96
position Euro-type connector (J5). Uight data lines are
passed through an AMD 8304 (U34) non-inverting transceiver.
The lower eight address lines (A0 A7) are driven onto the
HDC by a 74L5244 (U33). Other host control input and output
signals are buffered by another 74L5244 (U32).

7.3.3.1 Port Decoding

The Model 2000 HDC is I/0 mapped to use nine 8-bit ports
from 0270H to 0278H and also 026CH' with only even port
locations used. The ports are in the larger range of
addresses assigned to the signal PCS4*. When PCS4* is
active, it indicates an T/0 to a port in the range from
0200H to 0278H. PCS4* is qualified with address line A0 to
produce the signal P4SEL*, which indicated an even port
address in this range. This is further qualified with A4,
A5, and A6 to produce DCRCS*, which indicates one of eight
HDC registers between 0270H and 027EH is being accessed. A
745138 (U21) is used to decode an access of port 026CH to
trigger a software reset one-shot. The following table
shows the HDC ports and their addresses.

Port Address

O26CH
0270H
027 2H
0274H
0276H
0278H
027 AH
027 CH
027 EH

Register Assigned

Software Reset
Data Register
Err or /wr i te Precomp
Sector Count
Sector Number
Cylinder LSB
Cylinder l,lSB (Bits D0 and DI)
SDH
Status,/Command

7 .3.3.2 Drive Control Logic

The heart of the HDC consists of the WD10l0 (U18) and the
wD1100-11 (u12). The wDr010 is an l'los,/Lsr device which
performs the functions of a Winchester Oisk
Contro1ler,/Formatter. The wD1010 has an 8-bit bidirectional
data bus through which it communicates with the bus
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transceiver. Selection of the eight internal registers is
accomplished through the use of three address lines (A1' A2,
and A3), the signal DCRCS*, and either RE* or WE*. RE* and
WE* are the signals RD*IB and WR*IB after passing through
an LS367 which is enabled by the signal CSI*. When CSI* is
inactive, the outputs of the LS367 are tri-stated, allowing
the WOIOIO to output the signals RE* and WE* to the
WD1100-11 and the sector buffer. When the WD1010 wishes to
do this, it activates the output BCS* (U18-1) which disables
CSI* and produces the signal DISHDB. DISHDB is the inverted
BCS* and it is used to disable the bus data transceiver U34.
A read of the HDC status register at this time will give a
busy indication and no access to the HDC should be attempted
until the busy condition no longer exists.

The WD1100-11 is essentially a gate array device which
performs several important drive control functions. First,
it provides the drive and head select control output signals
to the drive interface. AIso, it contains two internal
one-shots, one of which is used to shape the incoming drive
data to a specified pulse width and the other to control the
pulse width of the signal DRUN which tells the WO10I0 to
begin searching for a sector ID field. Finally, the
WD1100-11 is used as a sector buffer manager controlling the
data flow between the WD10I0 and the host system.

The sector buffer (U6) is a 2K x 8-bit static RAtvl with an
access time of 150 nsec or faster. Data from the drive is
loaded into it by the wD1010 and WD1100-11 for the host to
read and data is loaded into it by the host for the WD1010
to use in formatting or writing to the drive.

The WD1010 and WD1100-I1 provide a drive interface
compatible with Seagate ST506-type drives. The data and
control signals for the internal primary drive are passed to
connector J4. The data for the external secondary drive is
found on J2 and the control cable for the external drive is
connected to J1. Having separate control signal drivers for
both drives allows both drives to be terminated at the drive
instead of terminating only the last logical drive in a
daisy-chain type connection.

7 .3.3.3 Data Recovery

System Clock

The fundamental clock is provided by Yl, a 20 Mtlz crystal
oscillator. This is divided to a 10 l4f'lz clock called 2XDR
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by one-ha1f of U3I . ?XDR is
produce the s ignal WCLK, a 5
the internal timing for the

again divided by 2 in U16 to
IvIHz square wave which provides

wD1010.

Phase Comparator

The phase comparator circuitry is comprised of a pALl6RA
(UI6), d 5O-nsec delay line (U9), and three D-type
flip-f lops rc26 and one-half of V25).

When data is being inspected from the drive, its phase
relationship with respect to the VCO clock must be
determined. The function of this circuitry is to provide
windows during which the leading edge of the incoming data
bit is compared to the leading edge of the VCO output. The
windows are approximately 50 nsec in width. A window is
initiated by the leading edge of any data bit as it enters
U26-3 (INDATA). The window is terminated by the same data
bit, edge-delayed 60 nsec by U9, dt U26-LL (DLYDATA) or by
the VCO output (OSC*) at U25-3. When both DLYDATA and OSC*
arrive at the detector, it is reset (by U15-12) until the
next data bit arrives. When DLYDATA arrives first, it sets
its detector latch to produce a pump-up condition to speed
up the VCO. When OSC* arrives at its detector latch first,
it produces a pump-down condition to slow down the VCO.

Error Amplifier and VCO

The error amplifier consists of a quad transistor pack
fi22), and a low-pass filter. U22 is wired as a balanced
current mirror device which sources or sinks current to the
filter stage. Whenever the phase comparator determines the
VCD is running slower that the incoming data stream, the
error amp receives pump-up pulses. The filter integrates
the resulting output of U22-8 and provides an average
increase in the voltage reference to the VCO (Tp7), causing
the VCO to speed up. Similarly, whenever the phase detector
determines the VCO is running faster than the incoming data
stream, the error amp receives pump-down pulses. These are
also integrated by the filter and produce an average
decrease in the VCO voltage reference (Tp7), causing the VCO
to slow down.

The VCO is a 74LSI24 (U30) which is initially set by
adjusting C8 to produce a free-running frequency of 10 MHz
at TP5.
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Write Precompensation

Write precompensation is accomplished by two means: (1) by
activating the signal RWC on the drive control bus, and Q) by
writing data 12 nsec early or late on cylinders in the
specified precompensation area. WD1010 will activate RWC when
the drive heads step inward past a pre-programmed cylinder.
The drive will use'this signal to initiate reduction of write
current in the heads at this time. wD1010 continually produces
the signals EARLY* and LATE* which are fed into the PAL (U16 )

along with the signal RwC. When RWC is active' U15 outputs a
delayed and latched (by 2XDR) version of EARLY* and LATE*
called EELD and LELD. When RWC is not active, the signal NE is
produced by U15. EELD, LELD, and NE are then used as enables
for U10 to determine which version of write data is passed on
to the data driver (U4). The three versions of write data are
produced by U9 which has output taps of 1-2, 24, 36, 48, and 50
nsec. The input to U9 is produced by the PAL output (U16-12)
INDATA. INDATA is either write data (WDATA) when write gate
(WGATE) is active r oy read data (RDATA) when WGATE is inactive.

7.3.3.4 Controller Alignment

l. Move jumper plug from E2-83 to El-82. This feeds a 4 MHz
square wave into the WD1100-11 data input.

2. Adjust R4 until a high-going pulse of between 75-80 nsec
is seen at TP8. This is the signal DLYDATA.

3. Adjust R3 until the signal DRUN at RP3 just begins to
toggle. This is a preliminary adjustment and will be refined
1ater.

4. Replace the jumper plug to position E2-83.

5. Adjust trim capacitor C8 until a 100 nsec square wave is
seen at TP5 and the DC 1evel of the VCO voltage reference (TP7)
is between 2 and 3 volts.

6. Using a diagnostic program such as "JHDSYS"' format the
diagnostic track.

7. Execute a continuous read of that track.

8. Set the scope for a 2 msec sweep rate. Trigger Channel I
with index (rising edge). You should see two index pulses
spaced about 17 msec apart.
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9. Place channel 2 scope probe on TP3 (DRUN). Adjust R3 until
you can most clearly define 17 distinct pulses on channel 2
between the two index pulses on channel 1. Watch the pass
counter of the read program to ensure that no errors are
occur ing .

10. Recheck the 100 nsec square wave at TP5 and the DC reference
voltage at TP7. Look for a stable setting, making
adjustments as needed according to Step 5.

7.3.3.5 HDC Register Specifications

The following is a list of the HDC registers and their
specific functions. For more information on programming,
refer to the WD10I0 data sheets.

I . 026cH Software Reset

Any read or write to this port
will trigger a 10 Fsec reset
pulse to the HDC.

2. 0270H Data Register

This is the port through which
data is transferred via the
sector buffer between the host
and the drive.

3. 0272H Write - precomp. Register
The value written to this port

is equal Lo L/4 the cylinder
number where the WD1010 will
begin precompensation.

Read - HDC Error Register
If the error bit in the status
register is set, then this

port is read to determine the
error.

Bit0-NotUsed
Bitl Track0Error
Bit2-AbortedCommand
Bit3-Not.Used
Bit 4 - ID Not Found
Bit5-NotUsed
Bit 6 - CRC Error In Data FId

Bit, 7 - Bad Block Detected
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4. 027 4H Sector Count Register

Indicates the number of sectors to
be transferred.

5. 027 6H Sector Number Register

Loaded with the number of the
sector to be accessed (excePt
during format. when this is loaded
with the number of bYtes to be Put
in qaps I and 3 on the disk).

5. 0278H Cylinder LSB

Loaded with the lower eight bits
of the cylinder to be accessed.

7 . 027AH CyI i nder IvISB

Loaded with the uPPer two bits of
the cylinder to be accessed (onIY
bits 0 and 1 are usable. this
gives a ten-bit binarY limit to
total number of cylinders. )

8. 027CH SDH Register

rhis is loaded with the desired
sector size, drive select, and
head select information using the
following format (bit 7 = 0)

gits Sector Size aits Head Selected
6s2L0

0 0 2s6
015L2
I 0 L024
I 1 I28
r00
10r
110
rll

000
00r
0r0
0r1

HDO
HDI
HD2
HD3

HD4
HD5
HD6
HD7

Bits Drive SelecLed
43

0 0 Drive 0
0 I Drive I
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Parts List
Hard Disk Controller Assembly 8898022

Item Sym Descr iption Part Number

I
2
3

4
5*
6
7

8

I
2
2

I
1
I
2
6

Chassis, Controller /Interface PCB
Nylatch Plunger
Nylatch Grommet
Insulator r PCB
HDC PCB Assernbly
Cable Assembly, HDC
Screw, #2-56 x 5/16"
Screw, #4-40 x 3/L6"

( Conn . Mt.g )

( PCB Mtg )

87 2927 7
8s90149
8590r48
8s390sr
8898807
870948s
8s692L2
8s69220

*See separate parts list
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Parts List

Hard Oisk Controller Board Assembly 8898807 (8-17-83)

Item Sym Descr ipti on Part Number

I1
2 10
31
41
51
61
71
81
91
10 2

Hard Disk Controller PCB
Staking Pin
Connector r 6 A-Pin DIN ( J4 )

Connector, 96-Pin DIN ( J5 )

Connectotr 5O-Pin (J3
Connector r 20-Pin (J2
Connector, 34-Pin (JI
Socket, 20-Pin ( U16 )

Socket, 24-Pin ( U5 )
Socket, 4 0-Pin ( U12 , 18 )

Capacitor, .I mfd, 50V Mono
Capacitor, .I mfd, 50V Mono
Capacitor, .1 mfd, 50V Mono
Capacitor, .I mfd, 50V Mono
Capacitor, 150 pfd, 50V CerDisk NpO
Capacitor, 150 pfd, 50V CerDisk NpO
Capacitor, Trim
Capacitor, .1 mfd, 50V Mono
Capacitor, .I mfd, 50V Mono
Capacitor, .I mfd, 50V Mono
Capacitor, . I mf d, 5 0V Mono
Capacitor, . I mf d, 5 0V Mono
Capacitor, .I mfd, 50V Mono
Capacitor, .I mfd, 5 0V Mono
Capacitor, .I mfd, 5 0V Mono
Capacitor, .1 mfd, 50V Mono
Capacitor, .1 mfd, 5 0V Mono
Capacitor, .0068 mfd, 50V Cer Disk
Capacitor, 150 pfd, 5 0V CerDisk NPO
Capacitor, 3 30 pfd, 5 0V CerDisk NPO
Capacitor, .I mfd, 50V Mono

Capacitor, .I mf d, 5 0V Mono
Capacitor, .01 mfd, 50V Cer Disk
Capacitor, .1 mfd, 5 0V Mono
Capacitor, .I mfd, 50V Mono
Capacitor, . I mf d, 5 0V Mono
Capacitor, . I mf d, 5 0V Mono
Capacitor, .l mfd, 50V Mono
Capacitor, . I mf d, 5 0V Mono
Capacitor, ,1 mfd, 50V Mono

8709484
8529014

8509009
8s0900r
8509002

8374104
8374104
8374104
8374104
830r1s3
830r153

8374104
8374104
8374r04
8374104
8374104
8374104
8374104
8374r04
8374104
8374r04
8302684
8301rs3
8301332
8374104

8374104
8303104
8374104
837 4I04
8374104
8374104
8374104
837 4L0 4
8374104

C1
c2
C3
c4
C5
C6
c8
C9
CIO
cI1
CL2
CI3
cl 4

ct5
cI5
CL7
cl8
cI9
c20
C2L
c22
c23
c24
c25
c26
c27
c28
c29
c30
c31
c32

L99
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Parts List

Hard Disk Controller Board Assembly 8898807

Item Sym Description Part Number

c33
c34
c35
c36
c37
c38

CRl
cR2
CR3
CR4
CR5
CR6

LI
L2

RI
R2
R3
R4
R5
R5
R6
R7
R8
R9
Rl0
RII
Rl2
RI 3
Rl 4
Rl5
RI5
RI7
Rl8
Rl 9
R20
R21
R22
R23
R24
R25

Capac i tor ,
Capac i tor ,
Capac i tor ,
Capac i tor ,
Capac i tor ,
Capac i tor ,

.I mfd, 50V Mono

.1 mfd, 50V Mono
100 mfd, I5V Elec
100 mfd, I6V Elec
100 mfd, 16V Elec
10 0 mf d, , I6V Elec

D i ode , 1N414 8

Diode, 1N4I48
Diode, 1N4148
Diode, 1N4I4I
Diode, IN4I48
Diode, 1N414I

InductoE t 4.7 mH
Inductor | 4.7 mH

Resistor, I00 ohm, I/4w 5*
Resistor, 100 ohm, L/4W 5t
Resistor, 10 kohm, Trimpot
Resistor, I0 kohm, Trimpot
Resistor, 4.7 kohm, 1/4w 5t
Resistor, 4.7 kohm, 1/4w 5t
Resistor, 4.7 kohm, I/4W 5t
Resistor, 4.7 kohm, L/4w 5t
Resistor, 4.7 kohm, I/4w 5t
Resistor, 4.7 kohm, 1/4w 5*
Resistor, I kohm, L/4w 5t
Resistor, 200 ohm, 1/4W It
Resistor, 2.37 kohm, I/4W I*
Resistor, 2.37 kohm, I/4w It
Resistor, 330 ohm, L/4w 5t
Resistor, 680 ohm, I/4W 5t
Resistor, 4.7 kohm, I/4w 5t
Resistor, 5.6 kohm, L/4w 5t
Res i s tor , 2. 6l kohm, I / 4w lt
Resistor, I kohm, 1/4W 5t
Resistor, I kohm, L/4W 5t
Resistor, I kohm, L/4W 5*

Resistor, 4.7 kohm, I/4w 5t
Resistor, 22 ohm, l/2W 5t

Rad i aI
Radial
Rad i aI
Radi al

8374104
8374104
832710r
8327101
832710r
8327r0r

8rs0t48
81s0148
8r50148
8150r48
8r50148
8ts0r48

84190L7
8419017

8207rr0
8207r10
827 93L2
827 9 3L2
8207247
8207247
8207247
8207247
8207247
8207247
8207 2L0
8200120

8207I33
8207r68
8207247
8207 256

82072L0
82072L0
82072L0

8207247
82L7 022
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Parts List
Hard Disk Controller Board Assembly 8898807

Item Sym Description Part Number

RPI Resistor Pak, 220/33A ohm SIP 9290019

8000038
8015004
80s0486
80s0487
8020293
8045115
8020244

80r0064
8020357
8041111
80ls832
I0r0010
8041166
8020014
8041010
80ls832
80rs004

8000038
8000038
801507 4
80rs07 4
8020244
8060304
80ls008
80I0L24
801507 4
8020244
802 0244
8060304

8409029

U1
U2
U3
U4
U5
U6
U7
U9
ul0
ul1
UL2
UI3
ul5
UI5
UL7
UI8
UI9
u20
u22
u23
u24
u25
u26
u27
u28
u29
u30
U3I
u32
u33
u34

IC, 7 438 , z-Tnput NAND
IC, 7 4F04 , Hex Inverter
IC, 3 486, Quad Receiver
IC, 3487, Quad Driver
IC., 74L5293, Binary Counter
TC, HM6 116, 2K x B RAIvI I50 nsec
rC, 7 4LS 244, Octal Buffer
IC, DDU-4-5 0 60 , De1ay Line
IC, 7 4SG 4 , AND/ OR Inverter
IC, 74tS367 , Hex Bus Driver
rc, wD1I00-lI
IC, 7 4F32 , Quad z-Tnput OR

IC, 7 4SI0, 3-Input NAND
IC, PALI6R6A
IC , 7 4LSL4, Hex Inverter
rc, wDl0t0
IC , 7 4F32, Quad z-Input OR
IC, 7 4F04, Hex Inverter
IC, MPQ57 00 , Transistor Array
IC, 7 438 , z-Input NAND
IC, 7 438 , z-Tnput NAND
IC, 74F'74, Flip FIop
IC, 7 4F74, FIip FIop
IC , 7 4LS 244, Octal Buffer
IC, AIvI8304, Bus Transceiver
IC , 7 4F08, Quad z-Tnput AND
IC, 7 45L24, Voltage Con. Osc.
IC, 74F74, FIip Flop
rC , 7 4LS 244, Octal Buffer
IC, 7 4LS 244 | Octal Buffer
IC, AM8304, Bus Transceiver

Yl Crystal Osc. , 20 MHz
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7 .4 Mot,herboard

7 .4 .L Introduction

The lr{odel 2000 Mother Board is a part of the Card
Cage/Mobher Board sub-assembly which provides a simple
method of adding optional features to the main unit.

The Mother Board assembly consists of a printed circuit
board with four 96-pin male reverse DIN eurocard connectors
(DIN 4I6L2 ) to accommodate the option card(s); a 96-pin
female reverse DIN eurocard connector for connection to the
Main Logic Board; a 6-pin Molex connector which supplies DC
power to the lvlother Board and the option card(s) via the DC
porrer harness; and various resistor networks for terminating
the signals on the expansion connectors.

7 .4 .2 Theory of Operation

A11 of the signals available on the option card connectors
are provided for general interface to the Main Logic Board.
The only exceptions are seven signals which are specifically
used by the graphics option card and are available only on
the bottom connector (Jl8). The following table describes
the signal interface and connector pin assignments for
option card connector J15-J18.

Descr iption

20-bit Address Bus
I6-bit Data Bus
Memory Chip Select

Mnemoni c Pin Number

Peripheral Chip Se1ect
BUSPCS5 *
Interrupt Control
HDCTNT06, BUSTNT}T ,
RATTNTL? | MEMTNTI5,
BUSINTL6, BUSINTIT
Non-Maskab1e Interrupt
DMA Request
BUSDMARQ]'t
DMA Acknowledge
BUSDMACK3 *
Memory Read and Write
l/0 Read and Write
Master Reset
Address Latch Enable

BUSAO O-BUSAl 9

BUSDO O-BUSDI 5
BUSMCS0*, BUSI,ICSl*
BUSPCS3*, BUSPCS4*,
8c
BUSrNT03, BUSTNTOS,
1ob, 16c,
rlb, r8b,
9b, 17c
NMI *
BUSDIvIARQ I *, BUSDIT{ARQ 2*,
I9c
BUSDMACKI*, BUSDMACKZ*,
17b
BUSMR*, BUSMW*
BUSTOR*, BUSTOW*
BUSMRST*
BUSALE

26b-32c
2La-26 a
13b, 13a
10c, 9c ,

8b, 15c,

5a
L2c , I 3c,

18c, 18a,

14a, I4b
IOa, 12b
16a
I9a
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Data Tr ansm LL/ Recei ve
Data Enable
System Bus Control
BUSTOCK*, BUSBHE*,
BUSL/sr'
Asynchronous Ready
Memory Refresh Control
8 l"lHz Pr oces sor Clock
System Clock ( not used )

Video Dot Clock
Video Vertical Sync
Video Hor Lzontal Sync
Video Blanking
Video Intensity
Video Control

DC power is
6-pin Molex
are shown in

Connector
JI 4

+L2 VOIIS I
-L2 volts 6
+5 Volts 2, 4

Ground 3, 5
6b, 20a, 20b, 20c

7b
7c

Ia, lb, Ic , 2c
2a, 3d, 3b, 3c,

BU SDT / p*
BUSDEN*
BUSHOLD*, BUSHLDA*,
IIc, L2a,
15b
BUSARDY*
BUSRFSH*, BUSRFINH*
BUSPCLK
BUSCLK
BUSDOTCLK
BUSVSYNC
BUSHSYNC
BUSBLANK
AINT
BUSVLT, AGVID, G/ A

L7a
16b
19b, 1ra,

14c
9a, I5a
8a
5a
4c
5c
5b
4a
5c
7 a, 2b, 4b

supplied directly to the lr{other Board through a
connector (J14). pin assignments for DC power
the table below.

JI5-JI8

A11 of the signals, except the video signals, that are used
by the option cards have been terminated on the Mother
Board. Resistor networks have been used to either pull up
the signal with a 2.2 kohm resistor to +5 volts or establish
a 3-volt leve1 using a 220 ohmr/330 ohm split termination.
See the schematic to determine the termination on each
signal.
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I rE
JIJ

Jl6
lt7

NOTES :

I . TERM IT{AT II{G RES ISTffig
ARE REPRESENTED AS FOLLO*5:

O z.2K RJLL-uP

n 22O 53O TERMINATOR

T+5V
|,,o
I

h
{..o
f

-r-:

a

x

RN7.2
RN8.2
RN6" 2

RN7*3
RN8-3
RN6.3
RN7 -4
RN8-4
RN6-4
RN7-5

Rr{8 - 5

R N5.5
RN7-6
RN8-6
RN6- 6
RN 7-7
Rf{8 -7
RN5-7
RN7-8
RN 8-8
RX6-8
RN7.9
Rn8- 9
Rn5-9
Rt{9-2
RN t0-4
RN9-4
RNr9-2
RNto-5
RN9-5
R N9-3
RN t0- 6
RNg *6

L

26A
I

R

U

I
a

29

I
C

IA3
I

Schematic 800 02L2 ,

32A
e

24A
B
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OUNT ON
ER SIDE

32

J16

32

J17

c1
B
A

RN12

1

32

Ivlother Board PCB Assembly 8898803

c1
B
A

c1
B
A

@

e
o
t)
hnf r I I

- 
I I

=ttFtl
H

J18

32
cBP6
A

Component Layout,
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l'lother Board
Component

PCB Assembly 8898803
S ide

Circuit Trace,
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Circuit Trace, Ivtother Board PCB Assembly 8898803
Solder Side
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Parts List
Mother Board Assembly 8898803

Item Sym Descr ipt i on Part Number

11
21
31
44
5I
62
72

Mother Board PCB 8709431
Connector, 96-pin Rt. Ang. Fem ( P6 ) 85I9I8I
Connectotrr 6-pin Straight (JI 4) 8519186
Connector, 96-pin MaIe ( JI5-18 ) 85 19182
serial Number Tag I PcB 87891045
Screw, #2-56 x 3/8" ppH 856920L
Nut, #2-56 85 7 9A42

R1

RNl
RN2
RN3
RN4
RN5
RN5
RN7
RN8
RN9
RNl O

RNI1
RNI 2

Resistor, 0 ohm

Res . Pak, 220/ 310 ohm 6-pin
Res . Pak, 2.2 kohm 8-pin SIP
Res . Pak , 2.2 kohm 8-pin SIP
Res. Pak, 2.2 kohm 6-pin SIP
Res. Pak, 2.2 kohm 8-pin SIP
Res. Pak, 220/320 ohm 10-pin
Res. Pak, 220/330 ohm 10-pin
Res. Pak, 220/330 ohm 10-pin
Res . Pak, 220/ IZO ohm 8-pin
Res . Pak, 220/ 3SO ohm 8-pin
Res. Pak, 220/ZlO ohm 8-pin
Res . Pak, 220/ ll0 ohm 6-pin

SIP

SIP
SIP
SIP

SIP
SIP
SIP
SIP

8290000

8

8290039
8290039
8290043
8290039
8290020
8290020
8290020
82900r9
829 0 019
829 0 019
8
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7.5 128K RAIU PCB

7.5.1 INTRODUCTION

The lt{ode1 2000 has the capablility of 256K words of memory,
with parity, Iocated on the l,tain Logic Board. This memory is
separated into two sections: a L28R word System Memory board
and a 128K word Internal Expansion Memory board. The System
Ivlemory is mapped from 00000H to IFFFFH and the Internal
Expansion l4emory is mapped from 20000H to 3FFFFfI.

7.5.2 THEORY OF OPERATION . 128K SYSTEM RAM

The System RAM board consists of a 6.3 inch by 2.5 inch
printed circuit board with eighteen high speed dynamic
Random Access Memories (RAM!s). Each RAM device is organized
as 65,536 one bit words with a maximum access time of 150
nanoseconds. Bulk decoupling of the +5 volt power bus to the
RAIr{f s is provided by 100 microfarad, 6.3 volt dipped
tantalum electrolytic capacitors. Also, each device is
decoupled with a 0.1 microfarad capacitor across its Vcc
(pin 8) and ground (pin 16) pins.

Interface to the memory control and timing sections on the
Main Logic Board is accommplished through a special pin
header which mates with a 40-pin, bottom entry connector
(PIl) on the System RAivI board. Signal pin assignments for
Pll are shown in Table 1. The System RAII{ board also
interfaces to the Internal Expansion RAM board through a
40-pin, right angle receptacle (P13). Table 2 specifies pin
assignments for P13.

7 .5.3 SIGNAL DEFINITION

The following list defines each signal available on the
System RAM connectors. For specific memory control and
timing specif ications see Section 7.I.8 of the lr{ain Logic
Board theory of operation.
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ADDRESS RANGE

Write Input
Row Address Select

WORD SEGMENT

Column Address Select
Data Input Parity
Data Output Parity

8-bit Memory Address Bus
15-bit Memory Data Bus

OOOOOH-lFFFFH 2OOOOH-3FFFFH

WRO *
RASO*

UPPER

CASL*
DI PL
DOPL

WRI *
RAS I*

LOIIIER

CASU*
DI PU

DOPU

DIVIEI,IAO O -DMEMAO 7
IBO O- IB15

7 .5.4 Troubleshooting

Memory Read or Write errors can be deLermined by using the
memory diagnostic routines that are available for the lt'lodel
2000.

After initiali zLng the test program' a top of memory
algorithm is executed to deLermine how much memory has been
installed in the Itlodel 2000 under test. If the response to
the memory size inquiry does not agree with the amount of
memory the user has installed, it can be assummed that
either the memory installation was not performed correctly
or the memory boards installed are defective. The user
should check all connectors to insure proper and complete
mating before attempting to isolate a defective board and/or
component.

Once the user is confident of the installation integrity,
the memory diagnostic test may be run. There are three
tests that are available: a read/wrLLe data test; a long
modified address test and a short modified address test.

The data test writes a known data pattern to all memory
locations. The data is then read back and compared to the
known data pattern for errors. Errors generated by this
test would indicate a problem either on the data,/address bus
interface to memory or with the decoders associated with the
memory array.
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The modified address test has two versions: the long test
will test the R/\M 55,536 times per pass (0000H-FFFFH) and
the short test wilt test the RAl4 256 times per pass
(0000-00FF). The number of tests per pass is determined by a
16-bit mask register which is incremented by one for each
wrLLe/read cycle through the entire memory array (i.e. 

'00000H-TFFFFH for 5l-2K). The data pattern written is the
result of the exclusive-OR of the high address segment
register (16-bit) with the result of the exclusive-OR of the
lower address segment or offset (16-bit) and the mask
register. This data pattern is written through the memory
array and then read and compared to check for accuracy.
Errors that occur will be listed individually in the error
table that specifies the data written, the data read, the
exclusive-OR of the data written and Lhe data read' and the
address where the error occurred. In most cases, this will
indicate which RAivl chip in a particular bank has failed.

It is recommended that aII three RAM tests should be used to
verify correct operation of the RAM installed in the unit.
Although these tests do not exercise every combination of
bits that can be written throughout the full RAM capacity,
they exercise enough wrLLe/read operations to achieve a
fairly reliable test of memory f/0 and data recovery to
isolate most common memory failures. A complete test that
exercises every bit in an array is impractical because of
the extreme number of bit combinations, especially-in larger
memory arrays. For a l6-bit system, there are I6Q^')
combinations, where n equals the memory size (e.9.t
128K,256K,512K), that must be written, read and compared to
complete the full test. In comparison, the modified address
method reduces t.he amount of time it. takes to complete a
pass but even the long modified address test on a 5I2f
memory array will take approximately 30 hours to complete.
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Table 7-9. PII Pin

Sys tern RAM To tvla i n

As s ignments

Logic Board Interface

PIN

01
03
0s
07
09
1I
I3
15
I7
t9
2L
23
25
27
29
31
33
35
37
39

# SIGNAT

IBO l
IBO 2
IBO3
IBO 7

DIPL
WRO *
RASO*
DMEMAO O

DMEMAO 2
DMEMAOl
GROUND
GROUND
+5 VOLTS
+5 VOLTS
WRI *
DOPU
IBI2
IBl I
IBl O

IBO 9

PIN

02
04
06
08
10
L2
L4
r6
I8
20
22
24
26
28
30
32
34
36
38
40

# SIGNAL

IBO O

IBO 4
IBO 5
IBO6
DOPL
DI{EMAO 5
DIVIEI{AO 3
DIvIEMAO 4
DIvIEIVIA0 5
DMEMAOT
CASU*
GROUND
+5 VOLTS
RASl*
CASL*
DI PU
I815
IB14
IBO 8
IB13
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Table 7-I0. Pl3 Pin Assignments

Internal Expansion RAIVI InterfaceSystem RAI{ To

PIN # S IGNAL PIN

0I rB01 02
03 rB02 04
05 rB0 3 05
07 rB07 08
09 DIPL IO
1I NO CONNECTION L2
13 NO CONNECTION 14
15 DMEMAOO 16
L7 DMEMAO2 I8
19 DMEMAOI 20
2L GROUND 22
23 GROUND 24
25 +5 VOLTS 26
27 +5 VOLTS 28
29 t,{Rl* 3 0

31 DOPU 32
33 rBI2 34
35 rBIl 36
37 rBI0 3 8

39 rB09 40

# SIGNAL

IBO O

IBO4
IBO 5
IBO 6
DOPL
DIqIEMAO 6
DMEMAO3
DIVIEMAO 4

DII,IEMAO5
DITEMAO 7
CASU*
GROUND
+5 VOLTS
RASI*
CASL*
DI PU
I815
I814
IBO 8
IB13
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Component Layout, System RAM pCB Assembly 8898806
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Circuit Tracer System RAI{ PCB Assembly 8898805
Component Side
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Parts List

128K Internal RAIvI Board Assembly 8898806

ILem Sym Description Part Number

I
2

I
I

I
2

3

4

I28K RArvt pCB 870946L
Connectorr 20-Pin Bottom Entry(PlI) 8519199
Connector,40-Pin (PI3) 8519200
PCB Serial Number Label 87891043

Cl Capacitor, .I mfd, 50V
C2 Capacitor, .l mfd' 50V
C3 Capacitor, .l mfd, 50V
C4 Capacitor, .l mfd, 50V
C5 Capacitor, .I mfd, 50V
C6 Capacitor, .1 mfd, 50V
C7 Capacitor, .I mfd' 50V
C8 Capacitor, .I mfd' 50V
C9 Capacitor, .l mfd, 50V
CI0 Capacitor, 100 rnfd, 5V
Cll Capacitor, .I mfd, 50V
CI2 Capacitor, .l mfd, 50V
CI3 Capacitor, .I mfd, 50V
C14 Capacitor, .l mfd, 50V
C15 Capacitor, .I mfd, 50V
C16 Capacitor, .1 mfd, 50V
CL7 Capacitor, .I mfd, 50V
C18 Capacitor, .1 mfd, 50V
CI 9 Capacitor, ,1 mfd, 50V
C20 Capacitor, 100 mfd' 6V

U1
U2
U3
U4
U5
U6
U7
U8
U9
UIO
UIl
UL2
ul3
ul4
uI5
ul6
UI7
UI8

rc, MCM5665-15 RAM
rc, MCM6 665-15 RAM
rc, MCM6665-15 RA[,I
rc, MCM6665-I5 RAM
IC, MCI\,I 6655-15 RAM
rc, MCM6665-I5 RAM
rc, Mcl'16665-I5 RAM
rc, MCM6 655-15 RAM
rc, MCM6665-15 RAM
rc, MCM6665-15 RAI"I
rc, MCM6665-15 RAM
rc, MCMS 665-15 RAIvI
rc, MCr{5665-15 RAM
IC, MCM6665-I5 RAI'[
IC, MCM6665-15 RAI!'I

rc, McM6665-15 RAM
IC, MCM6 665-15 RAM
rc, MCM6665-I5 RAIvI

Mono AxiaI
Mono Axial
Mono Axial
Mono Axial
Mono Axial
Mono Axial
Mono Axial
Mono Axial
Mono Axia1
Tant. Rad.
Mono Axial
Mono Axial
Mono Axial
Mono Axial
Mono Axial
Mono Axial
Mono Axial
Mono Axial
lvlono AxiaI
Tant. Rad.

8374L04
8374104
8374104
8374104
8374104
8374L04
8374104
8374104
8374104
8337100
8374104
8374104
8374104
8374104
8374104
8374104
8374104
8374104
8374104
8337100

804156s
8041665
8041555
804166s
8041665
804166s
804156s
8041665
804166s
8041665
804166s
804156s
804166s
8041565
8041665
804166s
8041665
804156s
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7.6 Keyboard Assembly

The keyboard for the Tandy lUodel 2000 computer is a 90-key
keyboard with twelve function keys, numeric keypad, and
special purpose keys for paging. It is connected to the
Main Unit by a coiled cable and may be operated from a
Iocation up to 4 feet from the main unit. figure _ shows
the interconnecting cable connector to the keyboard
assembly. The cable assembly may be disconnected from the
keyboard assembly during repair if desired (see Paragraph
6.4 for disassembly procedures).

DATA

CLOCK

BUSY

vcc

GNO

Figure 7-39 Keyboard Assembly Connector

JI

TO M ICRO
PROCFSSOR

c 2,4,5,6

. O33A, F
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7 .6.I Keyboard Specifications

The keyboard is a fully encoded type with microprocessor
control. Pohrer required by the keyboard is +5 Vdc supplied
from the Main Unit.
1. Key Type all keys generate "make" and "break"

codes. See Table 7-I1_ for key codes. Break codes are
formed by adding 80H to the make code. Keys 49 and 71
have alternate action which "makes" on one actuation of
the key and "breaks" on succeeding actuation. No code
is generated for these two keys when the key is
released.

2. Number of Keys 90

3. Repeat Strobe there is a repeat strobe of 66 to lll
msec when any key is depressed for more that 1 second
with the exception of SHIFT, CTRL, CAPS, ENTER and
NUII'IBER LOCK.
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7 .6.2 Key Code Chart

Key Number
I
2

3
4
5
6
7

8
9
IO
1I
L2
I3
14
15
I6
L7
18
19
20
2L
22
23
24
25
26
27
28
29
30
31
32
33
34
3s
36
37
38
39
40
41
42
43
44
45

Legend Scan Code
FI 38
F2 3C
F3 3D
F4 3E
F5 3F
F6 40
F7 4L
F8 42
F9 43
FIO 44
FlI 59
F12 5A
INSERT 5 5
DELETE 53
BREAK 54
ESC 01
tr 02
2 e 03
3 # 04
4 $ 0s
5 r 06
507
7 & 08
I * 0g
9( 0A
0) 0B_0c
=+ 0D
BACKSPACE OE
ALT 38
PRINT 37
7 (backslash) 47
8 (Tilde) 48
9 PGUP 49
TAB OF
0 10
wlt
EL2
R 13
T 14
Y15
U 16
IL7
o18
P19
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Key Number
45
47
48
49
50
51
52
53
54
55
56
57
58
59
60
5I
62
53
64
5s
65
57
58
59
70
7L
72
73
74
7s
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
9I thru 95

Legend Scan Code
tt 1A
}] IB
HOLD 46
NUM LOCK 45
4: 4E}

54C
64D
CTRL lD
AlE
SlF
D20
F2L
c22
H23
J24
K25
L26
i: 27
frf28

ENTER lC
29

HOME 58
1 END 4F
2 (Grave) 50
3PGDN 51
CAPS 3A
SHIFT 2A
z2c
x2D
C2E'
V2F
B 30
N 31
It{ 32
| < 33

/ ? 3s
SHIFT 36

2B
4A
4E

052
. 56
ENTER 57
( Space Key ) 39
reserved for International
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7.6.3 Keyboard timing

Figure 7-40 is the timing chart for the Model 2000 Keyboard
Assembly.

END OF DATA
PULSE ------r

I
oArA LsB MsB I

(FRoM xETeoARD )T - I-_l- - 1--l- - f-l- - f-l- - l--l- - i-l - - l--l- - l-_l 7 [-
L-J L-I L-J U-J L-J L-J L-J L-J I I

J, I-JZ LJ' [_Jo ls [_J6 | JZ [-JA L
YBOARD)

PUT E

I

_-l
R)

t

>

l*t'
t_
t6

r- t-I

f3

t

t5

CLOC K

(FROM KE

BUSY

(FROM COM

ts -
12-
t3-
t4-_

IO,{S MIN
I .,tS MIN
l,/cS MIN
| ,<s MIN

Figure 7-40 Keyboard Assembly Timing Chart
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7 .6.4 Keyboard Layout

Shown below is the keyboard layout and number designation of
the keys on the l{odel 2000 keyboard. They should be used
with Table 7-11 (Key Code Chart) for determining data signal
transmitted by the keyboard.

Figure 7-4L. Keyboard Identification

NOTE: KEYS 9l rHRu 95 NoT usED oN u. s. vERStoN, usED oN
INTERNATIONAL VERSION ONLY

Figure 7-42. Key Number Identification

FI F2 F3 F4 F5 F6 F7 F8 F9 Ft0 Ftl Ft2 INSE RT DELETE EREA K
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SPAC E ALT PRINT
\
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l.l'' l. l- I'l' l, I 'l'l'lf I
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Ll

ENTER
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EI
NUM

L0c|-.'
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I

4
5 6

CTRL SA D F \) KH J L
a
a

a

t
,,
t I HOME

END

I ?

PG DN

3

EI
CAPS SHIFT 7 X c V B N M t I

?
SH IFT + t -> 0 ENTE R

2 3 4 5 6, 7 I 9 | r0 l1 12 13 14 15

15 17 1E
,I9 20 2l 22t23 24 25 26 21 28 29 30 3',l 32 33 34
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I 
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rz I ra 
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8/ Parts l,ists/nxploded Views

Contained in this section of the manual are parts lists and
exploded views and parts lists for the various subassemblies
of the Radio Shack Model 2000 Microcomputer. This section
has been divided into major subassembly components to
facilitate its use. These sections include the Irlain Logic
Unit (hrith associated subassembly drawings/parts lists), and
the Keyboard Assembly. The Display Unit and Internal
Floppy Disk DrLve/Hard Disk Drive Assemblies are described
in Appendices at the end of this manual. Other optional
features are described and listed in supplements which
support the particular option.
Pictorial representation contained in the exploded views may
vary slightly from the actual unit due to improvements
incorporated into the unit after printing of this manual.
For information concerning variations, contact Technical
Support in Fort Worth, Texas.
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Parts List
t'lain Logic Unit Assembly

Item Sym Description Part Number

I
2

3
4
5
6
7
8
9

I
I
I
I
I
I
I
I
1
I
2
1
4
2
I
I
8
I
I
4
I

10
11
L2
13
I4
15
I6
L7
I8
19

Main Logic PCB AssemblY
128K RAI'{ Board Assembly
Power Supply AssemblY
I,Iini-Floppy Disk Drive Assembly
Card Cage AssemblY
Speaker Assembly
Bottom, Case
Top, Case
Bezel , Disk Drive (Mitsubishi )

Be zeL , Disk Drive ( Tandon )

Handle, Disk Drive (Tandon)
Chassis, t'lain Logic PCB
Foot, Case
Standoff , RA[,I Board
Bezel, Front
Cable Assembly, Floppy Disk Signal
Plung€r r Nylatch
Grommet, Nylatch
Power Cord, AC
Panel, Card Cage
Logo

889B001
88e880d
889B003
889
889
889
87r9320
8719319
8719401
8719355
87193s3
87 29244
8719370
8590ls0
8719318
8709447
8s90149
8s90148
8709468
87 29233
87r9330
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15 .I5
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fi
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See Separate
Parts List

Exploded Vi€w, Main Logic Unit
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Parts List

Power Supply Assembly 888 98frfl2 ( 95w Tandy)

Item Sym Descr iption Part Number

I
2
3

4
5
6
7
8

9
Lg
II
L2
I3
I4
I5
t6
L7
t8

I
I
I
I
I
I
I
I
I
I
I
I
1
1
I
t
I
1

Weldment, Lower Enclosure
Enclosure, Upper
Power Supp1y PCB Assemb1Y
Convenience OutIet
AC Inlet
Fan, DC
Guard, Finger
Cable Assembly, DC Main Power
Switch, Power
Switch, Reset
Cable Assemb1Y, R€set
Cable AssemblY ' AC Power In
Cable Assembly ' Power Switch
Bushing, R€set Harness
Cable Assembly, Auxiliary Power
Cover , Power SUPPIY
Fus€r AC (5 x 2g mm)
I nsu Iator

87 29 256
87 2923L
87 eflgs6
85r9195
8s1 e2g7
87e94fl7
87r9369

848e973
8489fr7L
879e464
87ge47L
8799467

879e466
87 2e239
8 47 eflzL
2e 3ggsg
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8.1.2 Mini-Floppy Disk Drive Assembly

Item Sym Description Part Number

1 I Bracket, LH Llounting (Tandon Drive) 8729235
I Bracket, !1t9 (Mitsubishi Drive) 8719401

2 1 Bracket, RH t'lounting (Tandon Drive, 8729236
3 2 Drive, l,tini-Floppy Oisk (Tandon) 879OL22

2 Dr ive, uini-Floppy Oisk(!4itsubishi ) 8790L24
4 8 Screw, #5-32 x L/4" PSL MS 8559218
5 2 Handle, Disk Drive (Tandon) 8719353

Note: For additional breakdown of parts for individual disk
drive types, see addendum section at the back of this Model
2000 Service lrlanual.
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Parts List

Card Cage Assembly, Model J I'{icrocomputer

Item Sym Descr iption Part Number

I
2

3
4
5
6

t
2
I
I
I
2

Card Cage
Guide, Card
Brace, Card
Itlotherboard
Screw, #2-56
Screw, #6 x

Cage
Cage
PCB Assembly
x 5/16" PPH MS

5/16" PSL TCS

87 2923 4
8719333
87 2925s
8898803
85692L2
85692L4
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NYLATCH
NYLATCH

PTUNGER
GROIVIMET

I
I

I

Ia

8s9frL49
8segL48

PANEL, CARD CAGE
87 29233

e
e
a
2

Exploded Vi€wr Card Cage AssemblY
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Parts List

Keyboard Assembly, Model 2000 Microcomputer

Item Sym Description Part Number

11
21
31
42
54
61
71
8I
92
10 3
11 I
L2 I
13 I
L44
15 5

Case, Keyboard Bottom
Case, Keyboard Top
Keyboard PCB Assembly
Support, K€yboard
Spring, K€yboard Support
Cable Assembly, K€yboard
Strain Relief, Cable
Logo
Pad, Keyboard Friction
ID Card, Function Key
Center Guide, ID Card
Left Guide, ID Card
Right Guide, ID Card
Screw, #6 x L/2" PPH PTF Zn
Screw , #6 x 7 /L6" PPH PTF Zn

87I933s
8719334
8080033
87L9335
8739014
8709472
8s90I45
87I9329
8591004
87891012
871937L
8719373
87I9372
8569079
8s69229
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8.3 oisplay Unit

For the exploded view/parts listing for the display
monitor,refer to the addendum sections to the Mode1 2000
computer. These sections contain detailed exploded views
and parts list for both the monochrome and color monitor.
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9.I Internal 128K Expansion RAI{

9.1.1 Introduction

The standard I28K word memory capacity of the Model 2000 may
be extended to 256K words without using any option card
slots by the addition of the 128K word Internal Expansion
RAI.{ boaid. This board is configured, with parity, to reside
from address 20000H to 3FFFFH.

9.1.2 Theory Of Operation

There are eighteen high speed dynamic Random Access Dtemories
(RAIvlfs) on the 5.8 inch by 2.5 inch printed circuit board
which makes up the Internal Expansion RAM board. Each RAII{

device is orglnized as 55'535 one bit words with a maximum
access time of 150 nanoseconds. BuIk decoupling of the +5
volt power bus to the RAl4's is provided by 100 microfarad,
6.3 v-olt dipped tantalum electrolytic capacitors. AIso, each
device is decoupled with a 0.1 microfarad capacitor across
its Vcc (pin 8) and ground (pin 16) pins.

Interface to memory control and timing logic is accomplished
through 40-pin right angle pin header (J13) on the Internal
nxpaniion RAIrl board which mates with the right_angle.
reieptacle (pl3) on the System RAM board. The following
table defines the pin assignments on the interface connector
(J13).

9 . l. 3 SignaI Definition

The following list
Internal Expansion
control and timing
Logic Board theory

WORD SEGMENT

Column Address Select
Data Input ParitY
Data Output ParitY

Write Input
Row Address Select
8-bit. Mernory Address Bus
16-bit Memory Data Bus

defines each signal
RA![ connector. For
specifications see
of operation.

available on the
specific memory
sect ion

UPPER

CASU*
DIPU
DOPU

lrlRl *
RAS1 *

DIT{EMAO O-DMEMAO 7

IBO O_ IB15

of the Main

TOWER

CASL*
DIPL
DOPL
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9.L.4 Troubleshooting

Memory Read or write errors can be determined by using the
memory diagnostic routines that are available for the lr{odel
2000.

After iniatilizing the test program, a top of memory
algorithm is executed to determine how much memory has been
instarled in the t'lodel 2000 under test. rf the response to
the memory size inquiry does not agree with the amount of
memory the user has installed, it can be assummed that
either the memory installation was not performed correctly
or the memory boards installed are deffective. The user
should check all connectors to insure proper and comprete
mating before attempting to isolate a defective board and/or
component.

Once the user is confident of the installation integrity,
the memory diagnostic test may be run. There are three tests
that are available: a read/write data test; a long modified
address test and a short nodified address test.
The data test writes a known data pattern to aII memory
rocations. The data is then read back and compared to the
known data pattern for errors. Errors generated by this test
would indicate a problem either on the data,/address businterface to memory or with the decoders associated with the
memory array.

The modified address test has two versions: the long testwilr test the RAM 55,536 times per pass (0000H-FFFFH) andthe short test wilr test tne nat'l zsg times per pass(0000-00FF). The number of tests per pass i; delerrnined by a16-bit mask register which is inciemeirted by one for 
-each

gilq/rqad cycle through the entire memory irray (i.e.,
00000H-TFFFFH for 5r2K). The data pattern that is written isthe result of the exclusive-oR of Lhe high address segmentregister (16-bit) with the result of the exclusive-oR of the
rower address segment or offset (10-bit) and the maskregister. This data pattern is written through the memoryarray and then read and compared to check for accuracy.Errors that occur will be risted individualry in the errortabre that specifies the data written, the alta read, theexclusive-oR of the data written and the data read, and the
address where the error occurred. rn most cases, this wilrindicate which RAM chip in a particular bank has failed.
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rt is recommended that all three RAI{ tests shourd be used
to verify correct operation of the RAl4 installed in the
unit. Although these tests do not exercise every
combination of bits that can be written throughout the full
RAM.capacity, ,they exercise enough write/read operations toachieve a fairly reliable test of-memory T/O and-data
recovery to isolate most common memory failures. A comprete
test that exercises every bit in an array is impractical
because of the extreme number of bit combinations,
especially in larger memory arrays. For a 15-bit system,
there are L5(2") combinations, where n equals the memory
size (e.9., L28Kr256Rr512K), that must be written, read and
compared to complete the full test. In comparison, the
modified address method reduces the amount of time it takes
to complete a pass but even the long modified address test
on a 512K memory array will take approximately 30 hours to
complete.

PIN # SIGNAL

01 rB 01
03 rB02
05 rB03
07 rB0 7
O 9 DIPL
11 NO CONNECTION
13 NO CONNECTION
15 DMEMAO O

L7 DMEMAO2
19 DI,IEII,IAO l
2L GROUND
23 GROUND
25 +5 VOLTS
27 +5 VOLTS
29 wRl*
31 DOPU
3 3 rB12
3 5 rB11
37 rB10
39 rB09

PIN # S IGNAL

02 rB00
04 rB04
06 rB05
08 1806
10 DOPL
L2 DMEMAO6
14 DFIEMAO 3
16 DI{EMAO 4
18 DMEMAO5
20 DMEMAO 7
22 CASU *
24 GROUND
26 +5 VOLTS
28 RASI*
30 CASL*
32 DIPU
34 rB15
36 rB14
38 rB08
40 rB13

TABLE 1. J13 PIN ASSIGNMENTS
INTERNAL EXPANSION RAM TO SYSTE},I RAM INTERFACE
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9.2 External MemorY Board

The Model 2000 Expansion lr{emory Board (EXP IvIEM BD) is an
optional plug-in board. Each board provides either 128K or
256K bytes of memory. The Model 2000 will accommodate up to
three of these boards: two with a maximum of 256K byLes and
the third with I28K bytes. This will bring the total Model
2000 Rtrlll capacity to 896K bytes. Some features of the Exp
Flemory goard are- independent on-board refresh control, delay
line timing control, and byte-wide single-bit error
detection. The block diagram of the EXP It'tEiU BD is shown in
Figure 9-1.

9 .2.L llemory Array

The memory array is made up of 64K x 1 Oynamic RAM ICs with
150 nanosecond access time. These RAll ICs are arranged into
four groups of 9 ICs each; low word - high and low byte, and
high word - 1ow and high byte (see Figure 9-1). In each of
the four groups, eight of the R/aJ{s are for the stored data
and one is for the error detection or parity bit. The data
bus groups together the two high bytes D8 D15 and the two
Iow Sytei D0 Z Ol. Each byte group has its own Model 2000 /
Ext lt{emory Board interface. This conforms to the Model 2000
e:us / 80f86 architectural feature of byte accesses.
Physically, the internal data bus is accomplished by
connecting the corresponding bits of each byte together.
Additionally, the input and output data pins of each
individual RAI{ IC are connected together. (This is allowed
because single operation accesses only are allowed). The
interface circuity consists of input buffers and output
latches. Latching the output data prevents the stretching
of the internal READ cycle until the CPU is complete and
therefore allows the read and write cycles to be of equal
length. And, most importantly, it allows refresh cycles to
be added to any CPU access by inserting wait states.

9 .2.2 Address Logic

The EXP Ir{EIq BD uses all twenty address bits of the Model
2000 bus, A0 thru A19, A19 and A18 are used for board
selection, A17 is used for word selection, A15 thru Al are
the RAIvi address inputs, and A0, in con juction with BHE
(80186 signal), is used for byte selection.
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A19,A18

These two address bits are used by the Model 2ggg to decode
which group of four 256K bytes (128K words) is being accessed.
On the EXP ltlEM BD, they generate the signal SELECT. The circuit
consists of U64 (a 74FL38 3-to-8 decoder) used as a 2-Eo-4
decoder. AI8 and A19 are the decoded inputs and MC$' MCl
(89L86 memory chip selects ) are the enables. Three of the four
possible decoded outputs are provided as jumper selectable
outputs - E}1, 82, and 83. One of the jumper options has to be
made before the board will operate. For the first board in the
system, the jumper must be beLween Bl and S; for the second
board between 82 and S, and for the third board between 83 and
S. See Figure 9-2 for more details.
A17

This address bit is cornbined with the RAlr{ row address strobe
RASP to select either the array high word (AI7 true) or the
array low word (A17 false). This takes place at U15.

A16 thru A1

These address bits are used by the RAIt'l ICs to decode one of 64K
internal memory locations. The RAIvI ICs, due to the number of
pins, require the address bits to be divided into two groups and
the groups loaded sequentially. These two groups are ROW

address (loaded first) and COLUMN address (loaded second). The
circuit that accomplishes this is composed of line receivers
U68, u7g (74L5244s) r and 2-to-l- multiplexers U67 and u69
(748258s). The line receivers are always enabled. The
multiplexers are enabled when ENRCAD* is true (low). The
address group applied to the RAMs is determined by the logic
Ievel of MUX* low (normal state) for row address, high (active
state) for column address. The outputs of the decoders are
routed to the RAll array through damping resistors (RP4). These
resistors are shared by refersh address buffer U56.

9.2.3 Refresh Address

The 256 refresh address combinations are generated by an
eight-bit counter V72. The clock for this counter is RFCNT*
which occurs at the end of each refresh cycle. The counter
works in the continuous mode, i.e. the counter counts F, 1,
..254, 255, fr,..etc. The refresh address buffer U66 applies ttte
current count to the array via the damping resistors RP4 when it
is enabled by ENRFAD* being true (low) (ENRCAD will be false).
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9.2.4 Memory Control

The l'lemory Control logic aenerates all the timing
clocks,/control strobes to access the memory, refresh the
memory, and generate/check parity. A general description of
the operational characteristics of the EXT MEII{ BD will set the
stage for the more detailed individual circuit analysis that
follows.
First, the EXT MEIIORY BOARD has three modes of operation:

9 .2 .4 .L Llemory access without ref resh.

This mode has two variants. If it is a video access, retresh
is inhibited. If it. is a CPU access and CNT = 0, no refresh
is required. RDY is set immediately.

9 .2 .4 .2 lrlemory access with ref resh

In this mode, the memory access is performed first and then
followed by I to 16 refresh cycles. This is accomplished by
holding the RDY cleared until the last refresh cycle and
extending the CPU access. If it is a READ access, the output
data is latched for the CPU at the end of the first cycle.
(This is because the CPU will not READ the data until RDY is
set).

9.4.2.3 Refresh only

In this mode, a memory access is taking place at an off-board
memory location but a refresh cycle(s) is required.
Therefore, a single refresh cycle is performed in paralle1 to
the other access. OnIy a single refresh cycle is allowed
because the RDY line cannot be controlled. The timing cycle
for a read, write or refresh is the same. OnIy the decoded
timing strobes are different. For instance, the difference
between a read and a write is the presence of the write strobe
to the array and the direction of the data flow. A refresh
cycle inhibits CAS and selects the refresh address instead of
the CPU addresses. A RAS only cycle is a refresh cycle to the
RAM and no data is affected. A block diagram of the memory
controller is shown in Figure 9-3.
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GLOSSARY OF TERMS

The following wiIl be helpful in understanding the remaining
di scus ion.

RAS0* = Row Address Strobe for lower word. A17=0.
= RASP t eL1/ + RFRAS

RASI* = Ror^/ Address Strobe for upper word. A17=1.
= RASP * A17 + RFRAS

RASP = Row Address Strobe Prime. Basic strobe for
RAS,RASl.

RFRAS* = ReFresh RAS. RAS is row address strobe.
CASH* = Column Address Strobe, High byte.

= CASP * BHE
CASL* = Column Address StroberLow byte.

= CASP * A0
CASP = Column Address Strobe Prime. Basic strobe for

CASHTCASL.
MUX* = Row column adderss select.
WRITEH* = WRITE strobe,High byte.
WRITEL* = WRITE stroberLow byte.
WRITEP* = Write Prime.

LRFSH = Latched Refresh. Indicates the current timing
cycle is for refresh.

ENRCAD* = ENabIe Row Column ADdress. Goes to U67, U69.

ENRFAD* = ENabIe ReFresh ADdress. Goes to U66.
RASCLR* = RAS CLeaR. Terminates RASP.
RFSRT* = ReFresh StaRT. Restarts a timing cycle.
RFCNT* = ReFresh cycle CouNT. Counts down CNT.

CNT = Refresh cycles due CouNT.
SCNT = Synchronized CNT.
STROBE* = parity interrupt timing strobe.

SELECT = board SELECTed by address. Access starts when
MREAD or MWRITE OCcur.

PARH = PARity High. Parity has occured on high byte.
PARL = PARity Low. Parity has occured on low byte.
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9.2.5 Timing Sequence Generator

The timing sequence generator consists of delay lines V32 |
V49, half the J-K flip-flop U48' and the AND-OR gate V47.
The timing sequence is started by triggering the flip-flop
by the leading edge of the signal It{EllCYc. This sets Q 1ow.
This low appears 80 nanoseconds later from the delay line at
the clear of the flip-flop and sets Q high. Thus' an 80
nanosecond negative pulse is initiated down the delay line,
creating a series of timing pulses once. If the-conditions are rightr EI short pulse RFSRT is created at the
300 nanosecond tap to begin the cycle over.

The signal I{TEMCYC/ is created under two conditions. The
first is a memory access - that is, SELECT, I{READ and
I\{WRITE are true.

The second condition is the need for a refresh cycle. If
SCNT is true but SELECT is false, the next MREAD or IvIWRITE
creates a t'lEIvlCYC. The signal RFSRT will add cycles to the
original cycle if and only if SELECT is true and as long as
SCNT is true. These added cycles are refresh cycles and can
be added only if the signal BUSARDY (cPU "wait") can be
controlled.

9.2.6 Refresh Counter

The refresh method is basically a single cycle every 16
microseconds. The exception is that the refresh cycles are
allowed to stack up until a convenient time when a refresh
burst occurs that is equal in number to the deficit amount.
The refresh counter circuitry consists of the refresh period
counter U45, U61, and the deficit counter V27, Ull, and L/6
of U46. The refresh counters U45 and U61 provide a constant
time tick (L25 nanosecond negative pulse ) every 15.0
microseconds Eo U27. This causes U27 to count up. Every
time a refresh cycle is performed, a signal RFCNT is applied
which causes V27 to count down. The CNT logic UIl samples
the output of V27 and, if the count is greater than zero,
CNT is true.

9.2.7 Refresh Count Synchronizer

The output signal from the refresh counter CNT needs to be
synchronized with MREAD or IIIWRITE to prevent CNT from
affecting the access status after the cycle has started (RDY
already set). This is accomplished by the two flip-flops
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u28(L/2), U12(r/2), 3/4 U13, 1/4 U29, and L/5 U65. Working
backward, the output SCNT is the logical AND of the
synchronized CNT (U29.I1) and the enable nffUn/ (refresh
inhibit- refresh not allowed during video accesses). The
synchronized CNT signal is the logical OR of two versions of
synchronized CNT - one that is latched and one that reflects
the real time status of CNT. The latched version of CNT is
required so that SCNT becomes true only between memory
cycles. Once a refresh cycle is started, denoted by the
presence of LRFSH (latched refresh), the latched version of
CNT is cleared and replaced by the real-time version which
will allow SCNT to go false when CNT = 0. (The latched
version will not update until next ALE which will not occur
until CNT = 0 which allows the memory access cycle to finish
and proceed to the next ALE). There are two latches instead
of one because of the special sequence where a non-SELECTed
refresh cycle preceeds a normal access. In this case, the
delayed strobe D300 is active when the new access is
started. This causes the decoder to latch a refresh cycle
and hang-up the sequence by failing to set RDY. By making
the sync chain two flip-flops' only alternate bus accesses
can cause a refresh cycle.

g .2.8 Decoder

The decoder accepts the input timing signals from the timing
generator and the status signals and creates the timing
strobes for the MEMORY TIMING LOGIC. The decoders U30, U31'
V42, and part of U7I are programmable logic arrays and
contain proprietary information. Timing diagrams are shown
in Figure 9-4.
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WRITEP
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LJ--!

Normal Cycle Plus Refresh Cycle
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-i 

- 

sr\!rvr.,/rr\l l--r

LRFSH

RFSRT
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ENRFAD

RFCNT

CNT

Figure 9-4.
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peru
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+

CAS L

READ
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CLKIN

DOl

ONE

CLKOUT

DO2

oo:

INT
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Figure 9-5. U42 Diagram
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Circuit Trace, External 256K RAM PCB Assembly 8898011
Power Plane
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Parts l,ist 26-5L6I External RAM Board (1I-14-83)

pcB 889B011 256K Board Populated with 128K

Item Sym Descr iption Part Number

11
25
3 35
33-4L,50-58)
44
5I
62
72
8t
92
t0
ll
L2

2

6
1

External 256K Logic PCB
Staking Pins, A thru F
Socket, 16-Pin DIP ( Ul -9 ,16-24 ,

Socket, 20-Pin DIP ( U30 
' 

3L , 42 t7L)
Connector r 96 Pin Euro Female ( Jl )

Screw, #2-55 x 3/8" PPH (J1)
Nut , #2-56 ( JI )

Chassis, 128 /256K Memory
t{ylatch Plunger
Nylatch Grommet
Scr€w, #4-40 x 3/16" PPH MS

LabeI, SeriaI

8709498
8s29014
8s09003

8509009
I519r81
8s6920r
8s79042
87 2927 8
8s90149
8590148
8569220
8789r04r

8337100
837410r
837410r
837410r
837410r
837410r
8374101
837410r
8374101
8374r01
837410r
837410r
8374r0r
837410r
837410r
8374r01
8374101
8374101
8374101
837410r
8337100
8374r01
837410r
8374r0r
837410r
8374r01
837410r
837410r

CI Capacitor,
C2 Capacitor,
C3 Capacitor,
C4 Capacitor,
C5 Capacitor,
C6 Capacitor,
C7 Capacitor,
C8 Capacitor,
C9 Capacitor,
CtO Capacitor,
CII Capacitor,
CLz Capacitor,
CI3 Capacitor,
C14 Capacitor,
C15 Capacitor,
C16 Capacitor,
CI7 Capacitor,
C18 Capacitor,
Cl 9 Capacitor,
C20 Capacitor,
C2L Capaci Eor,
C22 Capacitor,
C23 Capacitor,
C24 Capacitor,
C25 Capacitor,
C26 Capacitor r

C27 Capacitor,
C28 Capacitor,

100 mfd, 6.3V Tant. Rad.
.1 mfd, 50V Mono
.l mfd, 50V Mono
. I mf d, 5 0V lrlono
.1 mfd, 50V Mono
.I mfd, 50V Mono
.l mfd, 50V Mono
.I mfd, 50V Mono
.1 mfd, 50V Mono
.1 mfd, 50V Mono
.1 mfd, 50V Mono
.I mfd, 50V Mono
.I mfd, 50V Mono
.l mfd, 50V Mono
.I mfd, 50V Mono
.I mfd, 50V Mono
.I mfd, 50V Mono
.I mfd, 50V Mono
.I mfd, 50V Mono
.I mfd, 50V Mono
100 mfd, 6.3V Tant. Rad.
.1 mfd, 50V Mono
.l mfd, 50V Mono
.I mfd, 50V Mono
. I mf d, 5 0V lvlono
.1 mfd, 50V Mono
.1 mfd, 50V Mono
.1 mfd, 50V Mono
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Parts List 26-5151 External RAM Board

PCB 889B0tI 256K Board Populated with 128K

Item Sym Des cr ipt i on Part Number

c29
c30
C3I
c32
c33
c34
c35
c36
c37
c38
c39
c40
c41
c42
c43
c44
c45
c45
c47
c48
c49
c50
c5 I
c52
c53
c54
c55
c56
c57
c58
c59
c50
c6r
c52
c63

RI
R2
R3
R4
R5
R6

Capac i tor ,
Capac i tor ,
Capac i tor ,
Capac i tor r
Capac i tor ,
Capac i tor ,
Capac i tor ,
Capac i tor ,
Capac i tor r
Capac i tor ,
Capac i tor ,
Capac i tor ,
Capac i tor r
Capac i tor ,
Capacitor r

Capac i tor ,
CapacitoY t
Capacitot r
Capac i tor ,
Capac i tor r
Capac i tor r

Capac i tor ,
Capacitot,
Capacitor. r
Capacitotr r
Capac i tor ,
Capac i tor r
Capac i tor ,
Capac i tor r
Capacitot r
Capac i tor ,
CapacitoY r
Capac i tor ,
Capac i tor r
Capac i tor ,

. 1 mf d., 5 0V Mono

.l mfd, 50V Mono

.I mfd, 50V Mono

.I mfd, 50V Mono

.l mfd, 50V Mono

.l mfd, 50V Mono

.l mfd, 50V Mono

.I mfd, 50V Mono

.I mfd, 50V Mono

.I mfd, 50V Mono

.I mfd, 5UV Mono

.1 mfd, 50V Mono

.1 mfd, 50V Mono

.l mfd, 50V Mono

.I mfd, 50V Mono
I00 mfd, 6.3V Tant.
.I mfd, 50V Mono
.l mfd, 50V Mono
.1 mfd, 50V Mono
.l mfd, 50V Mono
.l mfd, 50V Mono
100 mfd, 6.3V Tant.
.1 mfd, 50V Mono
.1 mfd, 50V Mono
.l mfd, 50V Mono
. 1 rnf d, 5 0V Mono
.I mfd, 50V Mono
.l mfd, 50V Mono
.1 mfd, 50V Mono
.1 mfd, 50V Mono
.1 mfd, 50V Mono
.I mfd, 50V Mono
.l rnfd, 50V Mono
.l mfd, 50V Mono
100 mfd, 5.3V Tant.

8374101
8374101
837410I
8374r01
8374101
8374101
837410r
8374101
8374101
8374101
837410r
8374101
8374101
8374101
8374101

Rad. 8337100
8374101
8374101
8374101
8374101
837410r

Rad. 8 337 I00
837410r
8374101
8374101
8374101
8374101
8374101
8374101
8374101
8374101
837410r
837410r
8374101

Rad. 8 337 I00

82072L0
82072L0
8207247
8207 2L0
8207247
82072L0

Resistor, I kohm, L/4w 58
Resistor, I kohm, L/4w 5t
Resistor, 4.7 kohm, L/4W 5t
Resistor, I kohm, I/AW 5t
Resistor, 4.7 kohm, I/4w 5t
Resistor, I kohm, I/4w 5t
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Par ts Li st 26- 5 16l External RAIvI Board

PCB 8898011 256K Board populated with 128K

Item Sym Descr iption Part Number

RPI
RP2
RP3
RP3

UIO
UIl
UL2
uI3
uI4
ul5
u25
u26
u27
u28
u29
u30
U3I
u32
u33
u34
u35
u36
u37
u38
u39
u40
u41
u42
u43
u44
u45
u46
u47
u48
u49
u50
u51
u52
u53
u54
u55

Resistor Pak, 56 ohm, L -Pin DIP
Resistor Pak , 4 .7 kohm, 10-Pin S IP
Resistor Pak, 4.7 kohm, 8-Pin SIP
Resistor Pak, 27 ohm, I6-Pin DIP

IC , 7 4538, Quad z-Tnput NAND
IC, 745260, Dual s-Input NOR
IC, 7 4FIL2 , Fl ip-Flop
IC , 7 4F08, Quad 2-Tnput AND
IC, 7 4F08, Quad z-Tnput AND
IC , 7 4F00, Quad z-Tnput NAND
IC, 745280 , Parity Generator
IC , 7 45280, Parity Generator
IC, 74ALS193, Counter
IC,74FLLT, Flip-Flop
IC , 7 4F32, Quad 2-Input OR
rc' PALL2L6
rc, PALL2L6
IC, Delay Line, 200 nsec
rc, 6665-I50, DRAII
rC, 6665-150, DRAIVI
rc, 6655-150, DRAIvI
rc, 6665-150, DRAt\,r
rc, 6665-150, DRAIvI
rc, 6665-150, DRAM
rc, 6665-I50, DRAIvI
IC, 6665-150, DRAI"I
rc, 6665-150, DRAM
rc, PAL16R4
IC , 7 4AL5244, Octal Buffer
IC , 7 4ALS 244, Octal Buffer
IC,74LS393t Counter
IC , 7 4LS 04 , Hex Inverter
IC, 7 4F64, AND-OR Inverter
ICt 74FLL27 Flip-Flop
IC, Delay Line I00 nsec
rc , 6665-150, DRAM
rc, 6665-150, DRAM
rc, 6665-150, DRAIvt
rc, 5565-150, DRAM
IC, 6665-150, DRAI"I
rc, 6665-150, DRAM

B

829 42 47
82922 46
8290 027

80r0038
8010250
I0ls 112
80Is008
80rs008
80rs000
80r0280
80r0280
802sI93
8015LL2
80]s032
8040126
8040r26
84290r0
804166s
804166s
804166s
804166s
8041_665
804I66s
8041565
804166s
8041565
8040164
80252 4 4

80252 4 4

8020393
8020004
80rs064
BO15II2
8429024
804156s
8041665
804I665
804156s
804166s
804I66s

274



Tandy@ Model 2000 Service Manua1

Parts List 26-5 161 External RAI'I Board

PCB 8898011 256K Board populated with 12gK

Item Sym Descr ipt i on Part Number

u56
u57
u58
u59
u60
u61
u62
u63
u64
u65
u66
u67
u68
u69
u70
U7L
u72

rc, 6665-150, DRAM
rc, 6665-150, DRAM
rc, 6665-150, DRAI,I
IC, 7 4F37 3, Octal Latch
IC, 7 4F373, Octal Latch
IC, 7 4LS30, 8-Input NAND
IC, 7 4AL5244 , Octa1 Buffer
IC, 74F240, Octal Buffer
IC, 74F138, Decoder
IC, 7 4F04 , Hex Inverter
IC, 74LS393, Counter
IC, 7 4AL5244 , Octa1 Buffer
IC, 74F257, Multiplexer
IC, 74AL5244, Octal Buffer
IC, 7 4F257, Multiplexer
IC , 7 4AL5244, Octal Buffer
tc , PAL14 L4

804166s
804I66s
804166s
80Is373
80rs373
8020030
8025244
80I5240
80Is138
8015004
8020393
80252 4 4
80r5257
8025244
80ts2s7
802s244
8040104
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9.3 tti-Resolution Graphics Option 649 x Ag9 x I

The High Resolution (Hi-Res) Graphics option for the Model J
providts 649 x 4Pg pixels on the VM-I or CM-l video
rnonitors. The board contains 95K bytes of high speed RAM

for storage of graphics data, and a user progranmable color
palette ror color assignment. The board resides in the
lower slot of the lrlode]- 20gg card cage.

9 .3. t l'lemory Organization

The graphics memory is organized in a planer fashion. Up to
thre6 f 

-e x Uy 16 memory planes may be installed. rf
two-color video is required, then PLANE g is installed.
Installing PLANE I and PLANE 2 provides 8-color video.

There is a 6-bit STATUS PORT on the graphics board to inform
the programmer how many planes are installed. See STATUS

PORT DESCRIPTION for more information,

A11 three memory planes occupy the same physical address
space. To deteimine which of the three planes the CPU is
rlading from or writing to, a PLANE SELECT REGISTER must be
set up prior to accessing graphics RAM. See the section
CNtitlEd PLANE SELECT REGISTER (9.3.4).

The memory starts at address nfi{flfln in the IAPX186 Processor
address space. This address corresponds to the UPPER LEFT
of the vibeo screen. The next address is to the right. The
Iower right corner is the last address. The full screen
requires 32,ggg bytes or L6,ggg words to fully describe a
singte plane. The board responds to both byte and word
accesses. Word accesses must be on even addresSes only.
Either the high byte or the low byte may be transferred
during byte accesses.

The graphics memory may be accessed at any time. The Hi-Res
circuitiy uses WAIT states to synchronize the data transfer
between CPU and graphics memory. The average speed at which
data may be transferred is 16 bits per microsecond-

9 .3.2 Pixel Ivlapping

Each bit in the graphics memory represents a dot (pixel) on
the video screen. ttre IrISB of a byte or word is the LEFTIT{OST
pikel. The LSB is the last pixel to the right.
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9.3.3 Color Palette - Changing a Pixel Color

The Hi-Res board contains a high speed static RAl4 which
serves as the color palette. The palette "1ooks up" a color
by formingf an address using the data from each installed
plane. PLANE 0 is pallette address bit A0' PLANE 1 is
palette address bit A1, and PLANE 2 is palette address bit
A2. Palette address bit A3 is always tied high, & 1. If a
plane is NOT installed, the palette address bit is a 1.
Therefore, if PLANE 0 contained a 1, PLANE I a 0, and PLANE
2 a 0, the palette would "look-up" the color at address 1001
in the palette memory.

Since there are three memory planes (maximum) r there can be
up to eight colors displayed at one time on the screen. The
clr{-l color monitor can display 15 colors. Therefore, any of
the available 15 colors, up to 8 at a time, can be
displayed.

The CPU can write the palette to change the color lookup
table. The palette is located in the Processor T/0 space'
and is on word (even address) boundries. The Processor uses
PCS3 as the T/0 port decode for graphics boards.

The palette appears to the programmer as 16 word addresses'
starting at f/0 address 0180H. The palette is a WRITE-ONLY
device. T/0 address 0I80H is the first palette address'
0182H the second, etc. Data is stored in the palette on
data bits D3-D0. The upper data bits are ignored. Remember
that these addresses are not the same as the address formed
to "look-up" a color for a particular pixe1.

Although a program may access the palette anytime, it is
possible to generate an undesirable "tear" or horizontal bar
on the screen during a palette write from the CPU. To
prevent the video monitor from doing this, the palette must
be written to only during vertical blanking time. The
SMC9007 Video Controller, used in the Model 2000, has a
status register which reflects the status of vertical sync.
Also, the 9007 can provide interrupts to the Processor each
vertical sync. It is up to the individual programmer as to
which is preferred.

The data in the palette is tied to the video guns of the
CM-1 color monitor as shown in the table below. As can be
seen, D0 controls the blue 9url, DI the green gun, D2 the red
gurlr and D3 the half intensity. A 1 in D3 is full
intensity, a 0 half intensity. The following table shows
possible colors versus data bits.
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0000
0001
00r0
00lr
0100
OIOI
OIIO
OIIl
1000
I001
10r0
10r1
IIOO
IlOI
IIIO
I1I1

D3 D2 DI DO COLOR on CI{-I

black
dark blue
dark green
dark yellow
dark red
dark magenta
dark cyan

gt ay
black
blue
gr een
yeI low
red

magenta
cyan

wh ite

9.3.4 Plane Select Register

Since the three memory planes the the Hi-Res board occupy
the same address space, there must be some way to determine
which one the CPU is trying to read from or write to. This
is done by writing the proper data into the plane select
register.

The plane select register is f,/0 mapped as address 01A0H.
It is WRITE-ONLY. It is 6 bits wide on D0-D5. The register
has 3 functions.
First, it selects which plane of memory the cpu has access
to. Only one plane at a time may be selected. If more than
one prane is selected, the register DESELECTS ALL pLANEs.

Second, it determines if the graphics planes are displayed
or "turned off". If they are turned off, the address into
the palette will be 08H (the plane data forced to 0). This
does NOT erase the data in the planes, but simply forces the
palette address to see 08H.

Third, it determines if addresses into the palette are from
the internal memory planesr or from the 9007 video memory.
See DISPLAYING ALPHA-NUMERIC TEXT USING THE HI.RES BoARD foT
further information.
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Below is a chart for the bits contained in the plane select
register.

BIT

0
I
2
3

4
5
6and7

FUNCTION

Select plane 0
Se1ect plane I
Select plane 2
No connection
Graph ics on/ of f
Graphic s/ atpha swi tch
No connection

To select a particular plane, d 1 must be in the
corresponding bit while the remaining two prane serects are
a 0. If plane I is to be selected, then D0 and D2 would
contain a 0, while DI would contain a 1.

The graphics on/off bit, D4, contains a 1 to turn on
(display) the graphics data in the installed planes. A 0
forces the palette to ignore the memory plane data and
display the color contained at palette address 08H
(Processor I/0 address 0190H).

The graphics,/alpha bit , D5, determines which data is used as
palette addresses. If this bit is a I, the Hi-Res memory
planes are used. If this bit is a 0, the 9007 video data is
used (this displays text on the Cl*{-l color monitor).

9. 3.5 Displaying Alpha-Numeric Text

The Hi-Res board contains circuitry to switch between the
internal memory planes or external data for use as palette
addresses. In the l,todel 2000, the external data is
hard-wired on the bus as the 9007 video and the video
attribute bit rNTENsrrY. rf the external mode is selected(referred to as the ALPHA I{ODE), the video data is palette
address bit A0 and the attribute bit for intensity is
palette address bit A1. palette address bits A2 and A3 are
tied high (a 1). This allows  -color text to be displayed
on the C!I-I color monitor.

For this to work properly, the 9007 must be in 640 X 400
display mode, NOT in 800 X 400 mode. Text from the 9007 and
graphics data from the Hi-Res board CANNOT be displayed at
the same time on the CM-1 monitor.
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9.3.5 oisplaying Monochrome Graphics on VM-l B/W Monitor

you have the option of using either a monochrome monitor (the
vtrl-l), a Hi-Res board and a color monitor (the CM-l) or both.
This implies four possible combinations for having text
(generaled by the main unit's 9007) and graphics (generated by
the Hi-Res option) displayed at the same time. These are
summarized below:

VM-1

TEXT
TEXT
(X ) GRAPHICS
GRAPHICS

CM-1

TEXT
GRAPHICS

TEXT
GRAPHICS

Of the four possible modes, ONLY THREE ARE ALLOWED. Graphics
on the Vl4-1 and Text on the CII{-I is NOT allowed. The way that
a particular mode is selected is by two I/O ports, one on the
Hi-Res board and one in the Model 2000 main unit. The plane
select register on the Hi-Res board selects between text and
graphics displayed on the CM-l. This bit is sent to the main
pc board and used with the VIDEO SELECT BrT located at r/0
address 0081H in Rev I pc boards and port 0101H in later
releases. If Dl5 of this port is a I, the 9007 video goes to
the VM-l monitor. If the bit is a 0, then the graphics data
from PLANE 0 goes to the VM-l. In this manner, monochrome
graphics can be displayed on the VI,{-l from the tli-Res board'
If other planes are installed, the VM-l ignores them and uses
PLANE O ONLY.
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9.3.7 Status Port DescriPtion

The Hi-Res board contains a 5 bit status port, which is
READ-ONLY. This port is used to determine the number of
installed planes, Pcb revision leveI, etc. It is located in
the r/0 mab at addless 0180H. The following description
relates the bits in the port to their meaning-

BIT

0
I : TV Board

I
1:3planesinstalled
2t3r4

5

MEANING

0 : Hi -Res board.

0=Plane0only

pcb revision

future use
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Parts t ist
26-5 I40 B &

PCB Assembly 8898010
W Graphics Option

Item Sym Descr iption Part Number

I
2

3

4
5
6
7

I
38 '9
IO
I1
L2

I Chassis, Graphics Board
2 Plung€r r Nylatch
2 Grommet, Nylatch
I PCB, Graphics Board
1 Connector, DB9 ( Jl )
I ConnecLot t 96 Pin (J2)
L2 Socket, I8-Pin DIP rc2-U13)
11 Socket, 20-Pin DIP ( U2 0 ,22 t24 |

40 ,4L , 43 ,44 ,55 , 59 )

2 Screw, *2-56 x 3/8" PPH (J2)
2 Nut, #2 (J2)
6 Scr€wr #4-40 x 3/16" PPH MS

I Label, PCB Serial

87 29258
8590149
8s90148
8709425
85r9183
8s19181
8509006
8s09009

8s5920L
8579042
8s69272
8789140

832622L
8374104
8374104
8374104
8374104
8374104
8374r04
8374104
8374104
8374104
8374r04
8374104
8374104
832522L
8374104
8374104
8374104
8374104
8374r04
832622L
8374104
8374r04
8374104
8374I04
832622L
8374104
8374r04
8374104
8374r04

c1
C2
c3
C4
c5
c6
c7
C8
c9
cI 0
cl I
cL2
cl 3
cI 4
cls
cI5
cL7
cl8
cl 9

c20
C2L
c22
c23
c24
c25
c26
c27
c28
c29

Capacitor r 22 mfd,
Capacitett .1 mfd,
Capacitor, .I mfd,
Capacitorr .l mfd,
Capacitorr .1 mfd,
Capacitor, .I mfd,
Capacitor, . I mfd,
Capacitotr .I mfd,
Capacitorr .1 mfd,
Capacitor, .1 mfd,
Capacitorr .I mfd,
Capaciterr .I mfd,
Capacitorr .l mfd,
Capacitor, 22 mfd,
Capacitetr .I mfd,
Capacit.orr .I mfd,
Capacitor, . I mfd,
Capacitor, . I mfd,
Capacitorr .1 mfd,
Capacitor, .1 mfd,
Capacitor, .1 mfd,
Capacitor, ,l mfd,
Capacitor, . I mfd,
Capacit.orr .1 mfd,
Capacitor r 22 mfd,
CapacitoEr .I mfd,
Capacitor, .I mfd,
Capacitor, .I mfd,
Capacitor, . I mfd,

5 . 3V Elec Radi al
50V Mono Axial
5 0V t"tono Axi aI
50V Mono Axial
50V Mono Axial
5 0V Mono AxiaI
50V Mono Axial
5 0V Mono Axial
50V Mono Axial
5 0V I'Iono A:<i aI
5 0V Mono Axial
50V Mono Axial
5 0V Mono Axial
5.3V Elec Radia1
50V Mono &(ial
50V Mono Axial
5 0V Mono A:<i aI
5 0V t'lono Axi al
50V Mono Axia1
50V Mono Axial
5 0V Mono Axial
5 0V Mono Axial
5 0V Mono Axial
50V Mono Axial
6.3V EIec Radial
50V l"tono Axial
5 0V Mono Axial
5 0V Mono Axi aI
50V Mono Axial
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Parts List
26-5 I40 B &

PCB Assembly 889880I
W Graphics Option

Item Sym Description Part Number-----;il-l;;;;il;;;-:i;;;-ffi ;;;;;i;i--;;;il-
C31 Capacitor, ,1 mfd, 50V Mono Axial 8374104
C32 Capacitor, .l mfd, 50V lrlono exial 8374104
C33 Capacitor, .1 mfd, 50V Iuono Axial 8374104
C34 Capacitor, .1 mfd, 50V llono axial 8374]-04
C35 Capacitor, .l mfd, 50V llono Axial 8374L04
C35 Capacitor, .1 nfd, 50V I'tono A:<iaI 8374104
C37 Capacitor, .1 mfd, 50v Mono Axial 8374104
C38 Capacitor, .I mfd, 50V l'lono Axial 8374104
C39 Capacitor, .I mfd, 50V Mono Axia1 8374L04
C40 Capacitor, .I mfd, 50V l'lono Axial 8374104
C41 Capacitor, .1 mfd, 50V l{ono Axial 8374104
C42 Capacitor, .I mfd, 50V lrlono Axial 8374104
C43 Capacitor, .1 mfd, 50V ltlono exial 8374104
C44 Capacitor, 22 mfd., 5.3v Elec Radial 832622L
C45 Not Used
C46 Capacitor, .I mfd, 50V Mono Axial 8374104
C47 Capacitor, .1 nfd, 50V l,lono axial 8374104
C48 Capacitor, 22 mfd, 6.3V Elec Radial 532622L
C49 Capacitor, 22 mfd,, 6.3V Elec Radial 532622L

Rl Resistor, 4.7
R2 Resistor, 330
RPI Resistor Pak,
RP2 Resistor Pak,
RP3 Resistor Pak,
RP4 Resistor Pak,
RP5 Resistor Pak,
RP6 Resistor Pak,

kohm, L/ 4w 5 t
ohrn, L/ 4W 5 t
1 kohm, SIP 5 Pin
27 ohm, DIP 16 Pin
I kohm, SIP I0 Pin
3 3 ohm, DIP 16 Pin
I kohm, SrP 10 Pin
1kohm, SIP 10 Pin

8207247
8207r33
82902r0
8290027

8290044

8020125

8040416
8040416
80404r5
8040416

UI IC, 74LSL25, Bus Buffer
UZ Not Used
U3 Not Used
U4 Not Used
U5 Not Used
U5 IC, TF{S44I5-I5 RAII{
u7 rc, TIr{s 44L6-15 RAII{
u8 rc, TIr{s 44L6-I5 RAM
U9 IC, TMS 44L6-15 RAII{
U10 Not Used
UII Not Used
U12 Not Used
U13 Not Used
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Parts List
26-5140 B &

PCB Assembly 8898801
W Graphics Option

Item Syrn Descr iption Part Number

ul4
ul5
UI6
ut7
ul8
ul9
u20
U2L
u22
u23
u24
u25
v26
u27
u28
u29
u30
u3l
u32
u33
u34
u35
u35
u37
u38
u39
u40
u41
u42
u43
u44
u45
u46
u47
U4B
u49
u50
U5I
u52
u53
u54
u55
u56

IC, 74L28, 50 ohm Line Driver
IC, 74L28, 50 ohm Line Driver
rc, 74s189, RAt4
IC, 7 4F257, l,Iultiplexer
IC, 74F'04, Hex Inverter
IC, 74Ft5I, Counter
Not Used
IC, 74LS273, Octal FIip Flop
Not Used
IC, 74LS273, Octal Flip FIop
Not Used
IC, 7 4LS273, Octal FIip FIop
IC, 25LS22, 8-bit Shift Register
IC, 74LS273, Octal Flip FIop
rC, 25LS22, 8-Bit Shift Register
IC, 7 4LS 27 3 | Octal Flip FIop
IC, 7 4F08 , Quad ?-Input NAND
IC, DDU4-5200 Delay Line, 20Onsec
IC, 7 4F161, Counter
IC, 74F161, Counter
IC, 7 4FL53, Multiplexer
IC, 7 4FL53, Multiplexer
IC, 7 48153, Multiplexer
IC, 7 4F'153, IvIuItiplexer
Not Used
IC, 74LS273, Octal Flip Flop
Not Used
Not Used
IC, 74LS 37 4 , FIip Flop
Not Used
Not Used
IC, 7 4L537 4 t FI ip Flop
IC, 74LS00, Quad z-Tnput NAND
IC, 7 4800 , Quad 2- Input NAND
IC , 7 4LS73, FIip Flop
IC, 74Fl6L, Counter
IC, 7 4EI6I, Counter
IC, 74L585, Comparator
IC, 7 4LS244, Octal Buffer
IC, 7 4L5244 , Octal Buffer
IC, 7 4L5244, Octal Buffer
IC, PALI5L8A, Mono
IC, 7 4L5L7 4 , Hex Flip Flop

8000128
8000128
8 01018 9

8015257
8015004
8015151

8020273

8020273

8020273
8020022
8020273
8020022
8020273
80rs008
8429010
8015r5r
80rsl6l
80rsts3
80Isrs3
80IsIs3
80Isrs3

802027 3

8020374

8020374
8020000
80Is000
8020073
80ls161
80ts16r
802008s
802 0244
8020244
8020244

8020L74
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Parts List -
26-5 I40 B &

PCB Assembly 889880I
W Graphics Option

Item Sym Description Part Number

u57
u58
u59
u60
u51
u52
u53
u54
u55
u56
u67
u68
u59
u70

IC, 83048, Bus Transceiver
IC, 8 3 048, Bus Transceiver
IC, 7 4LS 244 , Octa1 Buffer
IC, 7 4LS-244 , Octal Buffer
IC, 7 4L5244 t Octal Buffer
IC, 74LS367 | Hex Driver
IC, 74LS154, Shif t, Register
IC, 74F74, Flip FIop
IC, 7 4F32 , Quad z-Input OR
IC, 7 4I'32 , Quad z-Input OR
IC, 7 4538, Quad z-Tnput NAND
IC, 74Fl39 , Decoder
IC, 82S15 3 , IFt Decode
IC, 7 4LSL75, FIip F.lop

8060304
8050304
8020244
802 0244
80 2 0244
8020367
8020164
801s074
8015032
80ls032
8010038
8015139

8020175
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Parts List

26-5I41 Color Video Upgrade

Item Sym Description Part Number
=====================================================---

Note: This kit requires Lhe 26-5140 B & W Graphics option
(see Paragraph 9.4) in addition to the parts noted below.

v2
U3
U4
U5
ul0
ul1
UI2
uI3
u20
u22
u24
u38
u40
u41
u43
u44
u55

rc, RAIU TMS 44L6-15
rc, RAI{ TMS 44L6-r5
rc, RAM TMS 44L6-15
rc, RAII{ TMS 44L6-15
rc, RAM TMS44L5-I5
rc, RA[,l rMS4416-15
rc, RAru rMS 44L5-15
rc, RAI{ TMS44L5-15
IC, 25LS22, 8-bit Shift Register
IC , 2 5LS 22 , 8-bi t Shi ft Regi ster
rC, 2 5LS 22 , 8-bi t Shi ft Register
IC, 25LS 22 , 8-bit. Shif t Register
IC, 74F245t Octal Buffer
IC, 74F245, Octal Buffer
IC, 7 4F245 , Octal Buffer
IC , 7 4F245, Octal Buf f er
IC, PAtl5L8A Color

8040416
8040416
80404r5
8040416
8040415
80404r5
8040416
8040415
8020022
8020022
8020022
8020022
80rs24s
8 0152 45
8 0I52 45
80r5245
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APPENDICES

The following sections contain reprints of manufacturerrs
documentation of components used in the Model 2000 Conputer.

Tandy Corporation gratefully acknowledges permission by
the following to reprint their copyrighted material in this
manual.

Mitsubishi Electric Corporation
2-3 Marunouchi 2-Chome
Chiyoda-Ku, Tokyo I00, Japan

Tandon Corporation
20320 Prarie Street
Chatsworth, California 9I3I1

Intel Corporation
3065 Bowers Avenue
Santa Clara, California 95051

Standard lr{icrosystems Corporation
35 l'larcus Blvd.
Hauppauge, New York LL787
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0

General

This manual explains the handling, maintenance and
adjustment of M4853 Flexible disk unit.

References (schematics and manuals)

M4852/53 Specifications SJ2-G3375C

PCA NAMFB schematic diagram for maintenance TJ 2-G3 014 4A

Illustrated parts Iist TJ2-G4B65A

Packing manual (10 set) r;2-4869A

3. Names of Unit Parts

Carriage Assy

Bridge Assy

Frame

TKOO

S en sor As sy

fndex
Sensor Assy

2.

Write Protect
Sensor Assv

Pan€I ,

Front Assy

FIGURE 1
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4. Operating Information

4 . L Environment

There is no problem in operating under normal office condi-
tions but when operating out of following conditions, Drive
may not work properly or Diskette may get damaged.

1 Temp./Humid. Range

During operation During non operation
Temperature Range 5oC - 43"C -I0oC 50'C
Humidity Range 202 80? RH 202 804 RH

(DEW LESS) (DEW LESS)

(Maximum wet bulb temp 29.4"C)

2 Impact shock Vibration

During operation : Less than 0.25G (S 100 HZ)

DurJ-ng non operation : Continuous vibration
less than 3.0G (5 100 HZ)

3. Dust

Be extra careful of dust antering unit because it may cause
damage to head or diskette medj-a.

4.2 Diskette Handling
(Be extra careful of the following)

1 Keep diskette media away from any appliance whj-ch may
generate magnetic field.
(ex, Radio, TV, Motorr/Dynamo and other electrical appliances)

2 Do not bring any ferro magnetic materials near the diskette.

3 Do not bend media under any condition.

4 Return the diskette to storage envelope when transporting
and storing it.

5 Do not touch or attempt to clean the disk media surface
with alcohol.

6 Do not expose diskette to head, dust, ot sunlight.

7 Do not write anln^rhere except on the media labe1 and only
use a soft felt tip pen.
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5. Reqular Maintenance

"Unit life can be affected by damaged parts as a result of dusty
anvironment or excessive operation. " So Maintenance by such
methods as visual inspection, cleaning/c}:.ange of damaged parts
and regular fr:nctional checks will keep the unit in good condition
and enable the discovery of any problem at an earJ-y stagie.

Time span between maintenance is calculated at an actual operation
rate of 8 hours a day so in case of greater rate, differences
modification is needed. When operating at a normal environment
condition, perform malntenance once a year.

5.1 Caution

1 During maintenance, be careful of dust entering unit, and
damaging head.

2 Make sure power switch is off first, when starting maintenance.

3 When put off/on Printed circuit Board (P.C.B.)
Assy, make sure power switch is troffrr to protect
semiconductors and ICs.

4 Do not touch Disk media surface or head directly and do not
bring any ferro magnetic materials near it.

5 When using this unit for Read data only (when using CE Disk),
be careful of write mode mishandling to protect data.

6 Do not touch steel belt and do not adjust related mechanism.

7 Avoid static shock or excessive force to head carriage
assembly because it has been carefully adjusted. To not
readjust any screws except where specified in this manual.
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5.2 Head Cleaning on Field Applications

Head cleaning is recommended at user's sites, especially when 

-
used j-n severe environments, because the heads may accumulate I
3$:'i; :l:"::'"?"3'5?"i:::":::'ll3z:'l'::::1";'"lninS'llln I
surface.

Recommended schedules and procedures are as follows:

Cleaning Schedules

(1) Periodical cleaning using wet type cleaning disk.
i. Once a month for normal usage in normal

environments.

1)

ii. Should be increased to about
used in severe environments
high humidity, high and low
Low temperature such as 5 to
under hi gh hurni dity i s most

once a week when
such as dusty ar€d r
extreme temparatures.
10oC (41 to 50'F)

severe for diskettes.

2)

iii. Hj-gher frequency for brand new drives would be
recommended, for about once a week. Better
matchning between head and medium would be
produced by a long time use, as experienced.

(2) When f reguent errors are detected.
may be used. )

(Wet or dry type

(3) When scratch (es) are found on the medj-um surface.
(Wet or dry type may be used. )

Reconmended Head Cleaning Material

(I ) Wet type

Innovative Computer Products*, Head Cleaning Kit
(or equivalent).

*9L74 Deering Ave. ,(2r3) ggB-2400/TWX

(2) Dry type

Chat swo rth , CA 91 31 I
9r0-493-2rBB

To be supplied by Mitsubishi representatives. No
substitutions would be allowable unless accepted
by factory test.
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5.3 Check and Adjustments

5. 3. I Diskette rotation cycle adj ustments

I ) Equipment

Disk Tester
Scratch Diskette
Universal Cor:nter
VR Adj ustment Driver

2) Adj ustment procedure

2) -I Connect CE Tester to Drive then turn-on power switch.

2)-2 Load diskette then turn-on rnotor with drive select.

2l-3 Make sure HLMG ON.

2) -4 Seek to TK00.

2)-5 Connect universal counter to INDEX (interface sigrnal
TPD14) and measure rotational cycle rate.

2l-6 Adjust counter reading r:ntil it comes within
specifications using SPM VR (see Figure A).

2)-7 After this adjustment, Lock VR with white paint.

f) Test specificatj-on

3)-1 Checks *I.63 (196.8 - 203,2 ms)

3)-2 Adjusto *I.0? (198.0 202.0 ms)
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5.3.2 TK00 sensor position ad-i ustment

f) Equipment

Di-sk Tester
Scratch Diskette
No. 1 plus screw driver
Oscilloscope

2) Adjustment procedure

2)-t Connect CE Tester to Drive then turn-on power switch
and load diskette.

2)-2 Turn-on motor and select drive.
2)-Z Repeat seek between TK00 and 02 (see Figure 5).

2) -A Observe waveform (TK00) at TPB1 us j-ng oscilloscope.

trigger CH1--step (DC, -) TPD15
signal CH2--TK00 (DC ) rpet

2) -5 Loosen screw and adj ust Time T r:ntil it comes to
wj.thin 3-4ms by moving TK00 in the direction of
the arrow (see Figure).

3) Note:

3) -1 Set step rate at 3ms using Disk Tester

3l -2 Make sure there are 2 pulses on step signals.
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5.3.3 INDEX sensor position adjustments

1) Equipment

Disk Tester

CE diskette (DYIVIEK 502-1D STANDARD DISKETTE)

No. 1 plus screw driver

Oscilloscope

2) Check procedure

2)-1 Connect Disk Tester to drive (set power off)
2) -2 Load diskette
2) -Z Turn-on power switch
2) -4 Turn-on and select drive
2) -5 Read timing of each waveform at TPB9.

TPBIO under read mode TK02, using oscilloscope.
( see figure)

Trigger: EXT -INDEX
Signal: CHI-TPB9

CHz - TPBI O

(DC , +) (TPD14 )

(AC )

(ac, rNV) Add

Spec i fication
Adj ust.

Check

2001100
2001200

2001200
2001300

US at TKO 2

Us at TK02

Us at TK02
US at TK02

(side 0)
(si-de I)
(side 0)
(Side r)

Trigger
-TNDEX

S ignal
TPB9-10
( Burst
wavef orm)

I ff (5olrs)

I!-l 
ll:

PCA set screw
To2
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5. 3.4 Head alignment adj ustment

1) Equipment

Disk Tester

CE DiSKCttC (DYMEK 502-ID STANDARD DISKETTE)

No. 1 screvt driver

oscilloscope

Hex wrench (1.5 mm dia.)

(Fine point diagonal cutter)

2) Adjustment Procedure

2)-I Connect Disk Test to drive (set power off)

2)-2 Turn-on power switch and motor on.

2) -3 Select drj-ve and load CE diskette (close clamp door
slowly) .

2)-4 Seek TK00 to TK32 then read amplitude of each wave-
form (positioning waveform) at TPB9 ' TPB1O under
read mode (see Figure 7) -

Tigger: E)CI INDEX (DC, +) (TPD14)

Siginal: CH1 - TPB9 (AC ) Addgt2 - TPBIo (AC, rNV)

SPecification: CHECK ADJUST
when A>B B/A> 0.57 0.6

A<B A/B > 0.57 0.6

2) -6 In case seek direction is TK00 TK32 or TK79 TK32,
loosen both set screws, then adjust STM until
signal comes within spec. Tighten screw'

3) Note: Adjust under following conditions

Temperature: 23"C +2"C exposed over 2 hours
HumiditY: 50t 15?
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5.3.5 Head Azimuth

f) Equipment

Disk Tester

CE Diskette (DYMEK 502-ID Standard Diskette)

Oscilloscope

2) Check procedure

2)-L Connect CE Tester to Drive then turn-on power
switch.

2)-2 Turn on motor.
2)-3 Select drive and load CE dj-skette.
2)'4 Seek to TK68.

2)-5 Read azimuth waveform using oscilloscope.

Trigger: EXT -INDEX (DC +) (TPD14)

Signal: CHI - TPB9 (AC )

cH2 rpero iac, rrrrv) Add

2)-6 Acceptable when adjusted waveform within
following range

TPDI4
( INDEX)

TPB 9/TPB1 0

(Use Differential

AZTMUTH 5t 18 '

I15>AX

A
115 :B

(-rB' )

Note: A=B: -12mrn
C=D: +12min

x 100 5 rls

(+18')

q
C

FTGURE B

Speci f icat j-on = 18 min
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NOTE

The headrs azimuth is not adjustable. It is suggested that the
drive be sent to an authorized repair center or a new head
assembly be installed. rn the latter case, all previous adjust-
ments should be made aqain.
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5.0 PEYS ICAI SPECIFICATIONS

5.1

6.2

I ns tall a t, ion D i r ection

Inst,all the t'14853 Cisk
Fig. 6-1.

The slant mount should

drive in t,he directions shown in

be wit,hin l0 degrees.

(PCA UPPER)

Fig. 6-l Disk Drive InsEallation Direct,ions

Dinnensions of t{4853

See Fig. 6-2
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7.0 USER, OPTIONS

Non-standard nodes of operat,ion are available Eo Ehe cuseoEer by
using option ptugs, and sone PCB cut and/oc jurupers. When using
a pfug,- lnstalling t,he option plug on a Pai! of square pins !s a

'short'condition, and removing lt ls an'o!ten". A Erace or a
soldered wire juruger between two pads !s a "short", and none is a
"opent .

The specillc options are explalned below.

7.1 DSO to DS3

glhen two or nore FDDs are connected t,o the sysE,eta,
Junper one of the four choices to allow t,he drive t,o be
enabled when Ehe particular selecE I lne is caken t,o a,
Iogical'0' condit,ion.

Only one drive per system may be designat,ed for each
drive number. In ocheE words, Ehere can only be one
dri.vc '0', ctc. r in a syst,en.

ro(7.2

7.3

7 .4

If only one FDD- ts ln a systen, thiE oPtion may be used
to conitantly select Ehe drive. !! causes Ehe drive t'o
ignore Ehe staEus of Ehe "Ds" lines.

this junper nust be renoved in rnulei-drive systens.

ES

this plug is lnscalled to cause the heads to load when
t,he drive is selected by DSO through DS3. this occurs
af ter l,he dr ive is 'ready" (see section 7.8) . Do not
instal l Elrt or IIC wiEh this option.
El't

This plug is installed to cause the heads t,o load when
the notor on line (P-I-16) is broughE Eo a logical '0'
level. This occurs after Ehe drive is "readvn (see
section 7.8). Do noE inseall ES or EC wiEh Ehis
option.

BC

this plug is inst,al led t,o cause a cons Eene head load
condition rhich occurs aft,er Ehe dr!ve is "readv" (see
section 7.8) t,o al Iow for proget seacing of t,ne f lopoy
disk. Do not install AS or aM 'rit,h Ehis ogeion.

7.5



0

'I\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 
MITSUEISHI ELECTRIC

PI-34
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7 .6 Mlt

This plug is ins tat led Eo cause the spindle mot'or io
iil;; dJifia-iociEe-enl-arsk wiEh the inPuc of a logicar
'O' on lhe notor on llne, Pl-!5.
!ts;

this plug is lnstalled to cause Ehe splndle notor Eo
eurn on ana rotace t,he disk when t,he Crive is select,ed
by applying a loglca!'0'on one of the drive select
llnes, DSO through DS3.

7.7

7.8

7.9

7.10

7 .ll

E -I

lhe 'E" junper is used to select a ready qualifier f9t
t,he head-toad control circuic. In this case l,he ieady
signals are the internal, un-multiPlexed ones that are
always ogerable, even if Ehe drive is not selectei.

Installing the "El' jumper in position I routes whatever
gypc of 'feady" signal is selected to be outouced from
thg drive Eo Ehe head load circuie ready qualificat,ion
ingut. lhis is done when boCh t,he B and R' junPers
should be installed on the same opt,ion (E-2, R-2 or E-
3, R-11 , which is phys ical ly iraposs ible. In the case
oi g-g, R-3, t,he n juhper should be inst,alled in the R-
3 posieion, and l,he t Jumper should be installed in the
E-l posit,ion.

E-2

installing Ehe'E" juraper !n pos!tion 2 Eoutes the
lcurrent st,at,us" ready signal E,o l,he head load circuit,
ready qualification input. See section 7.11.

E-3

Instalting the "8" jurnper in pos!l,ion 3 rouces che
"held scaCuq" ready signal to Ehe head load circuiE
ready gr:aliEication input. See section 7.L2.

R-2

Insta I t ing the 'R" jurnper in pos !'. lon 2 se lects a

"current scat,us'ready ouePut for the drive- the
output goest co a logical "0" when Ehe floppy d-isk is
roeieing at Che proper sgeed and l,he drive is selected.
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7.L2 R-3

Installlng thc 'R' Juraper ln gosit,ion 3 enables a "heldstatus" ready output from the drive. lhe output w'ill
be a loglcal '0' when a disk is inserted and correcEly
cl.anped ln the dr lve. (Index gulses were deeected
correctly.) This ready condiEion is held even if che
drive is not sellect,ed and Ehe notor is not on. It is
an tndicator that a disk is inserted in-Fe drive andthe door ts closed. It ls reset, (Eo a not ready
EtaEe), Lt the door ls opened, which allows the disk to
be eJected.

R-4

this option nust noc be used.

uc

7.13

7 .14

Cutting this PCB trace
rrhenever a floppy disk

RD-RS

caus es the sp ind I e moto r E,o run
is inserted in t,he dr ive.

7.L5

7.16

7.L7

7.18

Ihis opeion is not used at Eh is t,ine.

DI

Cutting this PCIB lrace disables the in-use input Eo Ehe
drive (Pf-4). this neanlr t,hat the only Eine the frontpanel LED will be 1it, will be when t,he drive isselected. The lO( option cannot be used in conj.unction
with this uodification; the in use LED will never be
illuninat,ed if it is.
l{rite Protect Inverslon

the opeion pads between fC's !.tl and tl are used Eo
invert the Iogic of the wriEe protect slot on the
f loppy disk. the t,race f ron the center pad to the in-
board pad nust be cut, and t,he cenCer pad mus t be
junped to lhe orrt-board pad to enable this option.
Inpue Terninat,ions

Alt seven input lines to the drive are terminaEed (see
seceion 3.1.1). the jumger plug located between IC's
C5 and D5 should be removed on drives in mult,i-drive
sysCems, with Ehe exception of Che Crive Ehe EurEnes:
e!ectrical disFeance from Ehe cont,roller.
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7.19 OpEions SurnnarY

NAUE LOCATION DESCR,IPTION
TYPE

CONNECTION
FACTORY
SEIP T-IENT

Open Short

Dr ive 
:uuress 

0

I

2

3

Continues Dr ive Select

: 
" " 

u 
: 

o "u nn',l'o: 

: : : : 

t e c t

Cons t,antly

t'{oEor On-rlot,or On InPut

Itotor On-Dr j;re SeIect

Head Load-Drive ReadY

Eead Load-Current S EaEus

Eead Load-Eeld S Eatus

R,eady OuEPut-Cur r ent,
S E,atus

Ready OutPut-Eeld S Eat,us

Not Used-Leave OPen

ltotor Cons tanEly On

Not Used-Leave OPen

Noe Osed-Leave Short'ed

Disable In Usg InPut

Wr iee Prot,ect Invers ion

Input Ternrinat ions

P lug
I

t

XDS0

DSI

DS2

DS3

FC(

ES

TIM

HC

ltlt

t'{s

E1

,82

E3

R2

R3

R4

lrc

RD

RS

DI

5B

6B

5B

5B

5B

5B

6ts

6B

5E

5E

2L

2L

2J.

?J.

2L

?J.

2E

2K

2K

5B

2U

6ts

i

t

x

x

x

X

Note t Not,e 1

x

x

x

x

X

r

t

x

x

x

x

x

il

Trace
tf

f,

'l

i

? Iug

x

x

X

Nota: See Section 7.L7 for descrlption of ilr j.s unrnarked ooclon.
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8.0 RECORDING FORMA1

Data to be recorded on the floppy disk is grouped ln varlous
blocks.

lhere are bicsr byt,es' sect,ors, Eracks, and sides. The bits are
encoded onto the dlsk by tliree possible means3 FM, MFU' or MuFu
techniques. these bit,s are collected together tn a certain
number of bytrs per sector to define Ehe actual recording fornat,
used. AIl of this ls def,ined by t,he host, systemr t,he disk drive
just records and det,ects flux reversals on Ehe disk.
g,l As staBed before, there are three nain oethods of

encoding bits on a floppy disk. All have sone
advanEages and disadvancageE, but, the generally
accepEed standard is t'tFl't (also called Double DensiEy).

FU (Frequency l,todulat,ion) encoding is shown in Figure
8-I. It is the sinplest, forn oE encoding, and nay be
decoded by used of inexpensive one-shot nulEivibrators.
It can do this because each daEa pulse is bet'reen ctro
clock pulses, t,hereby rigidty defining t,he "tread
window' very precisely.

g.l.l

I g.oo';s i4ons
+

: {.OOns 
I@

i A.COus i40ns

Figure 8-2 Ft{ Write Encoding

F Tl 
- 

Tl-.1
l-l t-l r-Jrr || ll ll ll lltlL]ULJLJLJTJ

I :1.,c -ran-- i ' iI t, l'; s =25Ons i _ _

- 

T7 

-:? 

<--,

T1 r 4.00 US : 8OO ns (Jitter due to rct,ac,ion var iation
excluded )

T2 r 8.00 Us:1.5 us (Jit,ier due eo (otat,ion vari.atlon
ex: luded )

Figure 8-2 Fiqure R,eaC Encodiirg
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8.1.2 MFM Encoding

MFM (Modified Frequency ModulaEion) encoding records
twice the nunber ol bit,s per inch ( I inear recordlng
densit,y) aE F!.1 encoding, but has Ehe same number of
flux changes per !nch. lt does this by removing the
clock pulses, and shrinking the bit cell space by 50t.
See Figure 8-2 for specific det,ails. Clock bit,s are
always wrleten at the leading edge of the cell onty lf
no dat,a biEs are wrltt,en in eiEher t,he present or
preceeding bit cells.

I

CELL O

( ll

c
I
I

CEI.L I
(l)

c
I
I

cgLL 2

(u

I

cELL t
(01

c
I
I

CEIJ {
(11

I

ctLl. 5

(01

c

I

EELI. 5

(01

c
I
t

GLT. 7

r6r

c

I

CELI. 8

( l)

200nsee*J L I,lttn | |

f .. 00usr" *1

I

f??? n\---5 \,

(l)

c

I

CEII t
(t)

c

I

cELL T

(t)

t.00 u5.€

c

I

CELL 1

(01

c
I

cEtL {
(u

c
I

CEI.L t
(0)

c

I

CET.L 6

(0t

c
I

CELL 7

(0)

c
I

cgr.L 8

(U

Figure 8-3 8ru wr i Ee r iming

6.00 uSrc
![. ] usoc

t.0O u5rc
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L usrc
= z: o iJJ"-'j i- 

I

l*r . cousrc *ll:Soonsrc I
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9.1.3 MMFM Encoding

MUFU (Modified-t'todilied ?requency Modulation) is also a
'doqble density" encoding method, but ic Eurther
reduces thc nunber of clock bit,s used to f ill the empt,v
slraces between data pulses.

It ls not, a standard encoding technique, and should
probably be avoided for that reason. See Flgure 8-3
Cor a description of t'tMF:i. The daEa bits are wriCten
ln Ehe niddle of, the data celIs, buE a clock pulse ls
encoded only 1f, no clock or daea grulses were writEen in
the p?evious bit ceIl, and no dat,a bit, is to be wrlCCen
ln the prcsent one.

c
I

CST,L O

c
I
I

Fj?t Ib,bJrll I

(!)

c
I

CSLL 2

( ll

c
I

CELI. ]

c
I

crit.L {
( ll

I

CELL 
'

c
I

clrLL 6

c
I

CELI, 7

I
I

t-'i?? ? o\t--- a

( l)(01(0t(0,(0)( lr

':ll""tfoo."..l L-8.c0 us.e
I

Figure 8-5 .UllFU I{rit,e Iining

cr
I

CSLL O

(l)

cro
I

CETJ I
(u

c ro
ctrtl. I

cr o
I

c:r& l
(0r

c ro
I

C:LL {
( I)

c,0
I

I

a'S? ? t\---- I

(01

cl
I

C=I.L 6

(01

c.0
I

I

r.€? ? 'l\--4 t

(0)

cl
/.F?- c
b--d J

( t)(U

6. oo us.c tl" to . oo usrc
I

i uSrc.25onsrc+1 t- I

l*n. oousccf
| =AOgnSrc I

, t.00 usec!I.6 usrc - 
6.00 uSrc

I l. z usrc

I

!0.00 uSec
i2. o usrc I

Figure 8-5 l'!^t.{F}l R,e ad T ini nq
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B .2 Track Formats

M4853 RECOMIVIENDED FORMATTINGS

I\'14853 5.25 inch (130 mm) Flexible oisk Drives use industry
standard Tunnel Erase type Readr/Write Heads, and high
accuracy direct-drive brushless motor for spindle rotation,
quaranteed 11.6E index interval and !22 instaneous speed.

The recommended formattings for data interchange between
drives are as attached sheets, including formatting and
data re-wri-te modes.

The drives are sufficient for the following considerations
for all 80 tracks.

(1) The leading edge of a data block should be preceded
by the erased area when re-write.

(2) The trailing edge of a data block should be covered
by the erased area when re-write.

(3) The erased area should not overlap with Sector
Identifiers.

(4) Read/Write gap should be before the next ID mark when
the erase current is falling off when re-write with
the fast rotation spindle on a slow formatted sector.
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8.3

9.3.r

9.3.2

Error Detection and Correccion

Wr it,e Errors

If an erEor occurs durlng a write oPeraEion, iE can be
detected by perforrnlng a read ogeration on the dlskette
innediately following t,he wri,l,e oPeration. This is
generally called a wrice check, which is an effective
means of preventing write errors. lE, is recomEendedt
Eherefore, that a wilce check be raade nithoue fafl.
TE a write error occurs, rePeat the write operation and
conduct a wrlEc check. IE dat,a cannot be correctly
written even after the write o!,eraElon ls regeated
about t,en tines, p€Ef orn a read oPeration on anot,her
track to determine whet,her the daEa can be read
correctly. lf sor a specif ic crack of t,he disket,te is
defective. II data cannot, be correctly read on Ehe
other track, t,he drive !s assumed t,o have some t'rouble.
lE the disket,te is defective, replace it.

ttost data errors thal occur are sof,t errors. If a read
error occurs, repea! Ehe read oPeraEion l,o recover t'he
daCa.

the fotlowing ard possible main causes of soft errors:

o Dust is caught between t,he read,/wr ite head and
diskette causing EenPorary faulE in head contact.
Suclr dust is generalty removed by Ehe self-
cleaning riper of the jacket, and Ehe da.t,a ls
recovered by l,he next re-read oPeration. I E

read/write ia continued for a long t,ine in 'a very
dusty environnent, however, hard errors can resulE
from a damaged diskette surface.

o Randon electrical noise ranglng in time from a few
nicroseconds to a fe'r nilliseconds can also cause
read.errors. Spike nolse generaced by a swiE,ching
regulaE,or, Part,icularly one Ehat, has short
switching intetvals, deEeriorates Ehe signa!-t'o-
noise rat,io, and increases Ehe number of re-read
operaEions for data recovery. IE is necessary,
therefore, t,o make an adeguatse check on E,he noise
Ievels of Ehe DC Potrer suPgl ies Eo l,he dr ive and
frane grounding.

o wrieteo data or diskeeees nay have 30 small a
defect as canno! be dececied by a daEa check
during writse operation.

o ?ingerprints or oeher €oreign mactsr on a wri:cen
diskeE,ce can also cause a ternporarY errcr. I:
f oreign matcer is lef : on a ,.rr !ccen disket"e i: r a
long t,irne, il can acihere ec ihe Cisket!e, pcss i:ly
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causing a hard error.
It ls reconnended that, the following read operaEions beperf,orned to correct Ehese soft errcrs:

Step 1: Repeat the read operaEion about ten

o S t,ep

t, iraes , or unt, il the da Ea is r ecover ed .

rf E,he data cannoc be recovered by sE,eg
L, move the head E,o anot,her E,rack, the
oppoE itg direction of the prev ious t,rack
posltion before Ehe designaEed E,rack,
and Ehen reeurn t,he head t,o t,he original
PosiEion.
Repeat an operation s i.milar t,o S Eep l.
If t,he daEa cannoe be recovered, assune
t,he error is a hard error.

o Step

o S E,ep

3:

4:
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9.0 RESEIPI.IENT PRECAUTIONS

When reshipping the drive, make Eure the prgt,ec-!ion.sheet for
iii"sp"iii'cion-f s in place in ehe drive and t,he d6or is secured
oPen.
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M48 5i Fle.tible Disk Drive



Fig-
& Index
Nu m ber

Prrt Nu m ber

DCt4t409-G03

DCl4l378-G03

DC24329 5-G0 r

KEISAKI-JZI I I7

KEISAKI-J? I I I9

DC447 987

DC343230-G0 r

DC3 4328 t-G0 r

K EISAKI-JZ I I 88-OO I

DC4471r 7{0 I

M3 x0.5 x6 FE

M3 x0.5x6 FE

M3x0"5x l0 FE

M3x0.5x8 FE

KEISAKI-J2I2O2-OO I

M2xl0 (No. 0 - 3)

DC448179-402

M3x0.5x5 FE

Fig. I

-t

-2

-3

-+

-5

-o

-7

-8

-9

-10

-t I

-tl
-t3

-t4

-t5

-16

-t7

lti

De scn p tion

Flexible Disk Drive

Mechanism Assy

Catridge Guide Assy

Front Panel Assy

Ejector Assy

PCA. NAMFF

Guide Block L

Guide Block R

LED Assy

Terminal

Screw. Flat

Screw, Pan Hd,

Screw. Pan Hd,

Washeered

Washered

WasheredScrew, Pan Hd,

Micro Switch

Screw, Pan Hd

Cover

Screw, Pan Hd

Q't!'

I

I

I

I

I

I

I

I

I

-l
J

5

I

I

I

I

I

3
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Figure l. Fie.xible Disk Drive



Fie-
& Inder
Nurn ber

r-' -lrlg. r

-l
1

-3

4
-5

-6

-7

-8

-9

-10

-il
-11

-13

-14

-15

-16

-t7

-r8

-19

-20

-21

-21

-23

Prrt Nu m ber

DCl4r378-G03

DC243233-G0 r

KEISAKT-TZI 04 I -OO I

KEISAKI-J2I 039{O I

KEISAKI-J2IO37

i KEISAKI-J?t t?2

; rcEISAKI.J2IO43

DC t4t 3 59-003

DC446 I t0-00 I

DC44 6396-003

DC3 42976-00 I

DC+a6392-00 I

DC446 139-001

DC4463 97-00 I

DC44 6 | 48-002

DC44702A-00 I

DC4470 I 9-002

M2.5x4 FE

M3x0.5x l0 FE

M3x0.5x8 FE

M3x0.5x6 FE

M3xO-5x6 FE

M3x0,5 FE

M l.5x 5 FE

Description

Mechanism Assy'

Carrige Assy

TK00 Sensor Assy

HLMG Assy

Spindle Motor Assy

Idler B Assy

Stepping Motor

Frame

Guide Rod

Clamp

Band

Holder. Band A

Holder. Band B

S topper, Capstan

Spring, Coil, C

Holder. STM, B

Spring, Plate STM

Screw. Pan Hd

S c rew. Set-Socket

Screw. Pan Hd, Washered

Screw, Pan Hd, Washered

Screw, FIat

Nut, HEX

Bolt, Socket (Micro-S ize)

Q't!'

I

I

I

I

I

I

I

I

2

?

I

I

I

I

I

2

I

I

I

3

4

3

I
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Figurc l. ftlcchtnism Assy





Figure 3. PCA, NAIvf FF

Fig-
& lndex
Nu m ber

Fig. 3

Part Num ber

DC44 7gg7

65675- r r#6
KEISAKI-Jz I IO I

KEISAKI.J2I IOO

PS- I 2PA-D4 LT I.A I

r 7 2349- I

I L.5 P-S3 EN Z.( N)- I

[L-ZP-S3EN2-l

DescnDtron

PCA. NAMFF

Connector, PWB

lnciex Sensor U .{ssy

Write Protector Sensor Assv

Connector, PwB

Connecror. PWB

Connector. PWB

Connector, PWB

Q'ty



Fis
& lndex
Nurn ber

Fig. 4

-l

-l
-l

-4

-5

-6

-l

,8

-9

-r0

-ll
-rl
-r3

-14

-ri
-i6

-17

-r8

DC 143 23 3-G0 |

DCl4l353-C0 I

DCl43r7t-GOl

DC3 43242-00 I

DC447 t6 t{02

DC343009-00 I

KEISAKI-J 20996-OO I

KEISAKI-J ]0996.002

DC446 59 7-00 I

DC446 599-00 I

DC243442-G0?

DC3 43494-G0 i

DC44 7 t30-00 I

DC447 407{0 t

DC44 7 4Ag-00 I

DC+4779 r -00 I

Dc J17 5 64-00 I

NIjx0 5x8 BS

MJx0.5x l0 FE

Nuntirer Descrilltiolt Q't -lu

Carriage .A.ssy

Carriage

Arm Assy

Stay. Spnng

Spring, Coil Head,

Cover. Head. DN

Gimbals Head Assy UP

Gimbals Head ,A.ssy DN

Shield Plate ( U)

Shield Plate r D)

Head Cable ,{ssy

Spring CR .{ssy

Space Tube

Rubber

Rubber

Rubber

Space Rulrber

Screw. Pan Hcl, Washered

Screw. Pan Hd, Washered

I

I

l

I

I

I

I

I

I

I

I

I
I

I

I

I

l

l
I
I
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Fig. a. Carriage Assy
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Fig.
& lndex
Nr-r m ber

Figure 5. Carrrige Cuide Assv

Descrip rion

Fig, 5

Q'ty

I
I

3

)
a-

l

-l

-z

-j

1
-5

-{i

-7

-8

-9

-10

I

I

I

I

I

t

I

//
d
t

Pan Num ber

DC243295-G0 r

DC3433 73-G0 I

DC24329 t-GO I
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5.25 INCH FLEXIBLE DISK DRIVE

Differences Between M4853 and M4853-1

+
^tL MITSUBISHI ELECTRIC



DIFFERENCES BETI^IEEN I"14I53 anC 1"14I53-I

(A) PCA

I tem M4853 M4853-1 Remarks

I nput Terminals

2.Cus Eomer adj us Eed
short-p1rrg

( f ) Choos ing headload
condi tions

(Z)Choosing motor
operation condi-
tions

. Short-plug sys tem 
]

I

I

. Three kind; HS , HI'I 
l

and HC.
. Short-plugs can be
used to choose 2

types of internal
control for Ehe
headload.
These types are that
in conj uncEion with
STAI.IDARD READY and
that in conj unction
with HOLD READY.

IC socket system

HL and HH have been
added. HL performs
headload in res-
pons e to the IN USE

s ignal during drive
select,. HH per-
forms headload in
response to rhe
SPARE input s i-gnal
( connector JL /PI
pin 2) .

Internal control of
headload is done in
conj unction with
HOLD READY. lilo other
optional choice.

. During MM short the
mo Eor will s tart with
Ehe ON s ignal . During
l"1S short , the mo Eor
will s tart \^ri th Ehe
Drive Select sigual.
I^ILren both are in
shoEE, it will start
with logical add.
And when both are oPen

the motor will not
s tart .

. Combinations of oPen
and short circuits
between Ml'l and I-'1S

al1ow the choice of
one of the 4 f ollow-
ing conditions .

1. I^ILren MM is open
and D'IS is shorted,
the rnotor s tarts
with the ON s ignal .

2. I^Ihen MM is shorted
and US is oPen,
the notor starts
wiEh the DRI\m
SELECT s ignal .

3. I^trhen MM is open
and US is open,
motor starts with
the previous 1y
mentioned
logical add.

4. I^Ihen MI.I is shorted
and IlS is sho rt ed ,
it will resul t in
RESERVED mode.
(Mo tor s tart wil l
resul t when IN USE

signal is latched
To DRIVE SEI.ECT
signal . )



Icem M4853 M4853-1 Renrarks

(3) Choosing READY

Conc i ticn

(4) separaEe
IN USE

s ignal-

I

I

I

t

,WiTh STAI{DARD READY
R-2 is shorted and
R-3 is open.
T^IiTh HOLD READY R-2
is open and R-3 ls
shorted.

In the PCB pattern,
DI is cut off, and
short plug J3 is
shorted.

' [^Ii Eh STA.I\DARD READY
DC is open and 25 is
open. Wich HOLD
READY DC is open and
25 is shorted.

Short plug, IU is
open.

3 . Interchangeability
of parts

'Parts M4853 and M4853-1 are noE interchange-
able.

4 . Others . The electrical interface (power supply
interface) rs-ith the controller is the same
for M4853 and M4853-1.

- The porrer supply connector and elecErical
interface connector are in the 5prne posi-
tion.
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(B) Structure

Item M4853 M4953-1 Remarks

o
o0
cl
.r{
t-.
1..(!
(J

l

1. Carrlage
S truct,ure

- Creating carriage
sub f rames

o
a.,

tr
r+{

.r{
cd

-tA

1. Separating de-
signed parts
f or-m s trucEural
parts

'Can function as
FDD unit withour
panel f ront.

2.F ronc panel
has been
s trengthened

. Metal f re'ne on in-
side of front panel.

3. Depth has been
decreas ed

'Circuit boards pro-
trude gr'm beyond
back of f reme.

'Back edge of frarne
and printed eircuiE
board are even.

I

L^ l1. rnterchange-
-t(/) I

Ey i ab il ityot I

=so Iralr-r i
c/z) i

nl
Lr
g l1 . Mounting inter-
y | "hangeabiliryol

'No interchangeability of parts between the
M4853 and the M4853-I.

. The mourrting
the M4853 and

interchangeabil ity is the sam€
the r'{4853-l .



I 146 t 0.5

-

(5.75: .o2
m
C
o.r{
ql
tr
o
F
l-

.r{
o
o

-r{
t{o

J4
o

.r{
o
il-

ri
u)
co
<r

=

(A.Lr-
139 7 t 0.s

(5.5 I .o2)
t:

I

I

148

r- - -l
tl

(6.5)

I48 t 0.5

oo
lJ'-{
oou
Ucnoc
C'.{
CHoo
CJO

F{

UO
Oo

F{

+l
tn
or
A

Cnfrl o"
t:OoLn
= 

O.(\l
O.

(j' lfic\|
z slrn
Hrf
F (\l rE)z T-
=lg :H

EUIoE=
8?
fD fsl

an
o
F-()
c

.d

EcF .-{

co
4L.

(t
o
LfA
(t

!.J

mcc
O.-{

.ra
sl ln
CC
oo
F-l

--a Ul
'oco
AE
,1 't{

O.a

o
L)
o
-2-

x{
E
r-
r-l

/

//
a
F]

dl
-lEl

I(, I2l
-IHlEIzj
o
F

J-

n
|{
o

.r{
ut
F){
o

--l,-l-a

r{
o(-
iF

rd
A
+J
1-){
o
t{
Fq

7Zoo
q(\f

a

r\
r-{

(s. 83)-

I

I

/
I
I
/ AcE j-vitv LED ( Red )

6g

i
o
i-l
6l
b

rcl.
,

rnl
H

&n
a(\

(31-5r
PI Connectot, 

I

el

10 t o-5

(\
Cl rl
'+{+l rt

C\ 6.1
E. FI
c-j

/,Fa?
+l
t\
@

xJ.-

1
tot
rnf

I

4sI

VV-I

@5)



O.o
]n

O{ Gl
O.
tn (\l
Nrnrl
(\l \0
fnr:
l

\0 rd!Fo
FI

Err)
a) FII

r-

E{(Jo4
cq81 U

t\zzoo
g(\

o
C
o

.r{
n
e
o
F
.I

.r{
o
o

.r{
Ho
v-a

.A
/a
l..a

rt
to
@\r
=

tn
O

I

+
o

t

@

(\
a

F{

+l
c\|

a

(n
o(\

aa

a
Fl

I

o-
-a

(,
2
.H

H
E{z
o
E

I

I

I

n
o

.C
o
l--.r{

EC
E 'F{

co
-F{ L.l

(o
o
La.a'

o
\t

a
t- ('
L-b

O -F{
-Ff

an |-ts(Uo
F '-{

.F{ U)
EC

o
AE
A rFa

4E

ta

o
+,
o-tH

148 + 0.5
(5.83 + .O2,)

42.0 J 0.5
(I.55 + .02)

o
F]
!:

E]
CN

r.,
F
H

(,5.7 5 t-O2 t

139.7 tb.S

i ro. 5

-

| (. 4r)





TJ2-G30219A

5.25 TNCH FLEXIBLE DISK DRIVE

MODEL M4 8 5 3- I
MAINTENANCE I"IANUAL

MITSUBISHI ELECTR,IC CORPORATION





1. GENERAL

This manual explains the handling, maintenance and
adjustments of M4953-1 Flexible di.sk unit.

REFERENCES ( SCTTEI4ATICS AlrD M]\NUALS )

M4853-1 specifications sJ2-G344GA

PCA NAI'IFG schematic diagrarn for maintenance

Illustrated parts list

Packing procedure

Nzu4ES OF UNIT PARTS

Figure I

TJ2-G3 0 210A

!J2-C301ggA

TJ2-G30150

3.

,fCarriage Assy

Cartridge Guide Assy

Frane

fndex Sensor U Assy

Write
Sensor

Protect
As sy

\
\\- Front Panel



El[ r.-r.r_

4. OPERATTNG TNIFORYTJ\TION

4 .1 Environment

There is no problen in operating under normal office
conditions but when operatj.ng out of following
conditions, Drive may not work properly or Diskette
may get damaged.

I) Temp.,/Humid. Range
During non

During operatj.on operation
Temperature Range 5oC to 43oC -20oC to 51oC

(41oE to l09.4oF) (-4oF to 125oF)
Humidity Rangie 202 to 809 RH 5t to 952 RH

(Dew Less) (oew Less)
(l'laximum wet bulb temp 29,4oC (85"F) )

2) During transportat,ion

Temperature range -40'C to 62"C (-40"F to I43.6'F)
for a maximum period of 72 hour

Humidity limits I 95t relative humidit'y with no
condensation for a
maximum period of 72 hours

3) Dust

Be extra careful of dust entering unit because it
may cause damage to head or diskette meCia.

4.2 Diskette Handling (Be extra careful of the followi;rg)

1) Keep Ciskette media away fron any ap-oli-ance which

may generate magneti-c field.
(ex, Radio, TV, llotot/Dynamo anc otiler elec-.rica1
appliances)

?\ F)n n.rf hri nn :nv f e-ro m:r:ncr i r: rraref iais nea: '-:l€
- l v9 llv L !! rllv ql.J

oiskette.

3) Do not bend media under any ccnii-tion.

4) Reirlrn the diskette tc s'eora:e envelope when t:e'ns-
po:r,inc and s:cr:'nc i:.



s)

5)

7)

Do nct touch or attenpt
surface with alcohcl.

Do not expose Ciskette

to c lean the C i sk media

to ireat , Cust , or sunliEbt .

Do not write anywhere except on the media label and

onlv use a soft felt tip pen.

@r

Fi.qure 2

@

o'
0



5.r

REGULAR MAINTENANCE

"Unit life can be affected by damaged Parts as a result of
dusty environment or excessive operation. " So maintenance
by such methods as visual inspection, cleaning/change of
damaged parts and regular functional checks will keep the
unit in good condition and enable the discovery of any

problem at an early stage.

Time span between maintenance i-s calculated at an actual
operation rate of I hours a day so in case of grea+-er rate,
dj.fferences modification is needed. When operaLing at a

normal environment conCition, perform maintenance once a

year.

Caution

During maintenance, be careful of dust encering units-,

and damaging head.

2) Make sure power switcn is off first, when startlng'
maintenance.

I)

3)

s)

(c

ic

t^^- j ; j v.r-.,^-' .r
;l=C.\- La-r J- ul'/

r;trtcri-=lq rre:F ir
lltt-I s\-,i- *l---, .av$- t b

1)

fcr R,eac aaLa cniy (when usir.g
c: wr:te ncce n:-shanc,il:; :c

When put of f. / cn Frintec. c ircui t Boaro

As sy, rndke sure power swit,ch is " of f "
semiccncuctors and ICs.

Do not touch Disk nned.i-a surface cr
anc. Co not brinE any f e rro rilasnet.ic

\L.5. J

-\ts-\-5t--L/I V Ev\, l-

5)

When using this uitj-t
CE Disk) , be carefui
Drotect Cata.

Dc nct tcuch stee]- bel-;
nechanisin.

:nd nn i''nr ,an-us-- l-ela:e'::rir\r \-\J' rr\./ \- s\^ \Jb' v ! \

1) Avo:-i stat!c sirock cr excessive fo:ce tc i^.eic car::3ce
asse:r.biv cecause i: has ceen ca:eiulil' a'31'-:s::i '
lc :i,ct reac]l ust a:ry sc:3r,vs exc3:: r'r'l€r€ s:€ci:::'-l ^::

-L: ^-.i.i:: iild.:lUar .



5 .2 FieaC Cleaninq on f ieIC arclications

Head cleaning is recommenied at user's sites, especially
when used in severe environments, because the heads may

accumulate dust in the air and magnetic coating material of
the disk, causing chance of error increase and/or scratch
on the disk surface.

Recommended schedules and procedures are as follows:
1) Cleaning Schedules

a) Periodical cleaning using wet type cleaning disk.

i. Once a mcnth for normal usage in normal environmen.ts .

ii. Should lite to be encreased up to about once a

week usec in severe environments such as d,usty area,
high hunrriit,y, high and 1ow extreme temperatures.
Low tenpe:ature such as 5 to 10oC (41 to 50"F)
under hic: humid.ity is most severe for diskettes.

iii. Higher f:=quency for brand new drj.ves would be re-
commendei. for about once a week. Better matching
between i::=C and aedium would be produced by a

long tinre :se, as exPerienced.

b) When f reque:--- erro!= are detected. (l'Iet or iry ty-oe

nay be usec-

c) when scratc:,es) ar. found on the inecium surface.
(Wet or irY :!?e ma j' be used - )

2) Recomrnenoed ii==i' Clea-:ng Material

a) tiei ty.oe

Innovatlve -=iilPuter ?:oduccs*, Heai, cleaning Kic (c=

equivalent )

* 1836C l:<naro 5--:ee'-, Tarzana, Californj-a 9!35o

(2I3) 195-49i: lfx 9lc-'193-595{

b) Dri'type

To be supp--:c l:cr. '::sul:s:i: 13::3sen13i:t"es '

):o subscl--:---:ns wc - -: be alic"vacle ";i'::iou-- accep:e:



3) Procedures of Cleaninq.

a) Wet type

Dispense the cIeanS-ng solution onto the lint-
free cleaning disk through the cutout-in the di.sk
jacket. rnsert the cleaning disk and activate the
drive. Load head and rotate disk for 2 q,3 minutes.
Eject cleanj.ng disk and wait for another 2 a,, 3

minutes to dry heads.

As the cleaning disk is high in light transmittance,
cover the index hole by a semi-transparent material
such as tracing paper, or color in black the ind,ex
hore circurar area of the cisk, when the heac are not
loaoeC on the cleaninq d.isk.

b) Dry type

Abrasive ty.De dry creanlng cisk may also be used for
a hard i,eposit on the Cisk. L/2 n" 1 minut,es wouLd be
sufficient. Wet type finish would be recommended
: €l-or Arrr iuFa Ciganinq.*-JUJr.

4 ) Other Comroents

a) Please contact maintenance or service facilities 1i
the above proceiures can noc recover the gooi ce:-
fcnnance.

l-f.2{ ?'^r 2nr:q1-n '! 11 f or'1 rnoF-
9.L A' \.r a- lr.^lil5 ria \, 4 \.tla aEra \- vr15f.Z\- !

i' range (relow l0"C or
tlsucn .Low cenpe=ac,u:3s

arl ,?!r^r qr-r-o n72n-q
\-- JaL\, \- Ev !/- !!-4.\l rf r

cc:';

b) The Ci.skette rneoiuirl i.s we

atures be I cw the specifie
50"F) . The curabi.fity in
are ii-::ere:tr-- ia=qel-v ior

c) Dry* tj'pe lvculc be usabir once a nonth, bu: we

recommenc to use two ti;res or more in a nonc:l

i) Reccnrmencei to use iry type linitted by inain-,ena::ce
rersonnei onli', o: Iinitei to use bi'use:s ',vhen

::ecuenc er:ors cr C:sk sc:3:3:les are ic'-::'iri.



5.3

5.3

Check and Aij ustnents

.I Diskette rctational cycle aCjustments

f ) Equi prnen t

2)

CE Tester
Scratch Diskette
Universal Counter
VR Adjustment Driver

Adjustment procedure

2) -I Connect CE Tester to Drive then turn-on power

2) -2

switch

Load, diskette then turn-on motor with drive
select

Make sure Head Load llagnet activated.
Seek to Track 00

Connect universal counter to INDEX (TPBI4)
signal and measure rotational clzcIe rate.

Adjust counter reading until it comes within
specifications using SPM VR (see figure 4)'

After this adjustment, lock VR with white
paint.

Test specifications

3) -l Check: t 1.6 ? (f 96 . I - 203 ,2 rns. )

3) -2 Ai,just: i I.0t (r98.5 - 20L.4 rns. )

2)

2)

2)

2) -5

2) -7

-3

-4

-5

3)
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5.3.2 TKO0 sensor position aijustrnent

1) Equiprnent s

CE Tester
Scratch d,i ske tte
No . I plus screw dr j,ver (phi l l ips # r )

Osc i lIo scope

2) Adjustment proceCure

2) -L Connect CE Tester to drive then turn-on power
switch and load diskette.

2) -Z Turn-on motor and select drive.

2) -3 Repeat seek between TK00 and, 02 (see fj_gure 5) .

2) -4 Observe waveform (TK00) at TpDl usins oscillo-
scoPe

Trigger CH1 --step (DC, -) TPC 15
Signal CH2 - +TKO 0 (Dc , +) TpD l-

2) -S Loosen screw and adjust time 7 untiL it cones
to within 2,5 3.5 ms by moving TK00 in the
d,irection of the, arrow, (see f igure)

3) Note:

3)-1 Set step rate at 3 nrs using Cli tester.

3) -2 rYake sure there are 2 .oluses on s-Lell signal-s.

4) Check

4)-1 Repeat seek between TK02 and TK04

4) -2 Observe level of TK00 signal at TPC13 using
oscilloscope.
trigger CHI -step (DC, -) TPC 15
signal CH2 +TK00 (DC, +) TPC 13

4)-3 Check level of signal i.s low.

4)-1 Seek to TK00

4 )-5 Observe level of signal (TK00 ) at TPC13 usi.ng
oscilloscope.
l- ri oocr. Ci{I -sE.en (nC - - ) TPc 15: \vvt I --v

srgnal C:12 +TK00 (DC, +) TPC 13

4) -6 Check levei of sisnal is hi-ch.



Figure 5

-Trigge r (CI{l )
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5.3.3 fl-IDEX sensor position ad.justments

f) Equipment

CE Tester
CE diskette (DYI4EK 502-ID STANDARD DISKETTE)

Hex wrench

Oscilloscope

2) Check procedure

2) -L Connect CE tester to drive (set power off)

2) -2 Turn-on power switch and motor-on

2) -3 Select drive and loai. CE diskette
(Close clamp door slowly)

2)-4 Read t jJning of each' wave f orm
TPAIO unCer reaC rnoCe TK02 ,

oscilloscope. (see f igure)

Trigger: EXT - +INDEX ( DC,
S ignal : CIII - TPA9 (AC ,

cI{2 - TPA10 ( AC ,

2) -5 Specification of

AI 'IPA 9 .
us inq

+) ( TpBr4 )

Ncrma I )

r'vertec ) Acc lvloce '

S ide- I
200 : 300 us
200 + 200 us

ta't
ii

-

Check

ACjust

timing T.
SiCe-0

200 : 200 us

200 3 100 us
All at TK 02

T.r't'-tnat-5.\,5Y:--

+INDLY
(rpBl4)

ar!
\1-t'1 -l I

v-:l.L 
-

FF\.1 . 
^\J;.J I

--.4,4V

,'?rrrqi-
\JV5J 

E

wave ionn)

I

$tJ-

N

\-T



5.3.4 Head alignment adjustrnent

1) Equipment

CE Tester
CE Diskette (DYl,lEK 502-lD STANDARD DISKETTE)

Oscilloscope
Hex wrench (2.0 mm dia.)
(Fine point diagonal cutter)

2) Adjustment procedure

2)-I Connect CE Tester to Drive (set poerer off).

2)-2 Turn-on power switch and motor on.

2)-3 Select d,rive and IoaC CE disketr-e (close clamp
door slowly).

2)-4 Seek TK00 to TK32 then reao amplitud.e of each
wavef orm (positioning waveforn) at TPA9, T-EAl0
under read mode (see Figure 7).

Trigger: EXT +INDEX (DC, +) (TPB14)

Sigrnal : CHl - TPA9 (AC, Normal) o^,clz - TPAro (AC, iii"ii"al Add Moce'

Specif ication: CIiECK ADJUST

when A>B B/A> 0.57 0.5
A<B A/B>0.5'7 0.6

2) -5 In each case of seek direction is TK00 to TK32
or TK79 to TK32, loosen carriage set screw,
then adjust Carrj-age Assy unti-l signal comes
withj-n specification. Do not forget to tighten
the screw.

3) Note: Adjust unoer following coni.it:cns

Temperature: 23"C =2oC exposei cver 2 ncurs
Fiumiditv : 503 :53
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+IND&X
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SignaI
TPA9 - IO

(pos itioning )
Carr iage As sy\-

-- carriage Guide Assy

^a- uarriage Set Screw
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F-\<\
JtJoJ

TFBI4
( I}IDEX )

TPAg /TPAI0

( USE DIFF'ERENTIAL

FIeaC Azimuth

f ) Equiprnent

CE TESIET

CE Diskette
Oscilloscope

2) Check procedure

2) -I Connect CE Tester to Drive then turn-on

2) -2

2) -3

2) -4

2 ) -5

2\ -6

l\

l- .':
n5

i-tRr )
\ *v I

power switch.

Turn on motor.

Select drive and load CE diskette.

Seek to TK5B.

Read azimuth waveform using oscilloscoPe.

Trigger: EXT -INDEX (DC +) (T"BI4)

Signal : CH1 TPA9 (AC, Normal)
cH2 - TpA10 (.Ac, rnverted) Add l4oce

Acceptable when adjusted waveforn within
following range

\n
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/,1 | \
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100
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t,'t-r\
l+lxl
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T'he heaC'

that the
or a new

cas€ r all

NCTE

s azimuth is not ad;ustacle. It is suggested

drive be sent to an autnorized repair center
head assembly be installed. fn the latter
previous adjustments should be made again.
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NOTES
UNLESS OTHERWISE SPECIFIEO ;
.I. ALL CAPACIIOHS ARE IN FARADS.
2,ALL RESISTOttS ARE lN Ol-lMS.l/6W.t5%(J).
3, RMI ; 150 J l/4W , RM2-5 I 4.7KJ l/8W,

GND

438

R6

476

t.'1K&
R8

NC, P3-AI
NC. P3-A2
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R /W-O. P3-A7
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ER-1, P3-
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KEY, P3-82
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F +5V
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I
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,(T'

PI.30..READ DATA

Pr-28
- WRITE PROIECT

P I- 3 4.- READ Y
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+5V

+5V
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TKoo LED A,ea-aso-Jfif
TKOO LEo K,P4_A3O_I
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13 38
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5.25 INCH FLEXIBLE DISK DRIVE

M4953- I

ILLUSTRATED PARTS LIST

+,N, MITSUBISHI ELECTRIC
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M4853-I Flexible Disk Drive



Fig;
& Index
Number

Fig. 1

Part Number

U9.9IKOO8

n99IKOO6

uZAINO14

-5 u66 9r{201-OO2

Figtrr. 1. Fle.tible Disk Drive

Description

Flexible Disk Drive

Mechanism AssV

PCA, NAIY{FG

Screw. Pan Hd-, Washercd fM3x0.5x8 FE)

Q'ry

.I

-2



Figurc L PC& NAIIFG

Description Q'ty
Fis

& Index
Number

Fig. 2

-l

-)-
-t-J

4
-5

4
-7

-8

-9

-10

Part Number

v24tNoL4
u452wOI8402

u258QOO5-OO1

u268Q005-0o1

u452wOI3{10

u45zwol2-OOI

u45zwol3-Oo9

u541N008-OO1

u667QOO1-OO1

u554Fro0l-GoI

u5{1M009-001

t

I

I

I

I

2

I

I

I

I

PCA. NA,'&[FC

Connector, PWB (656?5-21 4#6 )

Index Sensor U Assy

Write Protector Sensor Assy

Connector, PWB ( PS- I 0PA-D4 LT I -PN I )

Connector, PWB n7"349- I )

Connector, PWB ( IL-S4P-S 7L2-EF)

Holder, Write Protector Sensor

Bolt, Socket (Micro-size M2x6 FE )

Cover, HD Cable B

Holder, HD Cable



5\S

)

I

q
q-'/
E

I

I

Figure 3-l . Ivlechanism Assy ( t )



Part Number Descrip tion

u99IK006

u527LOO6

u7 02L005

u526Q002-00I

u560Moo2

u66 gw20l -oo2

Fie;
& Index
Number

Fig. 3-l

-l

-2

-3

4
-5

Mechanisn Assy (l)

Certriilge Guide Assy

Front Panel

Ejector Assy

Front Chassis Assy

Screw, Pan Hd., Washered (M3x0.5x8 FE)

I

I

I

I

r0



23

\
E

I

/'o1^V'
I

ZS-g

g_P
t?I

*l tl6-
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Figure 3-2. IVlechanism Assy (2)



Fis
& Index
Number

Prrt Number Descrip tion Q'ty

-l

-2

-3

4
-5

4
-l

-8

-9

-10

-ll
-12

-13

-14

-15

-16

-17

-lg

-lg

-20

-21

-72

-23

'24

-25

u99tKOO6

u587L006-GOI

u2 68Q007-001

u2g6Qoo2-oo1

u288QOO 5-OO1

u52 2Q002-00I

u541M010-001

u58IKOO3

u288Qoo5-00I

u53lN007-00I

u5 7 3NOO7-OOI

u83gMoo7-ooI

u54 6M001-O0I

u54 5NoO5-ool

u57INOOl-OO2

u838NOO3-OOI

v442N002-G0I

u572NOO5-OO2

u726QOO1-OOI

u5 50w021-003

u657w011-002

u669w201-00I

u6 50wO31-004

u669w201-002

u68 3Q001-00 2

u55 gw20I-003

Itvlechanism Assy (2)

Cerriage .{.ssy

TK00 Sensor Assy

HLMG Assy

Spindle Motor Assy

Idlcr Assy

Holder, Idler B

Frame

Stepping Motor

Guide Rod

Spring Coil

Band A

Holder, Band A

Holder, Band B

Spring, Coil, C

Stopper, Capstan

Terminal

Spring, Front Door

Front Door Assy

Screw, Pan Hd. (M2-5x4 FE )

Bolt, Socket 
- 
(Micro-size M2-5x4 FE )

Screw, Pan Hd-, Washered (Mjx0.5x6 FE )

Scrcw, Flat (M:x0-5x8 FE)

Scrcw, Pan Hd., Washered(M3xO-5x8 FE)

Washer, Plain

Screw, Pan Hd., Washered (M3x0.5x10 FE)

I

I

I

I

I

I

I

I

7

z

I

I

I

I

I

I

I

I

I

I

I

2

5

I

I
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Figure 4. Cariage Assy
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Fis
& Index
Number

Fig. 4

-l

-2

-3

4
-5

4
-7

-8

-9

-10

-l I

-12

-13

-14

-15

-16

'l'l
-lg

-19

u5 87 L006-GO1

u58f L004-G01

u587LOO5-cO1

u58ILo01-ool

u541M008{01

u4 60Noo4-co1

u450NOO4-GO2

u564t't004-001

u565NOO4-O0I

u54INoo7-GOl

u572NOO9GO1

tJz45LOO2€01

u544Nooz-ool

U573NOO6.00l

u552Noo6-o0I

u552NOO4-OO1

u569wo32-oo1

u667woll-oo2

.u56 gwo77-001

u550NOo7-oOI

Part Number Description

Carriage Assy

Carriage

Arm Assy

Frame

Stay Spring

Gimbals Head Ass:/ UP

Gimbds Head Assy DN

Cover

Shield Plate

Holder, Band C

Spring CR Assy

Head Cable Assy

Holder, Arm

Spring, Coil

Rubber

Rubber

Scrcw, Pan Hd., Washered lM3x0.5x 8 B S)

Bolt, Socket (Micro-size , M2-5x4 FE)

Screw, Tap-Tight ?-2.6x5

Spacer

Q'ry

I

I

I

I

I

I

I

7

I

I

I

I

I

2

I

I

I

3

I

r0
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TA
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M'l{8

Fig.
& Inde.\
Number

Fig. 5

-l

-2

-3

4
-5

{
'-l

-8

-9

-10

-l I

Part Number

u527LOO6

u527QOO1

u527Loo5-oo1

u567MOO6,€0I

u572NOO8-OO2

U55ONOO6_001

U838MOO6l.00l

u572NOO7{O1

u68 5r{l1I-O0I

u6 50w03r{o2

u669r{201-OO5

u559J{201-001

Figurc 5. Cartrige Guide Assy

Descrip tion

Cartridge Guide Assy

Canridge Guide B Assy

Cartridge Guide A

Collet Assy

Spring Cartridge Guide

Spacer A, Cartridge Guide

Stopper, Ejector

Spring, I-eaf

Ring, E (gd SUS )

Screw, Flat(M3x0.5x5 FE )

Screw, Pan Hd., Washered(M3x0.5x5 FE)

Scrcw, Pan Hd., Washered(t{3x0.5x5 FE )

I

I

I

I

?

I

I

I

2

13

2

tl
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Figure 6. $ector Assy

Fig.
& Index
Number

Part Number Description Q'ry

Fig. 6

-l

-2

-i-J

4
-5

4

u526QOO2-001

u526I,{002{O}

u526H003-001

u53INOO9-O01

u436QOO2-OOl

u573N009-001

u669wo3l-oo6

Ejector Ass,v

Holder, Ejector A

Ejector

Shaft" Ejector

Switch (Micro-size)

Spring, Coil

Screw, Pan Hd-, Washered(Mzxt0 FE)

I

I

I

I

I

I

r2
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s@
2

3 g
Figurc 7. CoIIet Ass1l

Collet AssJ'

Collet A

Collet B

Shaft

Spring, Coil B

Baring (F604ZZ)

Rins E ( 3d SUS )

Fis;
& Index
Number

Fig- 7

-l

-2

€
4
-5

-6

DescriptionPart Number

u557NOOGGOI

u567MOO4-OO1

U567MOO5.OOI

u53].NOOFOOl

u573NOOl-OO2

u530wo0l-ooI

u68 swlll-ool

Q'ty

r3
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Eigure 8. Flexible Disk Drive Wiring Diagrarn
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NOTICE

This document, and the information contained herein, is copyright by Tandon Corporation and may not be

duplicated or reproduced, in whole or in part, without the prior written approval of Tandon Corporation.

This document is intended to provide the user with detailed information adequate for the efficient installation,
operation, and service of the equipment involved.

However, while every effort has been made to keep the information contained herein current and accurate as of
the date of publication, no guarantee is given or implied as to its accuracy.
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SECTION 1

GENERAL DESCRIPTION

I.3 MAJOR FEATURESINTRODUCTION

This manual provides useful information to assist
the customer when incorporating the Tandon rigid
disk drive into a system.

Tandon Corporation's TM500 series of drives are
full feature, 5-l/4-inch, rigid disk drives. They are
compact data storage devices that contain one or
more 13O-millimeter plated aluminum platters
within a sealed housing.

The TM500 series includes Model Numbers
TM50l, TM502, and TM503, which have one,
two, and three recording platters, and use two,
four, and six recording heads, respectively.

I.I SCOPE OF THE DOCUMENT

Section I of this manual contains a general
description of the disk drives. Section 2 contains
the product specificatiolls. Section 3 provides in-
formation on operation of the drives. Section 4 is
a troubleshooting guide and replacement pro-
cedure. Assemblies and schematics are included in
the appendices.

1.2 PURPOSE OF THE DRIVE

The 5-l / 4-inch disk drive is a rotating disk
memory device designed for random access data
storage and retrieval. Typical applications include
word processing systems, entry level
microprocessor systems, intelligent calculators,
program storage, small business computer
systems, and any application in which low cost,
random access data storage is required.

MICROPROCESSOR CONTROL

The TM500 series of drives feature an onboard
microprocessor. The microprocessor provides five
major functions:

1. Self-calibration on power-up.

2. Buffered seek timing for improved access
times.

3. Improved positioning with reduced
hysteresis.

4. Write current switching for optimal record-
ing quality.

5. Power and track fault detection.

DAISY CHAIN CAPABILITY

The drive provides the address selection and gating
functions necessary to daisy chain a maximum of
four units at the user's option. The last drive on
the daisy chain terminates the interface. The ter- '

minations are accomplished by a resistor array
plugged into a DIP socket.

IN DUSTRY STAN DARD INTERFACE
COMPATIBILITY

The drive is compatible with controllers that use
an industry standard interface.

1-l



ACTIVITY INDICATOR

The activity indicator is located on the front panel
of the drive. It is automatically illuminated when
the drive is selected.

AIR FILTRATION

A self-contained, recirculating air filtration system
supplies clean air through a 0.3-micron filter. A
secondary absolute filter is provided to allow
pressure equalization with the ambient at-
mosphere without contamination. The entire
head-disk-actuator compartment is maintained at
a slightly positive pressure to futher ensure an
ultraclean environment.

1.4 FUNCTIONAL DESCRIPTION

The drive is fully self-contained and requires no
operator intervention during normal operation.
During the power-up sequence, the spindle motor
reaches 3600 RPM, and the positioning
mechanism recalibrates the recording heads back
to Track 0. At this time, a Ready signal on the in-
terface indicates the drive is ready for operation.

The head is positioned over the desired track by
means of a four-phase stepper motor/band
assembly and its associated electronics. This posi-
tioner uses a one-step rotation to cause a one-track
radial movement. Subsequently, the recording
heads can be positioned over the desired cylinders,
and the data can be read or written from the ap-
propriate track by selecting the desired head.

Typically, the drive uses MFM write and read
recording methods. Data recovery electronics in-
clude a low-level read amplifier, differentiator, a
zero-crossover detector, and digitizing circuits. No
data decoding feature is provided on the drives.

The drive has the following sensor systems:

l. An optical Track 0 switch senses when the
HeadlCarriage Assembly is positioned at
Track 0.

2. An index sensor, which consists of a
magnetic pick-up and index hole position-
ed to provide'an analog signal when oD in-"
dex hole is detected.

I.5 PHYSICAL DESCRIPTION

The TM500 drive is shown in Figure l-1. The
drives contain 130 millimeter storage media that
rotate at 3600 RPM, using a direct drive, brushless
D. C. motor. The recording is accomplished by
noncontact standard recording heads that tue
moved by a precision split band positioning device
and stepper motor.

FIGURE 1.1

DISK DRIVE

The Head Disk Assembly is enclosed in a sealed
cast aluminum housing, which includes an air
filtration system to ensure a contamination-free
environment. The housing is shock mounted to a
metal frame that has the front panel attached, and
threaded holes on the sides and bottom for mount-
ing the drive onto a chassis.

In addition, the drive includes the read/write con-
trol electronics, the servo spindle control elec-
tronics, an index sensor, a brake assembly, and a
front panel indicator.
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SECTION 2

PRODUCT SPECI FICATIONS

INTRODUCTION

This section contains the mechanical, electrical and operational, reliability, and environmental

specifications for the TM50l, TM502, and TM503 disk drives.

2.1 MECHANICAL SPECIFICATIONS

The mechanical and physical dimensions are contained in Figure 2-1 .

2.2 ELECTRICAL AND OPERATIONAL SPECIFICATIONS

The electrical and operational specifications are contained in Table 2-1. Typical starting current re-

quirements at nominal voltage are contained in Figure 2-2.

2.3 RELIABILITYSPECIFICATIONS

The reliability specifications are contained in Table 2-2'

2.4 ENVIRONMENTAL SPECIFICATIONS

The environmental specifications are contained in Table 2-3'

Tffi-d6n co'po*ArtoN o cHArswoRrH, cALIFoRNtA ei311
179045-001

REV. A
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FIGURE 2.1

DISK DRIVE OUTLINE DRAWING
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ELECTRICAL AND
TABLE 2.1

OPERATIO NAL SPECI FICATIO NS

Media

Tracks Per Inch

Spacing, Track to Track

Number of Cylinders

Number of Tracks

TM5OI

TM502

TM503

Disk Speed

Average Latency

Start Time

Stop Time

Seek Time

Head Settling Time

Average Access Time,
Including Head Settling Time,
3 Millisecond Step Rate

Average Access Time
Using Buffered Seek,
Including Head Settling Time

Transfer Rate

Lubricated, 130 millimeter, plated
aluminum disk

345 TPI

2.9 milinches

306 cylinders

612 tracks

1224 tracks

1836 tracks

3600RPM + lpercent

8.33 milliseconds

15 seconds maximum

15 seconds maximum

3 milliseconds track to track

l5 milliseconds, last track accessed

321 milliseconds

85 milliseconds

5 megabits per second

Tffiddn co Rpo RAtoN . cH Arswo RrH, cALr F.RN tA sl 3t 1

179045.001
REV. A
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TABLE 2.1 (CONTINUED)
ELECTRICAL AND OPERATIONAL SPECIFICATIONS

Mzurimum Flux Reversal Density

Unformatted Capacity Per Drive

TM5OI

TM502

TM503

Unformatted Capacity Per Surface

Unformatted Capacity Per Track

9O9O FRPI

6.38 megabytes

12.76 megabytes

19.14 megabytes

3. 19 megabytes

10.4 kilobyes

POWER REQUIREMENTS

+ 12 volts D. C. + l0 percent, 1.5 amperes typical, 5 amperes maximum during motor start-up, not to
exceed 12 seconds, 2 amperes maximum running, with no more than 50 millivolts Periodic and Random
Deviation (PARD).

+ 5 volts D. C. + 5 percent, 0.8 amperes typical, 1.2 amperes maximum running, with no more than 50
millivolts PARD.

There are no restrictions in sequencing power supplies on or off.

-rE

I a !'l Cl o f-l conpoRATloN o cHATswoRTH. cALTFoRNTA e1311
179045.001

REV. A
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TABLE 2.2
RELIABLI LITY SPECI FICATIONS

SOFT AND HARD READ ERROR RATES, EXCLUSIVE OF MEDIA DEFECTS

For data that has been verified previously as error free, and when used in conjunction with a data
separator and phase lock loop of good design, the,nrecoverable (soft) read error rate for any subsequent
read operation shall not exceed one error in I X 10. bits transferred. A recoverable read error is an error
that may be corrected within five attempts to reread the data.

The nonrecoverable (hard) read error rates shall not exceed one error in I X l0'' bits transferred. A
nonrecoverable read error is an error that may not be corrected within five attempts to reread data, pro-
viding that the writing of the data previously has been verified as correct. The seek error rate is not to
exceed one error in I X l0 seeks.

MEDIA DEFECTS

Any defects on the media surface will be identified on a defect map provided with each drive. This
defect map will indicate the head number, track number, and number of bytes from index for each
defect. Each defect shall be no longer than 16 bits. Cylinders 000 and 001 are guaranteed error free.

The map is offered as a guide only. The number of defects and their location can change due to
customer system variations such as data separators.

Mean Time Between Failures

Mean Time To Repair

Component Design Life

Preventative Maintenance

I 1,000 power on hours

30 minutes

5 years

Not required

T_andEncoRPoRAT|oN.cHATswoRTH,cAL|FoRN|A91311
179045-001

REV. A
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TABLE 2.3
ENVI RON M ENTAL SPECI FICATIONS

Ambient Temperature

Operating

Nonoperating

Temperature Gradient

Operating

Nonoperating

Relative Humidity

Relative Humidity Gradient

Operating

Nonoperating

Maximum Wet Bulb Temperature

Elevation

Operating

Nonoperating

4oc to sotc, 39oF to lzzoF

-4ooc to 6ooc, -4ooF to l4ooF

l0tc per hour, lSoF per hour

Below that causing condensation

8-to-80 percent, noncondensing

20 percent per hour

Below that causing condensation

26oC, 78.80F, without condensation

Density Altitude:

Sea level to 3,650
Sea level to 12,000

-457 to 2,972 meters,
- I ,500 to 9,7 50 feet

meters,
feet

TilndEEcoRpoRAroN.cHArswoRrH.cALrFoRNrAel3ll
179045.001

REV, A
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SECTION 3

OPERATION

INTRODUCTION

This section contains information pertinent to the
handling, inspection, installation, and operation
of the TM500 series of drives.

3.I UNPACKING THE DRIVE

Each drive is shipped in a protective container
which, when bulk packaged, minimizes the
possibility of damage during shipment.

Visually examine the shipping container for possi-
ble damage. Notify the carrier immediately if any
damage is found.

The following procedure is recommended for un-
packing the drive.

I . Place itre shipping container on a flat work
surface.

2. Cut the tape on the shipping container.

3. Remove the foam lid and pads from the
shipping container.

4. Remove the inner container.

5. Remove the drive from the inner con-
tainer.

6. Place the drive on a foam lined surface.

CAUTION
Do not monually rotate the stepper
motor or spindle motor. Domoge
to the heads and disk may result.

NOTE
The inside chamber of the drive is a
sealed compartment that must not
be opened.

When returning the drive to the service center, be

sure to use prior steps in reverse order, and ensure
the foam stiffeners in the proper location, with the
cardboard dividers properly in place between the
drives (see Figure 3-l).

3.2 PREINSTALLATION
CHECKOUT

Before applying power to the drive, inspect for the
following:

l. Ensure the front panel is secure.

2. Ensure the circuit board is secure.

3 . Ensure the connectors are firmly seated.

4. Ensure there is no debris or foreign
material between the frame and the
head/disk casting.

5. Ensure the head/disk housing can move
freely on the shock mounts of the frame.

6. Ensure the termination resistor pack and
jumper blocks are firmly seated and in the
correct configuration.

3.3 MOUNTING THE DRIVE

The drive can be mounted in any vertical or
horizontal plane. Eight 6-32 tapped holes are pro-
vided for mounting: two on each side and four on
the bottom of the frame (see Figure 2-1, pag€ 2-2).
The drive is manufactured with some critical inter-
nal alignments that must be maintained. Hence, it
is important the mounting hardware does not in-
troduce significant stress on the drive.

Any mounting scheme in which the drive is part of
the structural integrity of the enclosure is not per-
mitted. Mounting schemes should allow for ad-
justable brackets or incorporate resilient members
to accommodate tolerances.

3-l
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DUST COVER

The design of an enclosure should incorporate a
means to prevent contamination from loose items,
e.9., dust, lint, and paper chad since the drive does
not have a dust cover.

FREE AIR FLOW

When the drive is mounted so the components
have access to the free flow of air, normal convec-
tion cooling allows operation over the specified
temperature range (see Table 2-3, page Z-7).

CONFINED ENVIRONMENT

When the drive is mounted in a confined environ-
ment, air flow must be provided to maintain
specified air temperatures in the vicinity of the
motors and the circuit boards.

3.4 INTERFACE CONNECTORS

The electrical interface between the drive and the
host system is via three connectors. J I provides
control signals for the drive (see Figure 3-2). J2
provides for the radial connection of readlwrite

data signals (see Figure 3-3). J3 provides for D.C.
power (see Figure 3-4).

Table 3-l contains interface lines. The interface
description of the connectors, and the location of
each, is contained in this section,

J1/Pl CONNECTOR

Connection to J I is through a thirty-four-pin cir-
cuit board connector. Figure 3-2 contains the
dimensions of this connector. The pins are
numbered I through 34. The even pins are located
on the component side of the circuit board. pin z
is located on the end of the circuit board connec-
tor closest to the D. C, power connector J3/p3,
and is labeled. A key slot is provided between pins
4 and 6. The recommended mating connector for
P I is 3M ribbon connector P/N 3463-0001 ,

without ears.

J2IP2 CONNECTOR

Connection to J2 is through a 20-pin circuit board
edge connector. Figure 3-3 contains the dimen-
sions of this connector. The pins are numbered I
through 20. The even pins are located on the com-
ponent side of the circuit board. The recommend-
ed mating connector for P2 is 3M ribbon connec-
tor P/N 3461 -0001, without ears. A key slot is pro-
vided between Pins 4 and 6.
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J1 EDGE CONNECTOR DIMENSIONS
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FIGURE 3.3
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TABLE 3'1
DRIVE INTERFACE SIGNALS AND PIN ASSIGNMENTS

Interface
Pin Number

Connector Signal

2

4

6
8

r0
t2
l4
16
l8
20
22
24
26
28
30
32
34

Ground

(l)
(3)
(5)
(7)
(e)
(l l)
( l3)
(15)
(17)
(le)
(21)
(23)
(25)
(27)
(2e)
(3 l)
(33)

Signal Type r/o

I
I
I
o
o
o
I

I
o
o
I
I
I
I
I
I

Name of Signal

Spare 
1

Head Select 2"

Write Gate
Seek Complete
Track 0
Fault
Head Select t
Reserved (To Jz
Head Select 2'
Index
Ready
Step
Drive Select 0
Drive Select I
Drive Select 2
Drive Select 3

Direction In

PI

t
I

I

I

34-Pin
Ribbon
Daisy
Chain

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

7)

PI

P2

t
I

I

20-Pin
Ribbon
Radial

I

I

I
P2

I
3

5

7

9
ll
l3
t4
l5
l7
l8
l9

(2)
(4)
(6)
(8)
(10)
(:)

( l6)

tzol

S

S

o Drive Select
Spare
Reserved
Reserved (To J 1- 16)
Spare
Ground
+ Write Data

Write Data
Ground
+ Read Data

Read Data
Ground

;
D

D
D

;
I

o
o

P3

t
Radial
P3

I
2
3

4

+ 12 volts D. C. In
+ 12 volts D. C. Return
+ 5 volts D. C. Return
+ 5 volts D. C. In

;I

NOTES:
l. s -
2. D =
3. I =
4. O-

Single Ended
Differential
Drive Input
Drive Output
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J3'P3 CONNECTOR

D. C. power connector J3 is a four-pin AMP
Mate-N-Lok connector, P/N 350211-1, mounted
on the solder side of the circuit board. The recom-
mended mating connector, P3, is AMP P/N
l-480424-0, utilizing AMP pins P/N 60619-4. J3
pins are labled on the J3 connector (see Figure
3-4). J3 cabling must be l8 AWG, minimum.

FRAME GROUND CONNECTOR

The frame ground connector is Faston AMP P/N
61761-2. The recommended mating connector is
AMP P/N 62187- I . To realize error rates (see

Table 2-2), it must be connected directly to the
centrally located system ground via an l8 AWG,
minimum, cable.

3.5 INTERFACE LINE
DESCRIPTIONS

The interface for the TM500 series drive is
available in one configuration. It is compatible
with industry standard drives. Compatibility is

defined as using the same pin assignment where
the signal and function are common. Table 3-l
contains pin assignments.

The interface may be connected
daisy chain configuration (see

3-6).

in the radial or
Figures 3-5 and

INPUT CONTROL SIGNALS

The input control signals are of two kinds: those
to be multiplexed in a multiple drive system and
those that do the multiplexing. The input control
signals to be multiplexed are: Reduced Write Cur-
t*t, Write Gate, Head Select Line 20, Head Select
Line 2' , Head Select Line 2' , Step, and Direction
In. The multiplexing signal is Drive Select 0, Drive
Select I , Drive Select 2 or Drive Select 3.

The input signals have the following electrical
specifications, as measured at the drive. Figure 3-7
illustrates the recommended circuit.

True: 0.0 volt D. C. to 0.4 volt D. C. at I -
-40 milliamperes, maximum

False:2.5 volts D. C. to 5.25 volts D. C. at I _
250 microamperes, maximum (open) L

All input signals share a 220/330 ohm resistor
pack for line termination. Only the last drive in the
chain should have the resistor pack installed.
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Jl INPUT CONTROL
SIGNALS
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_
1

J2 + READ DATA
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-
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\

J2 +READ DATA
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FIGURE 3.5
RADIAL COI{FIGURATION
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HOST
CONTROLLER

J 1 INPUT CONTROL S IGNALS

FIG U RE 3.6
DAISY CHAIN CONTROL LINES

DR IVE 7

DRIvE g

J? +READ DATA

J2 + READ DATA

RESISTOR PACK
REMOVED

J2 READ DATA

J2 +WRITE DATA

J? -WRITE DATA

J2 -READ DATA

J2 +WRITE DATA

J2 -WRITE DATA
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7438 0R
EQU IVALENT

l-20 
Fr MAXTMU

WRITE GATE

The active state of this signal or logical zero level
enables write data to be written on the disk. The
inactive state of this signal enables the data to be
transferred from the drive. In additior, the inac-
tive state enables the step pulse to step the
read/write actuator.

74LS14 0R
EOUIVALENT

HEAD SELECT LINES 2O,2' ,2'

These three lines provide for the selection of each
read/write head in a binary coded sequence. Head
Select Line 2' is the least significant line. The
heads are numbered 0 through 5. When all Head
Select Lines are false, Head 0 is selected. Table 3-2
describes which head is selected for the head select
lines.

FIGURE 3.7
CONTROL SIGNAL'DRIVER RECEIVER CIRCUIT COMBINATION
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TABLE 3'2
HEAD SELECT LINES

Head Select Line Head Selected

2' 2t 20

Jumper JumPer
3 PWI3 OUT 3 PWI3 IN

TMsOI, TM5O2 TM5O3

I

I
I

I

0

0

0

0

I

I
o

0

I

I

0

0

I

0
I

0

I

0

I

0

0

I
2

3

0

I

2

3

0

I
2

3

4

5

0

I

Head recovery time (head-to-head select, write-to-
read recovery, or read-to-write recovery) is 2.4
microseconds maximum.

STEP

This interface line is a control signal that causes the
read/write heads to move with the direction of mo-
tion defined by the Direction In line.

The access motion is initiated at the logical true-to-

logical false transition or the trailing edge of this
signal pulse. Any change in the Direction in line
must be made at least 100 nanoseconds before the
true-to-false edge of the step pulse. The quiescent

state of this line should be held logically false.

The read/write head moves at the rate of the in-
coming step pulses. The minimum time between

successive steps is three milliseconds, except during
execution of a buffered seek. The minimum pulse

width is one microsecond. Figure 3-8 illustrates the
step timing.
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*- 1OO NS MINIMUM, 2OO US MAXIMUM

DIRECTION IN

<__ STEP LOGIC
ENERGIZED

5OO NS MAXIMUM l-_
-SEEK COMPLETE

FIGURE 3.8
STEP MODE TIMING

BUFFERED SEEK

The buffered seek uses an onboard microprocessor that calculates the most efficient seek algorithm for the user.
Theuser need only issue step pulses in accordance with the timing shown (see Figure 3-9). Step pulses are issued in
a l: I ratio to the cylinders moved. If more pulses are issued than there are cylinders leit to moroe, the heads soft
stop at the last cylinder.

--|

* STEP

.1 M ICROSECOND*l MIN lMunn hr MlcRoSEcoND 
-.-*l| | MINTMUM 

I

FIGURE 3.9
BUFFERED SEEK STEP PULSES

5 MI CROSECONDS MINIMUM,
2OO MICROSECONDS MAXIMUM
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DIRECTION IN

This signal defines the direction of motion of the
read/write head when the Step line is pulsed. An
open circuit or logical false defines the direction as

"out". If a pulse is applied to the Step line, the
read/write heads move away from the center of the
disk. If this line is true, the direction is defined as

"in", and the read/write heads move in toward the
center of the disk.

Seek Complete must be true prior to changing
directions and the application of additional step

prulses.

REDUCED WRITE CURRENT

The Reduced Write Current input line is ter-
minat€d, but is not used in the TM500 series drives.
The microprocessor automatically switches write

current.

DRIVE SELECT O THROUGH DRIVE SELECT 3

These control signals enable the selected drive's in-
put receivers and output drivers. When logically
false, the output drivers are open circuits and the
input receivers do not acknowledge signals
presented to them.

Selecting the appropriate jumper block at W9
through W 12 determines which select line activates
the drive.

NOTE
Only one drive may be selected at a time.

OUTPUT CONTROL SIGNALS

The output control signals are driven with an open
collector output stage capable of sinking a mELx-

imum of n milliamperes in a true state, with a

mzurimum voltage of 0.4 volt measured at the
driver. When the line driver is in the false state, the
driver transistor is off, and the collector cutoff is a
mrurimum of 250 microamperes.

All Jl output lines are enabled by the respective
Drive Select lines.

SEEK COMPLETE

The Seek Complete signal goes true when the
read/write heads have settled on the final track at
the end of a seek. Reading or writing should not be

attempted when Seek Complete is false.

Seek Complete goes false:

l. When a recalibration sequence is initiated
. by the microprocessor at power on because

the read/write heads are not over Track 0.

2. 500 nanoseconds, maximum, after the trail-
ing edge of a step pulse or a series of step

pulses.

3. When power is momentarily lost, Seek

Complete is false when power is restored
and remains false until an automatic
recalibration is comPleted.

TRACK O

The Track 0 signal indicates a true state only when

the drive's read/write heads are positioned at Track

0, the outermost data track.

FAULT

The Fault signal is used to indicate a condition ex-

ists in the drive that could cause improper writing
on the disk. When this line is true, further writing is
inhibited, &s are other drive functions, until the

condition is corrected.

This condition is caused by either the + 12 volt or
+ 5 volt supply dropping below the specified limits,
and on power up until a successful recalibration se-

quence is completed.

INDEX

The Index signal is provided once each revolution,
16.7 milliseconds nominal, to indicate the beginn-
ing of the track. Normally, this signal is false and
makes the transition to true to indicate Index. Only
the transition from logical false to logical true is
valid.
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READY

When true, the Ready signal, together with Seek
Complete, indicates that the drive is ready to read,
write or seek, and the I/O signals are valid. When
this line is false, all controller-initiated functions
are inhibited.

The typical time after power on for Ready to be
true is fifteen seconds. Track 0, Seek Complete,
and Ready come true sequentially during power on.

SELECT STATUS

A Status line is provided at the JL/PZ connector to
inform the host system of the selection status of the
drive.

The Drive Selected line is driven by a TTL open col-

20 FT

lector drive (see Figure 3-7\. This signal goes active
only when the drive is programmed as Drive X, X
_ 0, I , 2, or 3, by progrilmming the shunt on the
drive, and the Drive Select X line at Jl/Pl is ac-
tivated by the host system.

DATA TRANSFER SIGNALS

All lines associated with the transfer of data be-
tween the drive and the host system are differential
in nature and may be multiplexed. These lines are
provided at the JL/PZ connector on all drives.
Signal levels are defined by RS422A.

Two pairs of balanced lines are used for the
transfer of data: MFM Write Data and MFM Read
Data. Figure 3- 10 illustrates the driver /receiver
combination used with the drive for data transfer
signals.

HIGH
TRUE

E

MAXTMUM __t
(6 1M) 

|

FLAr RTBBON OR 
I

TWISTED PAIR CABLE I

HIGH
TRU E

FIGURE 3.10
DATA TRANSFER LINE DRIVER RECEIVER

+ SIG NAL

SIG NAL

{?
I

100(J

261S3 1 0R
EOUIVALENT

261532 0R
EOUIVALENT
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-r-MFM WRITE DATA

This is a differential pair of lines that define the
flux transition to be written on the track. The tran-
sition of the + MFM Write Data line going more
positive than the -MFM Write Data line causes a
flux reversal on the track if Write Gate is active.
This signal must be driven to an inactive state,
+ MFM Write Data more negative than -MFM
Write Data, by the host system when in a read
mode.

The delay from the leading edge of Write Gate to
the Write Data pulse is 400 nanoseconds, ma,x-
imum.

MFM READ DATA

The data recovered by reading a prerecorded track
is transmitted to the host system via the differential
pair of MFM Read Data lines, The transition of the
+ MFM Read Data line going more positive than
the -MFM Read Data line represents a flux reversal
on the track of the selected head,

3.6 DRIVE ADDRESS AND
OPTION SELECTION

The drive address and option selection is determin-
ed by the programmable jumper blocks located on
the logic circuit board. If jumper configurations are
chang€d, power should be cycled off and otr, so
that the microprocessor can recognize the new con-
figuration.

The option programming
Table 3-3.

guide is contained in

3.7 SHIPPING PACK AND
HANDLING

Figures 3-11 through 3-13 provide basic informa-
tion on recommended design guidelines for packag-
ing systems.

From various drop tests conducted, it has been
established that drives subjected to shock loads in
excess of twenty G's may be damaged and conse-
quently not meet published performance specifica-
tions for data reliability, margins, and function.

In order to avoid media or head damage, it is

recommended that:

l. Drive mounting designs incorporate some
type of shock dampening consideration.

2. Shipping cartons protect the drive within
the system to withstand twenty G's.

3. Individual drives are handled carefully,
e .9., receiving and in-process personnel are
properly trained, surface mats are used on
working surfaces to prevent the possibility
of "handling shock," and padding is plac-
ed on racks and carts.

Please emphasize the critical aspects of handling
these drives to all concerned people. In additiotr,
Tandon provides technical assistance on packing
and handling to customers upon request.
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TABLE 3-3
OPTION PROGRAMMING GUIDE

w1-w3
Jumper

wl

w2

w3

w4

w5

w6

RTWT

wTw8

s4w9
s3wl0
s2wll
slwl2

3PWl3

u22

Function

Track Fault

Test

Disable Limit

Spin Select

Tracks

Motor Type

Read Terminator

Write Terminator

Drive Select 4
Drive Select 3

Drive Select 2
Drive Select I

Three Disk

Terminator Pack

Factory
Programmed

o

o

o

o

S

I

I

o
o
o
I

503

I

Usage

Install for excess track fault.

Install for factory test.

Install to disable soft limits.

Install for spin select.

Install for standard version only.

Install for Type l.8o motor.

Close only at end drive of daisy chain data. Closed
for radial data.

Install one of four plugs only.
Plug corresponds to drive address.

Close for Model TM503 only.

Install in end drive of daisy chain.

NOTES:
O - Omit
I

S

503 - Close jumper for TM503 only.
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STEP A.

STEP B.

ENCLOSE UN IT IN POLY BAb
TO AVOID SURFACE
SCRATCHES AND
OTHER DAMAGE

MOLD POLYURETHANEncLAMsHEt( To 'cuBE" uNlr

FIGURE 3.1 1

RECOMMENDED SHIPPING PACK DESIGN,
CONFIGURATION 1
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CLAMSHELL INNER CARDBOARD
CONTAINE R

STEP C.

STEP

FOAM

FTGURE 3.1 1 (CONTTNUED)
RECOTIIMENDED SHIPPING PACK DESIGN,

CONFIS'RATION 1

FOAM COVER

AFTER CLOSI NG,
TAPE BOX ON ALL
SEAMS WIT H ?, OR
WIDE FIBERGLASS
RE INFORCED
SH IPPING TAPE

INNE R CONTAI NER

OUTER CARDBOARD
CONTAINER

3'

3-t7



r- I I l= 'III'

STEP A.

STEP

ENCLOSE UN IT IN POLY BAG
TO AVOI D SURFACE
SCRATCHES AND
OTHER DAMAGE

FOAM COVER

FOAM

AFTER CLOSI N G,

TAPE BOX ON ALL
SEAMS WITH 2,, OR
VVIDE FI BERGLASS
REINFORCED
SH I PP I NG TAPE

OUTER CARDBOARD
CONTAINER

FIGURE 3.'12
RECOMMENDED SHIPPING PACK DESIGN,

CON FIGURATION 2
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STEP

STEP B.

ENCLOSE UNIT IN POLY BAG
TO AVOID SURFACE
SCRATCHES AND
OTHER DAMAGE

MOLDED POLYURETHANEOCLAMSHELT TO OCUBEO 
UN IT

FIG U RE 3.13
RECOMMENDED SHIPPING PACK DESIGN,

CONFIGURATION 3
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CLAMSHELL
INNER CARDBOARD
CONTAINER

STEP

STEP

FOAM COVER

FOAM

AFTER CLOSING,
TAPE BOX ON ALL
SIDES WITH 2,, OR 3"
WIDE FIBERGLASS
REINFORCED
SH I PPING IAPE

INNER CONTAINER

OUTER CARDBOARD
CONTAINER

FTGURE 3-1 3 (CONTINUED)
RECOMMENDED SHIPPING PACK DESIGN,

CONFIGURATION 3
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*

l4

L2

10

THE FORMULA IS : LOAD FACTOR =

FOAM DENSITY
t-l/+ LBs.

FOAM
z-l/z

DENSI TY
LBS.

.1 0 .20 .30

LOAD FACTOR **

NOTE

40 .50

THE GRAPH GIVES FOAM THICKNESSES TO
SAT ISFY 10 G MI N I MUM SHOCK LOADS ON
STANDARD 30-INCH DROP TEST.
HENCE, ALL PACKAGE DESIGNS
SHOULD BE TESTEDTO VERIFY THEIR
ULTI MATE PERFORMANCE.

* THICKNESS IS IN INCHES.

* XTHE LOAD FACTOR IS IN LB S. PER SQ. INCH,
uNrr's wE rGHT (t-a s)
SMALLEST SIDE OF
uNrr (so. lNcHrs)

FIGURE 3.14
LOAD GRAPH
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SECTION 4

TROUBLESHOOTING GUIDE AND
REPLACEMENT PROCEDURE

INTRODUCTION

This section is designed to help locate and correct
failures related to the drive. Table 4-2 is a
troubleshooting guide outlining the problem, its
possible cause, and the recommended action. This
section also contains parts removal, replacement,
and adjustment procedures.

In all cases, the power supply voltages should be
checked before proceeding.

4.1 TROUBLESHOOTING GUIDE

TEST EQUIPMENT

The following test equipment, or its equivalent, is
recommended:

1. Oscilloscope, Tektronix 465-vertical and
horizontal sensitivity plus three percent
specified accuracy-with three lOX pro-
bes, each with individual ground leads.

2. Counter Timer, Monsairto Model 1008.

3. Digital Voltmeter (DVM), John Fluke
Model 800A.

TEST POINTS

Table 4-l contains each test point by function
name. All test points referred to are on the logic
board. Figure 4- I illustrates their locations.

E

TABLE 4.1
TEST POINTS

Test Point Signal

1,4,9,11, 12, 13, 16,
2a. ra a. r lr.. I r... r...or I o. t

3...alrlar.rrr.rr.raaarllar

5a.arl.rarr.o..r....rrrrrr.

6

t7

ta

Logic Ground
Direction
Index
Photo Sensor, Track 0
Track 0
Step
Seek Complete
Pulse Read Data

Analog Read Data
+ Analog Read Data
Reserved + 5 volts D. C.
Cable Detect + 5 volts D. C.

7

8.,
l0
l4
t5
l8
r9

4-l



O Ulilllllll, o

r5

tl6

tlT

r6 ll

t7
tZ

r8

14. tl?
15l r 13

lor t4 r3

O
,9__g,ffii

rlB
rl9

FIGURE 4.1
TEST POINT LOCATIONS

4-2



TABLE 4.2
TROUBLESHOOTING GUIDE

Problem Possible Cause Recommended Action

No activity lamp. Not selected.

Lamp not plugged in.

Lamp faulty.

Logic board faulty.

Check for correct drive
select jumper.

Check Connector P-7 ,

Replace lamp.

Replace logic board.

No index. Not selected.

Index sensor not plugged in.

Index sensor misadj usted.

Index sensor faulty.

Logic board faulty.

Check drive select jumper.

Check Connector P-5

Readjust Index sensor.

Replace sensor.

Replace logic board.

No Track 0. Not selected.

Track 0 sensor not plugged in.

Track 0 sensor misadjusted.

Track 0 sensor faulty.

Logic board faulty.

Check drive select jumper.

Check Connector P-9.

Readj ust Track 0 sensor.

Replace Track 0 sensor.

Replace logic board.

Drive not ready. Not selected.

No index.

No Track 0.

Motor not up to speed or
not turning.

Drive does not seek.
Drive does not restore.

Check drive select jumper.

See "No index."

See "No Track 0. "

See ' 'Motor not up to speed,
not turning."

See ' 'Drive does not seek or
rgstore. t t
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TABLE 4-2 (CONTINUED)
TROUBLESHOOTING GUIDE

Problem Possible Cause Recommended Action

Drive does not seek
or restore. Drive not selected.

Stepper motor not plugged in.

Logic board faulty.

Spindle motor speed misadjusted.

Stepper motor faulty.

Foreign object interfering with
positioning arm or damper.

Check drive select jumper.

Check Connector P-8.

Replace logic board.

Readjust spindle motor's speed.

Return to factory for repair.

Remove foreign object.

Motor not up to
speed, not turning.

Spindle circuit board not plugged in.

Spindle motor not plugged in.

Faulty Spindle circuit board
(see Figure 4-2).

Motor not up to speed.

Motor faulty.

Brake misadjusted.

Check Connector P-12.

Check Connectors P- I O and P- I I

Replace circuit board.

Adj ust spindle speed.

Return to factory for repair.

Readjust brake.

Does not read. Not selected.

Heads not selected.

Head cable not plugged in.

Logic board faulty (see Figure 4-3)

Defective head.

Check drive select jumper.

Check head select interface lines.

Check jumper 3P Wl3, installed for
Model Number TM503 (see Table 3-2,
page 3- l0).

Check Connector P-6.

Replace logic board.

Return to factory for repair.
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TABLE 4.2 (CONTTNUED)
TROUBLESHOOTING GUIDE

Problem Possible Cause Recommended Action

Does not read. Improper position.

Drive not ready.

See "Drive does not seek or restore. "
See "Drive not ready. "

Does not write. No Write Gate for writing.

Not selected.

Heads not selected.

Head cable not plugged in.

Logic board faulty.

Defective head.

Drive not ready.

Check Write Gate interface line.

Check drive select jumper.

See ''Does not read."

Check Connector P-6.

Replace logic board.

Return tO factory for repair.

See ''Drive not ready."
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4.2 REPLACEMENT
PROCEDURES

Do not rotate spindle motor or head positioning
mechanism. Damage to heads and/or media may
occur.

Remove power prior to replacing parts.

The following assemblies may be replaced:

Control and Data Circuit Board Assembly
Front Panel L.E.D. Assembly
Linear Brake Assembly
Front Panel
Index Assembly
Spindle Control Circuit Board Assembly
Frame Assembly
Track 0 Sensor Assembly

TOOLS REQUIRED

Number 2 Phillips screwdriver
3/16" nut driver
5/16" nut driver
.008" or .010" feeler gauge

CONTROL AND
ASSEMBLY

REMOVAL

DATA CIRCUIT BOARD

To remove the Control and Data Circuit Board
Assembly:

l. Remove the three screws that attach the
circuit board to the chassis.

2. Remove the Connectors J4 and J5 from
the circuit board.

3. Slide the circuit board toward the side of
the frame, lift up on the free side of it, and
remove remaining connectors.

REPLACEMENT

To replace this
through 3.

FRONT PANEL

REMOVAL

assembly, reverse Steps I

L.E.D. ASSEMBLY

To remove the Front Panel L.E.D. Assembly:

l. Remove the Control and Data Circuit
Board Assembly.

2. Remove the L.E.D. Assembly by pressing
the center of the Front Panel L.E.D.
Assembly with a blunt tool.

NOTE
Press from the inside to the outside of
the panel.

3. Remove the square retainer from the
assembly.

REPLACEMENT

To replace this
through 3.

LINEAR BRAKE

REMOVAL

assembly, reverse Steps I

ASSEMBLY

To remove the Linear Brake Assembly:

l. Remove the Control and Data Circuit
Board Assembly.

2. Remove Connector Jl I from the Spindle
Control circuit board.

3. Remove the 5 / l6-inch nut and washer
from the mounting stud.

4. Remove the Linear Brake Assembly.

+7



REPLACEMENT 2. Loosen the lock nut on the Index
Assembly bracket.

To replace the assembly, reverse Steps I 3. Unscrew the Index Assembly, and remove.

through 4.

ADJUSTMENT

REPLACEMENT

To adjust the Linear Brake Assembly:

l. Loosen the 5/16-inch mounting nut. To replace the Index Assembly, reverse Steps I
through 3.

2. Set the feeler gauge, adjusted to 0.014 in-
ches, between the brake pad and the spin-
dle drive motor rotor.

3. Push the brake pad up against the feeler ADJUSTMENT
gauge.

4. Align the brake shoe with the Spindle To adjust the Index Assembly:
Drive Motor rotor.

5. Tighten the 5/16-inch mounting nut. l. Loosen the 3/8-inch locking nut.

6. Remove the feeler gauge. 2. Adjust the Index Assembly to between
0.008 and 0.010 inches from the motor
rotor.

INDEX ASSEMBLY
3. Use a 100 megahertz or greater bandwidth

oscilloscope.
REMOVAL

4. Verify the A. C. signal as seen at U9, Pin
6, is greater than one volt peak to peak (see

To remove the Index Assembly: Figure 4-4).

l. Remove the Control and Data Circuit 5. There must not be more than 100 millivolts
Board Assembly. peak ripple on the base line.
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FRONT PANEL

REMOVAL

To remove the front panel:

l. Wedge a taper shim 0.030 inch under the
edge of the front Panel.

2. Remove the front panel from the drive
frame.

3. Clean the front panel thoroughly ' with
solvent.

REPLACEMENT

To replace the front panel, apply new double back
tape, and fit the panel over the drive frame.

SPINDLE CONTROL CIRCUIT
BOARD ASSEMBLY

REMOVAL

To remove the Spindle Control Circuit Board
Assembly:

|. Remove the Control and Data Circuit
Board Assembly.

2. Remove Connectors JlO and Jl I from the
Spindle Control circuit board.

3. Remove the three screws that attach the
board to the chassis.

4. Lift the board straight up and out.

REPLACEMENT

To replace the board, reverse Steps 2 through 4.
When replacing connectors, ensure the proper pin
orientation.

ADJUSTMENT

To adjust the Spindle Control circuit board:

Set potentiometer R23 (closest to interface
connectors, single turn) to its approximate
center position.

Using a dual channel oscilloscope, connect

one channel to R26 (resistor lead closest to
the power transistor leads on Spindle Con-
trol Circuit Board), and set scope to 100
millivolts per division. Connect the other
channel of the scope to test point three on
the logic board (index), and set the voltage
scale at one volt per division and the time
base at two milliseconds per division.

Apply power to the drive and wait 15

seconds for the spindle motor to come up
to speed.

While the scope is triggered on index, ad-
just the speed control potentiometer R5 on
the spindle control board (10 turn pot
closest to the front of the drive), so the

time between index pulses is between 16

and 17 milliseconds.

Trigger the scope to the line frequency (60

Hertz). Adjust R5 so index pulses are sta-

tionary on the scope screen.

Adjust R23 so voltage spikes, both positive
and negative going, across R26 are
minimal (see Figure 4-5).

Repeat Steps 5 and 6 until no further im-
provement can be made.

l.

2.

3.

4.

6.

7.

5.
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VOLTAGE SPIKES

FRAME ASSEMBLY

REMOVAL

To remove the Frame Assembly:

Remove the Control and Data
board.

Remove the Spindle Control circuit

Remove the three frame nuts and
washers.

Remove the Frame Assembly.

REMOVAL

To remove the Track 0 Sensor Assembly:

l. Remove the Circuit Board Assembly.

2. Loosen the screw on the Track 0 sensor
Assembly mount.

3. Swing the mount clear, and remove the
screw that holds the Track o sensor
Assembly.

REPLACEMENT

To replace the Track 0 Sensor Assembly, reverse
Stepslthrough3above.

ADJUSTMENT

To adjust the Track 0 Sensor Assembly:

l. Loosen the screw.

2. Adjust the sensor so that it is z.s t I volt
at Test Point 5, while stepping out from
Track 5 to Track 0, and the positioner is
on Track 2 plus or minus one track.

3. verify that Test Point 6 changes logic level
at Track 2, plus or minus one track (see
Figure 4-6),

l. circuit

board.

the six

2.

3.

4.

REPLACEMENT

To replace the Frame Assembly, reverse Steps I
through 4 above.

TRACK O SENSOR ASSEMBLY

Do not move the positioning mechanism or Track
0 stop.

4-l I
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APPENDIX A

RECOMMENDED SPARE PARTS LIST
AND MAJOR ASSEMBLIES

All assemblies with part numbers are available for purchase as spare replacement parts. The items without alpha
designators on the drawings are for reference only, and cannot be purchased as spare replacement parts.

If an assembly has been determined faulty, and is not listed as a spare replacement, the drive must be returned
to the manufacturer for repair.
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RECOMMENDED SPARE PARTS LIST

f)escription

Brakg ASSgmblyr. o, r. ! r.. o. r..... '.... '... r........ r. r

Indgx ASSgmbly. o... r. r r I r.. r. r r I r r o,. o.. r r r..... r....

TraCk 0 ASSembly..... o,.... r, r.... !. r.. r r r...... ' o...

Framg Assgmblyr... r r. r.. o r r. r r.. r r. r... r.... r. r. o...

FrOnt Panelo. r..... r.. o r.. r. r. r.. I r r o r r.... r. r.. r.r o | '.

Spindle Control Boardr ' o..... r..., r.. r.... r o. r.. r r

LOgiC BOardr. I r. i..... o r. r. r o r.................. r.. r...

Front Pangl L.E.D. Assgmbly..,.,... r..,.. ' r..,, r

Single Pack Shipping Containgr.,......,,. o.,.,.. o

Four Pack Shipping Container. r,..,, o..,....,.,..

Part Number

962010-001
187010-001

187174-001
187288-001
r87323-001
187065-001

r87345-002
187018-001
187 125-001 (Not
187 125-002 (Not

Shown)
Shown)
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FRONT PANEL
L. E. D. ASSEMBLY
lB70rB-001 FRAME A S SEMBLY

l872Bg-O0l

FRONT PANEL
| 87323-0 0 |
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BRAKE ASSEMBLY
9620rO-OOl

I NDE X ASSEMB LY
rB70ro-ool

TRACK O ASSEMBLY
187t74-001

SPINDLE CONTROL BOARD
t87065-OOl
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APPENDIX B

CIRCUIT BOARD SCHEMATICS AND
ASSEMBLY DRAWINGS

This appendix contains the current circuit board schematics and assembly drawings for the TM50O series of disk
drives.

Drawing Number

r8734c'-001 REV L

t87345-001 REV S

187065-001 REV J

187060-001 REV E

Title

Control and Data
Circuit Board Schematic

Control and Data
Circuit Board Assembly

Spindle Control
Circuit Board Assembly

Spindle Control
Circuit Board Assembly

Page Number

B-2, B-3, 84

B-5

B-6

B-7
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Integrated Feature Set

-fphanced 8086-2 CPU

-Clock Generator

-2 Independent, High-Speed DMA
Channels

-Programmable Interrupt Controller

-3 Programmable 16-bit Timers

-Pvegrammable 
Memory and

Peripheral Chip-Select Logic

-pTsgrammable 
Wait State Generator

-Local Bus Controlfer
Available in 8 MHz (80186) and cost
effective 6 M Hz (80186-6) versions.
H igh-Performance Processor

-2 Times the Performance of the
Standard IAPX 86

-4 MBytelSec Bus Bandwidth
Interf ace

IAPX 186
HIGH INTEGRATION 1 6-8IT MICROPROCESSOR

Direct Addressing Capability to
1 MByte of Memory

Completely Object Code Compatible
with Alf Existing |APX 86,88 Software

-10 New Instruction Types

Complete System Development
Support

-Pgvelopment Software : Assembler,
PL/M, Pascaf, Fortran, and System
Utilities

- | n - Ci rcuit- Ernulator (lel CE'u-1 86)

-|RMX'" 86, 88 Compatible (801 30
OSR

Optional Numeric Processor Extension

-IAPX 1 86/20 High-Performance 80-bit
Numeric Data Processor

INTSIINTAT

PROGRAMMABLE
INTERRUPT

CONTROLLER

MAX COUNT
REGISTER B

MAX COUNT
REGISTER A

16-8lT
GENERAL
PURPOSE

REGISTERS

CONTROL REGISTERS

INTERNAL BUS

PROGRAMMABLE
DMA UNIT

CHIP.SELECT
UNIT

20-BlT
SOURCE POINTERS

20-BtT
DESTINATION

POINTERS

1EBff
SEGMENT

REGISTERS
PROGRAMMABLE

CONTROL
REGISTERS

16-BtT
TRANSFER COUNT

CONTROL
REGISTERS

"T"
t

TMR OUT 1 TMR OUT O

TMR IN I TMR IN

so-sT

SRDY
ARDY

TEST
HOLD
HLOA

FES
RESET

LOCK
t wFALE V V
RD AD0- A16/S3-

DT,'F B-H=.E/S7 AD15 A19/56

l,tCSO-g PCSO-I

Figure f . IAPX 186 Block Diagram
Iniel Co(poration Assumes No Responsibility lor the Use ol Any Circuitry Other Than Clrcuitry Embodied in an Intel Product. No Other Circuit Patent Licenses a.e lmplied.
Information Contained Herein Supercedes Previously Published Specifications On These Devices From lntel.
e- INTEL CORPORATION, 1983

JULY 1983

ORDER NUilBER: 210'151-ffi3



iru' |APX 186

The lntel iAPX'186 (80186 part number) is a highly integrated 16-bit microprocessor. The iAPX'186 effectively
combines 15-20 of the most common |APX 86 system components onto one. The 80186 provides two times

greater throughput than the standard 5 MHz iAPX 86. The iAPX 186 is upward compatible with iAPX 86 and 88

software and adds 10 new instruction types to the existing set.

Figure 2. 80186 Pinout Diagram

TOP BOTTOM

l?tE
il!l=

iA
so
s1
s2

ARDY

ucs
r-cs
PC56/A2
pcsgnr
pcsq
PCS3
PCS2
PCSl
vss
F-es6m
TMR OUT 1

TMR OUT O

TMR IN 1

TMR IN O

DRQl
DROO

CLKOUT
RESET

x2
x1

vss
ALEiQSO

noroslrao
wnlosr

EHE
A19/56
A18i S5
A17/54
A1E'S3

PIN No. 1 MARK 
-/

trlFq(g(9 lJ') (\l<l (Jr(v)O(\IO)f t9 I

i?E?E?E?,oi?????? ?

Table 1 . 80186 Pin Description

Symbol
Pin
No. Type Name and Function

Vcc, Vcc 9,43 System Power: +5 volt power suPPly.

Vss, Vss 26,60 I System Ground.

RESET s7 o Reset Output indicates that the 80186 CPU is being reset, and can be used as a

system reset. lt is active HIGH, synchronized with the processor clock, and
lasts an integer number of clock periods corresponding to the length of the
FES signal.

X1, X2 59.58 I Crystal lnputs, X'l and X2, provrde an external connection for a fundamental
mode parallel resonant crystal for the internal crystal oscillator. X1 can inter-
face to an external clock instead of a crystal. The input or oscillator frequency
is internally divided by two to generate the clock signal (CLKOUT)

CLKOUT 56 o Clock Output provides the system with a 50% duty cycle waveform. All device
pin timings are specif ied relative to CLKOUT CLKOUT has suff icient MOS drive
capabilities for the 8087 Numeric Processor Extension.

RES 24 I System Reset causes the 80186 to immediately terminate its present acttvtty,
clear the internal logrc, and enter a dormant state. This signal may be asyn-
chronous to the 80186 clock. The 80180 begins fetching instructions approxi-
matelyT clock cycles after FES is returned HIGH. RES is required to be LOWfor
greater than 4 clock cycles and is rnternally synchronized. For proper initializa-
tion, the LOW-Io-HIGH transition of RES must occur no sooner than 50
microseconds after power up. This input is provided with a Schmitt-trigger to
facilitate power-on R-ES generation via an RC network. When F-ES occurs, the
80188 will drive the status lines to an inactive level for one clock, and then
tri-state them.

AFN,O2217C
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Table 1. 80186 Pin Description (Continued)

Symbol

TES

Pin
No.

47

Type

I

Name and Fulctiln

T-EST is examined by the WAIT instruction. lf the T=EST input il I!qH when
"WAlT" execution begins, instruction execution will suspend. TEST will be
resampled until it goes LOW at which time execution will resume. lf interrupts
are enabled while the 80186 is waiting for TEST, interrupts will be serviced. This
input is synchronized internally.

TMR IN O

TMR IN1
20
21

I Timer Inputs are used 
"'tl-t;;ay.Locr. 

;.;";,rotr,g"r'r d;;"rrdrg ,pon the
programmed timer mode. These inputs are active HIGH (or LOW-Io-HIGH
transitions are counted) and internally synchronized,

TMR OUT O

TMR OUT 1

22
23

o
o

Timer outputs are used to provide single pulse or continuous waveform gener-
ation, depending upon the timer mode selected.

DRQO
DRQl

1B
19

I

I

DMA Request is driven HIGH b;;; 
"-,"* 

O"rt." when ,, O* that a
DMA channel (Channel 0 or 1) perform a transfer. These signals are active
HIGH, level-triggered, and internally synchronized.

NMI 46 Non-Maskable Interrupt is an edge-triggered input which causes a type 2

interrupt NMI is not maskable internally A transition from a LOW to HIGH
initiates the interrupt at the next instruction boundary. NMI is latched inter-
nally.An NMI duration of one clock or more will guarantee service. This input is
i nternally synchronr zed.

INTO, INT1,
lNT2rlf114g
lNT3/ lr.lTAl

45,44
42
41

I

I'O
I'O

Maskable Interrupt Requests can be requested by strobing one of these pins.
When configured as inputs, these pins are active HIGH. Interrupt Requests are
synchronized internally. lNT2 and lNT3 may be configured via software to
provide active-LOW interrupt-acknowledge output signals. All interrupt inputs
may be conf igured via software to be either edge- or level-triggered. To ensure
recognition, all interrupt requests must remain active until the interrupt is
acknowleged. When iRMX mode is selected, the function of these pins
changes (see Interrupt Controller section of this data sheet).

A19/56,
A18,/55,
A17/S4,
A16/53

65
66
67
68

o
o
o
o

Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the four most
significant address bits during T1 . These signals are active HIGH. During T2,
T3, Tyy, and T4, status information is available on these lines as encoded
below:

Low High

S6 Processor Cyc le DMA Cycle

53,S4, and 55 are def ined as LOVV during T2 -Ta
AD1 5_ADO 't 0-17,

1-8
r/o Address/Data Bus (0-15) signals constrtute the time mutiplexed memory or l/O

address (Tr ) and data (T2, T3, T1ry, and T+) bus. The bus is active HIGH. ,46 is
analogous to BHE for the lower byte of the data bus, pins Dz through D6.lt is
LOW during T1 when a byte is to be transferred onto the lower portion of the
bus in memory or l/O operations.

BHETST 64 o During T1 the Bus High Enable signal should be used to determine if data is to
be enabled onto the most significant half of the data bus,pins D1 s-DA. AHE is
LOW during T1 for read, write, and interrupt acknowledge cycles when a byte is
to be transferred on the higher half of the bus. The 57 status information is
available durin gTz, T3, and T+ Sz is logically equivalent to BHf . The signal is
active LOW and is tristated OFF during bus HOLD.

EHE and A0 Encodings

BHE Value A0 Value Function

o
0
1

1

0
1

0
1

Word Transfer
Byte Transfer on upper half of data bus (D15-D8)
Byte Transfer on lower half of data bus (Dz-Do)
Reserved

AFN-02217C
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Table 1. 80186 Pin Description (Continued)

Symbol
Pin
No. Type Name and Function

ALE/QSO 61 o Address Latch Enable/Queue Status 0 is provided by the 80186 to latch the
address into the 828218283 address latches. ALE is active HIGH. Addresses are
guaranteed to be valid on the trailing edge of ALE. The ALE rising edge is
generated off the rising edge of the CLKOUT immediately preceding T1 of the
associated bus cycle, effectively one-half clock cycle earlier than in the stan-

dard 8086. The trailing edge is generated off the CLKOUT rising edge in T1 as

in the 8086. Note that ALE is never floated.

WHlosr 63 o Write Strobe/Queue Status 1 indicates that the data on the bus is to be written
into a memory or an l/O device. W-n is active for T2, T3 , and TW of any write
cycle. lt is active LOW, and f loats during "HOLD." lt is driven HIGH for one clock
during Reset, and then floated. When the 80186 is in queue status mode, the
ALE/QS0 and WR/OS1 pins provide information about processor/instruction
q ueue interaction.

QS1 QSO Queue Operation
0
0
1

1

0
1

1

0

No queue operation
First opcode byte fetched from the queue
Subsequent byte fetched f rom the queue
Empty the queue

Read Strobe ind icates that the 801 86 is perf orm ing a memory or l/O read cycle.
ffi ls active LOW torT2, T3, and Tyy of any read cycfg lt is guaranteed not to go
LOW in T2 until after the Address Bus is floated. RD is active LOW and floats
during "HOLD." RD is driven HIGH for one clock during Reset, and then the
output driver is floated. Aweak internal pull-up mechanism on the RD line hols
it HIGH when the line is not driven. During RESET the pin is sampled to

determine whether the 80186 should provide ALE, WR, and RD, or if the

Oueue-status should be provided. ilO should be connected to GNDto provide
Queue-Status data.

nO/OStvt O 62 o

ARDY 55 I Asynchronous Ready informs the 8O186 that the addressed memory space or
llO device will complete a data transfer. The ARDY input pin will accept an
asynchronous input, and is active HIGH. Only the rising edge is internally
synchronized by the 80186. This means that the falling edge of ARDY must be

synchronized to the 80186 clock lf connected to Vgg, no WAIT states are
inserted. Asynchronous ready (ARDY) or synchronous ready (SRDY) must be
active to terminate a bus cycle.

SRDY 49 I Synchronous Ready must be synchronized externally to the 80186. The use of
SRDY provides a relaxed system-timing specif ication on the Ready input. This
is accomplished by eliminating the one-half clock cycle which is required for
internally resolving the signal level when using the ARDY input. This line is

active HIGH. lf this line is connected to VCC, no WAIT states are inserted.
Asynchronous ready (ARDY) or synchronous ready (SRDY) must be active
before a bus cycle is terminated. tf unused, this line should be tied LOW.

LOCK 48 o tOffi output indicates thq! other system bus masters are not to gain control of
the system bus whileL CK is active LOW. The mffisignal is requested by the
LOCK prefix instruction and is activated atthe beginning of the first data cycle
associated with the instruction following the LOCK prefix. lt remains active
until the completion of the instruction following the LOCK prefix. No pre-
fetcheswill occur while[ffi is asserted. IOCX is active LOW, isdriven HIGH

for one clock during RESET, and then floated. lf unused, this line should be
tied LOW.

AFN-02217C
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Table 1. 80186 Pin Description (Continued)

Symbol
Pin
No. Type Name and Function

SO,S1,52 52-54 o Bus cycle status S0-S-Z are encoded to provide bus-transaction information:
I

| 40186 Bus Cycle Status Information 
I

I 9? I ql I __t_o | __ Bus cycle Initiated 
l

i o I o I o I lnterruptAcknowtedse 
iI o I o | 1 | Readl/o II o I r I o I writer/o 
I

iglllllHartlI t I o I o I lnstructionFetch I

I t I o I t I neadDatafromMemory 
I

| 1 | 1 | 0 | WriteDatatoMemory 
I

I 1 | 1 | 1 | Passive(nobuscycle) 
|

The status pins float during "HOLD."

52 may be used as a logical MilO indicator, and S1 as a DT/R indicator.
The status lines are driven HIGH for one clock during Reset, and then flbated
until a bus cycle begins.

HOLD (input)
H LDA (output)

50
51

I

o
HOLD indicates that another bus master is requesting the local bus. The
HOLD input is active HIGH. HOLD may be asynchronous with respect to the
80186 clock. The 8O186 will issue a HLDA (HIGH) in response to a HOLD
request at the end of T+ or T1 . Simultaneous with the issuance of HLDA, the
80186 will float the local bus and control lines. After HOLD is detected as
being LOW, the 80186 will lower HLDA. When the 80186 needs to run
another bus cycle, it will again drive the local bus and control lines.

ues 34 o Upper Memory Chip Select is an active LOW output whenever a memory
reference is made to the defined upper portion (1K-256K block) of memory.
This line is not floated during bus HOLD. The address range activating UCS is
software prog ram mable.

m 33 o Lower Memory Chip Select
made to the defined lower
f loated du ring bus HOLD.
prog rammable.

is active LOW whenever a memory reference is
portion (1K-256K) of memory. This line is not
The address range activating LCS is software

nlt-cso-s 38,37,36,35 o Mid-Range Memory Chip Select signals are
reference is made to the defined mid-range
These lines are not floated during bus HOLD.
MeS0-3 are software programmable.

active LOW when a memory
portion of memory (8K-512K).
The add ress ranges activating

PCSO

PeSl-+

25

27,29,29,30

o

o

Peripheral Chip Select signals 0-4 are active LOW when a reference is made to
the defined peripheral area (64K byte llO space).These lines are not floated
during bus HOLD. The address ranges activating PCS0-4 are software
prog rammable.

PC55/A1 31 o Peripheral Chip Select 5 or Latched A1 may be programmed to provide a sixth
peripheral chip select, ryprovide an internally latched A1 signal. The
address range activating PCSS is software programmable. When programmed
to provide latched A1 , rather than PCSS, this pin will retain the previously
latched value of A1 during a bus HOLD. A1 is active HIGH,

p6otnz 32 o Peripheral Chip Select 6 or Latched A2 may be programmed to provide a
seventh peripheral chip select, or to provide an internally latched A2 signal.
The address range activating PCS6 is softwale_p.togrammable. When pro-
grammed to provide latched A2, rather than PCS6, this pin will retain the
previously latched value of A2 during a bus HOLD. A2 is active HIGH.

DT/R 40 o Data TransmitlReceive controls the direction
8286/8287 data bus transceiver. When LOW
When HIGH the 80186 places write data on

of data f low through the external
data is transferred to the 80186.
the data bus.

DEN 39 o Data Enable is provided as an
Dm is active LOW during each
DT/F- changes state.

828618287 data bus transceiver output enable.
memory and l/O access. DEN is HIGH whenever

AFN-02217C
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FUNCTIONAL DESCRI PTION

Introduction

The following Functional Description describes the
base architecture of the iAPX 186. This architecture
is common to the |APX 86, 88, dnd 286 microproces-
sor families as well. The iAPX 186 is a very high
integration 16-bit microprocessor. lt combines 15-20
of the most common microprocessor system compo-
nents onto one chip while providing twice the perfor-
mance of the standard |APX 86. The 80186 is object
code compatible with the iAPX 86, BB microproces-
sors and adds 10 new instruction types to the exist-
ing iAPX 86, 88 instruction set.

|APX 186 BASE ARCHITECTURE

The iAPX 86, 88, 186, and 286 family all contain the
same basic set of registers, instructions, and
addressing modes. The 80186 processor is upward
compatible with the 8086, B0BB, and B02BO CPUs.

Register Set
The 80186 base architecture has fourteen registers
as shown in Figures 3a and 3b. These registers are
g rouped into the f ollowing categories.

General Registers
Eight 16-bat general purpose registers used to con-
tain arithmetic and logical operands. Four of these
(AX, BX, CX, and DX) can be used as 16-bit registers
or split into pairs of separate 8-bit registers.

Segment Registers
Four 16-bit special purpose registers select, at any
given time, the segments of memory that are immedi-
ately add ressable f or code, stack, and data. (For
usage, refer to Memory Organization.)

Base and lndex Registers
Four of the general purpose registers may also be

used to determine offset addresses of operands in
memory. These registers may contain base ad-
dresses or indexes to particular locations within a
segment. The addressing mode selects the specif ic
registers for operand and address calculations.

Status and Control Registers
Two 16-bit special purpose registers record or alter
certain aspects of the 80186 processor state. These
are the Instruction Pointer Register, which contains
the offset address of the next sequential instruction
to be executed, and the Status Word Register, which
contains status and control f lag bits (see Fig u res 3a

and 3b).

Status Word Description

The Status Word records specific characteristics of
the result of logical and anthmetic instructions (bits
O,2, 4, 6, 7, and 11) and controls the operation of the
80186 within a given operating mode (bits 8, 9, and
10). The Status Word Register is 16-bits wide. The
f unction of the Status Word bits is shown in Table 2.

16-Blr
REGISTER

NAME
/

SPECIAL
REGISTER

FUNCTIONS

MULTIPLY DIVIDE
I O INSTRUCTIONS

LOOP SHIFT REPEAT COUNT

BASE REGISTERS

INDEX REGISTERS

STACK POINTER

BYTE
ADDRESSABLE
(8-BrT
REGISTER
NAMES
SHOWN }

AX

OX

CX

BX

BP

SI

DI

SP

)

)

CS

OS

SS

ES

CODE SEGMENT SELECTOR

DATA SEGMENT SELECTOR

STACK SEGMENT SELECTOR

EXTRA SEGMENT SELECTOR

SEGMENT REGISTERS

15

F

IP

STATUS WORD

INSTRUCTION POINTER

GENERAL
REGISTERS

STATUS AND CONTHOL
REGISTERS

AH AL

DH DL

CH CL

8H BL

Figure 3a. 80186 General Purpose Register Set

AFN-02217C
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STATUS FLAGS

CARBY

PARITY

AUXILIARY CARRY

ZERO

SIGN

OVERFLOW

STATUS WORD:

CONTROL FLAGST

TRAP FLAG

INTERRUPT ENABLE

DIRECTION FLAG

NN INTEL RESERVED

Table 2. Status Word Bit Functions

Bit
Position Name Function

0 CF Carry Flag-Set on high-order bit
carry or borrow; cleared otherwise

2 PF Parity Flag-Set if low-order B bits
of result contain an even number of
1 -bits: cleared otherwise

4 AF Set on carry from or borrow to the
low order four bits of AL: cleared
otherwise

6 ZF Zero Flag-Set if result is zero;
cleared otherwise

7 SF Sign Flag-Set equal to hiqh-order
bit of result (0 if positive, 1 if negative)

B TF Single Step Flag-Once set, a sin-
gle step interrupt occurs after the
next instruction executes. TF is
cleared by the single step interrupt

I IF Interrupt-enable Flag-When set,
maskable interrupts will cause the
CPU to transfer control to an inter-
rupt vector specif ied location

10 DF Direction Flag-Causes strrng
instructions to auto decrement
the appropriate index reg ister
when set. Clearing DF causes
auto increment.

11 OF Overf low Flag-Set if the signed
resu lt can not be expressed
within the number of bits in the
destination operand; cleared
othe rwise

Figure 3b. Status Word Format

Instruction Set

The instruction set is divided into seven categories:
data transfer, arithmetic, shift/rotatellogical, string

manapulation, control transfer, high-level instruc-
tions, and processor control. These categories are
summarized in Figu re 4.

An 80186 instruction can reference anywhere from
zero to several operands. An operand can reside in a
register, in the rnstruction itself, or in memory. Spe-
cific operand addressing modes are discussed later
in this data sheet.

Memory Organization

Memory is organized in sets of segments. Each seg-
ment is a linear contiguous sequence of up to 64K
(2t6) 8-bit bytes. Memory is addressed using a two-
component address (a pointer) that consists of a

16-bit base segment and a 16-bit offset. The 16-bit
base values are contained in one of f ou r internal
segment registers (code, data, stack, extra).The
physical address is calculated by shifting the base
value LEFT by four bits and adding the 16-bit offset
value to yield a 20-bit physical address (see Figure 5).

This allows for a 1 MByte physical address size.

All instructions that address operands in memory
must specify the base segment and the 16-bit offset
value. For speed and compact instruction encoding,
the segment register used for physical address gen-
eration ls implied by the addressing mode used (see
Table 3). These rules follow the way programs are
written (see Figure 6) as independent modules that
require areas for code and data, a stack, and access
to external data areas.

Special segment override instruction prefixes allow
the implicit segment register selection rules to be
overridden for special cases. The stack, data, and
extra segments may coincide for simple programs.

AFN-02217C
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GENERAL PURPOSE

MOV Move byte or word

PUSH Push word onto stack

POP Pop word off stack

PUSHA Push all registers on stack

POPA Pop all registers from stack

XCHG Exchange byte or word

XLAT Translate byte

INPUTIOUTPUT
IN Input byte or word

OUT Output byte or word

ADDRESS OBJECT

LEA Load effective address

LDS Load po nter using DS

LES Load pointer using ES

FLAG TRANSFER

LAHF Load AH register from flags

SAHF Store AH register in flags

PUSHF Push f lags onto stack

POPF Pop flags off stack

MOVS Move byte or word string

INS Input bytes or word string

OUTS Output bytes or word string

CMPS Compare byte or word string

SCAS Scan byte or word string

LODS Load byte or word string

STOS Store byte or word string

REP Repeat

REPE REPZ Repeat while equal 'zero
REPNE,'REPNZ Repeat while not equal not zero

LOGICALS

NOT "Not" byte or word

AND "And" byte or word

OR 'lnclusive or" byte or word

XOR "Exclusive or" byte or word

TEST "Test" byte or word

SHIFTS

SHL SAL Shlft logical arithmetic left byte or word

SHR Shift logical right byte or word

SAR Shift arithmetic right byte or word

ROTATES

ROL Rotate left byte or word

ROR Rotate right byte or word

RCL Rotate through carry left byte or word

RCR Rotate through carry right byte or word

ADDITION

ADD Add byte or word

ADC Add byte or word with carry

INC Increment byte or word by 1

AAA ASCII adjust for addition

DAA Decimal adjust for addition

SUBTRACTION

SUB Subtract byte or word

SBB Subtract byte or word with borrow

DEC Decrement byte or word by 1

NEG Negate byte or word

CMP Compare byte or word

AAS ASCII adjust for subtractlon

DAS Decrmal adjust for subtraction

MULTIPLICATION
MUL Multiply byte or word unsigned

IMUL Integer multiply byte or word

AAM ASCII adjust for multiply

DIVISION
DIV Divide byte or word unsigned

IDIV lnteger d vide byte or word

AAD ASC|lad ust for division

CBW Convert byte to word ]

CWD Convert word to doubleword

FLAG OPERATIONS

STC Set carry flag

CLC Clear carry f lag

CMC Complement carry f lag

STD Set direction flag

CLD Clear direction flag

STI Set interrupt enable flag

CLI 1
Clear interrupt enable flag

EXTER NAL SYNC H RON IZATION

HLT Halt until interrupt or reset

WAIT Wait for TEST pin active

ESC Escape to extension processor

LOCK Lock bus during next instruction

NO OPERATION
NOP No operation

HIGH LEVEL INSTRUCTIONS

ENTER Format stack for procedure entrY

LEAVE Restore stack for procedure exit

BOUND Detects values outside prescribed range

Figure 4. IAPX 186 Instruction Set
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CONDITIONAL TRANSFERS U NCON DITIONAL TRANSFERS
JA'JNBE Jump f above/not below nor equal CALL Call procedure

JAE JNB Jump f above or equal not below RET Return from procedure

JB JNAE Jump f below/not above nor equal JMP Jump

JBE/JNA Jump f below or equal not above

JC Jump f carry ITERATION CONTROLS
JE,;JZ Jump f equal/zero

LOOP LoopJG/JNLE Jump f greater,'rot less nor equal

JGE JNL Jump I greater or equal'not less LOOPE, LOOPZ Loop if equal lzero

JL/JNGE Jump f less,/not greater nor equal LOOPNETLOOPNZ Loop if not equalr'not zero
JLE/JNG Jump f less or equali"not greater JCXZ Jump if register CX - O

JNC Jump f not carry

JNEiJNZ Jump f not equalinot zero INTER RUPTS

JNO Jump f not overf low

INT Interru ptJNP/JPO Jump f not parity,/parity odd

JNS Jump f not sign INTO Interrupt af overflow
JO Jump f overflow IRET Interrupt return

JP/JPE Jump f parity'parity even

JS Jump f sign

Figure 4. IAPX 186 Instruction Set (continued)
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PHYSICAL ADDRESS

To access operands that do not reside in one of the
four immediately available segments, a full 32-bit
pointer can be used to reload both the base (seg-
ment) and offset values.

Figure 5. Two Component Address

Table 3. Segment Register Selection Rules

Memory
Reference

Needed

Segment
Register

Used
lmplicit Segment
Selection Rule

Instructions

Stack

External
Data
(G lobal)

Local Data

Code (CS)

Stack (SS)

Extra (ES)

Data (DS)

Instruction prefetch and
immediate data.

All stack pushes and
pops; any memory refer-
ences which use BP Reg-
ister as a base register.

All string instruction
references which use
the Dl register as an
index.

All other data references.
Figure 6. Segmented Memory Helps

Structure Software
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MODULE A
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PROCESS
STACK

PROCESS
DATA
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CODE
CPU

DATA CODE

I

I
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DATA

STACK

EXTRA

SEGMENT
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I
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Addressing Modes

The 801 86 provides eight categories of add ressing
modes to Specify operands. Two addressing modes
are provided for instructions that operate on register

or immediate operands:

o Regis ter Operand Mode:The operand is located in
one of the 8- or 16-bit general registers-

o lmmediate Operand Mode: The operand is ln-
cluded in the instruction.

Six modes are provided to specify the location of an

operand in a memory segment. A memory operand
address consists of two 16-bit components: a seg-
ment base and an offset. The segment base is sup-
plied by a 16-bit segment register either implicity
chosen by the addressing mode or explicitly chosen

by a segment override preflx. The offset, also called
the effective address, is calculated by summing any
combination of the following three address
e lements:

I the displacemenf (an 8- or 16-bit immediate value

contained in the instruction);
. the base (contents of either the BX

reg isters) ; and
o the index (contents of either the Sl

reg iste rs).

or BP base

or Dl index

Any carry out from the 16-bit addition is ignored.
Eight-bit displacements are sign extended to 16-bit
val ues.

Combinations of these three address elements
define the six memory addressing modes, described
below.

o Direct Mode. The operand's offset is contained in
the instruction as an 8- or 16-bit displacement
element.

. Register lndirect Mode: The operand's offset is in
one of the registers Sl, Dl, BX, or BP.

I Eased Mode:The operand's offset is the sum of an
8- or 16-bit displacement and the contents of a

base register (BX or BP).

o lndexed Mode: The operand's offset is the sum of
an 8- or 16-bit displacement and the contents of an

index register (Sl or Dl).

. Eased Indexed Mode: The operand's offset is the
Sum of the contents of a base register and an index
reg iste r.

o Eased lndexed Mode with Displacement: The

operand's offset is the sum of a base register's
contents, an index register's contents, and an B- or
16-bit displacement.

Data Types

The 80186 directly supports the following data types:

o lnteger: A signed binarY numeric value contained
ln an B-bit byte or a 16-bit word. All operations

assume a 2'S complement representation. Signed

32- and 64-bit integers are supported using the
iAPX 186/20 Numeric Data Processor.

. Ordinal : An unSigned binary numeric value con-
tained in an B-bit byte or a 16-bit word.

o Pointer: A 16- or 32-bit quantity, composed of a

16-bit offset component or a 16-bit segment base
component in addition to a 16-bit offset
com ponent.

o String: A contiguous Sequence of bytes or words.

A string may contain from 1 to 64K bytes.

o ASC//; A byte representation of alphanumeric and

control characters using the ASCII standard of
character representation.

o BCD; A byte (unpacked) representation of the de-

cimal d ig its 0-9.
. Packed BCD: A byte (packed) representation of

two decimal digits (0-9) One digit is stored in each
nibble (4-bits) of the byte.

o Ftoating Point: A signed 32-,64-, or B0-blt real
number representation. (Floating point operands
are supported using the iAPX 186120 Numeric Data

Processor configu ration.)

In general, indlvidual data elements must f it within
defined segment limits. Figure 7 graphically
represents the data types supported by the iAPX 186.

l/O Space

The l/O space consists of 64K 8-bit or 32K 16-bit
ports. Separate instructions address the llC- space
with either an B-bit port address, specified in the

instruction, or a 16-bit port address in the DX regis-
ter. 8-bit port addresses are zero extended such that
Ars-As are LOW. l/O port addresses 00F8(H) through
00FF(H) are reserved.

lnterrupts

An interrupt transfers execution to a new program
location. The old program address (CS:lP) and ma-
chine state (Status Word) are saved on the stack to
allow resumption of the interrupted program. Inter-
rupts fall into three classes: hardware initiated, INT

instructions, and instruction exceptions. Hardware
initiated interrupts occur in response to an external
input and are classified as non-maskable or
maskable.

10 AFN-02217C
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'SUPPORTED BY |APX 186120 NUMERIC DATA PROCESSOR
CONFIGURATION

Programs may cause an interrupt with an INT in-
struction. Instruction exceptions occur when an un-

usual condition, which prevents further instruction
processing, is detected while attempting to execute
an instruction" lf the exception was caused by ex-
ecuting an ESC instruction with the ESC trap bit set
in the relocation register, the return instruction will
point to the ESC instruction, or to the segment over-
ride prefix immediately preceding the ESC instruc-
tion if the prefix was present. In all other cases, the
return address from an exception will point at the
instruction im med iately following the instruction
causing the exception.

A table containing up to 256 pointers defines the
proper interrupt service routine for each interrupt.
Interrupts 0-31, some of which are used for instruc-
tion exceptions, are reserved. Table 4 shows the
80186 predefined types and default priority levels.
For each interrupt, an 8-bit vector must be supplied
to the 80186 which identif ies the appropriate table
entry. Exceptions supply the interrupt vector inter-
nally. In addition, internal peripherals and non-
cascaded external interrupts will generate their own
vectors through the internal interrupt controller. INT
instructions contain or imply the vector and allow
access to all 256 interrupts. Maskable hardware in-
itiated interrupts supply the 8-bit vector to the CPU
during an interrupt acknowledge bus sequence.
Non-maskable hardware interrupts use a predefined
internally supplied vector.

Interrupt Sources

The 80186 can service interrupts generated by soft-
ware or hardware. The sof tware inte rru pts are
generated by specif ic instructions (lNT, ESC, unused
OR etc.) or the results of conditions specified by
instructions (array bounds check, lNTO, DIV lDlV
etc.). All interrupt sources are serviced by an indirect
call through an element of a vector table. This vector
table is indexed by using the interrupt vector type
(Table 4), ffiultiplied by four. All hardware-generated
interrupts are sampled at the end of each instruction.
Thus, the software interrupts will begin service f irst.
Once the service routine is entered and interrupts
are enabled, any hardware sou rce of suf f icient
priority can interrupt the service routine in progress.

The sof tware generated 80186 interru pts are
described below.

DrvrDE ERROR EXCEPTTON (TYPE 0)
Generated when a DIV or lDlV instruction quotient
cannot be expressed in the number of bits in the
destination.

11

Figure 7. IAPX 186 Supported Data Types
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Table 4. 80186 lnterrupt Vectors

I nterrupt Name
Vector
Type

Def ault
Priority

Related
lnstructions

Divide Error
Exception

Single Step
Interrupt

NMI
B reakpo int

Interrupt
lNTO Detected

Overf low
Exce ption

Array Bounds
Exception

Unused-Opcode
E xce ption

ESC Opcode
E xce pt ion

Timer 0 interrupt
Timer 1 Interru pt
Tim er 2 Inte rru pt
Rese rved
DMA O Interrupt
DMA 1 Interrupt
lNTO Interru pt
INT 1 | nte rru pt
lNT2 | nte rru pt
lNT3 Inte rru pt

7

8

18
19
I

10
11

12
"l 3

14
15

0

1

4

2
3

5

6

'1

12r

1
*1

*1

*1

*1

*1*

24.
28r
2C'

3
4
5
6

7

8

9

2

Drv rDrv

All

Atl
INT

I NTO

BOUND

U ndef ined
O pcodes
ESC Opcodes

NOTES:
'1 . These are generated as the resu lt of an instruction

execution.
**2. This is handled as in the 8086.

***3 All three timers constitute one source of request to the

interrupt controller. The Timer interrupts all have the same
default priority level with respect to all other interrupt
sources. However, they have a defined priority ordering
amongst themselves. (Priority 2A is higher priority than
28 ) Each Timer interrupt has a separate vector type
number.

4 Default priorrties for the interrupt sources are used only if

the user does not program each source into a unique
priority level.

"'5. An escape opcode will cause a trap only if the proper bit is
set in the peripheral controf block relocation register.

S|NGLE-STEP TNTERRUPT (TYPE 1)

Generated after most instructions if the TF flag is set.
Interrupts will not be generated after pref ix instruc-
tions (e.9., REP), instructions which modify segment
registers (e.9., POP DS), or the WAIT instruction.

NON-MASKABLE I NTERRUPT-NMf (TYPE 2l
An external interru pt sou rce which can not be
masked.

BREAKPOTNT TNTERRUPT (TYPE 3)

A one-byte version of the INT instruction. lt uses 12

as an index into the service routine address table
(because it is a type 3 interrupt).

INT() DETECTED
(rYPE 4)
Generated during
set.

OVERFLOW EXCEPTION

an lNTO instruction if the 0F bit is

ARRAY BOUNDS EXCEPTION (TYPE 5)

Generated during a BOUND instruction if the array
index is outside the array bounds. The array bounds
are located in memory at a location indicated by one
of the instruction operands. The other operand indi-
cates the value of the index to be checked.

UNUSED oPCoDE EXCEPTIoN (TYPE 6)

Generated if execution is attempted on undefined
opcodes.

ESCAPE OPCODE EXCEPTION (TYPE 7)

Generated if execution is attempted of ESC opcodes

(DBH-DFH). This exception will only be generated if a
bit in the relocation register is set. The return ad-
dress of this exception will point to the ESC instruc-
tion causing the exception. lf a segment override
prefix preceded the ESC instruction, the return ad-

dress will point to the segment override prefix.

Hardware-generated interrupts are divided tnto two
groups: maskable interrupts and non-maskable in-
terrupts. The 80186 provides maskable hardware in-
terrupt request pins lNT0-lNT3. In addition,
maskable interrupts may be generated by the 80186

integrated DMA controller and the integrated timer
unit. The vector types for these interrupts is shown in
Table 4. Software enables these inputs by setting the
interrupt f lag bit (lF) in the Status Word. The interrupt
controller is discussed in the peripheral section of
this data sheet,

Further maskable interrupts are disabled while
servicing an interrupt because the lF bit is reset as
part of the response to an interrupt or exception. The
saved Status Word will reflect the enable status of the
processor prior to the interrupt. The interrupt flag
will remain zero unless specifically set. The interrupt
return instruction restores the Status Word, thereby
restoring the original status of lF bit. lf the interrupt
return re-enables interrupts, Efld another interrupt is
pending, the 80186 will immediately service the
highest-priority interrupt pending, i.e., no instruc-
tions of the maan line program will be executed.

Non-Maskable Interrupt Request (NMl)

A non-maskable interrupt (NMl) is also provided.
This interrupt is serviced regardless of the state of
the lF bit. A typical use of NMI would be to activate a
power failure routine. The activation of this input

12 AFN-02217C
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causes an interrupt with an internally supplied vector
value of 2. No external interrupt acknowledge se-
quence is performed. The lF brt is cleared at the
beginning of an NMI interrupt to prevent maskable
interrupts from being serviced.

Single-Step Interrupt

The 801 BO has an internal interru pt that allows pro-
grams to execute one instruction at a time. lt is called
the single-step interrupt and rs controlled by the
sing le-step f lag bit (TF) in the Status Word. Once this
bit is set, an internal single-step interrupt will occur
after the next instruction has been executed. The
interrupt clears the TF bit and uses an internally
supplied vector of 1. The IRET instruction is used to
set the TF bit and transfer control to the next instruc-
tion to be single-stepped.

Initialization and Processor Reset

Processor initialization or startup is accomplished
by driving the RES input pin LOW. FES forces the
B01BO to term inate all execution and local bus ac-
tivity. No instruction or bus activity will occur as long
as Rf S is active. After nf S becomes inactive and an
internal processing interval elapses, the 80186
begins execution with the instruction at physical lo-
cation FFFFO(H) RES also sets some registers to
predef ined values as shown in Table 5.

Table 5. 80186 Initial Register State after RESET

status word I F002(H)
Instruction Pointer | 0000(H)
Code Seg ment I FFFF(H)
Data Seg ment | 0000(H)
Extra Segment | 0000(H)
Stack Seg ment | 0000(H)
Relocat ion Reg ister | 20F F(H)
UMCS I FFFB(H)

|APX 186 CLOCK GENERATOR

The iAPX 186 provides an on-chip clock generator
for both internal and external c lock generation. The
clock generator features a crystal oscillator. a divide-
by-two counter, synchronous and asynchronous
ready inputs, and reset circuitry.

Oscillator

The oscillator circuit of the iAPX 186 is designed to
be used with a parallel resonant fundamental mode
crystal. This is used as the time base for the iAPX 186.
The crystal frequency selected will be double the
CPU clock frequency. Use of an LC or RC circuit is not

recommended with thls oscillator. lf an external oscil-
lator is used, it can be connected directly to input pin
X1 in lieu of a crystal. The output of the oscillator is
not directly available outside the iAPX 186. The
recom mended crystal conf ig u ration is shown in
Figure B.

Figure 8. Recommended |APX 186 Grystal
Conf iguration

Clock Generator

The iAPX 1BO clock generator provides the 50% duty
cycle processor clock for the iAPX 186. lt does this by
dividing the oscillator output by 2 forming the sym-
metrical clock. lf an external oscillator is used, the
state of the clock generator will change on the falling
edge of the oscillator signal. The CLKOUT pin pro-
vides the processor clock signal for use outside the
|APX 186. This may be used to drive other system
components. All timings are referenced to the output
c loc k.

READY Synchronization

The iAPX 186 provides both synchronous and asyn-
chronous ready inputs. Asynchronous ready syn-
chronization is accomplished by circuitry which
samples ARDY in the middle of T2, T3 and again in
the middle of each Tyy until ARDY is sampled
HIGH. One-half CLKOUT cycle of resolution time is
used. Full synchronization is performed only on the
rising edge of ARDY, i.e., the falling edge of ARDY
must be synchronized to the CLKOUT signal if it
will occur durin g Tz, T3 or T1,y. High-to-LOW transi-
tions of ARDY must be performed synchronously
to the CPU clock.

A second ready input (SRDY) is provided to inter-
f ace with externally synchronized ready signals.
This input is sampled at the end of Te, Ts and again
at the end of each rw until it is sampled HIGH. By
using this in put rather than the asynchronous
ready input, the half-clock cycle resolution time
penalty is eliminated.

T 
2OPF

80186 (8 MHz)

80186-6 (6 MHz)
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This input m ust satisf y set-u p and hold times to
guarantee proper operation of the circu it"

In addition, the iAPX 186, as part of the integrated
chip-select logic, has the capability to program WAIT

states for memory and peripheral blocks. This is dis-

cussed in the Chip Select/Ready Logic description.

RESET Logic

The IAPX 186 provides both a RES input pin and a

synchronized RESET pin for use with other system
components. The RES input pin on the iAPX 1BG is
provided with hysteresis in order to facilitate power-
on Reset generation via an RC network. RESET is
guaranteed to remain active for at least f ive clocks
given a RfS input of at least six clocks. RESET may

be delayed u p to two and one-half clocks behind
RES

Multiple iAPX 186 processors may be synchronized
through the RES input pin, since this input resets

both the processor and divide-by-two internal count-
er in the clock generator. In order to insure that the
d ivide-by-two cou nters all beg in gg1rrting at the
Same trme, the active going edge of RES must satisfy
a 25 ns setup time before the falling edge of the
B01BG clock input. In addition, in order to insure that
all CPUs begin executing in the same clock cycle, the
reset must satisfy a25 ns setup time before the rising
edge of the CLKOUT srgnal of all the processors.

LOCAL BUS CONTROLLER

The |APX 186 provides a local bus controller to
generate the local bus control signals. In addition, it
employs a HOLD/HLDA protocol for relinquishing
the local bus to other bus masters. lt also provides
control lines that can be used to enable external
buffers and to direct the flow of data on and off the

local bus.

Memo ry lPeripheral Control

The IAPX 186 provides ALE, RD, and WH bus control
signals. The RD and Wn signals are used to strobe
data from memory to the iAPX 186 or to strobe data
f rom the iAPX 186 to memory. The ALE line provides
a strobe to address latches for the multiplexed ad-
dress/data bus. The |APX 186 local bus controller
does not provide a memorylTO signal. lf this is re-
quired, the user will have to use the 32 signal (which
will require external latching), make the memory and
UO spaces nonoverlapping, or use on ly the in-
teg rated chip-select circu itry.

Transceiver Control

The iAPX 1 86 generates two control sig nals to be
connected to B2BG B2B7 transceiver chips. This capa-
bility allows the add ition of transceivers for extra

buffering without adding external logic These con-

trol lines, DT R and ffi, are generated to control the
flow of data through the transcetvers. The operation
of these signals is shown in Table 6.

Table 6. Transceiver Control Signals Description

Name Function

Enable) Enables the output drivers of
the transceivers. lt is active
LOW during memory, I O, or
INTA cyc les"

DT R (Data Transm tt

Re ce ive)
Determines the direction of
travel th rough the transceivers

r --

| .ot du ring a read operation
u 

aot during

Local Bus Arbitration

The iAPX 186 uses a HOLD/HLDA system of local bus
exchange. This provides an asynchronous bus ex-
change mechanism. This means multiple masters
utilizing the same bus can operate at separate clock
f requencies. The iAPX 186 provides a single
HOLD/HLDA pair through which all other bus mas-
ters may gain control of the local bus. This requires
external circurtry to arbitrate which external device
will gain control of the bus from the iAPX 186 when
there is more than one alternate local bus master.

When the |APX 186 relinquishes control of the local

bus, it floats DEN, ilD, WR, S0-S2, meR, ADO-
AD15, ,A16-A19, BEE, and DT/R to allow another
master to drive these lines directly.

The iAPX 186 HOLD latency time, i.e., the time be-

tween HOLD request and HOLD acknowledge, is a
function of the activity occurring in the processor
when the HOLD request is received. A HOLD request
is the highest-priority activity request which the pro-
cessor may receive: higher than instruction fetching
or internal DMA cycles. However, if a DMA cycle is in

p rog ress, the iAPX 1 86 will com plete the transf er
before relinquishing the bus. This implies that if a
HOLD request is received just as a DMA transfer
begins, the HOLD latency time can be as great as 4
bus cycles. This will occur if a DMA word transfer
operation is taki.ng place from an odd address to an

odd address. This is a total of 16 clocks or more, if
WAIT states are required. In addition, if locked trans-
fers are performed, the HOLD latency time will be
increased by the length of the locked transfer.

(Data
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Local Bus Controller and Reset

Upon receipt of a RESET pulse from the RES input,
the local bus controller will perform the following
actions:
o Drive DEN, RD, and WF HIGH for one clock cycle,

then float.

NOTE: 
-FtD 

is also provided with an internal pull-up
device to prevent the processor f rom inadvertently
entering Queue Status mode during reset.

. Drive S0-S2 to the passive state (all HIGH) and
then float.

o Drive IOCK HIGH and then float.
o Tristate ADO-15, A16-19, BHE, DT/R
o Drive ALE LOW (ALE is never floated).
o Drive HLDA LOW

INTERNAL PERIPHERAL INTERFACE

All the iAPX 1 BO integ rated peripherals are con-
trolled via 16-bit registers contained within an inter-
nal 256-byte control block. This control block may be
mapped into either memory or l/O space. Internal
logic will recognize the address and respond to the
bus cycle. During bus cycles to internal registers, the
bus controller will signal the operation externally
(i.e., the RD, WR, status, address, data, etc., lines will
be driven as ln a normal bus cycle), but D1 5-0, SRDY
and ARDY will be ignored. The base address of the
control block must be on an even 256-byte boundary
(i.e., the lower 8 bits of the base address are all
zeros). All of the def ined registers within this control
block may be read or written by the B01BG CPU at any
time. The location of any register contained within
the 256-byte control block is determined by the cur-
rent base address of the control block.

The control block base address is programmed via a

16-bit relocation register contained within the con-
trol block at offset FEH frorn the base address of the
control block (see Fig u re g). lt provides the uppe r 12

bits of the base address of the control block. Note
that mapping the control register block into an ad-
dress range corresponding to a chip-select range is
not recommended (the chip select circuitry is dis-
cussed later in this data sheet). In addition, bit 12 ot
this register determ ines whether the control block
will be mapped into l/O or memory space. lf this bit is
1, the control block will be located in memory space,
whereas if the bit is 0, the control block will be lo-
cated in l/O space. lf the control register block is
mapped into llo space, the upper 4 bits of the base
address must be programmed as 0 (since llo ad-
dresses are only 16 bits wide).

In addition to providing relocation information for
the control block, the relocation register contains
bits which place the interrupt controller into iRMX
mode, and cause the CPU to interrupt upon en-
countering ESC instructions. At RESET, the reloca-
tion register is set to 20FFH. This causes the control
block to start at FF00H in llO space. An offset map
of the 256-byte control register block is shown in
Figure 10.

The integrated iAPX 1BG peripherals operate semi-
autonomously from the CPU. Access to them for the
most part is via software read/write of the control and
data locations in the control block. Most of these
reg iste rs can be both read and written. A f ew
dedicated lines, such as interrupts and DMA request
provide real-time communication between the CPU
and peripherals as in a more conventional system
utilizing discrete peripheral blocks. The overall inter-
action and function of the peripheral blocks has not
su bstantially changed.

CH I P-SE LE CT I READY G E N E RATIO N
LOGIC

The iAPX 186 contains logic which provides pro-
grammable chip-select generation for both
memories and peripherals. In addition, it can be pro-
grammed to provide READY (or WAIT state) genera-
tion. lt can also provide latched address bits 41 and
A2. The chip-select lines are active for all memory
and l/O cycles in therr programmed areas, whether
they be generated by the CPU or by the integrated
DMA unit.

Memory Chip Selects

The iAPX 1BO provides 6 memory chip select outputs
for 3 address areas. upper memory, lower memory,
and midrange memory. One each is provided for up-
per memory and lower memory, while four are pro-
vided for midrange memory.

The range for each chip select is user-programmable
and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 128K
(plus 1K and 256K for upper and lower chip selects).
In addition, the beginning or base address of the
midrange memory chip select may also be selected.
Only one chip select may be programmed to be ac-
tive for any memory location at a time. All chip select
sizes are in bytes, whereas |APX 186 memory is ar-
ranged in words. This means that if, for example, 16
64K x 1 memories are used, the memory block size
will be 128K, not 64K.
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OFFSET: FEH

15 14 13 12 11 10 I I 7 6 s 4 3 2 1 0

ET I nux I X I ru lO I Relocation Address Bits R19-R8

ET = ESC Trap / No ESC Trap (1/0)

M/lO = Register block located in Memory I llQ Space (1/0)

RMX = Master lnterrupt Controller mode / IRMX compatible
Interrupt Controller mode (0/1)

Figure 9. Relocation Register

UMCS Value
(Assuming

R0: R1 : R2 0)

Figure 10. Internal Register MaP

Upper Memory G
The iAPX 1BO provides a chip select, cslled UCS, for
the top of memory.The top of memory is usually used

aS the system memory because after reset the iAPX
186 begins executing at memory location FFFF0H.

The upper limit of memory def ined by this chip select
is always FFFFFH, while the lower limit is program-
mable. By programming the lower limit, the srze of
the select block is also defined. Table 7 shows the
relationshio between the base add ress selected and
the size of the memory block obtained.

1K
2K
4K
BK
16K
32K
64K

1 2BK
256 K

FFFBH
FFBBH
FF3BH
FE3BH
FC38 H

FB38 H

FO3B H

EO38 H

CO3B H

The lower limit of this memory block is defined in the
UMCS register (see Figure 11).This register is at
offset AOH in the internal control block. The legal

values f or bits 6-1 3 and the resu lting starting ad-

dress and memory block sizes are given in Table 7.

Any combination of bits 6-13 not shown in Table 7

will result in undefined operation. After reset, the
UMCS register is programmed for a 1K area. lt must
be reprogrammed if a larger upper memory area is

desired.

Any internally generated 20-bit add ress whose u pper
16 bits are greater than or equal to UMCS (with bits
0-5 "0") will cause UCS to be activated. UMCS bits
R2-R0 are used to specify READY mode for the area

of memory def ined by this chip-select reg ister, as

explarned below.

Lower Memory CS

The iAPX 186 provides a chip select for low memory

called LCS. The bottom of memory contains the inter-
ru pt vector table, starting at location 00000H.

The lower limit of memory def ined by this chip select
is always 0H, while the upper limit is programmable.
By programming the upper limit, the size of the
memory block is also defined. Table 8 shows the
relationship between the upper address selected and

the srze of the memory block obtained.

Table 7. UMCS Programming Values

Memory
Block
Size

Starting
Address

(Base
Address)

F FCOO

F FBOO

F FOOO

F EOOO

FCOOO

FBOOO

F0000
E0000
c0000

Relocation Register

DMA Descriptors Channel 1

DMA Descriptors Channel 0

Chip-Select Control Registers

Timer 2 Control Registers

Timer 1 Control Registers

Timer 0 Control Registers

Interrupt Controller Registers

OFFSET

FEH

DAH

DOH

CAH

c0H

A8H

AOH

66H

60H

5EH

58H
56H

50H

3EH

20H
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Memory
Block
Size

1K
2K
4K
BK
16K
32K
64K

1 28K
2s6K

Table 8. LMCS Programming Values

Upper
Address

LMCS Value
(Assuming

R0-R1 :R2 0)

OO3FFH
OOTFFH

OOFFFH
01 FFFH
03FFFH
OTFFFH
OFFFFH
1 FFFFH
3FFFFH

0038 H
OOTBH

OOFSH
Ol FBH
03F8H
07 F8H
OFFBH
1 FFBH

3FF8H

The upper limit of this memory block is defined in the
LMCS register (see Figure 12l.This register is at
offset A2H in the internal control block. The legal
values for bits 6-15 and the resulting upper address
and memory block sizes are given in Table B. Any
combination of bits 6-15 not shown in Table B will
result in undef ined operation. After reset, the LMCS
register value is undefined. However, the t-CS chip-
select line will not become active until the LMCS
reg ister is accessed.

Any internally generated 20-bit address whose upper
16 bits are less than or equal to LMCS (with bits 0-5
i'!1'') will cause tCS to be active. LMCS register bits
R2-R0 are used to specify the READY mode for the
area of memory defined by this chip-select register.

Mid-Range Memory m
The |APX 186 provides f ou r MCS lines which are
active within a user-locatable memory block. This
block can be located anywhere within the iAPX 186

1M byte memory_qqdress space exclusive of the
areas defined by UCS and LCS. Both the base ad-
dress and size of this memory block are
p rog ram m ab le.

The size of the memory block defined by the mid-
range select lines, as shown in Table g, is determined

by bits 8-14 of the MPCS register (see Figure 13),

This register is at location ABH in the internal control
block. One and only one of bits 8-1 4 must be set at a
time. Unpredictable operation of the MCS lines will
otherwise occur. Each of the four chip-select lines is
active f or one of the f ou r eq ual contig uous d ivisions

of the mid-range block. Thus, if the total block size is
32K, each chip select is actlve for 8K of memory with
MCSO being active for the first range and MCS3
being active for the last range.

The EX and MS rn MPCS relate to peripheral
functionality as descibed a later section.

The base address of the mid-range memory block is
def ined by bits 15-9 of the MMCS register (see Fig-
ure 14).This register is at offset AOH in the tnternal
control block. These bits correspond to bits A1 9-A1 3

of the 20-bit memory address. Bits A12-A0 of the
base address are always 0. The base address may be
set at any integer multiple of the size of the total
memory block selected. For example, if the mid-
range block size is 32K (or the size of the block for
which each MCS line is active is 8K), the block could
be located at 10000H or 18000H, but not at 14000H,
since the f irst few integer multiples of a32K memory
block are 0H, 8000H, 10000H, 18000H, etc. After
reset, the contents of both of these registers is un-
defined. However, none of the N[m lines will be ac-
tive until both the MMCS and MPCS registers are
accessed.

Table 9. MPCS Programming Values

Total Block
Size

Individua I

Select Size
MPCS Bits

1 4-g

BK
16K
32K
64K

1 28K
2s6K
51 2K

2K
4K
BK
16K
32K
64K

1 28K

0000001 B
000001 0B
0000 1 008
0001 0008
001 00008
01 000008
1 0000008

15 14 13 12 11 10 I I 7 6 5 4 3 2 1 0

OFFSET: AOH

A19 A11

Figure 11. UMCS Register

Figure 12. LMCS Register

10 4 3 215 13 12 11 I 8 7 6

A11

5

OFFSET: A2H

A19

14
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OFFSET: A8H

Figure 13. MPCS Register

OFFSET: A6H

Figure 14. MMCS Register

MMCS bits R2-R0 specif y READY mode of operation
f or all mid-range chip selects. All devices in m id-

range memory must use the Same number of WAIT

states.

The 512K block size for the mid-range memory chip
selects is a special case. When using 512K, the base
address would have to be at either locations 00000H

or 80000H. lf it were to be programmed at 00000H

when the rcS line was programmed, there would be

an internal conflict between the Le-S ready genera-
tion logic and the 

-MCS 
ready generation logic.

Likewise, if the base address were progrsmled at

80000H. there would be a conf lict with the UCS ready

generation logic. Since the rcS chip-select line does

not become active until programmed, while the UCS

line is active at reset, the memory base can be set

only at 00000H. lf this base address is selected,
however, the L-eS range must not be programmed.

Peripheral Chip Selects

The |APX 186 can generate chip selects for up to
seven peripheral devices. These chip selects are ac-

tive for seven contiguous blocks of 128 bytes above a
programmable base address. This base address may

be located in either memory or l/O space.

Seven 0-S lines called Pm0-6 are generated by the
iAPX 186. The base address is user-programmable;

however it can only be a
least signiflcant 10 bits
always 0.

multiple of 1 K bytes, i.e., the
of the starting add ress are

P-C95 and PCSG can also be programmed to provide
latched address bits A1 , A2. lf so programmed, they
can not be used as periph eral selects. These outputs
can be connected directly to the A0, A1 pins used for

selecting internal registers of 8-bit peripheral chips,

This scheme simplifies the hardware interface be-
cause the 8-bit registers of peripherals are simply
treated aS 16-bit registers located on even bound-
aries in lio space or memory Space where only the

lower 8-bits of the register are signif icant. the upper
B-brts are "don't cares."

The starting address of the peripheral chip-select
block is def ined by the PACS register (see Figure 15).

This register is located at offset A4H in the internal
control block. Bits 15-6 of this register correspond to
bits 19-10 of the 20-bit Programmable Base Address
(PBA) of the peripheral chip-select block. Bits 9-0 of
the PBA of the peripheral chip-select block are all

zeros. lf the chip-select block is located in l/O space,
bits 12-15 must be programmed zero, since the l/O
address is only 16 bits wide. Table 10 shows the
address range of each peripheral chip select with
respect to the PBA contained ln PACS register.

OFFSET:

Figure 15. PACS Register
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Table 10. PCS Address Ranges

PCS Line Active between Locations
PCSO
PCSl
PC52
PC53
PC54
PC35
PCS6

The user should program bits 15-6 to
the desired peripheral base location.
are used to specify READY mode for

each chip-select range individually or to factor exter-
nal READY with the integrated ready generator.

READY control consists of 3 bits for each C-S line or
group of lines generated by the iAPX 186. The inter-
pretation of the ready bits is shown in Table 12.

Table 12. READY Bits Programming

The internal ready generator operates in parallel with
external READY not in series if the external READY
is used (R2 _ 0). This means, for example, if the
internal generator is set to insert two wait states, but
activity on the external READY lines will insert four
wait states, the processor will only insert four wait
states, not six. This is because the two wait states
generated by the internal generator overlapped the
f irst two wait states generated by the external ready
signal. Note that the external ARDY and SRDY lines
are always ignored during cycles accessing internal
peripherals.

R2-R0 of each control word specifies the READY
mode for the corresponding block, with the excep-
tion of the peripheral chip selects: R2-R0 of PACS
set the PCS-g READY mode. R2-R0 of MPCS set
the PeS4-6 READY mode.

Chip Select/Ready Logic and Reset

Upon reset, the Chip-Select/Ready Logic will per-
form the following actions:

o All chip-select outputs will be driven HIGH.
o Upon leaving RESET, the UeS line will be pro-

grammed to provide chip selects to a 1K block with
the accompanying READY control bits set at 01 1 to

correspond to
PACS bits O-2
p-CSo_pGs.

PBA - PBA + 127
PBA+128-PBA+255
PBA+256 - PBA+383
PBA+384 - PBA+51 1

PBA+512 - PBA+639
PBA+640 - PBA+767
PBA+768 - PBA+895

The mode of operation of the peripheral chip selects
is def ined by the MPCS register (which is also used to
set the size of the mid-range memory chip-select
block, see Figure 16). This register is located at of fset
ABH in the internal control block. Bit 7 is used to
select the function of PCSS and 

-PCS6, 

while bit G is
used to select whether the peripheral chip selects
are mapped into memory or l/O space. Table 11 de-
scribes the programming of these bits. After reset,
the contents of both the MPCS and the PACS regis-
ters are undef ined, however none of the PCS lines
will be active until both of the MPCS and PACS regis-
ters are accessed.

Description
MS

EX

Peripherals mapped
Peripherals mapped

5 Pe-S lines. A1 . A2
7 PC:S lines. 41 , A2

into memory space.
into l/O spaoe.

provided.
are not provided.

MPCS bits 0-2 are used to specify READY mode for

-PCS4-PCS6 

as outlined below.

READY Generation Logic

The iAPX 186 can generate a "READY" signal inter-
nally for each of the memory or peripheral e-S lines
The number of WAIT states to be inserted for each
peripheral or memory is programmable to provide
0-3 wart states for all accesses to the area for which
the chip select is active. In addition, the iAPX 186 may
be programmed to either ignore external READY for

R2 R1 RO Number of WAIT States Generated

0
0

0

o

1

1

1

1

0
0

1

1

0
0

1

1

0
1

0

1

0
1

0

1

0 wait states, external RDY also used.
1 wait state inserted. external RDY also
used.
2 wait states inserted, external RDY also
used.
3 wait states inserted. external RDY also
used,
0 wait states, external RDY ignored.
l wait state inserted. external RDY
ig n ored.
2 wait states inserted, external RDY
ig n ored.
3 wait states inserted. external RDY
ignored.

Table 11. MS, EX Programming Values

15 14 13 12 11 10 I I 7 6 5 4 3 2 1 0

OFFSET: A8H

Figure 16. MPCS Register
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allow the maximum number of internal wait states
in conjunction with external Ready consideration
(i.e., UMCS resets to FFFBH).

o No other chip select or READY control registers
have any predef ined values after RESET. They will
not become active u ntil the CPU accesses their
control registers. Both the PACS and MPCS regis-
ters must be accessed before the rcS lines will
become active.

DMA CHANNELS

The 80186 DMA controller provides two independent
high-speed DMA channels. Data transfers can occur
between memory and l/0 spaces (e.9., Memory to
l/O) or within the same space (e.9., Memory to
Memory or l/O to l/O). Data can be transferred either
in bytes (8 bits) or in words (16 bits) to or trom even or
odd addresses. Each DMA channel maintains both a

20-bit source and destination pointer which can be

optionally incremented or decremented after each

data transfer (by one or two depending on byte or
word transf ers). Each data transfer consu mes 2 bus
cycles (a minimum of B clocks), one cycle to fetch
data and the other to store data. This provides a
maximum data transfer rate of one Mword/sec or 2
M Bytes/sec.

DMA Operation

Each channel has six registers in the control block
which def ine each chan nel's specif ic operation. The

control registers consist of a 20-bit Source pointer (2

words), a 20-bit Destination pointer (2 words), a 16-
bit Transfer Counter. and a 16-bit Control Word. The
format of the DMA Control Blocks is shown in Table
13. The Transfer Count Register (TC) specifies the
number of DMA transfers to be performed. Up to 64K

byte or word transfers can be performed with auto-
matic termination. The Control Word defines the
channel's operation (see Figure 1B). All registers may
be modified or altered during any DMA activity. Any
changes made to these registers will be reflected

im med iately in DMA operation.

Table 13. DMA Control Block Format

Register Name

Registet Address

ch, 0 ch. 1

Control Word
Tran sf er Co u nt
Destination Pointer (upper 4

b its)
Destinatron Pointer
Source Pointer (upper 4 bits
So u rce Po inter

CAH
C8H
C6H

C4H
C2H
COH

DAH
DBH
D6H

D4H
D2H
DOH

ADDER CONTROL
LOGIC

20 BIT ADDER SUBTRACTOR

REQUEST
SE LECTION

LOGICTRANSFER COUNTER CH 1

DEST. ADRS. POINTER CH. 1

SRC, ADRS. POINTER CH. 1

TRANSFER COUNTER CH. O

DEST" ADRS. POINTER CH. O

SRC ADRS. POINTER CH- O

CHANNEL CONTROL WORD 1

CHANNEL CONTROL WORD O

INTERNAL ADDRESSIDATA BUS

TIMER REOUEST

INTERRUPT
REOUEST

Figure 17. DMA Unit Block Diagram
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.f5 't4 13 12 11 10 9 I 7 5 5 4 3 2 1 o

Mr DESTINATION
ro DEc lNc

!t
ro

SOURCE
DEC INC TC INT SYN P

T
D
R

o

x CHG/
NOCHG

ST]
STOP

B,

w

X DON'T CARE.

DMA Channel Control Word Register

Each DMA Channel Control word determines the
mode of operation for the particu lar 80180 DMA
channel. This register specifies:

o the mode of synchronization;
. whether bytes or words will be transferred;
o whether interrupts will be generated after the last

transfer;
o whether DMA activity will cease afte r a pro-

grammed number of DMA cycles;
o the relative priority of the DMA channel with

respect to the other DMA channel;
o whether the source pointer will be incremented,

decremented, or maintained constant after each
transfer;

o whether the source pointer addresses memory or
l/O space;

o whether the destination pointer will be incre-
mented, decremented, or maintained constant af-
ter each transfer: and

o whether the destrnation pointer will address
memory or l/O space.

The DMA channel control registers may be changed
while the channel is operating. However, any
changes made du ring operation will af f ect the cu r-
rent DMA transfer.

DMA Control Word Bit Descriptions

Figure 18. DMA Controf Register

INT:

TC:

SYN:
(2 bits)

SOU RCE:lNC

M/to

DEC

DEST: INC

M/to

DEC

Enable Interrupts to CPU on Trans-
f er Cou nt term ination.
lf set, DMA will terminate when the
contents of the Transfer Count reg-
ister reach zero. The ST STOP bit
will also be reset at this point if TC is
set. lf this bit is cleared, the DMA
unit will decrement the transfer
count register for each DMA cycle,
but the DMA transfer will not stop
when the contents of the TC reglster
reach zero.

00 No synch ron ization.
NOTE: The ST bit will be cleared
automatically when the contents
of the TC register reach zero re-
gardless of the state of the TC bit.

01 So u rce sy n c h ron izatio n .

1 0 Destination synchronization.
1 1 Unused.

lncrement source pointer by 1 or 2
(depends on BIW) after each
transf er.

Sou rce pointer is in M/lO space
(1/0)

Decrement source pointer by 1 or 2
(depends on BIW) after each
transfer.

Increment destination pointer by 1

or 2 (ElW) after each transfer.

Destination pointer is in M,ilO space
(1l0)

Decrement destination pointer by 1

or 2 (depending on BIW) after each
transfer.

Channel priority-relative to other
chan ne l.

0 low priority.
t high priority.

Chan nels will alternate cycles if
both set at same priority level.

B/W:

ST/S-TOP:

Byte/Word (011 ) Transfers.

Start/stop (1 /0) Channel.

Change"Do not change (110)
sT/sTOP bit. lf this bit is set when
writing to the control word, the
STIS-TOP bit will be programmed by
the write to the control word. lf this
bit is cleared when writing the con-
trol word, the ST,'S-TOP bit will not
be altered. This bit is not stored; it
will always be a 0 on read.

CHG/NOCHG:
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TDRQ O: Disable DMA requests from timer
2.

Enable DMA requests f rom timer
2.

Bit 3 Bit 3 is not used.

f f both INC and DEC are specif ied for the same
pointer, the pointer will remain Constant after each

cyc I e.

DMA Destination and Source Pointer
Registers
Each DMA channel maintains a 20-bit source and a

20-bit destination pointer. Each of these poanters

takes up two full 16-bit registers in the peripheral

control block. The lower four bits of the upper regis-
ter contain the upper four bits of the 20-bit physical
address (see Figure 18a). These pointers may be
ind ividually incremented or decremented af ter each
transfer. lf word transfers are performed the pointer

ls incremented or decremented by two. Each pointer

may point into either memory or llO space. Since the
DMA channels can perform transfers to or f rom odd
add reSSeS, there is no restriction on values f or the
pointer registers. Higher transfer rates can be ob-

talned if all word transfers are performed to even

addresses, since this willallow data to be accessed in

a single memory access.

DMA Transfer Count Register
Each DMA channel maintains a 16-bit transfer
count register (TC). This register is decremented
after every DMA cycle, regardless of the state of
the TC bit in the DMA Control Register. lf the TC bit
in the DMA control word is set or unsynchronized
transfers are programmed, however, DMA activity
will terminate when the transfer count register
reac hes zero.

DMA Requests

Data transfers may be either source or destination
synch ron ized, that is either the sou rce of the data or

the destination of the data may request the data
transfer. In addition, DMA transfers may be un-
synch ron ized ; that is, the transfer will take place
continually until the correct number of transfers has
oCCurred. When Source or unsynchronized transfers
are performed, the DMA channel may begin another
transfer immediately after the end of a previous DMA
transfer. This allows a complete transfer to take place
eve ry 2 bus cycles or elght clock cycles (assuming no
wait states). No prefetching occurs when destination
synchronization is performed, however. Data will not

be fetched f rom the source address until the destina-
tion device signals that it is ready to receive it. When
destination synchronized transfers are requested,
the DMA controller will relinquish contrbl of the bus
after every transfer. lf no other bus activity is in-

itiated, another DMA cycle will begin after two pro-

cessor clocks. This is done to allow the destinatton
device time to remove its request if another transfer
is not desired. Sance the DMA controller will relin-
quish the bus, the CPU can initiate a bus cycle. As a
resu lt, a com plete bus cycle will often be inserted

between destination Synchronized transfers. These

lead to the maximum DMA transfer rates shown in

Table 14.

Table 14. Maximum DMA Transfer Rates
-t

Type of
Sync h ro n izatio n

Selected CPU

1:

1

Unsynchronized
Source Synch
Destination Synch

Figure 18a. DMA Memory Pointer Register Format

Running CPU Halted

2 M Bytes sec 2 M Bytes sec
2MBytes sec 2MBytes sec
l.3MBytes sec l.5MBYtes sec

HIGHER
REGISTER
ADDRESS

LOWER
REGISTER
ADDRESS

15

XXX DON'T CARE

xxx XXX XXX A19-A16

A15-A12 A1 1-A8 A7-A.4 A3-AO
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DMA Acknowledge

No explicit DMA acknowledge pulse is provided.
Since both source and destination pointers are
maintained, a read from a requesting source, or a
write to a requesting destination, should be used as
the DMA acknowledge signal. Since the chip-select
lines can be programmed to be active for a given
block of memory or lO space, and the DMA pointers
can be programmed to point to the same given block,
a chip-select line cou ld be used to ind icate a DMA
ac kn ow I ed ge.

DMA Priority

The DMA channels may be programmed such that
one channel is always given priority over the other, or
they may be programmed such as to alternate cycles
when both have DMA requests pending. DMA cycles
always have priority over internal CPU cycles except
between locked memory accesses or word accesses
the odd memory locations: however, an external bus
hold takes priority over an internal DMA cycle. Be-
cause an interru pt req uest can not suspend a DMA
operation and the CPU cannot access memory dur-
ing a DMA cycle, interrupt latency time will suffer
during sequences of continuous DMA cycles. An
NMI request, however, will cause all internal DMA
activity to halt. This allows the CPU to q u ickly
respond to the NMI request.

DMA Programming

DMA cycles will occur whenever the ST/STOP bit of
the Control Register is set. lf synchronized transfers

are prog ram med, a DRQ m ust also have been
generated. Therefore, the source and destination
transfer pointers, and the transfer count register (if
used) must be programmed before this bit is set.

Each DMA register may be modif ied while the chan-
nel is operating. lf the CHG/NOCHG bit is cleared
when the control register is written, the ST/STOP bit
of the control register will not be modified by the
write. lf mu ltiple channel registers are modif ied, it is
recom mended that a LOCKED string transf er be
used to prevent a DMA transfer f rom occurring be-
tween updates to the channel registers.

DMA Channels and Reset

Upon RESET, the DMA channels will perform the
f ollowing actions:

. The Start/Stop bit for each channel will be reset to
STOP

o Any transfer in progress is aborted.

TIMERS

The B01BO provides three internal 16-bit programma-
ble timers (see Figure 19). Two of these are highly
f f exible and are connected to fou r external pins (2
per timer). They can be used to cou nt external
events, time external events, generate nonrepetitive
waveforms, etc. The third timer is not connected to
any external pins, and is useful for real-time coding
and time delay applications. In addition, this third
timer can be used as a prescafer to the other two, or
as a DMA request source.

DMA
REQ.

T2
INT.
REQ,

T2 OUT

TIMER O TIMER 1

TIMER 2MAX COUNT VALUE
A

MAX COUNT VALUE
A

MAX COUNT VALUE
B

MAX COUNT VALUE
B

MAX COUNT VALUE

INTERNAL ADORESSIDATA BUS

ALL 16 BIT REGISTERS

Figure 19. Timer Block Diagram
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Timer Operation

The timers are controlled by 11 16-bit registers in the
internal peripheral control block. The conf ig u ration
of these registers is shown ln Table 15. The count
reg ister contains the cu rrent value of the timer. lt can

be read or written at any time independent of
whether the timer is running or not. The value of this
register will be incremented for each timer event.
Each of the timers is equipped with a MAX COUNT
register, which defines the maximum count the timer
will reach After reaching the MAX COUNT register
value, the timer count value will reset to zero during
that same clock. i.e.. the maxim u m cou nt value is
never stored in the count register itself. Timers 0 and
1 are, in addition, equipped with a second MAX

COUNT register, which enables the timers to alter-

nate their count between two different MAX COUNT
values programmed by the user. lf a single MAX
COUNT register is used, the timer output pin will
switch LOW for a single clock, 2 clocks after the
maximum count value has been reached. In the dual
MAX COUNT register mode, the output pin will indi-
cate which MAX COUNT register is currently in use,

thus allowing nearly complete freedom in selecting
waveform duty cycles. For the timers with two MAX
COUNT registers, the RIU bit in the control register
determines whrch is used for the comparison.

Each timer gets serviced every f ou rth CPU-clock
cycle, and thus can operate at speeds up to one-
q uarter the internal clock f req uency (one-eig hth the
crystal rate). External clocking of the timers may be
done at up to a rate of one-quarter of the internal
CPu-clock rate (2 MHz for an B MHz CPU clock). Due

to internal synchronization and pipelining of the
trmer circuitry, a timer output may take up to 6 clocks
to respond to any individual clock or gate input.

Since the count registers and the maximum count
registers are all 16 bits wide, 16 bits of resolution are
provided" Any Read or Wnte access to the timers will
add one wait state to the minimum four-clock bus
cycle, however. This is needed to synch ron ize and

coordinate the internal data flows between the inter-
nal timers and the internal bus

The timers have several prog ram mable options.

o All three timers can be set to halt or continue on a
terminal count.

o 'l-imers 0 and 1 can select between internal and
external clocks, alternate between MAX COUNT
registers and be set to retrigger on external events.

o The timers may be programmed to cause an inter-
rupt on terminal count.

These options are selectable via the timer mode/
cont ro I word.

Timer Mod el9ontrol Register

The mode/control register (see Figure 20) allows the
user to program the specific mode of operation or
check the current programmed status for any of the
three integrated timers.

Table 15. Timer Control Block Format

Figure 20. Timer Mode/Control Register

Register Name

Register Offset

Tmr. 0 Tmr. 1 Tmr. 2

Mode Control Word
Max Count B
Max Count A
Count Register

56H
54H
52H
50H

5EH
5CH
5AH
58H

66H
n of p resen t

62H
60H

EN INH INT RIU 0 MC RTG P EXT ALT CONT
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ALT:
The ALT bit determines which of two MAX COUNT
registers is used for count comparison. lf ALT : 0,
register A for that timer is always used, while if ALT :
1, the comparison will alternate between register A
and register B when each maximum count is
reached. This alternation allows the user to change
one MAX CoUNT register while the qther is being
used, and thus provides a method of generating non-
repetitive waveforms. Square waves and pulse out-
puts of any duty cycle are a subset of available
signals obtained by not changing the final count
registers. The ALT bit also determines the f unction of
the timer output pin. lf ALT is zero, the output pin will
go Low for one clock, the clock after the maximum
count is reached. lf ALT is one, the output pin will
ref lect the current MAX COUNT register being used
(Ol1 for BIA).

CONT:
Setting the CONT bit causes the associated timer to
run continuously, while resetting it causes the timer
to halt upon maximum count. lf CONT-0 and ALT
:1, the timer will count to the MAX COUNTregister A
value, reset, count to the register B value, reset, and
h alt.

EXT:
The external bit selects between internal and exter-
nal clocking for the timer. The external signal may be
asynch ronous with respect to the 80186 clock. lf this
bit is set, the timer will count LoW-to-HIGH trans-
itions on the input pin. lf cleared, it will count an
internal clock while using the input pin for control. In
this mode, the f unction of the external pin is defined
by the RTG bit. The maximum input to output transi-
tion latency time may be as much as 6 clocks.
However, clock inputs may be pipelined as closely
together as every 4 clocks without losing clock
p u lses.

P:
The prescaler bit is ignored unless internal clocking
has been selected (EXT - 0). lf the P bit is a zero, the
timer will count at one-fourth the internal CPU clock
rate. lf the P bit is a one, the output of timer 2 will be
used as a clock for the timer. Note that the user must
initialize and start timer 2 to obtain the prescaled
c loc k.

RTG:

Retrigger bit is only active for internal clocking (EXT

-0). In this case it determines the control function
provided by the input pin.

lf RTG - 0, the input level gates the internal clock on
and off. lf the input pin is HIGH, the timer willcount; if

the input pin is LOW the timer will hold its value. As
indicated previously, the input signal may be asyn-
chronous with respect to the 80186 clock.

When RTG - 1, the input pin detects LOW-Io-HIGH
transitions. The first such transition starts the timer
running, clearing the timer value to zero on the first
clock, and then incrementing thereafter. Further
transitions on the input pin will again reset the timer
to zero, from which it will start counting up again. lf
CONT - 0, when the timer has reached maximum
count, the EN bit will be cleared, inhibiting further
timer activity.

EN:
The enable bit provides programmer control over the
timer's RUN/HALT status. When set, the timer is en-
abled to increment subject to the input pin con-
straints in the internal clock mode (discussed
previously).When cleared, the timer will be inhibited
from counting. All input pin transitions during the
time EN is zero will be ignored. lf CONT is zero, the
EN bit is automatically cleared upon maximum
cou nt.

INH:
The inhibit bit allows for selective updating of the
enable (EN) bit. lf INH is a one during the write to the
mode/control word, then the state of the EN bit will
be modified by the write. lf INH is a zero during the
write, the EN bit will be unaffected by the operation.
This bit is not stored; it will always be a 0 on a read.

INT:
When set, the INT bit enables interrupts from the
timer, which will be generated on every terminal
count. lf the timer is configured in dual MAX COUNT
register mode, an interrupt will be generated each
time the value in MAX COUNT register A is reached,
and each time the value in MAX COUNTregister B is
reached. lf this enable bit is cleared after the inter-
rupt request has been generated, but before a pend-
ing interrupt is serviced, the interrupt request will
stlll be in force. (The request is latched in the Inter-
rupt Controller.)

MC:
The Maximum Count bit is set whenever the timer
reaches its f inal maximum count value. lf the timer is
configured in dual MAX COUNT register mode, this
bit will be set each time the value in MAX COUNT
register A is reached, and each time the value in MAX
COUNT register B is reached. This bit is set regard-
less of the timer's interrupt-enable bit. The MC bit
gives the user the ability to monitor timer status
th roug h software instead of th roug h interru pts.
Programmer intervention is required to clear this
b it.
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RIU:
The Register In Use bit indicates which MAX COUNT
register is currently berng used for comparison to the
timer count value. A zero value indicates regtster A.

The RIU bit cannot be written, i.e., its value is not

affected when the control register is written. lt is

always cleared when the ALT bit is zero.

Not all mode bits are provided for timer 2. Certain bits
are hardwired as indicated below:

ALT - 0, EXT

Count Registers

Each of the three timers has a 16-bit count register.

The current contents of this register may be read or

written by the processor at any time. lf the register is

written into while the timer is cou nting, the new value
will take effect in the current count cycle.

Max Count Registers

Timers 0 and t have two MAX COUNTregisters, while
tim er 2 has a single MAX COUNTregister. These con-
tain the number of events the timer will count. In

timers 0 and 1, the MAX COUNT register used can

alternate between the two max cou nt values
whenever the current maximum count is reached.

The condition which causes a timer to reset is equiv-
alent between the Current count value and the max
count being used" This means that if the count is
changed to be above the max count value, or if the
max count value is changed to be below the current
value, the timer will not reset to zero, but rather will

COUnt tO itS maximum valUe, "Wrap arOUnd" tO ZerO,

then count until the max count is reached.

Timers and Reset

Upon RESET, the Timers will perform the following
actions.

o All EN (Enable) bits are reset preventing timer
counting.

o All SEL (Select) bits are reset to zero. This selects
MAX COUNT register A, resulting in the Timer Out
pins going HIGH upon RESET.

INTERRUPT CONTROLLER

The 80180 can receive interrupts from a number of
Sou rces, both lnternal and external. The internal in-
terrupt controller serves to merge these requests on
a priority basis, for individual service by the CPU.

Internal interrupt sources (Timers and DMA chan-

nels) can be disabled by their own control registers
or by mask bits within the interrupt controller. The
8018G interrupt controller has its own control regis-
ters that set the mode of operation for the controller.

The interrupt controller will resolve priority among
requests that are pending simultaneously. Nesting is
provided So interrupt service routines for lower
prrority interrupts may themselves be interrupted by

higher priority interrupts. A block diagram of the

interrupt controller is shown in Figure 21 .

The interrupt controller has a special iRMX 86 com-
patibility mode that allows the use of the 801 86

withln the iRMX 86 operating system interrupt struc-

ture. The controller is set in this mode by setting bit
14 in the periph eral control block relocation register
(see iRMX 86 Compatibility Mode section). In this
mode, the internal 80186 interrupt controller f unc-
tiOnS aS a "Slave" COntrOller tO an extef nal " master"

controller. Special initializatron software must be ln-

cluded to properly set up the 80186 interrupt control-
ler in iRMX 86 mode.

MASTER MODE OPERATION

Interrupt Controller External Interface

For external interrupt sources, five dedicated pins

are provided. One of these pins ls dedicated to NMl,

non-maskable interrupt. This is typically used for
power-fail interrupts, etc. The other four pins may
function either aS four interrupt input lines with inter-
nally generated interrupt vectors, aS an interrupt line
and an interrupt acknowledge line (called the
"Cascade mode") along with two other input lines

with internally generated interrupt vectors, or as two
interrupt input lines and two dedlcated interrupt ac-
knowledge ouput lines. When the interrupt lines are
conf igured in cascade mode, the 80186 interrupt
controller will not generate internal interrupt
vectors.

External sources in the cascade mode use externally
generated interrupt vectors. When an interrupt is

acknowledged, two INTA cycles are initiated and the
vector is read into the 80186 on the second cycle. The

capability to rnterface to external 8259A program-
mable interrupt controllers is thus provided when the
inputs are conf igured in cascade mode.
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Interrupt Controller Modes of Operation

The basic modes of operation of the interrupt con-
troller in master mode are similar to the 82sgA.
The interrupt controller responds identically to inter-
nal interrupts in all three modes: the difference is
only in the interpretation of function of the four exter-
nal interrupt pins. The interrupt controller is set into
one of these three modes by programming the cor-
rect bits in the f NTO and lNTl control registers. The
modes of interrupt controller operation are as
f ollows:

Fully Nested Mode
When in the fully nested mode four pins are used as
direct interrupt requests. The vectors for these four
inputs are generated internally. An in-service bit is
provided for every interrupt source. lf a lower-priority
device requests an interrupt while the in-service bit
(lS) is set, no interrupt will be generated by the inter-
rupt controller. fn addition, if another interrupt re-
quest occurs from the same interrupt source while
the inservice bit is set, no interrupt will be generated
by the interrupt controller. This allows interrupt ser-
vice routines to operate with interrupts enabled with-
out being themselves interrupted by lower-priority
interrupts. Since interrupts are enabled, higher-
priority interrupts will be serviced.

When a service routine is completed, the proper lS

bit must be reset by writing the proper pattern to the
EOI reg ister. This is req u ired to allow su bseq uent
interrupts from this interrupt source and to allow
servicing of lower-priority interrupts. An EOI com-
mand is issued at the end of the service routine just

before the issuance of the return from interrupt in-
struction. lf the fully nested structure has been
upheld, the next highest-priority source with its lS bit
set is then serviced.

Cascade Mode
The 80186 has four interrupt pins and two of them
have dual f unctions. In the f ully nested mode the four
pins are used as direct interrupt inputs and the cor-
responding vectors are generated internally. In the
cascade mode, the four pins are conf igured into in-
terrupt input-dedicated acknowledge signal pairs.
The interconnection is shown in Figure 22.lNT0 is an
interrupt input intertaced to an 8259A, while
lNT2/lNTAO serves as the dedicated interrupt ac-
knowledge signal to that peripheral. The same is true
for lNTl and 11r113,r11115 . Each pair can selectively be
placed in the cascade or non-cascade mode by pro-
gramming the proper value into lNTO and lNTl con-
trol registers. The use of the dedicated acknowledge
signals eliminates the need for the use of external
logic to generate lN-TA and device select signals.

The primary cascade mode allows the capability to
serve up to 128 external interrupt sources through
the use of external master and slave 8259As. Three
levels of priority are created, r€quiring priority
resolution in the 80186 interrupt controller, the mas-
ter 8259As, and the slave 8259As. lf an external inter-
rupt is serviced, one lS bit is set at each of these
levels. When the interrupt service routine is com-
pleted, up to three end-of-interrupt commands must
be issued by the programmer.

TIMER TIMER TIMER DMA DMA
0 1 2 0 1 |NTO lNTl lNT2 lN T3 N Ml

TIMER
CONTROL REG.

INTERRUPT
PRIORITY

RESOLVER

INTERRUPT
REOUEST REG.

INTERRUPT
MASK REG.

DMA 1

CONTROL REG.

EXT. INPUT O

CONTROL REG-

PRIOR. LEV.

MASK REG.

INTERRUPT
REQUEST TO
PROCESSOR

EXT. INPUT 1

CONTROL REG.
INTERRUPT

STATUS REG.

VECTOR
GENERA.

TION
LOGIC

INTERNAL ADDRESSIDATA BUS

Figure 21. Interrupt Controller Block Diagram
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Special Fully Nested Mode
This mode is entered by setting the SFNM bit in lNT0

or lNTl control register. lt enables complete nestabil-
ity with external 8259A masters. Normally, an lnter-
ru pt req uest f rom an interru pt Sou rce will not be

recognized unless the in-service bit for that source is
reset. lf more than one lnterru pt Sou rce is con nected

to an external interrupt controller, all of the interrupts
will be f unneled through the same B01BG interrupt
request pin.As a result, if the external interrupt Con-
troller receives a higher-priority interrupt, its inter-
rupt will not be recognized by the 80186 controller
until the 80186 in-service bit is reset. In special f ully

nested mode, the 80186 interrupt controller will allow
inte rru pts f rom an exte rn al p in reg ardless of t he

state of the in-service bit for an interrupt source in
order to allow multiple interrupts from a single pan.

An in-service bit will continue to be set, however, to
inhibit lnterrupts f rom other lower-priority B01BG in-

te rru pt sou rces.

Special procedures should be followed when reset-
ting lS bits at the end of interrupt service routines.
Software polling of the external master's lS register
is required to determine if there is more than one btt

set. lf so, the lS bit in the 80186 remains active and
the next interrupt service routine is entered.

Operation in a Polled Environment

The controller may be used in a polled mode if inter-
rupts are undesirable. When polling, the processor
disables interrupts and then polls the interrupt con-
troller whenever it is convenient. Polling the inter-

rupt controller is accomplished by reading the Poll

Word (Figure 31),Bit 15 in the pollwoi'd indicates
to the processor that an interrupt of high enough
priority is requesting service. Bits 0-4 indicate to
the processor the type vector of the highest-
priority source requesting service. Reading the
Poll Word causes the In-Service bit of the highest-
priority source to be set.

It is desirable to be able to read the Poll Word infor-
mation without guaranteeing service of any pending
interrupt, i.e., not set the indicated in-service bit. The

80186 provides a Poll Status Word in addition to the

conventional Poll Word to allow this to be done. Poll
Word information is duplicated in the Poll Status
Word, but reading the Poll Status Word does not set
the associated in-service bit. These words are lo-

cated in two adjacent memory locations in the regis-

ter file.

Master Mode Features

Programmable Priority
The user can program the interrupt SourCeS into any
of eight different priority levels. The programming is

done by placing a 3-bit priority level (0-7) in the

control register of each interrupt Source. (A source

with a priority level of 4 has higher priority over all

priority levels f rom 5 to 7. Prrority reg isters contain-
ing values lower than 4 have greater priority.) All
interrupt sources have preprogrammed default
priority levels (see Table 4).

lf two requests with the same programmed priority
level are pending at once, the priority ordering
scheme shown in Table 4 is used. lf the serviced
interru pt routine reenables interru pts, it allows other
requests to be serviced.

End-of-l nterrupt Com ma nd
The end-of-interrupt (EOl) command is used by the
programmer to reset the In-Service (lS) bit when an

interrupt service routrne ls completed. The EOI com-

mand is issued by writing the proper pattern to the

EOI register. There are two types of EOI commands,
specif ic and nonspecif ic. The nonspecif ic command
does not specify which lS bit is reset. When issued,
the interrupt controller automatically resets the lS bit
of the hig hest priority sou rce with an active service
routine. A specif ic EOI command requires that the
programmer send the interrupt vector type to the

interru pt controller ind icating which sou rce's lS bit is
to be reset. This command is used when the fully
nested structure has been disturbed or the highest
priority lS bit that was set does not belong to the

service routine in prog ress.

Trigger Mode
The four external interrupt pins can be programmed
in either edge- or level-trigger mode. The control
register for each external source has a level-trigger
mode (LTM) bit. All interrupt inputs are active HIGH.

In the edge Sense mode or the level-trigger mode, the
interrupt request must remain active (HIGH) untilthe
interrupt request is acknowledged by the 80186 CPU.

In the edge-sense mode, if the level remains high

after the interrupt is acknowledged, the input is dis-
abled and no f urther requests will be generated. The
lnput level must go LOW for at least one clock cycle to
reenable the input. In the level-trigger mode, no such
provision is made: holding the interrupt input HIGH

will cause continuous interrupt requests.
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Interrupt Vectoring
The 80180 lnterrupt controiler will generate inter-
rupt vectors for the integrated DMA channels and
the integrated Timers. In addition, the Interrupt Con-
troller will generate interrupt vectors for the external
interrupt lines if they are not configured in Cascade
or special Fully Nested Mode. The interrupt vectors
generated are fixed and cannot be changed (see
Table 4).

f nterrupt Controller Registers
The Interrupt Controller register model is shown in
Figure 23. lt contains 15 registers. Arr registers can
both be read or written unless specified otherwise.

In-Service Register
This register can be read from or written into. The
f ormat is shown in Fig u re 24. lt contains the In-
Service bit for each of the interru pt sou rces. The
In-service bit is set to indicate that a source's service
routine is in progress. When an In-Service bit is set,
the interrupt controller will not generate interrupts to
the CPU when it receives interrupt requests from
devices with a lower programmed priority level. The
TMR bit is the In-service bit for all three timers; the
D0 and D1 bits are the In-Service bits for the two DMA
channels; the l0-13 are the ln-Service bits for the
external interrupt pins. The lS bit is set when the
processor acknowledges an interrupt req uest either
by an interrupt acknowledge or by reading the poll
register. The lS bit is reset at the end of the interrupt
service routine by an end-of-interrupt command is-
sued by the CPU.

Interrupt Request Register
The internal interrupt Sources have interrupt request
bits inside the interrupt controller. The format of this
register is shown in Figure 24. A read f rom this regis-
ter yields the status of these bits. The TMR bit is the
logical oR of all timer interrupt requests. D0 and D1
are the interrupt request bits for the DMA channels.

The state of the external interrupt input pins is also
indicated. The state of the external interrupt pins is
not a stored cond ition inside the interru pt controller,
therefore the external interrupt bits cannot be writ-
ten. The external interrupt request bits show exactly
when an interrupt request is given to the interrupt
controller, so if edge-triggered mode is selected, the
bit in the register will be HIGH only after an inactive-
to-active transition. For internal interrupt sources,
the register bits are set when a request arrives and
are reset when the processor acknowledges the
req uests.

Mask Register
This is a 16-bit register that contains a mask bit for
each interrupt source. The format for this register is
shown in Figure 24. A one in a bit position corres-
ponding to a particular source serves to mask the
source f rom generating interrupts. These mask bits
are the exact same bits which are used in the individ-
ual control registers; programming a mask bit using
the mask register will also change this bit in the
individual control registers, and vice versa.

801 86
[NT-O INT

8259A
Ptc

Figure 22. cascade Mode Interrupt connection
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INT3 CONTROL REGISTER

INT2 CONTROL REGISTER

-lll1Y
INTO CONTROL REGISTER

DMA 1 CONTROL REGISTER

DMA O CONTROL REGISTER

TIMER CONTROL REGISTER

INTERRUPT STATUS REGISTER

INTERRUPT REQUEST REGISTER

IN-SERVICE REGISTER

PRIORITY MASK REGISTER

MASK REGISTER

POLL STATUS REGISTER

POLL REGISTER

EOI REGISTER

OFFSET

3EH

3CH

3AH

38H

36H

34H

32H

30H

2EH

2CH

2AH

28H

26H

24H

Figure 23. Interrupt Controller Registers
(Non-iRMX 86 Mode)

Priority Mask Register
This register is used to mask all interrupts below
particular interrupt priority levels. The format of this

register is shown in Figure 25. The code in the lower

th ree bits of this register inhibits interrupts of

priority lower (a higher prrority number) than the

code specif ied. For example, 100 written into this
register masks interrupts of level f lve (101), six (110),

and seven (111)" The register is reset to seven (111)

upon RESET so all interrupts are unmasked.

lnterrupt Status Register
This register contains general interrupt controller
status lnf ormation. The f ormat of this reg ister is

shown in Figure 26. The bits in the status register
have the following functtons:

DHLT: DMA Halt Transfer; setting this bit halts all

DMA transfers. lt is automatically set
whenever a non-maskable interrupt occurS,
and it is reset when an IRET instruction is

executed. The purpose of this bit is to allow

prompt service of all non-maskable inter-

rupts. This bit may also be set by the cPU.

lRTx: These th ree bits represent the ind ividual
timer interrupt request bits. These bits are

used to differentiate the timer interrupts,

since the timer lR bit in the interrupt re-

quest register is the "oR" f unction of all

tlmer interrupt requests. Note that setting
any one of these three bits initiates an inter-
rupt request to the interrupt controller.

Figure 24. In-Service, Interrupt Request, and Mask Register Formats

Figu re 25, Priority Mask Register Format

Figu re 26. Interrupt Status Register Format
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Timet; DMA 0, 1; Control Registers
These registers are the control words for all the inter-
nal interrupt sources. The format for these registers
is shown in Figure 27. The three bit positions pR0,
PR1 , and PR2 represent the programmable priority
level of the interrupt source. The MSK bit inhibits
interrupt requests from the interrupt source. The
MSK bits in the individual control registers are the
exact same bits as are in the Mask Register; modify-
ing them in the individual control registers will also
modify them in the Mask Register, and vice versa.

lNT0-lNT3 Control Registers
These registers are the control words for the four
external input pins. Figure 28 shows the format of the
|NTO and lNTl Control registers; Figure 29 shows the
format of the lNT2 and lNT3 Control registers. In
cascade mode or special fully nested mode, the con-
trol words for lNT2 and lNT3 are not used.

The bits in the various control registers are encoded
as f ollows:

PRO-2. Priority programming information. Highest
Priority - 000, Lowest Priority - 111

LTM: Level-trigger mode bit. 1 - level-triggered;
0- edge-triggered. Interrupt Input levels
are active high. In level-triggered mode, an
interrupt is generated whenever the exter-
nal line is high. In edge-triggered mode, an
interrupt will be generated only when this

MSK: Maskbit, 1-mask: 0-nonmask.

C: Cascade mode bit, 1

SFNM: Special fully nested mode bit, 1 - SFNM

EOI Register
The end of the interrupt register is a command regis-
ter which can only be written into. The format of this
reg ister is shown in Fig u re 30. lt in itiates an EOI
command when written to by the 80186 CPU.

The bits in the EOI register are encoded as follows:

S*: Encoded information that specifies an in-
terru pt sou rce vector type as shown in
Table 4. For exampf e, to reset the In-service
bit for DMA channel 0, these bits should be
set to 01010, since the vector type for DMA
channel 0 is 10. Note that to reset the singf e
In-Service bit for any of the three timers, the
vector type for timer 0 (8) should be written
in th is reg iste r.

level is preceded
transition on the
level must remain
is acknowledged.

by an inactive-to-active
line. In both cases, the
active until the interrupt

15 14

Figure 27. Time/DMA control Register Formats

Figure 28. lNT0llNTl Control Register Formats

Figure 29. lNT2/lNT3 Control Register Formats

15 14
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NSPECI: A bit that determines the type of EOI com-

SPEC mand. Nonspeclfic - 1, Specific - 0.

Poll and Poll Status Registers
These registers contain polling information. The for-
mat of these registers is shown in Figure 31 . They can
only be read. Reading the Poll register constitutes a

software poll. This will set the lS bit of the highest
priority pending interrupt. Reading the poll status
register will not set the lS bit of the highest priority
pending interrupt; only the status of pending inter-
rupts will be provided.

Encoding of the Poll and Poll Status register bits are

as follows:

s*: Encoded information that indicates the
vector type of the highest priority interrupt-
ing source. Valid only when INTREQ : 1.

INTREQ: This bit determines if an interrupt request is

present. Interrupt Req uest - 1 ; no Interru pt

Request - 0.

|RMX 86 COMPATIBILITY MODE

This mode allows |RMX 86-80186 compatibility The
interrupt model of iRMX 86 requires one master and
multiple slave 8259As in cascaded fashion. When
iRMX mode is used, the internal 80186 interrupt con-
troller will be used as a slave controller to an external
master interrupt controller. The internal 80186 re-

sources will be monitored through the internal lnter-
rupt controller, while the external controller
functions as the system master interrupt controller.

Upon reset, the 80186 interrupt controller will be in

the non-iRMX 86 mode of operation. To set the con-

troller in the iRMX BO mode, bit 14 of the Relocation
Register shou ld be set.

Because of pin limitations caused by the need to
interface to an external 8259A master, the tnternal

interrupt controller will no longer accept external
inputs. There are however, enough 80186 interrupt
controller inputs (internally) to dedicate one to each
timer. In this mode, each timer interrupt Source has

its own mask bit, lS bit, and control word.

The iRMX 86 operating system requires peripherals
to be assigned fixed priority levels. This is incom-
patible with the normal operation of the 80186 inter-
rupt controller. Theref ore, the in itialization sof tware
must prog ram the proper priority levels f or each
Source. The required prrority levels for the internal
interrupt sources in iRMX mode are shown ln Table

16.

Time r 0
( rese rved )

DMA O

DMA 1

Timer 1

Tim er 2

These level assign ments rn ust remain f ixed in the
rRMX 86 mode of operation.

iRMX 86 Mode External Interface

The configuration of the 80186 with respect to an

external 8259A master is shown in Figure 32. The

lNTO input is used as the 80186 CPU interrupt input.

lNT3 f unctions as an output to send the 80186 slave-

interrupt-request to one of the B master-PlC-inputs.

0
1

2
3
4

5

Table 16. Internal Source Priority Level

Priority Level lnterrupt

15 14 13 543210

SPEC'
NSPEC

0 0 0 S4 S3 S2 S1 SO

Figure 30. EOI Register Format

INT
REQ

0 0 0 S4 S3 S2 S1 SO

Figure 31 . Poll Register Format
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8259A
.MASTER

INiA

INT

cAso-2

I

I

I

SLAVE SELECT

IN TO

IttTt

tN.2

IN T3

CASCADE
ADDRESS DECODER

REQUESTS FROM
OTHER SLAVES

Figure 32. iRMX 86 Interrupt Controller Interconnection

Correct master-slave interface requires decoding of
the slave addresses (CASO-2). Slave E259As do this
internally. Because of pin limitations, the 80186 slave
address will have to be decoded externally. iNn is
used as a slave-select input. Note that the slave vec-
tor address is transferred internally, but the READY

input must be supplied externally.

tfrtfZ is used as an acknowledge output, suitable to
drive the INTA input of an 8259A.

Interrupt Nesting

iRMX 86 mode operation allows nesting of interrupt
requests. When an interrupt is acknowledged, the
priority log ic masks of f all priority levels except
those with equal or higher priority.

Vector Generation in the IRMX 86 Mode

Vector generation in iRMX mode is exactly like that of
an 8259A slave. The interrupt controller generates an

8-bit vector which the CPU multiplies by four and
uses as an address into a vector table. The signif icant
five bits of the vector are user-programmable while
the lower three bits are generated by the priority
log ic. These bits represent the encod ing of the
priority level requesting service. The significant five
bits of the vector are programmed by writing to the
Interrupt Vector register at offset 20H.

Specific End-of-l nterrupt

In iRMX mode the specif ic EOI command operates to
reset an in-service bit of a specif ic priority. The user
supplies a 3-bit priority-level value that points to an
in-service bit to be reset. The command is executed
by writing the correct value in the Specif ic EOI regis-
ter at offset 22H.

Interrupt Controller Registers
in the IRMX 86 Mode

All control and command registers are located inside

the internal peripheral control block. Figure 33
shows the offsets of these registers.

End-of-l nterrupt Register
The end-of-interrupt register is a command register
which can only be written. The format of this register
is shown in Figure 34. lt initiates an EOI command
when written by the 80186 CPU.

The bits in the EOI register are encoded as follows.

L*l Encoded value indicating the priority of the
lS bit to be reset.

In-Service Register
This register can be read from or written into. lt
contains the in-service bit for each of the internal
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interrupt sou rces. The f ormat f or this register is

shown in Figure 35. Bit positions 2 and 3 correspond
to the DMA channels. positions 0, 4, and 5 corre-
spond to the integral timers.-fhe source's lS bit is set
when the processor acknowledges its interru pt re-

q u est.

Interrupt Request Register
This register indicates which internal peripherals
have interrupt requests pending" The format of this
reg ister is shown in Fig u re 35. The interru pt req uest

bits are set when a request arrives from an internal
source, and are reset when the processor acknowl-
edges the req uest.

Mask Register
This register contains a mask bit for each interrupt
source. The format for this register is shown in Fig-
ure 35. lf the bit in this register corresponding to a

particular interrupt source is set, any interrupts from
that source will be masked. These mask bits are
exactly the same bits which are used in the individual
control registers, i.e., changing the state of a mask
bit in this register will also change the state of the
mask bit in the individual interrupt control register
corresponding to the bit.

Control Registers
These registers are the control words for all the inter-
nal interrupt sources. The format of these registers is
shown in Figure 36. Each of the timers and both of
the DMA channels have their own Control Register.

The bits of the Control Registers are encoded as
follows.

prx 3-bit encoded field indicating a priority level
for the source, note that each source must
be prog ram med at specif ied levels.

msk. mask bit for the priority level indicated by pr*
b its.

Figure 33. Interrupt Controller Registers
(|RMX 86 Mode)

LEVEL 5 CONTROL REGISTER
(TTMER 2)

LEVEL 4 CONTROL REGISTER
(TIMER 1)

LEVEL 3 CONTROL REGISTER
(DMA 1)

LEVEL 2 CONTROL REGISTER
(DMA o)

LEVEL O CONTROL REGISTER

(TtMER 0)

INTERRUPT STATUS REGISTER

I NTERRUPT-REOUEST REG ISTER

IN.SERVICE REGISTER

PRIORITY-LEVEL MASK REGISTER

MASK REGISTER

SPECIFIC EOI REGISTER

INTERRUPT VECTOR REGISTER

OFFSET

3AH

38H

36H

34H

32H

30H

2EH

2CH

2AH

28H

22H

20H

15 ',14 13 876543210

0 0 0 0 0 0 0 0 0 L2 L1 LO

Figure 34. Specific EOI Register Format

Figure 35, In-Service, Interrupt Request, and Mask Register Format

15 14 13 876543210

0 0 0 0 0 0 TMR2 TMRl D1 DO 0 TMRO
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Interrupt Vector Register
This register provrdes the upper f ive bits of the inter-
rupt vector address. The format of this register is
shown in Figure 37. The interrupt controller itself
provides the lower three bits of the interrupt vector
as determined by the priority level of the interrupt
req uest.

The format of the bits in this register is:

tx 
[?ll.il"i:i?:::"tins 

the upper five bits of the

Priority-Level Mask Register
This register indicates the lowest priority-level inter-
rupt which will be serviced.
The encoding of the bits in this register is:

ffix. 3-bit encoded f ield indication priority-level
value. All levels of lower priority will be
masked.

Interrupt Status Register
This register is defined exactly as in Non-iRMX
Mode. (See Fig. 26.)

Interrupt Controller and Reset

Upon RESET, the interrupt controller will perform the
f ollowing actions:

o All SFNM bits reset to 0, implying Fully Nested
Mode.

All PR bits in the various control registers set to 1.

This places all sou rces at lowest priority (level
11 1).

All Ll-M bits reset to 0, resu lting in edge-sense
mode.

All Interrupt Service bits reset to 0.

All Interrupt Request bits reset to 0.

All MSK (lnterrupt Mask) bits set to 1 (mask).

All C (Cascade) bits reset to 0 (non-cascade).

All PRM (Priority Mask) bits set to "l , implying no

levels masked,

Initialized to non-iRMX 86 mode.

o

o

o

o

15 14 13 876543210

0 0 0 0 0 0 0 0 MSK PR2 PR1 PRO

Figure 36. Control Word Format

Figure 37. Interrupt Vector Register Format

Figure 38. Priority Level Mask Register

15 14 13 876543210

0 0 0 0 t4 r3 t2 t1 t0 0 0 0

15 14 13 876543210

0 0 0 0 0 0 0 0 0 m2 m1 m0
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RESET

,Q.,
4F=-'

TERMINAL

ADO-
AD1 5

ALE

m-sa-3
BHE

SRDY

ARDY

NMI

HOLD

rcs

TMR IN O

TMR OUT O

8282 0R
8283

LATCH

sTB OE

CLOCK

DO-D7

SERIAL
to

DISK
IN TE RFACE
HARDWARE OD,sK

Figure 39. Typical |APX 186 Computer
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Vcc

t--I+ffi-

+

ADO-AD19

8282 0R
8283

LATCH

STB OC

8282 0R
8283

LATCH

OE
oe
OE

8286 0R
8287

TRANSCEIVER

orn
CLK
ALE DEN

8288
SO-S2 BUS
CONTROLLER

CEN
toB aEN

SO-SZ AEN

8289

cr K BUSVLI\ 
AREITER

SYSB R-ESB

toB
LOC K RESB

\ MULTIBUS
, -' ARBITRATION

ADDRESS
BUS

DATA BUS

BUS CONTROL
COMMANDS

MUUfl-
MASTER
SYSTEM
BUS

Figure 40. Typical IAPX 186 Multi-Master Bus Interface
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PACKAGE
The 80186 is housed in a 68-pin, leadless JEDEC type
A hermetic chip carrier. Figure 41 illustrates the
package dimensions.

NOTE: The IDT 3M Textool 68-pin JEDEC Socket
is required for 12lCErM-186 operation. See Figure
42f or details.

.050
(1.27)

.094
(2.3e)

.066
(1.68)

,800
(20.32) .960

(24,38)

PtN NO. '18

.960
(24.38)

Figure 41. 80186 JEDEC Type A Package
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268-5400-50

\

!rry
o

268-5400-00 \

I

./
d

GUIDE BOSS
3 PLCS

1.210 .A

(30.73) ru

e

PC BOARD PATTERN

CoNTACT TAtr (2'54)

ALUMINUM LID
(HEATSINK PROVISIONS OPTIONAL)

TEST PROBE

T\
+

.342
(8.6e)

POINT

e- 
,i/ cLosED

Figure 42. Textool 68 Lead Chip Carrier Socket
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias . 0"C to 70'C
Storage Temperature -65"C to + 150"C

Voltage on Any Pin with
Respect to Ground - 1 .0V to +7V

Power Dissipation 3 Watt

D.C. CHARACTERISTICS (Tn - 0o-70"C, Vcc - 5V * 10"/")

Applicable to 80186 (8 MHz) and 80186-6 (6 MHz)

.NOT lC E: Stresses above those listed u nder
'Abso lute Maximum Ratings" may cause permanent
d amage to the device. This ls a stress ra ting on ly and
functional operation of the device at fhese or any
other conditions a bove fhose indicated in the opera-
tional sections of this specif ication is not implied.
Exposure to absolute maximum rating conditions
f or extended periods may aff ect device reliability.

10o/o)

1.5 Volts Unless Otherwise Noted.

PIN TIMINGS
A.C. CHARACTERISTICS (Tn : 0o-70"C,Vcc - 5V +
80186 Timing Requirements All Timings Measured At
Applicable to 80186 (8 MHz) and 80186-6 (6 MHz)

Symbol Parameter Min. Max. Units Test Conditions

Vt I Input Low Voltage - 0.5 + 0.8 Vo lts

Vr H Input High Voltage_
(All except X1 and RES)

2.0 VCC + 0.5 Volts

vr Hr Input High Voltage (RES) 3.0 VCC + 0.5 Volts

Vol Output Low Voltage 0.45 Volts la - 2.5 mA for S0-S2
la - 2.0 mA for all other
o utp uts

Von Output High Voltage 2.4 Vo lts loa - -400 pA

lcc Power Supply Current 550 mA Ta = OoC

llr Input Leakage Cu rrent *10 pA 0V { Vl ru < Vcc

llo O utp ut Leakage C u rrent +- 10 pA 0.45V < VOU1 ': VCC

Vclo Clock Output Low 0.6 Vo lts fa :2.5 mA

vcno Clock Output High 40 Volts loa - -200 pA

Vcll Clock Input Low Voltage - 0.5 0.6 Volts

VcH 
r

Clock Input High Voltage 3.9 VCC + 1.0 Volts

Qrrt Input Capacitance 10 pF

clo l/O Capacitan ce 20 pF

Symbol Parameter Min. Max. Units Test Conditions

TDVCL Data in Setup (Ar/D) 20 NS

TCLDX Data in Hold (A/D) 10 NS

TARYHCH Asynch ronous Ready
(AREADY) active setup
time- 20 ns

TARYLCL AREADY inactive setup
trme 35 ns

TCH ARYX AREADY hold time 15 NS

TSRYCL Synch ronous Ready
(SREADY) transition setup
time 35 NS

TCLSRY SREADY transition hold
time 15 ns

THVCL HOLD Setup. 25 NS

TINVCH INTR, NMI, TEST, TIMERIN,
Setu p* 25 NS

TINVCL DRQO, DRQ1, Setup" 25 ns

.To guarantee recognition at next clock.
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A.C. CHARACTERISTICS (Continued)

80186 Master Interface Timing Responses

80186 (8 MHz) 80186-6 (6 MHz)

Symbol Parameter Min. Max. Min. Max. Units Test Conditions

TCLAV Address Valid Delav 10 44 10 63 NS CL - 20-200 pF all outputs

TCLAX Address Hold 10 10 NS

TCLAZ Address Float Delay TCLAX 35 TCLAX 44 NS

TCHCZ Command Lines Float Delay 45 56 NS

TCHCV Command Lines Valid Delay
(after float) 55 rCHCL NS

TLH LL ALE Width TCLCL-35 TCLCL_35 NS

TCHLH ALE Active Delav 35 44 NS

TCHLL ALE lnactive Delav 35 44 NS

TLLAX Address Hold to ALE
lnactive TCHCL.25 TC HC L-30 NS

TCLDV Data Valid Delav 10 44 10 55 NS

TCLDOX Data Hold Time 10 10 NS

TWH DX Data Hold after WR TC LC L.4O TC LC L.sO NS

TCVCTV Control Actrve Delavl 10 70 10 87 NS

TCHCTV Control Active Delav2 10 55 10 rCHCL NS

TCVCTX Control Inactrve Delay 10 55 10 rCLCH NS

TCVDEX DEN Inactive Delay
(Non-Write Cycle) 70 87 NS

TAZR L Address Float to RD Active 0 0 NS

TCLRL RD Active Delay 10 70 10 87 NS

TCLRH RD Inactive Delav 10 55 10 ICLCH NS

TRHAV RD lnactive to Address
Active TCLCL.4O TC LC L-50 NS

TCLHAV HLDA Valid Delav 10 50 10 67 NS

TRLRH no width ?TCLC L-50 ?TCLC L-50 NS

TWLWH WR Width ?TCLCL-40 ?TCLC L-40 NS

TAVAL Address Valtd to ALE Low TCLCH-25 TC LC H -45 NS

TCHSV Status Active Delav 10 55 10 ICHCL NS

TCLSH Status Inactive Delav 10 55 10 fCLCH NS

TCLTMV Trmer Output Delay 60 75 NS 100 pf max

TC LRO Reset Delay 60 75 NS

TCHQSV Oueue Status Delav 35 41 NS

80186 Chip-Select Timing Responses

Symbol Parameter Min. Max. Min. Max. Units Test Conditions

TC LCSV Chip-Select Active Delay 66 BO NS

TCXCSX Chip-Select Hold from
Command Inactrve 35 35 NS

TCHCSX Chip-Select Inactive Delay 10 35 10 47 NS
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A.C. CHARACTERISTICS (Continued)

80186 CLKIN Requirements

80186 (8 MHz) 80186-6 (6 MHz)

Symbol Parameter Min. Max. Min. Max. Units Test Conditions

TCKIN CLKIN Period 625 250 B3 250 NS

TCKH L CLKIN Fall Time 10 10 NS 35 to 1.0 volts

TCKLH CLKIN Rise Time 10 10 NS 1.0 to 3"5 volts

TCLCK CLKIN Low Time 25 33 NS 1.5 volts

TCHCK CLKIN High Time 25 33 NS
'1 5 volts

80186 CLKOUT Timing (200 pF load)

Symbol Parameter Min. Max. Min. Max. Units Test Conditions
TCICO CLKIN to CLKOUT Skew 50 62s NS

TCLCL CLKOUT Period 125 500 167 s00 NS

TCLCH CLKOUT Low Trme 1lz TC LC L-7.5 tlz TC LC L-7 5 NS 1 5 volts

TCHCL CLKOUT High Time 1/z TCLCL-7 5 1,i2 TC LC L-7.5 NS 1.5 volts

TCHl CH2 CLKOUT Rise Time 15 15 NS 10 to 3 5 volts

TCL2CLl CLKOUT Fall Time 15 15 NS 3.5 to 1. volts
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MAJOR CYCLE TIMING

WAVEFORMS

<-_ TCLCL

WRITE CYCLE

Rq. lNTA,
DT'R Van

INTA CYCLE

RD. WR.
Bft

vor,
Vor

CLK OUT

s2-so

BHE S,,
A, q *-A'a Q

ADr : -ADc

AD15-ADo

DTR

IMTA

DEN

- VoL,
- VoH

pcs,
M-CS

LCSl

fv!CS

TCLAV ----->

ALE

TCHLH +l 1+
TCLAV -->

SOFTWABE HALT-DEN
RD. WT, INTA. DT, R

TCLAV *

fr TCLCSV

(NOTE 3)

TCLAX +i r<-

BHE/A1()-A15

*- TCLAX

DATA OUT TCLDOXAr s-A o

taVatU---*
TLLAX

tar"tr-*
+TDVCL--r-

POINTER

TCHCTV

INVALID ADDRESS

TCHCZ
NOTE 1

r--

NOTE
TCVCTX

+- TCLDX

+ TCHCTV
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WAVEFORMS (Continued)
MAJOR GYCLE TIMING (Continued)

T, T,,,

TCHl CHZ
/

CLK OUT

sz-so

BHE S7.A19 56-A16 53

r--

FLOAT
ADr 5-ADo

RD

DTR

oeN

PCS,
tvtG
LCS,

MeS

TRHAV
READ CYCLE

TCHCTV

wR, INTA Von

TCHCSX

+-TCLCSV TCXCSX

TCHl CH2

TCLSH
(Note 3)

TCLCH

TCHDX
TCLAX

BHE Ar q-Ar n

TLLAX

TCHLL-I

TLLAX

TAVAL--->| l< TCLAZ [-+ TDVCL
TCLDX

DATA IN

TCLRH

TCHCTV TCLRL TRLRH

TCVCTV TCV DEX

NOTES
1 Foliowing a Write cycle, the Local Bus is floated by the 8O186 only when the

80186 enters a "Hold Acknowledge" state.
2. INTA occurs one clock later in RMX-mode.
3 Status inacttve lust prror to Ta
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WAVEFORMS (Gontinued)

DROO.

DRQl

TINVCH -----)

NMI,
TEST

tNT0.3
TIMERIN
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WAVEFORMS (Continued)

HOLD-HLDA TIMING

I

CLKOUT

CLKOUT

+ THVCL

TCLHAV +

l* 
rcLAv

AD1s_ADQ 

- 

r I
80186

DEN _. .

A19/56_A16/53, 

- 

. .

RD, wF, 80186

Bm 

-..

DTIN,

sz-so

801 86

<-TCHCZ
--J TCHCV--->

--1

+_ TSRYCL ____*
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WAVEFORMS (Continued)

TIMER ON 80186

CLKIN

CLKOUT

TIMERIN

TCUTMV

TIMEROUT 2-6 CLOCKS

801 86 INSTRUCTION TIMINGS

The following instruction timings represent the mini-
mum execution time in clock cycles for each instruc-
tion. The timings given are based on the following
assu mptions:

o The opcode, along with any data or displacement
required for execution of a particular instructioh,
has been prefetched and resides in the queue at

the time it is needed.
o No wait states or bus HOLDS occur.

o All wo rd -d ata is located o n eve n-ad d ress
bou ndaries.

All jumps and calls include the time required to fetch
the opcode of the next instruction at the destination
add ress.

All instructions which involve memory reference can
req u ire one (and in some cases, two) add itional
clocks above the minimum timings shown. This is

due to the asynchronous nature of the handshake
between the BIU and the Execution unit.
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INSTRUCTION SET SUMMARY

FUilCTIOT{ FORMAT

Clock
Cycles Comments

DATA TRA}ISFER

M()U = Move:

Register to Regrster Memory

Regrster memory to regrster

lmmedrate to regrster memory

lmmedrate to regrster

Memory to accumulator

Accumulator to memory

Regrster memory to segment regrster

Segment regrster to regrster memory

PUSH = Push:

Memory

Reg rste r

Segment register

lmmediate

n SHl = Push All

POP = Pop:

Memory

Regrster

Segment register

ftlt = Pop tui

XCHG = Erchange:

Regrster memory wrth regrster

Regrster wrth accumulator

ll{ = Input lrom:

Frxed porl

Varrable port

OUT - 0utput to:

Frxed port

Varrable port

XLAT Translate byte to AL

LEA - Load EA to regrster

LDS Load pornter to DS

LES - Load pointer to ES

LAHF = Load AH wrth f lags

SAHF Store AH rnto f lags

PUSHF - Push llags

P0PF Pop llags

SEGMENT = Sogment 0verrido:

CS

ss

0s

ES

1010000w1 addr-low I addr-hQt

1 111 111 1| mod110 rm

m
@ (reg*01)

W

@

m
m
@

rmod

imodmm
@
@

@
@m
@

1l i

11i

2112

2t9
12-13
3-4

I
I

2t9
211 1

16

10

I
10

ss

20

10

8

5t

4117

3

10

8

I
7

11

6

18

18

2

3

9

8

2

2

2

2

8/16-bit
8/16-bit

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
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INSTRUCTION SET SUMMARY (Continued)

FUt{CTr0}l FORMAT

Clock
Cycles Comments

ARITHiIETIC

ADD = Add:

Reg, memory with register to either

lmmediate to register memory

I mmediate to accumulator

ADC = Add with carry:

Reg memory with register to either

lmmediate to register memory

lmmed iate to accumulator

lllC = Increment:

Register memory

Register

SUB = Subtract:

Reg memory and register to either

lmmedrate lrom register memory

I mmediate f rom accum ulator

SBB = Subtract with borrow:

Reg, memory and register to either

lmmediate f rom regrsler memory

I mmediate lrom accumulator

0EC = 0ecrement:

Register memory

Reg ister

CMP - Gompare:

Register memory with register

Register with register memory

lmmediate with register memory

I mmediate with accum ulator

l{EG = Change srgn

AllJ[: ASCII adjust for add

DM = Decimal adjust for add

MS : ASCII adjust for subtract

DAS -- Decimal adjust for subtract

ilUL = Multiply (unsigned)

Register-Byte

Register-Word

Memory-Byte

Memory-Word

llilUL - Integer multiply (signed)

Register-Byte

Register-Word

Memory-Byte

Memory-Word

IilUL = Integer imrnediate multiply
(signd)

OlV: Divide (unsigned)

Register-Byte

Register-Word

Memory-Byte

Memory-Word

@

@

mmmm

3/10
4t16

314

3/10

4t16

3t4

3115

3

3/10
4116

314

3/10
4116

314

3/15

3

3/10

3/1 0

3/10

314

3

8

4

7

4

26-28
35-37
32-34
41 -43

25-28
34-37
31 -34
40-43

22-rc129*32

29
38
35
44

8/16-bit

8/16-bit

8/16-bit

8/16-bit

8/16-bit

Shaded areas indicate instructions not available in |APX 86, 88 microsystems.
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INSTRUCTION SET SUMMARY (Continued)

FUlrcTr0ll FORMAT

Glock
Cycles Comments

ARITHm ETIC ( Continued) :

l0lV - lnteger drvrde (srgned)

Regrster-8yte

Regrster-Word

Memory-Byte
Memory-Word

Mil - ASCII adlust for multrply

M0 - ASCII adlust lor divide

CBW - Convert byte to word

CWO - Convert word to double word

LOGIC

ShittlBotate I nstructions :

Regrster Memory by 'l

Regrster Memory by CL

nogr$snkmuy ry Cqrt

Al{0 - And:

Reg memory and regrster to erther

lmmedrate to regrster memory

lmmediate to accumulator

TEST= And lunction to llags, no result:

Register memory and register

lmmediate data and register memory

lmmediate data and accumulator

0R = 0r:

Reg, memory and register to either

lmmedrate to regrster memory

I mmediate to accumulator

X0R = Erclusive or:

Reg memory and register to either

lmmedrate to register memory

I mmediate to accum ulator

ll0T - Invert regrster memory

STR I I{ G }IATI I PU LATI O N :

m0VS - Move byte word

GIIPS = Compare byte word

SCAS = Scan byte'word

LODS :- Load byte wd to AL AX

ST0S - Stor byte wd lrom AL A

ffi * Input bfte/hd trom 0X port

ffiii:Orrtgr{ byh/xdto DX port

1101001w1 modTTTrm

f i': 
'""flF'i'"

011 RCR

1 O O SHLSAL
101 SHR

111 SAR

00t0010w1 data I data'fvr I

000010dw1 modreg rm

@
@m
@
@mffi

44-52

53-6 1

50-58
59-67

19

15

2

4

211s

5 + n/'l 7 + n

5+ n/l7 +n

3/10

4116

314

3/10
4t10
314

3/10

4116

314

3/10

4t 16

314

3

14

22

15

12

10

14

t4

8/16-bit

8/16-bit

8/16-bat

8/16-bit

Shaded areas indicate instruclions not available in iAPX 86, 88 microsvstems.
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INSTRUCTION SET SUMMARY (Continued)

FUNCTI()I{ F()RMAT

Clock
Cycles Comments

STRIt{G MAt{lPU LATI0N ( Continued) :

Repeated by count rn CX

tlOVS Move strtng

CfttPS Compare strrnrg

SCAS Scan strrng

L00S Load string

ST0S Store stnnQ

H$ - lnput strrng

OilT$=Otttpttstring

CONTROL TRANSFER

CALL = Call:

Drrect wrthrn segment

Regrster memory
rndrrect wrthrn segment

Drrect rnterseoment

1 1 t 1 S01 0 l0t l Sl l'$'tr

111100101011011rw

I

Indrrecl rntersegment (mod ' 11 
1

JMP : Unconditional jump:

Short long

Drrect wrthrn segment

Regrster memory rndrrect wlthrn segment

Drrect rntersegment

Indrrect InterSegment (mod ' 11)

RET = Return lrom CALL:

wrthrnsegment @
Withrn seg addrng rmmed to SP

Intersegment @
Intersegment addrng rmmedrate to SP

8 +8n
5+22n
5+15n

6+11n
6+9n

$+8n

8+8n

14

13/19

23

38

13

13

11 117

13

26

16

18

22

25

:t:if jr: :r i: r::r:r: :r:ir:trrr:::

Shaded areas indicate instructions not available in |APX 86, 88 microsystems.
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INSTRUCTION SET SUMMARY (Continued)

FUNCTION F()RMAT

Clock
Cycles Comments

C0ilTR0L TRANSFER (Continued):

JE JZ ,.1;mp nn tsqua Iarl

JL JilGE .u-! -' flss -C'Q'fale':'?!"a

JLE JNG ,"rt r^ ess 0'io"a ^t'o'eale'

JB JNAE - Jrr'frF nn be nw nctab le ct Bq!a

JBE JilA - ,.iurnp i:n be oil nr rqua nctablve

JP JPE - JuffiF n pan[ larh even

J0 - Jump lnrnvellnw

JS - Jump on srgn

JtlE JHZ - luil'r! ln noteqla n tlem

JNL JGE ,"Jun'p ln r l ess greater rr equa

JNLE JG - Jump nn rrnt ess 0r equa Sreeter

Jt{B JAE - Jufl'rF ln ntlbe nw above 0r BqLra

Jt{8E JA 'lump ln nltbe nr nr equa abnve

Jt{P JP0 - llffi! nn nnltpar par ndd

Jl{0 - Jump nn p316ysrf :*

JtlS Jlmp nn nnls qn

JCXZ Jlmp ln [X reru

L00P - [con [X tmes

L0OPZ L00PE - [.to! 
'rlr 

e teru eola

LOOPNZ LOOPHE - [00p wh e nlt/eril flql,ra

ttIER: Enter Procedure

L:0
L*1
L->1

LEAIIE - Lravs Procedure

INT= Inlerrupt:

Type specifred

Type 3

lNTO - lnterrupt on overflow

IRET - lnterrupt return

0OUtlD: Detect value out of range

0111100 0 | drsp

4113

4113

4113

4113

41 13

4113

4113

4113

4113

4t 13

4113

4113

4t13
4t 13

4113

4113

5/15

6/16

6i 16

6/16

15
25

22+16(n - 1)
I

47

45

4814

28

33-35

JMP not
taken/J M P

taken

LOOP not
taken/LOOP

taken

if lNT. taken/
if lNT. not

taken

Shaded areas indicate instructions not available in iAPX 86. 88 microsvstems.
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INSTRUCTION SET SUMMARY (Continued)

FUilCTr0t{ FORMAT

Clock
Cycles Comments

PROCESSOR CO}ITROL

CLC - Clear carry

CilC - Complement carry

STC - Set carry

CLD - Clear direction

ST0 - Set directron

CLI : Clear interrupt

STI : Set interrupt

HLT: Halt

WAIT: Wait

L0CK: Bus lock pref ix

ESC: Processor Extension Escape

m
@mmmmmmm
@
(TTT LLL are opcode to processor extension)

2

2
2

2

2

2

2

2

6

2

6

if test - 0

Shaded areas indicate instructions not available in |APX 86, 88 microsystems.
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FOOTNOTES

The effective Address (EA) of the memory operand is REG is assigned according to the following table:
computed according to the mod and ri m fields: 16-Bit (w = 1) B_Bit (w = O)

if mod : 1'l then ri m is treated as a REG field ooo AX ooo AL

OOl CX OO1 CL
if mod = OOthenD|SP = 0',disp-lowanddisp-hign 

010 DX 010 D,
are absent 

01 1 BX 01 1 BL
if mod : 01 then DlsP : disp-low sign-extended to 100 sp 100 AH
16-bits, disp-high is absent t 01 Bp 101 CH
if mod : 10 then DISP : disp-high: disp-low I 10 St 1 10 DH

if rrm - 000thenEA: (BX) + (st) + DtsP 111 Dl 111 BH

if r/m : 001 then EA - (BX) + (Dl) + DISP

ilrtm - OlOthen EA - (BP) + (Sl) + DISP

ir r/m : 011 rhen EA : (Bp) + (Dr) + Drsp lffJirui,:nf"':ffi1,,i:ffi;T?;""39","""rT.',i
if r/m = 100thenEA = (Sl) + DISP register.Thephysicaladdressesof thedestinationop-

ilrtm - 101 thenEA - (Dl) + DISP erands of the string primitive operalions (those ad-

if r/m : 1 10 then EA - (Bp) + DlSp- dressed by the Dl register) are computed using the ES

if r/m : 1 1 1 then EA : (BX) + DlSp segment' which may not be overridden'

DISP lollows 2nd byte of instruction (before data if

required)

'except il mod - 00 and r m 110 then EA disp-high: disp-low.

NOTE:
EA CALCULATION TIME IS 4 CLOCK CYCLES FOR ALL MODES, AND IS INCLUDED
IN THE EXECUTION TIMES GIVEN WHENEVER APPROPRIAT€.

SEGMENT OVERRIDE PREFIX

001req 110

reg is assigned according to the following:

Segment
reg Register

OO ES

01 CS

10 SS

11 DS
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in$'
8259A / 8259A- 2 / 8259A-8

I IAPX 86, |APX 88 Compatible

I MCS-80@, MCS-85@ Compatible

I Eight-Level Priority Controller

I Expandabfe to 64 Levels

r Programmable Interrupt Modes

PROGRAMMABLE INTERRUPT CONTROLLER

r Individual Request Mask Capability

r Singfe + 5V Supply (No Clocks)

r 28-Pin Dual-ln-Line Package

r Available in EXPRESS
r Standard Temperature Range
- Extended Temperature Range

The Intelo 8259A Programmable Interrupt Controller handles up to eight veclored priority interrupts for lhe GPU. lt is
cascadable for up to 64 vectored priority interrupts without additional circuitry. lt is packaged in a 28'pin DlP, uses

NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input.

The 8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. lt has

several modes, permitting optimization for a variety of syslem requirements.

The 8259A is fully upward compatible wiih the Intela' 8259. Software originally wrrtlen for the 8259 will operate the
82594 in all 8259 eouivalent modes (MCS-80/85, Non-Buffered. Edge Trigoered).

CS

WR

RD

q
D5

Ds

D.

D3

D2

Dt

Do

cAs 0

CAS I

GND

Vcc

\
IN TA

rR7

rR6

rR5

rR4

tR3

tR2

tRl

tR0

INT

SFte r.r

cAs 2

CAS O

CAS 1

CAS 2

SP EN . INIf RNAt 8US

CON TROL LOG IC

RD

WR

1--28

72t
r26
425
524
623
t?7

E259A
I 2r

920
r0 19

1l 18

17 1l

I J 16

14 15

PR IOR ITY
T SOT VI

INTERRI'PI MASX REG
iIMR }

Figure 1. Block Diagram
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Tabfe 1. Pin Description

Symbol Pln No. TyPe Neme end Functlon

Vcc 28 I Supply: +5V Supply.

GND 14 I Ground.

CS 1 I Chlp Scloct: A low on this pin enables RD and WR communication between the CPU and th€ 0259A.
INTA functions are independent ot CS.

wn 2 o Wrllc: A low on this pin when CS is low enables the 8259A to accept command words from the CPU.

ND 3 I Road: A low on this pin when CS is low enables the 8259A to release status onto the data bus for the
CPU.

h-Do 4-1 1 r/o Bldlrcctlonrl Date Bur: Control, status and interrupt-vector information is transferred via this bus.
CAS9-CASz 12,13, 15 VO Crtclda Llna.: The CAS lines form a private 8259A bus to control a multiple 8259A structure. These

pins are outputs lor a master 8259A and inputs tor a slave 8259A.

SP/EN 16 r/o Shve Progrlm/Eneble Bulfer: This is a dual function pin. When in the Buffered Mode it can be used
as an output to control bufler lransceivers (EN). When not in the buffered mode it is used as an input
to designate a master (SP = 1) or slave (SP = 0).

INT 17 o Intcrtupt: Thispingoeshighwheneveravalidinterruptrequestisasserted.ltisusedlointerruptthe
CPU, thus it is connected to the CPU's interrupt pin.

I Rs-l R7 1 8-25 I Intorlupt Rcquctta: Asynchronous inputs. An interrupt request is executed by raising an lB input
(low to high), and holding it high until it is acknowtedged (Edge Triggered Mode), or just by a high
level on an lB input (Level Triggered Mode).

INTA 26 InlaruPt Acknowledgo: This pin is used to enable 8259A interrupt-vector data onto the data bus bv
a sequence of interrupt acknowledge pulses issued by the CpU.

Ao 27 I AO Adclrc.. Unc: This pin acts in conjunclion with the CS, WR, and RD pins. lt is used by the 8259A
to decipher various Command Words the CPU writes and status the CPU wishes to read. lt is typically
connected to the CPU A0 addr€ss line (A1 for iAPX 86, 88).

2-121
AFN.OO22l E
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FUNCTIONAL DESCRI PTION

lnterrupts in Microcomputer Systems
Microcomputer system design requires that llO devices
such as keyboards, displays, sensors and other com-
ponents receive servicing in an efficient manner so that
large amounts of the total system tasks can be assumed
by the microcomputer with little or no effect on through-
put.

The most common method of servicing such devices is
the Polled approach. This is where the processor must
test each device in sequence and in effect "ask" each
one if it needs servicing. lt is easy to see that a large por-
tion of the main program is looping through this con-
tinuous polling cycle and that such a method woufd
have a serious, detrimental effect on system through-
put, thus limiting the tasks that could be assumed by
the microcomputer and reducing the cost effectiveness
of using such devices.

A more desirable method would be one that would allow
the rnicroprocessor to be executing its main program
and only stop to service peripheral devices when it is
told to do so by the device itself. In effect, the method
would provide an external asynchronous input that
would inform the processor that it should complete
whatever instruction that is currently being executed
and fetch a new routine that will service the requesting
device. Once this servicing is complete, however, the
processor woufd resume exactly where it left off.

This method is called lnterrupt. lt is easy to see that
system throughput would drastically increase, and thus
more tasks could be assumed by the microcomputer to
f urther enhance its cost effectiveness.

The Programmabfe Interrupt Gontroller (PlC) functions
as an overall manager in an Interrupt-Driven system
environment. lt accepts requests from the peripheraf
equipment, determines which of the incoming requests
is of the highest importance (priority), ascertains
whether the incoming request has a higher priority value
than the levef currently being serviced, and issues an
interrupt to the CPU based on this determination.

Each peripheral device or structure usualfy has a speciaf
program or "routine" that is associated with its specif ic
functional or operationaf requirements; this is referred
to as a "service routine". The PlC, after issuing an Inter-
rupt to the CPU, must somehow input information into
the CPU that can "point" the Program Counter to the
service routine associated with the reguesting device.
This "point€r" is an address in a vectorlng tabfe and wlll
often be referred to, in this document, as vectoring data.

The 8259A
The 8259A is a device specificalfy designed for use in
real time, interrupt driven mlcrocomputer syst€ms. ft
manages eight levefs or requests and has built-in fea-
tures for expandability to other 8259A's (up to 64 levels).
ft is programmed by the system's software as an l/O
peripheral. A selection of priority modes is availabfe to
the programmor so that the mannor In which the re-

quests are procsssed by the 8259A can be conf igured to

match his system requirements. The priority modes can
be changed or reconf igured dynamically at any time dur'
ing the main program. This means that the complete
interrupt structure can be defined as required, based on
the total system environment.

Figure 3a. Polled Method

I

2-122

Figure 3b. Interrupt Method
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TNTERRUPT REQUEST REGTSTER (rRR) AND
|N-SERV|CE REGISTER (lSR)

The interrupts at the lR Input lines are handled by two
registers in cascade, the Interrupt Request Register
(lRR) and the In-Service Register (lSR). The IRR is used
to store all the interrupt levels which are requesting ser-

vice; and the ISR is used to store all the interrupt levels
which are being serviced.

PRIORIW RESOLVER

This logic block determines the priorities of the bits set
in the lRR. The highest priority is selected and strobed
into the corresponding bit of the ISR during [N-iT pulse.

IIIITERRUPT TASK REGISTER (IMR)

The IMR stores the bits which mask the interrupt lines
to be masked. The IMR operates on the lRR. Masking of
a higher priority input will not affect the interrupt

roquest lines of lower priority.

rNT (TNTERRUPT)

This output goes directly to the CPU interrupt input. The
Von level on this line is designed to be fully compatible
with the 8080A, 8085A and 8086 input levels.

|NTA (TNTERRUPT ACKNOWLEDGE)

INTA pulses will cause the 8259A to release vectoring
information onto the data bus. The format of this data
depends on the system mode (pPM) of the 8259A.

DATA BUS BUFFER

This 3-state, bidirectional 8-bit buffer is used to inter-
face the 8259A to the system Data Bus. Control words
and status information are transferred through the Data
Bus Buffer.

READMRITE COI{TROL LOGIC

The function of this block is to accept OUTput com-
mands from the CPU. lt contains the Initialization Com-
mand Word (lCW) registers and Operation Command
Word (OCW) registers which store the various control
formats for device operation. This function block also
allows the status of the 8259A to be transferred onto the
Data Bus.

eS (cHtP sELEcr)
A LOW on this input enables the 8259A. No reading or
writing of the chip will occur unless the device is
selected.

wR (wRtTE)

A LOW on this input enables the CPU to write control
words (lCWs and OCWs) to the 8259A.

no tneADl
A LOW on this input enables the 8259A to send the
stetus of the Interrupt Rcquest Register (lRR), f n Service
Register (lSR), the Interrupt Mask Register (lMR), or the
lntcrrupt lcvcf onto thc Data Bus.

Figure 4a. 8259A Block Diagram

Figure 4b. 8259A Block Diagram

As

This input signal is used in conjunction with WT and RT
signals to write commands into the various command
registers, as well as reading the various status registers
of the chip. This line can be tied directly to one of the ad-
dress lines.

ab

m

Ao
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THE CASCADE BU FFER'COMPARATOR

This f unction block stores and compares the lDs of all
8259A's used in the system. The associated three l/O

pins (CASO-2]' are outputs when the 8259A is used as a
master and are inputs when the 8259A is used as a
slave. As a master, the 8259A sends the lD of the inter-
rupting slave device onto the CASO-2 lines. The slave
thus selected will send its preprogrammed subroutine
address onto the Data Bus during the next one or two
consecutive INTA pulses. (See section "Cascading the
8259A" )

INTERRUPT SEQUENCE

The powerf ul features of the 8259A in a microcomputer
system are its programmabif ity and the interrupt routine
addressing capability. The latter allows direct or indirect

iumping to the specific interrupt routine requested
without any polling of the interrupting devices. The nor-
mal sequence of events during an interrupt depends on
the type of CPU being used.

The events occur as follows in an MCS-80/85 system:

1 . One or more of the INTERRUPT REQUEST lines
(lR7-0) are raised high, setting the corresponding f RR
b it(s).

2. The 8259A evaluates these requests, and sends an
INT to the CPU, if appropriate.

3. The CPU acknowledges the INT and responds with an
INTA pulse,

4" Upon recerving an INTA f rom the CPU group, the
highest priority ISR bit is set, and the corresponding
IRR brt is reset. The 8259A will also release a CALL in-
st ruct ion code (1 1 001 1 01 ) onto the 8-bat Data Bus
through its D7-0 pins"

5 This CALL instruction will initiate two more INiln
pulses to be sent to the 8259A from the CPU group.

6. These two INTA pulses allow the 8259A to release its
preprogrammed subroutine address onto the Data
Bus. The lower 8-bat address is ref eased at the f irst
INTA pulse and and llg_higher 8-bit address is re-
leased at the second INTA pulse.

7. T his completes the 3-byte CALL instruction released
by the 8259A. In the AEOI mode the ISR bit is reset at
the end of the third Nn pulse. Otherwise, the ISR bit
remains set until an appropriate EOI command is
rssued at the end of the interrupt sequence.

The events occurring in an |APX 86 system are the same
untrl step 4.

4. Upon receiving an lNlT-from the CPU group, the high-
est priorrty ISR brt is set and the corresponding IRR
brt is reset The 8259A does not drive the Data Bus
durrng this cycle.

5. The iAPX 86' 10 will initiate a second INTA pulse.
During this pulse, the 8259A releases an 8-bat pointer
onto the Data Bus where it is read by the CPU.

6. Ihrs completes the interrupt cycle. In the AEOI mode
the ISR bit is reset at the end of the second fNTA
pulse. Otherwlse, the ISR bit remains set until an
appropriate EOI command is issued at the end of the
rnterrupt subroutine.

lf no interrupt request is present at step 4 of either
sequence (i.e., the request was too short in duration) the
8259A will issue an interrupt level 7. Both the vectoring
bytes and the CAS lines will look like an interrupt level 7

was requested.

Figure 4c. 8259A Block Diagram

Figure 5. 8259A Interface to Standard
System Bus

AOORESS BUS ( r6t

CONTROT BUS

DATA 8US (8I

eS \ Dz Do nD m tNr NTA
cAso v

cAs 1 E259A

cAs 2 rRo tRo tRo rRo tRo f Ro rRo rRo
SFril76543210

rrurA

cAscAor
LINES

ENABLE BUFFER IHTERRUPT
REOUESTS
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INTERRUPT SEQUENCE OUTPUTS
MCS-8o'8, MCS-85 o

This sequence is timed by three INTA puf ses. Dunng the
first INTA pulse the CALL opcode is enabled onto the
data bus.

Conlent of Flrst Interrupt
Vector Byte

o7 D4 D3

not issue any data to the processor and leaves its data bus
buffers disabled. On the second interrupt acknowf edge
cycle in iAPX 86 mode the master (or slave if so pro-
gr.ammed) will send a byte of data to the processor with
the acknowledged interrupt code composed as folfows
(note the state of the ADI mode control is ignored and
AS-A11 dI€ unused in |APX 86 mode):

Content ol Interrupt Vector Byte
for |APX 86 System Mode

PROGRAMMING THE 8259A
The 8259A accepts two types ol command words gener-
ated by the CPU:

1 lnitialization Command Words (/CWs,'; Before normal
operation can begin, each 8259A in the system must
be brought to a starting point - by a sequence of 2 to
4 bytes t imed by WF pu lses,

2. Operation Command Words (OCWsl. These are the
command words which command the 82594 to oper-
ate in various interrupt modes. These modes are:

a. Fully nested mode
b. Rotating priority mode
c. Special mask mode
d. Polled mode

The OCWs can be written into the 8259A anytime alter
in it ializat ion.

I NITIALIZATION COMMAND WORDS
(rcws)
GENERAL

Whenever a command is issued with A0= 0 and D4= 1,

this is interpreted as Initialization Command Word 1

(lCW1). lCWl starts the initialization sequence during
which the following automatically occur.

a. The edge sense circu it is reset, wh ich means that f ol-
lowing initialization, an interrupt request (lR) input
must make a low-to-high transition to generate an
i nte rru pt.

b. The lnterrupt Mask Register is cleared.
c. lR7 in put is assig ned prio rity 7 .

d. The slave mode address is set to 7.

e. Special Mask Mode is cleared and Status Read is set to
I RR.

t. lf lC4:0. then all functions selected in lCW4 are set to
zero. (Non-Buffered mode*, no Auto-EOl, MCS-80, 85
system).

'Nolt: Master/Slave in lCW4 ir only used rn the buf fered mode.

oALL coDE I t
I

D1 00

jIl
During the second l.Nm pulse the lower address of the
appropriate service routine is enabled onto the data bus.
When Interval = 4 bits A5-A7 are programmed, while As-
Ar are automaticatly inserted by the 8259A. When Inter-
vaf = 8 only Ao and A7 are programmed, while A9-A5 ar€
automatical ly i nserted.

Conlent ol Second Interrupl
Vector Byte

During the third INTA pulse the higher address of the
appropriate service routine, which was programmed as
byte 2 of the initialization sequence (Aa * Ard, is
enabled onto the bus.

Content ol Thlrd Interrupt
Vector Byte

D7 D6 D5 D4 D3 D2 Dl DO

|APX 96, |APX gg

|APX 86 mode is similar to MCS-80 mode except that only
two Interru pt Acknowledge cycles are issued by the pro-
cessor and no CALL opcode is sent to the processor. The
first interrupt acknowledge cycle is similar to that of
MCS-80,85 systems in that the 8259A uses it to internally
f reeze the state of the interrupts for priority resolution and
as a master it issues the interrupt code on the cascade
lines at the end of the INTA pulse. On this first cycle it does

0

0

0

00
00
00
00
00

A7

A7

A7
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INITIALIZATION COHUAND WORDS 1 AND 2
(rcwl, lcw2)
A5-Ars: Page starting address al service routines. In an

MCS 80/85 system, the I request levels will generate

CALLs to I locations equally spaced in memory. These
can be programmed to be space"d at intervals of 4 or I
memory locations, thus the I routines will occupy a
page of 32 or 64 bytes, r€spectively.

The address format is 2 bytes fong (Ao-Ard. When the
routine interval is 4, As-Aq are automatically inserted by

the 8259A, while A5-Ars are programmed externally.
When the routine interval is 8, As-A5 sr€ automatically
inserted by the 8259A, while Ao-Ars are programmed
sxternally.

The 8-byte interval will maintain compatibility with cur-
rent software, while the 4-byte interval is best for a com-
pact iump table.

In an iAPX 86 system A15-At 1 €lle inserted in the f ive most
signif icant bits of the vectoring byte and the 8259A sets
the th ree least sig nif icant bits accord ing to the interru pt
level. A1O-AS are ignored and ADI (Address interval) has

no effect.

LTIM: lf LTIM - 1, then the 8259A will operate in the
level interrupt mode. Edge detect logic on the
interrupt inputs will be disabled.

ADI: GALL address interval. ADI = 1 then Intervaf = 4;

ADI =0 then interval =8.

SNGL: Single. Means that this is the only 8259A in the
system. lf SNGL = 1 no f CW3 wilf be issued.

lC4: lf this bit is set - fCW4 has to be read. lf lCW4
is not naeded, s€t lC4 = 0.

tNtTtALrzATrON COMMAND WORD 3 (lCW3)

This word is read only when there is more than one
8259A in the system and cascading is used, in which
case SNGL= 0. lt will load the 8-bit slave register. The

functions of this register are:

a. In the master mode (either when SP = 1, or in buffered
mode when M/S= 1 in lCW4) a "1" is set for each
slave in the system. The master then will release byte
1 of the call sequence (for MCS-80/85 system) and
will enable the corresponding slave to release bytes 2
and 3 (for |APX 86 only byte 2) through the cascade

I i nes.

b. In the slave mode (either when 5F=0, or if BUF= 1

and M/S = 0 in lCW4) bits 2-O identify the slave. The
slave compares its cascade input vrith these bits and,
if they aro equal, bytes 2 and 3 of the call sequence (or

just byte 2 tor |APX 86 are released by it on the Data

Bus.
lNtTfALrzATloN cOmMAND WORD 4 (fCW4)

SFNM: lf SFNM= 1 the speciat fulty nested mode is
progremmed

BUF: lf BUF = 1 the buffered mode is programmed. 14

buffered mode SIEN becomes an enable outpu{
and the master/slave determination is by M/S.

M/S: lf buf fered rnode is selected: M/S = 1 means the
8259A is programmed to be a master, M/S = 0
means the 8259A is programmed to be a slave. lf
BUF = 0, M/S has no f unction.

AEO|: lf AEOf = 1 the automatic end of interrupt mode

is programmed.

rrPM: Microprocessor mode: pPM - O sets the 82594 for
MCS-80,85 system operation, pPM :1 sets the
8259A for iAPX 86 system operation.

rs rcwf
ilEEOEO

REAOY TO ACCEPT
INTERRUPT REOUESTS

Figure 6. Initialization Sequence
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Ao Dt

lcw4
Ag tl I t)O l)h t)4 ll.i

Ir^t MASItR of vtct

Dr t\, D. t)r Dr 0,

rcwl isLAvt of-Vtct I

L\ 0. r), L,l

I lCWa rrt t Dt D
0 No rr_wa 

^J[ 
t t"rf Lr

r lllNGl. F

CALt ANORTSS ITJIERVAI
I ltiltRvar of a

O - rNf t RVAI. OF t

I . LE VEL TFiIL,GEREt-J MUDI
I] - ET](,E IRIGTJEFiED N{ODF

I IR IrrPUI HAS A 5t AVI
0 tR tr{Pur r)ots NoT xAVf

A SL AVT

r - 8086 8088 MODE
O - MCS 80 85 MODE

n, A5 ,,r\rf FHrJr ' I
4 vr i r op 

^cDRF 
s., I

I t*r''* 'tt nt t"t t '"t'

Lt2 Dr

NOTE 'l; SLAVE lD lS EOUAL TO THE CORRESPONDTNG
MASTEFI IH INPUT

0

t = SPECIAL FUi-LY NESTED
MODE

O = NOT SPECIAt- FULLY
NE STED MOOI

Figure 7. Initialization Command Word Format
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OPERATION COMMAND WORDS (OCWs)

After the Inltialization Command Words (lCWs) are pro-
grammed into the 8259A, the chip is ready to accept
Interrupt requests at its input lines. However, during the
8259A operation, a selection of algorithms can com-
mand the 8259A to operate in various modes through
the Operation Command Words (OCWs),

OPERATION CONTROL WORDS (OCWg)

ocwl
D7 DC D5 D. D3 02 Dr OO

lM7 M6 M5 M4 M3 M2 Ml M0l
IT

ocw2

Eor o o tJ Ll Lol

ocw3

t_r rt"t ty" r .r _f

oPERATTON CONTROL WORD 1 (OCW1)

OCW1 sets and clears the mask bits in the interrupt
Mask Register (lMR). M7 - Ms represent the eight mask
bits, M=1 indicates the channel is masked
(inhibited), M - 0 indicates the channel is enabled.

oPERATTON CONTROL WORD 2 (OCW2)

R, SL, EOI These three bits control the Rotate and
End of Interrupt modes and combinations of the two. A
charl of these combinations can be found on the Opera-

tion Command Word Format.

Le, Lr, Lg-These bits determine the interrupt level acted
upon when the SL bit is active.

oPERATION CONTROL WORD 3 (OCW3)

ESMM Enable Special Mask Mode. When this bit is
set to 1 it enables the SMM bit to set or reset the Special
Mask Mode. When ESMM =0 the SMM bit becomes a
"don't care".

SMM Special Mask Mode. lf ESMM = 1 and SMM = 1

the 8259A will enter Special Mask Mode. lf ESMM ='t
and SMM = 0 the 8259A willrevert to normal mask mode.
When ESMM - 0, SMM has no effect.
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INTERRUPT MASX
I - MASX SET
O - MASX RESET

ROTATE Ol{ NOX-SPtCIF|C EOt COTIAXO

ROTATE r{ AUTOIATTC EOTIOO€ (sET)

ROTATE IX AUTOTATIC EOI TOO€ (CLEA11

.ROTATE Oil SP€CIFIC EOI COHTAXO

.9ET PfiIORlTY COTMANO

SP€CIAL MASX MOOE

IR RT.G

ON NT\T
no pur-st

READ
IS RTG

ON NTXT
nD pur,st

Figure 8. Operation Command Wbrd Format
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FULLY NESTED MODE

This mode is entered after initialization unless another
mode is programmed. The interrupt requests are
ordered in priority form 0 through 7 (0 highest). When an
interrupt is acknowledged the highest priority request is
determined and its vector placed on the bus. Additional-
ly, a bit of the Interrupt Service register (lSO-7) is set.
This bit remains set until the microprocessor issues an
End of Interrupt (EOl) command immediately before
returning from the service routine, or if AEOI (Automatic
End of Interrupt) bit is set,, until the trailing edge of the
last INTA. While the lS bit is set, all further interrupts of
the same or lower priority are inhibited, while higher
levels will generate an interrupt (which will be
acknowledged only if the microprocessor internal Inter-
rupt enable flip-flop has been re-enabled through soft-
ware).

After the lnitiaf ization sequence, f R0 has the highesr
priority and lR7 the lowest" Priorities can be changed, as
will be expf ained, in the rotating priority mode.

END OF TNTERRUPT (EOt)

The f n Service (lS) bit can be reset either automaticaf ly
following the trailing edge of the last in sequence INTA
pulse (when AEOI bit in lCWl is set) or by a command
word that must be issued to the 8259A before returning
f rom a service routine (EOl command). An EOf command
must be issued twice if in the Cascade mode, cnce for the
master and once f or the corresponding slave.

There are two forms of EOI command: Specif ic and Non,
Specif ic. When the 8259A is operated in modes which
preserve the fully nested structure, it can determine
which lS bit to reset on EOI When a Non.Specif ic EOI
command is issued the 8259A will automatically reset
the highest lS bit of those that are set, since in the
f ully nested mode the highest lS level was necessarily the
last level acknowledged and serviced. A non-specific EOI

can be issued with OCW2 (EOl : 1, SL - 0, R :0)"

when a mode is used which may disturb the fully nested
structure, the 8259A may no longer be able to determine
the last level acknowledged* In this case a Specific End of
Interrupt must be issued which includes as part of the
command the lS level to be reset. A specific EOI can be is-
sued with OCW2 (EOl : 1, SL : 1, R - 0, and LO-L?is the
binary level of the lS bit to be reset).

It should be noted that an lS bit that is masked by an
IMR bit will not be cleared by a non-specific Eot if the
8259A is in the Special Mask Mode.

AUTOMATTC END OF f NTERRUPT (AEOf) MOoE

lf AEOf = 1 in fCW4, then the 8259A will operate in AEol
mode continuously until reprogrammed by lCw4. In this
mode the 82594 will automatically perform a non-
specific EOI operation at the traifing edge of the last
interrupt acknowledge pulse (third pulse in MCS-80/85,
second in iAPX 86) Note that from a system standpoint,
this mode should be used only when a nested multilevel
interrupt structure is not required within a single 8259A.

The AEol mode can only be used in a master 82594 and
not a slave.

AUTOMATIC ROTATION
(Equal Priority Devices)
f n some applications there are a number of interrupting
devices of equal priority. In this mode a device, after
being serviced, receives the low€st priority, so a device
requesting an interrupt will have to wait, in the worst
case until each of 7 other devices are serviced at rnost
once. For example, if the priority and "in service" status
is.

Bcloru Rotrtr (lR4 the highest priority requiring service)

rs7 rst tss rs4 f s3 f s2 f sr f som
Hlghrrt Prtorlty

After Rotrtc (lR4 was serviced, af l other priorities
rotated correspond ing ly)

rs7 rsc rss f s4 ts3 tsz tsl tso

"lS" Slatus

Prrorrty Status

0t0t0

Hlghtrt Prlorlty Loworl Prlodty

There are two ways to accomplish Automatic Rotation
using OCW2, the Rotation on Non-Specif ic EOI Command
(R: 1, SL - 0, EOI .: 1)and the Rotate in Automatic EOI
Mode which is set by (R - 1, SL -- 0, EOI : 0) and cleared
by (R - 0, SL - 0, EOI r- 0).

SPECIFIC ROTATION
(Specific Priority)
The programmer can change priorities by programming
the bottom priority and thus fixing afl other priorities;
i.e., if lR5 is programmed as the bottom priority device,
then lR6 will have the highest one.

The set Priority command is issued in oCwz where:
R - 'l 

, sL: 1;Lo-Lz isthe binarypriority level codeof the
bottom priority device.

observe that in this mode internal status is updated by
software controlduring OCW2. However, it is independent
of the End of Interrupt (Eol) command (also executed by
oCW2). Priority changes can be executed during an Eol
command by using the Rotate on Specif ic EOI command
in OCW2 (R - 1, SL: 1, EOI -:1 and LO-LZ: lR level to
receive bottom priority).

INTERRUPT MASKS

Each Interrupt Request input can be masked individu-
af ly by the Interrupt Mask Register (lMR) programmed
through ocw1. Each bit in the IMR masks one interrupt
channel if it is set (1). Bat 0 masks lR0, Bit 1 masks lR1
and so forth. Masking an fR channef does not affect the
other channels operation.

"lS" Slatus

Prrorrty Status

Lowml Prlorlry

U 1
I 0 0 0 0 0 0
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SPECIAL MASK MODE

Some appfications may require an interrupt service
routine to dynamicaf ly after the system priority struc-
ture during its execution under software control. For
example, the routine may wish to inhibit lower priority
reguests for a portion of its execution but enable soma
of them for another portion.

The difficufty here is that if an fnterrupt Request is
acknowledged and an End of Interrupt command did not
reset its lS bit (i.e., while executing a service routine),
the 8259A wouf d have inhibited all lower priority
requests with no easy way for the routine to enable
them

That is where the Special Mask Mode comes in. In the
speciaf Mask Mode, when a mask bit is set in ocw1, it
inhibits further interrupts at that f evel and enables inter-
rupts from all other levefs (lower as well as higher) that
aro not masked.

POLL COMMAND

In this mode the INT output is not used or the micropro-
cessor internal Interrupt Enable flip-flop is reset, disabling
its interrupt input. Service to devices is achieved by
software using a Poll command.

The Pof l command is issued by setting P= "1" in OCW3.
The 8259A treats the next RD prlse to the 8259A (i.e.,
ffi = 0, eS = 0) as an interrupt acknowledge, sets the
appropriate lS bit if there is a request, and reads the
priority level. Interrupt is frozen from WH to ffi.

The word enabled onto the data bus during FD is:

of Dc D5 D{ D3 02 0r OO

f-w2w1w0

W0-W2: Binary code of the highest priority level
requesting service,

l: Equal to a r'1" if there is an interrupt.

This mode is useful if there is a routine command com-
mon to several levels so that the INTA sequence is not
needed (saves ROM space). Another appfication is to
use the poll mode to expand the numbsr of priority
levefs to more than 64.

Thus, any interrupts may
loading the mask register.

The special Mask Mode
SSMM = 1, SMM = 1, and
SMM = 0.

be selectively enabled by

is set by OCW3 where:
cleared where SSM M = 1,

! Ttt ttT
0 = EOGt
I = LEV€L

IO OTXI I 2i tOiT Y Ct L rS

ioTt3
I TA'TIi CLEAFI ACTIYT OITLY OURIXG ICTI
r Fif tztl rs Acrrvr ouRrHG rTilTr Ar{D roLL s€ou:rrcrs oNLv

I. TiUTX TAITC FOi O.LATCH

ortiATrorl

2ifotf TY
lf tor YI r

coftrnor
roGfc

IIITT RHAt
OAIA EUS

EcrCf

dq=
loog<t{
FtlJUJ

l'"

I*?
I3;crr
l

l!
lr

Dr

On-l
FOLTOi

HOLD

trr s€ivrct
TAICH

RCOUfST
LATCI{

Figure 9. Priority Gell-Simplified Logic Diagram
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READING THE 8259A STATUS

The input status of several internal registers can be read to
update the user information on the system. The following
registers can be read via OCW3 (lRR and ISR or OCWl
trM Rl)

lnterrupt Request Register (lRR); 8-bit register which con-

tains the levels requesting an interrupt to be acknowl-
edged. The highest request level is reset from the IRR
when an interrupt is acknowledged.(Not affected by lMR.)

I n-Service Register f/SR/: B-bit register which contains the
priority levels that are being serviced. The ISR is updated
when an End of Interrupt Command is issued.

lnterrupt Mask Register:8-bit register which contains the
interrupt request lines which are masked.

The IRR can be read when, prior to the RD pulse, a Read
Register Command is issued with OCW3 (RR : 1, RIS - 0.)

The ISR can be read when, prior to the RD pulse, a Read

Register Command is issued with OCW3 (RR : 1, RIS - 1).

There is no need to write an OCW3 before every status
read operation, aS long as the status read corresponds
with the previous one, i.e., the 8259A "remembers"
vyhether the IRR or ISR has been previously selected by
the OCW3. This is not true when poll is used.

After initialization the 8259A is set to lRR.

For readrng the lMR, no OCW3 is needed. The output data
bus wrllcontain the IMR whenever RD is active and AO --l
(ocwl )

Polling overrides status read when P - 1, RR = 1 rn OCW3.

EDGE AND LEVEL TRIGGERED MODES

This mode is programmed using bit 3 in lCW1.

lf LTIM :'0', an interrupt request will be recognized by a
low to high transition on an lR input.The lR input can re-
main high without generating another interrupt.

lf LTIM - 
*1', an interrupt request will be recognized by a

'high' level on lR Input,and there is no need for an edge
detection. The interrupt request must be removed before
the EOI com mand is issued or the CPU interrupt is enabled
to prevent a second interru pt f rom occu rring.

The priority cell diagram shows a conceptual circuit of the

level sensitive and edge sensitive input circuitry of the
8259A" Be sure to note that the request latch is a transpar-
ent D type latch.

In both the edge and level triggered modes the lR inputs
must remain high until after the falling edge of the first
INTA. lf the lR rnput goes low before this time a DEFAULT

lR7 will occur when the CPU acknowledges the interrupt.
This can be a useful safeguard for detecting interrupts
caused by spurious noise glitches on the lR inputs. To im-
plement thrs feature the lR7 routine is used for "clean up"
simply executing a return instruction, thus ignoring the
interrupt. lf lR7 is needed for other purposes a default lR7

can still be detected by reading the ISR A normal lR7
interrupt will set the corresponding ISR bit, a default lR7
won't. lf a default lR7 routine occurs during a normal lR7
routine. however" the ISR will remain set. In this case it is
necessary to keep track of whether or not the lR7 routine
was previously entered. lf another lR7 occurs it is a

defau lt

8086r 8088

LATCH'
ARMED

I

I

EARLIEST IR
CAN BE REMOVED

8086 8088

8080 808s

.EDGE TRIGGERED MOOE ONLY
LATCH'
ARMED

Figure 10. lR Triggering Timing Requirements
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THE SPECIAL FULLY NESTED MODE

This mode will be used in the case of a brg system
where cascading is used, and the priority has to be con-
served within each slave. In this case the fully nested
mode will be programmed to the master (using lCW4).
This mode is similar to the normal nested mode with the
following exceptions:

a. When an interrupt request from a certain slave is in
service this slave is not locked out from the master's
priority logic and f urther interrupt' requests f rom
higher priority lR's within the slave will be recognized
by the master and will initiate interrupts to the proc-
essor. (ln the normal nested mode a slave is masked
out when its request is in service and no higher
requests from the same slave can be serviced.)

b. When exiting the Interrupt Service routine the soft-
ware has to check whether the interrupt serviced was
the only one from that slave. This is done by sending
a non-specif ic End of Interrupt (EOl) command to the
slave and then reading its In-Service register and
checking for zero. lf it is empty, a non-specific EOI

can be sent to the master too. lf not. no EOI should be
sent.

BUFFERED MODE

When the 8259A is used in a large system where bus

driving buffers are required on the data bus and the cas-
cading mode is used, there exists the problem of enabl-
ing buffers.
The buffered mode wilf structure the 8259A to send an
enable signal on S-Flgll to enable the buffers. In this

mode, whenever the 82594's data bus outputs are ena-
bled, tne S/EN output becomes active,

This modif ication forces the use of software program-

ming to determine whether the 8259A is a master or a
slave. Bit 3 in lCW4 programs the buffered mode, and bit
2 in lCW4 determines whether it is a master or a slave.

CASCADE MODE

The 8259A can be easily interconnected in a system of one
master with up to eight slaves to handle up to 64 priority
levels.

The master controls the slaves through the 3 line cascade
bus. The cascade bus acts like chip selects to the slaves
during the lf.tfn sequence.

In a cascade configuration, the slave interrupt outputs are

connected to the master interrupt request inputs. When a

slave request line is activated and afteryvards acknowl-
edged, the master will enable the corresponding slave to
release the device routine address during bytes 2 and 3 of
INTA. (Byte 2 only for 8086/8088).

The cascade bus lines are normally low and will contaln
the slave address code from the trailing edge of the frrst
INTA pu lse to the trailing edge of the th lrd pu lse, Each
8259A in the system must follow a separate initializatton
sequence and can be programmed to work in a different
mode. An EOI command must be issued twice' once for
the master and once for the corresponding slave. An

address decoder is requtred to activate the Chip Select
(CS) input of each 8259A.

The cascade lines of the Master 82594 are activated only
for slave inputs, non slave inputs leave the cascade line
inactive (low).

E

cs Ao Do / Llrrn tN I

CAS O

6259A
5LAV€ B CAS I

CAS 2

sP'FF/ 6 5 4 3 2 'r o

cS \ Do / INTA lt{T

e As 0

6?594 cAS.r\t AVE A

CAS 2

SPrexT 6 5 a 3 2 'l 0

ca Ao DO 7 Lrrlr n r\ I

CAS O

E/59A
cAs 1 MASrE F

CAS Z

SF Fnruz M6 M5 M. M3 M? M't Mo

ADDRTSS 8US {r5i

CONTROL BUS

DAIA 8US (II

-t--7
t
)

---i--l--*-zf---

I

-:-:-+

765.3

AFN.OO221E

INTTRRUPT REOUISTS

Figure 11. Cascading the 8259A
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias . . 0"C to 70"C

Storage Temperature 65 "C to + 150 "C
Voltage on Any Pin

with Respect to Ground . - 0.5V to + 7V
PowerDissipation ..1Watt

"NOT|CE: Stresses above those /lsted under "Abso/ute

Maximum Ratings" may cause permanent damage to the
device. fhis is a sfress rating only and f unctional opera-
tion of the device af these or any other conditions above
those indicated in the operational sectlo ns of thls specif i-

cation is not implied.

D.C. CHARACTERISTICS tTA = 0'c to 7fC, Vcc : sv +s% (825sA-8), Vcc : 5v +10% (82ssA, 825eA-2)l

A.C. CHARACTERISTICS tr4 : 0"C to 70"C, Vss : 5V +5% (s2s9A-8), Vcc : 5v t 10% (82seA, 8259A-2)l

TIMING REOUIREMENTS

Symbol Parameter Mln. Max. Unltr Tert Condltlonr

Vt Input Low Voltage -0.5 0.8 V

Vrn Input High Voltage 2.O* VcC +0.5V V

vol Output High Voltage 0.45 V OL - 2.2m4

Vox Output High Voftage 2.4 V oH _ -400pA

voH( | NT)
Interrupt Output High
Voltage

3.5 V OH _ - 100PA

2.4 V OH _ -400PA
llr Input Load Current -10 +10 pA 0V <V1p <VCC

Itot Output Leakage Current -10 +10 pA 0.45V <VOU1 <VCC

lcc VcC Supply Current 85 mA

llr n lR Input Load Current
-300 pA Vtru

10 pA Vrru : Vcc

"Note: For Extended Temperature EXPRESS VrH - 2"3V-

CAPACITANCE (rn : 25"c;vcc - cND : ov)

Symbol Parameter Min. Typ. Max. Unlt Test Conditions

C|r't Input Capacitance 10 pF fc-1MHZ

Q/o l/O Capacitance 20 pF Unmeasured pins returned to Vsg

Symbol Parameter
82594-8 8259A 8259A-2

Units Test Gonditions
Min. Max. Min. Max. Min. Max,

TAHR L AO/CS Setup to ffiltttrnJ 50 0 0 NS

TRHAX Ao/m Hold after FD/INTAI 5 0 0 ns

TR LRH R-O Pulse Width 420 235 160 ns

TAHWL AOICS Setup to WRt 50 o o NS

TWHAX AO/CS Hold after Wnt 20 0 0 NS

TWLWH WR Pulse Width 400 290 190 NS

TDVWH Data Setup to WRT 300 240 160 NS

TWHDX Data Hold af ter WFt 40 0 0 NS

TJLJH Interrupt Request Width (Low) 100 100 100 ns See Note 1

TCVI AL
Cascade Setup to Second or Third
iImJ (Slave Only)

55 55 40 NS

TRHRL
End of RD to next RD
End of iffi-n to next INIR within
an tNTA sequence only

160 160 160 NS

TWHWL End of W-R to next WH 190 190 190 NS
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A.C. CHARACTERISTICS (Continued)

Symbol Pa ra meter
82594-8 8259A 82s9A-2 | |

r-- - -= Units I Test Conditions
Min. i Max. ,Min. Max. Min. Max.

-TCHCL End of Command to next Command
(Not same command type)

s00 500 500 NS

End of INTA sequence to next
INTA sequence.

.Worst case timing for TCHCL in an

8085A-2 = 1ps, 8086 = 1ps, 8086-2

NOTE: This is the low time required

Tltllilc RESPONSES

A.C. TESTTNG |NPUI, OUTPUT WAVEFORM

INPUT,/OUTPUT

A C TESTING INPUTS ARE DRI'/EN AT 2 4V FOR A LOGIC 1 AND O 45V FOR
A LOGIC O TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC 1

AND O 8V FOF A LCGIC O

WAVEFORMS

actual microprocessor system is typically much greater than 500 ns (i.e. 8085A : 1,6s,s,

= 625 ns)

to clear the input latch in the edge triggered mode.

A.C. TESTING LOAD CIRCUIT

rI DEvrcE II UNoER F--------rlresrll
| | ic1- 100pF

I

Cr -= 100 pF
Ct INCLUDES JIG CAPACITANCE

Symbol Parameter 82594-8 8259A 8259A-2
Unitg Test Conditions

Min. Max. Min. Mar. Min. Max.

TRLDV Data Valid from nOilttfnt 300 200 120 ns C of Data Bus=
1OO pF

C of Data 8us
Max text C = lOO pF
Min. test C = 15 pF

Crrur = 1OO pF

Cc1scroe = 100 pF

TRHDZ Data Float after RD / INTAI ro 200 10 100 10 B5 NS

TJHIH Interrupt Output Delay 400 350 300 ns

TIALCV
Cascade Valid from First tttfnt
(Master Only)

s65 565 360 ns

TRLEL Enable Active from RDI or INTAI 160 125 100 ns

TRHEH Enable Inactive from nOl or INTAI 325 150 150 ns

TAHDV Data Valid from Stable Address 350 200 200 NS

TCVDV Cascade Valid to Valid Data 300 300 200 ns

WRITE
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WAVEFORMS (Contlnued)

READ/INTA

OTHER TIMING

trD
ITTTA
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WAVEFORMS (Gontinued)

INII SEQUENcE

oE-

CV IAL

G-
T <F TCV IAt

co.2

+- fIALCV

NOTES: Interrupt output must remain HIGH at least until leading edge of first INTA.
1. Cycle 1 in iAPX 86, |APX 88 systems, the Data Bus is not active.
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lnU.
PROGRAMMABLE

Synchronous and Asynchronous
Operation
Synchronous 5-8 Bit Characters;
f nternal or External Character
Synchron izati on ; Automatic Sync
Insertion
Asynchronous 5-8 Bit Characters;
Clock Rals-f , 16 or 64 Times Baud
Rate; Break Character Generation;
1, 11/2, or 2 Stop Bits; False Start Bit
Detection; Automatic Break Detect
and Handling
Synchronous Baud Rate-DG to
64K Baud

The Intel@ 8251A is the enhanced version of the industry standard, Intel 8251 Universal Synchronous/
Asynchronous Receiver/Transmitter (USART), designed for data communications with Intel's microprocessor
families such as MCS-68, 80, 85, and iAPX-86, 88. The 8251A is used as a peripheral device and is programmed
by the CPU to operate using virtually any serial data transmission technique presently in use (including IBM
"bi-sync"). The USARTaccepts data characters from the CPU in parallel format and then converts them into a
continuous serial data stream for transmission. Simultaneously, it can receive serial data streams and convert
them into parallel data characters for the CPU. The USARTwill signal the CPU whenever it can accept a new
character for transmission or whenever it has received a character for the CPU. The CPU can read the
complete status of the USARTat any time. These include data transmission errors and control signals such as
SYNDET, TxEMPTY. The chip is fabricated using N-channel silicon gate technology.

8251A
COMMUNICATION

Asynch ronou s
19,2K Baud

INTERFAGE

Baud Rate-DC to

Fu ll-Duplex, Double-Buffered
Transmitter and Receiver
Error Detection-Parity, Overrun and
Framing
Compatible with an Extended Range
of lntef Microprocessors
28-Pin DIP Package

All Inputs and Outputs are TTL
Compatible
Availabfe in EXPRESS

-Standard Temperature Range

-fltended Temperature Range

RESET

CLK

co
RD

wn

CTS

RTS

)€

Ics_ l

TxRDY

TxE

TxC

Rx RLIY

^^HxL

SYNt]ET

DSR

orn

IFJIE RNAL
TTATA BUS

^-+

DATA
BUS

BUFFER

R EADIWR ITE
CONTROL

LOG IC

TRANSMIT
BUFFER

{P .S}

TR ANSM IT
CONTROL

MOt]E ruI

CONI HO L

RECE IVE
8LjF F E R

IS "Pi

RECE IVE
CONTROL

T INTEL CORPORATION. 1982

Figure 1. Block Diagram
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FEATURES AN D ENHANCEMENTS

The 8251A is an advanced design of the industry
standard USART, the IntelE 8251. The 8251A
operates with an extended range of Intel
microprocessors and maintains compatibility with
the 8251. Familiarization time is minimal because of
compatibility and involves only knowing the addi-
tional features and enhancements, and reviewing
the AC and DC specif ications of the 8251A.

The 8251A incorporates all the key features of the
8251 and has the f ollowing add itional featu res and
enhancements:

. 8251A has double-buffered data paths with sepa-
rate l,/O reg isters f or control, status, Data In, and
Data Out, which considerably simplifies control
programming and minimizes CPU overhead.

o In asynchronous operations, the Receiver detects
and handles "break" automatically, relieving the
CPU of this task.

. A ref ined Rx in itialization prevents the Receiver
f rom starting when in " break" state, preventing
unwanted interrupts f rom a disconnected USART.

. At the conclusion of a transmission, TxD line will
always return to the marking state unless SBRK is
prog rammed.

o Tx Enable logic enhancement prevents a Tx Dis-
able command from halting transmission until all
data previously written has been transm itted. The
logic also prevents the transmitter from turning
off in the middle of a word.

. When External Sync Detect is programmed, Inter-
nal Sync Detect is disabled, and an External Sync
Detect status is provided via a flip-flop which
clears itself upon a status read.

o Possibility of false sync detect is minimized by
ensuring that if double character sync is program-
med, the characters be contig uously detected and
also by clearing the Rx reg ister to all ones
whenever Enter Hunt command is issued in Sync
mode.

o As long as the 8251A is not selected, the nO and
WR do not affect the internal operation of the
device.

o The 8251 A Status can be read at any time but the
status update will be inhibited du ring status read.

o The 8251A is free from extraneous glitches and
has enhanced AC and DC characteristics, provid-
ing higher speed and better operating margins.

. Synchronous Baud rate from DC to 64K.

FU NCTIONAL DESCRI PTION

General

The 8251A is a Universal SynchronouslAsynchro-
nous ReceiverlTransmitter designed for a wide
range of Intel microcomputers such as 8048, 8080,
8085, 8086 and 8088. Like other llO devices in a
microcomputer system, its functionaf configuration
is programmed by the system's software for maxi-
mum f lexibility. The 8251A can support most serial
data techniques in use, including lBM "bi-sync."

f n a com m u n ication environ ment an interf ace
device must convert parallel f ormat system data into
serial format for transmission and convert incoming
serial format data into parallel system data for recep-
tion. The interf ace device m ust also delete or insert
bits or characters that are functionally unique to the
communication technique. In essence, the interface
should appear "transparent" to the CPU, a simple
input or output of byte-oriented system data.

Data Bus Buffer

This 3-state, bidirectional, S-bit buffer is used to ln-
terface the 8251A to the system Data Bus. Data is
transm itted or received by the buf fer upon execution
of lNput or OUTput instructions of the CPU. Control
words, Command words and Status information are
also transferred th rough the Data Bus Buf fer. The
Command Status, Data-ln and Data-Out registers
are separate, 8-bit registers communicating with the
system bus through the Data Bus Buffer.

This functional block accepts inputs f rom the system
Control bus and generates control signals for overall
device operation. lt contains the Control Word Reg-
ister and Command Word Register that store the
various control f ormats f or the device f u nctional
def in ition .

RESET (Reset)

A "high" on this input forces the 825'l A into an "fdle"

mode. The device will remain at "ldle" until a new set
of control words is written into the 8251A to program
its functional definition. Minimum RESET pulse
width is 6 tcv (clock must be running).

A command reset operation also puts the device into
the "f dle" state.
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CLK (Clock)

The CLK input is used to generate internal device
timing and is normally connected to the Phase 2

(TTL) output of the Clock Generator. No external
inputs or outputs are referenced to CLK but the
f requency of CLK must be greater than 30 times the
Receiver or Transmitter data bit rates.

W-n (write)

A " f ow" on this lnput informs the 8251 A that the CPU
is writing data or control words to the 8251A,

m (Read)

A "low" on this input informs the 8251A that the CPU
is reading data or status information f rom the 8251 A.

Figure 3. 8251A Block Diagram Showing Data
Bus Buffer and Read/Write Logic
Functions

CIO RD WR CS

8251 A DATA - DATA BUS

DATA BUS * 8251 A DATA
STATUS - DATA BUS

DATA BUS - CONTROL
DATA BUS - 3-STATE
DATA BUS - 3-STATE

C/D (Control/Data)

This input, in conjunction with the WR and RD in-

puts, informs the 8251A that the word on the Data

Bus is erther a data character, control word or status
inf ormation.

1 - CONTROL/STATUS: 0 - DATA.

6 (Chip Select)

A "low" on this input selects the 8251A. No reading or
writing will occu r u n less the device is selected.
When CS is high, the Data Bus is in the f loat state and
RD and W-n have no effect on the chip.

Modem Control

The 8251A has a set of control inputs and outputs
that can be used to simplify the interface to almost
any modem. The modem control signals are general
purpose in nature and can be used for f unctions
other than modem control, if necessary.

DSR (Data Set Ready)

The DStr input signal is a gen eral-purpose, 1-bit in-
verting input port. lts condition can be tested by the

CPU using a Status Read operation. The DSR input

is normally used to test modem conditions such aS

Data Set Ready.

D-iln (Data Terminal Ready)

The DTR output signal is a general-purpose, 1-bit

inverting output port. lt can be set "low" by pro-
gramming the appropriate bit in the Command ln-
struction word. The DT-n output signal is normally
used f or modem control such as Data Terminal
Ready.

FTS (Request to Send)

The FTS output signal is a general-purpose, 1-bit
inverting output port. lt can be set "low" by pro-
gramming the appropriate bit in the Command In-

struction word. The FT-S output signal is normally
used for modem control such as Request to Send.

trS (Clear to Send)

A "low" on this input enables the 8251A to transmit
serial data if the Tx Enable bit in the Command byte
is set to a "one." lf either aTx Enable off or CTS off
condition occurs while the Tx is in operation, the Tx
will transmit all the data in the USART, written prior
to Tx Disable command before shutting down.
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Transmitter Buffer

TheTransmitter Buffer accepts parallel data f rom the
Data Bus Buffer, converts it to a serial bit stream.
inserts the appropriate characters or bits (based on
the communication technique) and outputs a com-
posite serial stream of data on theTxD output pin on
the falling edge of TIC. The transmitter will begin
transmission upon being enabled if eT-S - 0. The
TxD line will be held in the marking state immedi-
ately upon a master Reset or when Tx Enable or ilfS
is off or the transmitter is empty.

Transmitter Gontrol

The Transmitter Control manages all activities asso-
ciated with the transmission of serial data. lt accepts
and issues signals both externally and internally to
accom plish this f u nction.

TxRDY (Iransmitter Ready)

This output signals the CPU that the transmitter is
ready to accept a data character. The TxRDY output
pin can be used as an interrupt to the system, since it
is masked by TxEnable; or, for Polled operatioff, the
CPU can check TxRDY using a Status Read opera-
tion. TxRDY is automatically reset by the leading
edge of W-R when a data character is loaded f rom
the CPU.

Note that when using the Polled operation, the
TxRDY status bit is not masked byTxEnable, but will
only indicate the Empty/Full Status of the Tx Data
Input Register.

TxE Fransmitter Empty)

When the 8251A has no characters to send, the
TxEMPTYoutput will go "high." lt resets upon receiv-
ing a character from CPU if the transmitter is en-
abled. TxEMPTY remains high when the transmitter
is disabled. TxEMPTY can be used to indicate the
end of a transmission mode, so that the CPU "knows"
when to "turn the line around" in the half-duplex
operational mode.

f n the Synchronous mode, a "high" on this output
indicates that a character has not been loaded and
the SYNC character or characters are about to be or
are being transmitted automatically as "fillers."
TxEMPTY does not go low when the SYNC charac-
ters are being shifted out.

DATA
B tJS

BUFFER

READ/WRITT
CONTROT

LOGIC

TRANST'IT
SUfrfR

lp ,s|

TFANSIVTIT
cofvTROr

RECE IVE
EtJFFER

{s .P)

RECE IVE
CONTROL

RESET

CLK

CO
no
WR

CS

osn
otE

cis
RTS

: TxBDY

+TxEMPTY

TxC

I
RTRDY

R.C

SYNDE T,
BRKDET

INTE RNAL
DATA 8US

Figure 4. 8251A Block Diagram Showing Modem
and Transmitter Bulfer and Control
Functions

Tfe ffransmitter Clock)

The Transmitter Clock controls the rate at which the
character is to be transmitted. In the Synchronous
transmission mode, the Baud Rate (1x) is equal to
the Trc f requency. In Asynchronous transmission
mode. the baud rate is a f raction of the actual Tie
f requpncy.A portion of the mode instruction selects
this factor; it can be 1 , 1116 or 1164 the Tie .

For Example:

lf Baud Rate equals 110 Baud,
m equals 1 10 Hz in the 1x mode.
TxC equals 1.72 kHz tn the 16x mode.
TxC equals 7.04 kHz in the 64x mode.

The falling edge of Txe shifts the serial data out of
the 8251A.

Receiver Buffer

The Receiver accepts serial data, converts this serial
input to parallel format, checks for bits or characters
that are unique to the communication technique
and sends an "assembled" character to the CPU.
Serial data is inputgxD pin, and is clocked in on
the rising edge of RxC.

E
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llLr

iru

Receiver Controf

This functional block manages all receiver-related
activities which consists of the following features.

The RxD initialization circuit prevents the 8251A
f rom mistaking an unused input line for an active
low data line in the " break condition. " Bef ore
starting to receive serial characters on the RxD
line, a valid ,'1" must f irst be detected after a chip
master Reset. Once this has been determined, a

search for a valid low (Start bit) is enabled. This
feature is only active in the asynchronous mode,
and is only done once for each master Reset.

The False Start bit detection circuit prevents false
starts due to a transient noise spike by f irst detect-
ing the falling edge and then strobing the nominal
center of the Start bit (RxD - low).

mC (Receiver Clock)

The Receiver Clock controls the rate at which the
character is to be received. In Synchronous Mode,
the Baud Rate (1x) is equal to the actual f requency of
Rrc. In Asynchronous Mode, the Baud Rate is a
fraction of the actual FC frequency.A portion of
the mode instruction selects this factor: 1, 1116 or
1164 the R-rc.

For example:

Baud Rate equals 300 Baud, if
Fxe equals 300 Hz in the 1x mode;
F-rc equals 4800 Hz in the 16x mode;
nre equals 19.2 kHz in the 64x mode.

Baud Rate equals 2400 Baud, if
R-rc equals 2400 Hz in the 1x mode;
RtC equals 38.4 kHz in the 16x mode;
R;e equals 153.6 kHz in the 64x mode.

Data is sampled into the 8251A on the rising edge of
Rre

NOTE : In most com m u n ications systems, the 8251 A

will be handling both the transmission and reception
operations of a single link. Consequently, the
Receive and Transmit Baud Rates will be the same.
Both Tre and Rrc will reguire identicaf frequencies
for this operation and can be tied together and con-
nected to a single frequency source (Baud Rate
Generator) to simplify the interface.

RES€T

CLK

C'D
RD

WR -

TxRDY

TxEMPTY

TxC

-
tcS- |

DSR

oTF

cis
nrT

I[JTERT!AL
DATA 8US

RxRDY

nrC

. - SVNDET,'
AR KDET

Figure 5. 8251A Block Diagram Showing
Receiver Bulfer and Controf Functions

Parity error
status bit.

The Fram ing
absent at the
mode).

Error status bit is set
end of the data byte

detection sets the correspond ing

if the Stop bit is
(asynchronous

RxRDY (Receiver Ready)

This output indicates that the 8251A contains a char-
acter that is ready to be input to the CPU. RxRDY can
be connected to the interrupt structure of the CPU
or, for polled operation, the CPU can check the con-
dition of RxRDY using a Status Read operation.

RxEnable, when off, holds RxRDY in the Reset Con-
dition. For Asynchronous mode, to set RxRDY the
Receiver must be enabled to sense a Start Bit and a

complete character must be assembled and trans-
ferred to the Data Output Register. For Synchronous
mode, to set RxRDY the Receiver must be enabled
and a character must f inish assembly and be trans-
ferred to the Data Output Register.

Failure to read the received character f rom the Rx

Data Output Regtster prior to the assembly of the
next Rx Data character will set overrun condition
error and the previous character will be written over
and lost. lf the Rx Data is being read by the CPU
when the internal transf er is occu rring, overru n er-
ror will be set and the old character will be lost.
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SYNDET (SYNC DetecU
BRKDET Break Detect)

This pin is used in Synchronous Mode for SYN-
DET and may be used as either input or output,
programmable through the Control Word. lt is reset
to output mode low upon RESET. When used as an
output (internal Sync mode), the SYNDET pin will go
"high" to indicate that the 8251A has located the
SYNC character in the Receive mode. lf the 8251A is
programmed to use double Sync characters (bi-

sync), then SYNDETwi|I go "high" in the middle of
the last bit of the second Sync character. SYNDET is
automatically reset upon a Status Read operation.

When used as an input (external SYNC detect mode),
a positive going signal will cause the 8251A to start
assem bling data characters on the rising edge of the
next R)<e. Once in SYNC, the "high" input signal can
be removed. When External SYNC Detect is pro-
grammed, Internal SYNC Detect is disabled.

BREAK (Async Mode Only)

This output will go high whenever the receiver
remains low through two consecutive stop bit se-
quences (inciuding the start bits, data bits, and
parity bits). Break Detect may also be read as a

Status bit. lt is reset only upon a masterchip Reset or
Rx Data returning to a "one" state.

ADDFESS BUS

DATA 8US

c,'D- eS D7 Do RD wR RESET cLK

825',!A

Figure 6. 8251A Interf ace to 8080 Standard
System Bus

DETAI LED OPERATION DESCRIPTION

General

The complete f unctional definition of the 8251A is

programmed by the system's software. A set of con-
trol words must be sent out by the CPU to initialize
the 8251A to support the desired communications
format. These control words will program the: BAUD
RATE, CHARACTER LENGTH, NUMBER OF STOP

BITS, SYNCHRONOUS or ASYNCHRONOUS OPER-

ATION, EVEN/ODD/OFF PARITY, etc. In the
Synch ronous Mode, options are also provided to
select either internal or external character
syn ch ron ization.

Once programmed, the 8251A is ready to perform its
communication functions. The TxRDY output is
raised "high" to signal the CPU that the 8251A is
ready to receive a data character f rom the CPU This
output (TxRDY) is reset automatically when the CPU

writes a character into the 8251A. On the other hand,
the 8251A receives serial data f rom the MODEM or
l/O device. Upon receiving an entire character, the
RxRDYoutput is raised "high" to signal the CPU that
the 8251A has a complete character ready for the
CPU to fetch. RxRDY is reset automatically upon the
CPU data read operation.

The 8251A cannot begin transmi.ssion until the Tx
Enable (Transmitter Enable) bit is set in the Com-
mand f nstruction and it has received a ClearTo Send
(eTS) rnput. TheTxD output will be held in the mark-
ing state upon Reset.

MODE INSTRUCTION

SYr\je CHARACTEF 1

SYNC CHARACTER 2

COMl"lAnJD I NIST R UCT ION

1 sYNc M'DE

J 
oNLY'

-THE SECOXO SYNC CHARACTER IS SKIPPED IF MODE INSTRUCTION HAS PRO.

GRAMMED THE 8251A TO SINGLE CHARACTER SYHC TTiODE. BOTH SYNC

CHABACTERS ARE SKIPPED tF MODE IHSTRUCTION HAS PROGRAMTIEO THE

8251A TO ASYNC MODE,
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Programming the 8251A

Prior to starting data transmission or reception, the

8251A must be loaded with a set of control words
generated by the CPU. These control signals def ine
the complete f unctional def inition of the 8251A and
must immediately follow a Reset operation (internal
or exte rna l).

The control words are split into two formats:

1 , Mode Instruction
2. Command Instruction

Mode lnstruction

This instruction def ines the general operational
characteristics of the 8.251 A. lt must follow a Reset
operation (internal or external). Once the Mode In-
struction has been written into the 8251A by the
CPU, SYNC characters or Command Instructlons
may be written.

Command Instruction

This instruction def ines a word that rs used to control
the actual operation of the 8251A.

Both the Mode and Com mand Instructions m ust
conform to a specified sequence for proper device
operation (see Figure 7).fhe Mode lnstruction must
be written immediately following a Reset
operation, prior to using the 8251A f or data
communication.

All control words wrrtten into the 8251A af ter the
Mode Instruction will load the Command Instruc-
tion. Command Instructions can be wntten into the
8251 A at any time in the data block during the opera-
tion of the 8251A. To return to the Mode Instruction
format, the master Reset bit in the Command In-
structron word can be set to initiate an internal Reset
operation which automatically places the 8251A
back into the Mode Instruction format. Command
Instructions must follow the Mode Instructions or
Sync characters.

Mode Instruction Definition

The 8251A can be used f or either Asynchronous or
Synchronous data communication. To understand
how the Mode Instruction defines the functional
operation of the 8251A, the designer can best view
the device as two separate components, one
Asynchronous and the other Synchronous, sharing

the same package. The format definition can be
changed only after a master chip Reset. For explana-
tion purposes the two formats will be isolated.

NOTE: When parity is enabled it is not considered
as one of the data bits for the purpose of program-
ming the word length. The actual parity bit received
on the Rx Data line cannot be read on the Data Bus.
In the case of a prog ram med character length of less

than I bits, the least signif icant Data Bus bits will
hold the data; u n used bits are "don't care" when
writing data to the 8251 A, and will be "zeros" \Mhen
reading the data from the 8251A.

Asynchronous Mode (Transmission)

Whenever a data character is sent by the CPU the
8251A automatically adds a Start bit (low level) fol-
lowed by the data bits (least significant bit f irst), and
the programmed number of Stop bits to each char-

acter. Also, an even or odd Parity bit is inserted pri0r
to the Stop bit(s), as defined by the Mode lnstruc-
tion. The character is then transmitted as a serial
data stream on the TxD output. The serial data is
shifted out on the falling edge of T-rc at a rate equal
to 1, 'l ,16, or 1164 that of the TxC, as def ined by the

Mode Instruction. BREAK characters can be contin-
uously sent to the TxD if commanded to do so

When no data characters have been loaded into the
8251A theTxD output reamins "high" (marking) un-
less a Break (continuously low) has been
programmed.

EP PEN

BAUD FATE FACTT]H

0l 01

o o 'l r++
n'Ult I u*1,,i*uI uor,

PAH ITY EI'!ABtF .,I fNABLE O DISABTT

tVEl",i PARITY fIFNERATITJN CHt,I 
E VE N TJ ODt]

N l]fultsE I] I}F STOTJ BI TS

R10

L (,' t I

,*r,^,,n1 uJ, I u'uJo,1,

(ONLYAFFECTS Tx; Rx
NEVER REOUIRES MORE
THAN ONE STOP BIT)

Figure 8. Mode Instruction Format,
Asynchronous Mode
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Asynchronous Mode (Receive)

The RxD line is normally high A falling edge on this
line triggers the beginning of a START bit The
validity of this START bit is checked by again strob-
ing this bit at its nominal center (16X or 64X mode
only). lf a low is detected again, it is a valid START bit,
and the bit counter will start counting. The bit coun-
ter thus locates the center of the data bits, the parity
bit (if it exists) and the stop bits. lf parity error oc-
curs, the parity error f lag is set. Data and parity bits
are sampled on the RxD pin with the rising edge of
n)re. lf a low level is detected as the STOP bit, the
Framing Error flag will be set The STOP bit sigrrals
the end of a character. Note that the receiver re-
quires only one stop bit, regardless of the number of
stop bits programmed, This character is then loaded
into the parallel I O buffer of the 8251 A" The RxRDY
pin is raised to srgnal the CPU that a character is

ready to be fetched. lf a previous character has not
been fetched by the CPU, the present character
replaces it in the I O buffer, and the OVERRUN Error
f lag is raised (thus the previous character is lost). All
of the error flags can be reset by an Error Reset
Instruction The occu rrence of any of these errors
will not af fect the operation of the 8251A

Synchronous Mode (Transmission)

The TxD output is continuously high until the CPU
sends its f irst character to the 8251A which usually is
a SYNC character. When the ilfS line goes low, the
f rrst character is serially transmitted out. All charac-
ters are shif ted out on the falling edgggT-rc Data is
shifted out at the same rate as the TxC.

Once transmission has started, the data stream at
the TxD output must continue at the--TxC rate. lf the
CPU does not provide the 8251A with a data charac-
ter before the 825'l A Transmitter Buf fers beconre
ernpty,the SYNC characters (or character if in single
SYNC character mode) will be automatically in-
serted in the TxD data stream. In this case, the
TxEMPTY pin rs raised hrgh to signal that the 8251A
is empty and SYNC characters are being sent out.
TxEMPTY does not go low when the SYNC is being
shifted out (see figure below). The TxEMPTY pin is

interna lly reset by a data character being written
into the 8251 A.

ATJTOMATICALLY INSERTED BY USART

TxD

TTFMPTY

Synchronous Mode (Receive)

In this mode, character syrrchronization can be inter-
nally or externally achieved. lf the SYNC mode has
been programmed, ENTER HUNT command should
be included in the frrst command instruction word
written. Data on the RxD pin is then sampled on

the risrng edge of HxC The content of the Rx buf fer
rs compared at every bit boundary with the first
SYNC character until a match occurs. lf the 825 1A
has been programmed for two SYNC characters, the
subsequent received character is also compared;
when both SYNC characters have been detected,
the USARTends the HUNT mode and is in charar- ter

synr:hr orttzatton The SYNDET pin is then set [',t]h,
and rs reset automatically by a STATUS READ" lf
parity is programmed, SYNDET will not be set urttrl
the middle of the parrty bit instead of the mtddle of
the last data bit

ln the external SYNC mode, synchronization is
achieved by applying a hrgh level on the S\'NDET
pin, thus forcrng the 8251A out of the HUNl" rnode.
The hign level can be removed after one RxC i;'y'uis"

An ENTER HUNT command has no effect In the
asynchronous mode of operation.

FALLS UPON CPU WRII ING A

CHARACIFR TO THE I]SAFT

T B ANSMITTE F L}LJTPI.JT

RFCE IVT R INPUT t)g Ll 1

tt
[]()E: h,i{rl APpF Au
I]N T Ht iTAT A BI]S

+

RxD STAF ]
BIT

iiATA 8II S

-
Pt.tUlll-lA[1r\4EL)
CHARACTEI]

LIN[;TH

I- I] ANSN4 ISSION] FOF MAT

FECEIVL F{lRl'\,1 A1

{'-_.I
\Tftt, I

nrTr I

-1 
t--t

A.'jSFftllBLt iJ St HIAL t]A I A flt.]lPtlT Tx[)

I,AT,.CH;tr,\( tIr{

Figure 9. Asynchronous Mode
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Panty e rror and overrun error are both checked in
the same way as in the Asynchronous Rx mode.
Parity is checked when not in Hunt, regardless of
whether the Receiver is enabled or not.

scs F.'it) EF iernr

CHARACTER LENGTH

0 1 0 1

0

5
8ITS

0

6
8I TS

'l

1
BITS

1

8
8ITS

PAF.(ITY ENABLE
I1 ENABLE)
iO. DISABLE]

EVEt'J PAEITY Gtr{E RAIION'CHECK
1 E\/EN
0 {lrrD

t XTE T]f.JAL SYNC t)E I E CT
,I . SYNDET IS AN INPUT
O SV\DET IS AN f )LJTPt] I

+ SINGLE CHAHACTEF SYNC
1 SIf'JGtE SYNC CHARACTEB
O D.OI.JBt E SYNC CHARACT E F

NII trI IN TXTER|.']AL SYI'\JC MOt)E PROGRANlMING DOUBLE CHARACTEF
SY[',JC WILL AFFECT ONLY THE TX

Figure 10. Mode Instruction Format,
Synchronous Mode

The CPU can command the receiver to enter the
HUNT mode if synchronization is lost. This will also
set all the used character bits in the buffer to a
"one," thus preventing a possible false SYNDET
caused by data that happens to be in the Rx Buf ferat
ENTER HUNT time Note that the SYNDET F,,'F ts

reset at each Status Read, regardless of whether
internal or external SYNC has been programmed.
This does not cause the 8251A to return to the HUNT
mode. When in SYNC mode, but not in HUNT, Sync
Detection is still f u nctional, but on ly occu rs at the
"known" word boundaries. Thus, if one Status Read
indicates SYNDET and a second Status Read also
indrcates SYNDET, then the programmed SYNDET
characters have been received since the prevtous
Status Read. (lf double character sync has been
prog rammed, then both sync characters have been
contiguously received to gate a SYNDET indication.)
When external SYNDET mode is selected, internal
Sync Detect is disabled, and the SYNDET Fr F may be
set at any bit boundary.

RECEI\ E FOEI,lAT

SEFIAL DATA l||'lPt,lT RxLll

CPI,] BY'TFS 5 8 BITS CHAf]

DATA CHARACTF HS

Figure 11. Data Format, Synchronous Mode

COMMAND INSTRUCTION DEFINITION

Once the f u nctional def in ition of the 8251A has been
programmed by the Mode Instruction and the sync
characters are loaded (if in Sync Mode) then the
device rs ready to be used for data communication.
The Command Instruction controls the actual opera-
tion of the selected f ormat. Fu nctions such as:
Enable Transmit,/Receive, Error Reset and Modem
Controls are provided by the Command Instruction.

Once the Mode Instruction has been written into the
8251A and Sync characters inserted, if necessary,
then all further "control writes" (C/D -- 1)will load a

Command Instruction. A Reset Operation (internal
or external) will return the 8251A to the Mode In-

struction format"

Note: Internal Reset on Power-up

When power is f irst applied, the 8251A may come up
in the Mode, Syr-rc character or Command format To

guarantee that the device is in the Command In-
struction f ormat before the Reset command is is-
sued. it is saf est to execute the worst-case
initialization sequence (sync mode with two sync
characters) Loading three 00Hs consecutively into
the device with C D
and writes two dumrny 00H sync characters. An In-
ternal Reset command (40H) may then be issued to
retu rn the device to the '.ld le'" state.
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TflANSfu']II INABLF
'l errattle

0 ri rr.rble

DATA IERMINAL
REAfJY
'hrqh r^rrll lnrlp tlltl
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Note: Error Reset must be perf ormed whenever R x Enable
and Enter Hunt are programmed.

Figure 12. Command Instruction Format

STATUS READ DEFINITION

In data communication systems it is often necessary
to examine the "status" of the active device to ascer-
tain if errors have occurred or other conditions that
require the processor's attention. The 8251A has
facilities that allow the programmer to "read" the
status of the device at any time during the func-
tional operation. (Status update is inhibited during
stat us read. )

A normal "read" command is issued by the CPU with
C,'D - 1 to accomplish this function.

Some of the bits in the Status Read Format have
identical meanings to external output pins so that
the 8251A can be used in a completely polled or
interrupt-driven environment. TxRDY is an
exce pt i on.

Note that status update can have a maximum delay
of 28 clock periods from the actual event affecting
the status.

Figure 13. Status Read Format

APPLICATIONS OF THE 8251A

Figure 14. Asynchronous Serial lnterface to CRT
Terminal, DC-9600 Baud
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D[]Pralr0rr of the 825'lA
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DB Buffer Enr;rty
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O\/ERFIUN EIIR(-JFI
Tf-re tlE flaq rr i*tt rarht'r tfr*' l.Pi I

rlrrps rrol read a clr;tracter itetr,rrP

thp ne xt one beeonte.q avarlatrle
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Figure 15. Synchronous Interface to Terminal or
Peripheral Device

r IATA BUS-l- I- ^--t r--tr.8l l; ?{'}{ ,
<'-RxD

fxD

DSR

nintJ I n

8251A CTS

nlS

ASYNC
flf ODE n,'l

PHONE

LINE
INTER
FACE

BAL]D

R ATE

GENERATOR T E L EPHONE

L INE

Figure 16. Asynchronous Interface to Telephone
Lines

Figure 17. Synchronous Interface to Telephone
Lines
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ABSOLUTE MAXIMUM RATINGS-

Ambient Temperature Under Bias ..0'C to 70'C
Storage Temperature 65'C to * 150'C
Voltage On Any Pin

With Respect To Ground 0 5V to + 7Y
Power Dissipation . 'l Watt

"NOTICE: Stresses above fhose Iisted under "Absolute

Maximum Rafings" may cause permanent damage to the
device.Thisis a stress rating only and f unctional operation
of the device at these or any other conditions above those
indicated in the operational secfions of thls specif ication
is not implied. Exposure ta absolute maximum rating con-
ditions for extended periods may affect device reliability.

D.C. CHARACTERISTICS On : 0"C to 70"C, V66 : 5.0V r10%, GND - 0V).

CAPACITANCE (TR - zs"c,Vcc - cND r ov)

Pa ra meter

;----]

=--l
r --l:--l

I

-:-]

Max. Unit Test Conditions

fc ,- l MHz10ctru Inp ut Capac itan ce

ct/o I O Capacitance 20

A.C. CHARACTERISTICS (rn : 0"C to 70"C, V66 = 5.0v r10%, GND - 0V)

Bus Parameters (Note 1)

READ CYCLE

Symbol Pa ra meter Min.

Address Stable Before READ (CS, C D)

Address Hold Time for nfnO (CS, C,,D)

READ Pulse Width

Data Delay f rom READ

READ to Data Floating

pF Unmeasured pins returned
to GND

Note

Note

Unit

Param

Input Low Voltage

Input High Voltage

Output Low Voltage

Output High Voltage

Output Float Leakage

I nput Leakage

Power Supply Curren

eter Min. Max. Unit Test Conditions
05 OB V

20 Vcc V

0.45 V lOl - 2.2 mA

24 V IOL - 400 pA

i- 10 pA VOU1 - VCC TO 0.45V

r.1 0 pA Vlru -' VCC TO 0.45V

t 100 mA All Outputs -= High

Symbol

Conditions

tB4

tRF

tRo

WRITE CYCLE

Symbol Parameter Min. Max. Unit Test Condtions

tRw Address Stable Before VVRITE 0 NS

twR Address Hold Time for WRITE 0 NS

tww WRITE Pulse Width 250 NS

tow Data Set-Up Time tor WRttf 150 NS

two Data Ho ld Time f or WR ITE 20 NS

tRv Recovery Time Between WRITES 6 tcv Note 4
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Symbol Parameter Min. Max. Unit Test Condit

tcv Clock Period 320 1 350 NS Notes 5, 6

tg Clock High Pulse Width 120 tCy -90 NS

tE Clock Low Pulse Width 90 NS

tptR, Clock Rise and FallTime 20 NS

tDTt TxD Delay f rom Falling Edge of TxC 1 pS

ft* Transm itter Input Clock Frequency
1x Baud Rate
16x Baud Rate
64x Baud Rate

DC
DC
DC

64
310
615

kHz
kHz
kHz

trpw Transmitter Input Clock Pulse Width
1 x Baud Rate
16x and 64x Baud Rate

12

1

tcv
tcY

trp o Transm itter Input Clock Pulse Delay
1x Baud Rate
16x and 64x Baud Rate

15

3

tcY
tcv

fRt Receiver Input Clock Freq uency
1x Baud Rate
.l 6x Baud Rate
64x Baud Rate

DC
DC

DC

64
310
615

kHz
kHz

I kHz

[-
tcv

I tcv
I

tcv

Itcv
tcv

I-

NS
I

+ICY

NS

t:
tcv

1

I tcv
I1-I'CY

I

I tc"
I

tcY

Note 7
I

Note 7
I

. 
Note 7

. 
Note 7

, 
Note 7

r

Note 7

Note 7

Note 7

Note 7

tRpw

tRpo

ttx n oY

ttrLlPf +FiR
tRx r ov

tnrn qy q!E4r
trs

trs

ttx r v ptv

twc

tcn

Receiver Input Clock Pulse Width
1 x Baud Rate
.l 6x and 64x Baud Rate

Receiver Input Clock Pulse Delay
1x Baud Rate
16x and 6

TxRDY Prn Delay f rom Center of Last Bit

TxRDY I f rom Leading Edge of WR

RxRDY Pin Delay Jrom Center of Last Bit

lnternal SYNDET Delay from Rising
Edge of RxC

External SYNDET Set-UpTime After
Rising Edge of RxC

IIrYlrl 0etll t'91 99119' 
of Ll:! lit

Control Delay f rom Rit,ng*Edge of
Rrs)

Control to READ Set-Up Trnre (D-Sa C-TS)

12
J

I

l:-

15

[3

=-
t

[ 18

[-
I

t

B

l:
20

Lt---
B

l-+orr;{
-o*
[:

26
I

t
t

l

A.C. CHARACTERISTICS (Continued)

OTHER TIMINGS

-NOTE:

'l . For Extended Temperature EXPRESS, use MB25'l A electrtcal parameters

ion s

l

l

I

l
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A.C. CHARACTERISTICS (Continued)
NOTES:
1. ACtimingstneasuredVOX - 2.0VOL: 2.0,V91 -- 0.8, and with load circuit of Figure 1.

2. Chip Select (CS) and Command/Data (C/D) are considered asAddresses.
3. Assumes thatAddress is valid before RgJ.
4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY = 1. Recovery Time between

Writes forAsynchronous Mode is 8 t6y and for Synchronous Mode is 16 t6y.
5. TheTxCandRxCfrequencieshavethefollowinglimitationswithrespecttoCLK:ForlxBaudRate,fTrorfgr= 1/(30

(cY r.
For 16x and 64x Baud Rate, f1, or fp1 -.,'1l(4.5 tgy).

6. Reset PulseWidth -- 6 tCV minimum; System Clock must be running during Reset.
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status.

TYPICAL I OUTPUT DELAY VS. I CAPACITANCE (pF)

-50

I

UJ

(J
F
f

F
f
-l

0

I CAPACITANCE

+50 + 100

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT OUTPUT

A C TESIINIJ INPLJTS ARE DRIVEN AT Z 4V FDR A LOGIC 1 AND O 45V FOR
A LOGIC O IIMING MEASUREMENTS ARE N4ADE AT 2OV FCR A LOGIC 1

AND 0I'v' FOFI A LOGIC 0

TEST POINTS

A.C. TESTING LOAD CIRCUIT

C,_ - 150 pF
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WAVEFORMS

SYSTEM CLOCK INPUT

F-r.v----+l
---f F --f F,r*1 Ft,-*i

CLOCK - 
--

TRANSMITTER CLOCK AND DATA

F rrpyv - *i*- rrpo 

--]u-- _

vtrinntw
TtC ltx MODEI

T,it itsruoor i

Tr OATA

RECEIVER CLOCK AND DATA

(RT BAUD COUNTER STARTS HERE I

lll*t?it -Ls-T'*
f+ IHPD +l

r> - 3t",

rNr SaMPLTNG n A
PULST 

-
-11*'.,

-t*:
t

- "n;:;t#:1" -- 16RxcprRroDs,16rMoDEl

i't'ouoorr W L\I;VVVW\
*i* 3 t.,

WRITE DATA CYCLE (CPU * USART)

TXRDY

Wt

DATA IN {D 8

f* -l tTxRDY Ct EAR

-<tww>-\/
t___-l

+ tDW +l- ;.1 tWD

r +-:+----1 DoN T CAFE

1 10'1il1g.l' j-1::-- -: r
DOT'] I CART

READ DATA CYCLE (CPU *- If SART)

Rd

DATA OUT ID 8 }

crD

cs

DATA FTOAT

6-136 AFN-01573D



iru 8251 A

WAVEFORMS (Continued)

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU-* USART)

+ tWC *l
. - tvtt', - /t"'' 
L j

DATA IN ID ts

r. til" I /

CS

READ CONTROL OR INPUT PORT (CPU ** USART)

NOIE =l Twc INCLI'JDES THE RESPONSE TIMING OF A CONf ROt BYTE.

NOTE ;2 T.* INCttJDES THE EFFECT OF CTS ON THE TxENBL CIRCUITRY

TRANSMTTTER CONTROL AND FLAG TTMTNG (ASYNC MODE)

CTS

Tx EMPTY

Tx READY
(STATUS BIT)

Tx READY
(PIN)

co

Wr

Tx DATA

DATA CHAR 1 DATA CHAF 2 DATA CHAR 3

EXAMPLE FOFMAT - 7 BIT CHARACTER WITH PARITY & 2 STOP SITS-

Wr DATA 1 Wr DATA 2
I

Wr DATA 3 Wr DATA 4
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WAVEFORMS (Continued)

RECETVER CONTROL AND FLAG T|MING (ASYNC MODE)

6-138



8253/8253-5

r Count Binary or BCD

r Single + 5V Supply

Available in EXPRESS

-Standard Temperature Range

-fvtended Temperature Range

lnU'

The Intelo 8253 is a programmable counter/timer chip designed for use as arr lntel microcornputer peripheral. lt uses
nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DlP.

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft-
ware programmable.

CLK O

GATE O

OUT O

RD

WR

'tJ

CS

CLK 1

GATE 1

OUT 1

D7

D5

D5

D4

D3

D2

Dr

LJ^

CLK O

OUT O

GATE O

GND

PROG RAM MABLE I NTERVAL TIM ER

r MCS-8STil Compatible 8253-5

r 3 f ndependent 16-Bit Gounters

r DC to 2 MHz

r Programmable Counter Modes

Dor,,, i='lil--]-, 
l ,r','i1 . 

Ill

'CC

wn

Fb

cT

A1

Ao

CLK 2

OUT 2

GATE 2

CLK 1

GATE 1

OUT 1

CLK 2

GATE 2

OUT 2

R EAD
WR ITE
LOG IC

CONTRO L

WORD
REGISTER

'l -24

223
322
4?1

520
e 9253 1e

7 18

8 17

9 16

'r0 'r 5

'11 14

12 13

A INTEL CCRPORATION. 1982

Figure 1. Block Diagram
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Figure 2. Pin Conliguration
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FUNCTIONAL DESCRIPTION
General

The 8253 is a programmabfe interval timer/counter
specifically designed for use with the Intel" Micro-
computer systems. lts function is that of a general
purpose, multi-timing element that can be treated as an

array of l/O ports in the system software.

The 8253 solves one of the most common problems in any

microcomputer System, the generation of accurate time
delays under software control. Instead of setting up timing
f oops in systems software, the p rogram mer conf ig u res the
8253 to match his requirements, initializes one of the
counters of the 8253 with the desired quantity, then upon
command the 8253 will count out the delay and interrupt
the CPU when it has completed its tasks lt is easy to see
that the software overhead is minimal and that multiple
delays can easily be maintained by assignment of priority
levels.

Other counter/timer functions that are non-delay in

nature but also common to most microcomputers can be

im plemented with the 8253
. Programmable Rate Generator
o Event Cou nter
. Binary Rate Multiplier
. Real Time Clock
o Digital One-Shot
. Complex Motor Controller

Data Bus Buffer
This 3-state, ba-directional, 8-bat buffer is used to interface
the 8253 to the system data bus. Data is transmitted or
received by the buffer upon execution of lNput or OUTput
CPU instructions. The Data Bus Buffer has three basic
f u nctions.

'l Programming the MODES of the 8253.
2. Loading the count registers.
3 Reading the count values.

Read/Write Logic

The Read/Write Logic accepts inputs f rom the system bus

and in turn generates control signals for overall device
operation. lt is enabled or disabled by CS so that no
operation can occur to change the f unction unless the
device has been selected by the system logic.

no tRead)
A "low" on this input informs the 8253 that the CPU is

inputting data in the form of a counters value.

Wn (Write)
A *'low" on this input informs the 8253 that the CPU is

outputting data in the form of mode information or loading
counters.

AO, A1

These inputs are normally connected to the address bus.

Their function is to select one of the three counters to be

operated on and to address the control word register for
mode selection.

m (Chip Select)
A',low" on this input enables the 8253. No reading jI
writing will occu r u n less the device is selected. The CS

input has no effect upon the actual operation of the
co u nters

Figure 3. Block Diagram Showing Data Bus Butfer and
Read/Write Logic Functions

CLK O

GATE O

OUT O

nD

wn
CLK 1

GATE 1

OUT I
Ao

A1

CLK 2

GATE 2

OUT 2

CS RD WF A1 As

0 1 0 0 0 Load Counter No. 0

0 1 0 0 1 Load Counter No. 1

0 0 1 0 Load Counter No. 2

0 1 0 1 1 Write Mode Word

0 0 1 0 0 Read Counter No. 0

0 0 1 0 1 Read Counter No. 1

0 0 1 1 0 Read Counter No. 2

0 0 1 1 1 No-O peration 3-State

1 X X X X D isa b le 3-Sta te

0 1 1 X X No-O peration 3-State
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Control Word Reglstcr
The Control Word Register is selected when A0, A1 are 11"

It then accepts information f rom the data bus buffer and
stores it in a register. The information stored in this
register controls the operationaf MODE of each counter,
selection of binary or BCD counting and the loading of
each cou nt reg lster.

The Control Word Register can only be written into; no
read operation of its contents is available*

Counter #0, Counter #1, Cou nler #2
These th ree f u nctional blocks are identical in operation so
only a single Counter wrll be described. Each Counter
consists of a single, 16-bit, pre-settable, DowN counter.
The counter can operate in either binary or BCD and its
input, gate and output are configured by the selection of
MODES stored in the Control Word Register.

The cou nters are f u lly independent and each can have
separate Mode conf ig u ration an d cou nting operation,
binary or BCD. Also, there are special features in the
control word that handle the loading of the count value so
that software overhead can be m in im ized f or these
f u nctions.

The reading of the contents of each counter is available to
the programmer with simple READ operations for event
counting applications and special commands and rogic
are included in the 8253 so that the contents of each
counter can be read'*on the fly" without having to inhibit
the clock input.

8253 SYSTEM INTERFACE
The 8253 is a component of the Intel" Microcomputer
Systems and interfaces in the same manner as all other
peripherals of the family. lt is treated by the systerns
software as an array of peripheral l/O ports; three are
counters and the fourth is a control register for MODE
program m ing.

Basically, the select inputs A0, A1 connect to the A0, A1
address bus signals of the CPU. The CS can be cJerived
directly f rom the address bus using a linear select method
Or it can be connected to the output of a decoder, such as
an Intel r 8205 f or larger systems

Figure 4. Block Diagram Showing Control Word
Register and Counter Functions

D7:
CI.KO

GATE O

OUT O

Ds

no

WE

^o
A1

CLK I

GATE 1

OUT 1

CLK ?

GATE 2

OUT 2

N-

INTE RNAL BUS

DATA
BUS

EUFFER

R EAD'
WR ITE
LOG IC

i

-J

corrrino r aus

--onra 

aus Gj -

Figure 5. 8253 System Interface

Ar Ao CS Do D, RD wR

8253

CI]LINIFR COUNTER COUNTER
012

r:- 
=:-r, 

t 
rOUT GATE CLK OLJT GATE CtK 'OUI GATE CI K '
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OPERATIONAL DESCRI PTION

General
The c,ilmplete f lt nctional def in itior-r of the 8253 is
prog ram med by the systems sof tware. A set of control

words m ust be sent out by the CPU to rn itialize each

counter of the 8253 with the desired MODE and quanttty

inf ormation. Prior to initialization, the MODE, Count, and
output of all counters is undef ined. These control words
program the MODE, Loading sequence and selection of
binary or BCD counting.

Once programmed, the 8253 is ready to perform whatever

trmrng tasks it is assigned to accomplish

The actual cotlnting operation of each counter is

completely independent and additional logic is provided
on-chip so that the uslral problems associated with

ef f icient mon itoring and management of external,

asy nch ronous events or rates to the m icrocomputer

system have been eliminated.

Programming the 8253

All of the MODES for each coutnter are prograRlnred by the

systems sof tware by srnr ple | ,'O operations

Each counter uf the 8253 rs tndtvtdrtally prograrTrmerl Dy

wrrting a contrrtl worrJ into the Control Worrl Feqtster

{A0 Al 11l

Control Word Format

D7 D6 D5 Da D3 D2 Ds

SC1 SCO R L1 RLO M2 M1 MO BCD

Definition of Control

SC Select Counten

SC 1 SCO

RL - Read/Load:

R L1 R LO

Counter Latching operation {see

R EAD 'WR ITE ProcecJure Sectiorr)

0

I

R eari Loacl rnost sign if ica nt byte on ly.

M MO DE:

M2 M1 MO

Mode 0

Mode 1

Mocle ?

Mode 3

Moci e 4

MocJ e

BC D:

0 Binarv Courrter 1 6-bits

1
Binary Cocled Decimal (BCD) Counter
(4 Decades)

Counter Loading

The count register is not loaded until the count value'is
written (one or two bytes, depending on the rnade
selected by the RL bits), followed by a rising edge and a

falling edge of the clock. Any read of the counter prior to
that falling clock edge may yield invalid data.

MODE Definition

MODE 0: Interrupt on Terminal Count. The output ','t'ill
be initially low after the mode set operation. After the
count is loaded into the selected cou nt register, the out-
put will remain low and the counter will count. When ter-

minal count is reached the output will go high and re-

main high until the selected count register is releaded
with the mode or a new count is loadeci. The counter
continues to decrement after terminal clrunt has been
reac h ed.

Rewriting a Counter register during counting rcsults in
the f ollowing:

{1) Write 1st byte stops the current countinE.
(21 Write 2nd byte starts the new count"

MODE 1: Programmable One-Shot. The outpi,t wtll go
low on the count followrng the rising edge of th; gate ln-

put

The output will go high on the terminal count. lf a new
count value is loaded while the output is low it wtll not
affect the duration of the one-shot pulse until the suc-
ceeding trigger.The current count can be read at any
time without affecting the one-shot pulse.

The one-shot is retriggerable, hence lfre cutput wtli re-

main low for the full count after any rising edge of the
gate in put.

Reacl /Loaci least signif icarrt byte orrly.

R ea rJ Loari lea st s ign if ica nt [ryte f ir st ,

then most significant bYte.

D1

0

1 1

0 0 Se lect Cou nter 0

0 1 Se I e ct Cou nter 1

1 0 Select Counter ?

1 1 I lleqa I
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HIODE 2: Ratc Gonorrtor. Divide by N counter. The out-
put will be low for one period of the input clock. The
period from one output pulse to the next equals the
number of input counts in the count register. lf the
count register is reloaded between output pulses the
present period will not be affected, but the subsequent
period will ref lect the new value.

The gate input, when low, will force the output high.
When the gate input goes high, the counter will start
from the initial count. Thus, the gate input can be used
to synchronize the counter.

When this mode is set, the output will remain high until
af ter the count register is loaded. The output then can
also be synchronized by software.

MODE 3: Square Wave Rate Generator,Similar to MODE
2 except that the output will remain high until one half
the count has been completed (for even numbers) and
go low for the other half of the count. This is accom-
plished by decrementing the counter by two on the fall-
ing edge of each clock pulse. When the counter reaches
term inal cou nt, t he state of the output is c hanged and
the counter is reloaded with the tullcount and the whole
proce$s is repeated.

ff the count is odd and the output is high, the f irst clock
pulse (after the count is loaded) decrements the count
by 1. Subsequent clock pulses decrement the clock by
2. After timeout, the output goes low and the full count
is reloaded. The first clock pulse (following the reload)
decrements the counter by 3. Subsequent clock pulses
decrement the count by 2 until timeout, Then the whole
process is repeated, In this way, if the count is odd, the
output will be high f or (N + 1ll2 counts and low f or
(N - 1ll2 counts.

MODE 4: Software Trlggered Strobe. After the mode is

set, the output will be high. When the count is loaded,
the counter will begin counting. On terminal count, the

output will go low for one input cfock period, then will
go high again.

lf the count register is reloaded during counting, the new
count will be loaded on the next CLK pulse. The count will
be inhibited while the GATE input is low,

iIODE 5: Hardware Trlggcred Slrobe. The counter wilf
start counting after the rising edge of the trigger input
and wilf go low for one clock period when the terminal
count is reached. The counter is retriggerabfe. The out-
put wifl not go low until the full count after the rising
edge of any trigger,

Flgure 6. Gate Pin Operatlons Summary

Rising

Signal
Status

D rsa bies
ar\r nlrn/-lLULirr{rrrv

En abies

e ou nttng

1 I ln rtrates
LrilrJnIlng

:r) Fr:set:' rrtttSt Lrt

af lgr nexl c lr:t k

1) Drsables

counttrrg

2i Sets outprLlt

rm m ed rate ly

hrgh

1) Reloads

counter
2) Initiates

counting

Enables
!'-irrfiiinnLiL/fr . 5

1) Drsables
c(]Lrnling

)\ Qpf c nr rt R rt

irnrnedlatel'y

h gf^r

I n t lates
aarlLRlrrrn ,y

Erratrles
rfl' ntlnrr

D isa bles
--rtnf,tnnuuu !t ri\_{

En ables
cou ntrn q

ln rtrates
cou nting
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WRn

OUTPUT (INTERRUPT)

MODE 0: lnterrupt on Terminal Count

CLOCK

MODE 3: Square Wave Generator

cl-c[ 
^ 4242424242424

OUTPUT (n = 4)

5425254252s42
OUTPUT (n = 5)

MODE 4: Software Triggered Strobe

CI.I]CK

unr*

ourPuT 
-Jt--

LOAD "

GATE
443210

-t-

CUTPUT L-l

MODE 5: Hardware Triggered Strobe

CLOC*

GATE _

OUIPUT In .

T]ATF

4143210
0LlTPUT n 4

210

MODE 1: Programmable One-Shot

c l-.lc *

tr^f R nr -l- l-

THIG{IFH 

-

0

TRr'.,(j[R l-'l ,f

MODE 2: Rate Generator

LLOi-,t

tf,F 
"

i,r[.l TPt.t T 
1 "1 1 ' ] l

,L/lt,r.l I I.-.r;la
FTSFT

Figure 7. 8253 Timing Diagrams

6-144 AFN-OO745C



iru 8253/8253-5

8253 READ/WRITE PROCEDU RE

YVrfte Operations

The systems software must program each counter of the
8253 with the mode and quantity desired The program-
mer must write out to the 8253 a MODE control word and
the programmed number of count register bytes (1 or 2)
prior to actually using the selected counter

The actual order of the programming is quite flexible
Writing out of the MODE control word can be in any
sequence of counter selection, e,9., counter #0 does not
have to be first or counter #2 last. Each cbunter's MODE
control word reg ister has a separate add ress so that lts
loading is com pletely sequence independent. (SCO, SC 1 )

The loading of the Cou nt Reg ister with the actual cou nt

value, however, must be done in exactly the sequence
programmed in the MODE control word (R10, RLl ). Thrs
loading of the counter's count register is still sequence
independent like the MODE control word loading, but
when a selected count register is to be loaded it [nust be
loaded with the number of bytes programmed in the
MODE control word (RL0, RL1) The one or two bytes to
be loaded in the count register do not have to follow the
associated MODE control word. They can be programmed
at any time following the MODE control word loading as
long as the correct number of bytes is loaded in order.

Aff counters are down counters. Thus" the value loaded
into the count register will actually be decremented
Loading all zeroes into a count register will result in the
maximum count (2'6 for Binary or 10a for BCD) In MODE 0
the new count will not restart until the load has been
completed. lt will accept one of two bytes depending on
how the MODE control words (RL0, RL1) are program-
med. Then proceed with the restart operation

Figure 8. Programming Format

No. 1

No. 2

No. 3

No. 4

No. 5

No. 6

No. 7

No. 8

No. I

Note. The exclusive addr esses of each counter's count register make
the task of programming tne 8253 a very simple matter, artd
maximum effective use of the cJevice will result rf this ferture
is fully utilrzetJ.

Note: Format shown
does not implv

the 8253 and
can he usecl.

MODE Control Word

Cou nter n

LSB Cou nt R eg ister byte
Cou nter n

Cou nt R eg ister
Cou nter n

is a srmple example of loading
that rt is the only f ormat that

MODE Control Word
Cou nter 0

MODE Control Word

Cor: nter 1

MODE Control Worcj
Co u nter 2

LSB Cxlu rtt R eg rster Byte

Cou nter 1

Co u nt R eg ister Byte

MSB Counter 1

Count Register Byte
Co u nter 2

Count Register Byte

Cou nter 2

Count Register Byte
Co u rrter 0

Co u nt R eg ister B yte
Cou nter 0

Figure 9. Alternate Programming Formats
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Hmd Optrutlont
ln r-nnst cDLt nter applrr.atrrrns rt becomes nectrSsarY tt-r rearJ

tlt-le 'r,alu€ rf the Coulnt ln progress arrd l.n;rlqe A

f,r-JrnpultatrorraI decislon based on thrs quarltrtv. Event

Counters are prnbably tt-re most common applicatlnn that
uses thrs funetron The 8?53 contatns logle that wtll allow
the programrner to easrly read the contents of any of the

three Counters wrthnut drsturbrnq the actual count ln

proqress

There are twn rnethods that the programmEr CaR use to
read the value nf the ceunters The frrst methoC invelv'es
the LrsE nf =lmprle I O read operatrclns cf the seleeterl
cOu ntel. By f,e ntnn llrn g t he A0 A 1 rn pr-rts tn the 8?53 the

prograrnn-ter ran seleet the IoL]nter to be read {rernernber

that nfl read nperatron ilf tl'xe mode reglster ls allcwed AC

A I -1 '1 l| The nnly requtN'ernent wrth thrs nnethnd ts that lrr

e rder t,l aSSurtr a stable e f,lnt reading the actrraloPerattlrn
nf tt-re seleeteC ccunter Ln!_E_! be inhibited either Lry'

f,ontrolirng rtf-re Gate rnpLtt or by external {ngrc that tnhrbtts

the e ,t,t-tr Inprtt -[-he Irrrten'ts of the ccl]nter selected wtll

bg a,a iaf iF r.ir I-_ ln,4S

flrst | ::l F,ead p.tr t'-ltalns tl'-le least stgnrficant blnte {tSB

=er-.,-11d | -l' Frer.trf, {:lLlnt;trns the r-nilgt srgnlftcilf,it Ft',rte

I l'r.'1 5; E

Due i; thp nternal lrrqlr- nf the 8253 rt ts ahsnltttel",,

re{:tBs=;rl.\' t'r; {,1:--j[-r-l plete lihE Entlre reacJrng F]rL'-icedLlre lf 't'w'';

t-l,rlteE a['rr F['-r:]l.ilm-meC tr:-;r hF rearl then t',,,!'u, hytes r!ust he

le.tJ bef r;r€ iJrr r il:-radll.lrq UurF rommanrd catt bel :;r-rr-'t 1lr ti r:

:'.1"' f 'le'

Hsad Operatlon Chart

A1 AO RD

0 0 0 Read Counter No. 0

0 1 0 Read Counter No. 1

1 0 0 Read Counter No. 2

1 1 0 f ilega I

Reading While Counting
In order for ttre pregrammer te read the conten'ts of any
cDrrnter wrtfraut effectlng or drstt-trbing the co{*tnttng

cperatron t he 8253 h as spec ral Internal log rc that can be

accessed ustng srr-nprlg WE commands to the MODE
reglster Basre ally wl'-ren the programmer wishes to read
thre ccntents nf a selected cou nter '.on the f ly" he lcads the
f-',4ODE ree{stpr lvrtf-l e special code which latches the
present eourrt ',,8{Lr€ inta a sterage regtster so that its
cDntents [,Jrttaln an acrlrate, stable quantrtrl Tf-re

prrlqranrrner then {ssU8s a normal r.Ead cornrnand ta the

selet-tprl cel nter an d the contents nf the latched reqister rs
E'rE ahilr'

MODE Register for Latching Count

40, A1 '= 11

D5 D4 D3 D2 D1 DO

0 0 0 X X X X

SCI :'Ctl speerfS'rrlrrrrter tc tre latched

D5 D,4 00 des gnates counter latchrng operaticn

x '-ltn t i'a'e

The same limitation applies to this mode of reading the
counter as the previous method, That is, it is mandatary
to complete the entire read operation as programmed,
This command has no effect on the counter's mode.

CLK

8253 5

.lf an 8085 clock output rs tta dnve an 8253 5 clacl',, rrrnut. it rnust be reduced to 2 MHz ar less.

Flgure '10" MCS-85-" Cf ock Interface*

SCl

D6

SCt
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ABSOLUTE MAXIMUM RATINGS"

Am [rient Tem[]eratu re Urrrler B ias

Storage Temperatu re

Voltage On Any Pin
Wrth Respect to G rou n d

Power Dissipation

-NOTICE: Sfresses above those /isfed under'Absolute
Maximum Rafings" may cause permanent damage to the
device. This is a sfress rating only and funcfio nal opera-
tion of the deyice at fhese or any other conditions abave
fhose indicated ln the operattonal secfions of fhls
specification ls not implieC. Exposu re to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

0"Cto70'C
65'C to +150'C

05Vto+7V
1 Watt

D.C, CHARACTERISTICS (Tn :0'c to 70'c, vcc : sv t10%)

Symbol Pa ra meter

Vrl 1011 Low Yoltase
Inpr:t High Voltage

O r.rtpu t Luuuf!1,!!.

Outprut High Vo ltage

vru

Vol

VoH

Irl ll4{]?u,rIr,'ffi: _

Output Float Leakaqelorl
lcc Vcc Sr-r prply Currertt

T

Min. Max.

0.8

vcc +

t10

t10

I:tqo:

Test Conditions

Note 1

Note 2

uA
I

Vtru =: VC6 to 0V

;rA VOUr - VCC to .45V

r-nA

Un!t

V

CAPACITANCE (rn - 2s-c, Vcc - cND - 0v)

A.C. CHARACTERISTICS (ra : 0"c to 70"c, Vcc - 5.0V * 10%, GND - ov)

Bus Parameters (Note 3)

READ CYCLE

SVmbol Para meter M in, Tvp" Max. U nit Test Co nd itio ns

Ctr.t I n put Ca pac ita n ce r0 pF fc - 1 MHz

cuo f ,'O Caoacitance 20 pF Unmeasured pins returned to V5g

Symbol Pa ra mete r

825 3 8253-s

UnitMin. Max" Min. Max.

t,A R Acl d ress Sta tr I e Bet ore R EA D 50 30 ns

f - ^'r.lA Address Holcl Time f or R EAD 5 5 NS

tnn R EA D Pu lse Widt h 400 300 n5

tRo Data Delay Fror P 5gP l+l 300 200 NS

tnr R EAD to Data F loatrrrg; 25 125 25 100 NS

PS
tnv Recovery Time Betwee*; D

and Any Other Control Signal 1 1

6-147 AFN-CO745C
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WRITE CYCLE

Symbol Parameter

8253 8253-5

UnitMin. Mar. Min. Max.

IRW Address Stable Bef ore WR ITE 50 3C ns

twR Address Hold Time f or WR ITE 30 30 NS

tww WR lT E Pu lse Width 400 300 NS

tow Data Set Up Time f or WR ITE 300 250 ns

two Data Hold Time f or WR ITE 40 30 ns

tnv Recovery Time Between WFITE
and Any Other Control Signal

1 1 tr/s

A. C. CHARACTERISTICS (Continued)

CLOCK AND GATE TIMING

NOTES:
1. f OL : 2.2 mA"
2. lOx - -400 pA"
3. AC timings measured at Vox 2.2, Vg1
4, CL - 150pF.
- For Extended Temperature EXPRESS,

: 0.8.

use M8253 electrical parameters.

A.C, TESTING INPUT OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

m
I'uo E.

CL INCLUDES JIG CAPACITANCE

Symbol Parameter

8253 8253-s

UnitMin. Max. Min. Max.

tctrc Clock Per iod 380 dc 380 dc ns

tpw H High Pu lse Width 230 230 ns

tpw t Low Pu lse W idth 150 150 ns

tcw Gate Width High 150 150 ns

tcl Gate Width Low 100 100 ns

tcs Gate Set Up Time to CLK T 100 100 NS

tcH Gate Hold Time After CLKI 50 50 ns

too Output Delay From CLK+t4l 400 400 ns

tooc O utput De lay F ro m Gslg 1 [01 300 300 ns

twc Write to CLK Set Up 450 350

-tTEST POINTS <\\

A - -F:ir f'lt, NF!T-'i AEF D[Jl'vFl'{ AT 2 4\,'FL]F A LilGIC 1 ANtl ll .45v FllR
,A -_.: { _ r f,f Nri t\u"'tEA5rrE[iu'f r_Nr5 ABt MADF Ar:0\ FCR A L[lGt: I

A',- f , I,t-,1 
- r
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WAVEFORMS

WRITE TIMING READ TIMING

CLOCK AND GATE TIMING

f* 
t*'-]
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9255A/8255A-5

The Intelo g255A is a general purpose programmable l/O device designed for use with Intelo microprocessors. lt has

24 l/O pins which may be individually programmed in 2 groups of 12 and used in 3 rnajor modes of operation. ln the f irst

mode (MODE 0), each group of tZ tl(i pinJmay be programmed in sets of 4 to be input or output ln MODE 1, the second

mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand-

shaking and interrupl control signals. The third mode of operation (MODE 2) is a bidirectional bus mode whtch uses 8

lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

L++
l

Figure 1, 8255A Block Diagram Figure 2. Pin Configuration

PROG RAMMABLE PERIPH ERAL INTERFACE

r MCS-8STM Compatibfe 8255A'5

r 24 Programmable f/O Pins

r Completely TTL Compatible

r Fully Compatible with IntelE Micro'
Processor Families

I f mproved Timing Characteristics

I Direct Bit Set/Reset Capability Easing
Controf Application Interface

r Reduces System Package Count

r lmproved DC Driving CapabilitY

I Available in EXPRESS

-$fsndard 
Temperature Range

-Extended 
TemPerature Range

NTEL,- r:iFPtltr .\Tl: N I S82

6-166
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8255A FUNCTIONAL DESCRIPTION

Generaf

The 82554 is a programmable peripheral interface (PPf)

device designed for use in lntelc microcomputer
systems. lts function is that of a general purpose l/O
component to interf ace peripheral eq u ipment to the
microcomputer system bus. The functional conf igura-
tion of the 8255A is programmed by the system software
so that normally no external logic is necessary to inter-
face peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to interface
the 8255A to the system data bus. Data is transmitted or
received by the buf f er upon execution of input or output
instructions by the CPU. Control words and status inf or-
mation are afso transferred through the data bus buffer.

Read/Write and Controf Logic

The function of this block rs to manage all of the internal
and external transfers of both Data and Control or Status
words. lt accepts inputs from the CPU Address and Con-

trol busses and in turn, issues commands to both of the
Control Groups.

tnot
Read, A "low" on this input pin enables the 8255A to
send the data or status information to the CPU on the
data bus. In essence, it allows the CPU to "read from"
the 82554.

(wR)
Writa. A "low" on this input pin enables the CPU to write
data or control words into the 82554.

(Ao and Ar)

Port Select 0 and Port Select 1. These input signals, in
conjunction with the RD anci WR inputs, control the
sefection of one of the three ports or the control word
registers. They are normally connected to the least
significant bits of the address bus (As and Ar).

(c=)

Chip Select. A "low" on this input pin enables the com-
muniction between the 8255A and the CPU.

Flgure 3. 8255A Block Dlagram Showlng Data Bue Buffer and Read/Wrlte Control Logic Functions

8255A BASIC OPERATION
INPUT OPERATION {READ}
PORTfi+DATABUS
PORTB-DATABUS
PORT C - DATA BUS

OUTPUT OPERATION
(WRITE}

DATA BUS - PORT A
DATA BUS - PORT B
DATA BUS - PORT C

DATA BUS _ CONTROL

DISABLE FUNCTION

DATA BUS + J-STATE
ILLEGAL CONDITION

DATA BUS - 3-STATE

6-167
AFN-007'l4C
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(nEEET)

Rltet. A "hlgh" on this Input clears the control reglster
and all portr (A, B, C) are got to the input mode.

Group A rnd Group B Gontnolr

The functlonel configuratlon of €ach port ls program-

med by thc ryeterns goftwaro. In eesence, the CPU "out-
puts" a control word to the 8255A. The control word con-
talns Informatlon such aE "modo", "bit sot", "blt ro38t",
stc., that Inltlaltzee the functlonal conflguratlon of the
E2554.

Each of the Controf blocks (Group A and Group B) accepts

"command!" from the Read/Write Control Logic, receives

"control words" fronr the internal data bus and issues the

proper commands to its associated port$.

Control Group A - Port A and Port C upper (C7-C4)

Control Group B - Port B and Port C lower (C3-C0)

The Control Word Register can Only be written into. No

Read operation of the Control l{ord Register is allowed.

Ports A, B, and C

The 8255A contains three 8-bit ports (A, B, and C). All
can be configured in a wide varlety of functional charac'
terlstlcs by the system software but each has its own
speclal features or "personallty" to further enhance the
power and flexibility of the 8255A.

Port A. One 8-bit data output latch/buffer and one 8-bit
data input latch.

Port B. One 8-bit data input/output fatch/buffer and one
8-bat data input buffer.

Port C. One 8-bit data output latch/buffer and one 8-bit
data input buffer (no latch for input). This port can be

divided into two 4-bit ports under the mode control.
Each 4-bit port contains a 4-bit latch and it can be used
for the control signal outputs and status signal inputs in
conjunction with ports A and B.

PIN CONFIGURATION

rA3

?AZ,

tAl

PIN NAMES

?A'

?A5

2At

FA7

wn

R€S€I

Do

ol
o2

o3

o.

{o

tll

]l

J7

l6

35

3a

3l

3?

3l

30

?9

?t

?1

/b

25

7a

23

22

2l

2A0

no

cs

GNO

AI
tlo

tr 7 -PAg

ttO
rC 7 -PC4

D5

or

q
tcr

?ll
PB6

?t5

Paa

283

tr
rr

A.l

AO

llrr

Flgurc l. I225A lfock Dlrgrem Showlng Group A and
Oroup B Gontrof Functlont

Dr-oo DATA 3t S (Of -OtRECTlfiALl
f u v^. n tw ltr vrrrl

RCSET RESET IN?UT

l*-F--ffi
l--ffi: ]--READ ffrruT
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8255A OPERATIONAL DESCRIPTION

Mode Selection
There are three basic modes of operation that can be select-
ed by the system software:

Mocle 0 - Basic Input/Output
Mode 1 - Strobed InputlOutput
Mode2 - Bi-Directional Bus

When the reset input goes "high" all ports will be set to
the input mode (i.e., all 24 lines will be in the high im-
pedance state)" Af ter the reset is removed the 8255A can
rernain in the input mode with no additional initialization
required. During the execution of the system program
any of the other modes may be selected using a single
output instruction. This allows a single 8255A to service
a variety of peripheral devices with a simple software
maintenance rout ine.

The modes for Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers, in-

cluding the status fl ip-f lops, will be reset whenever the

mode is changed. Modes may be combined so that their
functional definition can be "tailored" to almost any l/O
structure. For instance; Group B can be programmed in

Mode 0 to monitor simple switch closings or display compu-

tational results, Group A coulcl be programmed in Mode 1

to monitor a keyboard or tape reader on an interrupt-driven
basis.

c
MoDrt - 4 J

Jalto I I I | | | | | lsltro
-.? trl+ rri* <-j'

PB7 PBo tBHt'?8t tBtt'?o"t PA7 PAo

r\4ODE r =#
1=,

P ro r I t i | | r I lslBI'DIRECTIONAL
rrt{ I 1l <J

PB7 PB" t/O -;;_fi*- PAT"PA'

Figure 5, Basic Mode Definitions
and Bus lnterface

CONTROL WORD

MODE SET FLAG
1 = ACTIVE

Figure 6. Mode De{inition Format

The mode def initions and possible mode combinattons
may seem conf using at f irst but af ter a cursory review of
the complete device operation a simple, logical l/O ap'
proach will surface. The design of the 8255A has taken
into account things such as efficient PC board layout,
control signal definition vs PC layout and complete
functional flexibility to support almost any peripheral
device with no external logic. Such design represents
the maximum use of the available pins.

Single Bit Sgt/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a

single OUTput instruction. This feature reduces software

regu irements in Control-based applications.

GROUP B

PORT C (LOWENI
1 = INPUT
0 = OUTPUT

PORT B

1 = INPUT
0 = OUTPUT

MODE SELECTION
0=MODE0
1=MODE1

GROUP A

PORT C (UPPER)
1 = INPUT
0 =. OUTPUT

PORT A
I = INPUT
0 = OUTPUT

MODE St. LECTIO\I
00 - MoDE 0
01 - MODE 'l

1X = MODE 2

6-169 AFN-00744C
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Figu re 7. Bit SeUReset Format

When Port C is being used as status/control for Port A or B.

these bits can be set or reset by using the Bit Set/Reset op-

eration just as if they were data output ports.

Interrupt Control Functions
When the 8255A is programmed to operate in mode 1 or
mode 2, control signals are provided that can be used as
interru pt req uest in puts to the CPU. The interru pt re-
quest signals, generated from port C, can be inhibited or
enabled by setting or resetting the associated INTE f lip-
f lop, using the bit set/reset f unction of port C.

This function allows the Programmer to disaf low or allow a

specific llO device to interrupt the CPU without affecting
any other device in the interrupt structure,

I NT E f I ip-f lop def in ition :

(BlT-SET) - INTE is SET - Interrupt enable
(BfT-RESET) - INTE is RESET - lnterrupt disable

N ote : Al I M ask f lip-f lops are au tomatically reset du ri ng

mode selection and device Reset.

COF,]TROL WOHD

BIT SET/RESET
1=SET
0 = RESET

BIT SET,/RESET FLAG
O = ACTIVE

gX X Xt

-- DON'T
CAR E

Operating Modes

MODE 0 (Basic InpuUoutput). This f unctional conf igura-
tion provides simple input and output operations for
each of the three ports. No "handshaking" is required,
data is simply written to or read from a specified port.

Mode O Basic Functional Definitions:
I Two 8-bit ports and trnro 4-bit ports.
. Any port can be input or output"
t Ou tpu ts are I atched .

. Inputs are not latched.

. 16 d iff erent Input/Output conf igu rations are possibf e

in this Mode.

RD

INPUT

cT, nt. no

t"g 
-:+

tAH+

D7-Do 

-

MODE 0 (Basic Input)

WR

Dr-Do

cs. nr, ao

OUTPUT

iIODE 0 (Baslc Output)
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A l GROUP A GROUP B

D4 D3

0

o

D1 Dg
I PORT C

PORT A I

I {UPPE R }

+l
I PORT C

PORT B I

(LOWE R I

0

o

o 0

1

OUIPUT-
OUTPUT

OUTPUT o OUTPUT iOUTPUT
t

O UTPUT il ITUPUTo OUTPUT 1

o o 1 o OUTPUT OUTPUT 2 IN PUT OUTPUT

0 o 1
1 OUTPUT OUTPUT 3 INPUr ; INP_UT

0 1 0 0 OUTPUT INPUT 4 q|irlvr n ovrM
qvrvr I rryflr
TNPUT I OUTPUT

INPUT I IIVPUT

0 1 0 1 O UTPUT I NPUT r

0 1 1 0 OUTPUT I NPUT 6

0 1 1 1 OUTPUT NPUT 7

1 0 o o NPUT OUTPUT 8

1 o 0 1 NPUT OUTPUT I O UTPUT I NPUT

1 0 1 0 NPUT OUTPUT 10 INPUT OUTPUT

1 0 1 1 NPUT OUTPUT 'l 
1 INPUT I NPUT

1 1 0 0 N PUT N PUT 12 OUTPUT OUTPUT

1 1 0 1 NPUT NPUT 13 O UTP UT I NPUT

1 1 1 o I NPUT NPUT 14 I NPUT OUTPUT

1 1 1 1 I NPUT NPUT 15 I NPUT I NPUT

MODE 0 Port Definition

MODE 0 Gonf igurations

CONTROL WORD *O

qD6D5D4DlD2

Dr Do +---+

CONTROL WORD #1

D7 D5 D5 D4 D3 Dz D1

E

D1D?DoD1

CONTROL WORD #2

D7 D6 D5 D4 D3 -o

Do

PA7-PAo

PC7-PC4

PCa-PCo

P87-PBo

PA7-PAr

Pc7,Pc4

rc3,PCo

Dr-Do

CONTROL WORD #3

D7 D6 D5 D4 D3 DoD.lD2

PA7-PA0

PC7-PC4

PCa-PCo

PB7-PBo

PA7-PAs

PC7-PC4

PCa"FCo

Pq-PBo

AFN-00744C

1 00 0 0 0 0 n I 0 0 0 U 0 1 0

1 0 0 0 0 0 0 1
,l

0 0 0 0 0 1 1

Dz"Do

6-171
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1 0 0 011 010 0

coNTROL y,/ORD #4

D7 D6 D5 D4 D3 D2 DlDoDl

COhl'l'ROL WORD 18

D7 D6 D5 D4 D3 D2 r'l
"o

PA7-PAr

PC7"PC4

PCa-PCo

PBT PBo

/' PA7 PAo

/|-:+PCr-PCq

Dr'Do <-:-- L Dt-Do#

CONTROL WORD Jtg

D7 D6 Ds D4 D3

CONTROL WORD #5

D7 D6 D5 D4 D3

Dz'Do+:+

CONTROL WORD ]i6

D7 D6 D5 D4 D3

Dz-Do-

CONTROL WORD #7

D7 D6 D5 D4 D3 D2

D2 D1D1 D2Do Do

r4 --'>

,8
f-

PCJ,PCo

PB7 PBo

PA7-PA!

PC7 PC4

PCa"PCo

PB7 PBo

PAT,PAo

PC7 -PC4

PCa PCo

PB7 PBo

PA7-PAo

PC7-PC4

PCa-PCo

PB7-PBo

AFN-OO744C

D? D?DoD1

PA7-PA!

PC7-PC4

PC3,PCo

PB7-PBo

PAT,PAo

PC7-PC4

PC3 PCo

PBT.PBo

PA7.P\

PC7-PC4

PCa-PCo

PB7-PBo

CONI'ROL WORD r'10

D7 D6 Ds D4 D3 DoD1

Dz'Do

CONTROL WORD *,I1

D7 D6 Ds D4 D3 D2

I 0 0 1 0 0 0 0

1 010 0 1 0 o I
,I

0 U 'l 0 0 0 1

8255A 

A

Icl
I

1 0 0 0 1 0 I 0 1 0 0 1 0 0 1 0

8255A

tcl
L

1 0 0 0 1 0 1 I 1 0 0
,l

0 0 1 I

A

8255A

t
Ici
t

Dz-Do
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1 0 0 'l
1 0 0 0

CONTROL WORD f I2
D7 D6 D5 D4 D3 D2

Dz'Do-

DoDl

CONTROL WORD :'.14

D7 D6 D5 D4 D" D2

----/!- pA7-pAo

---7-L pc7,pc4

-/ 
! , Pca-Pco

-----/! -_- PB7'PB'

DoD1

PA7-PAo

PC7 PC4

PC1-PCo

PB7 PBo

CONTROL WORD;13

D] D6 D5 D4 D3

DuDo-

PA7 PAo

PC7 PC4

PCa PCo

l': PB/ PBo

CONTROL WORD :r15

D7 D6 Dq D4 D3 D2 DoD1DoD1D2

PA7-PAtr

PC7-PCA

PC3"PCo

PB7-PBo

,l
0 0 I 1 0 I 0

A

825sA

Icl
I

82554 

A

Icl
I

1 0 0 1 1 0t0 1 1 010t1 1 0 I 1

A

825sA

I

ICJ
I

A

8255A

t
Icl
I
I

Operating Modes

MODE 1 (Strobed Input/Output). Th is f unctional con-
f iguration provides a means for transferring l/O data to
or f rom a specif ied port in conjunction with strobes or
"handshaking" signals. In mode 1, port A and Port B use
the lines. on port C to generate or accept these "hand-
shaking" signals.

Mode 1 Basic Fu nctional Def initions:

o Two Groups (Group A and Group B)
o Each group contains one B-bit data port and one 4-bit

control/data port.
o The 8-bit data port can be either input or output"

Both inputs and outputs are latched.
o The 4-bit port is used for control and status of the

B-bit data port.
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Input Control Signal Definition

STB (Slrobe Input). A "low" on this input loads data into
the input latch.

IBF (lnput Buffer Full FrF)

A "high" on this output indicates that the data has been

loaded into the input latch;in essence, an acknowledgement
IBF is set by STB input being low and is reset by the rising
edge of the RD input.

INTR (f nterrupt Request)

A "high" on this output can be used to interrupt the CPU

when an input device is requesting seruice. INTR is set by

the SfB is a "one",IBF is a "one" and INTE is a "one".
It is reset by the falling edge of RD. This procedure allows
an input device to request service from the CPU by simply
strobing its data into the port.

INTE A

Controlled by bit set/reset of PC+.

INTE B

Controlled by bit set/reset of PC2.

INPUT FROM
PERIPHERAL

CONTROL WORD

D7 D6 D5 D4 D3

CONTROL WORD

D7 D6 D5 D4 Dr DZ

DoD2

PCe. t
I = INPUT
0 = OUTPUT

sTBA

tBFA

INTRA

r/o

srBE

tB FB

INTRts

Figure 8. MODE 1 Input

Figurc 9. UODE 1 (Strobed Input)

PA7-PAo

i ,*i.llal
J--',ir

+__ t51 _ +l

V

* t51s +l I

tsrrf'F \
* -:tRrBf

< tHrr 
-\_

in'

\._ )
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Outpul Control Slgnal Deflnltlon

OBF (Output Bulfer Full Fln. The OBF output will go
"low" to indicate that the CPU has written data out to
the specif ied port. The OBF FIF will be set by the rising
edge of the WR input and reset by ACK Input being low.

ffi (Acknowledge Input). A "low" on this input informs
the 82554 that the data f rom port A or port B has been ac-
cepted. In essence, a response frorn the peripheraf
device indicating that it has received the data output by
the CPU.

INTR (lnterrupt Request). A "high" on this output can be
used to interrupt the CPU when an output device has ac-
cepted data transmitted by the CPU. INTR is set when
ACK is a "one", OBF is a "one" and INTE is a "one". lt is
reset by the falling edge of WR.

CONTROL WORD

D7 D6 D5 D{ DoD2D3

PCq, s

1 = INPUT
O - OUTPUT

dEFA

mRA

INTRA

CONTROL WORD

D7 D6 D5 D4 D3 D2

INTE A

Controlled by bit set/reset of PCs.

INTE B

Controlled by bit set/reset of PC2.

mFB

A'c-t$

tNTRE

Figure 10. MODE 1 Output

Figure 11. Mode 1 (Strobed Output)

F-- -1

I INTE I

lAf
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Gomblnations ol MODE 1

Port A and Port B can be individually def ined

output in Mode 1 to support a wide variety of
applications.

as rnput or
strobed l/O

PA7-PAo

PCq

PCs

PCr

PCe, r

PB7,PEto

PCr

PCz

PCo

RD:- > STBA

- 
lBFa

INTRA

2

*- ACKB

I NTRB

CONTROL WORD

D7 D6 D5 D4 D3

2

*:/--

oBFA

acxo

INTRA

I'O

STBts

tB FB

I NTRB

CONTROL WORD

D7 D6 D., D4 D3 DoD1D2

PCu. t
1 _ INPUT
O = OUTPUT

wR- >

L>

PC, .
-I - INPUT
O - OUTPUT

RO- r>

PORT A {STROBED INPUT)
PORT B (STROBED OUTPUT}

PORT A ISTROBET) OUTPUI I

PORTB-(STROBEDINPUTI

Figure 12. Gombinations of MODE 1

Operating Modes

MODE 2 (Strobed Bidirectional Bus l/O). This f unctional
conf iguration provides a means for communicating with
a peripheral device or structure on a single B-bit bus for
both lransmitting and receiving data (bidirectional bus

l/O). "Handshaking" signals are provided to maintain
proper bus f low discipline in a similar manner to MODE
1. Interrupt generation and enable/disable f unctions are
rlso available.

MODE 2 Basic Functional Definitions:
o Used in Group A oU.
o One 8-bit, bi-directional bus Port (Port A) arrd a 5-bit

control Port (Port C) .

o Both inputs and outputs are latched.
o The s-bit control port (Port C) is used f or control

and status for the 8-bit, bi-directional bu s port ( Port

A).

Bidirectional Bus l/O Conlrol Signal Definition

INTR (lnterrupt Request). A high on this output can be
used to interrupt the CPU for both input or output opera'
tions.

Output Operations

Ogf (Output Buffer Ful). The OBF output will go "low"
to indicate that the CPU has written data out to port A.

ACK (Acknowledge). A "low" on this input enables the

tri-state output buffer of port A to send out the data.
Otherwise. the output buffer will be in the high im-
pedance state.

INTE 1 (The INTE Flip-Flop Associated with OBF). Con-

trolled by bit set/reset of PC6.

Input Operations

STB (Strobe Input)

STB (Strobe Input). A "low"
the input latch.

IBF (lnput Bulfer Full F/F).
dicates that data has been

on this input loads data into

A "high" on this output in-
loaded into the input latch.

INTE 2 (The INTE Flip-Flop Associated with IBF). Con'
trolled by bit set/reset of PCa.

PA7-PAo

PCz

PCe

PC:

PCa, 
s

PB7 PBo

PCz

PC-
-l

PCo
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CONTROL \ryORD

D7 D6 Ds D4 D3 D2 Dr Do

PCzo

1 = INPUT
O = OUTPUT

PORT B

1 = INPUT
0 = OUTPUT

GROUP B MODE
0=MODE0
1-MODEI

Figure 13. MODE Control Word Figure 14. MODE 2

DATA FROM
,,' cPu To 8255A

DATA FROM

PERIPHERAL TO 8255A

tst

>t4g+r -+ txo

-] l<- -tnrB

DATA FROM
82554 TO PERIPHERAL

DATA FRO]UI

82s5A TO 8080

<- tAK >

Figure 15. MODE 2 (Bidirectional)

NOTE: Any sequence where WF occurs before ACK and STBoccurs before nO is permissible.
(INTR = IBF. MASK. STB. il+OBF . MASK. ACK. tNF )
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PCs

PA7-PAo

PCz

PCe

PCI

PCs

PCzo

PB7-PBo

MODE 2 AND MODE O IINPUT) MODE 2 AND MODE O (OUTPUT}

CONTROL. WORD

D7 D6 D5 D4 D3 D2 Dl DO

CONTROL WORD

D7 D6 05 D4 D3 D2

Ezo
1 = INPUT
0 = OUTPUT

D-

MODE 2 AND MODE 1 (OUTPUT)

CONTROL WORD

D7 D6 Ds Dl D3 D2 Dl Do

CONTROL WORD

D6 D5 D4 D3 D2 Dl Do

MODE 2 AND MODE 1 (INPUT}

---

INTRA

oBFA

ffio

srBA

tBFA

r/o

INTRA

oaro

ACKA

sreo

tBFA

rio

INTRA

oero

ACKA

stt^

tBFA

sra,

tBFB

INTRB

INTRA

oEFA

ACKA

rt%

tBFA

O-BFe

[dt

tNTRE

D7

Fca

PA7-PAO

PCz

PCo

PCa

PCs

PCzo

PB7-PBo

PCr

PA7-PA!

PCz

Pce

PCI

PCs

PB7-PBo

PCr

PCz

Fco

Fca

PA7-PA0

PCz

PCo

PCq

PCs

P87-PBo

PCz

PC't

PCo

Figure 16. MODE l/a Combinatlons
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MODE 1

Lry

IN

IN

IN

IN

qqr
OUT
OUT

OUT

OUT

OUT

OUT
OUT

OUT

N

N

N

N

N

N

N

N

N

N

N

OUT

OUT

OUT

OUT
OUT

OUT

OUT

OUTIN

INTRs I INTRg

lBFs I OBFB

STB3 i ACKg

INTR4 I INTR4

STB4 | lO

lBF4 I l/O

I lo I ACKa
l 

---tlO I OBFA

Mode Delinition Summary

PAo

PAt

PAz

PAg

PAq

PAs

P46

PAI

MODE O

IN OUT
IN

IN

IN

IN

IN

IN

IN

IN

OUT
OUT

OUT

OUT

OUT

OUT
OUT
OUT

PBo

PBr

PBz

PBg

PB+

PBs

PBo

PBz

N

N

N

N

N

N

N

N

OUT

OUT

OUT

OUT
OUT

OUT

OUT

OUT

PCo

PCt

PCz

PCg

PCa

PCs

PCo

PCt

N

N

N

N

N

N

N

N

OUT

OUT

OUT

OUT

OUT

OUT

OUT

OUT

Special Mode Combination Considerations

There are several combinations oT modes when not all of the
bits in Port C are used for control or status. The remaining

bits can be used as follows:

lf Programmed as Inputs -
All input lines can be accessed during a normal Port C

read.

lf Programmed as Outputs -
Bits in C upper (PCz-PCa) must be individually accessed

using the bit set/reset function.

Bits in C lower (PC3,PCg) can be accessed using the bit
set/reset function or accessed as a threesome by writing
into Port C.

Source Current Capability on Port B and Port C

Any set of eight output buffers, selected randomly from
Ports B and C can source l mA at 1.5 volts. This feature

allows the 8255 to directly drive Darlington type drivers

and h igh-voltage displays that requ ire such sou rce cu rrent.

Reading Port C Status

In Mode 0, Port C transfers data to or from the peripheral

device. When the 8255 is programmed to function in Modes

1 or 2, Port C generates or accepts "hand-shaking" signals

with the peripheral device. Reading the contents of Port C

allows the programmer to test or verify the "status" of each

peripheral device and change the program flow accordingly.

There is no special instruction to read the status informa-
tion from Port C. A normal read operation of Port C is

executed to perform this function.

t/o t/o tBFA INTEA INTRA INTEB tBFB INTRB

MODE 2

GROUP A ONLY

vo
r/o
t/o

I NTR4

SreA
lB F4

nCrn
OAra

MODE O

OR MODE 1

ON LY

INPUT COT!FIGURATION

D5 D4 D3 D2

OUTPUT CONFIGURATIOI{

D5 D4 D3 D2

Figure 17. MODE 1 Status Word Format

oBFA INTE r/o l/o INTRA INTEB oBFE tNTRE

D7 D6 Ds D4 D? D2 D1 Do

OBF INTE t8F tNTE2 INrRA
\ ,'l\ 

'/l\X IXiX,/ \ l,z- \1,,'

Figure 18. MODE 2 Status Word Format
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APPLICATIONS OF THE 8255A

The 8255A is a very powertu I tool f or interf acing
peripheral equipment to the microcomputer system. lt
represents the optimum use of available pins and is f lex-
ible enough to interface almost any llO device without
the need for additional external logic.

Each peripheral device in a microcomputer system
usually has a "service routine" associated with it, The
routine manages the software interface between the
device and the CPU. The functional def inition of the
8255A is programmed by the llO service routine and

becomes an extension of the system software. By ex-
amining the l/O devices interface characteristics for
both data transfer and timing, and matching this inf or-
mation to the examples and tables in the detailed opera-
tional description, a control word can easily be devel-
oped to initialize the 8255A to exactfy "fit" the applica-
tion. Figures 19 through 25 present a few examples of
typical applications of the 8255A.

INTERRUPT
REOUEST

INTERRUPT
REOUEST

INTERRUPT

REOUEST

Figure 21. Keyboard and Terminal Address
Interface

T

PC: PA
v̂

B2ssA PAr

PAz

PAr

PAq

PA"

il3P.i'l . 'o;
PAz

PCq

jtu

' ,"0

PBr

PBz

PB:

PBa

PBE

'#rT'i}' 
PBu

PBz

PCr

PCz

PCe

lctPCo

+-

<-

Ro

Rl

R2 FULLY

R^ DECODED
, KEYEOARD

R4

R-

SHIFT

CONTROL

STROBE

ACK

Bo

B1

FI BURROUGHS
SELF SCAN

83 DISPLAY

B4

B5

BACKSPACE

CLEAR

DATA READY

ACK

BLANKING

CANCEL WORD

PTPC: 
PA^

PAr

PAz

PA:

PAc

PA.

,8'lliJ,+' I 'o.PAr

PCr

PCe

MODE'I
(OUTPUTI

DATA READY

ACK

PAPER FEED

FORWARDIREV

DATA READY

ACK

HIGH SPEED
PR INTE R

HAMMER
RELAYS

DATA BEADY

ACK

PAPER FEED

FORWARD'REV

RIBBON

CARRIAGE SEII

INTER R UP

REOUEST

Figure 20, Keyboard and Display Interface

INTERRUPT
REOUEST

TE RMINAL
ADDR ESS

MODE 1

IINPUTI

E255A

PAo

PAr

PAz

PA:

PAa

P\

PAo

PAz

PCo

PCs

PCe

PCz

MODE O

(INPUT}

Ro

R1

FI

^ FULLY
^3 DECODED
R4 KEYBOARD

R-
f

SHIFT

CONTROL

STROBE

ACKNOWLEDGE

BUSY LT

TEST LT

Figure 19. Printer Interface
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to0
PAr

PAz

PAr

PAq

PAs

PAu

PAz

PCq

PCs

PCs

PCr

PCo

Pc'

PC:

PC:

MODE, I

::1

BT I
ser neserl

MODE O

(INPUT]

P8o

PBr

PBz

PBr

pFl

PBr

PBs

PBt

SATITPLE EN

STB

LSB

8-BIT
AD

CONVERTER
IADC}

MSB

INTER RUPT
REOUESTT

PCs PAo

PAr

PAz

PAi

PAc

PAs

PAo

PAr

PCq

PCs

PCt

PCa

MODE 2 -

8255A

PCz

PCo

PCr

MODE O

(OUTPUT

f-te'
I 
tt'

I PBr

I";
rl eao

I ttt
I 
t"'

L.u'

<*_--+

Do

Dl

D2

D3

D4

D5

D6

D7

FLOPPY DISK
CONTROLLER
AND DRIVE

DATA STB

ACK (INI

DATA READY

ACK (OUT)

TRACK "O'' SENSOR

SYNC REAT)Y

INDEX

ENGAGE HEAD

FORWARD'REV.

READ ENABTE

WRITE ENABLE

DISC SELECT

ENABLE CRC

TEST

BUSY LT

Figure 22. Digital to Analog, Analog to Digital Figure 23. Basic CRT Controller Interface

I NTE ff RUPT

R E OTIEST

Figure 25. Machine Tool Controller lnterface

INTERRUPT
B EOUEST

MODE 1

IOUTPUT)

NIODE O

{OUTPUTI

Ro

R] CRT CONTROLLER
Rz o CHARACTER GEN'

R3 O REFRESH BUFFER

p o CURSOR CONTROL

R.

SHIFT

CONTROL

DATA READY

ACK

BLANKED

BLACK \ryHITE

ROI\I STB

COLUT\IN STB

CURSOR H'V STB

I cLrRsoR,,Row'coLUMN

II?T'"

Ro

B1

R,

R-.
J

R,l

R.
f

R.
D

R7

sfe
aCx

8 LEVEL
PAPE B

TAPE
READER

START STOP

LIMIT SINSOB IH,VI

OUT OF FLUID

CHANGE TOOL

LE FTI R IGHT

UPIDOWN

HOR. STEP STROBE

VERT SIiP STROBI

SLEW'STEP

FLUID ENABLE

EMERGENCY STOP

[-tn"
I 

oo'
I PA,,l.
I

I PA.

| '^;
I 

oo'
--J PA.

| '^,
I

I tto
I PC-

I r.-
LO

l-tto
MODE 0 | D.

I v1(INPUTi I

Lot'

t-
I 

tto

i ttt
l P8,
l.
I

rrlooe o I P8:

tourpur rl pB.

I";
I otu

Lt*t

PC,

MODE 1

(INPUT)

6255A

Figure 24. Basic Floppy Disc lnterface
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ABSOLUTE MAXIMUM RATINGS* 'NOT|CE: Stresses above those tisted under "Absotute
Maximum Ratings" may cause permanent damage to the

^ device. fhis is a stress rating only and functional opera-
Ambient Temperature Under Bias. . . 0"^ '^ -^ ^
Storase re nperature . -.65"c ; -i; ; ',i;:,:: :ii"1"i:';:,1i'::;:X:::,",'::,'::::[i:I',;!:i;
Voltage on Any Pin cailon is not imptied. Exposure to absolute maximum

With Respect to Ground 0.5V to +7V rating conditions for extended periods may affect device
Power Dissipation 1 Watt reliability.

D.C. CHARACTERISTICS (rA : o"c to 70"c, Vcc : +5v * 10olo, GND = 0v)'
Symbol Parameter Min. Max. Unit Test Conditions

V11 In put Low Vo ltage -0.5 0.8 V

VrH Input High Voltage 2.0 Vcc V

Vol (DB) Output Low Voltage (Data Bus) 0.45' V lO I 2.5rnA

Vol(PER) Output Low Voltage (Peripheral Port) 0.45 - V lo I 1 .7mA

Vou (DB) Output High Voltage (Data Bus) 2.4 V lOn = -40094

Vox(PER) Output High Voltage (Peripheral Port) 2.4 V loH = -200pA

loaRtll Dar lington Dr ive Current -1.0 -4.0 mA R e xr = 7fiS); VSXT= 1 .5V

lcc Power Su pply Current 120. mA

Irl Input Load Current t10 pA VtfV '= VCC to 0V

lor l O ut put F lo at Lea kage t10 l/A VOU1 : VCC to .45V

NOTE:
1. Availabfe on any 8 pins from Port B and C"

CAPACITANCE (Tn : 2s"c, vcc : GND = ov)

Symbol Parameter Min. Typ. Max. Unit Test Conditions

C rrv lnput Capacitance 10 pF fc - lMHz

C rro | ,/O Capacitance 20 pF UnmeasurecJ pins returned to G ND

A.C. CHARACTERISTICS (Ta: 0"c to 70"c. vcc : +sv *107", cND - ov)'

Bus Parameters
READ

Symbol Parameter

8255A 8255A -5

UnitMin. Max. Min. Max.

tRn Address Stable Before R EAD 0 0 NS

tRR Address Stable After R EAD 0 0 ns

tRR R EAD Pulse Width 300 300 ns

tno Data Va lid F rom R E4Pt t I 2ffi 200 NS

tor Data F loat After R EAD 10 150 10 100 ns

tnv Time Between R EADs and/or WR lTEs 850 850 ns
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Symbol Parameter

8255A 8255A-5

UnltMin. Max. Min. Max.

tRw Address Stable Before WR ITE 0 0 ns

twR Address Stable Af ter WR lT E 20 20 ns

tww WR ITE Pulse Width 400 300 ns

tow Data Valid to wR ITE {T. E.) 100 100 ns

two Data Valid Af ter WR ITE 30 30 ns

A.C. CHARACTERISTICS (Gontinued)
WRITE

NOTES:
'1 . Test Conditions: C1- : 150 PF.

2. period of Reset pulse must be at least Sops during or after power on. Subsequent Reset pulse can be 5@ ns min.

3. INTRf may occur as early as WHJ.

' For Extended Temperature EXPRESS, use M8255A electrical parameters.

A.C. TESTING INPUT OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

A C ] ESIING ]NPU'iS ARE L]RIVEN AT ? 4\/ FDR A LCGIC 1 ANE O 45\'' FOF]

A LCGIE O TIMING MEASUREMENTS AFE N1ADE AT 2 C\,/ FOR A LCGIC 1

ANt] f.] Fi' FUF A LDGII, O

) t.sr ro,"r, {

DEVICE
UNOER
TEST

'Vrxr ts sET AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE THE

SPECIFICATION.

OTHER TIMINGS

Symbol Parameter

8255A 8255A-5

UnltMin. Max. Min. Max.

twg WR = 1 to Outputl 1l 350 350 ns

ttR Periphera I Data Bef ore R D 0 0 ns

tuR Per iphera I Data After R D 0 0 ns

tRr ACK Pulse Width 300 300 ns

tst STB Pulse Width 500 500 ns

tps Per. Data Before T. E. of STB 0 0 ns

tpH Per. Data Af ter T, E. of STB 180 180 ns

tAD ACK = 0 to Outpulll I 300 300 ns

tro ACK = 1 to Output Float 20 250 20 250 NS

two e WR_ltoOBF=gl rl 650 650 ns

tRo a ACK=0toOBF=1111 350 350 ns

tstg STB=0tolBF=1tl1 300 300 ns

tn tg RD = 1 to IBF = gl tl 300 300 ns

tR tt RD = Oto 1NTR - gl 1l 400 400 ns

ts tT STB = 't to lNTg - 1l1l 300 300 ns

tn rt ACK = 1 to INTR = 1ll I 350 350 ns

tw tt WR = 0 to lNTp = gl 1,31 450 450 ns
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MODE 0 (BASTC rNPUT)

WAVEFORMS

MODE 0 (BASTC OUTPUT)
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WAVEFORMS (Continued)

MODE 1 (STROBED |NPUT)

INPUT FROM
PERIPHERAL

MODE 1 (STROBED OUTPUT)

i-\ t,
twtr 

I

tart 
-
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WAVEFORMS (Gontinued)

MODE 2 (BTDtRECTIONAL)
DATA FROM

," 8080 TO 8255

OBF

INTR

aex

S-TB

IBF

PERIPHERAL
BUS

tsr .-

;tXO+

DATA FROM
8255 TO 8080

NOTE: Any sequence where WF occurs before ACK and STgoccurs before nD is permissible.

(INTR = IBF . TVTASK . STB . F'5+ OEF . MASK . A-IK'WN )

+l4p<

r-t--\
*-- t RtB

DATA FROM
PERIPHERAL TO 8255

DATA FROM
8255 TO PERIPHERAL

WRITE TIMING

AO-t,.t

l* trw +l +r\pai+ -

DATA 
""'

tOW -- + IWD ).r

+ -1 tww

READ TIMING

Ao-t,.t

DATA BUs HIGH rMpEDANce I vALtD ixrcx TMeEDANcE

r tRD* * tDF *
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Data Transfers in DMA or Non-DMA
Mode

Parallel Seek Operations on Up to
Four Drives

Compatible with all Intel and Most
Other Microprocessors

Single-Phase I MHz Clock

82724

I

SINGLE/DOUBLE DENSITY
FLOPPY DISK CONTROLLER

IBM Compatible in Both Single and
Double Density Recording Formats

Programmable Data Record Lengths:
128, 256, 512, or 1024 Bytes/Sector

Multi-sector and Multi-Track Transfer
Capability

r Drives Up to 4 Floppy or Mini-Floppy
Disks r Single + 5 Volt Power Supply ( t 10%l

The8272A is an LSI Floppy Disk Controller(FDC) Chip, which contains the circuitry and control functions for inter-
facing a processor to 4 Floppy Disk Drives. lt is capable of supporting either IBM 3740 single density format (FM), or
IBM System 34 Double Density format (MFM) including double sided recording. The 82724 provides control signals
which simplify the design of an external phase locked loop and write precompensation circuitry. The FDC simplifies
and handles most of the burdens associated with implementing a Floppy Disk Drive Interface. The 8272A is a pin-
compatible upgrade rc tne 8272.

DBo'r

CLK
Vcc

GNO

<- wR cLocx

RESET

no

WR

A6

DBo

DBr

DBa

DBs

DBq

DBs

DBe

DBz

vcc

nwrsee x

LCT/DIR

FR/STP

HDL

RDY

WP/TS

FLT/TRKO

PSo

PSr

WR DATA

DSo

oSr

HDSEL

MFM

WE

v,o

RD DATA

ow

WR CLK

.ts
ts

WR DATA
WR ENABLE
PRE.SHIFT O

PRE.SHIFT 1

READ OATA
OATA WINDOW
V66 SYNC

TERMINAL
COU NT

ORQ
D-TCE

INT

F-o

W-R

As

RESET

--1

Ics,

z
TE
UI
F

=
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C\{€
READY
WRITE PROTECT/TWO SIDE
INOEX
FAULT/TRACK O

DRIVE SELECT O

DRIVE SELECT 1
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FWserx
HEAD LOAO
HEAO SELECT
tOW CURRENT/TXRECTION
FAU LT RESET/STEP

ono L
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r0x

rxr L
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GND

Figure 1 , 8272A Internal Block Diagram Figure 2. Pin Configuration
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Symbol
Pln
No. Type

Connec-
tlon To Name and Functlon

RESET
1 I pP

Reset: Places FDC in
idle state. Resets out-
put lines to FDD to "0"
(low). Does not clear the
last specify command.

RD 2 1l 
t I pP Read: Control signal

for transfer of data f rom
FDC to Data Bus. when
,'0" (low).

WR 3 ;I 
t ) pP Write: Control srgnal

for transfer of data to
FDC via Data Bus. when
0' (low)

CS A
a+ pP Chip Select: lC selected

when'0'(loy).allow-
Ing RD and WR to be
en ab led

Ao q li' pP Data/Status Register
Select: Se lect s Dat a

Reg (Ap

Reg (Au = 0) contents
to be sent to Data Bus.

DBo -DB, 6--13 lot 1l
LtP Data Bus: Brdirectional

B-Bit Data Bus.

DRQ 14 o DMA Data DMA Request:
DMA Reqruest is berng
rnade by FDC when
DRQ 1 ''

DACK 15 DMA DM A Acknowledge:
DMA cycle is actrve
when 0" (low) and
Controller rs perform-
rng DMA transf er.

TC 16 DMA Terminal Count: Indi-
cates the termrnatron of
a DMA transfer wl-ren

1 ' (high)t2r

IDX 17 FDD Index: Indicates the
beginning of a drsk
track

INT 1B o pP Interrupt: Interrupt Re-

quest Generated by
FDC

CLK 1a
Clock: Srngle Phase B

MHz {4 MHz for nrini
floppies) Squarewave
Clock

GND 2C Ground: D.C. Power
Ret u rn

Note tr Drsabled when CS 1

Note 2 TC nrust be aetrvaled to terrnrnate the Exer-utLcn Phase of any'rjcltrlnlantl

Table 1. Pin Description

Symbol
Pln
No. Type

Connec-
tlon To Name and Functlon

vcc 40 D.C. Power: +5V

RWISEEK 39 o FDD Read Wrlte / SEEK:
When ri1'r (high) Seek
mode selected and
when "0" (low) Read/
Write mode selected.

LCTI DIR 38 o FDD Low CurrenUDirection:
Lowe rs Write cu rrent
on inner tracks in
Read/Write mode, cie-
termines direction head
will step in Seek mode.

FR STP 37 o FDD Fault Reset/Step: Re-

sets fault FF in FDD in
Read/Write mode, pro-
vides step pulses to
move head to another
cylinder in Seek mode.

HDL 36 o FDD Head Load: Comnrand
which causes read/write
head in FDD to contact
d iskette.

RDY 35 I FDD
Ready: lndicates FDD
is ready to send or re-

ceive data. Must be tied
h ig h (g ated by t he I ndex
pulse) for mini fleppies
wh lc h do not normaily

!91" g n9"9y 1'
Write Protect I Two-
Side: Senses Write Prc.r-

tect status in Readi'
Write mode. and Two
Side Med ia in Seek
mode"

WP TS 34 FDD

FLT TRKO 33 I FDD Fault/Track 0: Senses
FDD fault ccndition in

ReadrWrite mode and
Track 0 condition in
Seek mode.

PSr,PSo 31 ,32 o FDD Precompensation (pre-
shift): Write precom-
penSation status dt rirrg
MFM mode. Determirres
early, late, and norrrial
trmes.

WR DAIA 30 o FDt) Write Data: Serial c jock
and data bits to FDD

DS, ,DSN 28.29 o FDD Drive Select : Se le c ts
FDD unit

HDSEL 27 o FDD Head Select: Hea'J 1

selected when ' 
1

(high) Head 0 selecteC
when ,'0" (low).
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Table 1. Pin Description (Continued)

Symbol
Pin
No. Type

Gonnec-
lion To Name and Function

MFM 26 o PLL MFM Mode: MFM mode
when "1." FM mode
whgn "0."

WE 25 o FDD Write Enable: Enables
write data into FDD.

vco 24 o PLL VCO Sync: Inhibits VCO
in PLL when "0" (low),
enables VCO when "1."

RD DATA 23 I FDD Read Data: Read data

from FDD, containing
cfock and data bits.

Symbol
Pin
No. Type

Con nec-
tion To Name and Function

DW 22 I PLL Data Window: Gener-
ated by PLL, and used
to sample data from
FDD

WR CLK 21 Write Clock: Write data
rate to FDD FM - 500
kHz, MFM : 1 MHz, with
a pulse width of 250 ns
for both FM and MFM.

Must be enabled for all

operations, both Read

and Write.

Scan High or Equal
Scan Low or Equal
Spec if y

For more information see
AP-1 16 and AP-121.

Track 0)

Sense Interrupt Status
Sense Drive Status

the Intel Application Notes

Figure 3. 82724 System Block Diagram

DESCRIPTION

Hand-shaking signals are provided in the 8272A which
make DMA operation easy to incorporate with the aid of
an external DMA Controller chip, such as the 8237 A. The
FDC will operate in either DMA or Non-DMA mode. In

the Non-DMA mode, the FDC generates interrupts to the
processor for every transfer of a data byte between the
CPU and the 8272A. In the DMA mode, the processor
need only load a command into the FDC and all data
transfers occur under control of the 8272A and DMA
co nt ro I ler.

There are 15 separate commands which the 82724 will
execute. Each of these commands require multiple 8-bit
bytes to f ully specify the operation which the processor
wishes the FDC to perform. The following commands
are available.

Read Data
Read lD
Read Deleted Data
Read a Track
Scan Equal

FEATURES
Address mark detection circuitry is internal to the FDC

which simplif ies the phase locked loop and read elec-
tronics. The track stepping rate, head load time, and
head unload time may be programmed by the user. The
8272A of fers many additional f eatures such as multiple
sector transfers in both read and write modes with a
single command, and full IBM compatibility in both
single (FM) and double density (MFM) modes.

8272A ENHANCEMENTS
On the 8272A, after detecting the Index Puf se, the
VCO Sync output stays low for a shorter period of
time. See Figure 44.

On the 8272 there can be a problem reading data
when Gap 4A is 00 and there is no lAM. This occurs
on some older f loppy formats. The 8272A cures this
problem by adjusting the VCO Sync timing so that it
is not low during the data f ield. See Figure 48.

Figure 4. 8272A Enhancements over the 8272

Write Data
Format a Track
Write Deleted Data
Seek
Recalibrate (Restore to

CPU

It
SYSTEM BUS

II
-1

\

tI
lltl
]L

DATA
wtNDow I*-------l
RD DATA

-r^
I rNeur col

OUTPUT CO

8237
DMA

CONTROLLER

-oro I

8272A
FOC

'*JT
I DATA.€
IT_ROL

N,\
YTRoL )--------- /

DRIVE
INTERFACE

l-*ITERMINAL
COUNT

Track

Index Pulse

8272 VCO Sync

82724 VCO Sy nc

'560 ps in FM mode;527 ;rs in MFM mode

A. Margin on the Index Pulse

Track

Index Pulse

8272
VCO Sync

82724
VCO Sync

B. Ability to Read Data When Gap 44 Contains 00

Gap 4A IAM Gap 1 ID Gap 2 Da

Gap 4A (00)
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8272A REGISTERS - CPU INTERFACE
The 8272A contains two registers which may be ac-
cessed by the main system processor; a Status Register
and a Data Register. The 8-bit Main Status Register con-
tains the status information of the FDc, and may be
adcessed at any time. The 8-bit Data Register (actually
consists of several registers in a stack with onfy one
register presented to the data bus at a time), stores
data, commands, parameters, and FDD status informa-
tion. Data bytes are read out of, or written into, the Data
Register in order to program or obtain the results after
execution of a command. The Status Register may only
be read and is used to facilitate the transfer of data
between the processor and BZTZA.

The relationship between the Status/Data registers and
the signals R-D, WR, and Ao is shown in Table 2.

Table 2. Ao, m, WH decoding for the selection
of Status/Data register functions.

Ao m WR FUNCTION

0 0 1 Read Main Status Register
0 1 0 lllegal (see note)

0 0 0 lllegal (see note)

1 0 0 lllegal (see note)

1 0 1 Read from Data Register

1 1 1 Write into Data Register

Note: Design must guarantee that the 8272A
is not subjected to illegal inputs.

The Main Status Register bits are def ined in Table 3.

Table 3. Main Status Register bit description.

The DfO and RQM bits in the Status Register indicate
when Data is ready and in which direction data will be
transferred on the Data Bus.

Note: There is a 12pS or 24pS RQM llag delay when
using an 8 or 4 M Hz clock respectively.

Figure 5. Status Register Tlmlng

The 8272A is capable of executing 15 different com-
mands. Each command is initiated by a multi-byte
transfer f rom the processor, and the result after execu-
tion of the command may also be a multi-byte transfer
back to the processor. Because of this multi-byte inter-
change of information between the 8272A and the proc-
essor, at is convenient to consider each command as
consisting of three phases:

Command Phase: The FDC receives all information
required to perform a particular
operation f rom the processor.

Execution Phase: The FDC performs the operation it
was instructed to do.

Result Phase: After completion of the operation,
status and other housekeeping in-
formation are made available to
the processor.

During Command or Result Phases tire Main Status
Register (described in Table 3) must be read by the proc-
essor before each byte of information is written into or
read from the Data Register. Bits D6 and D7 in the Main
Status Register must be in a 0 and 1 state, respectively,
before each byte of the command word may be written
into the 82724. Many of the commands require multiple
bytes, and as a result the Main Status Register must be
read prior to each byte transfer to the 8272A. on the
other hand, during the Result Phase, D6 and D7 in the
Main Status Register must both be 1's (DO = 1 and
D7 = 1) bef ore reading each byte f rom the Data
Register. Note, this reading of the Main Status Register
before each byte transfer to the 8272A is required in
only the command and Result Phases, and Nor during
the Execution Phase.

During the Execution Phase, the Main Status Register
need not be read. f f the 8272A is in the non-DMA Mode,
then the receipt of each data byte (it 8272A is reading,
data from FDD) is indicated by an Interrupt signal on pin
18 (lNT = 1). The generation of a Read signal (RD = 0)
wilf reset the Interrupt as well as output the Data onto

ouT oF FDC AitD |laTO PnOCEtSOn
OATA III.OUT

(0fof

TEOUE3T
FOI HASTEI

{ROr)

WR

XOTES: E _ OATA REOISTER R€ADY rO IE WRITTEX IXTO tV FtrOCESSON

E - DAIA REoIsTER xoT REAoY To !€ WFITTEN IITo !Y PRocEssoR
g - DATA REorsrER nEADy Foi xExr DATA lyrE To tE FEAo !y rxE

PiocEssoR

@ - DAIA REolsrER Nor REAoy FoR NEXT oATA lyrE To !E IEAD tv
PROCESSOR

BIT NUMEER NAHE SYMBOL DESCRIPTION

D6 FDD 0 Busy DoB FDD number 0 is in the Seek
mode.

D1 FDD 1 Busy DrB FDD number 1 is in the Seek
mode.

D2 FDD 2 Busy DzB FDD number 2 is in the Seek
mode"

D3 FDD 3 Busy DgB FDD number 3 is in the Seek
mode.

D4 FDC Busy CB A read or write command is i

frocess.

D5
Non-DMA mode NDM The FDC is in the non.DMA

mode. This bit is set only dur
ing the execution phase in
non-DMA mode. Transition to
"0" state indicates execution
phase has ended.

D6 Data Input/Output Dro lndicates direction of data
lransfer between FDC and Dta
Register. lf DIO= "1" then
transfer is from Oata Register
to the Processor. lf DIO = "0",
then transfer is from the Proc-
essor to Data Register.

D7 Request for Maste RQM Indicates Data Register is
ready to send or receive data
to or from the Processor. Bot
bits DIO and ROM should be
used to perform the hand-
shaking functions of "ready"
and "direction" to the proc-
essor.
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the Data Bus. For example, if the processor cannot
hand le Interrupts f ast enough (every 1 3 prs f or M FM
mode) then it may poll the Main Status Register and
then bit DT (ROM) f unctions just like the Interrupt
signal. lf a Write Command is in process, then the WR

signal performs the reset to the Interrupt signal.

The 8272A always operates in a multi-sector transfer
mode. lt continues to transfer data until the TC input is
active. In Non-DMA Mode, the system must supply the
TC input.

lf the 8272A is in the DMA Mode, no Interrupts are gener-
ated during the Execution Phase. The 82724 generates
DRQ's (DMA Requests) when each byte of data is
available. The DMA Controlfer responds to this request
with both a DaEX = 0 (DMA Acknowledge) and a R-D = 0
(Read signal). When the DMA Acknowledge signal goes
low (DFEK = 0) then the DMA Request is reset (DRQ = 0).

lf a Write Command has beenllogrammed then aIVH
signal will appear instead of RD. After the Execution
Phase has been completed (Terminal Count has
occurred) then an Interrupt will occur (lNT = 1). This
signifies the beginning of the Result Phase. When the
first byte of data is read during the Result Phase, the In-

terrupt is automatically reset (lNT - 0).

It is important to note that during the Result Phase all
bytes shown in the Command Table must be read. The
Read Data Command, for example, has seven bytes of
data in the Result Phase. All seven bytes must be read
in order to successf ully complete the Read Data Com-
mand. The 8272A will not accept a new command until
all seven bytes have been read. Other commands may
require fewer bytes to be read during the Result Phase.

The 8272A contains f ive Status Registers. The Main
Status Register mentioned above may be read by the
processor at any time. The other four Status Registers
(ST0, ST1, ST2, and ST3) are only available during the
Resu lt Phase, and may be read on ly af ter successf u lly
completing a command. The particular command which
has been executed determines how many of the Status
Registers will be read.

The bytes of data which are sent to the 8272A to form
the Command Phase, and are read out of the 8272A in
the Result Phase, must occur in the order shown in the
Tabl e 4. That is, the Command Code must be sent f irst
and the other bytes sent in the prescribed sequence. No
foreshortening of the Command or Result Phases are
allowed. After the last byte of data in the Command
Phase is sent to the 82724, the Execution Phase

W

w
W
w
W
W
W
W
W

MT MFM SK

000
110

HOS DS1 OSO

Table 4. 8272A Command Set

-";;;^d c"d"'

Sector lD informatron
prior to Command
execution

DATA BUS

D4 03 D2 D1 D9 REMARKS

I orl

MTMFM O O T O I 1

C
H

R

N

EOT

GPL
DTL

STO
STI
ST2
c

00
00

W

w
W
W
W
\A/
YY

W
W
W

O O O O O HDSDS1 DSO

STO
STl
ST2

C

H

R

N

Command Codes

Sector lD information
prior to Command
execution

Data transfer
between the main-
system and FDD

Status information
after Command
execution

Sector lD information
after Command
execution

Command Codes

Sector lD information
prior to Command
execution

Data transfer
belween the FDD
and marn"system

Status inlormatron
after Command
execution

Sector lD inlormation
after Command
execution

R

R

R

R

R

R

R

Data transfer
between the FDD
and main-system

Status information
after Command
execution

Sector lD information
alter command
execution

Seclor lD rnformatron
prior lo Command
execulron

Data transfer
between the FDD
and marn-system

Status rnlormation
after Command
execution

Sector lD informatron
after Command
executton

Exec ut ion

Resu lt

Command W

W

W
W
W
W
W
W
W

R

R

R

R

R

R

R

I er""rr

Result

[:
of this section.

ST 1

ST2
(-

H

F
N-

sed in this table are described at the end

rll operations.
ars, usuafly mada to equal binary 0.

I READ DETETED DATA

fco.n-"no jw MTMFMSK o 1 r o o

| | w I o o o 0 0 HDSDSIDSo
I lw t c
i lw H

IW R

IW N
iw Eor
I W GPL
lw - DIL

Executton
Iir

I nrrult R ST O

I L R STl
I R ST2
I IR C

i rR H

iRI lR I r'r
ii
Note: 1. Symbols used in this table are described at the enc

2. AO= 1 lor all operations.

3" X - Don't cars, usuaf ly mada to equal binary 0.

RETARKS

v

H

R

N

EOT
GPL
DTL
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Command

Execution

Command

Execution

W

W

w
W
W
W
W
W
W

DATA BUS

MFMSK O O O 1 O

O O O O HDSDS1 DSO

-C
H

R

N

EOT
GPL
DTL

STO
STI
ST2

Tabf e 4. 8272A Command Set (ContinueO

REMARKS

Command Codes

Sector lD information
prior to Command
execulion

Data transfer
between the FDD
and main-system.
FDC reads all of
cytinders contents
f rom index hole to
EOT

Status information
after Command
execution

Sector lD inlormation
after Command
execulion

H
R

N

R

R

R

R

R

R

R

OMFMO
000

1010
O HDS DS1 DSO

Commands

The f irst correct lD
informalion on the
Cylinder is stored in
Data Register

Status information
after Command
execution

Sector lD information
during Execution
Phase

C

H

R

STO
ST1
ST2

FORIIAT A TRACK

1101
O HDS DS1 DSO

GPL
D

STO
ST1
ST2

C

SCAN EOUAL

MTMFMSK 1 O O O 1

O O O O O HDSDSlDSO
C
H__
R

N-
EOT
GPL
STP

STO
ST1
ST2

Command Codes

BytesiSector
Sectors'Cylin der
Gap 3

Filler Byte

FDC formats an
entire cylinder

Status information
after Command
execution

ln this case. the lD
inlormation has no

meaning

Command Codes

Sector lD inlormation
prior to Command
execulion

Data compared
between the FOO
and main-system

Status information
after Command
execution

Sector lD information
after Command
execution

-t
,-*O-C"0"" 

--

iiSector 
1

rrs'Cylrnder 
I

R

R
R

R

R

R

R

c
H

R

N

lnvalrd Codes

STO

lnvalid Command
Codes (NoOp - FDC
goes into Standby
State)

ST 0= 80
(16)

D7 D6 D5 D4 D3 D2 D1 Dg

DATA BUS

Ot D6 Dg D4 D3 D2 D1 Dg

SCAX LOW OR EQUAL

Command

Execution

Resu lt

SCAI{ HIGH OR EOUAL

Command Codes

Sector lD information
prior Command
execution

Data compared
between the FDD
and main'system

Status information
after Command
execution

Sector lD information
after Command
execution

MTMFMSK 1 1 O O 1

0 0 0 0 0 HDSDS1DSo
c _-:---
H:

_R-=-
-N-
EOT
GPL 

-
STP

STO
STl
ST2

-C

w
W

w
W
W
W
W
W
w

R

R
R

R

R

R

R

Command Codes

Sector lD information
prior Command
execution

Dala compared
between the FDD
and main-system

Status information
alter Command
execution

Sector lD information
after Command
execution

Command I W MTMFMSK 1 1 1 O 1

O O O O O HDSDS1 DSO

C
H

-R
-N' :,-

Execut ion

Besu lt STO
ST1

RECALIBRATE

00000111
0 0 0 0 0 0 DS1DSo

Command Codes

Head retracted to
Track 0

Command

Execulion

SEI{SE I]IITERRUPT STATUS

Command
Result

Command Codes
Status information at
the end of each seek
operation about the
FDC

00001000
STO 

-

PCN =-_-====.

00000011 Command Codes

sRT 

-). - 

HUT

SENSE DRIVE STATUS

Command 00000100
O O O O O HDSDSl DSO

ST3

Command

Execut ion

f w f o o--
lw l0 0 o

lw ItltlL]

01111
O O HDS DS1 DSO

NCN

Command Codes

Status information
about FDD

Command Codes

Head is positioned
over proper Cylinder
on Diskette

Command

Resu I t

Command

Executton

Result

W

W

W
W
W
W
W
W
W

R

R

R

R

R

R

R

W

W

W
W
W
W
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SYHBOL ilANE DESCRIPTIOX

A6 Address Line 0 Ag controls selsction of Main Status
Register (A0 = 0) or Data Rogictcr (A6 = 1)

c Cylincler Numbor C standr for the current selected Cyllnder
track numbcr 0 through 76 of thc mcdlum.

D Deta D stands lor tho data pettcrn which is
going to be written into a Sector.

Dz-Do Data Bus 8-blt Dats Bug whore D7 is thc most
signiflcant bit, and Dg ls the least signif i

cant bit.

DSo. OS1 Drive Select DS standg for a sefected ddve number 0
or 1.

DTL Data Length When N is defined as 0O, DTL stands for
the data length which usors are going to
read out or wrlte into the Sector.

EOT End of Track EOT stands for thc final Sector number of
a Cylinder.

GPL Gap Length GPL rtands for the length of Gap 3
(spaclng between Sectors excfuding VCO
Sync Field).

H Head Address H stands for head number 0 or 1, as
specified in lD field.

HDS Head Select HDS stands for a selected head number 0
or 1 (H = HDS in all command words).

HLT Head Load Time HLT stands for the head load time in the
FDD (2 to 254ms in 2 ms incrementsl.

HUT Head Unload Tima HUT stands for the haad unload time after
a read or writa operation has occurred (16
to 240ms in 16ms increments)"

MFM FM or MFM Mode lf MF is low, FM mode is selected and if
it is high, MFM mode is selocted"

MT Multi-Track lf MT is high, a multi-track operailon is to
be performed (a cyllnder under both HDO
and HD1 wtll be read or written).

N Number N stands for the number of data bytes
written in a Sector.

automatically starts. In a similar fashion, when the last
byte of data is read out in the Result phase, the com-
mand is automatically ended and the g2z2A is ready tor
a new command. A command may be aborted by simply
sendi ng a Termi nal count signal to pi n 1 6
(TC - 1). This is a convenient means of ensuring that the
processor may always get the 8272A's attention even if
the disk system hangs up in an abnormal manner.

POLLING FEATURE OF THE 8272A
After power-up RESET, the Drive Select Lines DSO and
DS1 will automatically go into a polling mode. ln b+
tween commands (and between step pulses in the SEEK
command) the 8272A polls all four FDDs looking tor a
change in the Ready line from any of the drives" lf the
Ready line changes state (usualfy due to a door opening
or closing) then the 8272A will generate an interrupt.
When Status Register 0 (ST0) is read (after Sense Inter-
rupt Status is issued), Not Ready (NR) will be indicated.
The polling of the Ready line by the B2T2A occurs con-
tinuously between instructions, thus notifying the
processor which drives are on or off f ine. Approximate
scan timing is shown in Table 6.

Table 6. Scan Timing
DS1 DS0 APPROXIISATE SCAN TIMTNG

U U 220sS
0 1 22QyS
1

1

U 22OyS

1 440pS

COMMAND DESCRIPTIONS
During the Command Phase, the Main Status Register
must be polled by the cPU before each byte is written

Table 5. Command Mneumonics

SYHBOL HAUE DESCRIPTIOI{

NCN New Cylinder Number NCN stands for a new Cylinder number,
which is going to be reached as a result
of the Seek operation. Desired position of
Head.

ND Non-OMA Mode ND stands for operation in the Non-DMA
Mode.

PCN Present Cylinder
Number

PCN stands for the Cylinder number at
the completion of SENSE INTERRUPT
STATUS Command. Position of Head at
present time.

R Record R stands for the S""tr, 
"rrb"r.will be read or written.

R/W Reed/Write R/W stands lor either Read (R) or Write
(W) signal.

SC Sector SC indicates the number of Sectors per
Cylinder.

SK Skip SK stands for Skip Deleted Data Address
Mark.

SRT Step Rate Time SRT stands for the Stepping Rate for the
FDD {1 to 16 ms in 1 ms incrementsi. The
same Stepping Rate applies to all drrves
{F-'1 ms, E:2 ms, etc.i_

sT0
STl
ST2
sT3

Status 0
Status 1

Status 2

Status 3

ST 0-3 stand for one of four registers
which store the status information after
a command has been execulad" This
information is available during the result
phase after command execution. These
regrsters should not be confused with the
main status register (selected by A0= 0).
ST 0-3 may be read only after a command
has been executed and contain inlormation
relevant to that particular command.

STP During a Scan operation, if STP= t tht
data in contiguous seclors is compared
byte by byte with data sent from the
processor (or DMA), and if STP = 2, then
alternale sectors are read and compared

into the Data Register. The Dto (D86) and ReM (DBZ)
bits in the Main status Register must be in the "0" and
"1" states respectively, before each byte of the com-
mand may be written into the 8272A. The beginning of
the execution phase for any of these commands will
cause Dlo and RQM to switch to "1" and .,0" states
respectively.

READ DATA
A set of nine (9) byte words are required to place the
FDc into the Read Data Mode. After the Read Data com-
mand has been issued the FDC loads the head (if it is in
the unloaded state), waits the specified head setiling
time (defined in the specify command), and begins
reading f D Address Marks and lD f ields. when the cur-
rent sector number ("R") stored in the lD Register (lDR)
compares with the sector number read of f the diskette,
then the FDC outputs data (f rorn the data f ield) byte-by-
byte to the main system via the data bus.
After completion of the read operation f rom the current
sector, the Sector Number is incremented by one, and
the data from the next sector is read and output on the
data bus. This continuous read function is called a
"Multi-sector Read operation." The Read Data Com-
mand must be terminated by the receipt of a Terminal
Count signal. upon receipt of this signal, the FDC stops
outputting data to the processor, but will continue to
read data f rom the current sector, check cRC (cyclic
Redundancy count) bytes, and then at the end of the
sector terminate the Read Data Command.

The amount of data which can be handled with a single
command to the FDC depends upon MT (multi-track),
MFM (MFM/FM), and N (Number of Bytes/sector). Tabte
7 on the next page shows the Transfer capacity.
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llultl'Track
ilrT

HFil,FM
TFH

Bylcr/Scctor
N

texlmum Trrnrlcr Cepeclty
(Bylca/Scctorl (N u mbcr of Scctore)

FlnelSector Read

lrom Dlckello

0

0

0

1

00

01

(128) (26)= 3,328
(256) (26)= 6,6s0

26 at Side 0
or 26 at Side 1

1

1

0
'l

oo
01

(128) (52) = 6,656
(256) (52) - 13,31 2

26 at Side 1

0

0

0

1

01

a2

(256)

(512)

'15)= 3,840
15) - 7,680

15 at Side 0
or 15 at Side 1

1

1

U

1

01

a2

(256)

(512)

30)= 7,680

30)= 15,360
'15 at Side 1

0

0
0

1

02

03

(512) (8) = 4,096
(1024) (8) = 8,192

8 al Side 0
or 8 at Side t

'1

1

0
1

o2

03
(512) (16)= 8,192

(1024) (16) = 16,384
8 at Side 1

The "multi-track" f unction (MT) allows the FDC to read

data f rom both sides of the diskette. For a particular
cylinder, data will be transferred starting at Sector 1,

Side 0 anC completing at Sector L, Side 1 (Sectol L= last
sector on the side). Note, this function pertains to only
one cylinder (the same track) on each side of the
d iskette.

When N = 0, then DTL def ines the data length which the
FDC must treat as a sector. lf DTL is smallerthan the ac-

tual data length in a Sector, the data beyond DTL in the
Sector is not sent to the Data Bus. The FDC reads (inter-
nally) the complete Sector performing the CRC check,
and depending upon the manner of command termina-
tion, may perform a Multi-Sector Read Operation. When
N is non-zero, then DTL has no meaning and should be

set to 0FFH.

At the completion of the Read Data Command, the head
is not unloaded until after Head Unload Time Interval
(specif ied in the Specify Command) has elapsed. lf the
processor issues another command before the head

unloads then the head settling time may be saved be'
tween subsequent reads. This time out is particularly
valuable when a diskette is copied from one drive to
another.

lf the FDC detects the Index Hole twice without f inding
the right sector, (indicated in "R"), then the FDC sets
the ND (No Data) flag in Status Register 1 to a 1 (high),

and terminates the Read Data Command. (Status
Register 0 also has bits 7 and 6 set to 0 and 1 respective-
lv.)

After reading the lD and Data Fields in each sector, the
FDC checks the CRC bytes. lf a read error is detected
(incorrect CRC in lD f ield), the FDC sets the DE (Data Er-

ror) flag in Status Register 1 to a 1 (high), and if aCRC er-

ror occurs in the Data Field the FDC also sets the DD
(Data Error in Data Field) flag in Status Register 2to a1
(high)' and terminates the Read Data Command. (Status
Register 0 also has bits 7 and 6 set to 0 and 1 respec-
t ive ly.)

lf the FDC reads a Deleted Data Address Mark off the
diskette, and the SK bit (bit D5 in the first Command
Word) is not set (SK = 0), then the FDC sets the CM (Con-

trol Mark) flag in Status Register 2 to a 1 (high), and ter'
minates the Read Data Command, after reading all the
data in the Sector. lf SK= 1, the FDC skips the sector
with the Deleted Data Address Mark and reads the next
sector.

Table 7. Transler Capacity

During disk data transfers between the FDC and the
processor, via the data bus, the FDC must be serviced
by the processor every 27 ps in the FM Mode, and every
13 ps in the MFM Mode, or the FDC sets the OR (Over
Run) flag in Status Register 1 to a 1 (high), and ter-
minates the Read Data Command.

lf the processor terminates a read (or write) operation in

the FDC, then the lD Information in the Result Phase is
dependent upon the state of the MT bit and EOT byte.
Table 5 shows the values for C, H, R, and N, when the
processor terminates the Command.

Table 8. lD lnformation When Processor
Terminates Command

execution.

2. LSB (Least Significant Bit): The least signilicant bit of H is

complemented.

WRITE DATA

A set of nine (9) bytes are required to set the FDC into
the Write Data mode. After the Write Data command has
been issued the FDC loads the head (if it is in the
unloaded state), waits the specif ied head settling time
(def ined in the Specify Command), and begins reading
lD Fields. When the current sector number ("R"), stored
in the lD Register (lDR) compares with the sector

E

t{T EOT
Flnrl Scclor Tnntfened to

Proccllor

lD Informrllon rl Rcrult Phrrc

c H R N

0

1A

OF

08

Sector 1 to 25 at Side 0
Sector 1 to '14 at Side 0
Sector .l to 7 at Side 0

NC NC R+ 1 NC

1A

OF

08

Sector 26 at Side 0

Sector 15 at Side 0
Sector 8 at Side 0

C+ 1 NC R=0'l NC

1A

OF

08

Sector 1 to 25 at Side 1

Seclor 1 to 14 at Side 1

Sector 1 to 7 at Side '1

NC NC R+'l NC

1A

OF

08

Sec
Sec
Sec

or 26 at Side 1

or '15 at Side 'l

or 8 at Side 1

C+ 1 NC F=01 NC

1

1A

OF

08

Sec
Sec
Sec

or 1 to 25 at Side 0
or 'l lo 14 at Side 0

orltoTatSide0
NC NC R+ 1 NC

1A

OF

08

Sec
Sec
Sec

or 26 at Side 0

or 15 at Side 0

or I at Side 0
NC LSB R=01 NC

1A

OF

08

Sec
Sec
Sec

or 1 to 25 at Side 1

or'l to 14 at Side 1

orltoTatSidel
NC NC B+ 1 NC

1A

OF

08

Sector 26 at Side 1

Sector 15 at Side 1

Sector 8 at Side 1

C+1 LSB R=01 NC

Noles: 1. NC (No Change): The same value as the one at the beginning of command
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number read of f the diskette, then the FDC takes data
f rom the processor byte-by-byte via the data bus, and
outputs it to the FDD.
After writing data into the current sector, the sector
Number stored in irR'' is incremented by one, and the
next data field is written into. The FDC continues this
"Multi-Sector Write operation" until the issuance of a
Terrninal Count signal. lf a Terminal Count signal is sent
to the FDC it continues writing into the current sector to
complete the data field. lf the Terminal Count signal is
received while a data fietd is being written then the re-
marnder of the data f ield is f illed with 00 (zeros).
r he FDc reads the lD f ield of each sector and checks
ttte CRC bytes. lf the FDC detects a read error (incorrect
CRC) in one of the lD Fields, it sets the DE (Data Error)
f lag of Status Register 1 to a 1 (high), and terminates the
Write Data Commancj (Status Register 0 also has brts 7

and 6 set to 0 and 1 respectlvely.).ihe write Command operates in much the same manner
Bs the Read Command. The f ollowing items are the
sor'r't€; refer to the Read Data Command f or detarls:
o Transfer Capacity
. EN (End of Cylinder) Flag
G ND (No Data) Flag

' HeaC LJntoad Time Interval
. lD lnformation when the processor terminates com-

mand (see Table 2)

. Def inition of DTL when N - 0 and when N * 0

In the write Data mode, data transf ers between the proc-
trssor and FDc must occur every 31 ps in the FM rnode,
ur-,,.) every 15 ps in the MFM mode. lf the time interval
between data transfers is longer than this then the FDC
sets the oR (over Run) flag in Status Register 1 to a 1

(high), and terminates the write Data command.
Frsr minr-floppies' ffiultiple track writes are usually not
permrtted. This is because of the turrr-off time of the
erase head coils-the head switches tracks before the
erase head turns off. Therefore the system should
typrcally wart 1.3 ms bef ore attempting to step or
change sides.

WRITE DELETED DATA

Tnis command is the same as the Write Data Command
except a Deleted Data Address Mark is written at the
begrnning of the Data Field instead of the normal Data
A dd ress Mark.

READ DELETED DATA

Trris command is the same as the Read Data Command
except that when the FDC detects a Data Address Mark
at the beginning of a Data Field (and SK = 0 (low)), it will
reac all the data in the sector and set the CM f lag in
Status Register 2 to a 1 (high), and then terminate the
command. lf SK - 'l , then the FDC skips the sector w,ith
the Data Address Mark and reads the next sector

READ A TRACK

This command is similar to fiEAD DATA Command
except that the entire data field is read continuously
f rom each of the sectors of a track. lmmediately af ter
encountering the INDEX HOLE, the FDC starts reading

alldata f ields on the track as continuous blocks of data
lf the FDC finds an error in the lD or DATA CRC check
bytes, it continues to read data from the track. The FDC
compares the lD informatron read f rom each sector with
the value stored in the lDR, and sets the ND flag of
Status Register 1 to a 1 (high) if there is no comparison.
Multi-track or skip operations are not allowed with this
cornmand,
This command terminates when EOT number of sectors
have been read. lf the FDC does not find an lD Address
Mark on the diskette after it encounters the INDEX
HoLE for the second time, then it sets the MA (missing
address mark) f lag in Status Register 1 to a 1 (high), and
terminates the command. (Status Register 0 has bits Z

and 6 set to 0 and 1 respectively.)

READ ID

The READ lD command is used to give the present posi-
tion of the recording head, The FDC stores the values
from the first lD Field it is able to read. lf no proper lD
Address Mark is found on the diskette, before the lN-
DEX HOLE rs encountered f or the second time then the
MA (Missing Address Mark) flag in Status Register 1 is
set to a 1 (high), and if no data is found then the ND (No
Data) flag is also set in Status Register 1 to a 1(high)
and the command is terminated.

FORMAT A TRACK

The Format Command allows an entire track to be for-
matted. Af ter the INDEX HOLE is detected, Data is writ-
ten on the Diskette: Gaps, Address Marks, lD Fields and
Data Fields, all per the IBM System 34 (Double Density)
or System 3740 (Single Density) Format are recorced.
The particular format which will be written is controltecJ
by the values programmed into N (number of bytes/sec-
tor), SC (sectors/cylinder), GPL (Gap Length), and D
(Data Pattern) which are supplied by the processor dur-
ing the Command Phase. The Data Field ls filled with
the Byte of data stored in D. The lD Field for each sector
is supplied by the processor; that is, f our data requests
per sector are made by the FDC for C (Cylinder Number),
H (Head Number), R (Sector Number) and N (Number of
Bytes/Sector). This a!lows the diskette to be formatted
with nonsequential sector numbers, if desired.

After formatting each sector, the processor must send
new values for C, H, R, and N to thegzZ2Afor each sec-
tor on the track. The contents of the R Register is in-
cremented by one after each sector is formatted, thus,
the R register ccntains a value of R + 1 when it is read
during the Result Phase. Thrs incrementing and format-
ting continues for the whole track uniil the FDC en-
counters the INDEX HOLE for the second time. where-
u pon it terminates the command,

lf a FAULT signal is received frcm the FDD at the encJ of
a write operation, then the FDC sets the EC flag of
status Register 0 to a'l (high), and terminates the com.
mand after setting bits 7 and G of Status Register 0 to 0
and 1 respectively Atso the loss of a READy signal at
the beginning of a command execution phase causes
command termination.

Table 9 shows the relationship between N, sc, and GpL
f or variou s sector s izes:
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SCAN COMMANDS

The SCAN Commands allow data which is being read
f rom the diskette to be compared against data which is
being supplied from the main system (Processor in
NON-DMA mode, and DMA Controller in DMA mode).
The FDC compares the data on a byte-by-byte basis, and
looks for a sector of data which meets the conditions of
DrOO - Dprocessor, DFDO ( Dprocessor, O[ DrOO > Dprocessor.

Ones complement arithmetic is used for comparison
(FF = largest number, 00 = smallest number). After a

whole sector of data is compared, if the conditions are
not met, the sector number is incremented (R + STP'*
R), and the scan operation is continued. The scan opera-
tron continues until one of the following conditions oc-
cur; the conditions for scan are met (equal, low, or high),
the last sector on the track is reached (EOT), or the ter-

minal count signal is received.

lf the conditions for scan are met then the FDC sets the
SH (Scan Hat) f lag of Status Register 2 to a 1 (high), and
terminates the Scan Command. lf the conditions f or
scan are not met between the starting sector (as

specif ied by R) and the last sector on the cylinder (EOT),

then the FDC sets the SN (Scan Not Satisfied) flag of
Status Register 2 to a 1 (high), and terminates the Scan
Command. The receipt of a TERMINAL COUNT signal
f rom the Processor or DMA Controller during the scan
operation will cause the FDC to complete the com-
parison of the particular byte which is in process, and
then to terminate the command. Table 10 shows the
status of bits SH and SN under various conditions of
SCAN

Table 10. Scan Status Codes

Relationships.
5% " MINI FLOPPY

Mark) flag of Status Register 2 to a 1 (high) and ter-
minates the command. lf SK= 1, the FDC skips the sec-
tor with the Deleted Address Mark, and reads the next
sector. In the second case (SK- 1), the FDC sets the CM
(Control Mark) flag of Status Register 2 to a 1 (high) in
order to show that a Deleted Sector had been en-
countered.

When either the STP (contiguous sectors STP = 01, or
alternate sectors STP =02 sectors are read) or the Mf
(Multi-Track) are programmed, it is necessary to
remember that the last sector on the track must be read.
For example, if STP - 02, MT - 0, the sectors are
numbered sequentially 1 through 26, and we start the
Scan Command at sector 21 ; the f ollowing will happen.
Sectors 21 ,23, and 25 will be read, then the next sector
(26) will be skipped and the lndex Hole will be en-

countered before the EOT vaf ue of 26 can be read This
will result in an abnormal termination of the command.
lf the EOT had been set at 25 or the scanning started at
sector 24, lhen the Scan Command would be cornrlf eted
in a normal manner.

During the Scan Command data is supplied by either the
processor or DMA Controller for comparison against the
data read from the diskette. In order to avoid having the
OR (Over Run) flag set in Status Register 1, it is nec-
essary to have the data available in less than 27 ps (FM
Mode) or 13 ps (MFM Mode). lf an Overrun occurs the
FDC terminates the command.

SEEK

The read/write head within the FDD is moved from
cylinder to cylinder under control of the Seek Command.
The FDC compares the PCN (Present Cylinder Number)
which is the current head position with the NCN (New
Cylinder Number), and performs the following operaticn
if there is a difference:

PCN < NCN: Direction signal to FDD set to a
and Step Pulses are issued. (Step In.)

PCN > NCN: Direction signal to FDD set to a
and Step Pulses are issued" (Step Out.)

1 (h is h),

0 (low;,

The rate at which Step Pulses are issued is controlled by
SRT (Stepping Rate Time) in the SPECIFY Commaird
After each Step Pulse is issued NCN is comparecl
against PCN, and when NCN = PCN, then the SE (Seek
End) f lag is set in Status Register 0 to a 1 (high).and the
command is terminated.

Table 9. Sector Size
8" STANDARD FLOPPY

Note: 1. Suggested values of GPL in Read or Wriie Commands to avoid splice point between data fisld and lD field ol contiguous sections

2. Suggested values ol GPL in tormat command.

lf the FDC
one of the
tor as the

encounters a Deleted Data Address
sectors (and SK = 0), then it regards
last sector on the cylinder, sets CM

Mark on
the sec-
(Control

FORMAT SECTOR SIZE N sc cpul cpt2 R EMARKS SECTOR SIZE N SC cpt 1 cpt2

FM Mode 128 bytes/Secto
256

512

1024

2048
4096

00
01

02

03

04
n5

1A

OF

08

04

02

01

a7

OE

1B

47

C8

C8

1B

2A

3A

8A

FF
FF

IBM Diskette 1

l8M Diskette 2

128 bvles/Sector
128

256

512

1A24

2A48

00

00

01

02

03
04

12

10

08

04

02

01

07

10

18

46

C8

C8

09

19

30

87

FF

FF

MPM Mod 256
512

1Q24

2048
4096

8192

01

UI

03
04

05

06

1A

OF
08

o4

UI

01

OE

1B
35

99

C8

C8

36
54
74

FF
FF

FF

IBM Drskette 2D

IBM Diskette 2D

256
256
512

1Q24

2048

4C96

01

01

UZ

03

04

05

12

10

08

04

vl
0'r

OA

20
2A

80

C8

c8

OC

32
50
FO

FF

FF

COHMAND
STATUS REGISTER 2

COlT MENTS
BlT2=SN BlT3=SH

Scan Equal
0

1

1

0

Droo = DPro.esso,
Droo * DProcesso,

Scan Low or Equal
0

0
1

1

0

0

Dnoo = DProces"o,
Droo t DProcesso,
Droo * DPro""r"o,'

Scan Hrgh or Equal
U

0

1

1

U

n

Droo = DProc*ssu,
DroD ) oProcessor
Droo l DProcesso,
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During the Command Phase of the Seek operation the
FDC is in the FDC BUSY state, but during the Execution
Phase it is in the NON BUSY state. While the FDG is in
the NON BUSY state, another Seek Command may be
issued, and in this manner parallef seek operations may
be done on up to 4 Drives at once.

ff an FDD is in a NOT READY state at the beginning of
the command execution phase or during the seek opera-
tion, then the NR (NOT READY) flag is set in Status
Register 0 to a 1 (high), and the command is terminated.

Note that the 8272A Read and Write Commands do not
have implied Seeks. Any R/W command should be
preceded by: 1) Seek Command; 2) Sense Interrupt
Status; and 3) Read lD.

RECALIBRATE

This command causes the read/write head within the
FDD to retract to the Track 0 position. The FDC clears
the contents of the PCN counter, and checks the status
of the Track 0 signal f rom the FDD. As long as the Track
0 signal is low, the Direction signal remains 1 (high) and
Step Pulses are issued. When the Track 0 signal goes
high, the SE (SEEK END) f lag in Status Register 0 is set
to a 1 (high) and the command is terminated. lf the Track
0 signal is still low af te r 77 Step Pulses have been
issued, the FDC sets the SE (SEEK END) and EC (EQUIP-
MENT CHECK) f lags of Status Register 0 to both 1s
(highs), and terminates the command.

The ability to overlap RECALIBRATE Commands to
multiple FDDs, and the loss of the READY signal, ds
described in the SEEK Command, also applies to the
RECALIBRATE Command.

SENSE INTERRUPT STATUS

An Interrupt signal is generated by the FDC for one of
the following reasons:

1. Upon entering the Result Phase of :

a. Read Data Command
b. Read a Track Command
c. Read lD Command
d. Read Deleted Data Command
e. Write Data Command
f . Format a Cylinder Command
g. Write Deleted Data Command
h. Scan Commands

2. Ready Line of FDD changes state
3. End of Seek or Recalibrate Command
4. During Execution Phase in the NON-DMA Mode

Interrupts caused by reasons 1 and 4 above occur during
normal command operations and are easily discernible
by the processor. However, interrupts caused by
reasons 2 and 3 above may be uniquefy identified with
the aid of the Sense Interrupt Status Command. This
command when issued resets the interrupt signal and
via bits 5,6, and 7 of Status Register 0 identifies the
cause of the interrupt.
Neither the Seek or Recalibrate Command have a Result
Phase. Therefore, it is mandatory to use the Sense Inter-
rupt Status Command after these commands to effec-
tively terminate them and to provide verif ication of the
head position (PCN).

Table 11. Seek, lnterrupt Codes

SPECIFY

The Specify Command sets the initial values for each of
the three internal timers. The HUT (Head Unload Time)
defines the time from the end of the Execution Phase of
one of the ReadANrite Commands to the head unload
state. This timer is programmable f rom 16 to 24A ms in
increments of 16 ms (01 = 16 ms,02= 32 ms . . . . OF-
240 ms).The SRT (Step Rate Time) defines the time in-
terval between adjacent step pulses. This timer is pro-
grammable from 1 to 16 ms in increments of 1 ms (F= 1

ffis, E=2 ffis, D= 3 ms, etc.). The HLT (Head Load Time)
def ines the time between when the Head Load signal
goes high and when the Read/Write operation starts.
This timer is programmable from 2 to 254 ms in in-
crements of 2 ms (01- 2 ffis, 02=4 ffis, 03=6 ms,...
FE = 254 ms).

The step rate should be programmed 1 mS longer than
the minimum time required by the drive.

The time intervals mentioned above are a direct f unction
of the clock (CLK on pin 19).Times indicated above are
for an 8 MHz clock, if the clock was reduced to 4 MHz
(mini-floppy application) then all time intervafs are in-

creased by a factor of 2.

The choice of DMA or NON-DMA operation is made by
the ND (NON-DMA) bit. When this bit is high (ND- 1)the
NON-DMA mode is selected, and when ND - 0 the DMA
mode is selected.

SENSE DRIVE STATUS

This command may be used by the processor whenever
it wishes to obtain the status of the FDDs. Status
Register 3 contains the Drive Status inf orrnation.
INVALID

lf an invalid command is sent to the FDC (a command
not def ined above), then the FDC will terminate the com-
mand. No interrupt is generated by the 82724 during this
condition. Bit 6 and bit 7 (DlO and ROM) in the Main
Status Register are both high (" 1") indicating to the
processor that the 8272A as in the Result Phase and the
contents of Status Register 0 (ST0) must be read. When
the processor reads Status Register 0 it will find an BOH

indicating an invalid command was received.

A Sense Interrupt Status Command must be sent af ter a
Seek or Recalibrate interrupt, otherwise the FDC will
consider the next command to be an Invalid Command.

In some applications the user may wish to use this com-
mand as a No-Op command, to place the FDC in a stand-
by or no operation state.

SEEK END
BIT 5

INTERRUPT CODE
CAUSEBIT 6 BIT 7

0 1
'l Ready Line changed

state, either polarity

1 0 0 Normal Termination
of Seek or Recalibrate
Command

1 1 0 Abnormal Termination of
Seek or Recalibrate
Command
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BIT
DESCRIPTION

NO. NAIIE SYMBOL

STATUS REGISTER O

D7

D6

Interrupt
Code

tc D7= 0 and D6= O

Normal Termination of Command.
(NT). Command was compf eted and
properly executed"

Dz=0andD6=1
Abnormal Termination of Com"
mand, (AT). Execution of Command
was started, but was net
succ6ssful ly completed.

D7= 1 and D6= 0
lnvalid Command issue, (lC),

Command which was issued was

never started.

D7= 1 and D6='t
Abnormal Termination because
during command execution the
ready signal from FDD changed
state.

D5 Seek End SE When the FDC completes the

SEEK Command, this flag is set to 1

(hish).

D4 Equipment
Check

EC lf a fault Signal is received from the
FDD, or if the Track 0 Signal fails to
occur after 77 Step Pulses (Recali,
brate Command) then this f lag is set,

D3 Not Ready NR When the FDD is in the not-ready
state and a read or write command is
issued, this f lag is set. lf a read or
write command is issued to Side 1

of a single sided drive, then this f lag
rs set"

D2 Head

Address
HD This f lag is used to indicate the

state of the head at Interrupt.

D1 Unit Select 1 US1 These f lags are used to indicate a

Drive Unit Number at InterruptDo j Unrt Select 0 | US 0

STATU! i REGISTER 1

D7 End of
Cylinder

EN When the FDC tries to access a

Sector beyond the f inaf Sector of a

Cylinder, this flag is set.

D6 Not usad. This bit is afways 0 (low).

Ds Data Error DE When the FDC detects a CRC error
in either the lD field or the data f ield,
this f lag is set.

D4 Over Run OR lf the FDC is not serviced by the
main-systems during data transfers,
within a certain time interval. this
flag is set.

D3 Not usdd. This bit always 0 (low).

D2 No Data ND During execution of READ DATA,
WRITE DELETED DATA OT SCAN
Command. if the FDC cannot f ind
the Sector specified in the IDR

Register, this f lag is set.

During executing the READ lD Com-
mand. if the FDC cannot read the
lD f ield without an error, then this
flag is set.

During the execution of the READ A
Cylinder Command, if the starting
sector cannot be found. then this
flag is set.

Table 12. Status Registers

BIT

DESCRIPTION
NO. NAME SYTUIBOL

STATUS RE GTSTER 1 (CONT)

D1 Not
Writable

NW During execution of WRITE DATA,
WRITE DELETED DATA or Format A
Cylinder Command, if the FDC

detects a write protect signal f rom
the FDD, then this flag is set.

Do Missing
Address
Mark

MA lf the FDC cannot detect the lD
Address Mark af ter encountering the
index hole twice, then this f lag is set.

lf the FDC cannot detect the Data
Address Mark or Deleted Data

Address Mark, this f lag is set Also

at the same time, the MD (Missing
Address Mark in Data Field) of
Status Register 2 is set.

STATUS REGISTER 2

D7 Not used. This bit is always 0 (low).

D6 Control
Mark

CM During executing the READ DATA or

SCAN Command, if the FDC

encounters a Sector which contains
a Deleted Data Address Mark, this
f lag is set.

Ds Data Error in
Data Field

DD lf the FDC detects a CRC error in
the data f ield then this f lag is set.

D4 Wrong
Cylinder

WC This bit is related with the ND bit,
and when the contents of C on the
medium is different f rom that stored
in the lDR, this f lag is set.

D3 Scan Equal
Hit

SH During execution, the SCAN 
I

Command, if the condition of 
I

"equal" is satisfied, this f lag is set. i

D2 Scan Not

Satisf ied

SN During executing the SCAN

Command, if the FDC cannot find a

Sector on the cylinder which meets
the condition, then this f lag is set.

D1 Bad
Cylinder

BC This bit is related with the ND bit,
and when the content of C on the
medium is different from that stored
in the IDR and the content of C is
FF, then this flag is set.

Do Missing
Address
Mark in Data
Field

MD When data is read f rom the medium,
if the FDC cannot f ind a Data
Address Mark or Deleted Data
Address Mark, then this flag is set.

STATUS REGISTER 3

D7 Fault FT This bit is used to indicate the
status of the Fault signal from the
F DD.

D6 Write
Protected

WP This bit is used to indicate the
status of the Write Protected signal
from the FDD.

Ds Ready RDY This bit is used to indicate the status
of the Ready signal f rom the FDD.

D4 Track 0 TO This bit is used to indicate the status
of the Track 0 signal f rom the FDD.

D3 Two Side TS This bit is used to indicate the status
of the Two Side signal f rom the FDD.

D2 Head
Address

HD This bit is used to indicate the status
of Side.Select signal to the FDD.

D1 Unit Select 1 US1 This bit is used to indicate the status
of the Unit Select 1 srgnal to the FDD.

Do Unit Select 0 USO This bit is used to indicate the status
of the Unit Select 0 signal to the FDD"
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ABSOLUTE MAXIMUM RATINGS*
Operating Temperature . . 0"C to +70"C

Storage Temperature -40"C to + 125'C
All Output Voltages --0.5 to + 7 Volts
All Input Voltages . -0.5 to + 7 Volts

Supply Voltage Vcc - 0.5 to + 7 Volts
PowerDissipation ..1Watt

'TA = 25 "C

NOTICE: Stress above those /isted u nder "Abso/ ute Max'
imum Ratings" may cause permanent damage to the de-

vice. Thisis a stress ra ting onty and f unctional operation of
the device at these or any other conditions above those

indicated in the operational sections of this specif ication

is not imptied. Exposure to absolute maximum rating
conditions for extended periods may affect device
rel iabil ity .

D.C. CHARACTERISTICS (Ta = 0"C to + 70"C, Vcc = + 5V t 10%)

CAPACITANCE (Tn - 25"C, fc - 't MHz, Vgc - OV)

A.C. CHARACTERISTICS
CLOCK TIMING

(Tn0 "C to + 70 "C, Vcc = + 5.0V = 10%)

Symbol Pa ra meter
Limits

Unit
Test

ConditionsMin. Max.

Vt Input Low Voltage - 0.5 0.8 V

Vrn Input High Voltage 2.0 Vcc + 0.5 V

Vol Output Low Voltage 0.45 V lot = 2.0 mA

Vox Output High Voltage 2.4 Vcc V foH_ -400PA

lcc Vcc Supply Current 120 mA

I11
Input Load Current
(All Input Pins)

10

- 10

pA

sA

Vrru = Vcc

Vtru = 0V

lloH High Level Output
Leakage Cu rrent

10 pA VOur: VCC

lo rl Output Float
Leakage Current

r 10 pA 0.45V =.. VOUT =.. VCC

Symbol Parameter

Limits
Unit

Test
ConditionsMin. Max.

C rru(o) Clock I nput Capacitance 2A pF All Pins Except
Pin Under Test
Tied to AC
G rou nd

Ctr.t Input Capacitance 10 pF

Cuo I nput/Output CaPacitance 20 pF

Symbol Parameter Min, Max. Unit Notes

tCY Clock Period 120 500 NS Note 5

tcx Clock High Period 40 NS Note 4, 5

tRST Reset Width 14 tCY

READ CYCLE

tAR Select Setup to RDt 0 NS

IRA Select Hold f rom RDt 0 NS

IRR nD Putse Width 250 NS

TRD Data Delay f rom RD{ 200 NS

tDF Output Float Delay 20 100 NS
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A.C. CHARACTERISTICS (Continued) (TA0.c ro + 70"C, Vcc= + s.ov + 1o%)

WRITE CYCLE

Symbol Pa rameter Typ.l Min. Max. Unit Notes

IAW Select Setup to WRI 0 NS

tWA Select Hold from WFt 0 NS

IWW WR Pulse Wiclth 250 NS

tDW Data Setup to WRt 150 NS

twD Data Hold from WFt 5 NS

I NTE R RU PTS

tRl INT Delay f rom RDlf 500 NS Note 6

twl INT Delay f rom WRI 500 NS Note 6

DMA

TRQCY DRQ Cycle Period 13 irS Note 6
IA KRO DACK' lo DRQ, 200 NS

IRQF DRQI to RD, 800 NS Note 6

I RQW DROI to WFt 254 NS Note 6

iRQRW DRQI to RD' or WRt 12 prs Note 6

FDD INTERFACE

IWCY WCK Cvcle Time 2or4
1or2

,Jc

l/J il:il -= ! ruot* z

IWCH VVCK Hrgh Trme 250 BO 350 nq

ICP Pre-Sh rf t De lav f rom WCKt 100 NS

ICD WDA Delav f rom WCKi anzw 100 NS

t\'VDD Wrrte Data Wrdth IWCH 50 NS

trvv E WEt to WCK'l' or WEI to WCKI Delay 20 100 NS

TYVWCY Window Cycle Time {-

1

prS MFM - 0

MFM=1

t\r\i RD Wrndow Setuo lo RDD1 15 NS

IRDW Window l-lold from RDD+ 15 NS

IRDD RDD Actrve Trme {HIGH) 40 NS

F DD SEEK/DI RECTION/STEP

tUS USo r Setup to RW/SEEKl 12 prs Note 6

ISU USo r Hold after RW/SEEK - 15 prs Note 6

tSD frtrVlSEEK Setupl to LCT/DlR 1
I pS Note 6

tDS RW/SEEK Hold f rom LCT/DIR 30 pis Note 6

tDST LCT/DlR Setup to FR/STEPt 1 prs Note 6

ISTD LCTi DIR HoId f rom F Ri STEP' .A1.+ gS Note 6

ISTU DSe r Hold from FR/Stepl 5 pS Note 6

ISTP STEP Active Time (High) 5 i.rs Note 6

tsc STE P Cyc le Time 33 gS Note 3. 6

IFR FAULT RESET Active Time (High) I 10 ,us Note 6

IIDX lN DEX Pulse Width 10 tCY

tT^r I L; Terminal Count Width .l
tCY

NOTES:
1 . Typical values tor Tn = ZS "C and nominal supply voltage.

2. The former values are used tor slandard floppy and the latter values are used tor mini-floppies.

3. t56= 33 gs min. is for dilferent drive units. In the base of same unit, tSC can be ranged from I ms lo 16 ms with 8 MHz clock period, and 2 ms
to 32 ms with 4 MHz clock. under software conlrol.

4. From 2.0V to +2.0V.

5. At 4 MHz, lhe clock duty cycle may range trom 167o to 76%. Using an I MHz clock the duty cycle can range lrom32o/o lo 52%. Duty cycle is
defined as: D.C. = 100 (tCH = tcy) wilh typical rise and fall times ot 5 ns.

6. The specilied values listed are for an 8 MHz clock period. Multiply timings by 2 when using a 4 MHz clock period.
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1' AND O 45V FOR
A LIJGIC O TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC 1

AND i:I 8V FOR ,A LCGIC O Cl - '100 pF

CL INCLUDES JIG CAPACITANCE

WAVEFORMS

PROCESSOR READ OPERATION
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WAVEFORMS (Continued)

PROCESSOR WRITE OPERATION

A,,, CS" OACK

DMA OPERATION
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WAVEFORMS (Gontinued)

CLOCK TIMING

/

FDD WRITE OPERATION
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SEEK OPERATION

WAVEFORMS (Continued)

FLT RESET
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WAVEFORMS (Gontinued)

FDD READ OPERATION

TERMINAL COUNT
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FEATURES

! Fully Programmable Display Format
Characters per Data Row (8-240)
Data Rows per Frame (2-256)
Raster Scans per Data Row (1-32)

n Programmable Monitor Sync Format
Raster Scans/Frame (4-2048)
Front Porch - Horizontal (Negative or Pos itive)

- Vertical
Sync Width - Horizontal (1-128 Character Times)

- Vertical (2-256 Scan Lines)
Back Porch - Horizontal

n oi rect output#StA';1" n i tor
Horizontal Sync
Verticaf Sync
Composite Sync
Composite Blanking
Cursor Coincidence

! Binary Addressing of Video Memory
LJ Row-Tabfe Driven or Sequential Video Addressing Modes
E lrogrammable Status Row Position and Address Frgisters! Bidiiectional Partial or Fuf l Page Smooth Scroll
I Attribute Assemble Mode
! Double Height Data Row"Mode
D Double Width Data Row Mode
! Programmable DMA Burst Mode
U Configurable with a Variety of Mem ory Contention

Arranqements
D t-ignt Fen Register
U Cursor Horizontal and Vertical Position Registers
D Maskable Processor Interrupt Line
I f nternaf Status Registe r
I Three-state Video Memory Address Bus
n Partial or Full Page Blank Capabif ity
E Two Interlace Modes: Enhanced video and Alternate

Scan Line

CRT Video Processor and Controller
VPAC'

GENERAL DESCRIPTION

! Ability to Delay cursor and Blanking with respect to
Active Video

! Programmable for Horizontal Spf it Screen Applications
U Graphics Compatible
! Ability to Externally Sync each Raster Line, each Field
U Single *5 Volt Power Supply
LJ TTL Compatible on All Inputs and Outputs
f VT-100 Compatible
I RS-170 lnterlaced Composite Sync Available

PIN CONFIGURATION

VA2 1

VA1O 2
VA3 3

VA11 4
VA12 5

VA4 6

VA13 7

VAs B

VA6 9
VA7 1O

VLT 11

lrS rz
FTS Ig

Cffirq
DHE Is
VD7 16

VD6 17

VD5 18

VD4 19

VD3 20

40 GND
39 VAg
38 VA1
37 VA8
36 VAO

35 CBLANK

34 CURS

sg ncrc/f5C
gZ CSYIIC/LPSTB
31 SLDiSLO
30 SfG'sLr
29 WBEN,USL2'CSYIIC
28 DMAR,SL3,VBLANK

27 INT
26 H-ST

256
24 VDO
23 VD1
22VDz
21 + 5V

T

The CRT 9007 VPAC " is a next generation video processor/
controlfer-an MOS LSI integrated circuit which supports either
sequentiaf or row-tabfe driven memory addressing modes. As
indicated by the features above, the VPAC'" provides the user
with a wide fangg of programmable features permitting low cost
impfementation of high performance CRT systems. fts 14 address
lines can direclly address gF to 16K of video memory. This is
equivalent to eight pages of an 80 character by 24line CRT dis-
pl.ay. Sm.oqth gr jump scroff operations may be performed any-
where within the addressable memory. In addition, status rows
can be defined anyrvhere on the screen.
In the sequentiaf video addressing mode, a Table Start Register
points to the address of the first character of the first data rdw on
the screen. lt can be easify changed to produce a scrolling effect
on the screen. By using this register in conjunction with two aux-
ifiary address registers and two Sequential br-eak registers, a screen
roll can be produced with a stable status row hefd at eitner the first
or last data row position.

fn the row-tabfe driven video addressing mode, each row in the
video dispfay is designated by its own address. This provides the
user with greater flexibility than sequential addressing since the
rows of characters are linked by _pointers instead of iesiding in
sequential memory locations.-Operations such as data iow
insertion, deletion, and replication are easily accomplished by
manipufating pointers instead of entire lines. The row table itself
can be stored in memory in a linked list or in a contiguous format.
The VPAC'" works with a variety of memory contention schemes
incfuding operation with a Single Row Buffer such as the CRT 9006,
a Double Row Buffer such as the CRT 9212, or no butfer at all, in
which case character addresses are output during each display-
able scan line.
User accessable internaf registers provide such features as light
pen, interrupt enabling, cursor addressing, and VPAC'" status.
Ten of these registers are used for screen formatting with the abi-
lity to define over 200 characters per data row and up to 256 data
rows per frame. These 10 registers contain the "vital screen
parameters".
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CHAR HORIZ PERIOD

VERT SYNC WIOTH

PIN CONFIGURATI(JN REG

TAELE START
REGISTEF

AUXILIARY AOORESS
REtiISTER 2

AUXILIARY ADDRESS
REGISTER I

ATTRIBUTE
LATCH

INTERNAL BUS

14 BIT ADORESS

ROW TABLE POINTER
REGISTER

INTERNAL VIDEO
ADDRESS REGISTEF

TIMING
AND

CONTROL

VD7- O

CSYNC
LPSTE

REGISTER
SELECT

SL3 DMAR VBTANK

SLz WBEN CSYNC

FIGURE 1: CRT 9007 BLOCK DIAGRAM

DESCRIPTION OF PIN FUNCTIONS
PROCESSOR INTERFACE:

PIN NO. NAME SYMBOL FUNCTION

7,5,4, 2, 39,
37, 1 0, 9, 8, 6,

3, 1, 38, 36

Video Address
13-0

VA13.VAO These 14 signals are the binary address presented to the video memory by the CRT 9007.
The function depends on the partrcular CRT 9007 mode of operation. VA13-6 are outputs
only. VA5-0 are bidirectional.

-Double 
Row Buffer Conf iguration:

VA13-0 are active outputs for the DMA operations and are in their high impedance state at
all other times,

-Single Row Buffer Configuration:
VAi3-0 are actlve outputs during the first scan line of each data row and are in their high
impedance state at all other times.

-Repetitive 
Memory Addressing Configuration :

VA13-0 are active outputs at ai-l times except during horizontal and vertical retrace at which
time they are in their high impedance state"

lf row table addressing is used for either single row buffer or repetitive memory addressing
modes, VA13-0 are active outputs during the horizontal retrace at each data row boundary to

allow the CRT 9007 to retneve the row table address. For processor read write operatlons
VA5-0 are inputs that select the appropriate internal register.

16,17,18,19,
20,22,23,24

Video Data 7-0 VDT.VDO Bidirectional video data bus:rlqring processor Read,write operations data is transferred via
VD7-VqO when chip strobe (CS) is active. These lines are in their high impedance state
when eS ls inactive. During CRT 9007 DMA operations, data from video memory is input vra
VD7-VDO when a new row table address is being retrieved or when the attribute latch is being
updated in the attrrbute assemble mode. VD7-VDO are outputs when the external row buffer
is updated with a new attribute in the attribute assemble mode.

25 Chip strobe m Input;this signal when active low, allowsthe processorto read orwrite internal CRT9007
registers. When reading from an internal CRT€007 register, the chip strobe (CS) enables the
output drivers. When writing to an internal CRT 9007 register, the trailing edge of this signal
latches the incoming data. Figure 2 shows all processor read/write timing.

26 Reset RST Inout: this active low siqnal puts the CRT 9007 into a known, inactive state and insures
tnbt the horizontal synC(FiS) output is inaclive. Activating this input has the same etfect as a
RESET command. After initialization, a START command causes normal CRT 9007 opera-
tion. See processor addressable registers seclion, Register 16 for the reset state definition.

27 Interrupt INT Output;an interrupt to the processor from the CRT 9007 occurs when this signal is active
high. The interrupt returns to its inactive low state when the status register is read.
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DESCRIPTION OF PIN FUNCTIONS CONT'D

CRT INTERFACE:

PIN NO. NAME SYMBOL FUNCTION
11 Visible Line Time VLT Output;this signal rs active high during all visible scan lines and during the hofiZonlal trace

times at vertical retrace. This signal can be used to gate the character clock (CCLK) when
supplying data to a character generator from a single or double row buffer.

12 Vertrcal Sync VS Open drain output; this signal determines the vertical position of displayed text by initiating a
vertical retrace. lts position and pulse width are user programmable. The open drain allows
the vertical frame rate to be synchronized to the line frequency when using monitors with DC
coupled vertical amplifiers. lf the VS output is pulled active low externally before the CRT
9007 itself initiates a vertical synqlhe CRT 9007 will start its own vertical sync at the next
leading edge of horizontal sync (HS).

13 Horizontal Sync HS Open drain output; this signal determines the horizontal position of displayed text by initiating
a horizontal retrace. lts position and pulse width are user programmable. During hardware
and software reset, this signal is inactive high The open drain allows the horizontal scan rate
to be synchronized to an external source. lf the HS output is pulled low externally before the
CRT 9007 itself initlates a honzontal sync, the CRT 9007 will start its own horizontal sync on
the next character clock (@IK

14 Character Clock ffi Input, this signal defines the character rate of the screen and is used by the CRT 9007 for
all internal timing. A minimum high voltage of 4.3V must be maintained for proper
chip operation.

15 Data Row
Boundary

DRE Output: this signal is active low for one full scan line (from VUT trailing edge to VLT trailing
edge) at the top scan line of each new data row. This signal can be used to swap buffers in
the double row buffer mode. lt indicates the particular horizontal retrace time that the CRT
9007 outputs addresses (VA13-VA0) for single row butfer operation. There will always
be one extra DRB signal which will become active during the first scan line of the vertical
retrace interval.

34 Cursor CURS Output;this signal marks the cursor position on the screen as specified bythe horizontal and
vertical cursor registers. The signal is active for one character time at the particular character
position for all scan lines within the data row. For double height or width characters, this sig-
nal is active lor 2consecutive ffiK's in every scan line with-in the data row. For double
height characters, this signal can be programmed to be active at the proper position lor 2
consecutive data rows.

CURS is also used to signal either a double height or double width data row by becoming
active during the horizontal retrace (CBLANK active) prior to a double height or double width
scan line. The time of activation and deactivation is a function of the addressing mode, butfer
configuration and the scan line number. See section of Double heighVwidth for details.

3s Composite Blank CBLANK Output. This signal when active high, indicates that a retrace (either horizontal orvertical) will
be performed, The signal remains active for the entire retrace interval as programmed. lt is
used to blank the video to a CRT.

USER SELECTABLE PINS: (see Tables 4 and 5)

PIN NO. NAME SYMBOL FUNCTION

28.29,30, 31 Scan Line 3-
Scan Line 0

SL3-SLO Output;these 4 signals are the direct scan line counter outputs, in binary form, that indicate
to the character generator the current scan line. These signals continue to be updated
during the vertical retrace interval. SL3 and SLO are the most and least significant
bits respectively.

28 Direct Memory
Access Request

DMAR Output; this signal is the DMA request issued by the CRT 9007. lt will only become active if
the acknowledge (ACK) input is inactive. lt remains active high throughout the entire
DMA operation.

28 Vertical Blank VBLANK Output;this signal is active high only during the vertical retrace period.

29 Write Buffer
Enable

WBEN Output;this active high signal is used to gate the clock feeding the write buffer in a double
row buffer conf iguration.

29 or 32 Composite Sync CSYNC Output;this signal provides a true RS-170 composite sync waveform with equalization pulses
and vertical serrations in both interlace and noninterlace formats. Figure 3 illustrates the
eSYNe output in both interlaced and noninterlaced formats

30 Scan Line Gate stc Output; this active low srgnal is used as a clock gate. lt captures the correct 5 or 6 ffi's
and, in conjunction wrth SLD (pin 31), allows scan line information to be loaded serially into
an external shift register,

31 Scan Line Data SLD Output; this signal allows one to load an external shift register with the current scan liQg_
count. TheeqUnt is presented least significant to most significant bit during the 5 or 6 CCLK's
framed by S[G. With this form of scari-line representatioi, it is possible to?efine up to 32
scan lines per data row.
The external shift register must be at least 5 bits in length. Even though 6 shifts can occur
one should only use the 5 last bits shifted to define the scan line count. The extra shift occurs
in interlace or double height character mode to allow the scan line count to be adjusted to its
proper value. Figures 4 and 5 illustrate the serial scan line timing.

32 Light Pen Strobe LPSTB Input;this signal strobes the current rowr'column position into the light pen register at its posi-
tive transition.

33 Acknowledge ACK Input; this active high signal acknowledges a DMA request. lt indicates that the processor
bus has entered its high impedance state and the CRT 9007 may access video memory. lt is
not recommended to deactrvate this signal during a CRT 9007 DMA cycle because the CRT
9007 will not shut down in a predictable amount of time.

33 Three Srate
Control

TSC Input;this signal, when active low, places VA13-VA0 in their high impedance state.
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OPERATION MODES

Slngle Row Buffer Operation
The CRT 9007 configured with a CRT 9006 Single Row
Buffer is shown in figure 6. The use of the CRT 9006 Single
Row Buffer requires that the buffer be loaded at the video
painting rate during the top scan line of each data row. How-
ever, after the CRT 9006'is loaded, the CRT 9007 address
lines enter their high impedance state for the remaining N-
1 scan lines of the data row, thereby permitting full proces-

Sor access to memory during these scan lines. The per-
centage gf total memory.gycl.ef-available to !.he Progessor
is approximately t(N-1)/Nl x 100 where N is the total num-
ber of scan lines per data row. For a typical system with 12
scan f ines per data row this percentage is 92%. Figure 7
illustrates typical timing for the CRT 9OO7 used with the CRT
90OO Single Row Buffer.

TSC FIST *5V GND INT

vAr3- o "r?Jopt 
FIs

C BLANK

ys
VD7. E

VLT SL3 SL2 SLl StO CURS CffiR

D
A
T
A

B
U
s

WHET dLTfffiTcKEN cLK

DOUTT'
CFT 9006
SINGLE

ROW BUFFER
OE

DINT O

FIGURE 6: CRT 9007 CONFIGURATION WITH SINGLE ROw BUFFER

VLT
1'l

I I

DM

TSC

i s ct-ocxs
CURS

(NO SKEW)

SL3-0 C

FIGURE 7: CRT 9(Xl7 SINGLE ROW BUFFER TllllNG (32 CHARACTERS PER DATA ROW)

t s clocxs I s ct-ocKs

STABLE COUNT STABLE COUNT
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Double Row Butfer Operation
Figure 8 shows the CRT 9007 used in conjunction with a
CRT 9212 Double Row Buffer. The Double Row Buffer has
a read buffer which is read at the painting rate of the CRT
during each scan line in the data row. While the read buffer
is being read and supplying data to the character generator
for the current displayed data row, the write buffer is being
loaded with the next data row to be displayed. This
arrangement allows for relaxed write timing to the write buffer
as it may be filled in the time it takes for N scan lines on the
CRT to be painted where N is the number of scan lines per
data row. Used in this configuration, the CRT 9007 takes
advantage of the relaxed write buffer timing by stealing
memory cycles from the processor to fill the write buffer
(Direct memory access operation). The CRT 9007 sends
the DMAR (DMA request) signal, awaits an ACK (acknowl-
edge) signal and then drives out on VA13-VA0 the address
at which the next video data resides. The CRT 9007 then
activates the WBEN (write buffer enable) signal to write the
data into the buffer. lf for exarnple there are 80 characters
per data row, the CRT 9007 performs 80 DMA operations.
The user has the ability to program the number of DMA cycles
performed during each DMAR-ACK sequence, ds well as

the delay between each DMAR-ACK sequence, via the DMA
CONTROL REGISTER (RA). lf 8 DMA operations are
performed for each ACK received, 10 such DMAR-ACK
sequences must be performed to completely fill the write
buffer. The programmed delay allows the user to evenfy
distribute the DMA operations so as not to hold up the pro-
cessor for an excessive length of time. This feature also
permits other DMA devices to be used and allows the pro-
cessor to respond to real time events. In addition, the user
has the ability to disable the CRT 9OO7 DMA mechanism.
Figure 9 illustrates typical timing for the CRT 9OO7 used with
the CRT 9212 Double Row Buffer.

Since the CRT 9212 Double Row_BUfier has separate inputs
for read and write clocks (RCLK, WCLK), it is possible to
display proportional character widths (variable number of
dots per character) by reading out the buffer at a character
clock rate determined by the particular character. The writ-
ing of the buffer can be clocked from a different and con-
stant character clock. Figure 10 illustrates the CRT 9007
used with two double row buffers and a CRT 9021 Video
Attributes Controller chip to provide proportional character
display.
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Repetitive Memory Addressing Operation
In this operation mode, the CRT 9007 wilf repeat the
sequence of video addresses for every scan line of every
data row. The CRT 9007 address bus will enter its high
impedance state during all horizontal retrace intervals
(except the retrace interval at a data row boundary if the
CRT 9007 is configured in a row driven addressing mode).
This arrangement allows for such low end contention
schemes as retrace intervention (the processor is only
allowed access to video memory during retrace intervals)

and processor priority (the processor has an unlimited
access to video memory). A high end contention scheme
can be employed which uses a double speed memory such
that in a single character period both the processor and the
CRT 9007 are permitted access to video memory at pre-
determined time slots. Figure 11 illustrates the CRT 9007
configured with a double speed memory. Typical timing for
this mode is illustrated in figure 12.

3X DRIVER

INT RST + 5V GNO
TsT

re

vrtl"6 cRT 9o,c7
V PACIU

G
VD/,6

SL3.SLg CUNS CBLANX

VIDEO
RAM

3X BIDIRECTIONAL
DR IVER

VIDEO ADDRESS

VIDEO DATA

VDC LD/SH R3'RO CURSOR RETEL

ATTRIEUTES

cRT Boo2 vsYNc

VDAC'M
CH ARACTE R/ATTRIBUTES

t^t.fr GENERATOR

VIOEOCftR TO MONITOR

,t ffi
DCLK

CCLK

T1

r2

VIDEO
RAM

ADDRESS SSOR

FIGURE 11 : CRT 9007 CONFIGURATION WITH DOUBLE SPEED MEilORY

u.t

TSC

vA13-0

VD7,O

FIGURE 12: GRT 9007 REPETITIVE MEMORY ADDRESS TlillNG (32 CHARACTERS PER DATA ROW)

257



Attribute Assemble Operation
This configuration allows the user to retain an I bit wide vrdeo
memory in which attributes occupy memory locations but
not positions on the CRT, This mode assumes that every
other display position in video memory contains an attri-
bute. During one clock cycfe, attribute data is latched into
the CRT 9007;during the next clock cycle a character loca-
tion is addressed. The attribute data is driven out along with
a WBEN signal allowing the character plus its associated
attribute to be written simultaneously to two 8 bit double row
buffers. Figure 13 illustrates the memory organization used
for the Attribute Assemble mode. The first entry in each data
row must begin with an attribute.
Figure 14 shows the CRT 9007 configured in the Attribute
Assemble mode used with two CRT 9212 Double Row
Buffers and 8, 16Kx1 dynamic RAMS. This mode, since it
retains an I bit wide memory while providing all the advan-
tages of a 16 bit wide memory, lends itself to some cost
effective designs using dynamic RAMS. The CRT 9007 will
refresh dynamic RAMS because twice the number of the
programmed characters per data row are accessed
sequentially for each data row.. Figure 15 illustrates typical
timing of the CRT 9007 used in the Attribute Assemble mode.

Memory Address (typ) Memory Data (8 bits)

0D00

0D01

0D02

0D03

0
0
0

2N

2N+1

Attribute 0

Character 0

Attribute 1

Character 1

0
0
0

Attribute N

Character N

Flgure 13: Attrlbute Assemble Memory Organization

'Note: For50 Hz operation there usually is about 3 milliseconds extra vertical blanking where refreshing might lail. In this situation the
CRT 9007 can be programmed with about 5 more "dummy" data rows while-extending the veitical blank signal. This allows
the CRT 9OO7 to slarl addressing video memory much earlier within the vertical blanking inlerval and hence pirovide refresh to
the dynamic RAMS When displaying double height or double width data rows, only half as many sequential locations are
accessed each data row and dynamic RAM relresh might fail.
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Smooth Scrofl Operation
Smooth scroll requires that all or a portion of the screen move
up or down an integral number of scan lines at a time. 2 user
programmable registers allow one to define the "start data
row" and the "end data row" for the smooth scroll opera-
tion. A SMOOTH SCROLL OFFSET REGISTER (R17),
when used in conjunction with a CRT 9007 vertically timed
interrupt, allows the user to synchronize the update of the
offset register to the vertical frame rate. The offset register
causes the scan line counter outputs of the CRT 9007 to
start at the programmed offset value rather than zero tor

the data row that starts the smooth scroll interval. To allow
complete flexibility in smooth scroll direction and rate, one
can update the offset register in the positive as well as neg-
ative direction and can afso offset any number of scan lines
each frame. Since a smooth scroll can momentarily result
in a partial data row consisting of one scan line, the loading
of the write buffer under DMA operations for the start and
end data row of the smooth scroll operation is forced to occur
in one scan line. This condition overrides the programma-
ble DMA CONTROL REGISTER (RA).

HSru +{-> I I

- J 1-l-
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DRB

DMA

hnl: \-.1-r
1+16 DMA CYCLES+8 DELAY{}+IO + 1 DMA CYCLESI{{8 DELAY{
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FIGURE 15: CRT 9007 ATTRIBUTE ASSEMBLE TIMING (32 CHARACTERS PER DATA ROW)
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ADDRESSING MODES

-. ---r.^ 

-

Row Table Addressing
In this addressing mode, each data row in video memory is
designated by its own starting address. This provides greater
flexibility with respect to screen operations than with other
addressing schemes used by previous CRT controllers. The
row table, which is a list of starting addresses for each data
row, can be configured in one of 2 ways. The choice of row
table format is highly dependent upon the particular appli-
cation and the programmer's preference since each format
allows full utilization of the CRT 9007 features.

Contiguous Row Table Format
In this format, the TABLE START REGISTER (RC and RD)
points to the address where the row table begins. The con-
tents of the first 2locations define the starting address of
the first data row. These 2 bytes define a14 bit address where
the first byte is the low order I bits and the second byte is
the high order 6 bits. The 2 most significant bits of the sec-
ond byte define double height/width characteristics to the
current data row. The contents of the third and fourth loca-
tions define the address where the second data row begins.
Figure 16 illustrates the contiguous row table organization
in video memory.

Linked List Row Table Format
In this format the TABLE START REGISTER (RC and RD)
points to the memory location which starts the entire
addressing sequence into operation. The first byte read is
the lower 8 bits and the second byte read is the upper 6 bits
of the next data row's start address. The 2 most significant
bits of the second byte define double height/width charac-
teristics for the data row about to be read. The third, fourth,
fifth, etc.,bytes read are the first, second, third, etc., char-
acters of the current data row. Figure 17 illustrates the linked
list row table organization in video memory.
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I
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I

t

I
I

1

t
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Data
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2nd
Data
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3rd
Data
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FIGURE 16:
CONTIGUOUS ROW TABLE ADDRESS FORMAT

Table Start Regrster

1st Char

2nd Char

Last Char

1st Char

2nd Char

Last Char

1st Char

2nd Char

Last Char

Table Start Begister

Row table address for second data row

-

Byte 1 | Byte 2 | Byte3 | Byte a I OOO I Byte N

Row table address f or third data row

Byte 1 | Byte 2 | Byre 3 | ayte a I O OO I Ayte r.r

characters for second data row

FIGURE 17: LINKED LIST ROw TABLE ADDRESS FORMAT

characters f or f irst data row

Sequential Addressi ng'
In this addressing mode, characters on the display screen
are located in successive memory locations. The TABLE
START REGISTER (RC and RD) points to the address of
the first character of the first data row on the screen. ln this
mode the TABLE START REGISTER does not point to the
start of a table but the start of the screen. As each character

is read by the CRT 9007 for display refresh, the internal video
address register is incremented by one to access the next
character.
For more versatile systems operation in the sequential
addressing mode, SEQUENTIAL BREAK REGISTER 1

(R10) and SEQUENTIAL BREAK REGISTER 2 (R12) may
be used to define the data rows at wffich two additional

JSEOUENTIAL BREAK 2 is not lunctional in the repetitive memory addressingmod-.e..ltisfullyfunctional inall otheroperationmodes
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sequential display areas begin. Note that DATA ROW END
REGISTER (R12) is defined as SEQUENTIAL BREAK
REGISTER 2 (R1 2'1ior the sequential addressing mode only.
The starting addresses for these two additional display areas
are defined by AUXILIARY ADDRESS REGISTER 1 (RE
and RF) and AUXILIARY ADDRESS REGISTER 2 (R13 and
R14). When the raster begins painting a data row equal to
the number programmed in one of the sequential break
registers, the CRT 9007 addresses the video memory
sequentially starting with the address specified by the cor-
responding auxiliary address register. Figure 18 illustrates
a display with B0 characters per data row having sequential
breaks at data rows 3 and 6.

Using the sequential addressing mode with 2 breaks, it is
possible to roll a portion of the screen and keep the rest of
the screen stable. Double height/width characteristics can
be attached to the 2 sequentially addressed screens defined
by SEQUENTIAL BREAK REGISTERS 1 and 2 by using the
2 most significant bits of AUXILIARY ADDRESS REGIS-
TERS 1 and 2. See the description of these 2 registers for
their bit definition.

TABLE START REGISTER : 1OOO
AUXILIARY ADDRESS REGISTER 1

AUXILIARY ADDRESS REGISTER 2
SEQUENTIAL BREAK REGISTER 1

SEQUENTIAL BREAK REGISTER 2

_ 2000: 0800
=3
=6

Data Row
@

1

2
3
4
5
6
7
8

Address range
10OO to 104 F
1050 to 109F
10A0 to 1OEF
2000 to 204F (Break 1 )

2050 to 209F
20AA to 20EF
0800 to 084F (Break 2)
0850 to 089F
08A0 to 08EF

o
o
o

Fis u re 1 8 : Seguer+l3'#gt 
_T 

i ns Eram ple

Double Height/Width Operation
When double heightrwidth characters (ZXHIZXW) are dis-
played, the following will occur:

1 . the CRT 9007 will address half as many characters for
each data row by incrementing its address every other
character clock.

2. the high speed video shift register supplying serial video
to the CRT must shift out dots at half frequency.

3. For doUbleheight, the scan line counter outputs (SL3-
SLO or SLG, SLD) are incremented every other scan
line.

The CRT 9007 is informed of the double height or double
width display modes via the 2 most significant bits of the
row table address or the 2 most significant bits of the AUX-
ILIARY ADDRESS registers depending on the selected
addressing mode. In any case, once the information is
obtained by the CRT 9007, it must initiate the 3 tasks listed
above. Tasks 1 and 3 are performed as appropriate and task
2 is performed using the CURS output of the CRT 9007 dur-
ing CBLANK (horizontal retrace) to signal the external logic
that a change in the dot shift frequency is required. The exact
time of activation and deactivation of the CURS signal dur-
ing horizontal retrace is a function of addressing mode,
operation mode and actual scan line number to be painted.
Tables 1 and 2 show the cursor activation and deactivation
times as a function of the buffer configuration and address-
ing mode for the top scan line of a new data row. Tables 1

and 2 assume a cursor skew of zero. A cursor skew will effect
the cursor position during trace as well as retrace time. For
all rubsequent scan lines, the CURS signal is activated 3
CCLK's after VLT trailing edge and stays active for exactly
1 CCLK assuming no cursor skew. When the cursor is placed
on a double height or double width data row, it will become
active tar 2 CCLK's to allow the cursor to be displayed as
double width. lf the cursor position is programmed to reside

Table 1: Double HeighVWidth CURS activation for top scan
line of new data row.

in the top half of a double height data row, it may become
active for all scan lines in both the current and next data row
to allow the cursor to be displayed as double height.

For row driven addressing, a particufar data row or pair of
data rows can appear in one of the following ways as a
function of the two most significant bits of the row table
address (bits 15 and 14).

-Single height, single width (Row table address bits 15,
14 _ 00). The CRT 9007 will display the particular data
row as single height, single width.

-Single 
height, double width (Row table address bits 15,

14 - 01). The CRT 9007 will display the particular data
row as single height double width by accessing half as
many characters as appear in a single width data row.
The CURS signal becomes active during horizontal
retrace in the manner described previously.

-Double 
height, double width top half (Row table address

bits 15, 14 10). In addition to providing the special tim-
ing associated with single height double width data rows,
the scan line counter is started from zero and incre-
mented every other scan line until N scan lines are painted
(N is the number of scan lines per single height data row).
In this way, new dot information appears every other scan
line and the top half of the data row appears in N scan
lines.

-Double 
Height, Double Width Bottom Half (Row table

address bits 15, 14 : 1 1)-Same as Double Height,
Double Width Top except the scan line counter is started
from N/2 (or (N-1)2rt N is odd), and incremented every
other scan line until N scan lines are painted. In single
row buffer operation, a double height bottom data row
can only stand alone during a smooth scroll operation;
otherwise it is assumed to follow a double height top
data row.

OPERATION
MODE

ADDRESSING MODE

Row driven (linked list
or contiguous) Sequential

Repetitive Memory
Addressing

Single row butfer

Double row buffer

at the leading edge of
VLT

at the leading edge of
VLT

1 CCLK after leading
edge of CURS

at the leading edge of
VLT

at the leading edge of
VLT

1 CCLK after leading
edge of CURS

Table 2: Double llelght/Wldth CURS deactlvatlon fror top soan
llne ol new data row.

OPERATION
MODE

ADDRESSING MODE

Row Driven (linked list
or contiguous) Sequential

Repetitive Memory
Addressing

Single row buffer

Double row buffer

1 CCLK after high byte
of row table read

1 CCLK after high byte
of row table read

1 CCLK after high byte
of row table read

1 CCLK after TSC
leading edge

1 CCLK after TSC
leading edge

1 CCLK after ACK
leading edge
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PROCESSOR ADDRESSABLE REGISTERS

All CRT 9007 registers are seleqted by specif ying the
address on VA5-0 and asserting CS. All 14 bit registers are
wntten or read as two consecutive 8 bit registers addressed
low byte first. Only the VERTICAL CURSOR REGISTER
and the HORIZONTAL CURSOR REGISTER are read, write
registers with 2 different addresses for read or write oper-
atrons. The register address assigned to each register rep-
resents the actual address in hexadecimal form that must
appear on VA5-0 Figure 2 illustrates all processor to CRT
9007 register timing. Tables 3a, 3b, and 3c summarize all
register bits and provide register addresses.
HORIZONTAL TIMING REGISTERS
The following 4 registers define the horizontal timing
parameters. Figure 19 relates the horizontal timing to these
registers.

CHARACTERS pER HORTZONTAL PERTOD (R0)
This 8 bit write only register, programmed in units of char-
acter times, represents the total number of charActers in
the horizontal period (trace plus retrace time). This register
is programmed with the binary number N where N is the
total characters in the honzontal period. The horizontal period
should not be programmed for less than 12 characters.
CHARACTERS PER DATA ROW (Rl)
This 8 bit write only register, programmed in units of char-

acter times, represents the number of displayable charac-
ters during the horizontal trace interval. The difference R0
minus R 1 represents the number of character times reserved
for horizontal retrace. This register is programmed with the
binary number (N-1) where N is the displayable characters
per data row.

HORTZONTAL DELAY (R2)
This 8 blt write only register, programmed in units of char-
acter times, represents the time between the leading edge
of horizontal sync and leading edge of VLT. This register is
programmed with N where N represents the time of hori-
zontal delay. By programming this time greater than the
horizontal blank interval, one mn obtain negative front porch
(horizontal sync begins before the horizontal blank interval).

HORTZONTAL SYNC WfDTH (R3)
This I bit write only register defines the horizontal sync width
in units of character times. The start of the sync pulse is
defined by the HORIZONTAL DELAY REGISTER and the
end is independent of the start of the active display time.
This register is programmed with N where N is the horizon-
tal sync width. However this register must be programmed
less than or equal to t(A 2)-11 where A is the programmed
contents of REGISTER @ rounded to the smallest even
integer.

VERTICAL TIMING REGISTERS

The following 5 registers define the vertical timing param-
eters. Figure 20 relates the vertical timing to these regis-
ters.

VERTTCAL SYNC W|DTH (R4)

This 8 bit write only register defines the vertical sync width
in units of horizontal periods. The start of this signal is defined
by the delay register (RS) and the end is independent of
the start of the active display time. This register is pro-
grammed with N where N is the vertical SYNC width.

VERTTCAL DELAY (R5)

This 8 bit write only register, programmed in units of hon-
zontal periods, represents the time between the leading edge
of vertlcal sync and the leading edge of the first VLT after
the vertical retrace interval. This register is programmed with
(N+1 ) where N represents the time of the vertical delay.

vrsrBLE DATA ROWS PER FRAME (R7)
This I bat write only register defines the number of data rows

displayed on the screen. This register is programmed with
(N-'1 ; where N is the number of d-ata rows diSplayed.

scAN L|NES PER DATA ROW (R8)

The 5 LSBs of this write only register define the number of
scan lines per data row. These 5 bits are programmed with
(N-1) where N is the number of scan lines per data row. When
programming for scan lines per data row greater than 16,
bntf tne seriil scan line pin option (SLD, SfG; can be used.

SCAN LINES PER VERTICAL PERIOD (R8; R9)
Registers R9 and the 3 most significant bits of R8 define
the number of scan lines for the entire frame. R8 contains
the 3 most significant bits of the 11 bit programmed value
and R9 contains the 8 least significant bits of the 1 1 bit pro-
grammed value. The 11 bits are programmed with N where
N is the number of scan lines per frame. In the 2 interlace
modes, the programmed value represents the number of
scan lines per field.

SCAN

VLT ACTIVE DISPLAY TIME

FIGURE 19: CRT 9007 HORIZONTAL TllrlNG
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FfGURE 20: CRT 9007 VERTICAL TIMING

prN CoNFTGURATION/SKEW BlrS REGISTER (R6)
This I bit write only register is used to select certain pin
configurations and to skew (delay) the cursor and the blank
signals independently with respect to the video signal sent
to the monitor. The bits take on the following definition:

Bit 7, 6 (Pin Configuration)

These 2 bits, as illustrated in tables 4 and 5, define all pinout
configurations as a function of double row buffer mode and
non double row buffer mode. (The buffer mode is defined
in the CONTROL REGISTER bits 3,2, and 1.)The attribute
assemble mode is assumed to be a double row buffer mode
and obeys table 4.

Bits 5, 4, 3 (Cursor skew)

These three bits define the number of character clocks the
cursor signal is skewed (delayed) from the VLT signal. The

Table 4: Pin configuration for double row butfer and attribute
assemble modes.

VLT signal is active for all characters within a data row and
a non skewed cursor will always become active within the
active VLT time at the designated position. The cursor can
be skewed from 0 to 5 character clocks (Bits 5,4 and 3 pro-
grammed from 000 to 101, bit 5 is the most significant bit;
bit 3 is the least significant bit). For double heighVwidth data
rows, the cursor signal appearing during horizontal retrace
is also skewed as programmed.

Bits 2, 1, 0 (Blank skew)
These three bits define the number of character clocks the
horizontal blank component of the CBLANK signal is skewed
(delayed) f rom the VLT signal. The edges of VLT will line up
exactly with the edges of the horizontal component of the
CBLANK signal if no skew is programmed. The CBLANK
can be skewed from 0 to 5 character clocks (Bits 2,, 1 and 0
programmed from 000 to 101 , bit 2 is the most significant
bit; bit 0 is the least significant bit).

Table 5: Pin configuration for Single Row Buffer and Repetitive
Memory Addressing Modes.

REGISTER R6 BITS CRT 9OO7 PIN NUMBER

7 6 28 29 30 31 32 33

0
1

1

1

DMAR WBEN SLG SLD CSYNC ACK
DMAR WBEN STG SLD LPSTB ACK

00
10

NOT PERMITTED
NOT PERMITTED

REGISTER 6 BITS CRT 9OO7 PIN NUMBER

7 6 28 29 30 31 32 33

00
10
11

SL3 SL2 SL1 SLO ffi T3T
sL3 sL2 sL1 slo LPSTB re

VBLANK ffi StG SLD LPSTB reE
0 1 NOT PERMITTED

DMA CONTROL REGISTER (RA)
This I bit write only register allows the user to set up a DMA
burst count and delay as well as disable the DMA mecha-
nism of the CRT 9007. The register bits have the following
definition:

Bit 7 (DMA Disable)

A logic one will immediately force the CRT 9007 DMA request
to the inactive level and the CRT 9007 address bus (VA13-
VAO) will enter its high impedance state. After enabling the
DMA mechanism by setting this bit to a logic zero, a start
command must be issued (see START COMMAND, R15).

Bits 6, 5, 4 (DMA Burst Delay)

These3bitsdefinethenumberofc|ockde|aystffil
between successive DMAR-ACK sequences. Bit 6 is the
most and bit 4 is the least significant bit respectively. When
prograrnmed with a number N, the CRT 9007 will delay for
4 (N + 1) clock cycles before initiating another DMA request.
lf 111 is programmed, however, this will result in azero delay
allowing all characters to be retrieved from video RAM in
one DN4A burst regardless of the value programmed for the
DMA burst count.

Bits 3,2, 1, 0 (DMA Burst Count)

These 4 bits define the number of DMA operations in one
DMAR-ACK sequence. Bit 3 is the most and bit 0 is the least
significant bit respectively. When programmed with a num-
ber N, the CRT 9007 will produce 4 (N + 1) DMA cycles before
relinquishing the bus. When programmed with 0000, the
minimum DMA Burst will occur (4x 1-4) and when pro-
grammed with 1111 the maximum DMA Burst will occur
(4 x 16:64). When bits 6, 5, and 4 are programmed with
1 1 1, no DMA delay will occur and the Burst count will equal
the number of programmed characters per data row as
specified in R1. Refer to figures 9 and 15 which illustrate a
DMA burst of 16 and a DMA delay of I for double row buffer
and attribute assemble modes respectively. For single row
buffer operation, no DMA delay is permitted and bits 6, 5, 4
must be programmed with 000.

CoNTROL REGISTER (RB)

This 7 bit write only register controls certain frame opera-
tions as well as specifying the operation mode used. Inter-
nal to the CRT 9007, this register is double buffered. Changes
in the register are reflected into the CRT 9OO7 at a particular
time during vertical retrace. This allows the user to update
the CONTROL REGISTER at any time without running the
risk of destroying the frame or field currently being painted.
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The bits take on the following definition:

Bit 6 (PBrs)
- 0; The smooth scroll mechanism is enabled per-

mitting the SMOOTH SCROLL OFFSET REGIS-
TER (R17) to be loaded in the scan line counter (SL3-
0 or SLG, SLD signals) allowing for a scroll on the
screen of a predetermined number of scan lines per
frame or field. The starting and ending of the smooth
scroll operation is defined by the DATA ROW START
REGISTER (R11) and DATA ROW END REGIS-
TER (R1 2) respectively.

- 1; The page blank mechanism is enabled. The
CBLANK signal is made active high for a continu-
ous period of time starting and ending at the data
row def ined by the DATA ROW START REG ISTER
(R11) and DATA ROW END REGISTER (R12)
respectively.

Bits 5,4 (lnterlace)-these 2 bits define one of 3 displayed
modes as illustrated in f igu re 21

00; Non interlaced display

- 10; Enhanced video interlace. This display mode will
produce an interlaced f rame with the same dot
information painted in adjacent oddreven scan lines.

- 11 ; Normal video interlace. This display mode will
produce an interlaced frame with odd scan lines of
characters displayed in odd fields and even scan
lines displayed in even fields. This mode can be used
to allow the screen to show twice as many data rows
at half the height since it effectively doubles the
character density on the screen.

- 01 ; This combination is not permitted.

Bits 3,2, 1 (Operation modes) :These 3 bits define the var-
ious buffer configuration modes as follows:

: 000; (Repetitive memory addressing)-ln this mode
the address information (VA13-VA0) appears dur-
ing every visible scan line and the address bus enters
its high impedance state during all retrace intervals.
When using a row driven addressing mode (linked
list or contiguous), the address bus is in the high
impedance state for all retrace intervals except the
horizontal retrace interval prior to the top scan line
of a new data row. This period can be distingqished
frorn other retrace intervals because the DRB (data
row boundary) signal is active.

- 001; (Double row buffer)-ln this mode, the CRT
9007 will address a particular data row from video
rnemory one data row prior to the time when it is
displayed on the CRT. During vertical retrace, the
first data row is retrieved and loaded into the double
row buffer. At the next data row boundary (in this
case at the end oI vertical retrace), the f irst data row
feeds the character generator while the second data

row is retrieved from video memory. The address
bus will enter its high impedance state ln accord-
ance with the DMA mechanism for address bus
arbitration.

- 100; (Single row buffer)-ln this mode, during the
first scan line of each data row, the CRT 9007 will
address video memory, load the buffer and feed the
character generator at the painting rate of the CRT.
lf the CRT 9007 is used in a row driven addressing
mode, it will drive the address bus during the retrace
period prior to the first scan line of each data row in
order to retrieve the row table address. lt will auto-
matically enter the high impedance state at the end
of the first visible scan line of each data row. lf the
CRT 9007 is used in a sequential addressing mode,
it will drive the address bus only during the visible
line time of the first scan line of each data row.

: 111; (Attribute assemble)-ln the attribute assem-
ble mode, character data and attribute data are
shared in consecutive alternating byte locations in
memory. When the CRT 9007 reads an attribute byte,
it loads it into its internal attribute latch. During the
next memory access, a character byte is fetched.
At this time the CRT 9007 isolates its bus from the
main system bus and outputs the previously latched
attribute. A WBEN signal is produced during every
character byte fetch to allow the character and its
associated attribute to be simultaneously latched into
two double row buffers. This mode assumes that
there exists twice as many byte locations as there
are displayable character positions on the CRT. The
first byte of every data row is assumed to be an
attribute.

All other combinations of the CONTROL REGIS-
TER bits 3,2, 1 are not permitted.

Bit O (m 1XC): This bit allows for either single or double
height cursor display when the cursor is placed within a
double height data row as follows.

- 1; (Single height cursor)-The CURS signal will
appear during every scan line for single height data
rows and will appear only during the top half or bot-
tom half of a double height data row depending upon
where the VERTICAL CURSOR REGISTER (R18,
R38) defines the CURSOR data row.

: 0; (Double height cursor)-lf the VERTICAL CUR-
SOR REGISTER (R18, R38) places the cursor in
the top half of a double height data row, the CURS
signal will appear during every scan line of the top
half (the current data row) and the bottom half (the
next data row) of the double height data row. lf the
cursor rs placed in the bottom half of a double height
data row or if it is placed in a single height data row,
the CURS srgnal will only appear during the one
particular data row
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TABLE START REGISTER (RC AND RD)

This 16 bit write only register contains a 14 bit address which
is used in a variety of ways depending on the addressing
mode chosen; the 2 remaining bits define the addressing
mode. Register C contains the lower 8 bits of the 14 bit
address. ine 6 least significant bits of register D contain
the upper 6 bits of the 14 bit address. The 2 most significant
bits of register D define four addressing modes as follows:

Register D bits 7, 6'.

- 00; (Sequential addressing mode)-The CRT 9007
will address video memory in a sequential fashion
starting with the 14 bit address contained in REG-
ISTER D bits 5-0 and REGISTER C bits 7-O. 2
qequential breaks are allowed as defined by
SEQUENTIAL BREAK 1 (R10) using AUXILIARY
ADDRESS REGISTER 1(RE and RF) and
SEQUENTIAL BRE AK 2 (R12) using AUXILIARY
ADDRESS REGISTER 2 (R13 and R14)

- 01; (Sequential roll addressrng mode)-The CRT
9007 will address video memory in a sequential
fashion startin0 with the 14 bit address contained in
REGISTER Obits s-0 and REGISTER C bits 7-0
SEQUENTIAL BREAK REGISTER 1 and AUXIL-
IARY ADDRESS REGISTER 1 can be used to cause
one sequential break as described in the sequential
addressing mode. A second break in the sequential
addressing can be defined by SEQUENTIAL BREAK
REGISTER 2 (R12) and AUXILIARY ADDRESS
RFGISTERZ (R13 and R14) permitting up to 3 sep-
arate sequentially addressed screens to be painted.

- t O; (Contiguous row table rnode)-The CRT 9007
will address video memory according to the contig-
uous row table format. The 14 address bits con-
tained in REGISTER D bits 5-0 and REGISTER C
bits 7-0 define an address that points to the begin-
ning of the contiguous row table.

- l1; (Linked list row table mode)-The CRT 9007 will
address video memory according to the linked list
row table format. The 14 address bits contained in
REGISTER D bits 5-0 and REGISTER C bits 7-0
define the address at which the second row table
entry and the first data row reside.

AUXILIARY ADDRESS REGISTER 1 (RE and RF)

This 16 bit write only register contains a 14 bit address. The
6 least significant bits of REGISTER F contain the upper
order 6 bits of the 14 bit address and REGISTER E contains
the 8 lower order bits of the 14 bit address. When the cur-
rent data row equals the value programmed in SEQUEN-
TIAL BREAK REGISTER 1 (R10) the remainder of the screen
is addressed sequentially starting at the 14 bit address
specified in this register. This sequential break overrides
any row driven addressing mode used prior to the sequen-
tial break.

The 2 most significant bits of REGISTER F affow one to
attach double height andlor double width characteristics to
every data row in this sequentially addressed area in the
following way:

For Double row buffer or attribute assembfe mode REG-
ISTER F Bits 7, 6

: 00; single height single width

- 01 ; single height double width

= 1 0; even data rows are double height double width
top half odd data rows are double height double
width bottom half

-- 1 1 ; odd data rows are double height double width
top half even data rows are double height dou-
ble width bottom half

fot Single row buffer or repetitive memory addressing mode
REGISTER F Bits 7,6

-- 00; single height single width
-= 01 ; single height double width

- 1 0; odd data rows are double height double width
top half even data rows are double height dou-
ble width bottom half

- 1 1 ; even data rows are double height double width
top half
odd data rows are double height double width
bottom half

SEQUENTTAL BREAK REGTSTER 1 (Rlo)
This 8 bit write only register defines the data row number in
which a new sequential video address begins as specified
by AUXILIARY ADDRESS REGISTER 1 (RE and RF) To
disable the use of this break, the register should be loaded
with a data row count greater than the number of display-
able data rows on the screen.

DATA ROW START REGfSTER (R1 1)

This 8 bit write only register defines the first data row num-
ber at which a page blank or smooth scroll operation will
begin. Bit 6 of the CONTROL REGISTER determines if a
page blank or smooth scroll operation will occur.

DATA ROW END/SEQUENTIAL BREAK
REGTSTER 2 (Rl2)
This 8 bit write only register has a dual function depending
on the addressing mode used. For row driven addressing
(contiguous or linked list as specified by the 2 most signifi-
cant bits of the TABLE START REGISTER) this register

defines the data row number which ends either a page blank
or smooth scroll operation. The row numerically one less
than the row defined by this register is the last data row on
which the page blank or smooth scroll will occur. To use the
page blank feature to blank a portion of the screen that
includes the last displayed data row, this register must be
programmed to zero. For sequential addressing, this reg-
ister can cause a break in the sequential addressing at the
data row number specified and a new sequential address-
ing sequence begins at the address contained in AUXIL-
IARY ADDRESS REGISTER 2.

AUXILIARY ADDRESS REGISTER 2 (R13 and Rl4)
This 16 bit write only register contains a 14 bit address. The
6 least significant bits of REGISTER 14 contain the upper
order 6 bits of the 14 bit address and REGISTER 13 con-
tains the I lower order bits of the 14 bit address. f n the row
driven addressing mode, this register is automaticafly loaded
by the CRT 9007 with the current table address. The two
most significant bits of REGISTER 14 specify one of four
combinations of row attributes (for example double height

265



IIL-.fu

-llL

rllt :

double width) on a row by row basis. Refer to the section
entitled Double Height,,'Dorible Width operation for the
meaning of these 2 bits. f n the sequential addressing mode,
this register can be loaded by the processor with a 14 bit
address and a 2 bit row attributes field. The bit positions are
identical for the row driven addressing mode. When the
current data row equals the value programmed in DATA ROW
END'SEQUENTIAL BREAK REGISTER 2 (R12), the
remainder of the screen is addressed sequentially starting
at the location specified by the programmed 14 bit address.
The 2 most significant bits of register 14 allow one to attach
double height and or double width characteristics to every
data row in this sequentially addressed area. The bit defi-
nitions take on the same meaning as the 2 most significant
bits of AUXILIARY ADDRESS REGISTER 1 and affect the
display in an identical manner.

START COMMAND (Rls)
After all vital screen parameters are loaded, a START com-
mand can be initiated by addressing this dummy register
location within the CRT 9007. A START command must be
issued after the DMA mechanism is enabled (DMA CON-
TROL REGTSTER bit 7)

RESET COMMAND (R16)
The CRT 9007 can be reset via soflware by addressing this
dummy location. Activation of the RST input pin or initiating
this software command will effect the CRT 9007 in an iden-
tical manner. The reset state of the CRT 9007 is defined as
follows:

CRT 9007 outputs Reset state
High impedance
High impedance
High
High
High
Low
Low
High
Low
Low
Low
Low
Low
Low

sMoorH scRoLL oFFSET REGISTER (Rl7)
This register is loaded with the scan line offset number to
allow a smooth scroll operation to occur. The offset register
causes the scan line counter output of the CRT 9007 to start
at the programmed value rather than zero for the data row
that starts the smooth scroll interval. The start is specified
in the DATA ROW START REGISTER (R1 1).Typically, this
register is updated every frame and it ranges from zero (no
offset) to a maximum of the programmed scan lines per data
row (maximum offset). For example, if 12 scan lines per data
row are programmed (scan line 0 to scan line 1 1) an offset
of zero will cause an unscrolled display, An offset of one will
cause a display starting at scan line 1 and ending at scan
line 11 (eleven scan lines total). An offset of eleven will ffiuse
a display starting at scan line eleven.

The next scan line will be zero, starting the subsequent data
row. To allow smooth scroll of double height rows, the pro-
grammed range of the register is from zero to twice the pro-
grammed scan lines per data row. Whenever the offset
register if greater than the programmed scan lines per data
row, bit 7 of the register must be set to a logic 1 (offset over-
flow). lt must be set to a logic zero at all other times. The 6
bit offset value occupies bits 6 through 1. Bit 0 must always
be programmed with a logic zero. By setting the offset over-
flow (bit 7) to a logic 1, it is possible to have the bottom half

of a double height data row stand alone in Single Row Buffer
Mode by programming the scrolled data row as double height
top half and loading R17 with the proper value.

VERTICAL CURSOR REGISTER (Rl8 or R38)

This 8 bit read/write register specifies the data row in which
the cursor appears. To write into this register it is addressed
as R18 and to read from this register it is addressed as R38.

HORIZONTAL CURSOR REGISTER (R19 or R39)
This 8 bit read/write register specifies the character posi-
tion in which the cursor appears. To write into this register
it is addressed as R19 and to read from this register it is
addressed as R39.

It should be noted that the vertical and horizontal cursor is
programmed in an X-Y format with respect to the screen
and not dependant upon a particular location in video
memory. The cursor will remain stationary during all scroll
operations.

TNTERRUPT ENABLE REGTSTER (R1A)

This 3 bit write only register allows each of the three CRT
9007 interrupt conditions to be individually enabled or dis-
abled according to the following definition:

Bit 6 (Vertical retrace interrupt)-This bil, when set to a logic
one, will cause the CRT 9007 to activate the INT signal when
a vertical retrace (i.e., the start of the vertical blanking interval)
begins.
Bit 5 (Light pen interrupt)-This bit, when set to a logic one,
will cause the CRT 9OO7 to activate the INT signal when the
LIGHT PEN REGISTER (R3E}, R3C) capturesan X-Ycoor-
dinate. This interrupt, which occurs atthe beginning of vertical
relrace, reflects the occurrence of a LPSTB input on the
frame or field just painted. This interrupt need not be ena-
bled when other CRT 9007 intenupt conditions are enabled
since the STATUS REGISTER (R3A) will flag the occur-
ance of a light pen update and servicing can be done off of
other interrupts.

Bit 0 (Frame timer)-This bit, when set to a logic one, allows
the CRT 9007 to activate the INT signal once every frame
or field at a time when a potential smooth scroll update may
occur. In this way the user can use the frame timer interrupt
as both a real time clock and can service smooth scroll
updates and other frame oriented operations by using the
appropriate status bits. This interrupt will occur after the last
rowtable entry is read bythe CRT9007. In single row buffer
operation, this will occur one data row before the start of
vertical retrace. In double row bufier operation, this will occur
two data rows before the start of vertical retrace.

STATUS REGTSTER (R3A)
This 5 bit register flags the various conditions that can
potentially cause an interrupt regardless of whether the
corresponding condition is enabled for interrupt. In this way
some or all of the conditions can be reported to the proces-
sor via the STATUS REGISTER. lf some of the conditions
are enabled for interrupt, the processor, in response to an
interrupt, simply has to read the STATUS REGISTER to
determine the cause of the interrupt. The bit def inition of the
STATUS REGISTER is as follows:

Bit 7 (lnterrupt Pending)-This bit will set when any other
slatus bit, having its corresponding interrupt enabled,
experiences a 0 to 1 transition. In this manner, when the
processor services a potential CRT 9007 interrupt, it only
has to test the interrupt pending bit to determine if the CRT
9007 caused the interrupt. lf it did, the individual bits can
then be tested to determine the details of the CRT 9007
interrupt. Any noninterruptable slatus change (corre-
sponding interrupt enable bit reset to a logic 0) will not be
reflected in the interrupt pending bit and must be polled by

vA13-0
VD7-O
HS
VS
CBLANK
CURS
VLT
DRB
INT
Pin 28
Pin 29
Pin 30
Pin 31
Pin 32
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the processor in order to provide service. The interrupt
pending bit is reset when the status register is read. All other
bits except Light Pen Update are reset to a logic 0 at the
end of the vertical retrace intervaf . The light pen update bit
is reset to a logic 0 when the HORIZONTAL LIGHT PEN
REGf STER is read.

Bit 6 (Vertical Retrace)-A logic 1 indicates that a vertical
retrace interval has begun.

Bit 5 (Light Pen Update)-A logic 1 indicates that a new
coordinate has been strobed into the LIGHT PEN REGIS-
TER. lt is reset to a logic zero when the HORIZONTAL LIGHT
PEN REGISTER is read. The light pen coordinates may have
to be modified via software depending on light pen char-
acteristics.

Bit 2 (odd/even)-For a normal video interlaced display, this
bit is a logic 1 when the field about be painted is an odd field
and is a logic zero when the field about be painted is an
even field.

Bit 0 (Frame timer occurred)-This bit becomes a logic 1

either one or two data rows before the start of vertical retrace.
Since this bit is set when the CRT has finished reading the
row table for the frame or field just painted, it perrnits row
table manipulation to start at the earliest possible time.

VERTTCAL L|GHT PEN REGTSTER (R3B)
This 8 bit read only register contains the vertical coordinate
captured at the time the CRT 9007 received a light pen strobe
signal (LPSTB).

HORTZONTAL LTGHT pEN REGTSTER (R3C)
This I bit read only register contains the horizontal coordi-
nate captured at the time the CRT 9007 received a light pen
strobe signaf . When a coordinate is captured, the appro-
priate status bit is set and further transitions on LPSTB are
ignored until this register is read. The reading of this reg-
ister will reset the light pen status bit in the STATUS REG-
ISTER. The captured coordinate may have to be modified
in software to allow for light pen response.

PROG

il?Iif 1
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HSYNC
WIDTH . 2

TOTAL CHAR
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PEFTOD +{zl
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HSYNC
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FIELD
ONE
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TWO

INTERLACED
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CSYNC
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-t r-'t n t1 r-r n r-l n n rr rl rl
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FIGUR E 3: TYPICAL SYNC WAVEFORMS FOR INTERLACED AND NON-INTERLACED MODES
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'stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of
the device at these or at any oth'er condition above those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or syslem power supplies, it is important that the Absolute Maximum Ratings
not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the
AC power is switched on and otf . In addiiion, voltage transients on the AC power line may appear on the DC output. llthis possibility
exists it is suggested that a clamp circuit be used.

DC ELECTRICAL CHARACTERISTICS T^ = 0'C to + 70"C, %c = 5.0V t 5z

MAXITIUM GUARANTEED RATINGS-
Operating Temperature Range . .

Storage Temperature Range
Lead Temperature (soldering, 10 sec.)
Positive Voltage on any Pin, with respect to ground . . . .

Negative Voltage on any Pin, with respect to ground . . .

NOTE: _
1. Timing measured from the 1.5V level of the rising edge of CCLK to the ?,4V

(high) or 0.4V (low) voltage level of the ouput unless otherwise noted.
2. Reference points are 2.4V high and 0.4V low. 
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0'to + 70"C

... 
tt."lt*'i]li

3. Loading on all outputs rs 30 pF except where noted.
4. This level must be reached before the next falling edge of CCLK.

PARAMETER MIN TYP MAX UNITS COMMENTS

V,,
V,",'
V,",

Input voftage
Low
High
Hioh

2.4
4.3

0.8 V
V
V

all inputs except CCIK
CC-il< input; see note 4

Vo..

Vot

Output voltage
Low
Hioh 2,4

0.4 V
V

lor : 1.6 mA
lori = 100pA

Input leakage current
1.,

lL2

1..

10
50

- 200

pA
pA
pA

0<V,*s g.SV; excluding CCLK
V,* : 5V; for CICfK
V,* : 0V; for CCfK

Input capacitance
C,",
C,*t

10
25

15
50

pF
pF

all inputs except CCLK at 1 MHZ
CCIK input at 1 MHZ

Power supply current
1.. 100 170 mA

AC ELECTRICAL CHARACTERISTICS, l^:OuC to + 70"C, V.. - 5.0V * 5%

PARAMETER MIN TYP MAX UNITS COMMENTS

t.t

t.*,-
tc*n
t.**

tc*t

Clock
clock period

clock low
clock high
clock rise time

clock fall time

330

300
90

150

1 200

1 200

15

10

NS

NS

NS

NS

NS

NS

for double row buffer or
attribute assemble
for all other operation modes

measured from
0.8V to 3.5V level
measured from 90?,b to 10o'o
points

Output delay'
to,,

tot
to,
tD,o

tuo

tos,-
tos

tD6

tout
tuos

tuo*
+tvDc

t=.e
ts.o
tut
ttt

t\D8

25

50

10

150
150
150
150
115

500
185
185
185

185
185
185
240
185

300

NS

NS

NS

NS

NS

NS
NS

NS

NS

NS

NS
NS
NS
NS

NS

NS

NS

measured to the 2.3V or 0,5V
level on VA13-VAO

valid for loading auxiliary
address register 2 or the
attribute latch

cu - SOpF

cursor skew of zero
cursor skew of one
through frve

Processor Read write2
tos
ton
tPw
t"t"
tpos
tron
troo

troc
t,**

110
0

165
6s0
100

0

10
140
85
400

NS
NS
NS
I-'IS

NS

NS

NS

NS

NS

Miscellaneous timing
tors

tn*

to*'*
to*s

25

4t.t

50
50

115 NS

NS

NS

NS

measured from the 0 4V level
of ACK or EC fallrng edge
measured from the 0.4V leve
falling edge to 0"4V level
rising edge
see f igu re 24
see figu re 24



CCLK

VLT, WBEN

DRB

vA 1 3-0

SL3-O

csVrue, DMAR,
CBLANK

HS, VT

VD7.O

SLG

SLD

CURS

INT ro eei-K
Input

FIGURE 22: CRT 9007 TIMING PARAMETERS: OUTPUT SIGNALS FIGURE 25: RECOMMENDED CCLK
DRIVER CIRCUIT

ATTRIBUTE
DATA OUT

74Sf,4 or equivalent

E

!

l t^rs is controlled direclly from ACK or TS or from lhe particular fffK that ends a OMA
bursl cycle.

FIGURE2S: CRT 9007 MISCELLANEOUS
TIMING PARAMETERS

vD7-0 (wRlTE)

vD7-o (READ)

INT (falling edge only)

FfGURE2: CRT 9007 PROCESSOR READ AND WRITE
TIMING PARAMETERS

VALID DATA OUT
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Regrster Type

WRITE

WRITE

WRITE

WRITE

WRITE

WRITE

WRITE

WRITE

WRITE

WRITE

ADDRESS DECODE

VA4 VA3 VA2 VA1 VAO D5

BII OEFINITIO|'.J

D4 D3 D2

REGISTER
NUMBER

(HEX)

RO

R1

R2

R3

R4

B5

R6

|-l /

R8

R9

Table 3a: CRT 9007 Screen Format Registers

Regrster Type

WRITE

WRITE

WRITE

WRITE

WRITE

WRITE

WRITE

WRITE

WRITE

WRITE

WRITE

ADDRESS DECODE

VAs VA4 VA3 VA2 VA1

BIT DEFINITION

D4 D3 02

REGISTER
NUMBER

(HEX)

RA

RB

RC

RD

RE

RF

R10

R11

R12

R13

R14

Table 3b: Control and Memory Address Reglsters

Ragisler Type

REAO OR
WRITE

READ OR
WRITE

WRITE

WRITE

REAO

WRITE

READ

WRITE

READ

READ

REAO

ADDRESS DECODE

VAs VA4 VA3 VM VA1 VAO

BIT DEFINITION

D4 D3 D2 D1

REGISTER
NUMBER

(HEX)

815

R16

R17

R18 or R38

R19 or R39

R1A

B3A

R38

R3C

Table 3c: Cursor, Llght Pen, Offset, and Statug Reglstere

MSB ctroro.ir*r r.A ro*,r5rro. rL*oo T
LSB

lrtlttl

MSB , , .'1*ACTERS PER DATA ROW 
LSB

MSB

ll

HORIZONTAL DELAY
ll

LSB
lrrl

MSB HoRrzoNTAr SYNC WTDTH
LS8

lrtl'l

MSB. , YERTICALSYNCWIDTH , , LSB

MSB VERTICAL DELAY 
LS8

PIN CONFTG. I CURSOR SKEw
URAT|ON I usa Ls8

BLANK SKEW
MS8 LSB

MSB
'{lt/

VISIBLE DATA ROWS P
tar.

I

ER FRAME
tl LSB

scAN LTNES FRAME I ' SCAN L(Bl0)), , tBSr I MSB
NES PEH OATA ROW

LS8

(87) r I 
ttf* LINES PER FRAME 

, I rsB (Bo)

0 0 1 0 1 0

0 0
1

0 I 1

0 0 'I
1 U 0

0 o 1 I o 1

0 U 'l 1 0

o 0 1
'l

1 1

0 1 0 0 0 0

o 1 o 0 o

o '| 0 o 1 0

0 1 0 0 1 1

0 1 0 1 0 0

DMA
DIS,

ABtE

tl
DMA BURST DELAY

MSEA . LS8

lr
OMA EURST COUNT

rrtsBMSB

X PB/SS

INTERLACE
MODES

tl

OPERATION MODES
ZTCn xc

MSB

lrr

TABLE START REGIST
Irr.

J1

R (tS EYTE I

LSB

AOORESS
MODE

TABLE STRT REGIST
MSB

R {MS YTE )

LSB
trrrlll

T'qR AUXILIARY ADDRESS REGISTER 1 {LS BYTEIr,.,Lsg
I

ROW
ATTRIEUTES

rrflt

AUXILIARY ADDRESS REGISTER 1 (MS BYTE}
MSB, r r I r LSB

MS8

rlt
SEOUENTIAT

lll

]REAK F EGISTE l1
LSB

llll

MS8 DATA ROW START Rl
tl

GISTER
LSB

MSB . oATA ROW ENO/SEOUENTTAL BREAK REGTSTER 2 lsg

MSB . AUXILTARY ADDRES S REGIS
ll

TER 2 (LS BYTE)
LSB

ROW
ATTRIEUTES

I

rttll

AUXILIARY ADORESS REGISTER 2 (MS BYTE)
MS8, | | r I LSB

0 1 0 1 0 1

0 1 0 1 I 0

0 1 0 1
,| 't

0 1 1 0 0 0

1 1 1 0 0 0

0 1 1 0 0 'l

1 1 1 0 0 1

0 1 1 0 1 0

1 1 1 0 1 0

1 1 1 0 'l
1

1 1 1 1 0 0

START COMMAND

RESET COMMAND

OFFSET
OVER.
FLOW

OFFSET VALUE

MSB LS8

II I

0
rtrtlll

MS8 , 
ut",t,cAL cuRSoR REGlstl^ ,tot, cooRD ) 

t-sa
rtrrtll

_ HOBTZONTAT CURSOR REGTSTER (COr COORD )MSE|rr,,rLsB

x

VER.
TICAL

RE.
TRACE

I

INTERRUPT ENABLE REGISTER

lrcxr IPENI X X , X , X

FBAME
TIMER

INT
PEND-

ING

VER.
TICAL

RE.
TRACE

LIGHT
PEN

STATUS REGISTER

I ooo, I FRAME

lEVENl X , TTMER

MS8

rtl

VERTICAL LIGHT PEN REGISTER {ROVT
lrtl

cooRD ) LS8

MSB

rltl

HORTZONTAL LrGHT PEN REGTSTER (CO
llrl

L coo"b) Lse

SIJANDARDMIffiTUS
CORPORATION

35ltrcrxevO xape4t ltY !1/8E
t5l6l 2/3 ll00 IWX 5t0 ?27 8890

Circuit diagrams utilizing SMC.products are included€s a means ot illustrating typical semiconductor applica-
tions, consequently complete information sutficient for construction purposes'ib not necessarily givriri. The
informalion has been carefully checked and is believed to be entirely reiiable. However, no resio-nsibility is
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CORPORATION
STANDARD MICROSYSTEMS cRT 9212

pPc FAMTLY

DRB
Double Row Buffer

FEATURES

E Low Cost Solution to CRT Memory
Contention Problem

tr Provides Enhanced Processor Throughput for
CRT Display Systems

E Replaces Shift Registers or Several RAM and
Counter lC's in CRT Display System

E Permits Display of One Data Row While Next
Data Row is Being Loaded

E Data May be Written into Buffer at Less Than
the Video Painting Rate

E Double Data Row Buffer Permits Second Data
Row to be Loaded Anytime during the Display
of the Preceding Data Row

E Permits Active Video on All Scan Lines of
Data Row

I Dynamically Variable Number of Characters
per Data Row-. . .64, B0 , 132, . . . uP to
a Maximum of 135

E Cascadable for Data Rows Greater than
135 Characters

tr Stackable for "lnvisible Attributes"
or Character Widths of Greater than 8 Bits

The CRT 9212 Double Row Buffer (DRB) provides
a low cost solution to memory contention between the
system processor and the CRT controller in video dis-
play systems.

The CRT 9212 DRB is a RAM-based buffer which
provides two rows of buffering. lt appears to the sys-
tem as two octal shift registers of dynamically vari-
able length (2-135 bytes) plus steering logic.

The CRT 9212permits the loading of one data row

tr Three-State Outputs

I Up to 4 MHz Read Write Data Rate

E Compatible with SMC CRT 5032 CRT 9007,
and other CRT Controllers

tr 28 Pin Dual-ln-Line Package

tr + 5 Volt Only Power SuPPIY

n TTL Compatible

GENERAL DESCRIPTION

while the previous data row is being displayed. The
loading of data may take place during any of the scan
line times of the data row. This relaxed time-con-
straint allows the processor to perform additional
processing on the data or service other high priority
interrupt conditions (such as a Floppy Disk DMA
request) which may occur during a single video scan
line. The result is enhanced processor throughput and
flicker-f ree display of data.
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PIN CONFIGURATION

DIN2 1

DINl 2

DINO 3
DOUTT 4

DOUT6 5

DOUTs 6

DOUT4 7

Vcc 8

DOUT3 9

DOUT2 1O

DOUT1 11

DOUTO 12

DlNT 13

DlN6 14

28 DlN3

27 We[K

26 OE

25 WEN2

24 WEN 1

23 GND

22 ROF

21 WOF

20 REN

19 

-CLP.CNT

18 TOG

r z Hclx-
16 DlN4

15 DlNs

PACKAGE 28-pin D.l.P.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO NAME SYMBOL FUNCTION

3-0, 28,
16-13

Data inputs DINO-DIN7 DlNO-DlN7 are the data inputs from the system memory.

1 2-9 ,7 -4 Data outputs DOUTO.
DOUTT

DOUTO-DOUT7 are the data outputs f rom the CRT 9212 interla!_data output
latch. Valid informatron will appear on DOUT0-DOUT7 two Feffi periods after
the rising edge of REN. This introduces two pipeline delays when supplyang data
to the character generator.

17 Reaci-elock- rcffi RetK increments the current .'read" address register, clocks data through the
"read" buffer and moves data through the internal pipeline at the trailing edge.

18 T-OG T-OG alternates the function of each buffer between read and write. To-G nor-
mally ocqurs at every data row boundary. Switching of the buffers occurs when
both TOG and CLRCNT are low.

19 ffi EMENT fficlearsthecurrent,.read''addreSScounteratthenextFrKposi-
tive edge. mFmT is normally asserted low at the beginning of each horizontal
retraceinterval. e[rcNT clears the current "write" adbresstounter when the
TOG is active.

20 Read Enable REN REN enables the loading of data f rom the selected "read" buffer into the output
latch. Data is loaded when Read Clock is active.

21 Write Overflow WOF WOF high indicates that data is being written into the last memory position (posi-
tion 135). When WOF is high, furtherwriting into the selected "write" buffer is dis-
abled. WOF may be connected to the WENl or WEN2 inputs of a second CRT
9212 for cascaded operation where data row lengths of greater than 135 charac-
ters are desired, See figure 4.

22 Read Overflow ROF The Read Overflow output is high when data is being read f rom the last memory
position (position 135). ROF high disables further reading from the selected
"read" buffer. ROF may be connected to the REN input of a second CRT 9212lor
cascaded operation where data row lengths of greater than 135 characters are
desired. DOUTO-7 will switch into a high impedance state atthe second positive
transition of FCIK af ter ROF goes high. See figu re 4.

24:25 Write Enable WEN1.
WEN 2

WEN allows input data to be written into the selected "write" buffer during Wffi
active. Both WENl attd WEN 2 must be high to enablewriting. WENl has an
internal pullup resistor allowing it to assume a high if pin 24 is left open.

26 OE When the OE rnput is low, the data outputs DOUTO-DOUT7 ale enabled. When
Otr is high, DOUTO-DOUT7 present a high lmpedance state. Otr has an internal
pulldown resistor allowing it to assume a low if pin 26 is left open.

27 wilG-ebEk WEIF VVeffi clocks input data into the selected "write" buffer and increments the cur-
rent "write" address register when WENl and WEN2 are high.

I Power Supply V". + 5 Volt supply

23 Ground GND Ground

OPERATION

Figure 1 illustrates the internal architecture of the CRT
9212. lt contains 135 bytes of RAM in each of its two buff-
ers. In normal operation, data is written into the input latch
on the positive-going edge of Write Clock (WetK) When
both Write Enable (WEN1, WEN 2) signals go high, the next
WCLK causes data from the input latch to be written into
the selected buffer (1 or 2) and the associated address
counter to be incremented by one. Loading of the selected
RAM buffer continues until WEN goes inactive dr until the
buffer has bgg11[qlly loaded. At the next data row boundary,
the Toggle S[nel (TOG) will go low When e lear eolrnter
(CLRCNT) goes low, the next Read Clock (RCLK) will begin
to reset both buffer address counters to zero, switching the
buffer just loaded from a "write buffer" to a "read buffer",
permitting the next row of data to be written into the other
buffer. Data from the current "read" buffer is read out of the
buffer and to the oujpgt]elqh whengyer Read Enable (REN)
is high during a Read Clock (RCLK). Each read-out from

the buffer RAM causes the "read" address counter to be
incremented. REN is normally high during tlle entire visible
line time of each scan line of the data row. CLRCNT resets
the presgnt "read" address counter. The negative edge of
CLRCNT is detected by the CRT 9212 and the internal "read"
address counter is cleared independent of the ffiCNT
pulse width. The CIFCNT input may be tied to the REN
input for proper operation

Figures 2 and 3 illustrate the functional timing for reading
and writing the CRT 9212. lt is possible to cascade two or
more CRT 9212's to allow for data storage greater than 135
bytes by employing the read overflow (ROF) and write
overflow (WOF) outputs. Figu re 4 illustrates two CRT 9212's
cascaded together.

The CRT 9212 is compatible with the CRT 9007 video
processor and controller (VPAC',) and the CRT 8002 video
display attributes controller (VDAC'"). A typical video
configuration employing the three parts is illustrated in
figure 5.
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MAXIMUM GUARANTEED RATINGS'
Operating Temperature Range
Storage Temperature Range

0"C to + 70"C

- 55'C to + 150"C
+ 325"C

+ 8.0V
03v

Lead Temperature (soldering, 10 sec.)
Positive Voltage on any Pin, with respect to ground
Negative Voltage on any Pin, with respect to ground

'stresses above those listed may cause permanent damage to the device. This is a slress rating only and functionaloperation of the
device at these or at anv other condition above those indicated in the operational sections of this specification is not implied.

ELECTRfCAL CHARACTERISTICS (To:0"C to 70"C, Vcc: + 5V + SYo)

AC CHARACTERISTICS'

L"*
L"*
L*"
L*,-
t"*"
L*t
tot
to"
te", t
te"rt
texxt
tou

t*r,
t"o*
t"t'
Lt
t",
t*t"

300
300
247
33

50
0
0

100
0

DC

10
10

175
175
175
175

ns
NS

NS

ns
NS

ns
ns
ns
NS

NS

ns
NS

ns
NS

NS

ns
NS

Write clock period
Read clock period

measured from 1OY" to 90% points
measured from 90% to 1O"/" points
referenced to WCf,K
referenced to WCffi

C. - 50 pF; referenced from FCIK

Cr-30PF
100
0

1t"t*

1 - Reference points for all AC parameters are 2.4V high and 0.4V low.
2 - For REN, relerenced from FCLK; for WEN'l or WEN2 referenced to WCLK.
3 - For ROF, referenced from FICIK; for WOF referenced from WCLK.
4 - At least 1 WCLK rising edge must occur between CLFICNT or TOG (whichever occurs last) and WEN (= WENl -WEN2).

PARAMETER MIN TYP MAX UNITS COMMENTS

excludingRCffi;Wffi
RCR,Weffi

DC CHARACTERISTICS
INPUT VOLTAGE LEVELS

Low Level V,.
High Level V,",
High Level V,",

2.0
4.2

0.8 V
V
V

OUTPUT VOLTAGE LEVELS
Low Level Vo._

High Level Vo" 2.4
0.4 V

V

INPUT LEAKAGE CURRENT
High Leakag€ 1.",

Low Leakagc lr.,
High Leakagel.",
Low Leakag€ 1..,

10
10

400
400

pA
pA
pA
pA

excluding OE
excluding WEN 1

WENl
OE

INPUT CAPACITANCE
C,",
c,",

10
15

pF
pF

excluding RC[K, WCffi
FCLR.Wffi

POWER SUPPLY CURRENT
1.. 100 MA
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CORPORATION
STANDARD MICROWMS

FEATURES
I On chip video shift register

Maximum shift register frequency
CRT 9021A 30 MHz
CRT 90218 28.5 MHz

f On chip attributes logic
Reverse video
Character blank
Character blink
Underline
Full/half intensity

E Four modes of operation
Wide graphics
Thin graphics
Character mode without underline
Character mode with underline

I On Chip logic for double heighVdouble
width characters

f Accepts scan line information in paratlel
or serial format

E Four cursor modes dynamically selectable via2
input pins

Underline
Blinking underline
Reverse video
Blinking reverse video

The SMC CRT 9021 Video Attributes Controller
(VAC) is an n-channel COPLAMOS MOS/LSl device
containing Graphics logic, attributes logic, data and

attributes latches, cursor control, and a high speed
video shift register. The CRT 9021, a character gen-
erator ROM and a CRT controller such as the CRT
9007 provide all of the major circuitry for the display
portion of a CRT video terminal.

The CRT 9021 serial video output may be con-
nected directly to a CRT monitor's video input. The
maximum video shift register frequency of 28.5 MHz
or 30 MHz allows for CRT displays of up to 132 char-
acters per data row.

The CRT 9021 attributes include: reverse video,
underline, character blank, character blink, and full/
half intensity selection. In addition, when used in con-
junction with theCRT9007VPACI" the CRT 9021 will
provide double height or double width characters.

Four programmable cursor modes are provided on
the CRT 9021 . They are: underline, blinking under-

VAC

cRT9021 A r
'rlmBE

n Programmable character blink rate I Compatible with CRT 5037 V|-AC@; CRT 9007 VPAC

GENERAL DESCRIPTION

CRT Video Attributes Controller

PIN CONFIGURATION

I Programmable cursor blink rate

I On chip data and attribute latches

I +5voltoperation
I TTL compatible

f MOS n-Channel silicon gate COPLAMOS@ process

line, reverse video character block, and blinking
reverse video character block. When used in the serial
scan line input mode, the cursor mode may be selected
via two input pins, When used in the parallel scan line
input mode, the cursor mode is a mask program option
and is fixed at the time of manufacture.

Two graphics modes are provided. In the wide
graphics mode, the CRT 9021 produces a graphic
entity the size of the character block. The graphic entity
contains eight parts, each of which is associated with
one bit of the input byte, thereby providing 256 unique
graphic symbols. The thin graphics mode enables the
user to create thin line drawings and forms.

In both graphics modes, continuous horizontal and
vertical lines may be drawn. Additional flexibility is
provided by allowing the mask programming of the
placement and dirnensions of the blocks or lines within
a character block. In the thin graphics mode, mask
programming allows serrated horizontal or vertical
lines.
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PACKAGE 28-pin D.l.P.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. NAME SYMBOL FUNCTION
1 . 28 .27 ,26,
25,24,23,

22

Data D7.DO In the character mode, the data on these inputs is passed through the Attributes
logic into the 8 bit high speed videp5hift register. The binary information on D7
will be the first bit output af ter the LD SH input goes low.

In the thin or wide graphics mode these B inputs will individually control the on off
condition of the particular portion of the character block or line drawing. Figures 2
and 3 illustrate the wide and thin graphics modes respectively and their
relationships to D7-D0

2
3

Mode Select 0
Mode Select 1

MSO
MS1

These 2inputs define the four modes of operation of the CRT 9021 as follows:
MS1' MSo 

:: ?3iHll,.'#:Til:T,,T,?1-
01 ; Character mode without underline

:- 1 1 ; Character mode with underline
See section entitled Display Modes for details.

4 Reverse Video REVID When this input and Retrace Blank (RETBL) are both low, data from the
Attributes and Graphics logic is presented directly to the video shift register"
When this input is high and RETBL is low, the Attribute and Graphics logic will
invert the da'ta before presenting it to the video shift register.

5 Character blank CHABL When this input is high, the parallel inputs to the video shift register are all set low
(or high depending on the state of REVID) thus providing a cohstant video level
for the entire length of the character block.

6 Blink BLINK When this input is high and both the RETBL and CHABL inputs are low, the char-
acter will blink at the programmed character blink rate. Blinking is accomplished
by causing the video to go to the background level during the'toff" portion of the
Character Blink cycle. This video level may be either the-white or black level
depending on state of REVID. The duty cycle forthe character blink is 75125 (on
off), This input is ignored if it coincides with the CURSOR input and the cursor is
formatted to blink

7 Intensity fn INTIN The INTIN input along with the INTOUT output provides a user controlled general
purpose attribute. Data input to INTIN will appear at lNTOUTwith the sam-e Oetay
as that from any other attribute input to the serial video output (Vf DEO). By using
an external mixing circult, it is possible to raise or lower the voltage level of the
video output to prqduce such attributes as "half intensity" or "intensity".
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DESCRIPTION OF PIN FUNCTIONS CONT'D

PIN NO. NAME SYMBOL FUNCTION
B Supply Voltage +5V + 5 volt power supply
9 Attribute

Enable
ATTEN Wnen tn

q9gS.gt tnq lDlS-H inpur with data appearing on the neVtO, CHABL, lttsr , tilSO,-
BLINK and INT-lN inputs. By setectivety bringing this input high, the user will
update the attribute only at specific charactel times; atisubs6quent characters
will.cary with the.m the attributes last updated thus allowing "tibto" or "embed-
ded" attributes. when using a wide video memory where altribute bits are
attached to every character, the internal attribute latch mav be uodated at each
characler by tieing this input high (thus allowing for "invisi6le" atiributes).

10 Intensity Out INTOUT This"output is used in conjunction with the INTIN input to provide a three charac-
ter pipeline d.elay to.allow fo.r g_qneral purpose attributes ('such as intensity) to be
implemeted. See INTIN (pin7).

11 Cursor CURSOR WhenthisinputishighandRETBLls|ow,theprogrammeoct,'so'm
displayeq When this_input is high, and RETBL is high, the CRT gOZl enters the
double width mode. See section entitled cursor formats for details.

12 Retrace Blank RETBL When this input is high, the palallel inputs to the vi@ shift register are uncondi-
Ii_o.I{ly cleared to all zeros and loaded on the next LD,ISH pulJe. This forces the
yP59 output to a low voltage level, independent of all attiibutes, for blanking the
CRT during horizontal and v-ertical retrace time.

13 Load Shift Lo sH The 8 bit video shift register parallel-in load or serial-out snitt operation is estan-
lished Qyl!" state of thit ilput.When high, this ilput enables the shift registerfor
serial shifting with each video dot clock pulse (VDC input). When low, the-videotlill register is parallel loaded on the next video dot clocli pulse and all data and
attributes are moved tothe next position in the internal pipellfe. fn addition, input
data and attributes are latched on the positive transition of t-OlSH.

14 Video VIDEO The Video output provides the serial dot stream to the CRT. Video is shifted out
on the rising edge of the video dot clock VDC. The timing of the [-OISH input will
determine the number of backfill dots. See figure 5.

15 Video Dot
Clock

VDC This input clock controls the rate at which video is shifted out on the
VIDEO output.

16 Scan line
3,'Block Cursor

SL3 BKC This input has two separate functions depending on the way scan line informa-
tion is presented to the CRT 9021.
Parallel scan line mode-This input rs the most significant bit of the binary scan
line row address.
Serialscan line mode-This input controls the cursor's physical dimensions. lf
high thg cursor will appear as a reverse video block (the eritire character cell will
be displayed in reverse video). lf low, the cursor will appear as an underline on
the scan line(s) programmed"

17 Scan line
2r'Blink Cursor

SL2/BLC This input has two separate functions depending on the way scan line informa-
tion is presented to the CRT 9021 .

Parallel scan line mode-This input is the second most significant bit of the
binary scan line row address.
Serialscan line mode-This input if low, will cause the cursor to alternate
between normal and reverse video at the programmed cursor blink rate. The duty
cyclefollhecursorblinkls50'50(on"off). lf thisinputis high, thecursorwill be
non-blinkinq.

18 Scan Line
1 'Scan Line
Gate

SL1,''SLG This input has two separate functions depending on the way scan line informa-
tion is presented to the CRT 9021.
Parallel scan line mode-This input is the next to the least significant bit of the
binary scan line row address.
Serialscan line mode-This input will be low for 5 or 6 I-OISH pulses to allow the
scan line information to be serlally shifted into the serial scan line shift register. lf
this signal is low lor 7 or more LD/SH pulses, the CRT 9021 wlll assume the par-
allel input scan line row address mode.

19 Scan line
0/Scan Line
data

SLO SLD This input has two separate functions depending on the way scan line informa-
tron is presented to the CRT 902'l . Refer to figure 0
Parallel scan line mode-This input is the least significant bit of the binary scan
f ine row address.
Serialscan line mode-This input will present the scan line information in serial
Io|m (least significant bit f irst) to the CRT 9021 and permits the plgper scan line
informatiotLto enter the serial scan line shift register during tne 1-O/SH pulses
framed by SLG (pin 18).

20 Ground GND Ground
21 Vertical Sync VSYNC This input is typically connected to the vertical sync output of the CRT controller

and is used as the clock input for the two on-chip mask programmable blink rate
dividers. The cursor blink rate (50/50 duty cycle) will alwayd be twice the charac-
ter blank rate (75125 dutv cvcle). In addition, the internal attributes are reset when
this input is low. The VSYNC input is also used to determine the scan line mode
(parallel or serial) used, See the section "Scan Line Input Modes".
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Retrace Blank

Reverse Video

Blink

ATTRIBUTES FUNCTION

-The RETBL input causes the VIDEO
to go to the zero (black) level regard-
less of the state of all other inputs.

-The 
REVID input causes inverted data

to be loaded into the video shift
register.

Character Blank -The CHABL inpul forces the video to
go to the current background level as Intensity
defined by Reverse Video. (Half Intensity)

Underline -MS1, 
MSO _ 1, 1 forces the video to

go to the inverse of the background
level for the scan line(s) Pro-
grammed for underline,

-The BLINK input will cause charac-
ters to blink by forcing the video to the
background level 25/" of the time and
allowing the normal video tor 75"h of
the tlme. When the cursor is Pro-

grammed to blink (not controlled by
the BLINK input), the video alter-
nates from normal to reverse video at
50% duty cycle. The cursor blink rate
always overrides the character blink
rate when they both appear at the

same character position.

-The INTIN input and the INTOUT
output allow an intensitY (or half
intensity) attribute to be carried
through the pipeline of the CRT 9021.
An external mixer can be used to
combine VIDEO and INTOUT to cre-

ate the desired video level. See fig-
ure 8.

Table 1 illustrates the effect of the REVID, CHABL, UNDLN
attributes as a function of the cursor format and the CUR-
SOR and RETBL inputs.

TABLE 1: CRT 9021 ATTRIBUTE COMBINATIONS

CURSOR
FORMAT

CRT 9021 INPUTS VIDEO SHIFT REGISTER
LOADED WITH:RETBL CURSOH REVID CHABL UNDLN

1 x x x x all zero's

0 0 0 0 0 data

0 0 0 0 1 One's for selected scan line(s); Data for all

other scan lines.

0 0 0 1 X All zero's

0 0 1 0 0 data

0 0 1 0 1 Zero's for selected scan line(s); data for all
other scan lines.

0 0 1 1 X One's for all scan lines.

UNDERLINE"

0 1 0 0 f,, One's for selected scan line(s) for cursor;
data for all other scan lines"

0 1 0 1 f,, One's for selected scan line(s) for cursor;
zero's for all other scan lines.

0 1 1 0 {r Zer.o's for selected scan line(s) for cursor;
Data for all other scan lines.

0 1 1 1 f,, Zero's for selected scan line(s) for cursor
one's for all other scan lines"

BLINKING=
UNDERLINE'

0 1 0 0 f,r One's for selected scan tine(s) blinking;
Data for all other scan lines.

0 1 0 1 |it One's for selected scan line(s) blinking;
zero's for all other scan lines.

0 1 1 0 )i, Zero's for selected scan line(s) blinking,
Data for all other scan lines.

0 1 1 1 f,r Zero's for selected scan line(s) blinking;
one's for all other scan lines.

REVID BLOCK

0 1 0 0 0 Data for all scan lines.

0 1 0 0 1 Zero's for selected scan line(s) for
underline;data for all other scan lines.

0 1 0 1 X One's for all scan lines.

0 1 1 0 0 Data for all scan lines

0 1 1 0 1 One's for selected scan line(s) for
underline:data for all other scan lines.

0 1 1 1 X Zero's for all scan lines.

BLINKING'
REVID BLOCK

0 1 0 0 0 On
Data for all scan lines.

off
Data for all scan lines.

0 1 0 0 1 Zero's for selected
scan line(s) for
underline: Data for
all other scan lines.

One's lor selected
scan line(s) for
underline; Data for
all other scan lines.

0 1 0 1 X One's for all scan lines. Zero's for all scan lines.

0 1 1 0 0 Data for all scan lines" Data for all scan lines"

0 1
"l 0 1 One's for selected

scan line(s); Data
for all other scan lines"

Zero's for selected
scan line(s); Data
for all other scan lines"

0 1 1 1 X Zero's for all scan lines. I One's for all scan lines.

I - it the o.orarrned s""" tine(sfi6iilsor and rrnOerline coincide, the cursor takes preced€nce; otheffiise both are displayed.

2 - at prograinmed scan lino(s) for undsrline
3 - at cursor blink rate

Note-cursor blink rate overrides character blink rate"
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DISPLAY MODES

lnputs MSI and MSO select one of four display modes. All
atiributes except underline operate independent of the
display mode used. Figures 8a and 8b illustrate a typical

CnT gOZt configuration which operates in all display modes

for both the paralleland serialscan line modes respectively'

MS1, MSO : 00 -Wide GraPhics Mode
In this display mode,'inputs D7-Do MS1' MSo : 01

define a graphics entity as illustrated
in figure 2. Note that individual bits in
D7-D0 will illuminate Particular
portions of the character block. Table

2 shows all Programming ranges
possible when defining the wide
graphic boundaries. No underline is
possible in this disPlaY mode.

MS1, MSO : 10 -Thin 
GraPhics Mode.

In this display mode, inputs D7-D0 MS1, MSO : 1't

define a graphic entity as illustrated

in figure 3. Note that individual bits in
D7-D0 will illuminate particular hori-
zontal orvertical line segments within

the character block. Table 3 shows
all programming ranges Possible
when defining the thin graPhics
boundaries. No underline is possi-

ble in this disPlay mode.

-Character 
Mode Without Underline.

In this display mode, inputs D7-D0 go
directly from the input latch to the
video shift register via the Attributes
and G raPhics logic. Th is mode
requires either a bit mapped system
RAM (1 bit in RAM equals 1 Pixal on

the CRT) or an external character
generator as shown in figures 8a and
8b.

-Character 
Mode With Underline.

Same operation as MS1 , MSO - 01

with the underline attribute appear-
ing on the scan line(s) mask Pro-
grarnmed.

SL3.SLO ROW # C7 C6 C5 C4 C3 CZ C1 C0 BF BF o o o

0000
0001
001 0
001 1

01 00

01 01

01 10
01 11

1 000
1 001

1010
101 1

1 100
1 101
1110
1111

RO

R1

R2
R3
R4

R5
R6
R7
R8
R9

R10
R1 1

Rl2
R13
R14
R15

D7 D3

D6 D2

D5 D1

D4 DO

--i
I

I

-J

T
H3

I

I

H2

l_
I

H1

l_

l

HO

I

- --1
I

l
I

--1
l

I

I

I

I

I

I

I

D7 D6 D5 D4 D3 D2 D1 DO DATA INPUT ON D7-DO

lr-
ffil-Wg-l

H3, H2, H1, H0, W1 , W0 are mask programmable

FOR STANDARD CRT 9021FIGURE2: WIDE GRAPHICS MODE

SL3-SLO ROW #

0000 R0

0001 R1

0010 R2

001 1 R3
01 00 R4
01 01 R5
01 10 R6

0111 R7

1000 R8

1001 R9

1010 R10
101 1 R1 1

1 100 R12
1 101 R13
1J 10 R14
1111 R15

C7 CO C5 C4 C3 CZ C1 C0 BF BF o o o VERTICAL HEIGHT HORIZONTAL POSITION

RO-Rs I PNOGRAMMABLE
R6-R15 I pnoGRAMMABLE

RO.R15 
- I PROGRAMMABLE

Ro-R15. I pRoGRAMMABLE

-- -t DO

D1

D6
D7D6

HORIZONTALLENGTH VERTICALPOSITION

I
I

I-----

D2
D3
D4
D5

c7-c3 I pRoGRAMMABLE

C3-BF I PNOGRAMMABLE

C7-BF- I PROGRAMMABLE
C7.BF- I PROGRAMMABLE

I

I

I

__J

D7 D6 D5 D4 D3 D2 D1 DO DATA INPUT ON D7.DO

FIGURE 3: THIN GRAPHICS MODE

. These values are fixed

FOR STANDARD CRT9021
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BACKFILL
Backfill is a mechanism that allows a character width of
greater than I dots and provides dot information (usually
blanks) for all dot positions bryond B. The character width
is defined by the period of the D'SH input For the character
modes, backfill is added to the tail end of the character by
two methods which are mask programmable.
Method A - The backfill (BF) dots will be the same

as the dot displayed in position C7.

Method B - The backfill (BF) dots will be the same
as the dot displayed in position C0.

For the wide graphics mode, the backfill dots will always be
the same as the dot displayed in position c0 (method B)
with no programmable option.

CURSOR
Four cursor formats are possible with the cRT 9021. lf the
parallel scan line input mode is used, one of four cursor for-
mats may be selected as a mask programmed'option. lf the
serial scan line input mode is used, the cursor format is
selected via input pins 16 and 17 (sL3 BKC, sL2 BLC) see
Table 5. The four cursor modes are as follows:

Underline
- The cu rsor will appear as an

underline. The position and width
of the cursor underline is mask
programmed.

Blinking underline - The cursor will appear as an
underline. The underline will alter-
nate between normal and reverse
video at the mask programmed
cursor blink rate

FORMATS

Blinking Reverse
Video Block

cell will be displayed in reverse
video)

- The cursor will appear as a reverse
video block and the entire block
(character plus background) will
alternate between normal and
reverse video at the masked pro-
grammed cursor blink rate.

Reverse Video
Block

-* The cursor will appear as a reverse
video block (The entire character

Scan Line
lnput Mode Pin 17 Pin 16 Cu rsor Fu nction

Serial

t1
{
I

0
0

0
{
I

0
1

Underline
Reverse Video Block

Blinking Underline
Blinking Reverse

Video Block
Paralle I X X Mask programmable

Only

TABLE 5: CURSOR FORMATS

DOUBLE WIDTH MODE
In order to display double width characters, video must be
shifted out at half frequency and the video shift register must
receive new information (parallel load) every otfier tO SH
inp$!{lt*. ln order to divide the video dot clock (VDC) and
the LD SH pulse internally at the proper time, the cursor input
should be pulsed during RETBL prior to the scan line to be
displayed as double width. The CURSOR input must remain
low for a minimurn of 1 LD SH period from the leading edge
of RETBL The CURSOR input can stay high for thJentire
RETBL time but should not extend into active video. lf it does.
a cursor will be displayed rt is assumed that the cRT con-

troller knows when a particular scan line should be double
width and rt should activate the CURSOR in the manner just
described. Double height double width characters can also
?*_lisplayed if the scan line count is incremented by the
CRT controller every other scaR line. With respect to the
CRT 9021 , no distinction between double width and dcuble
height display is necessary. Figure 4 illustrated timing for
both single and double width modes. The CRT 9007, w"hich
supports dolb_l*^ height double width characters, will pro-
duce the cu RSoR signal as required by the cRT 9021 with
no additional hardwaie.

SCAN LINE INPUT MODES
Scan line inf ormation can be introduced into the CRT g021
in parallel forrnat or serial format Table 6 illustrates the pin
definition as a function of the scan line input mode. The CRT
9021 wlll automatically recognize the proper scan lrne mode
by observing the activity on pin 18. ln parallel mode, this
input will be stable for at least 1 scan line and in serial mode
this input will remain low for about 5 or 6 t-O SH periods lf
pin 1B goes active low for less than seven but more than
two continuous LD SH pe1iqdq Quring the last scan line that
has an active low on the VS\rNC input, the serial mode will
be locked in for the next field. The parallel scan line input

mode will be selected for the next field if the following two
conditions occur during VSyt\,lC low time. First, at leasl one
positive transition rnust occur on pin 1B and second, pin 1B
must be low for seven or more LDSH periods Refer to tig-
ure 7 tor timing details.

Scan Line
Input Mode

CRT 9021 Pin Number
19 18 17 16

Serial SLD STG BLC BKC
Parallel SLO SL1 SLZ SL3

TABLE 6: PIN DEFINITION FOR PARALLEL AND SERIAL SCAN LINE MODES

PROGRAM OPTIONS
The cRT 9021 has a variety of maskprogrammed options. trates the range of the miscellaneous mask programmedTables 2 and 3 illustrate the range of tnJse options for the optlons. In addition, Tables 2, 3 and4 show tne ,i.,""x proiwide and thin graphics modes respectively. Table 4 illus- grammed options tor tne iianoard CRT 9021.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperatu re Range
Storage Temperature Range .

Lead Temperature (soldering, 10 sec.)
Positive Voltage on any Pin, with respect to ground

Negative Voltage on any Pin, with respect to ground

. 0"C to + 70"C
55"C to + 150"C

r 2DGoln-f- \.rAr,t |t./

. .15V

- 0.3v

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the
device at these or al any other condition above those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device lrom laboratory or system power supplies, it is important that the Absolute Maximum Ratings not

be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power

is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. lf this possibility exists it is

suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Tn = 0"C to 70"C, Vcc = * 5V * 5%, unless otherwise noted)

PARAMETER MIN TYP MAX UNIT COMMENTS

DC CHARACTERISTICS
INPUT VOLTAGE LEVELS

Low Level V,.
High Level V,",

High Level V,",
2.0
4.3

08 V
V
V

All inputs except VDC, LD/SH
For VDC, LD/SH input

OUTPUT VOLTAGE LEVELS
Low Level Vo.
High Level Vo* 2.4

0.4 V
V

lo.: 0.4 mA
lo" : 100pA

INPUT LEAKAGE CURRENT
Leakag€ 1.,

Leakage 1.,

10

50

pA
pA

0sV,*{V""; excludinq VDC, LD/SH
0<V,*{V..; for VDC LD/SH

INPUT CAPACITANCE
c,*.,
c,*,
c,*,

10
20
25

pf
pf
pf

Excluding VDC, LD/SH
For LD/SH
For VDC

POWER SUPPLY CURRENT
1.. 50 MA

AC CHARACTERISTICS

PARAMETER MIN TYP MAX UNIT COMMENTS

VDC'
1/L,, VDC frequency

1"*. VDC low
k*" VDC high
t.*" VDC rise time
tc*, VDC fall time

1.0
1.0
10
10
10

30.0
28.5

10
10

MHZ
MHZ

NS

NS

NS

CRT 9021A; see note 1

CRT 90218

Measured from 10% to 90% points
Measured from 90% to 10o/o points

r-otsH
Lt.

t=,

t".,

290
315

7
0

NS

NS

NS

NS

CRT 9021A; see note 1

cRT 90218

INPUT SETUP AND HOLD
tr.
tn,

35
0

ns
NS

MISCELLANEOUS TIMING
t"o
to* L"t

35 NS C. - 15 pf

1 -These parameters are Preliminary.

?q4



r-olsn

ALL INPUTS
(EXCEPT VDC, LD SH)

VDC

VIDEO OR
INTOUT

RETBL

CURSOR
(FOR DOUBLE WrDTH)

FIGURE 5: CRT 9021 INPUT/OUTPUT TIMING

Lo sn

SLG

NOT USED BY CRT 9021

FIGURE 6: SERIAL SCAN LINE MODE TIMING

LDI SH

vsyruc

III|IIT\I
slust-c-\ ?--T-i---r , . J

I

{
SET SERIAL

SCAN LINE MODE

FIGURE 7: SERIAL/PARALLEL SCAN LINE MODE SELECTION TIMING

J-
I
f

SET PARALLEL
SCAN LINE MODE

STABLE -= 7 LD,'SH
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TABLE2
WIDE GRAPHICS MASK PROGRAMMING OPTIONS

OPTION CHOICES STANDARD CRT 9021

Height of graphic block.
D7 and D3
D6 and D2
D5 and D1

D4 and D0

any scan I

any scan I

any scan I

any scan I

ne(s)
ne(s)
ne(s)
ne(s)

RO, R1, R2
R3, R4, R5
R6, R7, RB
Rg, R10, R11, R12, R13, R14, R15

W
W

dth of D7, D6, D5, D4**
dth of D3, D2, D1, D0**

any number of dots 0 to B

any number of dots 0 to I
C7, C6, C5, C4
C3, C2, C1 , CO, BF

'Any graphic block pair can be removed by programming for zero scan lines.
'- Total number of dots for both must be equal to the total dots per character with no overlap.

TABLE 3
THIN GRAPHICS MASK PROGRAMMING OPTIONS

OPTION CHOICES STANDARD CRT 9021

Backf ll C1 or C0 CO

Honzontal pos tion for

D2
D4
D5

and D3 any scan line(s) RO-R15
any scan line(s) R0-R15
any scan line(s) RO-R15

R5
RO
R11

Horizontal length for

D2,
D3'

any continuous dots C7-C0, BF

all dots not covered by D2

C7.C3
C3-BF

Blanked dots for serrated horizontal lines
D2
D3
D4 and D5

any dot(s) C7-C0, BF
any dot(s) C7-C0, BF
any dot(s) C7-C0, BF

none
none
none

Vertical position for

D0 and D1
D6,
D7,

any dot(s) C7-C0, BF
any dot(s) C6-C0, BF
any dot(s) C7-C0

C3
BF
C7

Vertrcal length for

DO

D1

D6
D7

any scan line(s)
all scan lines not used by D0

no choice; always R0-R15
no choice; always R0-R15

R0 to R5
RG to R15
R0 to R15
R0 to R15

1 - D7 must always
2-D2 and D3 must

come before D6 with no overlap; otherwise DG is lost.
always overlap by one and only one dot.

TABLE4
MISCELLANEOUS MASK PROGRAMMING OPTIONS

OPTION CHOICES STANDARD CRT 90

Backfill in character mode czqr 9Q X

B to 60;divisible by 4 
|

C7

32
(1 I tlrtelll'

Twice the character 16
blink rate (3.75 Hz)'

Character blink rate
(division of VSYftrc f requency)

Cursor blink rate2

character underline position any scan line(s) R0-R15 R11

cursor underline' any scan line(s) R0-R15 not applicable _

Blinking reverse video bcursor formato

u nderline
Blinking underline

Reverse video block
Blinking reverse video block

1 - Assumes VSYNC input frequency of 60 Hz"
2 - Valid only if the cursor is formatted to blink.
3 - Valid only if the cursor is formatted for underline.
4 - Valid for the parallel scan line mode only.
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CORPORATION
STANDARD MICROSYSTEMS

Floppy Disk Data Separalor

FEATURES

tr PERFORMS COMPLETE DATA SEPARATION
FUNCTION FOR FLOPPY DISK DRIVES

N SEPARATES FM OR MFM ENCODED DATA
FROM ANY MAGNETIC MEDIA

N ELIMINATES SEVERAL SSI AND
MSI DEVICES NORMALLY USED FOR
DATA SEPARATION

T NO CRITICAL ADJUSTMENTS REQUIRED
T COMPATIBLE WITH STANDARD

MICROSYSTEMS' FDC 1791 , FDC 1793 AND
OTHER FLOPPY DISK CONTROLLERS

N SMALL 8-PIN DUAL-IN-LINE PACKAGE
[ +S VOLT ONLY POWER SUPPLY
T TTL COMPATIBLE INPUTS AND OUTPUTS

GENERAL

The Floppy Disk Data Separator provides a low cost
solution to the problem of converting a single stream of
pulses from a floppy disk drive into separate Clock and
Data inputs for a Floppy Disk Controller.
The FDDS consists primarily of a clock divider, a long-
term timing corrector, a short-term timing corrector, and
reclocking circuitry. Supplied in an 8-pin Dual-ln-Line

PIN CONFIGURATION

DSKD

SEPCLK

REFCLK

GND

Vocr

SEPD

CD1

CDO

1g
27
36
45

DESCRIPTION

package to save board real estate, the FDDS operates
on +5 volts only and is TTL compatible on all inputs
and outputs.
The FDC 9216 is available in two versions; the FDC 9216,
which is intended tor SVt" disks and the FDC 92168 for
51h" and 8" disks.

FDC 921 6
FDC 92168

wc FAMTLY

FDDS

- +5V
-GND

CLOCK
DIVIDER

PULSE
REGENERATION

LOGIC

DATA/CLOCK
SEPARATION

LOGIC

EDGE
DETECTION

LOGIC

R EFCLK

CDO

CD1

FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM

DSKD
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PIN NO. NAME SYMBOL FUNCTION
'l

2

3

4

5,6

7

I

D isk Data

Separated Clock

Reference Clock
G rou nd
Clock Divisor

Separated Data

Power Supply

-DSKDSEPCLK

REFCLK
GND
CDO,
CD1

SEPD

Voo

Data input signal direct from disk drive. Contains combined
clock and data waveform.
Clock signal output from the FDDS derived from floppy
disk drive serial bit stream.

Reference clock input
G round
CDO and CD1 control the internaf clock divider circuit. The
internal clock is a submultiple of the REFCLK according to
the following table:

CD1
0
0
1

1

CDO

0
1

0
1

Divisor
1

2
4
I

SEPD is the data output of the FDDS

+5 volt power supply

q

DESCRIPTION OF PIN FUNCTIONS

FIGURE 1

TYPICAL SYSTEM CONFIGURATION
(51/a" Drive, Double Density)

4 MHz CRYSTAL
OSCILLATOR

REGENERATED DATA

FLOPPY
DISK

DRIVE

REFCLK
Filo

D-m FDC s216

SEPCLK

CDO CD1

CLK
H-ATV-HEAD

FDC '1791 or Equiv.
FLOPPY DISK CONTROLLER

RCLK
DERIVED CLOCK
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OPERATION

A reference clock (REFCLK) of between 2 andBMHz Separate short and long term timing correctors
is divided by the FDDS to provide.an internal clock. assure accurate clock separation.
Thedivision ratio is selected by inputsCDOand.CDl. The internal clock frequency is nominally 16 times
The reference clock and division ratio should be the SEpCLK frequency. Depending on the internal
chosen per table 1. timing correction, the internal clock may be.a
The FDDS detects the leading edges of the disk data TjlTut of 12 times to a maximum of 22 times the
pulses and adjusts the phas-e of-the internal clock SEPCLK frequency'

to provide the SEPARATED CLOCK output. The reference clock (REFCLK) is divided to provide
the internal clock according to pins CDO and CD'!.

DRIVE
(8" or 51/q")

DENSITY
(DD or SD)

REFCLK
MHz cD1 cD0 REMARKS

I
B

51/a

51/a

51lt
51la

51la

DD

SD
SD

DD
DD

SD
SD
SD

I
B

4

B

4

I
4
2

0

0
0

0
0

1

0
0

0

1

0

1

0

0
1

0

I

JSetect 
either one

ir",ect either one
)

I

f 
Setect any one

TABLE 1:

CLOCK DIVIDER SELECTION TABLE

FIGURE 2

INTCLK

SEPCLK

S-EFD

always two internal clock cycles
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MAXIMUM GUARANTEED RATINGS'
Operating Temperature Range .. 0'C to *70oC
Storage Temperature Range -55"0 to f 150'C
Lead Temperature (soldering, 10 sec.) . +325"C
Positive Voltage on any Pin, with respect to ground . . . .. +8.0V
Negative Voltage on any Pin, with respect to ground . . .. -0.3V
'Stresses above those listed may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or at any other condition above those indicated in the
operational sections of this specification is not implied.
NOTE: When powering this device from laboratory or system power supplies, it is important that
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off.
f n addition, voltage transients on the AC power line may appeat on the DC output. lf this possibility
exists it is suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Tr :0oC to 70oC, Voo=*5V *5o/0, unless otherwise noted)

Parameter Mln. Typ. Max. Units Comments
D.C. CHARACTERISTICS

INPUT VOLTAGE LEVELS
Low Level Vru

High Level Vrx

OUTPUT VOLTAGE LEVELS
Low Levef Vor-

High Level Vo"
INPUT CURRENT

Leakage lru

INPUT CAPACITANCE
All Inputs

POWER SUPPLY CURRENT
loo

A.C. CHARACTERISTICS
Symbol
fcv

f"v

tcxx

tcxr-

tsoor.r

tsoorr

tspcx

tor-r-

torx

REFCLK Frequency
R EFCLK Frequency
REFCLK High Time
REFCLK Low Time
REFCLK to SEFD ..ON,'Delay

REFCLK to Seilo "OFF" Delay
REFCLK to SEPCLK Delay
DSKD Active Low Time
DSKD Active High Time

2.0

2.4

0.2

0.2

50

50

100

0.1

0.2

100

100

0.8 V
V

04 V
V

10 pA

pF

mA

10

60

43 l MHz
83 | MHz

2s00 | nt
2500 i ns

I

lnt
Int
lnt

100 | rs
I100 | ps

f or:1.6mA
lox: - 100 pA

O <VrruSVoo

FDC 9216

FDC 92168

FIGURE 3: AC CHARACTERISTICS
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Tandy@ Model zggt Service Dlanual

UoDEL 2ggfl PoRT sPEcrFrcATroNs

DEVICE ADDRESS ACCESS BIT(S) FUNCTION

LS27l fi999 WR Ofi KEYBOARD POWER (I=ON)
DI EXTERNAL CLOCK ENABLE
D2 SPEAKER GATE
D3 SPEAKER DATA
D4 REFRESH CLOCK GATE (l=ON)
D5 FDC RESET (0=RESET)
D6 186 TIMER g ENABLE (l=ON)
D7 185 TIMER 1 ENABLE (I=ON)

LS27l 99fi9 RD ofl P'S-232 RrNG TNDTCATE (g=TRUE)
Dl RS-232 CARRIER DETECT (I=TRUE)
D2-D6 UNDEFINED
D7 ACLOW (fi = LOW AC LINE)

Lsr3 e frggz wR
I : ENABLE)
I = ENABLE )

I = ENABLE )

I = ENABLE )

DMA CONTROL PORT
Dfr REQUEST g ENABLE
DI REQUEST 1 ENABLE
D2 REQUEST 2 ENABLE
D3 REQUEST 3 ENABLE

CHANNEL SELECTS ROUTE DMA REQUESTS TO EITHER
CHANNEL g OR CHANNEL 1 DRQIS' N fr SELECTS
ONQ9,AlSELECTSDRQI.

D4 neQussr I sELEcr
D5 REQUEST 1 SELECT
D5 REQUEST 2 SELECT
D7 REQUEST 3 SELECT

8251 gfrLg nO,/Wn Ofi-D7 BTDTRECTTONAL DATA BUS
ro,/r'nOU 825L DATA REGISTER

8251 ggr2 no/wn o9-D7 wRrrE coNTRoL woRD
READ 825L STATUS

LS138 fig2F no/Wn xX** FDC TERMINATE TRANSFER STROBE

8272 gg3g nO,/WR Dg-D7 READ - READ MArN STATUS FDC
WRITE - ILLEGAL

8272 fifizz no/wn o9-D7 READ - READ DATA REGTSTER
WRITE - WRITE DATA REGISTER

8253 gg4g no/wR Dfr-D7 WRrrE - LOAD COUNTER g
READ - READ COUNTNN O

9253 gg42 RD,/WR ofl-ol wRrrE - LoAD couNTER 1
READ . READ COUNTER 1

8253 gg44 no,/wn Dfi-Dl wRrrn - LoAD couNTER 2
READ - READ COUNTER 2

9253 9946 no/wn Dg-D7 wRrrE - LoAD MoDE woRD

I



Tandy@ Hodel zfrflfl Service l{anua1

II{ODEL 2ggg PoRT SPEcIFIcATIoNS

DEVICE ADDRESS ACCESS BIT(S) FUNCTION

READ ILLEGAL OPERATION
8255A-5 gg5g nolwR ofi-o7 BrDrREcrroNAL

DATA BUS
8255A-5 gg52* RD Dfl-OI INPUT KEYBOARD DATA

8255A-5 flFSZ* Rp Dfr-D2 UNDEFTNED BrTS
D3 PRINTER ACK*
D4 PRINTER FAULT*
D5 SELECT
D6 PAPER EIUPTY
D7 BUSY

Ls244 ggsz* RD Dfi-D7 AUx.srATUs Brrs

82s5A-s gg54 WR ofl DTRECTTON FOR pORr gg5g
WR DL_D2 SELECTS DEVICE INPUT FOR

PoRr ggs2
D1 D2 SOURCE
g g PRINTER STATUSg 1 READ KBoARD DATA
1 g AUX.STATUS PORT
1 1 UNDEFINED

D3 rNTRQ FOR LPRTNTI3
D4 STROBE INPUT (AUX INPUT)
D5 INPUT BUFFER FULL (AUX)
D6 PRINTER ACKNOWLEDGE
D7 STROBE TO PRINTER

8259A-2 9g69 WR ofi-Ot WRrrE COMMAND WORDS

99az RD ofi-ot READ srArus
8 25 9A- 2 gg7 g wR ofl-ol wRrrn cor\,trrlAND woRDSqflTZ RD Dfl_D1 READ STATUS
LS13 9 gggg nplwn Dfr-D7 GENERATE orqacxg
LS139 ggAg nolwn Dfl-ot GENERATE DMACKI
LS13 9 ggcg no,/wn ofl-ot 6ENERATE DMACK2
LSI39 flfrNfr NO/WR Ofl-O7 GENERATE DMAcK3

* FOR DETERMINATION OF DEVICE ENABLED AT PORT 99SZ REFER TO SETTING OF
BITS Dl AND D2 OF PORT frfl5I.** XX = DON|T CARE

eggT frrgg RD oq-o7 eggT Rgg
LS37 4 gIfu wR ' ADDRESS coNTRoL REGTSTER

D8 A15 OF VIDEO ACCESS
D9 A16 OF VIDEO ACCESS
DTg A17 OF VIDEO ACCESS
Dll A18 OF VIDEO ACCESS
DT2 A19 OF VIDEO ACCESS
D13 CLOCK SPEED g = 22.4 MHZ

1=28 MHZD14 oors,/csan g=ry (|ggxLgg)
1 = I (64gx4gg)

D15 VIDOUT-SEL, SELECTS THE VIDEO SOURCE
FOR DISPLAY ON N,IONOCHROME MONITOR.
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rand/D Model zflqfl Service l-lanual

MoDEL Zgf,f, PORT SPECIFICATIONS

DEVICE ADDRESS ACCESS BIT(S) FUNCTION

I : 9997, fl = BUS
9997 gLgg wR Dg-D7 eggT nFfi
LS37 4 gIgI I{R D8-D15 ADDRESS CONTROL REGISTER
eggT gLg2 wR ofl-ot eggT nll
LS37 4 flLg3 WR D8-D15 ADDRESS CONTROL REGISTER
9997 glgL wR Dg-D7 9gg7 Rg2
LS37 4 gLgs WR D8-DI5 ADDRESS CONTROL REGTSTER
eggT gtg6 wR Dfl-D7 egfl7 Rg3
LS37 A frTF7 WR D8-DI5 ADDRESS CONTROL REGISTER
eggT gLgs wR ofi-ot eggT nfra
LS37 A fiI99 WR D8-D15 ADDRESS CONTROL REGISTER
9997 fiLqa wR Dg-D7 eggT ngs
LS37 4 qTgE WR D8-D15 ADDRESS CONTROL REGISTER
eggT flrtc wR oq-ot 9flfl7 nfr6
LS37 4 gIgD WR D8-DI5 ADDRESS CONTROL REGISTER
eggT grgv wR ofl-ot 99fi7 nfl7
LS37 q flTFP WR D8-D15 ADDRESS CONTROL REGISTER
eggT grLg wR Dg-D7 9fi97 n98
LS37 4 0ILL WR D8-D15 ADDRESS CONTROL REGISTER
eggT glr2 wR o9-D7 eggT Rge
LS37 q flLT3 WR D8-D15 ADDRESS CONTROL REGISTER
eggT 4LLA l{R Dfi-D7 9flfi7 n0e
LS37 4 fiIT5 WR D8-DI5 ADDRESS CONTROL REGISTERggfr7 frLL6 wR Dp-D7 eggT n/e
LS37 A fiLI7 WR D8-D15 ADDRESS CONTROL REGISTER
eggT grLs wR Dg-D7 eggT RFc
LS37 A frIT9 WR D8-D15 ADDRESS CONTROL REGISTER
eggT gIrA !,tR ofl-ot 9fifr7 R0D
LS37 4 fiIIB WR D8-D15 ADDRESS CONTROL REGISTERgg97 flrLc wR Dfr-D1 gg97 ngn
LS374 4IID WR D8-D15 ADDRESS CONTROL REGISTER
9gg7 grLE wR Dg-D7 eggT RgF
LS37 4 4LLF WR D8-D15 ADDRESS CONTROL REGISTER
eggT gr29 wR oq-ot eggT Rlg
LS374 gL2I WR D8-D15 ADDRESS CONTROL REGTSTER
g997 gL22 wR Dg-D7 9fr97 Rll
LS37 4 gL23 WR D8-D15 ADDRESS CONTROL REGISTER
eggT fir24 wR Dg-D7 eggT R12
LS37 A frL25 WR D8-D15 ADDRESS CONTROL REGISTER
9fifr7 g126 wR Dfi-D1 eggT R13
LS37 4 9127 WR D8-D15 ADDRESS CONTROL REGTSTER
eggT gr28 wR Dfr-D7 9fl97 R14
LS374 frL29 WR D8-D15 ADDRESS CONTROL REGTSTER
9flfr7 gr2A no/wn Dg-D7 9gg7 R15
LS37 4 frLzB WR D8-D15 ADDRESS CONTROL REGTSTER
9frfr7 gr2c no/wn ofr-D7 9flfl7 R16
LS37 4 frIzD WR D8-D15 ADDRESS CONTROL REGISTER
9997 gLzE wR Dfr-D7 eggT R17
LS37 4 frL2F WR D8-D15 ADDRESS CONTROL REGISTER

3



Tandy@ Model 2ggg Service Dlanual

UODEL 2ggg PORT SPECIFICATIONS

DEVICE ADDRESS ACCESS BIT(S) FUNCTION

ggFT fiL3g wR Dg-D7 eggT R18
eggT qLtg RD ofi-ot eggT R38
LS37 4 gI3L WR D8-D15 ADDRESS CONTROL REGTSTER
9gg7 gL32 wR Dg-D7 9gg7 R19
9gg7 gr72 RD oq-ot 9gg7 R39
LS37 4 fltl3 WR D8-Dt5 ADDRESS CONTROL REGTSTER9gg7 gr34 !{R ofi-ot 9flfl7 RlA
LS37 4 fltZ5 WR D8-D15 ADDRESS CONTROL REGTSTER
9gg7 gL74 RD ofl-ot gggT R3A
LS37 4 gL7 5 WR D8-D15 ADDRESS CONTROL REGISTERggFT gL76 RD oq-ot 9gg7 R3B
LS37 4 gL7 7 WR D8-D15 ADDRESS CONTROL REGTSTEReggT gr78 RD ofi-nt 9fifr7 R3c
LS37 4 gL7 9 WR D8-D15 ADDRESS CONTROL REGISTER

4
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