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Absiract

Nowadays , we can say that computers play many roles in humun
life. Many applications of compuler in art arc developed , for example
, computer aid design , compuler graphics appliculion. Allhough music
is one part of Lhe art , the applicalions arc rarcly scen. The
applications of computer in music began when  musicual  inslrumenis
chunged from analog instruments Lo digital instruments. A standard was
osbullished for Lhe communicabion between different Lype or difflerent.
maaufacturer  instruments. This standard is called "MIDI"  (Musicid
11 Lrument. Digital Interface). Since Lhe signel is digital , ve ocon
usc a compuber for control the performance of the inabymeent, Ju Lhis
project. , we studied aboul MIDI , made the casy MIDI inlerface circuit
vhich is not too expensive and wrote a program  Lhat coétrul e
communication belween computer and keybourd CASIO CT-640. This program
acte in a hasic level , such as record a song,play back and store in a

file. This project is the step of Lesting the Lheory for upply Lo use

later.
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s - THE MIDI SPECIFTCA'I‘:"ION/VI
: TABLE 1
: " _ SUMMARY OF STATUS BY'TES
STATUS HOFDATA . “
! D1—-0 BYTLES ) DESCRIPTION
o4 f . B .
' (.‘hnqncjl Vaice Messages .
—_— - L - " -
J000nnnn : 2 Note Off event -
100Innnn . 2 Note On event (velocity=0 Nole OIf)
1010nnAn | 2 ' Polyphonic key pressure/aftertouch’
10Hunnn 2 . Control change
1100nnnn i Program change
1101nnnn I Channct Picssure (Aftertouch)
1110nnnn’ 2 Pitch wheel change

CHANNEL MODE MESSAGES

f0linnnn 2 Sclects Channel Mode

SYSTEM MESSAGES / ) )

11110000 . o VA g System Exclusive
11110sss 0to2 ) System Common
1HEim 0 Systemn Real Time
NOTES:
L] .
Tannn: . N—1, where N = Channcl H#, .,

i.c. 0000 is Channel 1.
0001 is Channcl 2.

. .

! o " 1111 is Channel 6.
seers. Oiiiiiii, data, ..., FOX
HHIHR Identification
$s§: A }to?
"t . 0to7 3
TABLE 1l '

CHANNEL VOICE MESSAGES

STATUS DATA BYTES NDESCRIPTION
1000narin Okkkkkkk: Notc Off (sce notes [-4)
Ovvvvvvy . vvvvwwy: note ol velocity
100lnnng | Okkkkkkk Notc On (sce Notes | 4)
. Ovvvvvvy vevvvevED: velocity
. vvvyvvv=0: note off .
1G10nnnn . Okkkkkkk Polyphonic Key Pressuie (After-Touch)
’ Ovvvvyvy vvvvvvy! pressure value
101 1nnnn Occcccee Control Change
N Ovvvvvvw, ccececec: control #f (0-121) (sec notes 5-8)
: vvvvvvy: control value
ccceece=122 thru 127; Reserved, Sce Table 1.
1100nnnn Oppppppp Program Change
. ; ' ' ppppppp: program number (0-127)

“Iiotennn Ovvvvvwy Channel Pressure (Aflter-Touch)
, L AAAAAAA N pf(SSUlC’ value
1110nnan e Ovvvvvvy Pitch Wheel Change LLSB (sce note 10)

'
i

] . "

3

i

. !
| 13k U Bf Ovvvvvvy . Pitch Wheel Change MSB

!

!

M

Notes forA Table 1l on the following page.
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NOTES:
1. nnen: Voice Channed 11 (1 16, coded six defined in Table | noles)

2. kkkkkkk: note w0 127)
LEARkkk=00: Middle € of heyhoand

0 12 . 24 o 44 60 72 R4 Y0 o8 120 127

¢ ¢ ¢ < Rt 3 < ¢
piano range

1 ovvvwwew: key velocity
A logarithmic seale woulid be advisable,

] | : 04 127

. off  ppp ppp  mp  mf f 7 "
vevvvve=o4: in cose of nu'vclncily sensors”
vevvewe=0r Nate O with velovity=64 T
4. Any Note On message sent should be balinced by sending a Note O miessage o Hun

note in that channel #l some fater tine,

5. ceecece: control number C e
ceceeee ® Desoriprion
0 . Continnous Controller 0 MSH
1 Continnons Controller | MSB(MODULATION WIHEEL)
2 Contmuons Controller 2 MSB ' 4
3 Continuons Controller 3 MSH

L MY | Continvous Contiolier 4 31 MSB

B 3 Continvous Controller 0 1,50 ;
n Continuons Controller § 1.SB (MODUE ATION WIHTEE] )
M Continnous Controller 2 1.5
s Cuontinuous Controller 3 1.5
kI Continnons Controlles 4 31 1.5
64 95 Switehes (Ong OL) .
Jo 121 Undetind .
122147 I(c.\vr\'c-!. lor Crinned Mo Lweesane (see Table 111),

6. Thecontrotlers are not specifically defined. A manufacturer can assign the logical cantrollers to physical ones
ns neeessary. The controller allocation trble must be provided in the user’ opcration manual,

7. Centinuous controtlers are divided into Most Significant and Least Siguificnnt Bytes, 10 only seven bits ol
resolution are needed torany particobir controllers, only the MSBis sent, 1tis not necessiey tosend the I S 1t

mnre resolution is needed, then both are sent, first the MSB, theo the LSBT only the LS8 has chadiped
vithue, the LS may be sent without re-sending the MSH.

‘B, vvvvvey: cantrol value (M.':il!)

(for contiollers) -
0 127
nin X
(for switches)
0 . 127 .
ofl ' un

Numbers 1 tluough 126, inclasive, e ipnoied.
E ]

9. Any messages (e.g. Note Oa), which are dent suceessively wnder the siame stitus, can be sent withont i Status
byte antil i ditferent Status byte is nedded.,
. +
10. Sensitivity of the piteh bender is selecied in the receiver. Center poesition vitlue (na pitch change) is 20000,
whicl would be transmitied Eall-001H-4011,
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TABLE 111
CHANNEL MODE MIESSAGES

DESCRIPTHION

STATUS TDATA BYTES
10T Innnn {lceeccee
, Ovvvvyvy

Made Messages

cceceec=122;
vvvvvvy=(),

Local Contradd
Local Control Off

vvvvwyy=127, Local Contiol On
ccccccc=f2]: All Notes OIf
vvvvyyv=()

© ceccece=124: Omni Mode OI (Al Notes O11)
vvvvyvy=()

cccceec=125:

Omni Mode On (Al Notes OI) ’

vvvvvyy=()

ceccecc=126;

vvvvvyy=M,
vVvvvvy=(),

ceeccee=127;
vyvvvvy=() -

Maono Mode On (Poly Mode Of)
{All Netes Off)

where M is the number of channcls
the number of chamnels equals the
number of voices in the receiver.,

Poly Mode On (Mono Mode OIf)
{All Notes O1f)

NOIES;

nnun: Basic Channcl # (1-16, coded as defined in Table 1)

2. Messages 123 thei 127 function as AN Notes Ol mes-

sages. ‘They will tuen ol all voices controlled by the
assigned Basic Channel, Except for message 123, Al
Notes O, they should not be sent periodically, but only
for &t 2pecitic purpnse, In na case should they be used in
licu of Nete OH commands to tuin ol notes which have
been previously turned on. Therelore any All Notes OIf
tomnand (123-127) may be ignored by receiver witlh nao
pussibility of notes staying on, since any Note On com-
mand must have a correspanding specific Note OIf com-
mand. :

- Control Change #122, Local Cantrol, is optionally used to

intessupt the internal control path between the keyboard,

4

TABLE

. : SYSTEM COMMON MESSAGES

for example, and the sound gencrating cireuitry, 1 0
(Local OIF-message) is teccived, the path is disconnected:
the keyboard data goes ouly to MIDI and the sound-
Eenerating cirenitey is controlled only by incoming MID]
data. f a 71 (Local On messagt) is 1eccived, normal
apetation is restored. '

2 the thind byte of “Mone® speditice the number of channels
*inwhich Monophonic Veice messipes e to be sent, | s
cnumber, “M i nomber between $and 6 The chan.
nel(s) being used, then, will be the current Basic Channel
(=N) thru N{M-! up to s maximum of 16 11 M=0, this
is a special case dirediing the icceiver 1o assipn ali its

volees, onc per chavnet, from te Basic Chanael N
through 16,

1v

‘e

STATUS

DATA BYIES

DESTRIPHON

1110001
LELTO010

Undelined
Song Position Pointer

grireint PEVRETT: (Least spnilicann)
hlhhhtih: (Most signilicant)
[RERTITE Osssssss Sang Select
s8888880 Song o
Hrotoo Undefined
Holol Undcefined
HHEIoto nonc Tune Request
[RERIUAE nonc LOX: "End of Syatem v iaone™ iy
NOTES:

Song Pusition Pointer: Is an internal register which holds
the number of MDD beats (1 beat = 6 MIDI clocks)

-since the start of the song. Normally it is sct to 0 when

the START switch is pressed, which starts scquence play-
back. It then increments with every sixth MIDT clack
reccipt, unlil.STOP is pressed. If CONTINUE is pressed,
it continues to increment. It can he arbitrarily preset (to a
tesolution of | beat) by the SONG POSITION
LOINTER message,

L2

Sonp Sefeet: Speative which song o swqueme o to be

played upon receipt ol s St (Real- ey muessage,

- Tune Request: Daed with analog synthesizers to feaguest
them to tune their oscillatore, .

- EOX: Used as s fhig to indicate the end of a System

Exclusive timsmission (see Lihle V),
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TABLE VI
SYSTEM EXCLUSIVE MESSAGES

STATUS.

DATA BYTES DESCRIPTION

STATUS ,')ATI\ BYTES  DESCRIMTTON

i’ Timing Clock
11111004 : . Undeliped
thnows Stirt
RERNIVIRIS . Caontinue
guieed o Stop
1ol . tndelined
o o Active Scnsing
A A y System Reset
NOTES: o

l.
2.

H : i
'l'hc'Syls(cm Real Time messages are for synchronizing all
of the system in scal time,

The System Real Tinic messages can be sent at any time.
Any messages which consist of two or more bytes maty he

split to insert Real Time miessiges.
. Timing Clock (F811)

The system is synchronized with this clock, which is sen
ut a rate of 24 clocks/quarter note,

. Start (from heginning of song) (FAIL) .

‘This byte is immedintely sent when the PLAY switch on
the master (e.g. sequencer or thythm unit) is pressed,

. Continne (FBIL)

This is sent when the CONTINUE switch is hit, A
sequence will continue at the time of the neat clock.

. Stop (FCH)

This byte is immedinicly sent when the’STOP switch is
hit. It will stop the sequence.

. Active Sensing (FEI)

Use of this message is optional, for cither réceivers or
transmitters. This is a “dummy" Status byte that is sent -
every 00 ms (max), whenever there is no other nelivity
on Miish e reseiver will operate normally if it-never
receives FEIL Otherwise, if FEHN is ever recerved, n wili
cxpect do receive FEIN or a trunsmission of any type cvery
00 ms (max). I a period of 300 ms passes with no active
ity, the receiver will turn off the voices and return (o
normal operation, ’

. System Resct (FIFN)

This message initializes all of the system 1o the condition
of just having turned on power. The Systems Reset mes-
sage should be used sparingly, preferably under manual
commind anly. tn pasticular, it should not be sent auto-
matically on power up, .

- HHHI0000 Bulk dump cic

(()o‘o.ooos).
Any number of bytes may he
sent here, for any purpose, a;
long as they all have a 2e10

. in the most isgnificant bit
(UOQQQOOO)

R FOX: “Iind of System

Exclusive™

2. All bytes between the System Exclusive Status byte and
EOX of the next Status byte must have zerocs in the
MSi3.

3. The 1D nuntber can he obtained from the MIDI commit-

tee. See Table VI,

In no case should other Status or Datie bytes {exeept

Real-Time) be interlesved with Sy-tem Exclusive, tegand.

less of whether or not the 1D code is recognized,

S. COX or any other Status byte, excent Real-Time, wall
terminate u System Exclusive measage, sod shauhl be senl
immediately atits conclusioe,

oH

-

TABLE VI
MANUFACTURERS 1D NUMBERS

* Scquential Circuits, Inc. ol
Big Driar 021
Octuve/ Platcau 031
Moog Music O]
Passport Designs o0sn
l.exicon onnl
Oherheim ]
Bon Tempi 20n
S.LE.L. 2h
Kawai 4011
Rotand R
Kong 421
Yamaha ERTN]
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del CT-640 MIDI Implementation Chart

Verson s |

Transmitted Recognized “Remarks
Function... '
1sic Default 1 -4 N
1annel  Changed x x K
Default Mode 3 Mode 3
ode Messages X X
A“ered ML R Y YT R IIIT) x
te 36-96 0-127 0-11,12-23, 24-35 = 36-47,
Pig 97-108, 109-120, 121-127
|mber: T'rue VO‘CB h!nnto.-Oloonicnouooqnncnnoon 36_96 =85—96 (.2) 2
locity Note ON x9nv =064 x9nva=1-127—64 {°2)
Note OFF x9nv=0 x9nv=08nv=xx xx...No function
er Key’'s X X
ich Ch’'s X X
ch Bender X > X
Sustain pedal
64| O (@) .
(*2)
1itrol
I
Inge
] O 0-29 O 0-29 (°3)
nge: TruG' .II‘I'Ill...'..l..l..."..l'.'
tem Exclusive X X
lem  : Song Pos X X
: Song Sel X
mon : Tunme X - )
em : Clock O X Continue not sent
Time : Command O | X
© Local ON/OFF X x
: All Notes OFF x X
. : Active Sense x x
s : Reset X x

MIDI messages transmitted
*1) Multi messages receive
*2) Not received on CH-4

*3) Transmission/reception

/received only when set to the MIDI mode.

donCH 1-4
of 0—19 on CH-4

1: OMNI ON, POLY
3: OMNI OFF, POLY

Mode 2: OMNI ON, M

ONO

Mode 4: OMNI OFF, MONO

O: Yes
x : No
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8253/8253-5
PROGRAMMABLE INTERVAL TIMER

= MCS-85™ Compatible 8253-5

= 3/Independent 16-BIt Counters

® DCto 2.6 MHz

= Programmsble Counter Modes

The Intet® B253 is a programmable counter/timer device designed lor
fechnology with a single +5V supply and Is packsged in a 24-pin plas

Itis organized as 3 independent 16-bit couniers, each

programmable.

s Count Binary or BCD

= Slngle + 5V Supply

B Avallable In EXPRESS

*~

—Standard Temperature Range
—Extended Temperature Range

use as an inte! microcomputer poripheral. It uses nMOS
tic DIP,

witha count rate of up 1o 2 6 MH;. All modes of operation are software

Data At ]
2,0, "2 A s X K A COUL N
sUIrLR

pom Lo CLE D
po———— CAVI O

oreaeir o CUT O

np ——(
WA ———=q  arans

wAITE COUNTIR
. d
A Locic .
al 1 :

poe———- CLK 1

[ Gavt

p————— OUT t

_

.u *_T

oo /‘—-J C‘ comIEn
accisTa [N—— p "2

Gare

. 1
—

Figure 1. Block Disgram

G
.
.

CLey

o,f]+ X oI’

[ Na ¥ »nOaM

o,(1» 124D

[ Ray] npa

o,{s »Da,

o,[Js g253 w» sy
0,0 whDoax)
o,s ' vwhours
cawelle wicarg2
out o] e whouy
carteIn s TR
owol] 2 v [oury

Figure 2. Pin Configuration
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8253/8253.5 . L

FUNCTIONAL DESCRIPTION

General

The 8253 Is » programmable interval timer/counter
specifically designed for use with the Intel™ Micro-
Computer systems. Its function Is that of a general
purpose, mulli-timing element that can be trested as an
array of 170 ponis in the system software,

The 8253 solves one of the most common problems inany
microcomputer system, the generation of accurate time
delays under sofiware control. Instead of setting up timing
loops insystems software, the programmer configures the
8253 10 match his fequirements, initislizes one of the
counters of the 8253 with the Jesired quentity, then upon
command the 8253 will count out the delay and interrupt
the CPU when it has completed its tasks 1 js easy to see
that the software overhead 1s minimal and (hat multiple
delays can easily be maintained by assignment of priority
levels,

Other counterstimer functions that are non-delay in
nature but also common to most microcomputers can be
implemented with the B253.

¢ Programmable Rate Generstor ! .

¢ Event Counter

* Binary Rate Multiplier

¢ Real Time Ciock

* Digial One-Shot

* Complex Motor Controller

Data Bus Buffer

This 3-state, bi-girectionai, 8-bit butier!sused fointerface
the 8253 1q the System data bus. Data Is trensmitted or
fecelvyd by ths butter upon execution of INput or OUTput
CPU instructions, The Dats Bus Buffer has three basic
functions.

1. Programming the MODES of the 8253,

2. Loading the count regicters,

3. Reading the count values.

Read/Write Logle

The Read/Write Logic accepts inputs fromthe system bus
and In turn generates controf signals for overall device
operation. It is enabled or dissbled by CS so that no
operstion can occur to change the function unless the
device has been selectec by the system togic.

RD (Read)

A “low" on this Input informs the 8253 that the CPU is
inputting data in the form of & counters value,

WR (Write)

A “low” on this input informs the B253 that the CPU is

Outputting date in the form of modeinformation or loading
counters,

AD, A1

These inputs are normally connecled to the address bus,

Their function is 10 select one of the three counters o be

Operated on end to address the contiol word register for

mode selection.

TS (Chip Selecy)

A “low" on this inpul enebles the 8253. No teading_o_r
weiting will occur unless the device is selected, The Cs
Input has no effect upon the actual operation of the
counters.

L
e [ cinp
D, - | ToRTA A
00l 3 A e ) B 4 N COUNTIR L carie
BUTILR
e — W —outo
I o
—CiK
COLNTER
-m"é o [~ GATL }
L}
[eeam— Y]
% LA aatad UK
a A0
» v .
a -‘_T J
= Crn g
?Sﬁ‘/“~J ALY S
FGISTER [N W .
~—— YT 2
INTURNAL BUS /J

Flgure 3. Block Dlagram Showling Data Bus Butfer and
Resd/Write Loglc Functions

CS { RD | WR [ a, Ag

0 1 0 0 0 Load Counter No. 0

0 | v | 0 1 0] 1 | LosdCounterto. 1 ]
0 1 0 1 0 Load Counter No. 2

0 1 0 1 1 Write Mode Ward

[ 0 1 0 0 Read Counter No. 0

0 0 1 0 1 Read Counter No. §

[ 0 1 1 [4] Read Counter No. 2 }
0 [¢] 1 1 1 No-Operation 3-State

1 X X X X Diwsble 3-State i
0 1 1 X X No-Operation 3 SuTi

231306-001
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8253/8253-5

Control Word Reglster

The Controt Word Register is selected when AD, A1 sre 11,
It then sccepts information from the data bus buffer and
stores il in 8 repister, The information stored in this
reQister controls the operational MODE of each counter,
selection of binary or BCD counting and the loading of
each count register.

The Contro! Word Register can only be writlen into: no
read operation of its contents is aveilable.

Counter #0, Counter #1, Counter #2

These three 'funchonal blocks areidenticalin operation so
only & single Counter will 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 oulput are conligured by the selection of
MODES stored in the Control Word Register.

The counters are fully independent end each can have
separate Mode conliguration and coun'ing operation,
binary or BCD Also, there are special features in the
control word thst handle the loading of the count value so
that software overhead can be minimized for these
functions.

The reading of the contents of each counler is avgilable to
the programmer with simpie READ operations for event
counting spplications and special commands and logic
are included in the 8253 so that the conlents of each
counter can be read “on the fly" without having 1o inhibit
the clock input. N

8253 SYSTEM INTERFACE

The 8253 is & component of the Intel™ Microcomputer
Systems and Interfaces In the same meanner as gl other
peripherals of the farnlly. It is treated by the systems
software &3 an srray of periphers! 1/0 poris, three are
counters and the fourth is 8 conirol 18gister for MODE
progremming.

Basically, the select inputs AD, A1 connect 1o the AD, A1
address bus signals of the CPU. The &5 can be derived
directly from the address bus using alinear select method,
Or it can be connected to the output of a deroder, such as
8n Intel® 8205 for larger systems.

Ps SUIILR

Ly 9 NLAD/
whitg
tOGIC

| -

3¢
oatA’ A, .
\ > K >‘_’?‘:’.,~—cun
1 N l"
O e

o ko

fe—ciny
e GAVL S

= 0UuT }

INTUANAL BUS /J

Figure 4. Block Dlagram Showlng Control Word
Register and Counter Functions

{ ADDALSS KUS (181 }
CONTaOL BUS 3
{ DATA BUL (8] }
A, A O 0,0, AD  wh
=Y
counten COuTLA COUNTER
o 1 2
* i — 1 r 1
Yot care cio! Mo carr o Tour cant ein?

T TT

1]

Figure 6. 8253 Systém Interface

231306-001
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OPERATIONAL DESCRIPTION

General

The complete functional definition of the 8253 is
progremmed by the systems software A set ol conirot
words must be senl oul by the CPU to initialize each
counter of the 8253 wilh the desited MODE and quantity
information. Prior to fnlllallza!lon, the MODE, count, and
output of 8!l counters Is undefined. These control words
progrem the MODE, Loading sequence and selectlon of
blnary or BCD counting.

Once programmed, the 8253 is ready to perform whatever
Wiming tasks it is assigned to accomplish,

The actual counting operation of each counter is
completely independent and additional logic is provided
on-chip $0 thst the usual pioblems associated with
efficient monitoring and management of exiernal,
asynchronous events or rates to the microcomputer
system have been eliminated.

Programming the 8253

All of the MODES foreach counter are programmed by the
systems software by simple 1/0 operations.

Esch counter of the 8253 is individually programmed by
writing 8 control word into the Control Word Register.
(AD, AY = 11)

Control Word Format

D¢ Dg Dy D3 D Do

2]) 2 Dy
er:érlscojnu]mo]m]m]mo]aco]

Definltion of Control
8C — Beleci Counler

sC1 sCo
0 0 Select Counter O
0 1 Select Counter 1 .
1 0 Select Counter 2
1 1 tliegal

RL — Read/load:

.RLT  RLO
0 0

Counter Latching operation (see
READA/RITE Procedure Section)

0 Read/Load most significant byte only.

0 1 Read/Load least significant byte only.

1 Read/Load least significant byte tirst,
then most significant byte,

M — MODE:
M2 M1 MO
0 0 0 | Mode 0
0 0 1 Mode 1
X 1 0 | Mode 2
X 1 1 Mode 3
1 0 0 | Mode 4
1 o] 1 Mode 6
BCD:
0 Binary Counter 16 bits
1 Binary Coded Decimal (BCD) Counter
(4 Decades)

Counter Losd!ng

The count register Is not loaded until the count value Is
written {one or two bytes, depending on the mode
selected by the RL blts), followed by a rising edge and 8
tslling edge of the clock. Any read of the counler piior to
tha! falling clock edge may yleld invalid data.

MODE Definition

MODE 0: Intprrupl bn Terminal Counlt. The culptd rwill
be inltially low after the mode set operation, After the
count is loaded Into {he selected count 16gis1ts, tha out-
put wilt remain low and the counter will count. When ter.
minal count Is reachod the output witl go high and re-
main high until the selected count reg!ster Iz saloaded
with the mode or & new count Is ipaded. The countor
continues 1o docrement siter torminal count has been
reached,

Rewriting & counter reglster durlng counting results In
the following: y

(1) Write 1st byte stops the curren! counting
{2) Wiite 2nd byte starts the new count.

MODE 1: Programmable One-Shot. The output will go
low on the count following the rising edge of the pate in-
put.

The output will go high on the terminal count. if » new
coun! value Is loaded while the output Is low It will not
aflect the duration of the one-shot pulse until the sue-
ceeding trigger. The curren! count can be read et any
time without affecting the one-sho! pulse.

The one-shol Is retriggerable, hence the output wiil re.
main low for the full count after any tising edge of the
gate input.

231306-001
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MODE 2: Rste Generstor. Dlvide by N counter. The out-
put wlil be low for one period of the Inpul clock. The
period from one oulput pulse to the next equsals the
number of Input counts In the count replster. If the
count register is reloaded belween outpul pulses the
present perlod wlll not be aifecied, but the subsequent
period will refiect the new value.

The gate Input, when low, will force the output high.
When the gate Input goes high, the counter will atart
from the Inltie! count. Thus, the gate input can be used
to synchronlzé the counter, ~

When this mode Is set, the output will remaln high untll
aller the count register Is loaded. The output then can
also be synchronized by software, .

MODE 3: Squsre Wave Ratle Generator.Simllarto MODE
2 except that the oulput wlll remaln high until one ha!f
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
terminal count, the state of the output Is changed and
the counter is reloaded with the full count and the whole
process {s repeated.

It the count is 0dd and the output is high, the {irst clock
pulse (alter the count Is loaded) decrements the count
by 1. Subsequent clock pulses dectement 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 untit timeout. Then the whole
process Is repealed. In this way, if the count Is odd, the
output will be high for (N+ 1¥2 counts and low for
(N - 1y2 counts. .

in Modes 2 and 3, If n‘z:LK source other than the systam
clock Is used, GATE should be puised immediately lollowing
WH of & new count value.

MODE 4: Software Triggered Strobs. After the mode is
sel, the output will be high, When the count is loaded,
the counter will begin counting. On terminal eount, the"

output witl go low for one Input clock perlod, then wiit
go high again.

if the count register is reloaded Eurlng counting, the now
count will be loaded on the next CLK pulse. The count will
be inhibited while the GATE input is low.

MODE 8: Hardware Triggered Strobe. The counter will
start counting atler the rising edge of the trigger input
and will go low for one clock period when the terminal
count Is reached. The counter Is retriggeradble. The out-
put will not go tow untli the tull count after the rising
edge of any trigger.

Signsl Llow
Stalus Or Goinp
Modes Low Rising High
4 Disables — Enables
counting counhing
t — 1) imtistes —
counling
2) Resels pulpul
after nesl cloch
2 1) Disables ’
counting A R"“‘d' Ensnles
2) Sels output 2 I“:'" tounting
smmedisiely ) inthates
tagh counting
3 1) Disabtes 1} Reloads
counling counter Enabies
2} Sets output 2) Instes counting
immeoidisly
count
high cuntigy
a Dissbies —_— Enatiey
counhing counting
6 —_— iniates -
counting

Figure 8. Gate Pin Operations Summary
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MODE 4: Software Triggered Strobe
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LU Xl |

ouTrLY 1t
L0AD A | Lo O f
cave 1 J
4 4 3 2 v 0
ouTPrUY I '

MODE & Hardware Triggerod Strobe

GAVY I
4 3 3 1 0

OUTPU tn =)
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4

Figute 7. 8253 Timing Dlagrams
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8253 READ/WRITE PROCEDURE
Wrile Operations

The systems software must progrem each counter of the
8253 with the mode snd quantity desired. The program-
mer must write out 10 the 8253 8 MODE control word end
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 counters MODE
control word repister has & separate address so thst Hs
loading is completely sequence independent. (SCO, SC1)

The loading of the Count Register with the actual count
vaive, however, must be done in exactly the sequence
programmed In the MODE control word (RLO, RLY). This
loading of the counter's count register is st{ll sequence
independent like the MODE control word loading, but
when a selecled count register is to be loaded ft must be
loaded with the number of bytes programmed in the
MODE control word (RLO, RL1). The one or two bytes to
be loaded,in the count register do not have to foliow the
sssociated MODE control word. They can be programmed
st any time following the MODE control word foading as
long as the correct number of byles is loaded In order.

All counters are down counters. Thus, the value loaded
into the count register will actually be decremented.
Losding alt zeroes into a count register wilf result in the
maximum count (2' for Binary or 10* for BCD). In MODE 0
the new count will not restart until the load hes-been

complsted. It will accept one of two byles depending on _

how the MODE contro!l words (RLO, RL1) are program-
med. Then proceed with the restar operation.

MODE Control Word
) Counter n

Count Register byte

LB Counter n

Count Register byte

— Couniter n

Nots: Format shown 1 s simple example of tosding the 8253 and
does not imply that it Is the only {ormat that can be vaed,

Figure 8. Programming Format

Al AD
MODE Control Word
Vi Counter O \ !
MODE Controt Word
b Counter 1 i !
MODE Control Word
No.:3 Counter 2 | !
No.4 | LSB Count Register Byte o 1
Counter {
Count Register Byte 0 1
No.b | MSB Counter 1
Count Register Bvie
No.6 | LSB Counter 2 1 0
Count Register Byte
No.7 | MSB Counter 2 1 0
Count Register Byte
No.8 | LSB Counter D 0 0
Count Register Byte
No. 9 { MSB Counter 0 0 0

Note: The sxclusive sddretset of sach counter’s count rogister make
the task of programming the 8253 s very simple matier, and
maninum effective use of the device will result If this festure
i fully utitized.

. Flgure §. AHernate Programming Formats
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Read Operations

in most counter apphcations it becomes necessarytoread
the value of the count in progress and make a
computationsl decision based on this Quantity, Event
counters are probably the most common application that
uses this funclion. The 8253 contains fogic that will allow
the programmer to eastly read the contents of any of the
three counters without disturbing the eclual count in
progress.

There are two methods that the programmer can use 10
read the value of the counters. The first method involves
the use of simple 170 read operations of the selected
counter. By controfling the AD. A1 inputs to the 8253 the
programmer can select the counter (o be read (remember
that no read operation of the mode regisier s allowed AQ.
A1-11). The only requirement with this method is that in
order to assure a stable count reading the actual operation
of the selected counter must be inhibited either by
controlhing the Gate input or by exiernallogit that inhibits
the clock input. The coMents of the counte: selected wifl
be avaiable as tolows,

11151 1/0 Read contains the least sngnihca'nl byte (LSB).

second /O Read contains the most significant byte
(MSB)

Due 10 the internal logic of the B253 it is absoiutely
necessary to complete the entire reaging procedure it iwo
byles are programmed o bé read then two byles must be
fead belore any loading WR command can be sent 10 the
same counter,

Read Operation Chart

Al A0 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 Illegal

Reading While Counting

In order for the programmer 1o read the contents of any
counter without effecting or disturbing the counting
operation the 8253 has special internal togic that can be
accessed using simple WR commands 1o the MODE
regester, Basically, when the programmer wishes 1o reed
the contents of a selected counter "on the fly"heloads the
MODE register with 2 special code which latches the
present couni value into & s!omge'vegisler $O that its
conlents coniain an accurate, stable quantily. The
progtammer then issues a normal read command to the
selected counter and the contents of the latched register is
available,

MODE Reglster for Latching Count
AD, Al = 11 .

D? D6 DS 1 D4 | D3 I D2 | D1 | DO ,
sy SCO 0 0 X X X X

SC1.SCo0— specily counter 1o be lalched.
D5.D4
X — don't care.

- 00 designates counter iaiching operation.

The same limltation applies to this mode of reading the
counler as the previous method. Tha! is, If iv mandatory
1o complate the entire read operation as programmed.
This command has no effect on the counter’s mode,

- IMHz
CLK -2

® 1.5MH2

8085

11 an BOBS clock output #s 10 drive an 82535 clock Input, It must be reduced 1o 2 MH1 Of lessy

CLX

82538

Figure 10. MC8-85™ Cilock Interface*
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias  ........ *Cto70°C
Storage Temperature .............. ~-65"Cto4150°C
Voltage On Any Pin

With Respectto Ground .............. ~0.5Vio47Vv
Power Disslpation ........................... 1Watt

"NOTICE: Stresses above those listed undor “Absolute
Maximum Rstings” may cause permanent demage 1o the
device. This Is & stress tating only and functional opera-
tion of the device at these or any other conditions above
those Indiceted in the operstional seclions of this
specification Is not Implied, Exposure to absolute maxi-
mum rating conditions for extended periods may atfect
davice reliabllity.

D.C. CHARACTERISTICS (TA = 0°C 10 70°C, Vg = SV 210%) *

Symbol Parameter Min, Max. Unlt Test Condltions
ViL Input Low Voltage 0.5 0.8 4
Vin Input High Voliage 2.2 Vee.6V v
Vor Output Low Voltage 0.45 v Note 1
Vou Output High Voliage 2.4 v Note 2
ke Input Load Current 110 HA ViN = Vee to OV
lory Output Float Leakage 10 pA Vout = Vec to 45V
lee Vee Supply Current 140 mA
CAPACITANCE (, - 25°c, Vee = GND = oV)

Symbol Parameter Min. Typ: Max Unit Test Conditions

Cin Input Capacitance 10 pF fc= 1 MH2

Ciro 170 Capacitance 20 pF Unmessured pins returned to Vss

A.C. CHARACTERISTICS (Tx = 0°Cto 70°C, Vce = 5.0V = 10%, GND = ov) *

Bus Parameters (Note 3)

READ CYCLE
. 8253 82535

$ymbol Parameter Min. Mex Min, Max Unit
tAR Address Stable Before READ 50 30 ns
tRA Address Hold Time for READ 5 5 ns
trR READ Pulse Width 400 00 ns
tap Data Delay From READI4) 300 200 ns
toF READ to Dats Flosting 25 125 25 100 O
try Recovery Time Belween READ ; J . J o

. and Any Other Contro! Signal

v e
¢
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A
A.C. CHARACTERISTICS (Continued) '\‘
ol
WRITE CYCLE 11
8253 82535 1
Symbol Parameter Min. Max, Min Max Unit
Taw " Address Stable Before WRITE 60 30 ’ ns
twa Address Hold Time for WRITE 30 30 ns
tww WRITE Pulie Width 400 300 ns
tow Data Set Up Time for WRITE 300 250 ns
twop Data Hold Time for WRITE 40 30 ns
tay Recovery Time Between WRITE 1 1 b
&nd Any Other Contro! Signal
CLOCK AND GATE TIMING -
8253 82535
Symbol Parameter Min. Max, Min. Max. Unit
oLk Clock Period 380 dc 380 de ns
TPWH High Pulse Wichh 230 230 ns !
trwL Low Pulse Width 150 180 n1 )
Gw Gate Width High 150 150 ns
e GL Gate Width Low 100 100 ns
tcs Gate Set Up Time 10 CLK 100 100 [
6K Gate Hold Time After CLK? 50 50 ns
oD Output Detay From CLK{ (4] 400 400 n
o6 Output Delay From Gatel 1) 300 300 n
NOTES:
1oL = 22 mA
2. Iy = —400 pA

-
3. AC timings measured st Vo 22, Vo = 0.8,

4. Cy = 150pF.

® For Extended Tempersture EXPRESS, use MB253 electrical pnum-u;u.

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C.TESTING LOAD CIRCUIT

4

'

bEwvict
LaDLA
sy

AL TESTNG B™UTS ARE DRIVEN AT 2 4V $08 4 LOGIC 1" ANDC &V FDR A
LOGIC 1" T meG MEASUREVENTS ARE MADE A1 22V FOR & LOGIC *1° AND
S8V FOR & LOGIC 0

et

1q-mw
I

€ BWCLUIDLS AG CAMENANCE

1
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WAVEFORMS
WRITE TIMING READ TIMING
|
Ao-1. C3
taw ; —*\-A‘L— |
DATA BLS X
L—;\n"‘—“" 'vn"‘ }‘
" ! DATA .m%én‘n‘:ﬁgﬂ;cu’%}/’{// vaLID HIGH WLFDancCE

o

QATL O

CLOCK AND GATE TIMING
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Z8440/1/2/4 280° SIO
Serial Input/Output
Controller

Zilog

Product -
Specification b

April 1985

FEATURES

» Two independent tull.duplex channels, with separale
control and status lines for modems of other devices.

- m Data rates of 0to 500K bits’second inthe x1 clock mode
with a 2.5 MHz clock (280 SI0). or 0 1o 800K bits/second
with a 4.0 MHz clock (Z80A SiO).

x Asynchronous protocols: everything necessary for
complete messages in 5, 6, 7, or B bits/character.
includes variable stop bils and several clock-rate
mult:pliers; break generation and delection; parity;
overrun and framing ertor detection,

® Synchronous prolocols: everything necessary for

complele bit- o1 byte-onented messagesin 5,6, 7, or 8.

bus/character, including 1IBM Bisync, SDLC, HDLC,
CCITT-X.25 and others, Automatic CRC geneiation/
checking, sync character and zero insertion/deletion,
aborl genetation/delection, and flag insertion,

& Receiver dala registers quadruply buffered, transmitter
registers doubly butlered. .

® Highly sophisticated and fiexible dasy-chain interrupt
vectornng for interrupls without external logic,

GENERAL DESCRIPTION

The Z80 StO Senal Input/Output Controlier is a dual-channel
dala commun:cation interlace with extraordinary versaliity
and capabilty. lts basic functions as a senal-to-parallel,
paratiel-ic-senal converiericontrolier can be programmed
by @ CPU for a bioad range of serial communication
spphcaions :

The device supports all common asynchronous and
synchronous protocols, byte- or bit-oriented, and perlorms
all of the functions traddtionatly done by UARTs, USARTs,
and synchronous communication controllers combined,
plus addtional functions traditionally performed by the CPU.
Moreover, it does this on two fully-independent channels,

with an exceptionally sophisticated interrup! structure tiat
allows very fast transfers.

Full interlacing is provided for CPU or DMA contio! In
addibon to data communication, the circuil can handls
virtually all types of serial YO with fasl, or slow. poripheral
devices While designed primarily as a member of the ZBO
family, ils versatiily makes it well suited to many other CPUSs.

The Z80 S!O is an n<channel silicon-gale depletion-load
device packaged in a 40-pin plastic or ceramic DIP. huses a
single +5V power supply and the slandard Z83 tamiy
single-phase clock. The 28444 is packaged in 2 44-pin

ceramic LCC. _

PIN DESCRIPTION

Figures 1 through 6 illustrate the three 40-pin configurations
{bond:ng options) available in the SIO. The conslraints of a
40-pin package make i mpossible 1o bring out the Recewve
Clock (RxC), Transmit Clock (TxC). Data Termina! Ready
(DTR) and Sync (SYNC) signals for both channels.
Therelore, either Channe! B lzcks a signal or two signals are
bonded together: -

® 280 SI0/2 lacks SYNCB
¥ 283 SO/ lacks DTRE

m Z£O SIOW has all four signels but TxCE and RxCB are
bor.sedogether

The 44-pin package, the ZB0 SIQv4, has all options (Figure
7). :

The fust bonding oplion above (S10/2) is the piziened
version for most apphcations The pin descripiions are as
follows:

B/A. Channel A or B Sefect (input, High selects Channe! B),
This input detines which channel is accessed during & dala
transfer between the CPU and the SIO. Address b Ag trom
the CPU is often used for the sciection function,

C/D. Control or Data Select (input, High selects Conal)
This input defines the type of information transfer pedorned

OIS +/Z/1/0%V8Z
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Pin Asslgnments
CLK. System Clock (input). The SO uses the standard 280
foroceao eﬁéoé Systcm Clock to synchronize internal signals. This is a
r 8 8 € 3 3 1 &4 4) a3 v ﬂ single phase clock.
wir » ol CISA, CTSB. Clear To Send (inpuls, active Low). When
wope 3 el progiammed as Auto Enables, a Low on these inputs
_‘:: :o . ) :: :ib enables the tespective transmitter. I not programmed as
wibn | o s | wasa Auto Enables, lhese inputs may be prograrjmeq as
wea | z:t;l 2| e peneral-purpese inpuls. Both inputs are Schmitt-trigger
meoa J s 2 | nioe butiered 10 accommodate slow-riseime signals. The SIO
K |1 » | &S detects pulses on these inpuls and interrupts the CPU on
Y| 31 | 7 both logic leve! transitions. The Schmitt-trigger butiering
o4 J1e 30 | nos does noi guaraniee a specified noise-level margin,
U’ j ~ Dy-Dj. System Data Bus (bidrectional, 3-state). The system
N 19020 21 2223 2438 X 3T )

FESE EESEE

Figure 7. 44-pin Chip Carrier,
Pin Azsignments

between the CPU and the SIO. A High at this input during a
CPU write to the SI0 causes the information on the data bus
lo be interpreted as 8 command for the channe! selected by
B/A A Low al C/D means that the information on the data
bus is data. Address bit A, is oten used for this function.

CE. Chip Enable (input, active Low). A Low leve! atthisinput
enables the SIO 1o accept command or data mpu( from the
CPU during a write cycle, or to ransmit data to the CPU
during a read cycle.

data bus transfers data and commands belween the CPU
and the Z80 SIO. Dy is the leas! significant bi.

DCDA, DCDB. Data Carrier Detect (inputs, aclive Low).
These pins funchon as receiver enebles if the SI0 is
programmed for Auto Enables, otherwise they may be used
as general-purpose input pins. Both pins are Schmitt-trigger
buffered 1o accommodate slow-riselime signals. The Si0
detects pulses onthese pins and interrupls the CPU on both
logic leve! transtions. Schmit-ingger butlering does not
guarantee a specific noise-level margin.

DTRA, DTRB. Data Terminal Ready (outputs. active Low).
These outputs follow the state programmed inlo the Z80
SI0. They can also be programmed 8s general-purpose
oulputs.

Inthe Z80 S10/1 bonding option, DTRB is omitted.
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IEl. Interrupt Enable In (input, aclive High). This signal is
used with !EO to form a priorily daisy chain when there is
morte than one interrupt-driven device. A High on this hne
indicates that no other device of higher priority is being
serviced by a CPU iniarrupt seivice routine,

IEO. Interrupt Enable Out (output, active High). IEQ is High
only if IEl is High and the CPU is not servicing an interrupt
from this SIO. Thus, this signal blocks lower priority devices -
from interrupting while a higher priority device is being
serviced by its CPU interrup! service routine.

INT. Interrupt Request (output, open Grain, active Low).
When the SIOis requesting an interrupt, #t pulls INT Low.

10RQ. Inpu/Output Request (input from CPU, active Low).
IOR3 is used in conjunction with B/A, C/D, CE, and BD to
transfer commands and data betweenthe CPU and the S10.
WhenCE, RD, and TORQ are all active, the channel selected
by B/A translers data to the CPU (a read operation). When
CE and IORQ are active, but RD is inactive, the channel
selected by B/A is written o by the CPU with either cata or
control information as specified by C/D. As menlioned
previously, if IORQ and M1 are active simultaneously, the
CPU is acknowledging an interrupt and the SIO
sutomatically places its interrupt vector on the CPU data bus
if itis the highest priority device requesting an interrupt.

M1. Machine Cycle Onelinput from Z80 CPU, sctive Low).
When M1 is active and RD is also active, the Z80 CPU is
fetching an instruction from memory; when M1 is active
while TORG is active, the SIO accepts M1 and TORQ es an
interrupt acknowledge if the SIO is the highest priority
device that hes interrupted the 280 CPU.

RxCA, RxCB. Receiver Clocks (inputs). Receive data is
sampled on the rising edge of RxC. The Receive Clocks
may be 1, 16, 32, or 64 times the data rate in asynchronous
modes. These clocks may be driven by the 280 CTC
Counter Timer Circuit for programmable baud rate.
generation. Both inputs are Schmitt-trigger buffered; no
noise level margin is specified,

in the 280 S10/0 bonding option, RxCB is bonded together
with xCE.

RD. Read Cycle Status (input from CPU, active Low). I RD Is
active, a memory or /0 read operation is in progress. RD is
used with BIA,'C‘E. and TORQ to transfer data fromthe SIO 1o
the CPU.

RxDA, RxDB. Receive Data (inputs, active High). Serial
data at TTL levels.

RESET. Reset (input, active Low). A Low RESE] disables
both receivers and transmitiers, forces TxDA and TxDB
marking, forces the modem conitrols High, and disables aft
interrupis. Thie conlrol registers must be rewritten atter the
SI0 is reset and before data is transmitted or received.

RTS5A, RTSB. Request To Send (outputs, sclive Low).
VWhen the RTS bit in Write Repister 5 (Figure 14) is set, the
RTS output goes Low. When the RTS bit is reset in the
Asynchronous mode, the oulput goes High afler the
transmitter is emply. In Synchionous modes, the RTS pin
strictly follows the state of the RTS bit. Both pins can be used
as general-purpose outputs. )

SYNCA, SYNCB. Synchronization (bidirectiona!, active
Low). These pins can act either as inpuls or outputs. In the
asynchronous receive mode, they are inputs similar to TTS
and DCD. In this mode, the transitions on these lines aflect
the state of the Sync/Hunt status bits in Read Register 0
(Figure 13), but have no other function. Inthe External Sync
mode, these lines also act as inputs. When external
synchronization is achieved, SYNC must be driven Low on
the second rising edge of RxC after thal tising edge ol RxC
on which the last bit of the sync character was received. in
othrr words, afier the sync patlern is detected, the external
logic must wait for two {ull Receive Clock cycles 10 activate
the SYNC input. Once SYNC is forced Low, it should be kept
Low unti the CPU informs the external synchronization
deiect logic that synchronizalion has been lost or a new
message is about 1o starl. Characler essembly begins on
the ris-n% ed%e of RxC that immediately precedes the faling
edpe of SYNC in the Externa! Sync mode.

In the interna! synchronization mode (Monosync and i

Bisync). these pins acl as oulputs that are active during the
pan of the receive clock (RxC) cycle in which sync |
characlers are recognized. The sync condtion is not
latched, so these outputs are active each time a sync pattern
Is recognized, regardless of characler boundaries.

inthe Z80 51072 bonding option, SYNCB is omitted.

'XCX&, T™CB. Transmitter Clocks (inputs). In asynchronous
modes, the Transmitier Clocks may be 1, 16, 32, or 64 times
the da:a rate; however, the clock muliplier must be the sanse
for the transmitter end the receiver. The Transmit Clock
inputs are Schmitt-trigger buffered for relaxed rise- and
falltime requirements; no noise leve! margin is specified,
Transmiter Clocks may be driven by the Z80 CTC Counter
Timer Circuit for programmable baud rale generation.

in the 280 SI0/0 bonding option, TxCB is bonded together |
with Rx<CE.

TxDA, TxDB. Transmit Data (outputs, active High). Seria!
dala el TTL levels. TxD changes from the faling edge of TxC.

W/RDYA, W/RDYB. Wai/Ready (outputs, open drain when
programmed for Wail function; driven High and Low when
programmed for Ready function). These dual-purpose
outputs may be programmed as Ready lines for 8 DMA
contioner of 8s Wan lines that synchronize the CPU to the
SI0 data rate. The reset state is open drain.

[
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FUNCTIONAL DESCRIPTION

The tunctional capabifities of the 280 810 can be described T
from two ditlerent points of view: as a dala communications ot & j— | oana
L \ . . . h ; conThoL CHANNEL fee— | CHANNEL
device, it transmils and receives serial data in a wide variely s A Je—lclocns
of data-communication protocols; as & Z80 family RLoISTLNS el LIS
peripheral, it interacts with the 280 CPU and other
peripheral circuils, sharing the data, address end control - -
buses, 8BS yell as being a pan ol the 280 interrupt structure, INTERNAL CHANNTL & lw— | MoDEM
As a peripheral 1o other microprocessors, the SIO offers contxoy AND ‘—}g:,,,,,
valuable features such as non-vectored interrupts, polling, s 1 Jcomaor
and simple handshake capability. Figure 8 is & block '
diagram, ¥
. . . . DATA @ : CHANNEL § fo—
Figure 8 illustretes the conventiona! devices that the SIO cry a CONTRGL | | HoDTM
replaces. vo A fno, > [oTHa
CONTROL _—_‘;> L $tus 1 o JcontaoL
The fust part of the following discussion covers S!O s
data-communication capabilties; the second part s .
describes interaclions between the CPU and the SIO, WL/ o = ot
. H vr CHANNEL o | CHANNEIL
RO | S K e e
—~  WATURTADY
- CHANNIL 8
LoNIADL
BTATVS
RICIETLAS

Flgure 8. Block Disgram
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[
L__o] svucunronous
COMMUNICATION
CONTAOLLER
.
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MICROPROCESSOR 0 | A
INTRRPACK sio

— ]

[ CHAKNEL

Figure 8. Conventional Devices Repleced by the 280 S10
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DATA COMMUNICATION CAPABILITIES

The SIO provides two independent fuli-duplex channels that
can be programmed for use in any common asynchronous,
or synchronous data-communication protocol. Figure 10a
illustiates some of these protocols. The following is & shon
description of them. A more detailed explanalion of these
modes cen be found in the Z80 SIO Technical Manual
(03-3033-01).

Asynchronous Modes. Transmission and reception can
be done independently on each channe! with five 1o eight
bits per characler, plus optiona! even or odd parity. The
transmitters can supply one, one-and-a-hall, or two stop bits
per character and can provide a break output at any time.
The receiver break-detection logic interrupts the CPU both
at the start and end of a received break. Reception is
protected from spikes by a transient spike-rejection
mechanism that checks the signal one-hall a bit time atter a
Low level is detected on the receive data input (RxDA or
RxDB in Figure 5). If the Low does not persist, asinthe case
of alransient, the character assembly process 1s not started,

Framing errors and overrun errors are delected and
butiered together wilh the partial character on which they
occurred, Vectored interrupls ellow fast servicing of error
conditions using dedicated routines, Funthermore, a built-in
checking process avoids interpreting a framing error as a
new slan bil: g framing error results in the addition of
one-hall a bit time 10 the point at which the search for.the
rext stan bit is begun.

The S10 does not requite symmetric transmit and receive
clock signals, a feature that allows it 1o be used with a 280
CTC or many other clock sources. The transmitter and
receiver can handle data at a rale of 1, 1/16, 1/32, of 1/64 o
the clock rate supphed 1o the receive and lransmit clock
inputs.

In asynchronous modes, the SYNGC pin may be
programmed as aninput thal can be used for functions such
as monitonng a ting indicator,

Synchronous Modes., The SIO supports both byte-
oriented and bit-oriented synchronous communication.

Synchronous byte-otiented protocols can be handied in :
several modes that allow character synchronization with an ;
8-bit sync character (Monosync). any 16-bit sync pattern |

{Bisync), or with an external sync signal. Leading sync
cheraclers can be removed without interruptling the CPU.

Five-, six-, or seven-bit sync characters are detected with 8-

or 16-bit patterns in the SIO by overlapping the larger

pattern across multiple incoming sync characters, as shown
in Figure 10b.

CRC checking for synchronous byte-oriented modes is
delayed by one character time 50 the CPU may disatle CRC
checking on specific chatacters. This permils implemen-
tation of prolocols such as IBM Brsync.

Figure 10a. Some Z80 SI0 Prototols
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Both CRC-16 (X6 + X154 X2 + 1) and CCITT (X16 + X312
+ X5 + 1) error checking polynomials are supported. In all
non-SDLC modes, the CRC generator is inftialized to Os; in
SDLC modes, it is inttiafized 1o 1s. The SIO can be used for
interfacing to peripherals such as hard-sectored floppy
disks, bul # cannot generate or check CRC for
1BM-compatible sofi-sectored disks. The SIO also provides
a feature that automatically transmits CRC data when no
other data is available for transmission. This allows very

. high-speed transmissions under DMA contro! with no need

for CPU intervention &t the end of a message. When there is
no data or CRC 1o send in synchronous modes, the
transmitter inserts 8- or 16-bit sync characters regardiess of

. the programmed character length.

The SIO supports synchronous bit-oriented protocols such
as SDLC and HDLC by perorming automatic flag sending,
zero inserlion, and CRC generation. A special command
can be usedto abort a frame in transmission. Atthe end ofa
message the SIO automatically transmits the CRC and
wailing flag when the transmit butler becomes emply. it a
transmit underrun occurs in the middle of e message, an
ex\emallsla\us?nlenupl warns the CPU of this status change
80 thal an abort may be issued. One 1o eight bits per
character can be sent, which allows reception of a message
with no prior information about the characler struciure in the
information field of a frame.

The receiver automalically synchronizes on the leading flag
of a frame in SDLC or HDLC, and provid~s 8
synchronization signal on the SYNC pin; an interrupt can
also be programmed. The receiver can be programmed 1o
search for frames addressed by a single byle to only a
specified user-selecled address or 10 a global broadcast
addiess. In this mode, frames that do not maitch either the
user-selected or broadcast addiess are ignored. The
number of address byles can be extended under sofiware
control. For transmitting data, an interrupt on the first
received characler or on every character can be selecled.
The teceiver automatically deletes all zeroes inserled by the
trensmitler during character assembly. It also calculates and
automatically checks the CRC to validate frame
transmission. At the end of lransmission, the status of a
received frame is available in the status registers.

The S10 can be conveniently used under DMA control to
provide high-speed reception or transmission, In reception,
for example, the SIO can interrupt the CPU when the first
chatacter of @ message is received. The CPU then enables
the DMA 1o trans!.s the message 1o memory. The SIO then
issues an end-of-frame intertupt and the CPU cancheck the
status ol the received message. Thus, the CPU is freed for
other service while the.message is being received.,

I/O INTERFACE CAPABILITIES

The SIO offers the choice of polling, veclored or
non-vectored interrupts and block-ransfer modes to
transier data, status, and control information 1o, and from,
the CPU, The block-transfer mode can also be implemented
under DMA control.

Polling. Two stalus registers are updated al appropriate
times for each function being performed (for example, CRC
error-status valid at the end of 8 message). Whenthe CPU is
operated in & polling fashion, one of the SIO’s two status
registers is used 1o indicate whether the SIO has some data
or needs some dala. Depending on the contents of this
register, the CPU will either write data, read data, or just go
on. Two bits in the register indicale tha! a data transfer is
needed. In eddition, error and other conditions are
indicated. The second slatus register (special receive
conditions) does not have 1o be read in a poling sequence,
uniil a character has been received. All interrupt modes are
disabled when operating the device in a polled
environment.

Interrupts. The SIO has an elaborate interrupt scheme to
provide fast interrupt service in real-time apphcations. A
conlroi register and a status regisier in Cnannel B contain
the interrupt vector. When programmed 1o do so, the SIO
can modify three bils of the interrupt vector in the status
tegister so that it points directly 1o one of eight interrupt
service roufines in mermory, thereby servicing conditions in
both channels and efiminating most of the needs for &
status-analysis routine. Ce

Transmit interrupts, receive interrupls, and external/status
interrupts are the main sources of interrupts Each interrupt

source is enabled under program control, with Channe! A
having & higher priority than Channe! B, and with receive,
transmit, and external/status interrupts prioritized in that
order within each channel. When the transmit intorrup! is
enabled, the CPU Is interrupted by the transmil butfer
becoming empty. (This implies that the transmitier must
have had a data character writlen into #t s0 it can become
emply.) The receiver can intertupt the CPU in one of two
ways:

» Interrupt on first received character

= Interrupt on all received chataclers

Interrupt-on-first-received-character is typically used with
the Dblocktransier mode. Interrupt-on-all-received-
characlers has the option of modifying the interrup! vector in
the event ol a parity errot. Both of these interrup! modes will
also interrupt under special receive conditions on a
character or message basis (end-of-frame interrupt in
SDLC. for example). This means tha! the special-receive
conditon can cause en interrupt only if the
interrupl-on-fust-received-character or interrupt-on-all-
received-characters mode is selecies. In intetiupt-orehirst-
received-character, an inlerrupt can occur from
special-receive condiions (excep! party error) sher the
fhirst-received-characler interrup! (example: receive-overrun
interrupt).

The main function of the external/status interrupt is to-

monitor the signal transitions of the Clear To Send (CT8),
Data Carrier Detect (DCD). and Synchronization (SYNC)
pins (Figures 1 through 7). In addition, an external/status
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interrupt is also caused by a8 CRC-sending condition, or by
the detection of a break sequence (asynchronous mode) or
abor sequence (SDLC mode) in the data stream. The
interrupt caused by the break/abort sequence allows the
SO to interrupt when the break/abort sequence is delected
of terminated. This fez’ure facilitates the proper termination
of the current Mmessage, correct initialization of the next
message, and the accurale timing of the break/abor
condttion in external logic. -

In a8 ZBD CPU environment (Figure 11), SIO interrupt
vecloring is “aulomatic:” the SIO passes lis internally-
modifiable 8-bit interrupt vector to the CPU, which adds an
additional 8 bits from s interrupt-vector {l) register to form
the memory address of the interrupt-routine table, This table
contains the address of the beginning of the interrupt routine
Itself, The process entails an indirect transfer of CPU conlrof
to the interrupt routine, so that the next instruction executed
atter an interrupt acknowledge by the CPU is the first
instruction of the interrupt routine itsell, *

CPU/DMA Block Transfer. The SIO’s block-transfer moda
accommodates both CPU block transfers snd DMA
controllers (Z80 DMA or other designs). The block-transfer
mode uses the Wal/Ready output sipnal, which is selected
with three bits in an internal control register. The Wait/Ready
outpul signal can be programmed as a WATT linginthe CPU
block-transfer mode or as a READY line in the DMA
block-transfer mode. )

To & DMA controller, the SI0 READY oulput indicates that
the SIQ is ready to transfer data 1o, or from, memory. To the
CPU, the output indicates thal the SIO is not ready o
transfer data, thereby requesting the CPU to extend the 110

cycle.
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Figure 11, Typics! 280 Environment

INTERNAL STRUCTURE

The internal structure of the device includes & 280 CPU
interface, inlernal contro! and interrupt logic, and two
tull-duplex channels. Each’channel contains its own sel of
control and status (write and tead) registers, and control and
status lopic thal provides the interface to modems or other
exornal devicas, .

The registers for each channel are designated as follows:

WRO-WR? — Write Registers 0 through 7
RR0O-RR2 — Read Registers 0 through 2

The register group includes five 8-bit contro! registers, two
sync-charecter registers and two slatus registers. The
interrupt vector is written into an addtional B-bit register
(Write Register 2) in Channel B that may be read through
another B-bit register (Read Register 2)in Channel B. The bit
assignment and functiona! grouping of each register is
configured to simpliy and organize the programming
process. Table 1 lists the functions assigned 10 each read or
write register.

The logic for both channels provides formats,
synchronization, and validation for dala transferred to and

from the channelinterface. The modem control in .Clear
o Send (CTS) and Data Cerrier Detect (OCD), are

i

Table 1. Reglster Functions

Read Reglster Functions

RRO  Transmi/Receive butfer status, interrupt status and
exiecnal statug

RR1  Special Receive Condition status
RR2  Modfied interrupt vector (Channe! B only)

Writs Reglister Functions

Repister pointers, CRC Inihalize, and init:alization
commands for ths various modes,

WR1  TensmitReceive interrupt 8nd data transter mode
definition,

Interrupt vector (Channe! B only)

Roceive parameters and control

TransmitReceive misce'laneous paramelors ang modes
Transmit parameoters and controls

Sync character or SDLC sddress field

Sync character of SDLC fag
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mcnitored by the external control and status logic under
program control. All external control-and-status-logic
signals are general-purpose in nature and can be used for
functions other than modem control. -

Dsta Path. The transmil and receive data path illustrated for
Channel A in Figure 12 is identical for both channels. The
receiver has three 8-bit bufler registers in a FIFO
arrangement, in addition to the B-bil receive shift register.
This scheme creates additional time for the CPU to service
an interrup! at the beginning of a block of high-speed data.

. Incoming data is routed thiough one of several paths (data
" or CRC) depending on the selected mode and—in
asynchronous modes—the charactler length,

The transmitier has en 8-bit transmit data butfer register that
is loaded from the internal data bus, and a 20-bit transmit
shift register that can be loaded fiom the sync-character
butlers or from the transmit data register. Depending on the
operational mode, outgoing data Is routed through one of
four main paths belfore Rt is transmitied from the Transmit
Data output (TxD).

L

TO CHANNEL B
EXTEAMAL FTATA LOQK,
CONTROL LOOK

NTEAMAL DATA DuS

A rl%ljt'iW 2

azcavy
_____ 4 /1aors AL
SATA SRACK
_____ d - -
reo rvo
x
[ 28N TAANAMT SesrT REOITIR ] "";,"J
A
ARYNC
ovic
Ay Bata
apCETVE e caTvl
KZL e cLocx SRACA
WUNT BOOE PuETG oo
________ -
1 4

AZTWC DATA (=

_ Figure 12. Tansmlt and Receive Data Path (Channel A)
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PROGRAMMING

The system program first issues a series of commands that
initialize the basic mode of operation and then issues other
commands that qualify conditions within the selected mode.
For example, the asynchronous mode, character length,
clock rate, number of stop bits, even or odd parity might be
set first; then the interrupt mode; and finally, receiver or
transmitter enable,

Both channels cont_ziin registers that must be programmed
via the system program prior to operation. The channel-
select input (B/A) and the control/dala (C/D) are the
command-structure addressing controls, and are normally
Contiolled by the CPU address bus Figures 15 and 16
fllustrate the timing relationships for programming the write
registers and lranslerring data and status,

Read Reglsters. The SI0 contains three read registers for
Channel B and two read 1egisters for Channel A (RRO-RR2
in Figure 13) that can be fead to obtain the status
information; RR2 contains the internally-moditiable interrupt
vector and is only in the Channel B register set. The status
information includes error condtions, interrupt vector, and
slandard communications-interface signals.

To read the contents of a selected read register other than
RRO, the system Program must first write the pointer byte to
WRO in exactly the same Wway &s a write repisler operation,
Then, by executing a read instruction, the conlents of the
addressed read register can be read by the CPU,

The status bits of RRO and RR1 are carefully grouped to
simplify status monitoring. For example, when the interrupt
vector indicates that a Special Receive Condition interrupt
has occurred, all the appropriate error bits can be readfrom
a single register (RR1).

Write Reglsters. The SIO contains eight write rebistevs for

Channel B and seven wrile segislers for Channel A :

(WRO-WR7in Figure 14) that are programmed separately to
configure the functional personality of the channels; WR2
conlains the interrupt vector for both channels and is only in
the Channe! B register set. With the exception of WRO,
Programming the write registers requires two bytes. The firs|
byte is to WR0 and contains three bits (Dg-D,) that point to
the selected register, the second byte is the actual control
wordthat is writien into the register to configure the SI0,

e,

WRO s a special case in that all of the basic commands can
be written 1o it with & single byte. Reset (internal or exlernal)
initializes the pointer bits Do-D 10 point 1o WRO. This imphes
that a channel reset must nol be combined with the pointing
fo any register, -
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TIMING

The SIO must have the same clock as the CPU (same phase
and frequency relationship, not necessarily the same
driver).

Read Cycle. The timing signals generaled by a 280 CPU
input instruction 1o read & data or status byte from the SIO
are illustrated in Figure 15.

Wrlte Cycle. Figure 16 illustrates the liming and data
signals generated by 8 280 CPU output instruction to write 8
data or control byte inlo the SIO.

interrupt-Acknowledge Cycle. Afer receiving an
interrupt-request signal from an SIO (INT pulled Low), the
280 CPU sends an interrupt-acknowledge sequence, M1
Low and IORQ Low, & few cycles later (Figure 17).

The SIO contains an internal daisy-chained interrupt
structure for prioritizing nested interrupts for the various
functions of its two channels, and this structure can be used
within 8n external user-defined daisy chain tha! prioritizes
several peripheral circuits.

The IEI of the highest-priority device is terminaled High, A
device that has an interrupt pending or undet service forces
its IEO Low. For devices with no interrupt pending or under
service, [EO = IEL

To insure slable conditions in the daisy chain, all interrupt
status signa!s are prevented from changing while M1 is Low.

When is Low, the highes! priority interrup! requestor
T \/) Tw N A\l
cLocK
€L, o5, nil X/ | X
T Py /NN

s ”_“‘i\__i_/—
) NS

DATA out
N

DATA

Flgurs 18, Write Cycle

(the one with IEI High) places its interrupt vector on the data
bus and sets its internal interrupl-under-service lalch.

Retum From Interrupt Cycle. Figure 18 illustrates the
return from interrupt cycle. Normally, the 280 CPU issues a
Return From Interrupt (RET!) instruction at the end of an
interrupt service routine. RETI Is 8 2-byte opcode (ED-4D)
that resets the inlerrupt-under-service laich in the SIO to
terminate the interrupt that has just been processed. This is
accomplished by manipulating the daisy chain in the
following way.

The normal daisy-chain operation can be used to detect a
pending interrupt; however, it cannot distinguish between
an interrupt under service and a pending unacknowledged !
interrup! of a higher priority. Whenever ED is decoded, the -
daisy chain is modified by forcing High the IEO of eny ,
interrupt that has not yet been acknowledged. Thus the
daisy chain identifies the device presently under service as
the only one with an IE| High end an IEO Low. if ths next
opcode byte is 4D, the interrupt-under-service latch s reset.

The ripple time of the interrupt daisy chein (both the
High-to-Low and the Low-lo-High transitions) limis the
number of devices that can be placed in the daisy chain, |
Ripple time can be improved with carry-look-ghead, or by
extending the interrupt-acknowledge ctycle. For further |
information about techniques for increasing the number of
daisy-chained devices, reler to the Z80 CPU Product
Specification in this document. : !
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Figure 17. Interrupt Acknowledge Cycle
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ABSOLUTE MAXIMUM RATINGS °

Voltages on all pins with respect

PGND ... -03Vio +7v
Operating Ambient

Temperatute ..,......... .. See Ordering Information
Storage Temperature . . ... ......... -65°Cto +150°C

Stresses greater than those hsted under Absolute Maximum Ralings may
Cause permanent damage to the device. This is & stress r8ling only;
operation of the device at any condmon above those inchcaled in the

operational sections of these spocifications is not implied Exposure 10
absolute maximum fating condtions for extended periods may affect

device relisbrity.

- e e - —

The Ordering Information section lists package temperalure
ranges and product numbers, Package drawings are in the
Package Information section, Refer to the Literature List for

additional documentation,

STANDARD TEST CONDITIONS

The DC characteristics and capacitance sections listed
below apply for the following standard test conditions,
unless otherwise noted. All vollages are referenced to GND
{OV). Positive current fiows into the referenced pin.

Available operating femperalure ranges are:
B S =~0°Cto +70°C, + 4.75V& Ve € +5.25V

FROM OuUTPUY

UNDER TEST

3
OIS ¥/Z/1/0v+8BZ

100pt ST

®E= -40°Ct0 + 85°C, +4.75V< Veec € +5.25v

B M=~ ~55°C10 +125°C, + 4.5V < Voo < 4 5.5V R S|

DC CHARACTERISTICS
Symbol Parameter Min Max Unit Test Condition
Viee Ciock Input Low Voltage -03 4045 v
ViHe Ciock Input High Voltage Vce-0.6 Vec+0.3 v
Vi Input Low Voltage -0.3 +08 v
Vi Input High Voltage +2.0 Vee v
Vo . Output Low Voltage +0.4 v log =.2.0mA
Vou Output High Voltage +2.4 v lon = ~250uA
I Input Leakage Current 410 A Vin = Oto Ve
oy 3-State Output Leakage Current In Fioat 210 A Vout = 0.4Vio Ve
sy SYNC Pin Leakage Current + 10/- 40 KA 0<VinN<Vee
Ice Power Supply Current 100 mA

Over specied lemperature and vohage tanpe,

CAPACITANCE
Symbol ' Parameter Min Max Unh
C Clock Cepacitance 40 ot
Cin Input Cepacitance 5 ot
Cour Output Capacitance 15 pf

Over specitied temperature ange, { = 1 MHz.
Unmeasured pins returned 1o Qround.
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AC CHARACTERISTICS TIMING
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AC CHARACTERISTICS®
. Z80 810 Z30A 810 2808 810
Number Symbol Parameter - " Min Max Min Max Min"™  Max™
1 TeC - Clock Cycle Time 400 4000 250 4000 165 4000
2  TCh Clock Width (High) ) 170 2000 105 2000 70 2000
3 TC Clock Fall Time 30 30 15
4 TC Clock Risa Time 30 30 15
5 TG Clock Widhth (Low) 170 2000 105 2000 70 2000
8  TsAD(C) CE, C/D, B/A 10 Clock 1 Setup Time 160 145 60
7 TsCS(C) 10RO, RD 1o Clock t Setup Time -~ 240 115 60
8  ToC(DO) Clock 1 1o Dats Out Delay 240 220- 150
9 TsDI(C) Data In to Clock 1 Setup (Write or M1 Cycie) 50 50 30
10 TIRD(DOz)  RD 110 Data Out Aloat Delay 230 110 90
11 Tdi(DON  IORQ 4 to Data Out Delay (INTACK Cycle) 340 160 120
12 TsM1{C) M1 10 Clock 1 Setup Time 210 80 75
13 TSIE{iO) IEt 10 TORQ 4 Setup Time (INTACK Cycle) 200 140 120
14 TOMI(IEC) M1 4101EO# Detay (interrupt before M1) 300 190 160
15 TOIEWEOr)  IEI1161E0 ¢ Delay (atier ED decode) 150 100 70
16 TAIEIEO!)  IE1410IEO | Delay 150 100 70
17 TOC(NT) Clock t 10 TNT ¢ Delay 200 200 150
18 TAHOMWRWY 10RQ 4§ or CE ¢ 1o WRDY § Delay (Walt Modo) 300 210 175
19 TOC(WRRf)  Clock 110 W/RDY 4 Delay (Ready Mode) f 120 120 100
20 TIC(WRWz)  Clock ¢ 1o W/RDY Float Delay (Walt Mode) 150 130 110
21 - Th Any unspecified Hold when Setup is specified 0 0 0

*Unns in nanosssconds (ns).

OIS ¥/2/1/0v¥8Z
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AC CHRARACTERISTICS TIMING (Continued)
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AC CHARACTERISTICS (Continued)

ZBOSIO  YBOABIO  Z8DBEIO

. Number Symbol Parameter Min Mzx Min Max Min  Max  Notes®
1 TwPh Pulse Width (High) 200 200 200 2
2 TPl Pulse Width (Low) 200 200 200 2
3 TeC TIC Cycle Time 400 = 400 = 330 e 2
A4 WO TxC Width (Low) 180 e 180 e 100 2
5 TWwICh TXC Wichh (High) 180 e 180 e~ 100 ® 2
6 TdWC(xD) TxC 410 TxD Delay (x1 Mode) 400 300 220 2
7 TdCW/RRY) TxC i 1o W/RDY ¢ Delay (Ready Mode) 3 9 5 9 5 o 1
8 TOWC(NT) TxCitoINT ¢ Delay 5 ] 5 9 6 ] 1
9 TcRxC RxC Cycle Time ’ 400 e 400 e 330 e 2
10 WwARxCI RxC Width (Low) 180 = 180 e 100 e 2
11 WRxCh RxC Width (High) 180 ® 180 e 100 ® 2
12 TsRxD(RXC) RxD 10 RxC ¢ Setup Time (x1 Mode) 0 0 0 2
13 THRxD(RXC) RxC 110 RxD Hold Time (x1 Mode) 140 140 100 2
4 TIRCW/RR RxC 1 10 WIRDY § Dolay (Ready Mode) 10 W3 10 13 10 13 1
15 ToRxC(NT) RxC110TNT ¢ Delay 10 13 10 13 10 13 1
16 TARxC(SYNC) RxC t10 SYNC 4 Delay (Output Modes) 4 7 4 7 4 7 1
17 TsSYNC(RxC) SYNC 1o RxC t Setup (External Sync Modaes) =100 -160 -100 2

* In s modes, the Systern Clock rate must be 8t loast five imes the maxmum data rate. RLSE 1 must be active 8 minimum of one complete dock cycle.

1 Units squal 10 Systern Clock Periods. '}
2. Units in nanoseconds (ns). 0

OIS ¥/2/1/0v%8%
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ORDERING INFORMATION

Z80 S10/0, 2.5 MHx

40-pin DIP 44-pinLCC
28440 PS 28444 {M°
28440CS 28444 LMB*t
28440 PE
ZB440CE
Z8440CM*

| 2B440CMB*

ZBOA $10/0, 4.0 MHz

40-pIn DIP 44-pinlCC
ZB440A PS ZB444A LM
ZB440ACS ZB444ALMB* ¢
28440A PE
ZB440A CE
ZB440ACM*
Z8440A CMB*

. Z80BS10/0,8.0MHz
40-pin DIP

.ZB440B PS
28440B CS

Z80 $10/1, 2.8 MHz
40-pIn DIP 44-pin1L.CC
28441 PS ZB444 LM°
Z28441CS 28444 L MB* 1
28441 PE
28441 CE
28441 CM°
28441 CMB*
Codes

- First letter is for package; second letter is for temperature.

C = Ceramic DIP -
P = Plastic DIP
L =~ Ceramic LCC
V =~ Plastic PCC

TEMPERATURE

S =0°Cto +70°C

E « ~40°Cto +85°C
M®= ~55°Cto +125°C

Example: PSis a plastic DIF, 6°C 1o + 70°C.

1 Avaitable soon. Y

ZB0A S10/1, 4.0 MHz

40-pln DIP 44-pinLCC
ZB441APS ZB44AA LM |
2B441ACS Z2B444ALMB"1_
"Z8441APE
ZB441ACE
28441ACM®
ZB441ACMB®
Z80B 510/1, 8.0 MHx
40-pin DIP
28441BPS
28441BCS
Z80 S10/2, 2.5 MHx
40-pin DIP 44-pinLCC
28442 PS ZB444 LM*
28442 CS ZB84441MB"* ¢
28442 PE
28442 CE
28442CM*
28442 CMB*
Z80A 51072, 4.0 MKz
40-pin DIP 44-pinLCC
Z28442A PS ZB444A LM
ZB442ACS ZB444ALMB"¢
Z8442A PE
ZB442A CE
2B8442ACM°
Z8442ACMB*

Z80B 510/2, 6.0 MHz
40-pin DIP
264428 PS
28442BCS

R = Prolopack

T = Low Profile Protopack

DIP = DualIn-Line Package

LCC =~ Leadiess Chip Carrier

PCC = Plastic Chip Carrier (Leaded)

FLOW
B = 883ClassB

'
*For Mitrary Orders, contact yout tocal 2o Sales Offce for Mizary Electrica' Specifcations

[ S
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Roger Powcll , "The challenge of Music Software™ , BYTE , vol.11 ,
No.6 , 198G , pp.145 - 150

Jay Kubicky , "A NID1 Project" , BYTE , vol.11 , No.G , 1986 ,

pp. 199 - 208

James W. Coffron , "2-80 Applicalion” , SYBEX Ilnc. , 295 p. ,198%

Roland Corporation , "MID1 guidchook" , Japan , =1 p. , 1988
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