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LUt(()( r( \ ilc Mos
Srr( ( :r('lling up its MOS department in 1966. SGS-AThS ltas lecl the way in

lrttr r,1r,':r rr \l( )S lecltnology.
llr'lrrt't'rr llrc urajor landnrarks ol the lirst European-designed MOS calculator ir.r

l9(rlJ rrrrrl llrt' I ti lllicroprocessor in 1911 . we brought you a full rangc ol rnemories:
1K strrtic rrrrrl lK ill,narnic RAMs. a lK x 8 EPROM, a lK x 8 ROM.....
iind Ir()\\' \\ ( l)r irll l oLr thc Z-80.

Nol orrlr tlrc Z-80 but a tearn of experts dedicated to the clevelopuient of the
Z-80 tlcvi,,'lrrrnilr'. Z-80 systetns. applications and intcrfacc dcviccs.

Morior('r. wc vc set up a cot-nprehensivc European nctwork of "local" micro-
con-lplrlor ;rpplir'rlirrn centres packed rvith thc llost up-to-date cclr.ripmenl available,
staffetl ri,illr lrillrlr'-cxperieltced software cngineers and located in LlK, Swcden.ltaly,
Frattcc lrttrl (,,'r rnlrrr1,.
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Z-80 MICROCOMPUTER PRODUCT LINE

Introduction
The 2.80 LSI component set includes all

of the logic circuits necessary for the user to
build high performance microcomputer systems
with virtually no external logic and an absolute
minimum number of lowest cost standard mem-
ory components. The Z-80 component set is
backed by advanced software, a disk based
hardware/software development system and
complete training and support. The entire Z-80
product line has been developed as a single,
highly integrated ehtity to insure that the user
can develop his system quickly and still obtain
all the performance advantages of the Z-80
component set.

itigh System Throughput
The architecture of the Z-80 CPU includes

a superset of 158 instructions, with more
internal registers and addressing modes than
second generation microcomputers and extre-
mely fast interrupt response time. All of these
features mean that in any given amount of time
the Z-80 can perform far more work (processor
throughput) than any other microromputer
system available today. This throughput advan-
tage allows users to continually expand the
features and capab,ilities of their systems with-
out increasing hardware costs.

Low Memory Costs
One of the major features of the Z-80

CPU is that it greatly reduces system memory
costs. The expanded set of I 58 software instruc-
tions results in a tremendous reductibn in the
memory required for any typical application. In
addition, the Z-80 CPU provides all refresh and
timing signals to directly drive dynamic memo-
ries so that the Z-80 LSI components can inter-
face to most standard 4K dynamic memories
with virtually no external logic. The Z-80 CPLI
uses a technique whereby the memory address
is generated very early in memory cycles, per-
mitting the high speed Z-80 CPU to operate
with standard speed memories, again reducing
system memory costs. The Z-80 CPU was
designed to operate with standard memory
products from any source since these devices

will always be less expensive than custom mem-
ories designed for any particular microcomputer.

Low I/O Costs

f,he Z-80 LSI cornponent set includes
four general purpose programmable I/O circuits
that contain all of the logic required to imple-
ment fast I/O transfers with minimal CPU over-
head. Thbse circuits have a built-in ripple priority
interrupt control circuit (the device closest to
the CPU has the highest priority) and all the
logic necessary for nesting of interrupts to any
level. Using the programmable features of these
circuits, the user can configure the devices to
interface with a wide range of peripheral devices
with virtually no other external logic. These
features make the peripheral device controllers
in a Z-80 system much simpler and therefore
lower in cost.

Low System Hardware Costs
The Z-80 component set requires very

little support circuitry. All devices require a

single +5 volt power supply and.a single phase
TTL clock. In addition, all control signals are
directly compatible with I/O and memory
devices so that system control circuits are not
required. External interrupt control circuits are
not required since these are included in every
Z-80 llO circuit. DMA circuits are generally not
required due to an extremely fast interrupt
response and powerful I/O block transfer
capability within the CPU.

Low Development Costs
SGS-ATES offers more than a fully

integrated line of LSI components. Everything
is provided that is necessary for the user to
easily develop his own proprietary system using
the Z-80 components. This includes complete
software packages, disk based development
systems and training. For example, the expanded
Z-80 software instruction set coupled with the
easy to learn Z-80 assembly language and
reference cards make assembly language pro-
gramming much easier than previously possible.
For larger programs, PLIZ may be used to
speed up the development cycle, to enhance
program documentation and to improve program
maintainability.
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Z.8O MICROCOMPUTER SUMMARY

Central Processor Unit/Z-80{PU
D Single chip, N-channel processor
E 158 instructions - Includes all 78 of the

80804 instructions with ,oral software com-
patibility. New instructions include 4-, 8-
and 16-bit operations with more useful
addressing modes.

E 17 interna.l registers (more than twice the
8080A registers), including two real index
registers.

E Three modes of fast interrupt response plus
a nonmaskable interrupt.

! Directly interfaces standard speed static or
dynamic memories with virtually no external
logic.

! I .6ps instruction execution speed.
tr Single 5V supply and single-phase TTL Clock.
D Out-perfomrs any other microcomputer in 4-

4-, 8-, l6-bit applications.
E Requires 25o/o to 5O0/o less memory space

than the 8080A CPU.
u Up to 500o/o more througllput than the

8080A.
D TTL cornpatible tri-state data and address

busses.

Interface and Control Circuits
Parallel Input/Output Controller I Z-8O-P[O

Programmable circuit that allows for a

direct interface to a wide range ol parallel in-
terface peripherals without other external logic.

Serial Input/Output Controller/Z-80-S IO
Progranrmable circuit that alkrws for a

direct interfuce to a wide ra;rge of serial inter-
face peripheralS withor.rt other external logic.

Counter Tirner Circuit/Z-tt0{TC
Contains four indcpenLlent progr arnnrahle

c()unter tinlcr circurts lill control ol'rcrl tinre
events.

Direct Menory Access Controller/Z-80-DMA
Programmable circuit that can directll,

transfer data between the SIO or PIO and
memory on a CPU cycle steal basis. ,

All Z-80 controllers have built in nested
priority interrupt control and fast interrupt
response capability (up to 6 times faster than
the 80804).

All Z-80 controllers monitor peripheral
status to eliminate any type of CPU polling.

Z.8O COMPONENTS

Introduction
Ttre SGS-ATES third generation micro-

oomputer components are the most advanced
and comprehensive set of LSI microcomputer
products available today. The major compo-
nents in tlre Z-80 product line are an extremely
high performance central processing unit (CPU),
a programmable parallel input/output controller
(PIO), a programmable serial input/output con-
troller (SIO), a versatile counter timer circuit
(CTC) and a high speed direct memory access

controller (DMA).
All of the Z-80 components utilize the

industry standard N-channel silicon gate tech-
nology to provide the highest density at the
lowest cost. Depletion load technology is also
used to provide high performance with a single
5V power supply.

The CPU, PIO, SIO and DMA are packag-

es in standard 40-pin DIPs; the CTC cornes in a

standard 28-pin DIP. All require only a single
5V power supply plus the Z-80 single-phase
TTL level clock.

Z-80 CPU
The Z-80 CPLI is an extrerrtely powerful,

third generation CPU which incorporates a

number of maior features over the standard
8080A CPU while retaining total software
compatibility. Major improvements include:
E More than twice as many registers on the
CPU chip, including two real index registers
tr Many more addressing modes I More than
twice as many instructions D Three modes of
extremely fast interrupt response E A separate
non-maskable interrupt to a fixed location.

Another unique feature of the Z-80 CPU
is its ability to generate all of the control signals
for standard memory circuits. Static memories
can be interfaced using only an external address
decoder for chip selects. In addition the Z-80
CPU provides all of the refresh control for
dynamic memories, and the Z-80 control bus
timing signals are directly compatible with all
widely used, standard speed, 18" and 22-pin
4KRAMs (16-pin 4KRAMs require only an

external address multiplexer). Thus dynamic
RAMs can be interfaced with virtually no
additional external logic. This proyides the user
with the ability to easily interface to the lowest
cost dynamic memories without reducing CPU
operatronal speed.

By selecting the best standard memory for
a given application, the user can reduce his
product manufacturing costs, and the product
development expenses will also be much lower.

The Z-80 CPtl is designed to be totally
sofiware conlpatible with the standard 8080A
microprocessor to facilitate the user's transition
to the Z-80. By using the Z-80 component set

and the most economical memory for the
particular application, the user need only re-

layout any 8080 based design and use any exist-
ing software programs to obtain an immediate
and very significant reduction in system hard-
ware costs. A major advantage is that the same

ROMs that are used in tlie 8080 system can be
used in the Z-80 system. At a later date the soft-
ware programs can be upgraded. taking advan-
tage of the powerful Z-80 instruction set and
the full capability of the Z-80 component set to
obtain increased performance and even further
cost reduction for memory components.

The Z-80 CPU is an extremely fast and
versatile device. Full instruction cycle times for
non-memory reference instructions are l.6ps
and the CP(l responds to interrupts very rapidly
(the 8080 requires up to 6 times as long to
respond, and uses more than twice as muclt
memory storage). This fast interrupt response,
in conjunction with new I/O block transfer
instructions, allows the CPU to directly control
many peripherals without the costly use of
DMA hardware and it greatly reduces the size

of software routines required for peripheral
control, again saving memory space and costs.

Probably the most important feature of
the Z-80 microprocessor family is its repertoire
of 158 software instructions. The original 78

instructions of the 80804 CPU are included
using the same OP codesl thus, the Z-80 can
execute 8080 or 8080A programs stored in
existing ROMs. The Z-80 new software instruc-
tions provide an exparrded capability for the
user, such as: ! Additional addressing nrodes,
including indexed and relative J Memory to
nremory block transfers and searches D Bit
manipulation and testing in any register or
memory location D Many new I/O instructions,
including block I/O transfers E A wide range of
nlemory or register rotates and shifts (logical
and arithmetic) EExpanded l6-bit arithmetic
tr txpanded BCD arithmetiu.
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Product Specification
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Parallel Input/Output (PIO)
The Z-80 PIO circuit uses an advanced

interrupt driven, program controlled I/O transfer
technique for easy handling of virtually any
peripheral with a parallel interface. Without
other logic, the PIO can interface most line
printers, paper tape readers or punchers, card
readers, keyboards, electronic typewriters and
other similar devices.

The PIO contains all of the interrupt
control logic necessary for nested priority
interrupt handling with very fast response time.
Thus additional interrupt control circuits are

not needed and servicing time is minimized.
The parallel I/O can handle two high speed I/O
ports, and it interrupts the CPU after each I/O
transfer is complete.

The PIO circuit include two independent
ports, each with eight I/O lines and two hand-
shake lines which are programmed by the CPU
to operate in one of four modes: ! Byte
output with interrupt driven handshake tr Byte
input with interrupt driven handshake tr Bidi
rectional byte bus with interrupt driven hand-
shake n Control mode wherein any bit can be
programmed as an input or output.

A major feature of the PIO is its ability to
generate an interrupt on any bit pattern at the
I/O pins, thus eliminating the need for the
processor to constantly test I/O lines for a par-
ticular peripheral status condition. This feature
greatly enhances the ability of the processor to
easily handle peripherals, while also reducing
software overhead.

Serial Input/Output (SIO)
The SIO circuit is a programmable l/O

device similar in concept to the PIO, except
that it is designed to handle peripherals with a

serial data interface such as floppy disks, CRTs
and communication terminals. Each SIO circuit
can handle a full duplex serial I/O channel. The
device will handle data that is asynchronous
with 5- to 8-bit characters and with 1,1 ) or 2

stop bits. The SIO will handle 5- to 8-bit syn-
chronous data including IBM BiSync and SDL
communication channels. CRC generation and
parity checking are also included.

Counter Timer Circuit (CTC)
The CTC circuit contains lirur versatile

clocks, each with its own nested priority
interrupt control. All clocks have a rnininrum
resolution of 8ps and can generate interrupts in
the range of 8ps to 32 ms. The circuit may also
be used in a mode in which it counts external
events. Another major feature is that an
interrupt can be programmed to occur after the
occurrence of an external event. The four tirn-
ing circuits greatly ease the CPU software handl'
ing requirements for many real-timc control
applications. For example, the CTC allows the
implementation of a very low-cost TTY or CRT
I/O port, and simple sector control of floppy
disk subsystems.

Direct Memory Access Controller (DMA)
The DMA circuit is provided for those

applications in which data must be transferred
directly into memory at a very high rate rather
than going through the central processor unit.
This circuit is not needed for most applications
due to the fast interrupt response and block
transfer capabilities of the Z-80 CPU. However,
in large systems applications with many high
speed peripherals, such as floppy disks, commu-
nications channels, etc., the DMA circuit can
greatly improve system performance by totally
controlling block transfers between I/O circuits
and the system memory.

The DMA circuit contains all control for
four I/O circuits including a block length
counter and a memory address pointer. The
circuits also have a ripple priority chain so that
virtually any number of DMA channels can be
implemented. The DMA circuit communicates
directly between the I/O circuits and the
system memory after obtaining a DMA acknow-
ledge signal from the CPU.

The SGS-ATES 280 product line is a complete set ofmicro-
computer componenls, development systems and support

software. The 280 microcomptrtet component set includes

all of the circuits necessary to build high-performance

microcomputer systems with virtually no other logic and a

minimum number of low cost standard memory elements'

The 280 and Z80A CPU's are third generation single chiJ

rlicroprocessors with unrivaled contputational power. This
increased computational power results in higher system

through"put and more efficient menory utilization whert
compared to second generation microprocessors. In
addition. the 280 and Z80A CPLfs are very easy to imple-
ment into a system because of their single voltage require-
ment plus all output signals are fully decoded and timed to
control standard memory or peripheral circuits. The circuit
is implemeDted using an N-cirannel, ion implanted, silicon
gate MOS process.

Figure 1 is a block diagram of the CPU, Figure 2 details

the internal register configuration which contains 208 bits

of Read/Write memory that are accessible to the program-

mer. The registers include twil sets of six general purpose

registers that may be used individually as 8-bit reglsters or
as I 6-bit register pairs. There are also two sets of accumu-

lator and flag registers. The programmer has access 10 either

set oi main or alternate registers through a group of ex-

change instructions. This alternate set allows foreground/
background mode of operation or may be reserved for very

thst Interrupt response. Each CPU also contains a 16-bit

stack pointer which permits simPle implementation of

multiple level interrupts, unlimited subroutine nesting and

simplification of many types of data handling.

The two l6-bit index registers allow tabular data maniPu-

lation and e4sy implementation of relocatable code. The

Refresh register provides for automatic, tot?lly transparent

refresh of external dynamic memories. The I register is used

in a powerful interrupt response mode to form the upper 8

bits oi a pointer to a interrupt service address table, while

the interrupting device supplies the lower 8 bits of the

pointer. An indirect call is then made to this service address.

FEATURES

o Single chip, N-channel Silicon Gate CPU
. I 58 instructions includes all 78 of the 8080A instruc-

tions with total software compatibility. New instruc-
tions include 4-, 8- and I 6-bit operations with more

useful addressing modes such as indexed, bit and relative.
. l7 internal registers.
o Three modes of fast interrupt response plus a non-

maskable interrupt.
. Directly interfaces standard speed static or dynamic

memories with virtually no ext€rnal logic.
. 1.0 tr'ls instruction execution speed.
. Single 5 VDC supply and single-phase 5 volt Clock.
. Out-perfoms any other single chip microcomputer in

4-, 8-, or l6-bit applications.
r All pins TTL Compatible
. Built-in dynamic RAM refresh circuitry.

t

Fis. 1 - 280, ZSOA CPU BLOCK DIAGRAM

ItlI
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Fis. 2 - ZaO, Z8O A CPU REG ISTERS
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Pin Description Timing Waveforms

PIN CONFIGURATION

A0-AlS'[ristrleoutpul.rctivehrgh.Ag'Ai5
(Adtlress "iirs)cu|stitutc r I6-bit addrcss hus. l'he

address bus providc's the rcldrcss lLrr

rnernory ( up to 6,1K bytcs) d!1r
excJrrDges and tor liO dcvrcc drtr cxclrrlges.

Orrlprrt. rrclrvc l,,w R*fi.i-l- Lrrrlr,rrtr'' tlrrt
llrr lrrrvct I lrtr ol tltr rrLlrlrt's' lrtrr.,,rr
l.''r,.rr,1,. 1 .,,1'1,,. .,1) rrr.r.
nlenr()rrL)\ rrril IIrL crrrrt rtI \'llllr() :rgrlrI
slrottltl hr'ttstri to tl,, lt trltr'slt tclrtl 1,r rrll

dyrtrrrtii tttrrtrrrr ic:

OLltput, lrclrv.1,,* lf\l.f i,r,l ciltr\ llllrt
the ( P[] hr: cxccttterl rr I IA I I srrl trvirrc
rnslnrclion arrd is lrwrrilrilg r lllcr r il()rl.
tlaskrhlc' or r rrtlrsktrhlc ilrlalLrl)l (wi1ll
thc nrrsk ertalrlcd) l)el1)re opeIrlroil cril
rcsurnc. Whrlr' lrrl t.d. tlrr ( l)( crcettlc:
N(JI'-r 1o rtraillrirt rrrcrrr,rrl rrlrcrlr
rctivity.

lrput. rctivr'loir' \\',\l I ilr(lr!irlc: lo {llr
Z E0 ('Plt llrrl tlrc rrrldrossctl nrrr)rrr\'or
IiO d!'vlCes ere l()l !fiid! j0t I rirtlrr
't.t rrl.r IlLtPl .,r ',r r.".r'.'r t. srr'
slrtc\ li)r rs lLrrS rs llr r srtrr:rl rr lrL{ vr

llpul. Jclivr'lo* llrc Irlcrrrrpt Ilerlrrcst
signel is gcrrr'rrtcrl br, l.lO iloiecs A
request uiil be horrrrred rt llr. al(l ()i lhc
!:urrr'nl inslrucliort rl tlI rrlcrrrlr] :Lrlt
wirre c()rrlrollad ilrlerrllpl arlirl)1. llll) ll()p
{lF[i) is crrrblcd

Il)put. aclivc low. -l lrt' ttrrrt rrrsk;thlt
i rtrlul! ,-qLr,',t tr.' lr |..r 1..-'Lr,', I' r,,,rrr
than INT rrd ls rlwty\ rccog|t7c(l rt lltc
end of thr'aurrcil1 instruelr(r|. iltdcl)an
denl ol lh!'slulus ol lirr'rrrttrrrrPt rrrrblr
11ip-llop. NMI arrtorullri:lllv jorcc: llrc
;i--80 ( PU to rcslrr I I () l()cr 1r()I 0(J()(rI I

Input. rctivc ,,ru iIIII-T,,,,t,"lir", Ih.
(I't. as lollou's r!'sel iD1c,[]pl .flll)i.
llip liop. clear P( rrd regislerr I rrrrd ll
xild sL'1 inlar rupl to 30t0A il(rdc. l)rrr rrrg
rcsel (rille. tlr.'rddresr rrd d.rlr bll\ Bt) I,'
r lriglr riltpcdrrrr'r' rlrlr rnd rrll iLrrlrol
oulpul srlrtrls go lii lllc lrlrclr!a \lrlt

lrtllul. rLll!r'low Ilre hus r,:qrrcrl stqrlrl llrr
r lri!,lrcr prrorrlr' tlrrrrr \NII rrrrd rr;rlwln': rc.
r)Itlr/('Ll irl lltc crtrl rrl lllt arlntrll r)rilallifa
cy"clc artd is rrscd lo requcsl llrt ( l)[ rrt]rlrcsr
bus. drlr hus Jnd lri \lrl. oulplrl (orl,ol
siSrrrls 1r) lr(, l,r il lrillr in)l-lriirr(r slxlc s()

(hlt ()tllcr Llevrcr: r'lrrr ( ()rl,()l lllcsa hLr\sc\

R llsH-
(Re lresh)

INSTRUCTION OP CODE FETCH
The prograrr counter content (PC) is placed on the

address bus imnediately at the start of the cycle. One half
glg&lime later MREQ goes active. The failing edge o1'

MREQ can be used directly as a chip enable to dynamic
nemories. RD when active indicates that the memory
data should be enabled onto the CPU data bus. The CPU
samples data with the rising edge of the clock state T3.
Clock states Tj and T4 ofa fetch cycle are used to refresh
dynamic memories while the CPU is internally decoding
and ryecuting the instruction. The refresh control signal

RFSH indicates that a refresh read of all dynamic memories
shorld be accomplirhed.

MEMORY READ OR WRITE CYCLES
lllustrated here is the liming ol memor), read or Mite

cyclilther than an OP code fetch (M 
1 cycle). The MRIQ

and RD signals are used exactly as in the letch cycle. In
the case of a nemory write cycle, the MREQ also becomes
active when the address bus ls stable so that it can be used
directly a. a chip enable fo dl numic rremurie'. l lre \VR
liue is active when data on the data bus is stable so that it
can be used directly as a R/W pulse to virtually any type 01-

semiconductor memory.

INPUT OR OUTPUT CYCLES
lllustratecl here is the timing for an I/O read or I/O write

operation. Notice that during I/O operations a silgle wail
state is automatically insgrted (Tw*). The reason for this is
that during I/O operations this extra state allows sufhcient
time ibr an I/O pc.rt to decode its address and activate the
WAIT line if a wait is required.

INTERRUPT REQUESTiACKNOWLET)GE CYCLE
Tlre iilterrupl sigrrrl rs sa,Dpled by the CPLl rvrtlr tlre

rrsing cdgt ol ltrr' lrst clock rt llie cnd ol rny inslructiorl
WlcI rn rnlerrupl is uccepted. r special \{ I c),-cle r\
generated. During thrs Nl I cycle. llte IORQ sigrral bt'c,;ntes ii,
rctivr'(rnstcad ol MRL.Q) lo indicalr rhrr tbe inlr,rrupliDI
device crn piacc an ii-bll vcctor on llrc data bus. Two wail
slxic\ (Twx) are arrlorraticall_v addt'd to thrs cycl(, s() thrl r ",
ripple prioritlr intcrrupr schetne. such ls tllc oDe used rn the ,,,o
Zil0 periphcral controllers. crl bc easily implernentcd.
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IIA L,T

(Halr state)
- ----t-

W.AIT
(Wait)

Do -Dr
(Data Bus)

Mr
(Machine
Cycle one)

Tri-state iflput/output. actjve high.
Dg - D7 constitute an E bit bidrrectionai
data bus. The data bus is used for data
exchanges wjth memory and l/O devices.

Output, active low.Ml indlcates that the
current machine cycle is the OP code
letch cycle of an instruction execution.

INT
(lnterrupt
Re que st )

Ntllt
( \on
M askr b le

Irllcrrupt )

-RI]SLT

BUSI{Q
(Bus
Reque s t)

MREQ
(Mernorv
Request )

Read)

Tri-state output, active low. The memory
request signal indjcates that the address
bus holds a valid address for a memory
read or memory write operation.

Tri-state outpul. active Iow. The IORQ
signal indicates that the iower half of the
address bus holds a valid I/O address ior
a I O read or write operalion. nn JdId
signal is also generated when an interrupt
is being acknowledged to indicate that an
interrupt response vector can be placed
on the data bus.

Tri-state output. active Iow. E indicales
that the CPU wants to read data frorl
memory or an I/O device. The addressed
l/O device or memory should use this
signal to !ia1e data onlo the CPU data bus.

'I ri-state ourput. lclrvc io$ frF rrrrljcates
lhrt the (lPLl data brrs hLrlds valrd datr lo
be stored in lhe addrcssed melnory- or [10
devicc

tll.lSAK ()rrlPrrl. aclrvt lou Ilrr: rrkrrowlr,tlge i:
(llul used to itttlicrrtc t() llrr'rr(llrrslrng dcvlc.
Acknowleilgcl llrrl tlrc ( Pll rdtlrrs: bLr:. dirlr hLrs rrd

lti strlc (()nlt()l hrrr rrgrlrls lrlrve lrccrr stl
to thrrr lriglt rrlp|tirrrric stlta itil(l lltt
cxlertral dtvrcc r'xJt n()\\ a()trttt)l llt(\e\tgilei\

roRa
(lnput/
Output
Request)

I ...,

Rt)
(Merrory

I

----]-

7

WR
(Memory
Write)
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Instruction Set

The following is a summary of the Z8O,Z80A instruction
set showing the assembly language mnemonic and the sym-
bolic operation performed by the instruction. A more de-

tailed listing appears in the 280-CPU technical manual. and

assembly language programming manual. The instructions
are divided into the following ialegor ier:

8-bit loads Miscellaneous Group
l6-bit loads Rotates and Shifts
Exchanges Bit Set, Reset and Test
Memory Block Moves lnput and Output
Memory Block Searches Jumps
8-bit arithmetic and logic Calls
l6-bit arithmetic Restarts
GeneralpurposeAccumulator Returns

& Flag Operations

ln the table the following terminology is used.

b = a bil number rn any 8-btt reBisler or memory

location
cc = flag condition code

NZ = non zero
Z = zero
NC = non carry
C = carry
PO = Parity odd or no over flow
PE = Parity even or over flow
P = Positive
M = NegatiYe (minus)

Mnemonic Symbolic Operation Comments

LDr,s

LDd.r

LDd,n

LDA.s

LDd.A

d-r

d-n

d-A

5 = r. n. (HL).
(lX+e). (lY+e)

d = (HL). r
(lX+e). (lY+e)

a = (HL).
(lX+e). (lY+e)

s = (BC). (DE).
(nn). l. R

d = (BC). (DE).
(trn). l. R

LD dd, nn

LD dd. (nn)

LD (nn). ss

LD SP. ss

PUSH ss

POP dd

dd + lrtr

dd - (Dn)

(nn; - tt

SP-ss
(SP-l ) - ssg: (SP-2) - ssa

ddl- - (SP); ddH - (SP+ I )

dd = Bc. DE.
HL. SP. tX. tY
dd = BC. DE.
HL. SP. tX. lY
ss = BC. DE.
HL. SP. IX. IY
ss = HL. lX. lY
ss = BC, DE.
HL, AF. IX, IY
dd = BC. DE.
HL. AF. IX, IY

EX DE. HL

EX AF. AF'

EXX

EX (SP). s

DE.HL
AF - AF'

(tr) (l'il
(sP).'ssl.(sP+l)'ssH ss = HL. Ix. lY

d = any 8-bit destination register or memory location
dd = any l6Sit destination register or memory location
e '= 8$it signed 2's complement disPlacement used in

telative jumps and indexed addressing

L = 8 special call locations in page zeto. In decimal
notation these are 0,8, 16,24,32,40,48 and 56

n = any 8-bit binary number
nn = any l6-bit binary number
r = any 8-bit general purpose register (A, B, C, D, E,

H, or L)
s = any 8-bit source register or memory location
sb = a bit in a specific S-bit register or memory location

ss = any l6-bit source register or memory location

subscript "L" = the low order 8 bits of a I 6-bit register

subscript "H" = the high order 8 bits of a I 6-bit register

( ) = the contents within the ( ) are to be used as a

pointer to a memory location or I/O port number

8-bit registers are A, B, C, D, E, H, L, I and R
l6-bit register pairs are AF, BC, DE and HL
l6-bit registers are SP, PC, IX and lY

Addressing Modes implemented include combinatibns of
the following: Immediate Indexed

Immediateextended Register
Modified Page Zero ImPlied
Retative Register Indirect
Extended Bit

c

c

c

=

=

c
J

c

j

F

a
3
J

a
I

Mnemonic Symbolic Operation Comments

LDI

LDIR

LDD

LDDR

(DE) € (HL). DE e DE+ I

HL - HL+1. BC - BC-l
(DE) + (HL), DE - DE+ I

HL+HL+l.BC-BC-l
Repeat unlil BC = 0

(DE) - (HL). DE - DE-l
Hl- - HL-1. BC - BC-l
(DE) - (HL). DE - DE-l
Hl- - HL-1. BC - BC-l
Repeat until BC = 0

cPt

CPI R

CPD

CPDR

A{HL). HL. HL+I
BC - BC-l

A-(HL). HL . HL+I
BC-BC-l.Repeat
untilBC=0orA=(HL)

A-(HL). HL - HL-l
BC - BC-l

A-(lIL). HL - HL-l
BC-BC-l.Repeal
untilBC=0orA=(HL)

A-(HL) sets

the flags only.
A is not affected

ADD s

ADC s

SUB s

SBC s

AND s

ORs

XOR s

A-A+s
A+A+s+CY

A-A-s-CY

CY is the
carry flag

s = r. n. (HL)
( lX+e). ( lY+e)

z

Mnemonic Symbolic Op€mtion Comments

CPs

INC d

DEC d

d+d+ I

d-d- I

s=r,n(HL)
(lx+e), (lY+e)

d = r. (HL)
(lX+e), (lY+e)

ADD HL, S
ADC HL, ss

SBC HL. ss

ADD lX. ss

ADD IY. ss

INC dd

DEC dd

HL-tlL+ss
HL-HLrss+CY
HL-HL-ss-CY
lX-lX+ss

IY-IY+ss

dd-dd+ I

dd-dd-l

)
Iss=BC.DE
lt Hr. sp
)

SS = BC. DE.
IX, SP

ss = BC, DE,
IY, SP

dd = BC. DE.
HL, SP. IX. IY
dd = BC. DE.
HL, SP, IX, IY

DAA

CPL

NEG

CCF

SCF

Converts A oontents into
packed BCD following add
or subtract

,q-A
A-00-A
cY -t7
CY-I

Operands rnust
be in packed
BCD tixmal

N9P

HALT

DI

EI

IMO

IM]
IM2

No operation

Halt CPU

Dsable lnlerrupts

Enable Interrupts

Set interrupt mode 0

S€t interrupt mode I

Set interrupt mode f

8080A mode
Call to 0038H
lndirect Call

RLC s

RLs

RRC s

RRs

SLA s

SRA s

SRL s

RLD

RRD

s= r. (HL)
(lX+e). ( lYre)

F

J,
6

=

!
!

F-3
z
F

=

z

?

F

z
a
?

il
F

=-

=

O

I
I

j

Dc
z
I

!
2

-
E

z

!
-

9

Mnemonic Symbolic Opsation Comments

BIT b, S

SET b, S

RIS b, s

Z-i
tb-l
tb'o

Z is zero flag

s = r. (HL)
(lx+e). (lY+e)

IN A, (n)

IN r, (C)

INI

INIR

IND

INDR

OUT(n). A
OUT(C), r

OUTI

OUTD

OTDR

OTIR

A-(n)
r-(C)
(HL) -(C). HL - HL + |

B+B- I

(HL) - (C), HL - HL + I

B+B-l
Repeatuntilts=0
(HL) - (c), HL - HL - I

B-B-l
(HL) *1C). HL * llL - I

B-B- I

RepearunlilB=0
(n). A

(C)- r

(( )+ (HL), HL - ltl + I

B-B I

(C)- (HL). HL - f lL + r

B-B- I

RepealunrilB=0
(c)- (HL). HL - HL _ I

B-B I

(C) + (HL). HL - HL - r

B-B-l
RepeatunlilB=0

Sel ilags

JR e

JR kk. e

JP nn

JP cc. nn

JP (ss)

DJNZ e

PC -nn
Ifcondition cc is true
PC - nn. else continue

PC-PC+e
lfcondition kk is true
PC + PC + e. else con tin ue

PC -ss
B-B l.ifB=0
.onlinue. else PC - PC + e

/nz po

lz PE

'"luc e

(c i\4

* (), i.
ss = HL. IX, lY

CA[-L rn

CALL cc, nrr

(sP-l)-PCH
(SP-2) - PCL. PC - nn

If condition cc is false

continue. else samc as

CALL nn

(rz t',,
I / l,l..1rr l
[. N1

RST L .(sP-l) * rcH
(SP-2) - PCa. P6, - g
PCa-1

RET

RET cc

RETI

RETN

PCr-

PCu
- (sP).
+(sPrt)

If condition cc is false
cortinue. else same as RET

Return from interrupt.
sme as RET

Return from non-
maskable interrupt

l'n z t'0

)r lr
!t)\r l'

l.. r\r

8

H

Z

rEad
sr-:]_Lltr-=rj-Ji:rl

s

['j]*E]*
s

--.1 

-;I{rlllLJ-i-



Z80A-CPU A.C. Characteristics

-11 {)'(- ro 70'( . V.. , + 5V t 5%. L.rnlcss Othcrivise Notcd.

llll r =1*(Olll.r*(4{ri'r"l

I I '..n,''*(our''r 
55

1r lca = rw(6l) + tr - 50

lrl rrrl=r*(Ol)r1r-i5

15 tdcm=1c-ll0

6l rdci=lw(ol)+rr ll0

lrl t.df = tw(ol) + tr l0

l8l 1$lMIt I r x)

lel rquaul=rqo111 t 
'1 

l0

0ol tw(frEr)=tc-30

lrll rmr=2rc+ tw(oH)+ rr 65

NOtIS

1 I)1rr nr.uld hr enrh ed inr1,, rfc ( Pt drln bur *ler R-i,r rcrne Dunng mr*rupl n.lno*[d8e dit
iufd h.., trb.J whcilIl ridmn-orre horI a.1,v.

Il A I .,!riLi !gdil\ rr. nrernl lr \r"fl,'trir7cd. i) the! Drt he r,rrrll! rs\n.h(rou\ with .e\Pei1

r tr,.RrsFi"grulu,u,rt.iu'\rrtrn,in,mur).r r;[).k.r.lcs
l) ourpur l)r r\ r\ t ,,'drd ( rprrrlrirt

\', - ti\ 'i;
AJd 1onsc. d.la) l.r e!.h 50pl n.r.!s. i.1o3d up If rrlrinruilL oi:00pllor drla busand 100p,lirr
rddr.ss & .(ntnrl liFcs

I 1 rh,,xtI nJ1,! n\ de\,8n r.\r n!BurrJnrrc\ ru,!Hl oi luo!ser ilitirnunl

Load circuit for Output

I

l1

Si8n.l

L* rOll) cb.k Pube widrh. Cldk H,81,

('lo.k Pulse Wrdl[, Clo.k Lo!
Clock tus md FallTim

25 lt2t

ll

r1 (AD)
Addes Outpur Dli!

Addt$ Subh Pno, ro &iii (Memily afcle)
Addic$ srablc P(or ro i080. m or Wi lli(l cr.l")
Addr$ srabk ri.m FD. w-R mRO d IinEO
Addre$ SIabk Fn)d RD.r wR Dur$8 floar

(L_.50pF

Do

LD (D)
tF (D)
rso (D)
rso (D)

l\li\ r,, ll,rr tLrriS trr re ( \.1.
l)ilrS.rrtILrr.,,,Rr!,!ll!.!,i,),r 11,,r,v (r,.'
l)r1! lerLt T1,,. 1, ilIil{ I J!. ,, ( ,, i lr, il,,[1 1,, vi
Lrra Srrblr l',r',,,sR lMi,i nr ( \!.1
lirJ Srrblr lrr,,, ,,, IR L ol J. .]
Ihr.r srrtI I ,,i] [t

r50

CL = 50el
x

90
rR

1H An) H.ld Tinr. []r &lup Trn.

ua!
!t)u{ tMRl
rDllO (N1Rl
r"1mr
1" IMRII)

i{U{ &1ry I:,.nr FJl,nB FdB..lCl..k.MFO t-.w
MRLQ Dhy Fon Rtrrns LdSc .l Cb.k. MRr:Q Hish
MRtQ ftl,t F FaLlLnE IdBe ol Clo.k. MRFQ H,sh

PuLe w,ddr.MRIQ Llw
Pulr wrddr MIio lljsh

85

ct 10tl

l9t

dFa
LDI + ilRl
lt)l d, llRr
It)H{(lR)
lDllo ilR I

IORQ ttlJ\ lr.nr Rrsng t J8e nl ( Lo(1. IORQ Lt,*
()RQ lll3, ts,r,nr lilLng t d8e ol ( lo.k,lORO L,)*
IORQ Ikhl i:r.m Rtrrng trdSc .l CIo.L, IORQ HrSf
IORQ tllar from Fail,nS I:dge oi (lo.t. IORQ h8f

75

E5

m
tDLo tRD)

'DLO (RD]
IDHO (RD)
rDH6(RD)

ro hlaY From tusil8 Edse or Cb.[. iD Lo!
U Dhy From FdLrE Ed8e oiClock,ru Low
ro rht rrom turrs EdBe olclocr. m Hi8r,

RD &lay Fr.m FallinS EdSe ol (-1ock, RD IIgh

CL = 50pF

85

M 1DL6&R)
rDH6(w)

[I &l3y Fronr Rrn8 [id8c olC]ock M- L.w
W Dlay FroN [alling EdBe olCloc[, R Lo*
W Dlar FrN Fil|ng Edge ol Clock, W High

tuke widrh M l-dw

65

Cl = 50pF

lol

M
lDt- (M 1 )

lDH(ul)
M
m

DLay ftum tustrLB tdge oI (1r1, H Lo"
Dl3\ F.om tulng EdSe 01 Cluk. Ml ll&h

tm
C1 - 50pF

0o

RN lDL ( RF)
rDH (RFr

]lN
W

kl3r Fron, Rsns rdBe .l (r..1. iiSli Los
&la) Fr.fi Rrsn8 lJge !l { lo([ RFSII hgh

tt0
CL = 50pFt:0

\W W $lup Tr.r rd Filhns Edqe oi ( lotl

IlU 1D (HTl fAf, Illat T,n,c Fr.nr FalLmB FdSe Lii ClL,.i t00 Cl = 50pi:

N \ (rr) mT krup Time ro &!n8 Ldse oi Clo.[ 30

M lw (NMl )
lluLr trrdrf, M L!* 30

8ttrRa Is (tsQ) BLTSRQ SeruF TLm 10 Riirrs t d8e 01 Cloc[ 50

t]lH rDL(BA)
lDH (BAr

SilSR &h! F,"m Rrinr rdse ,,1 ( Loir. EIE$ I !*
8US4K hk' I "r I".'.1t rdg"', .l.8r (A- H,8l

tm
CL t0pf

Rlig \ (RS) llffi &rup Time ro &nn8 LdB. ol Clock 60

1F (c) I!L\ ro tslort(WO.rcRQ Riand u) 80

Mt Sbblc hior ro ioROtl,rl..rrpr Ac[ ) lill

280-CPU A.C. Characteristics

T{ 0"('ro 70o(' \-gq +5\: i 5e"- Llrrless Otltcnlisc \otr'tl

lt:l r r",ir,rr,,luril.)+(,+rr

IL] r,,.,D r,er l,1r , ri ]s r5

lrl r,,. r.-80

lll 1.. r(oI ), rrril

[rl r.,,1 ,,,1 1,1, , r,51

[s] Iil, ilr I I 1r

lr,l ,,r,, i!,1 il)+r,rr.

[]l r,Jr rvl{,r)+r.ii)

l8l r$iN1rt r r,r(r

[L]l r\,1MRIr L*r Dt)r rr lf

[10] tw(WL)= t.{0

lill ,nr r1, +r,,r 1t) , rt 3,,

a trrrnr,!dhr!fJh.d,,n rl,.(Pl Jr lu'*rr.rtii,.,.r'c l)u,il8 fr.,ruprr.In,,*.d8cdJLJ
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I \ .r ''' '. J. ,' "sv., 'n" 
'rrl,tr,

Load circuit for Output

rw (.! rl) Clock Pulsc widrh. Clock HiSh

Clock Puhewidth, CLock Lov
oock Rte and Fall Time

180
lr2l
tEl

2000

30

Ao 1s

Addic$ Output Dclay

lddrcss Stable Bior 1o iiIEo o.morv cvcle)
Addres Stable &ior to i6m fD or wR (l/o cvcle)
Addrc$ stable fron RA, wT,rcRad MEEo
Addr.$ Stable Frod {D or WR Durins Float

lrl
DI
lrl
t4l

145

110

Do7

tD (D)
lF 0)
tso (D)
tso [D)

De[\ !] |lorl DuJinr: wrire I rLl.
Drir Seiut I Lde r!) Ri'i.r I dsc.r |l.rl Durnq vl ('Yr I
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A.C. Timing Diagram

Timing measurements are made at the following
voltages, unless otherwise specified:

Ao- ats

Ao- ts

CLMK
OUPU
IMUT
FLOAT

2v
2v

-0-
o.45V
0-8v
0.8v
I O.sV

Doz

MI

R-FsH

ffio

R'D

toRo

m

WR

wiI

r{Aar

iN,T

iiill

IN

OUT

-usRo
EESIX

R_ESET

-1

J .JU \ \ \L

loL lMt)

+

---.J-
____J\-_____

]-t,,,0,.

!
.,L

t*

roH i

lofl{

!o B{,

(0)

Absolute Maximum Ratings
Tcmperature Under Bias
Stora8e Temperature
VoltaSe On Any Pin with Respect to Ground
Power Dissipation

Sp@ifi ed ope.ating ranSe
ds'C to +150" C

-0.3V to +?V
1.5W

Note: For 280-CPU all AC and DC characteristics remaitr the same for the military grade parts exccpt lcc.
Icc= 200 mA

+ (lolnment
Slrcsscs above those listed under "Absolute Maximum Rating" may cause permanent damaSe to the device, This is a stress rating only and
l,unctional operation oi the device at these or any other condition above those indicated in the operational sections of this specification is
nol implied, Dxposurc to absolute maximum ratin8 conditions for extended periods may affect device reliability.

280-CPU D.C. Characteristics Capacitance
TA=25oC,f=1MHz,
unmcasuacd pins retumed to goundI A 0"C to 70"C, ycc- 5V t 5% unless otheflise specified

Mn. Tn. Mu. Unir Teil Cmdfion

qock ltrpui bw Volt.Sc {.3 0.45

vI(' oo.k Iaput tlith Voltryc vcc-0.6 Vcc+0.3

vI {.3 0.8

vtH lopul H$ Volbt 2

voL

voil

Otpui hs Volhac 0.4 IoL= 1.8 nA

&tpul H8h VoltrE. 2,1 IoH= -25or^

\r' Pow.r Supply Cuocnt 150

lt.t Input hk.gc frr.nt l0

lloH Tri-State Oulput L.rkq. Curcnt in Float l0

I t.()t, Tri-Stai. Output L.aka8. CuEcnt in Float -!0

lt.D Data Bus b.k.8c Curcnt in lnput Mod. +10

Symbol /hit

Co

CIN

cour

35

5

l0

pF

PF

pF

Z80A{PU D.C. Characteristics Capacitance
TA=25oC,f-lMHz'
unmasrcd pins rctumed to gound'lA,= 0"C to 70pC, Vcc= 5V i 5r uiles otheflisc specified

xiil Typ. Mu. Uria Test Condidon

vI1 0ock Inpur bw.Voltrsc -0.3 0.45

vIx' oock Input High Voltq. Vcc+o'3

vL {,3 0,8

vtI Input HIEh Volt.8. 2

&tput Low Volb& 0,4

voH Oulpul High Vokag. 2.4 IOH= -250rA

kt'
lrt

hwcr Supply &ftcnt 90 200

lnpul kahSe Oncnt l0

ll oil Tri-Skt. Outpul LakE. Cur.nt if, Eoat l0

lt ()t

It D

Tri-Statc Output L.rkr8. Curcnt in noat -10

Data Bus hrkrgc Cur.nt in Inpul Modc .10

Synbol Unit

Co

ctN

cour

35

5

l0

PF

pF

pF

l312

*

I *
5 x

-f ",1

+,. t-

0 lD)

-.:

loN

I

,(iDr-

IoL= 1 8 mA



Packase
Configuration

MECHANICAL DATA (dimensiors in mm)

4O-PIN CERAMIC DUAL IN-I,INE SLAM PACKAGE

ORDERING NUMBERS

Z8O_CPU Dl
Z8O_CPU 81
Z8OA-CPU Dl
ZSOA-CPU BI

lor dual in-line ceramic slanr package
for tlual il-line plastic package
for dual il-linc ccramic slam package
for dual in-lire plastic package

ffi
A-iffi

MAKHff

.+O-PIN PLASTIC DUAL IN-LINE PACKAGE

- ,lt8! -

fo+
,r ra -]

14-'

7L

(-) ai

Product Specification

I I r r S( lS-ATES 280 product line is a complete set of micro-
L (1|lPUICr Components, development systems and support
,rllwrrrc -[he 

Z-80 microcomputer component set includes
rll ,)l tlrc circuits necessary to build high-performanoe
rrr('rrronlputer systems with virtually no other logic and a

rrrrlunr lulrber of low cost standard nremory elements.

I lrr Z iiO Parallel I/O (PlO) Interlace Controller is a

1,r,,11rrrnuabie, two port device which provides TTL com

lr,rlrl)10 ir(crfacing between peripheral devices and the
,/rio ( I'(l The 280{PU conligures the 280-PIO to inter-
I r( r'wrtll standard peripheral devices such as tape punches,

l,r rrr lcrs, keyboards, etc.

Byte bidirectional bus (available on Port A only)
Bit Mode

o Programmable jnterrupts on peripheral status conditions.
. Daisy chain priority interrupt logic included to provide

for automatic interrupt vectoring without external logic.
o Eight outputs are capable ofdriving Darlington

transistors
. All inputs and outputs lully TTL compatible.

PIO Architecture
\lnKlurt
o \ ( lrrrrnel Silicon Gate Dcplclrot Load tecltnologl,
o lit I'rrr I)lP
o \ lglr' 5 volt srrpply
. \lrflr l)lrJsc -5 volt clock
. I *,,, rrdeperrdenl [i-brt bidirectiortal peripheral interftce

I,,'rl\ willl 'hardshtke" data lrrnsfer control

l,cal rr rrs
. lrtrillrpt drrven "handshake for last resputse
. \r\ i)r. ol the iollowing mu)es ol operalion nray be

.r'lr', IrLl lor eilher port:
llylc oulput
llyle iilpul

A block diagram ol the 280-PIO is shown in figure 3.
The internal structure of the 280-PIO consists ol a

ZUo{Pt-l bus interface. internal control logic, Port A I/O
logic, Port B l/O logic. and interrupt controllogic. A
typical application migh t use Port A as the data transfer
channel and Port B for the status aud coltrol nonitoring.

The Port I/O logic is corrposed of 6 registers with
"handshake" control logic as shown in ligure'1. The
registers include: an 8'bit input register. an 8-bit output
register, a 2-bit mode control register, an ll-bit mask register,

an 8-bit input/output select register, and a 2-bit mask

control register. Tlle last three registers are used only when
the port has been programnted to operate in the bit mode.

I r11.3 - PIO BLOCK DIAGRAM

Tii
DATA
OR CONTROL

HANDSHAKE *

{ lll
rNILRI' ( E

PERIPHERAL
INTERFACE

DATA
OR CONTROL

HANDSHA(E *

INTERNAL
CONTROL
LOCIC

r/o

PORT

CPU
BUS
l,,o

a
rio

PORT

PIO ( ONTROL
LtNItS

INTERRL,'PT CONTROL LINES

* Not u*d in bit mode.
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INTERRUPT
CONTROL
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Register Description

Mode Control Register-2 bits, loaded by CPU to select the
operating mode: byte output, byte input, byte bidirec-
tional bus or bit mode.

Data Output Register-8 bits, permits data to be transferred
from the CPU to the peripheral.

Data Input Register-8 bits, accepts data from the peri-
pheral for transfer to the CPU.

Mask Control Register-2 bits, loaded by the CPU to specify
the active state (high or low) ofany peripheral device

interface pins that are to be monitored md, if an inter-
rupt should be generated when all umasked pins are
active (AND condition) or, when any unmasked pin is
active (OR condition).

Mask Register 8 bits, loaded by the CPU to determine
which peripheral device interface pins are to be moni-
tored for the specitled status condition.

Input/Output Select Registir-8 bits, loaded by the CPU to
allow any pin to be an output or an input during bit
mode operation.

Fis.4 - A TYPICAL PORT l/o BLOCK DTAGRAM

OUIPUT
ENAALE

t BIT VO BUS

INTERRTJPT
REQUESTS

. U$d in lhe bit mde only to rllow 8enention of an
inlcrupt if th. pcripheral l/O pins go to rh! spccificd srate

INPUT/
OUTPUT
SELECT
REG
(8 BITS)MODE

CONTNOL
REC
(2 BITS)

DATA
OUTPUT
REG
(8 BITS)

MASK

REG
(2 BrTS)

MASK
REG
(8 ErTSt

DATA
INPUT
REC
(8 BITS)

LOCIC

HAND.
SHAKE

Ztt0-PIO Pin Description

l

I

Mt Machine Cycle One Signal from CPU (input,

active low)

Input/Output Request from 280-CPU (input,

active low)

Read Cycle Status from the 280-CPU (input,
active Iow)

lnterrupt Enable ln (input, active high)

Interrupt Enable Out (output, active high)' lEl
and IEO form a daisy chain connection for
priority interruPt control.

lnterrupt Request (output, open draln, active

low)

Port A Bus (bidirectional, tristate)

{orr A Strobe Pulse from Peripheral Device

(input, active Iow)

Register A Ready (output, active high)

Port B Bus (bidirectional, tristate)

Port B Strobe Pulse from Peripheral Device

(input, active low)

Register B Ready (output, active high)

IORQ

RD

IEI

IEO

m

L

(
ffi

Ao-Az

A STB

Ir,l)0

It \ Srl

r lt \r.l

280-CPU Data Bus (bidirectional, tristate)

Port B or A Select (input, active high)

Control or Data Select (input, active high)

Chip Enable (input, active low)

System Clock (input)

A RDY

Bo-Bz

B STBrl
,t, B RDY

'l'iming Waveforms

()I.JT'PUT MODE

Ar) output cycle is always started by the execution of an

,,url)ul rnstrucuon by the CPU. The WRpulse from the
( l'tJ latches the data from the CPU data bus into the

\elcc(cd port's outPut register. The write pulse sets the

rc:rdy llag after a Iow going edge of'D, indicating data is

rrvrilable. Ready stays active until the positive edge o[ the

\tr()he line is received indicating that data was taken by the

pcr ipheral. The positive edge of the strobe pulse generates

",, 
ifT if the interrupt enable flip flop has been set

rrtl il this device has the highest priority.

M.

ffi

tr

wn. = Eb .cE a7b toBo

INPTJT MODE

whenSTROEE goes low data is loaded into the

\elccted port input register. The next rising edge of strobe

.rcr rvates TNT if interrupt enable is set and this is the

highest priority requesting device. The fotlowing falling
cdge of 0 resets Ready to an inactive state, indicating that
the input register is full and cannot accept any more data

rrntil the CPU completes a read. When a read is complete

thc positive edge of RD will set Ready at the next low
going transition of <0. At this time new data can be loaded

into the PIO.

I

ffi

m

6.

FO. = RD CE C-D |ORO MODE 1 (rNPUTl TtMtNG

t7l6

LINES

Z
Z



Timing Waveforms (continued)

BIDIRECTIONAL ]\{ODE
'l'hjs is a ciurbination of trodes 0 and I using a1l lour

handshake ljnes and the 8 Port A IiO lrnes. Port B ntust be
set to tlle Bit Mode. The Port A handshake lines are used
for output control and the Port B Iines are used lbr input
control. Data js allowed out orto the Port A bus only wiren
A STB is low. The rising edge of thJs strobe cal be used 1o
latch the data into the peripheral.

BIT MODF,
The bit mode does not utilize the )randshake signals

and a normal port write or port read can be executed at any
tirre. When $r ti tg. rhe dara urll bc larclteo irrro the uutpul
registers witli the same timing as the oulput mode.

When reading the PIO. the data returred to the CPU will
be composed of output register data lrom those port data
liues assigned as outputs and ilput register data from those
por t data lines assigned as irputs. The input register will
contain data which was present imnediately prior to the
lalllng edge of RD. An interrupt will be generated if
interrupls from the port are enabled and the data on the
port data lines satisfy the logical equation defined by the
8-bit mask arrd I b.t ma"k c,'nr.,,r register\

INTERRUPT ACKNOWLEDGE
Durirg MI tlrne. peripheral citntrollers arc inhibited from

rlrrrging therr lrenlrpl enahie .taru.. lermiuirB ilre llllT
Enable signal to ripplc th()ugh the daisy chain. The peri-
pheral with IEI high and IEO low during INTA will place a

preprogrammed 8 bit interrupt vector or the data bus at
this time. IEO is held low i.Uttrl a retutl from interrupt
(RETI) instructiol is cxccrited by the CPU n,hile tEI is
high. The I'byte REII instmctrorl is decoded internally by
the PIO 1oL thls purpose.

RETURN FROI\{ INTERRUPT CYCLE
ll a 280 peripheral device has no in terrupt pending and

is not under service, thcn its IEO-lEl. I1-ir lras an inlerrupt
ulder service (i.c.. it has alrcady interruptcd and received
an interrupt acknowledge) then its IEO is always low, in,
hibiting lower priority chips from interrupting. If it Jras

an interrupt penditg wltich has not ye1 becn acknowledgerl
IEO will be low unless an "I:D" is decodecl as the first byte
ol a two byte opcode. ln this casc, IEO will go high until
the next opcode byte is decoded, wirereupon it wilJ again
go low. Il the second byte of the opcode was a "4D" rheir
thc opcode rvas an RETI instruction.

Alter an "ED" opcode is decoded, only the peripheral
device which has interrupted and is cuuently under service
will have its IEI liigh and its IEO low. This device is the
highest priority device in the daisy chain whicli has receiv-
cd an interrupt acknowledge. All other peripherals have
IEI=lEO. If the next opcode byte decodcd is "4D", this
peripheral device will reset its "interrupt under service"
condition.

ffi

ffi

*;

wB, = Brj cE m.toBo

iii

bft

T m nq D aq.am ArfPr\ ro B r Mode Read

ffi

fr

!+:lJ ,, l " 1.".1 
." r

H.
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l'lO Programming

I o,\l) lN'l-IlRRIIPT VECTOR

I lL, /8() ('l']tl rcilulresanS,bil interrupt vectorbe supplied
l,\ lr,' rrlrr rupl irg device. The CPU lonns the address tbr
rlr, rl'ilupl scrvice routineof theporl using thisyector.
I r rrrr l' ;rr irlerrupt acknowledge c),cle the vectoris placed
,r lr. / B0 drta bus by the highest priority deyice request-

r I ., vr( ( irl tlrat time. The desired interrupt vector is
,, ,l,.rl Lrrlrr tlr0 PIO by writing a control word to the

,1, rrIrl Prrr I ol thc 1'lO with the following format.

INTERRUPT CONTROL
Bit 7 - I internrpl enrblc is set allowrlg

illlcrrupt to be gcnerrted.

Bi1 7 = 0 indicales tlre enable llrg is resct rnd
intciluptr mav nol br'gcncrrtcd.

Brts (r.5-.1 are Lrsed ir the bil llodc int('il upl
oPeral i()rl\i L,tltcrrvir.' llret rre
disrcgrrded.

uits -1.1.1.0 srgnity thal this corrmand w'ord ir rn
rnlerruPt corrl r (ll word.I l) l):i Dr l)r l)l l)l I)l)

D] llo l): D] l).1 DI
.rp irr. riL, 

',,rr 
,l u(,rl i\.rLr iflfrLLp

LLred rr \11,d. -l Lfrl) \rA,rL! .i L, tr Lrlr i, .1 L,l uLriJ

:iI.I I,.("I'INC AN OPERATING MODE
\\/lr0rr sc ccling an operating mode, the 2-bit mode con

Lil r')i slrr is set to one ol four values. These two bits are
tlr, rrrrIl rigililicant bits of the register, bits 7 and 6: bits 5

r ril .l iil( ilr)l used while bits 3 through 0 are a1l set tci I 1 I I
t,r f rlr('irlr" scl mode "

lf the "mask follows" bit ishigh(D4= l), the next
- control word written to the port must be the mask.

l)l l)r l)i l).1 Dl l)l L) l)o

MBr MDo MBs MBc MB: N{ IJ, MBt MBo

01 D6 D5 D4 D] D] DI DO

Orl) lhLisc t.rr iL.r\ $[ns. rrr\l h]l L\ r lr BrL h, rir,! Lr,irr,l i,,,
gfrrrrl rt rr rfl.rrL'pi

srBnrlres n)ode word

The interrupt enable flip-ilop of a port may be set or
reset without modllying the rest ol the interrupt control
word by the following commancl.

Dl Dr l)a D+ Dl Dl Dl D0
l\,l odr

Output

I nput

Ilidircctional

tJil

lnr x x x 0 0 l I

i\l{ )l )l o r\ lLve lndicatcs lliat data is to bc wrillcn fronr
rl , ( I'l 1o thc perrpherrl.

\lo| )l I ircl rve lldicrtes thrl drta is to be rcad friinr thc

1,, r rlrlrt rrrl tLr thc Ct'Ll.

N( )l )l r illlows drta to be wriltell to or read lront titc
lr, r rlrltrrrl de'vice

\!( )l )l i rr intcndcd lor slatLrs and c([tro] applications.
Wlrcrr relcctr'd. the next control word must se1 the l/O
l(, fr\lrr 1o jndicrte which lircs arc to bc input and
wlrr, lr lrrrcs rre to be output.

li0 = I sets bit to input.
lio = 0 scts bit to output.

l)1 l)h l)i D+ Dl I)l Dl D0

l/o 
7
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^/.lt0A-PIO A.C. Characteristics

I \ t)'(' to70'C.Vcc=+5 V15%, unlessotherwisenoted

..I(,NA L

l,

It

1l()

r rll( )

trl) ll /

At,18
tr" t ti

lilrI)Y

't ,"'j r( >lN 2) tDL (to) + IDM (lo) + rS {lEl) I TTL Eufler DelaY' rf anv

1 M Li,,,rl 1tr, icl,ve lor a m,ni.num ol 2 clock p€r ods to resel the PIO

r, rW (,l,tj) t rW (,trL) + t. + 1t

' !,,,'..,\r. rr)R 1O) by l0 ns€c for each 50 pi ncrease rn loadrnq up lo 200 pl mar

,,',,,,i rDt 1D) by 1O nsec io. each 50 pl rncrease r. o.drn! up to 200 Pl niar

I L, M(r j. 2 rW (SI)> tS (pD)

', l,',,,rt,rh{rselaluesby2nse€loreachl0pirncre.senloadrnquplol00plrrax

UNIT COMMENTSMINSYMBOL PARAMETE R

250
105

105

lll
2000
2000
30

lw {,t,H)
tw (,pL)
ir tl

Clock Pulse Width, Clock Hrgh

Clock Pulse Wrdlh, C ock Low

Clock Br.e and Fall Trmes

0Any Hold T me for Specified Sel Up T meth

145Control Srqnal Set Up Time to R sing Edge of'I'] Durinq

Bead or Wr le CYcle
rsq, (cs)

380

250

r10

t2)

CL=50pi
t3l

50
Data Output Delay From Falling Edge ol FD

Data Set.Up Time to Rising Edge ot'l' During Wrire or

M-t Cycte

Data Output Delay from Falllng Edqe oi lOSO During INTA

Cycle

Delay to Floating Bus {Output BufJer Disable Tlme)

IDR (D)
ts,D {D)

tDr (D)

tF (D)

r40lEl Sel Up Time toFallrngedge ol lilHO DuIinq INTA CYclets ilEr)

I5l
[5] Cr = 50 Pf

tsl

r60
130
190

rDH ilo)
tDL {ro)
lDM lro)

IEO Delay Time lrom Bising Edge ot lEl
IEO Delay Time lrom Falling EdS o, lEl

IEO Delay {rom Falling Edge of Ml (lntetrupt Occurring Jurl

Priorroml) seeNoteA.

115ls} ilR) ioRd S"t-up ti.u to Ri3in9 Edg. ot o ourjng Read or

Wrile Cycle-

90Iii set'Up Timc ro Riting Edg€ ot o ouring INTA or M'i

Cycle S@ Note B

tSO lM1)

115tgD (RD) F-D S.r-Up Time ro Rising Edge o{ o During Read or il'i
Cycle

230
210

180

180

I5t

CL 50 pl

l5l

tS {PD)
IDS (PD}

1F {PDi

IDI (PD)

Port Dara Ser Up Time to nising rop ot SiEoEE (Moae t )

Po't Data Ourpul Delay irom Fellrng tdg" or SfBOBi
{Mode 2)

Oelav to Floating Port Data Bus from Rising Edge ot STROBE

tMode 2l
Porr Data Stable ttom Rising Edg€ ol IORO Durang WB

Cycle {Mode 0)

150

{41
tw (sr) Putse Wiatn, STF0-6?

440
380

1D

lD
ilr)
(tT3)

IIT Delay time trom R,slng Edse ot STROBE

IilT Delay Trme trom Data lvlatch Durnq Mode 3 operation

ls
C1 50 pi

l5l
410

300

tDH {RY)

tDL (RY)

Ready Respons€ Ttme lrom Risrng Edge ol I6-RO

Fcddy Bespo.s€ I rme r'om R yng Lag" ol SiROBF

21

280-PIO A.C. Characteristics

TA = 0'C to 70" C, Vcc = +5 V t 5%, unless otherwise noted

SIGNAL SYMAOL PAAAMETER UNIT COMMEXTS

Clnk P0lse Width. Clock High
Clock Pulre Widrh, Cl6k Low
Clock n6e and Fall Times

4m
170
170

ilj
2m
20m
30

th Any HoldTime tor Specitied Set Up Time 0

cs. m
ETC.

ts,! (cs) Control Sisnal Set Up Time to Airing Edge oi O Ourlng Aead 2AO

oo Dz

tDR (D)
ls& (D)

tDt {o}

tF (D)

Data Outpur Oelay liom Fallino Ed@ o, Fi
Data $1 Up Time lo Rieing Edse ol +During Write or frl
Cycle
Dar. Outpui Delay lrom F rlr,n9 Eds ol iaEo Du,,ns rNTA

D€l.y to Floating Aus (Oulpur Aurler Oi$ble Tim€)

430

y0

160

l2l

C1=50pI
t3j

tEr !s ilEl, lEl &t Up Time to F.llins Ed$ ol iOi-O Du.rns INTA Cycte 140

tEo

toH (to)
tDL flo)
tDM lro)

IEO oelay Time trom Ri3ins Ed$ ol lEl
IEO Delay Time l.om F.ltiq Ed$ ol lEl
IEO Delry from F.llins EdS ol fri {lnrerrupt Occurring Jusr
Pnor to Ml) $. Nor€ A

210
ts
3m

t51

l5J C1=Spl
I5l

ro80 ts ilR) mn-a S.t-Up Tim. to Risang EdS ot O Du.ins R.d or Write
Cycl.

2fi

MI tso (Mr ) Ml Scr-Up Tim. to Risins €ds ol O ou.ins INTA or M'i
Cycle. Se Not. B.

210

m tso {Ro) FD $i'Up Time ro Ririns EdF of O Durins R..d or M-r

Cycl.
240

Bo-Br

rs {PD)
rDs tPo)

tF {PD)

ror IPD)

Poft D.t. srup Tim. to Ririns Eae or SiFdEE lMac
Pon Dd. Output Dclav lrm Frtlng Ed!. ot STI6m
{MdG 2)
D.l.y b Fleriry Port Der. Bur fim Riring Edg. ol
STRoBE lMd.2)
Poil O.ra SDbl. lrom Ri.iry EdF ol i6F-O Durins WR

Cycl. {Mde 0)

r)
230

m
m

I5l

C1=5Opl

I5l

A-5i8,
BSm

rw (sr) Puls Width, STROaE r50

t1l

INT tO
tO

(

(

tr)
rT3)

M Delay Iime from Risins Eo6 or SiFOEE
INT Del.y Tim€ from D.t. t.tch Duriq Md€ 3 Orrerion

4S
420

AROY
BRDY

tDH (BY)

toL lRy)

R"dy Besrcn* Time lrom Bi.ine Eds or ibFb

Re&y Berpon'e t,me to- Br,"e toe ot S-iEbEI
460

4m

l5l
CL=Spf
tsl

A. 25

B.M
rc> iN 2) tDL ltO) + toM (to) 1 rs (tEt) + TTL Bu1le, o€lay, 1 a.v
musl be aclive Jor a mrnimum ol 2 c o.t periods 10 .eset rhe PlO

Capacitance
TA = 2s'C, f= I MHz

Symbol Max Uoi( Tesl Condilion

c+ Clock Crprcitance t0 pF

Returiled lo Crrrrndcttt lnpul Crpaeilanue 5 pF

cout Output Caprritrnre l0 pF

11l ic = lw loH) + tW (,!L) +1r + r,

l2l lncrede iOA (Di by 1O tuec ior e&h S pl increaee in Lddins up ro 2@ pi mar.

[3] !.cre.r€ tot (DJ by 10 nsec lor e.ch 50 pf incred€ in oadins up to 2@ p, max.

I4l Fo, Mode 2: W (ST)>rS tpo)
l5l lncreae th*e v.lua by 2 ns€c lor each 10 pl increase in lmding up to l@ pl maa.

Output Load circuit

20

! ', ( f,

llr

MI

iN I

50

260



Absolute Maximum Ratings
l, rrt,( r,rttrro tindcr Bia\
',1,,r rrr. ', (mpcraturc
\ ,lr.rit. On Anv I'in \\'ith Rcspcct toGround
lr,\,.r l)i\siprtion

Specified operating ratr8e
-65"C to +150'C

-0.3V to +7V
06w

. \L \( rrd D('chrrartcristics rcrrain thc \iIrlr li)r tllr ruilitilrv l:radc Farts c\ccll lcc.
1,.(. l -i0 nl^

I ( irtnnrcnt
5l r r\scs abovc thosc listcd under "Absolute Maximum RatinB" may cause permanent dama8e to the dcvice. This is a stress
Irr(lional operation of the device at these or any othercondition above thoie indicated in the operational sections ofthis
rr,t inlplicd. I:xposure to ab$olute maximum ratinS conditions for extended periods may al'lcct device reliability.

rating only and
spsification is

ZI]O-PIO and Z8OA-PIO D.C. Characteristics
I \ 0"( to 70'C. Vcc +5V I 5%- unless otherwise noted

Symbol Param€ler lllin. Max. Unit Tst Condition

vtLt' Clock lnprrt Low Voltrge -0.-l 0.45

lg; = J.0 ntA

1611 150 pA

VIN=0toVcc
VOUT = 1.4 ro Vcc

VOUT = 0.4 v
0(V,p(Vcc

Vttt( ('loek lnput lligh Vollrge vcc-0.6 V6g+0.3

vrL lnprrt Low Vrrltage 0-l 0lt

Vill Irput Higlr Voltrge 2

voL Oulpul L()* Vr)llrBe 0.4

votr Oirtptrt Ilrgh Voltrge 2.4

Icc I)rrwer Supplr Crrrrertt 70 rrrA

I LI Irrput Leakage ( urrertt r0 !A
lLoH Tri-State Output Leakrge ('urrertt irt Flort t0 ttA

lLoL Tri-Strte Output [-eukage ( urrcnt ttt l--lort

Itu l)!ta Bus Lcrkrge ( urrcnl rr lrtptrt l\lrrdc' rl0
Ionu l)rrlrngton I)rrve ( urrenl -t 5 mA VOH = l.s v

Port B Only

23

A.C. Timing Diagram

Timing measurements are made at the following
voltages, unless otherwise spmified:

'1' "O'

4-2V 0.8V
2V 0.8V
2V 0.8v
AV - +0.5V

ltH) I2 Ta/13 I1
CLOCK
OUT?UT
INPUT
FLOAT

rH(cs)

EE

H6

Do Du

l(rc

Mi

rEt

rEo

rDL(lO)

Bo az

AEAOY
(A BDY OR
B BDY)

rDL InY)

Src-€-
1A ST8 OB ffii

(MOOE 2)

Bo-Bz
(MODE r)

IPDI

lo{
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l'roduct Specification

I,, :l(;S ATEsZ80productlineisacomplete setofmicro-
,,, rl)iltcr components, development systems and support
,ltwrrrc l'he 280 microcomputer component set includes

,ll .l llrc circuits necessary to build high-performance
,i , r (tr orrputer systems with virtually no other logic and

I rllrnunl number of low cost standard memory elements.

I l rc 180'C ounter Tinrer Circuit (CTC) is a programmable,
,' rr r lrarrnel device that provides counting and timing
rrr trorrs for the 280-CPU. The 280-CPU configures the

rlil) ('l'("s four independenl channels lo operate under
. ,rL,,rrs rrrodes and conditions as required.

o A time constant register automatically reloads the

down counter at zero and the cycle is repeated.

o Readable down counterindicates number ofcounts-to'go
until zero.

. Selectable l6 or 256 clock prescaler for each timer
channel.

o Selectable positive or negative lrigger may initiate timer
operation.

. Three channels have zero count/timeout outputs capable

ol driving Darlington transistors.
o Daisy chain priority lnterrupt logic included to provide

for automatic interrupt vectoring without exlernal logic.
. All inputs and outputs fuily TTL compatible.

Sl ructure
CTC Architecture

. N ( lrrnnel Silicon Gate Depletion Load Technology

. .,11 Pin DIP

. Srrrglc 5 volt supply

. Sin!,lc phase 5 volt clock

. lrr)ur independent programmable 8-bit counter/16'bit
tirrrcr channels

A block diagram of the 280-CTC is shown in figure 5.

The internal structure ofthe 280-CTC consists ofa 280 CPll
bus interface. internal control logic, four'counter channels,

and interrupt control logic. Each channel has an interrupt
veclor for automatic interruPt vectoring, and interrupt
priority is determined by channel number with channel 0
having the highest priority.

The channel loglc is composed of 2 registers,2 counters

and control logrc as shown in figure 6. The registers include

an 8-bit time constant reglst€r and an 8-bit channel control
register. The counters include an 8-bit readable down

counter and an 8-bit prescaler. The prescaler may be

programmed to divide the system clock by either I 6 or 256'

l,'eatures

o lrrch channel may be selected lo operate in either a

e rlrnter mode or timer mode.
. l'rogrammable interrupts on counter or timer states.

Fig.5 - CTC BLOCK DIAGRAM

ZIRO COUNT/TIMEOLT O

iTi
( ONTROL

ZIRO COUNT/TIMIOUT t

CLOCK/TRIGCIR I

ANNEL
INTf,RNAL
CONTROL

LOCIC

CPU
8US
Iio

lWW
ffid

ffi

!NAT RNI ]PT 
'ONAROLI,I NES

ZERO COIJNT/I]MIOUT 2

CLOCK/TRIGCIR 2

25

Package

Configuration
ORDERING NUMBERS:
280-PIO Dl for durLl in-line ceramic slam package
280-PIO Bl for dual in-line plastic package
Z80A-PIO Dl for dual in-line ceramic slm package
Z8OA-PIO Bl for dual in-line plastic package

m

MECHANICAL DATA (dimensions in mm)

4O-PIN CERAMIC DUAL IN-LINE SLAM PACKACE 4O-PIN PLASTIC DUAL IN-LINE PACKAGE

o

24

. 1485

ro
I
I 157a

1
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Channel Counter and Register Description

Time Constant Register 8 bits, loaded by the CPU to
initialize and re-load Down Counter at a count of zero.

Channel Control Register 8 bits, loaded by the CPU to
select the mode and conditions of channel operation.

Down Couuter u bits, loadcd by the Time Constant
Register undcr progr0nr control and automatically al a

Fis.6 - CHANNEL BLOCK DIAGRAM

count of zero. At any time, the CPU can read the number
of counts-to-go until a zero count. This counter is de-
cremented by the prescaler in timer mode and CLK/TRIC
in counter mode.

Prescaler 8 bit counler. djvides systen clock by I 6 or
256 ior decrementing Down Counter. lt is used in timer
nrode only.

COUNT/TIMEOUT

r \llRNAI ( l(x ( nt!fR rRt(r,lR

Z$O-CT C Pin Description

ct

t'LK/TRG6 Channel @ External ('lock or Tinrer Trigger
(lnput)

t'l.K/TRG I Channel I I:xtcrnrl ('lock or Timcr Trigger
(lnput)

CLK/TRG2 Channel 2 External Clock or Timer Trigger
(lnput)

('l.K/TRC: Channel -l Exlcrral Clock or Tirrer Trigger
(lnput)

Chartnel 0 Zero Count or I imeout
(output, active high)

J

I

M-

'trctu

(.HANNEL
CONfROL
RECISTER

ANI) 1.ff;t('
I8 BITSI

TIM T
(.ONSTANT

RICISTLR
(8 Bn S)

PRIS('ALER
(8 BlTS)

DOWN
COT'NTER

(8 BrTS)

llt0*CTC Pin Description (continued)

/t i llll Channel I Zero Count or Timeout RD

IEI

IEO

INT

Read Cycle Status from the 280-CPU (inpu(
active low)

It)1

(output. actiYe high)

Channel 2 Zero Count or Timeout
(output, active high)

Channel Select (input, active high). These

form a 2-bit binary address of the channel

to be accessed.

Zll0-CPU Data Bus (bidirectional, tristate)

Chip Enable (input, active low)

System Clock (input)

Machine Cycle One Signal from 280-CPU
(input. active low)

lnterrupt Enable In (input, active hiSh)

Interrupt Enable Out (output' active hiSh).

IEI and IEO form a daisy chain connection

for priority interrupt control

lnterrupt Request (output, open drain,

active low)

RESET stops all channels from counting and

resets channel interrupt enable bits in all

control registers. During reset time ZC/TOg-2

and INT go to the inactive states, lEO reflect's

the state of IEI, and the data bus autput drivers

go to tlle high impedance saate (input, active

low)

{ Sl ('S0

t,/ l)0

RLSET

\|

r( )ti() lnput/Output Request from 280-CPU (input
active low)

Iiming Waveforms

("TC WRITE CYCLE
Illustrated here is the timing for loading a channel control

word, time constant and interrupt vector. No wait states are

,rllowed lor writing to the CTC other than the automatically
rrrscrted (Try*). Since the CTC does not receive a specific

write signal, il internally generates its own from the lack of
rrr FD signal.

@

tu

m

cso 1,-

m

F

('TC READ CYCLE
Illustrated here is the timing for rcading a channel's

I )own Counter when in Counter Mode. The value read

oilto the data bus reflects the number ofexternal clock's

r ising edges prior to the rising edBe of cycle (Tr). No wait
\trles are allowed for reading the CTC other than the auto'
uatically inserted (T**).

INTERRUPT ACKNOWLEDGE CYCLE
Sonre time afler an intelrupt is requested bV the CTC. the

( PU will send out an interrupt acknowledge (Ml and IORQ).

I )uring this time the interrupt logic ol the CTC will deternlire
llle highest priority chanrel which is requesting an interrupt.
fo insure that the daisy chain enable lines stabilize, channels

rrre inhibited lrom changing their interrupt request status

when Ml is active. lf the CTC Interrupt Enable Input (lEl)
rs active, then the highest priority interruptirtg channel

l)laces tlre contents of its interrupt vector register onto tlle
l)ata Bus wlren tORQ goes active. Additional wait cycles
rrc allowcd.

@

tu 5

--- +---------
' -- -t --------

)726

zc lroL

z 80-cTc
z 804-cTG

80z
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Timing Waveforms (continued)

RETURN FROM INTERRUPT CYCLE
If a 280 peripheral device has no interr upt pending and is

not under service, then its IEO = IEL If jt has an interrupt
under service (i.e. it has already interrupted and received an

interrupt acknowledge) then its IEO is always low. inhibit-
ing lower priority chips from irlterrupting. [f it has an inter-
rupt pendiflg which has not yet been acknowledged, IEO
will be low unless an "ED" is decoded as the first byte of a

two byte opcode. ln tliis case, IEO will go high until the next
opcode byte is decoded, whereupon it will again go 1ow. Il'
the second byte of the opcode was a "4D" then the opcode
was an RFI'I'I instruction

After an "ED" opcode is decoded, only rhe peripheral
device which has interrupted and is currentiy under service
will have its IEI high and its IEO Iow. This device is the high,
est priority device in the daisy chain which has received an
inlerrupt acknowledge. All other peripherals have IEI = lEO.
lf the next bpcode byte decoded is "4D", this peripheral
device will reset its "interrupt under service" condition.

Wait cyclcs are alluwed in the M-l cycles.

DAISY CHAIN INTERRUPT SERVICING

Illustrated at right is a typical nested interrupt sequence

which nray occur in the CTC. In this sequence channel 2

interrupts and is granted service. While this channel is being
serviced, higher priority channel I interrupts and is granted
service. The service routine for the higher priority channel
is co,npleted and a RETI instruction is executed to indicate
to the channel that its routine is complete. At this time the
service routine of lower priority channel 2 is completed.

CTC COUNTING AND TIMING
ln the counter mode the rising or falling edge of the CLK

input causes the counter to be decremented. The edge is

detected totally asynchronously and !nust have a minimum
C[,K pulse width. However. the counter is synchronous with
<D therefore a setup time must be met when it is desired to
have the counter decremented by the next rising edge of Q.

ln the timer mode the prescaler ntay be enabled by a rising
or lalling edge on the TRG input. As in the counter mode,
the edge is detected totally asynchronously and must have

a minimum TRG pulse width. However, when timing is to
start with respect to the next rising edge ol O a setup time
must be met. The prescaler counts rising edges of O.

TtTzT r2 Ta rt

N4=1

m

Do Dz

tEt

iEo

4 [nAilrEL ! SERVTCE n0UTIt C0ttttTE, "n€tf',rssuE0,cSatrEI 2sanvrcE BtsuMr0

{ "t'Ci Programming

,-I I I,('I'ING AN OPERATING MODE

\\ , n \clcctjng a cllannel's operating mode, bit 0 is set to B,t 2 = 0
r r,lr, rrtc thisword is tobestoredin thecharlnel control

,,,, Bir2=l

No.time constant will follow the channel

control word. One time constant must be

written to the channel to initiate operation.

The time constant for the Down Counter

will be the next word written to the selected

channel. If a time coflstant is loaded while a

channel is counting, the present count will
be completed before the new time constant

is loaded into the Down Counter.

It\ll

LaJ \.-J
!s l) l\ Llsl l) l\

tNlr R uol)r ()\r.t l,Ml I M()l)l ()Nl Y

Itrr / {y'

llrr / I

Itrl tr (tr

tt,r , (,4

llrl

Itr.l !)

llrl I I

llrl I ,0

Itri I ,. I

Bitr=0

Bitl=t
Channel interrupts disabled.

Channel interrupts enabled to occur every

time Down Counter reaches a count of zero

Setting Bit 7 does not let a preceding count

of zero cause an interruPt.

Timer Mode Down counter is clocked by

rhe presialer. lhe perrod ol lhe coun(er Ii:
tsoPoTC
tc = sYStem clock Period
P = prescale of I 6 or 256

TC = 8 bit binary Programmable time

constant (256 max)

Counter Mode Down Counter is clocked

by external clock. The prescaler is not used.

Timer Mode Only-System clock <D is divided

by l6 in prescaler.

Timer Mode Only*System clock <D is divided

by 256 in prescaler.

Timer Mode * negative edge trigger starts

timer operation.
Counter Mode negative edge decrements

the down counter.

Timer Mode - positive edge triEger starts

timer operation.

Counter Mode - positive edge decrements

the down counter.

Timer Mode Only - Timer begins operation

on the rising edge of T2 of the machine

cycle lollowinq the one that loads the time

constant.

Timer Mode Only External trigger is valid

for starting timer operation after rising edge

of T2 ol the machine cycle following the

one that Ioads the time constant. The Pre-

scaler is decremented 2 clock cycles later if
tlle setup time is met, otherwise 3 clock
cycles.

Channel continues counting.

Stop operation. If Bit 2 = [ channel will
resume operalion a[ter loading a time

constant, otherwise a new control word

must be loaded.

LOADING A TIME CONSTANT

An 8-bit time constant is loaded into the Time Constant

register following a channel control word with bit 2 set. All

zeros indicate a time constant of 256.

LOADING AN INTERRUPT VECTOR

Thc 280-CPU requires that an 8-bit interrupt vector be

supplied by the interrupting channel. The CPU forms the

address for the interrupt service routine oi the channel

using this vector. During an interrupt acknowledge cycle

the vector is placed on the 280 Data Bus by the highest

priority channel requesling service at that time. The desired

interrupt vector is loaded into the CTC by writing into

channel @ with a zero in D0. D;-D3 contain the stored in-

terrupt vector, D2 and Dl are not used in loading the vector.

When the CTC responds to an interrupt acknowledge, these

two Liits contain the binary code of the highest priority
channel which requested the interrupt and DO contains a

zero since the address ol'the interrupt service routine starts

at an even byte. Channel 0 is the highest priority channel.

2928
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280-CTC A.C. Characteristics

Signal Unil

,t)

tC

rw(OH )

rw (OL)
C ock Pulse Width, C ock Hish

C ock Pulse Width, Clock Low
C ock Rise and Fall Times

400
1ta
110

t1l
2000
2000

30

tH AnV Ho d T me for Spec Iied Setup T nre 0

CS, U, etc
t5a, {CS ) Control Signal Setup Time to Risins Edse of Q Durlns Read 160

Do Dz

tpp (D)

t5p(D)

rDr(D)

tF(D)

Data Output Delay irom Risins Edse of HD Dur ng Read
Cycle

Data Setup Time to Rising Edge oi A Durlng Write or M1

Cvcle

Data Outpul DeLay from Fa ing Edge of IORO During
INTA CVcle

Delay to FLoatins Bus (Output Buffer Disable T me)

60

480

340

234

t21

t2)

lEl t5(lEl) lEl Setup Time 1o Falllns Edse of DRA Durins INTA
Cycle

200

rEo

tp6(lO)
t p; (lO)

tDM(lO)

IEO D€lay Time from Rislns Edse of iEl
IEO Delay Time from Fa llng Edge of lEl
IEO Delay frm Failing Edge ofM-i (lnterrupt Occurring
just Prior to M1 )

220

190

300

L3l

t3t
t31

co tsollR ) ibF6 Setup tlme to Bisine Edse of o Durins Read or 250

M1
t5a;(M 1 ) il1 S€tup Time to Ris nq Edqe ot O Durinq INTA or M1

Cycle
2lo

RD
tSo (R D) FD Setup Time to Bis ns Edse of (! Durins Bead or M1

Cycle
24A

M tg66(lT)
tp6(lT)

fN. Delay T me trom Risinq Edqe of CLK/TBC
iIT Delay Tlme from Bisinq Edse of a

2rc{a) + 2OO

tc(o) + 20o

cLKiTFG0 3

tglCK )

tg(CK)
tg (TR )

tW(CTH)

rW (CTL)

Clock and Trlsser Rise and Fa T mes

Clock Setup T me to Hls nq Edge of O for lmmediate Count
Trlgger Setup T me to Rislng Edge of O for Enabling of
Prescaler on Follow ng Rls ng Edge of O

Clock and Tflgger Hish Pulse WLdth

C ock rnd T, gger Low Pu se Wldth

2tC kp )

210
210

200

200

ZCllag 2

tpglZC)

t 91(ZC )

ZClTO De ay Time from Rising Edse of o, ZC/TO H gh

ZC/TO De a! Iime lrom Fal ing Edg€ of o, ZC/TO Low

r90

r90

TA = 0" C to 70' C, Vcc = +5 V t 5%, unless odrerwise noted

Notes: Il l tC = tw(OH) + tWlOL) + tr + tf .

[2] lncreEsedeaybyl0nsecforeach50pFincreaseinloading,2OOpFmaximumfordatalinesandl00pFforcontrolLine..
[3] lncrease delay by 2 nsec for€ach 10 pF increase in loadins, lO0 pF maxrmum
t4l ffiT mu* re active for a minimum of 3 clock cycles.

OUTPUT LOAD CIRCUIT

I

/ HOA-CTC A.C. Characteristics

\ r) I lr) 70'C. Vcc = +5 V 1 57r. unless otherwise noted

I K/TRGO-3

,lrr0 2

N,,rd$ [] I tC = IW(OH) + IW(OL) + tr + tf -

tzl ricrea'waeravsvronsecio.elcr50pFincreaseinloadins,20opFmarimumfordatalinesandl00pFforcontrollines'
l3 I lncrease delay by 2 nsec f or each 1O pF increase in loading, 100 pF maximum

tql FErr musr be active for a minimum of 3 clock cvcles'

II'UT LOAD CIRCUIT

Vcc

I"

UnitSymbol

250
105

105

111

2000
2000

30

Clock PuLse Width, Clock High

C ock Pulse Wldth, Clock Low

Clock Rise and Fall T mes

tC
twiOH )

tw(OL)
tr' tf

oAny Ho d Time ior Spec fied Setup TimerH

60Control Sisnal Setup Time to Rlsing Edge of a Durins Readt561CS)

380

160

I10

l2l

t2)

50

tp6(D)

t5q(D)

tDt(D)

tF(D)

Data Output Delay from FalLing Edge of RD During Read

Cycle

Dara Setup Time to Rising Edge of o During WrLte or M1

Cycle

Data Output Delay from Fal ins Edse of IORG Durins

INTA Cyc e

Delay to Floating Bus (Output Buffer Disable Time)

140rs{l El ) lEl Setup Tlme to Fall ng Edge of 
-{m 

During INTA

Cycle

t3l
t3l
t3l

160

130

190

jus Prtor to m )

IEO De av Time from Risinq Edse of lEl

IEO Delay Tlme from FaLling Edge of lEl

lEo Delay from Falling Edse of Ml (lnterrupt Occurring

tp g (lO)

tp 1(lO )

tDM(lO)

115l6Fb Setup tl-e to Risinq Edse of o Durins Bead ortgq{ I R)

90m Setup Time to Rislns Edse of o Durins INTA or M1

Cyc!e
t5q(M1)

115m Setup Time to Risins Edse oi o Durlns Read or M1

Cycle
rso(R D)

2rc(o) r l40
tC (o) r 140

iI- Delav Tlme trom Brsins Edse oi CLK/TRG

iMi DeLav Time from Ris nq Edse of q
tp6X(lT)
tp6(lT)

2rc(@ )

130

130

120

120

30Cjock and Trisger Rise and Fall Times

Clock Setuo Time to Risina Edqe of o for lmmediat€ Count

Trigger Setup Time to Rising Edge of a tor enabl ng of

Prescaler on Followins Risins Edge of a
Clock and Triqqer Hlsh Pulse Wldth

Clock and Tr qqer Low Pu se Width

tp(CTH)

try (CrL)

t6(CK)

tg(CK)
t5(TR )

124

120

tps (zC)

tp1(ZC)

ZC/TO DelaY Tlme from Risins Edse of q, ZC|IO Hish

ZCITO DeLav Tlme from Rlsinq Edse of a, ZC|TO Low

CFI CA' ]N9I4OFEOUIVALENT
CL - 50 PF ON ALL PINS

31

.r(-
30

cFr cF4 1N9r4 OR EOUTVALENT
CL-50pFONALLPNS

t'li

ti
i1
,;ri

Z

I

.l

ril



A.C. Timing Diagram

Timing measurements are made at the following voltages,
unless otherwise specified;

,'1 "o'
0.45V
0.8V

0.8v
t0.5V

CLOCK

OUTPUT

INPUT

FLOAT

I4lr3

VCC-0.6V \ lrsolute Maximum Ratings

0'C to 70'C
-65'C to +1 50"C

_0.3V to +7V
0.8w

',tr, rtr rbtrvc thosc listed undcr "Absolute Maximum Rating" may cause pcrmanent damage to the device. 'Ihis is a stress rating only and
L,, rrorrxlopcrationofthcdeviceatthcseoranyothcrconditionabovethoseindicatedintheoperationalsectionsofthissp@ificationis
, , t trrrllicrl. |xposure to absolutc maximum rating conditions Ibr oxtended periods may alfcct device rcliabitity.

/ liO-CTC D.C. Characteristics
r \ r)"( to 70.c. vcc,- 5v 15% unless otheruise specified

(,r,Hr, TI

2V
2V

T1

" r.rtrrrr Lrndcr lJias
,,, I (,il11)cratutc

, , , I )I \ny l,in s,ith llespcct to Oround
r I ) {\i|llion

:iy rnbol

4,

T2 I3lTW

tF(D), tHE(D)

(ro)

(CTH

tH{cs)

cT

ED

Clock lnput Low Voltage
Do Dz

I ORO

lEt

E to

INT

CLK/
TRGO 3

(COUNTER MODE)

Cvttl

()

II
MI

to
l Lon
lLoL
l()llt)

Z80A-CTC D.C. Characteristics
I I O'( to 70'C. Vcc: 5V t 5'l unless otherwise specifiecl

Symbol

vrLC

V ttc

toLlto)

Vtu

Vtt-'t
tw (CTL)

\

(CK

Parameter Min Max Unit Test Condition

-0.3 4.45

Clock lnput High Voirage i1l Vgq 0.6 Vcc*o 3

lnput Low Voltage -0.3 0.8

lnput High Voltage 2 VCC

Output Low Voltage 0.4

Output High Voltage 2.4

Power Supply Current 120

lnput Leakage Current 10

Tri-State Output Leakage Current in Float 10 pA

Trl'State Output Leakage Current in Float -'10

lg;=2mA
lgg = -250 pA

T6 = 400 nsec

Vlp=0toVgg
VOU1 = 2.4 to V66

V9g1 = 0.4V
Dar lrngton Dr ve Current -'l .5 mA Vgg = 1.5V

RgXl = 390ft

Pa ra m eter Min Max Unit Test Condition

Clock lnput Low Voltage -0.3 4.45

lg1 =2mA
l9g - -250 pA

T6 = 250 nsec

V1p=0toV6g-
VOU1 = 2.4 to Vg5

VggT = O.4V

Clock lnput H igh Voltage [ 
'] l v66 06 Vcct o'3

lnput Low Voltage -0.3 0.8

lnput High Voltage 2 Vcc
Output Low Voltage o.4

voH Output High Voltage 2.4

lcc Power Supply Current 120 mA
lLt Input Leakage Current 10

lLoH

lLoL
Tri-State Output Leakage Current in Float 10

Tri-State Output Leakage Current in Float -'10
lctlo Darlington Drive CUrrent -1.5 mA V9g = 1.5V

RgXl = 390{l
32

zct"too 
2

(TIIVER MODE)

rDL (zc)

33
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Z SOA.GTG

I

z 80-GTC
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l'roduct Specification

Capacitance
TA=25"C,f=lMHz

Symbol Paaameter Max. Uni t Test Condirion
Ce Clock Capacitancc 20 pl Unmeasured Pins

Returned to Ground
clru Input Capacitance 5 pl'
Cout Output Capacitancc l0 pl.

Package
Configuration

',t , i|l F.S 280 microcomputer product line includes a third
r,,r, r.rlr{)n l-SI component set. developnlent systems and
rt,l,,,rl soltware. The component set includes all the logic
r, rrtr necessary for the user to build high performance

i,, r, r 
' 
,.( )n) pu I er systenls with virtually no external logic and a

r rrrrrrrrl nulrber of standard low-cost memory components.
I r, /s0'l)MA (Direcl Memory Access) circuit is a program-

' rlrlr srrrgle-clrannel device which provides all address, tim-
,,t' ,nr(l eontrol signals to eff-ect the transler of blocks of
l1r.r l).lweefl two ports within a 280-CPU based systent_
ll, ., |,r115 rtrul be eitlrer syslem tDain tnerDory ur any
\ rL [r pcfipl]erat l/O device. The DMA can also searclr a

1,1,,, l. (!l dlta lirr a particular byte (bit ntaskable), with or
,\ rrlil,It J simultaneous tranSfer.

Sl ructure
o N r'lrrnnel Silicon Cate Depletion Load Technology
. l0 l,ir) Dl[)
o Srrrg,lc 5 volt supply
o Srrrglc plrase -5 volt clock
. \rrglc channel. two port

l,'cutures
o I lrrcc classes ol operation:

I r ansler Only
Scarch Only
Scu rch -Transl'er

. A(ldrcss and Block Length Registers fully buffered.
Values lbr next operation may be loaded without dis-
I rrrlling current values.

r l)rrul atldresses generated during a transfer (one for read

lr(rrt and one for write).

. Programmable data transfers and rearches, automatic-
ally incrementing or decrementing the port addresses
from programmed starting addresses (they can also remain
fixed).

. Four modes of operation:
- Byte-at-a-tirne: One byte lransferred per request

-.Burst: (ontinues as long as ports are ready
Contrnuous: Locks out CPU until ()peration complele
Transparent: Sleals relresh cycJes

. Timing may be progranrnred 1o natch the speed ol- any
porl.

. Interrupts on Match Found, End of Block, or Ready,
may be programnred.

. An entire previous operation may b€ repeated autonat-
ically or on cornnrand. (Auto restart or Load)

. The DMA can signal when a specified number of bytes
has been lransferred, without haltin8 transl-er.

. Multiple DMA's easily conf igured lbr rotating priority.

. The channel mal be enabled. disabled or reset under
software control.

. Complete channel status upon progrant (CPU) request.

. Up to 1.25 megabyte Search or Transfer Rate.

. Daisy-chain priority interrupt ard bus acknowledge in-
cluded lo provide automalic interrupt vectoring and bus
request control, without need for additional external
logic.

. TTL compatible inputs md outputs
o The CPU can read current Port counters, byte counters,

or status. A nrask word can be set which deiines which
reSisters can be accessed during read operations.

E

m
m

- -ffiEi-rm

ORDERING NUMBERS:

ZqQ{TC Dl for dual in-line ceramic slam package
280-CTC BI for dual in-line plastic pr"tuf.- --
!qg4{Iq DI for dual in-line ieranrii slam"package
Z80A{TC Bl for dual in-ljne plastic po"Lrd.- 

'-"-

I\,IECHANICAL DATA (dimehsions in mmf

28-PIN CERAMIC DUAL IN.LINE SLAM PACKACE

o P

]8-PIN PLASTIC DUAL IN_LINE PACKAGE

I r11. 7 - DMA INTERNAL BLOCK DIAGRAM

+5V GNo O INI IEI IEO BUSRO BAI M ROY

280-cTc

z80A-cTC

025.

152L

PULS€
COMPARATOB

INT PRIORITY
LOGIC

INT CONTROL
PULSE INTERVAL

STATUS
BEGISTERS

CONTR O L
AND

COMPAAATOR

AUS CONIROL
LOGIC

BUS PRIOBITY
LOG IC

34

A15 AO o1 DO MEMRO RD ctrwnr
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DMA Architecture

A blLrck Llrrgrrrr (rl tlrf /lo l)N1 \ ir slr,,$n ir l igurc 7.
l'hc rrtcr nrl sTr Lr! lura aorslsts r,l tlrr l L,ll,rwrng liLrLritr r

. lrt\ lttlitltltl pr,rrirlr',Lr rl rrril r,.irrr . rLtil r 1,,

iIr.r r.r!. r1) 1lr. /r0 ( I,t llrr\

. ( ltttlrt)! / t){it ttttl Ji(qi\tt )\ \.1 I i. ir\\. nt,,,lr rrlrl ,)11j.

brsri rL,rrtr,,l l)rr.rrrrlr \ r,l llr! I)\l \
. ..1ltltust. B\ 1t, (i)L1itt t'ttl l\tltt ( irr Lttrrt :trrfrrt.\ I tf

pr\)l)ar lr()r1 rddrc\sc\ l(,r tlrr rrrLl.rrrrl \\Jrta ()ffrrrolr!.
trrrh fr()\,isr{'rs l.ir ifairilrcflifg t,r J.i rIrrrlilri llr('
rddrcss \\lrcr ucro brtrs ri'rrrrrr l,r hr' irrrdlrrl. tlre hrtc
iL)uill iir.uilr\ se1\ r llrg rr (1. stiriuJ agr\lc I)Lrlsa

araurlr\ qcJra rlcs l flrlsc crall llrnf llra l)\ tr' rriilrlal
loser f-hils cLlLrrl thc lulsr rcq

. I-iDtiil! (inuilrr rllr)wi tll. uscr l() it)frflrial\ sf.irl\
tlle rerdrsrita lirrint lor bot r (il (he jlrirrnals rdJrcsserl
por1s

. ,lldtt lt (itu litr\, lrolds tlrc nrrrtilr br tr rrd r rrrrrk
b!tc whiclr rll(r*s i()i lll. iL)n)prrisoji ()l (rnl\ .rrliLilr
hlls withii the h)1. ll rr frltilr Ls rfa()ilrt.r.!l Llllriil! l
ScriaI or lrrn\1cr llris rraLrjlr\ \c1s J llrt I Ilra jlrlr!
rcgiJlcl

a lil/ontlt trJ ti(i\RQ (ir,uir,1' rLLLrLl.\ ir i()il1rol rLr!rJ

lci wlriall Jfearllcs lhr c(,fdili(rrs rrn!lrr $liLah lhr l)NlA
alf gcfrr r1. rf iil I cr r upl: Ir ror il \s.od irg lr,gri t, r :elret
hclween tlr. !lr'rirrrli()n ol rrr INT !r BtlSllQ (iull)ur

lr l'. 1' .'J rr, r,.' .1 ', IIr"l
lor rulonrrlrL !aalornq 1(r I rc jillailuIl scr\rc!'r()ulifr

a !trrIrlr 1l(is1a/ holds rLrrrrft strtLrs,)l l)\lr\

Register Description
The following DMA'internal registers are available to the

programmer:

. ( t)nttol [<(giittt:y Hold DMA control irtbrmation: such
as, when to initiate an interrupt or pulse, what mode or
class of operation to perform, etc. (Write Only) (8 Bits)

. Tinting R('gistcts Hold read/write timing pararreters for
the two ports. (Write Only) (8 bits)

. lilt('tttl)t l'.(tu)t Rt'gittct Holds the 8-bit vector thil-l!]ll)
DMA will put onto the data bus after receiving an IORQ
during an interrupt acknowledgo sequence if it is tho high-
est priority device requesting an interrupt.(This register is

readable only during interrupt acknowledge cycles.)
(Read/Write) (8 bits)

. Blt)tk L!]tgtlt R.g/.!1(r' Contaiils total block length of
data to be searched andfor transfered. (Write Only)
(16 bits)

. lli tc (ounlcr.' Counts nuntber of bytes translcrred (or
searched). On a Load or Continue the Byte Counter
is reset to zero. Tllereafter. each byte transler oper
ation incremenls it until it matches tho contents of
thc Block Length Register, at which time End ol Block
is set in the status regislcr aild operation is suspended
if programrned. Also il so programmed the DMA will
generate an interrupt. (Read Only) (16 bits)

. ( t)t)ll)at.1i('.qir1cr Holds the byte lor whicli a match is
being souefit in Search operations. (Write Only) (8 bits)

. ,1lt\^ llrci\trr Hoids the 8 bit rDask to deterntine whicli
bits in the compare register are to be examined for a
rnatch. (Write Only) (8 bits)

. .\'tdrtiil!. lrl,lrr'sr l?rgirlrtr ( l\trt 1 tilLl l\trt /Jl Hold the
starting addresscs (upper and lower 8 bits) ior the two
ports involved in Transfer opgrations. In Search Only op-
erations, only one port address wor[d have to be speci-
fied. OnJy mernory starting addresses require both upper
and lower S-bits; l/O ports are Benera.lly addressed with
oilly tlie lower 8 bits, and in this case the rddrcss con-
tained in the register is a generally fixed address. (Write
Only) (16 bits each)

o .lrlrlrrrr (t)tilt.,r\ll)r)tt lunLl l\)il 8,/ These counters
are loaded with the contelts of the corresponding Start-
ir)g Address Registers whenever Searches or Transfers are
initiated with a Load or Continue. They are incretnented.
decrerDented or remain hxed, as programnred. (Read
Only) (1 6 bits each)

o PLtltL, (.rttttntI jlt,:1ittt,t Holds progtam,supplied length
(in bytes) oI block aftu which the DMA wiii provide
a siBn3l_p}lle on t!9 !\f pin. (Since this occu$ while
both BUSRQ md BUSAJ( are active, the CPU will not
interpret this as an itrterrupt request. lnstead, the signal
is used to communicate with a peilpheral I/O device.)
tU rire Only) (8 b[s,

. 51dtr/! R.garr!. Match, End of Biock, Ready Active, In-
terrupt Pending, and Write Address Valid bits indicate
these lunctions when set. (Read Only) (8 bits)

Modes of Operation
The DMA may be programmed for one of lour modes of

operation. (See Comnrand Byte 2B).
. Byte at a Iifts: control is returned 1o the CPU after each

one-byte cycle.

. Brruf: operation continues as long as the DMA's RDY
input is active, iildicating that the relevani port is ready.
Control retums to the CPU when RDY is inactive or at
end of block or a match if so programmed.

. Continuous: the entire Search and/or Transter oi a block
of data is coilpleled before control js returned to CPU.

. 'frailspatent: Dl\d4. operation occurs during normal mem'
ory reiiesh times without visible loss of CPU time.

Classes of Operation

l'hc I)N'lA has tlrrcc .lrsscs of i)perrtion: I rrilsttr onl),.
ScercI Orll, rnd r conthirred Serrch I rrnslir. (See ('ortr-
rlrnd Byte lA..)

I)rrrllr I rnrlcr. drlir is rcrLl lro|r o|a Iott rrrd \riltleil
1r) llrc i)llr.r l,()il. )\ tr b! l)\ lc. (Tlr. [)l\{r\'s rrvo |]or ls rrr
ltnrcrl I'()rt .\ rrd l\)r1 Il.t Ilrr ports rrrrr hr progrrnnnr'r1
l(i hr fillr.r \\slallt iltritt n)r'nlor\ t)l l)anIlrr'rtl ltO da\1..\
l_lrus. r bl0c[ ()l darr nliqlrt bc wItttr ltont r pcrilrlrcrrl trr

I ,t | 1 Ltl,.\t,t' " t,, . .. 1.r.r.1...
()r\ 1(r rilr)llrfr:t)t lr|| r pcripltrrrl tr) ntiIn l!aItt)r\.

L)il iilgr S.iil!rlr.!lr1it is rrrrl oIlr. ilrd.t)|tPtrctl b\lf h\
brlc rlltfrrsl lr() I)N'lA inlt,iltrl rLfislcrs. oIt ol wltirlt cLrI
lrirrr r rrrlr:lr i)\1a lLild llrr (rtltar rI oItt(lIlll Ilrsli b\1c
rlrilr trllr,w: otLlr eLrtril btls t,r hL rrrntlltrrLrl. Il rrn hrrc
,,1 sclLrilrrd (hrr frirlalra\. r I)MA,iItcil rl slrtlls hit is \at.
rT lirl)!r.r frraJ lo rlo ir,. I rc I)l\,ll $tll rltr'I sLrspcId r,prrrIor
rnJllir !alrcrrla rt) ilLlatrLrfl

Tlre tlrrrd ahss L)l ()pcr!rior ts r iorrrhrIcd Scrrclt-
'[irrls]ar. Irr suilr rtt oItrrlrrrr r hl(r!l ol Jtlr L\ Irirf\Tr'ilaal
rs JrrirLhtrl .rbt)\( Lrrtil .r ltrtrlt rs irLLtrJ. rltrrr. rr in l
Sarr.ll Onl\ (rlrLLti(,r. tltr lriillsl.t iltr\ hr sLtrIaIdad rrdl
L)r lLrr irrltl[]])l fanfltlfal

\ rl<lrcssing Operating Sequence

I r' l)MA's addressing of ports is eithcr llxed or sequell-

r, rr( r.rrcntirtg or decremonting from a starling addross'

l,, illlllr olthe oPeration(numbcrof bytes) isspecified by
, r)ltrilrnrned contents of a block icngth register' The

\l \ , ilr ilddress block lengths oi up to 64K byles. During a

1 ir lt r lwo separate port addresses are geDcrated, one dur_

,, ( l{cad cycie and one during the Writc cycle.

Once the DMA lras been proglanrnled il may be 'En!bled"

(comnrand byle ld). ln tlte enablcd.orldition when Ready

goes active lhc DMA will requesl tlre bus by bringiru
BUSRQ lo*. The CPU rvill acknowledge this with a BUS

ACK which will normally be attached to BAl. When the

DMA rcceives BAI il will start its programnred operation

releasing BIERQ- to a "lrigh" slate wlren rt is lhrough.

tt(l-DMA Pin DescriPtion

MI

rdRo

MREO

RD

W-R

CIiNAIT

BUSRO

Machine cycle One slgnal from CPU (input )

Inpul/Output Request 1o and lrom the System

Bus (input/output )

Menrory R[Quest to the Systenl Bus (input/

output)

ReaD to and from lhe System Bus (lnpul/output )

WRite to and lroDr the System Bus (irput/oulput)

Chip Enable; nray also be progranrnred to be

WAfT during tinre when BAI is low (inPut)

BUS ReQuest Requests control 01-the CPU

Address Bus. Data Bus and Status/Conlrol Bus

(input/output)

Bus Acknowledge ln. Signals thal rhe syslenl

buses have been released for DMA control
(input)

Bu5 A.knuwledBe Out. RAI :nd 
-BAO 

t,'rrn a

daisy-chain connection for system-wide priority
bus control (output)

lNTerrupt request (outpLrl)

lnterrupl Enable In (input)

Interrupt Enable Out. lFll and IEO lornr a daisy-

chain conne.tion ior systeill-wide priority inter-
rupt control (outPut)

ReaDY is nlonilored by thc DMA to determine

wheo a peripheral device associated witll a DMA
porl is ready lor a read or wrile operation
(input. prograilrtable as active high or low)

IBE

ril

IE cffil coNruor

tJN

ITAO

\,r Ats System AddressBus.Allsixteenofthesepinsare
u\ed b) llrP DVA tu :ddrers sy'rerrl nll n nlem-

ory or an I/0 Port (outPut)

r,, l)y Systenl Data'Bus. Commands from the CPU,

DMA status and data ftom memoty or peripher-

als are translerred on tllese tristate pins (input/
output)

r' \, Power

,NI ) Cround

l, System clock (input)

llMA Timing Waveforms

INl
IEI

IL()

RI)Y

r,\l \ ('ommand Write Cycle

lllustrrtcd here is the timing associated with a command
lrytc or controi byte being written to the DMA which is to
I'c lrrrded into internal registers. 280 Output instructions
,,,r1 lr,i y llris tirhing.

I ) \ I ,\ Rrgister Read Cycle

' rrrg is Lrscd rvlterr I terd opcrrti()f ls l)elt()rnlcd ()11

,\1 \ 11, rrcess the aonlarlts ()i tlle Slrlus R.8islal.
, . ( ()llrlrr or otlrcr rerdrble krgrsters Zti0 lllpul lll

, rr..rilslt thrs tirning.
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DMA Timing Waveforms (continued)

STD Memory Timing

This timing is exactly the sanre as used by the 280{PU to
access system main memory, either in a Read or Write
operation. The DMA will delault to this timing after a

power-on reset, or when a Reset or Reset Tinling command
is written to it; and unless otherwise programmed, will use

this timing during all Transfer or Search operations involving
system main memory, During the memory Read portion ol'
a transfer cycle. data is latched in the DMA on rhe negative
edge oI O during Tj and held into the following Write cycle.
During the memory Write porlion of a transfer oycle, data
is held lrom the previous Read cycle and released at the end
of the present cycle.

NOTE: The DMA is normally programnred lirr a -i T-cycle
duratron in nremor)' lran\actioIs. tiut WAI I is

sampled during the negalive transition of T2, and
il il is low. T2 will be extended another T-cycle,
after which WAIT will again be sarnpled. The dura-
tion of a ntemory transaction cycle ntay thus be
indefinitely extended.

STD Peripheral fiming

This timing is identical to the Z80.CPU's Read/Write timing
to l/O peripheral devices. The DMA will delault to this
timing after a poweron reset. or when a Reset or Reset
Timing command is written to it; and unless otherwise pro-
grammed, will use this timing durin8 all Transfer or Search
operations invoiving I/O peripherals. During the I/O Read
of a transfer cycle, data is latched on the negative edge of O
during T3 and is then held into the Write cycLe. During an

I/O Write, data is held from the previous Read cycle until
the end of the Write cycle.

NOTE: Il WAIT is low during the negative transition ol
Tw L49l T1y * will be extended another T-cycle
and WAIT will again be sampled. The duration of a

peripheral transaction cycle may thusbe indefinitely
extended.

Variable Cycle

The Variable leature of the DMA allows the user to program
the DMA's memory or peripheral transaction liming to values

different than given above in the standard default diagrams.

This perrrits the designer to tailor his tining to th€ particular
requirenlents of his system components. and maximizes tlle
data transfer rate while eliminating external signal condition-
ing logic. Cycle length cu be onc to fiur T-cycles (more if
wAlT is used). Signal timing can be vrried as shown. During
a transt'er, data will be latched by the DMA on the clock edge

causing the rising edge of RD and will be held on the data
Iines until the end of the following Write cycle.

(See Timing Control Byte, page 4l ).

Mffi

tu

m

vlN

ri/

lm

m

wM

Itl'.

m

^lm

M

iar- lMtMr

wffi Lor

l,MA llus Request and Acceptance for

Itytr-at-a-Time, Burst'
itnd Continuous Mode

llcrrly is sampled on every rising edge of O When it
l,,rrni to be active, the following rising edge of O

,, rre rrtcs BISEQ. After receiving BUSRQ the CPU will
,.,r,t r B-IISER which will be connected to BAI eithcr

, ..tl\ (,r thtough tlre Bus A(knowlcdge Daisy Chan
\\lr il J low is delecled orl B,N lsarllple,l on every rising

, ,lrr, r)1 (D), the next rising edge of O will starl an aclive

I r\l A cyclc.

{,

sr.,W

N

ACT

OMA INACTIVE'+I+ DMA ACTIVE

,I

I )Nl.A Rus Releas€ at End of Block
lrrr liurst or Continuous Mode INACT

I irrring lirr F-nd of Block and DMA not Progranlmed
tr$d

r,,r Auto-restart- IN
OMA ACTIVE+]+ OMA INACTIVE

lrl\'lA Rus Release with'ReadY'
lor llurst and Continuous Mode

6uEFa

I hc DMA will relinquish the bus after RDY has gone

ilrirrlrve (llurst mode) or after an End of Block or a

Nlrrtclr is found (Continuous nrode). With RlfY inactivc'
rlr,' l)MA in Continuous nlode is inactivc but maintains

,,rrtrol ol-the bus (BUSRQ low) until the cycle is re-

rrrrrcrl wlten RDY goes active

CONTINUOUS
MOOE

ACTIVE

""rt 
* -.*l

l)MA Bus Release for Byte-at-a-Time Mode

lrr thc B) tn mode the IJMA will release BUSEO ,rr
tlrr rising edge of O prior to the end of each Read cy-
, lr rn Search Only or each Write cyclc in a Transt'er, re-

,,.rrllrss ,rt tlre stare of RDY. The next bu! request will

','rrc rftcr hoth EUSRQ- and BAI havc returned higlr.

M--rc

6a-

INACTIVE

l)MA Bus Release with Match for
lfurst or Continuous Modes

Wlrcrl a Match is found and the DMA is prograrrnred

,) slr)p (nl Conpare, the DMA perfornls an operation oD

rlr( ilrxl byte and then rclcases bus.

t]l]m

39
38

I i'z
Z

!

DMA
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ITD fffOM PR€VIOUS RE^D

fiTilil-Z
I

80
80A.DMA
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Reading from the DMA Internal Registers

Seven registers are availablc on the DMA 1br reading.
They are: 8 bits of the status rcgister, the upper and lower g
bits of the block length register, and two port address regis-
ters.

These are availahle to be rend sequenrially: status. BLK
Lower, BLK Upper, Port A Addrcss lower. port A Address
Upper, Port B Address lowcr, Porl B Address upper An
internal pointer points to each regisler in turn as cach READ
is accomplished. lf a register is not to be read. it nlay be

Programming the DMA

excluded by progranlming a 0 ir1 the Read Byre. The
internal poirter will skip any rcgister not progralilnted witil
a I in the Read llyte. After a Reset or a Load. Reset RD
nrusl be given ro set thc irrterlal pointcr pointing to lhe
nnt rcglster prograrrrmed to be reaLl by tllc Read Byle.
Alter RD Status. the pointer will be pointing to the st;tus
register regardless of the nrask and the next read will be
fron the status register. Tlle fol.lowing read wi.ll be lrom the
register pointed to belore RD Status.

Previous sections of this specification have indi.ated the
various functions and modes of the DMA. The diagranrs and
charts below will show how rhe DMA is programnred to
select among.these functions and modes and to adapt itself
to the requirements of the user system.

The 280-DM A chip may be in an " enable" strre, in which
it can gain control of the systent buses and direct the trans_
fer of data between its ports. or in a "disable" state. when
it canrot gain coltrol uf tlte bus. lrugrarrr cunrnrrnds crn
be written to il in either state. bu1 writing a comntand to il
aulomaticailv puls ll in rhe drsrble strte. wiirclr is rrrrirrrrrned
until an enable command is issued lo rhe DMA. The CpU
musl program it in advance oI any data search or transfer bv
addressing ir as tn I O f'o,r and selding ir a scquence,,fb
bit command bytes via the system data bus using Output
instructions. When rhe DMA is powered up or resJt by iny

Command Byte lA

means. the DMA will autonlalically be placed into a disable
state. in which it can initiate neither bus requests nor data
translers nor interrupts.

The command byres coDtajn inlormation to be loaded
into the DMA's control and other registers and/or informa,
tion to alter the state ol' the cl)ip, such as an Lnable Interrupt
command. The command structure is designed so that cei-
rain bits itl sonre comrnands can be rt to alert the DMA to
expect the next byte written to it to be for a particular
internal register.

The following diagrams and charts give the function of
each bit in the six diiferent contmand bytes. Two ofthese
are defined as being from Croup I . and are. termed command
bytes lA and lB. These Croup I commands contain the
most basic DMA set,up inlbrrnation. The orher tbur are
categorized as Group 2. and are termed comnlands 2A,28.
lC and 2D. Croup 2 words specify,more detailed set-up
infornation.

Command Byte lB

Specilies Croup I

\-;-
Spccilies Byte I uSpecities Group I

Ct ('o lrurutron

Byte I A
carnot be 00

00
0t
l0
ll

Not allowed. (Command Byre I B)

Transfer Only.

Searph Only.

Search and Transler.

Port A is read fron1. p1111 B is written Io (unless
the Search Only Mode has been selecled. in
which case Porr B is never addressed ).

Port B is read from. Porl A is wriilen to (unless
the Search Only Mode has been selecled. in
whrch case Putt A is never addressed).

D+=l
Dl =o
Dr=l
D:=o
Dz=t
Dz =o

Address lbr this port increments after each byte.
Address for this port decrements afrer each byte.
This port addresses an liO pcripheral.

This port addresses main memory.

Ttis word prograns Port A.

This word programs Port B_

D:=t

l)2 =O
Command Byte 2,{

o7 06

Specifies Crrup I

0

3t0cx Bt0cx
TENGTH SOURCE

Cj c0
SYTE 0

l'r osramming the DMA (continued)

,,rrrrttitnd Byte 28 [,oacl Zeros Byte Counter and loads Starting
Address lor both Ports.

Resets bytc counter only. Addresses
continue from presnt location.

Permits interrupt to occur.

Inhibits interrupl from occurring.

Resers and disables all interrupt cir-
cuits (similar to RETI).

CoDtinue

[r (i r,rrlr ]

lll I Nl,, Modc
-,-Specities llylc 2B

0

0

I

I

0

I

0

I

By te

Continuous

Burst

Transparenl

Overall enable or disable for all opera-

tions except interruptsi does not reset

any functions.
Read Byte
Irr r llow s Next write 1o DMA will contain a rnask

to program which readable registers
,re to he read.

Next read will be lrom lst regjster set

as readable by response mask.

Nexr read will be lrum slalus reBisler.

Ready will be considered active regard-

less of the state of external RDY pin-

Used for Mem-Mem operations where
no RDY signal is needed.

I[tnland Byte 2C

06 Ilese t RI)

il",o,p 2 soili,-r,. ra
I Automatically repeats entire operation when end

RD Status:

Force Ready:

ol block is rcrched.

No rl'lcct.

CL rnd WAfI multiplcxcd rrr sanre pir.
(L,,nl1

Rcadv rclive high.

Rerdv activc 1ow.

Enable
alier RETI DMA will not request bus until after it

has received a RET[.

Resets Match and End of Block status
bits.

RST Status:

( {,nlmand Byte 2D

Read Byte
05

t, , I ie .i Group l

t,. t.r f: l':

.-,-
Specitles Bylc lD

fr fo
A "1 " in any bit position enables lhat register to be read.

Interrupt Control Byte

ll
I

)l
,lr

r0000
t000t
r00r0
l00ll
10t00
0t0t0
0l0lt
0r000
00001
00000
0ttt0
01001
0llrl
0r100
0lt0r
00010

Reset
Reset Port A Timing
Reset Port B Tirning
Load
Continue
Enable Int
Disable lnt
Reset Int
tsnable DMA
Disable DMA
Read Byte Follows
Reset RD
RD Status
Force Ready
Enable After RETI
Reset Status

NO
PULST

A " l " in a bit position selects the option.

\l
\i

llt

til
ll

ll

Timing Contml Byte

m NOT
USEO USEO

lm
rnD

lm T1 To

T1 T6 Cycle Length

0

0

l

4

3

2

I
('ommand Byte 2D Summary

0

I

Resets ali interrupl circuitry. disables
interrupts and bus req. Iogic.

Reseis timing tor Port A or B to
standard 280-CPU timing.

A "0" in Dr, D3, D6, or D7 will cause the corrcsponding

control signal to cnd t4 clock tinre before the end of the

cycle. Notc: the total operation (Read and Write in Trans-

fcr or Read in Search) nrust be at least 2 cyclcs long.

iniil07

\r3 t2

usf0

l{.sct

l{csel Timing
AorB:

4\40

\---
Specilies Byte 2A

f'rrTFIz
7

0 0

mz
z

[IiIII

Enable Interrupt:

Disable lnterrupt:

Reset Interupt:

Enable D['lA,
Disable DMA:

,{)
,ll

,| o

,11
,0

0
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Programming the DMA (continued)

Match Byte

Up to an 8-bit word to be compared to D6 , D7 during
a read- See MASK BYTE.

Status Byte

usa0 ust0
Ei0 tiT.

ttt0ttG ust0

Pulse Count
This 8-bit word is loaded into a register. At the comple-

tion of each operation, the register is conpared with the
lwer 8-bits of the byte counter, When it compares, the
INT line is pulsed (but no interrupt is generated).

Interrupt Vector

This 8-bit byte is supplied to the CPLI during Interrupt
acknowledge if the DMA is the highest prioriry interrupt-
ing device.

If bit 5 of the Interrupt Control Byte (see p. 7) hro been
set and the DMA has been programmed to interrupt on a
given status condition then D1 and D2 ol the vector will be
modified as f,rllows

Vector Bits DZ D I0 0 INT on RDY
0 I Match
I 0 End ofBlk
I I Match, End of Blk

00

DMA Pmgramming Example

The following example will show how the DMA may be
programed to transler data from a peripheral (Port A) to
memory (Port B). The table ot bytes may be stored in mem,
ory and transi'erred to the DMA with an output instruction
such as an OTIR.

Port A Data Flow

Block Length
1000 H Bytes

Peripheral
Address "X"5tl

Port B

Memory
Starting Address
l0s0H

READY from the peripheral is active high
Memory address increments on each write

D7 & D5 D4 D3 D2 D1 Do HEX
I

;-

Sets lhc DMA to rL.ci!r
8lo(k len8th ind Porl A
addrcss rnd sih drr.Lln)n

L Poil A Addre$ Louer 8.brr\

I Blo.l Lcnsrh Lower E.brr\

fir ,N
( ommaf,d 8!-te lb

Deline\ Porl A as pcriph
eral wilh fi\ed rJdic\se\

Comm"nd Byle lb -
Dehner PorI B r\ r nremor!
witir if,LrrnentinB rddre*c\

nd llvrc 2b
Sets modr to bu^1. $N
DMA to.\pert Porr B
*artinB.ddrcr\

Port B Addres l-owcr 8,b,r\

l(ffiAd&."Llmffi-
( ommrnd Bvre 2.

Set\ Ready Acrave llr!h

Command Byre 2d loilds
starring addresss and
resB block .ounler

0

I

0 I I 0I

lJ

8lk I-cnglh Blk Length

(l 0 it 0
0 0 0
0 0 o 0

U rr
(;r)rf N. I inllrt

I I ol ()w\

00
(jfutrrl, \,, , unrD!

I Lrliowr
lt

I

I r\rd
.Udr rrt.

I

Ibrl r\ lO
1)

This is
lb

o I

This i\
o

ln.remenL Memory
0

No lnt
( onl BIlc

l

tipper Addr

j

Pon Bl lb

(l 0 I

t

0

ll
0 1) 0 it
I

(;roup
l

x 0
No writ Rdy Active

I

2

I

Sr,rs itrrt _
0lll I

Lo!J 2A

6D

0l
00

IO

l4

CD

5a)

l0 l0

ll
(1

t,
I frblr, I )\l \ r,, \r.,r1

I 0 (l 0 I
(;r

I'NA l)\tA ld
87

To reload the samo addresses and block length lor a
subsequent operation, only two bytes are needed.

Command byte 2d
Reloads port addresses
and block length

2. Command byte 2d
Enables DMA

280 and Z80A as a Pedpheral Device (lnactive State)

Timing measurements are made at the following voltages, unless otherwise spmified:
4.?V O.8V

2 V 0.8V
2 V 0.8V

T1

CLOCK
OUTPUT
INPUT
ELOAT

tw(,r,H) 
T1 r2 T3/TW T4r'T3

tw(,1,L)

tH

rE

rrD

tF {D), tH R 
(D)

r)0-D7

r{ )RO

l

tDMilo)

It

(to)

rEO

tNi

ts,1,(RD)

ts,t,(D)

INT
ON DITION

rDL(to)

431)

I l o0l I l l
Load

I000l0tt
Ilnable DMA

z
z SOA.DMA

Z
7

Mask Byte
A zero in a given bit position will cause a compare to be

performed between thal bit position in the compare word
register and the same hil positron in the data being read.

,1,

I lrr a I I i'

I

15,1,(cs)+
--hl

\.__+
It,*l

U

t
l*l:ti

0

ll

lc

1

I



280-DMA A.C. Characteristics

280-DMA as a Bus Controller (Active State)
l rq = 0"C to 70oC. Vcc = +5Vt5%, Unless Otherwise Noted.

NOTE S

B,

c.

D,

Uarn jho!l.l be !,rrbed o,rt() rh.p DMAdita b!! wnr:n HE s ad rr
A m.tj.i J qr r s Jre .1,ar.d ! ry..hroi 1.d 5. thLry frr! br tolJl ! Je!r ch orr.r!s w lh r!rpr.1 lo rhr. o.l
O!lr)Lt De ry !s L.3ded Capic 1.,r..
TA 70"(l V, , ,5V r 5' ,

1lr ICL .l00r)FrA0 Alqr,tCofLro Sq,a5i.add30ns..10t.rfgtho!!,]
D!r, qSrJ,d!rd CPU I m irg

rJ(.,I' iw(,!H)'tt 75
' rr. rc 80
r t,.i twl,l,Ll+11 40

I r1.lt. rw10L)+rr 60

[5] tdcm=tc 180

[6] tdc = tw(4rL)+1r-180
[7] tcdi=tw(d,L)+tr 50

[8] tplggpl = t" 40

i91 r*1y6s1 r(. {0 Srd CPU T,r .!
lvr'iMRttr 1r1,l,Hi'tl 30 Vir ib t I Cvii I

l0 Iwt!!H) 1r. 4(l S1(l CPU T ,n ,i!
twlWBi to({,!t'11 3{lViri.L)r I Cv.P

l2l t. = lw1,t,Ht.1wi{,Li'lrrrt

SIGNAL

d,

SYMBOL PARAMETER MIN MAX UN IT COMME NTS

tw (,nH )

tw({,1)
C ock Pulse W dth. C ock High

C ock Pu se W dth, C ock Low

Clock R se and Fa I Time

r80
180

i 12)
2000

2000
30

Ao rb

tD{AD)
tF(AD)

Address Output Delay

Address Staule Pr or to MREd (Memory CYc e)

Addre$ Stab e Prior to IORO, HD or M ( /O CYc e)

Addres Stab e from HD or WR

Address Stable r,om nO o, m DurLns F oat

Lll
12l

t31

L4l

145
110 C1

D

D

D

D

50oF

Dor

tD(D)
tF(Dt
ts.t, ( D )

1S4,iD)

Data O!tput DelaY

De av to Float Durinq Wr te CYc e

Data Setuo Tlme to Risinq Edge of Clock During Read

When Rising Edse Ends RD

Data SetuD Time to Fallinq Edse o{ Clock During Read

When Fa ring Edse Ends ilD
Data Stable Pr or to WF (Memorv cvc e)

Data srab e Pr or toWF (l/o Cvcle)

Data Stable From WR

50

60

tsl
i6l
17)

260

90
CL = 200p F

D

D

D

tB Any Hold T me for Setup T me 0

M-m

rDLilMB)
tDH{rlM H)
TDHOIMR)
tDL,tr(MR)
rw(M R L)
tw(ffi!

VRIOD"'.',o, !"1r,'gt'ogpor{ . t im',^
VqFO Dprd, .roa R g Ldo- Jr C ", VFru r'cn
MRLODpd, r','1 t, ,9to9"o u,o.'.i/R-OUcn
-MRFO D, ", r, ,m L" ,! toge,'c,."' ilFI6 t "
Pu se w dth. MEEO Low

Pulse wrdth, MFEh Hish

t8l
tel

r00
r00
100

r00 cL
D

D

50pF

toBo

tDL,l,{tF)
IDLEt R)
lDH,t,1tRi
lDH€( R)

]ilRo Detav irom R s nq Edse ot CLock, i6i6 Low

Orc o"r", lrom td, ng tsdq".,- Cr ,c\ 6Rb lod
loRo D"rdy lror q \ nq Fusp J' Cro, l OEb F s"
rOqO O" ., ,'or' F dll nq I oqe o' Cro' I 

-Offi 
Hrgn

90

I t0
100
110

CL - 50pF

RD

rDLq,( R D)
tD L[( R D)
rDH4,{RD)
iDH4,{RD)

nD Delav trom R s nq Edqe of C ock, ni Low

Fi oelav from Fa I na Edqe of Clock, -m Low

-nD Oelay trcrr Risin! Edge of Clock, -RD Hrsh

RD Deiav from Fa I nq Edse of C ock, RD High

100
130

r00
110

CL = 50pF

WR

tD L0 (wR )

IDL+(WR)
tDH4,(WR)
t DH,t, (W R )

tw(M L)

Wn D€ ay jrom Ris,ns Edse of CLock, Wfr Low
-\tE Delay from Far ns Edse of C ock, WF Low

tnrR Oe av fro,n Fa inq Edqe of Clock,WB- H gh

ttrR De ay from R s ng Edge ot Clock ,WF H sh

Pulse W dth, WH Low ir 0l

80
90

100

100

CL = 50pF

W w Setup Time to Fal ing Edse o{ C ock

aUSBo De av rime fronr Ris ng Edse oi Clock

70

nrsm tD(Bo) 100

1 F{c) Delav to Float (MREO, ORO, RD and WR) 100

.15

280-DMA A.C. Characteristics

Ztlo-DNrA as a Peripheral LJcvicc (liraclile Statc)
TA = OoC to 70oC, Vcc = +5V15%, Ulless Orherwise Noted

SYMAOL UNIT

clock Plhe W dth, Clock H sh

C o.k Pu se W drh, Clock Low

Clock R se and Fa T mes

170
lrl
20m
20@

30

A.y Hold T me to. spec,rEd SetLp I'me

CE rs{,(cS) Coniio S gnal Setup Trme io R si.g Edr ol O Dur ng 280

lso(ol

rD lDl

Dar? Output Delay iiom Fal Lng Edge ot m
Oata s.lup T,me ro Rr n9 Eds oI 4 Dun.g w' te or

Dac Ourput Oe ar irom Fa I ng Edse ol 
-@ 

Ouflng

De ay ro F oaring Bls loueut Butler D6able T mel

430

340

160

t2t

CL

t3l

rslrEr 
r

lEl Setup T me 10 Fa I .s Edse oI m8O ournq |NTA

rDB 
1r ol

roLi ol
EO Dela! T'me iiom R6 ng Edqe ol lEl
EO OelaV T me irom Fall'n9 Edge ol lEl
EO Oelav irom Fa I nq Edge oi frl lrnterrupl Omutr nq

lusr Prlo. ro M1l see Nole a

2r0
tm
a@

ma ibSa selup T'me to F6,nq Edqe or oDlr .q wr re Cvcle 2*

M rsq, iM I )
illSerup Tmeto Ftins Edw ol+ Olrifg NTAorill 210

nn Fi S.rup T ni. t. B s nq Edqe or n! Du, 's frl cv. e

N- tD( Tt A- Deray r me rroto cond i,on cau,"s iiiT M
qenerated onlywhen DMA i,na.r ve.

ru

1oH1Bo)
lDLtBor

AAO Oe a! iiDm F lnq EdS ot AAl
AAO D,ilay l,om Fa r.9 EdS ol 8A

ts
r50

2@
2m

lll l. = lwlOH)+iwtOL)+rr+!

2 r.,?asr rDBrOtL! lO trer !.r eilf 50pF .
.,ra$ n oaa nq up rD 200pF r,dr

.1 r r.,p:ss rD iD) tv lO ,se. Io, Pa.h 50!F n

. ?a1 n .rd iq ,p r! 200pF tr,,!

Z80A-DMA A.C. Characteristics
l30A-lJl\lA rs r I)crplreral l)evicc llnactive Statc).
'tr\ = 0"( t,, i0"(. Vcc = +5V+s'rl. IInlc(( ollierwise Noled

Lw(q,L)

C ock P!!59 W dth, Clock High

C ock PuLr W dih, Clock Low

254
105

r05

l

A.y No d I me lor Spec f sd Se1!p T me

- rs{,1cs) Conrrol Siq.rr S.tLp Time to Htinq Ed# ol O DLnng

lor 
I o)

oata Ouipul Oelay irom F,l ns Eds ot FD
Dda Selup T ms ro R6 nq EdS o, O Dur ns Wr re or

oata oLroul De av kom Fa nq Edas or i6Ra Durina

De ay to Floarns aus lOurp!! 3!lfer DEabLe T me)

50

340

250

t10

t2l

CL

t3l

tstEt IEL S.i!p T me to Fa I ns Edse ., i6FA Dur nq INTA Cvcl.

tDB( ol
tD Li rol
rDMito)

IEO De av lime i,om R s nq Edqe ol E

IEO De ay T,me lrom Fa ,ng Eds ot El

IEO Oe ,y frm Fa 'ng 
Edse of M1 I nlerrupt Occuring

JrrPrdrr.Mll SPeNoreA

160

r30
t90

m rcia selup Timp ro R s n9 Eds oi { Dur nq wrne cyc e I l5

W m *rup r,r" ru A , nq tOr 01 ,I ll,r .q NTA or m m

rc *ruF T m€ 1o 8( ,,9 EdS o, {, Dur ns m Cycr. I15

N ifrl De ay r,me r,om condinon cars ns mi N-i
Snerated on y when DMA is n3ctive

m

1DH 
i Bol

IDL(BoI AAO D€ ay lrdm Fa r.9 Ed* oi BA

rs
t@

2m

ll rc = $10H)+twlOLr+tr+!

[2] lncr.asc toF(Otbv 10 .sec lor each 5OpF ,n

crease n loading up ro 2mpF max

[3] l.c.eas. tD 1Dl by 10 nsec lor each 50pF ,n

..ease 'n oad nq up ro 2O0pF max

A. 25tc >lN-2) tDL{ O) rtDMltO) +tSilElt +[LBufbt hltY, rrnY

44

EO

{)
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Z8OA-DMA A,C. Characteristics

Z8oA-DMA as a Bus Controller (Active State)
TA = O'C to 70"C. Vcc = +5Y+5%, Unless Otheruise Notecl.

NOTES: A
8.

c.

D,

Data should be enabled onro rhe DMA dara bus when FD rr adive.
All control signals are internarry synchronized. ro rhey may be rotaily asynchronour wirh resper to the crock.
Output Delay vs. Loaded Capacitance
ta = ZO"C Vcc = +5V15%
(1 ) JCL = +100pF(A0-Atsand Contro Srgnals), add 30 nsec to timins shown.
During Standard CPU Timins

[1] tacm=twloH]+tf 75
[2] taci = rc-80
[3] tca=rw(Oll+lr 40
[4] t""1 = t*1611+t.-oo

l5l rdcm = !c-,80
I6l tdci = tw(OL)+tr-180
I7l tcdl - tw(OL)+tr-5O
[8] twlMRL) = lcJO

tgl tw(MRH) = tcl0 Std. CPLI Timing
tw(lVRHl = twlOH)+tl 30 Variable 1 Cvcle'

ll0l tw{WR) - tc--40 Std. CPU Timing
tw(WRl . tw(eH)+tf 30 Variable I Cycle.

[12] tc = rw{OH)+tw(eL)+tr+!t

SIGNAL SYMBOL PABAME TER MIN UN IT COM ME NTS

4,
lw(AH)
tw(01)
lr, f

C ock Pulse Width CLock High
CLock Pulse Width, Clock Low
Clock Rise and Fall Trme

25

110

I t0

t12)
2000

2000
30

Ao-t s

tD( AD I

tF (AD )

Addrers Output Oelay
Oelay to Float

Address Stable Prior io MFEd (Memory Cycte)
Address Stabie Prior ro lOnO, RD or WF lllO Cvcre)
Addrer Staute fron ED or m
Address Stable F,om RD o, WR During Float

I t0
90 cL = sopr

D

D

D
D

Do-z

tD{D)
tF{D)
tso(o 

)

tso(D)

tcdf

Data Output Delav

Oelay to Float Durrng Wilte Cycle
Data Setup T me to Rrs,ng Edge of C ock Dur ng Read

When Rising Edge Efds RD
Oata Setup Trme lo Fa ng Edge of Clock Ouring Read

Wh€n Falling EdS Ed HD

Data Stable Prior 1o WR {Memory Cycle)
Data Stable Prior ro w-R lllO Cycrel
Data Stable From WR

35

t5l
t6l
t7l

r80

CL = 200p F

D

D

o

lH Any Ho d T me for Setup Time 0

MREO

tDLo(MR)
lDHo{MRI
TDHAMR)
tDLo{MR)
tw(rRL)
!wtil'n s )

lvlREO Delay from Fallins Eds or Clock, MErO Low
mO Oetay I'om R,srng tdge ol Clocl. MTEO H'gh
MEto o"r"y rrom Farrns Edr or crock. Mifo H,sh
Mi'-tO Oetav lrom r3tl,ns rose ol Croct, frR-m t ow
Pulse Width, MTE-O Low
Pu se w dth, M-REO Htgh

t8l
Iel

75
75
15

80 cL
o
D

50pF

roRo

tDLo ( |

toL-o(t
R)

R}
tDHoil R)
tDHoll 

R )

toRo
i-oao
i6n-o
toRo

Delay from Riring Eds oI Clmk, i6fr6 Low
Delay from Fallins Edse ol Clock, ibln Low
Delay from Rising EdS of Clock, m-RO High
Delay from Falling EdS of Clock. 

-IORO 

High

l5
80

80
80

CL = 50pF

RD

lDL4,(Ro)
to L6( RD)
tDHo(BD)
tDH6{ RO)

-RD Delav irom R s fg Edge of C ock, -RO Low
ED oetay trom Fai ng Edg€ of Clock, -RD Low
ED Delay from n nns Edse of Ctock, -RO Hish
F-5 Detay trom Fatling Edge ot Ctock, E-D High

75
95

l5
80

CL = 50pF

lDLo(wR 
)

tDLo(wR 
)

tDHolw R )

rDHO(W 
R )

tw(W-R L)

-WF Detay tom Rlsins Edqe ol Clock,WF Low
WF Detay trom Falling Edge ot Ctock, W8- Low
W-F oe ay trom Falt ns Edse of Clock,WF Hish
WF Oelay trom Fising Edse of Ct@k,WF- H 9h
Pu se Width, WF Low

60

80
80

80
CL = 50pF

ts(wT) frfiT Setup time to Farl,ns Edse ot Ctock 10

BUSRO tD(Bo) Ef-Src o"ruy T,me trom Ris ns Edge of Ctock r00

t F{c) oe a, ro F odr IWE-O, 

-oBo 
qo 

"-oiEr 80

A.C. Timing Diagrams

llj0 and Z80A as a Bus Controller (Active State)

Timing measurements are made at the following voltages. unless otherwise specified:
4.2V
2V
2V

"0'
0.8v
0.8v
0.8v
+0.5V

CLOCK
OUIPUT
INPUT
FLOAT

r) Al5

0 15

IN

t'o l
OUI

r!i

, to

J
\J \

r[)

+lo 1o:-

j
I

ri( iSa-6

ro (ao)

4746

804-
7
z

EI I

t z g0-DmA
Z SOA.IIMA

"t I

I i'

lll
t2)

t3j
l4l

[10 ]



z g0-

Capacitance
IA=25oC,f=lMHz

Symbol Pdameter Max. Unit Test Condition

C6 Clock Capacitance 35 pl' Unmeasured Pins

Returned to CroundCtt't Input Capacitance 5 pF

cout Output Capacitance 10 pt'

Package
Contiguration

MECHANICAL DATA (dimensions in mm)

4O-PIN CERAMIC DUAL IN-LINE SLAM PACKAGE

l4 85

NU

ORI]ERING NUMBERS:

280-DMA Dl for dual in-line ceramic slam package
280-DMA Bl for dual in-line plastic package
Z80A-DMA Dl fordual in-line ceramic slarn package
Z80A-DMA Bl for dual in-line plastic package

40-PlN PLASTIC DUAL IN-LINE PACKA(;tl

48 26

52'"

m
m

DEb

ffi
ft
6I

6uffi
cEffi

ffi

6

i'

i-rsl
.l
0_?+.l4826

5080
_l^ I \521

r1 38

O !l

=l--l

Absolute Maximum Ratings

Tcnrpcraturc Undcr Bias
StoraElc Tcnrpcraturc
Voltage On Any Pin $ith Respecl to Cround
Powcr Dissipation

Specified opcratinE rangc
-65"C to +150"C

-0.3V to +7V
t.5w

Nolc: All A('ald D(- charactcristics rcnlaiD thc sanlc lor thc military lf,adc parts exccpt lcc.
Ioc 200 mA

* Conrment
Stressesabovethosclistedunder_AbsoluteMaximunr Rrting"nraycruscporfiancnld{maqctothedcvicc.lhisisastressratingonlyand
funrtional opcration of the device at thcsc or any othcr condition above those indicatcd in lhe operational scctions oI this spocilication is
not implied. l.xposure to absolutc maxinrum rating conditions lor e\tendcd pcriods may ailc(1 dcvicc rclinbility.

S!mbol Min Typ Unil

(1itr1 lrprr t,,* \,,LrrB(

( 1,\\ lilput llrrl, u,lrJE.

lnpL,r llrgl, V,,lrrts.

(Lrpur t.,,e V,'lrS

Ourput llEI V,,ltJge

-0J

vcc-o.6

-0 .l

2

0 {<

UE

04 IOL =:,.A

ll lrlr'-250pA

P(iw. Sunpl\ ( rrrreilr i<0 r(' = 400 nteL

It r lilpurl(!Lr8e(u,refr l0

Ir orr Til Srltr Oulpur LeakaSe Cuil.nt rn FIo.l l0 Vort :{ruVcc

Itot l0

Ir r, Dal! Bus t.e!kaBe Cu,renl rn lnput Mode

Z8OA-DMA D.C. Characteristics
T^ =0'( r,,l0 ( !i( =5Vriaunlels,,rlrer*rsespe.rlred

Symbol Min. Typ Mrr. Llnil T?sr Condirion

Cl,,!l Inpur t r'* v,ilrJtr

( I'![ lnpur lIBh Volrlsc

-0 .1 0 45

vcc-0.6

lntur I Liw V('!rrB. -0 1 OE

! ttt lnpur llrBlr \',, rrBc

Ourpilr l,,w V,,ltr8c 0 IOL=lmA

l1 Iqq = -i50pA

Pt,wc Supp!(urrenr 90 t(x) tc = lsonsec

ll lnpu i..akd8.( u,,enr ]U

It rrs Iil Sratr ()utput Le!ka8e ( urrcnt rn Fto.t r0 VouT :4toV((

It oL Tr Srrrr Oulpur I ealage ( urr( ill Ln Fl()!r t0

Irr, DarJ Bu\ t-.!krHe ( urreIr n Inpui Mode l0

48 49

[mz I

280-DMA D.C. Characteristics
I a - 0 ( to 10 C. \tc . 5\ :5'l, urlfr! ,,r|.r*r* !k.,rreJ

Tn St.te Oulpul le.knte( urL,rt rn Float

! l0

Outpur llLglr \iilrJg.

804-
[m

o

['



Product Specification

The SGS-ATES 280 product Iinc is a complete set ofmicro-
computer comporents. development systems and support
sollrvarc. The 280 nricrocomputer component set includes
all of the circuits necessary to build high-performance
microcomputer systcms with virtually no other logic and a

rlirimum nrLnrber of low cosl standard memory clements.

lhe 280-StO (Serial tnput/Output) circuit is a program-
nable. dual-chauncl device which provides formatting of
tlata for selial dala conrnrunication. It is capabJc of han'
dling asynchronous. synchronous and synclrronous bit
orierted protocols such as IBM tsiSyrc, HDLC, SDLC and
virtually any other serial protocoi. [1 can generate CRC
codcs in any synclrronous nrode and can be programmed
by tlrc CPLJ l'or any traditional asynchronous lormat.

r Receiver data registers quadruply buffered; transmitter
doubly buffered.

o Asynchronousoperation

- 5,6,7 or 8 bits/character

- 1, l% or 2 stop bits

- Even, odd or no parity

- xl , xl 6, x32 and x 64 clock modes
Break generation and detection

- Parity, Overrun and Framing error detection
. Binary Synchronous operation

lnternal or external character synchronozation

- One or two Sync characters in separate registers

- Automatic Sync Character Insertion
CRC generation and checking

. HDLC or IBM SDLC operation

- Automatic Zero inserlion and deletion
Automatic Flag insertion
Address field recognition

- l-field residue handling
Valid receive messages protected from overrun

- CRC generation and checking
. Eight modem control inputs and outputs
e Both CRC-16 and CRC-CCITT (-0 and -1) are

implemented
o Daisy chain priority interrupt logic included to provide

for automatic interrupt vectoring without extemal logic
. All inputs and outputs fully TTL compatible.

Structure
. N{hannel Silicon Gate Depletion Load Technology
o 40 Pin DIP
o Single 5 volt power supply
. Single phase 5 volt clock
. Two Full Duplex channels

Features
. Two irdependenl lirll duplex channels
. Data rates 0 to 550K bits/secord

Fig.8 - SIO BLOCK DIAGRAM

iT i wFiTn6v
LOGIC

BUS
t/o

CHANNEL B

LINES

l]ru
wa/m,

51



WIITREADY A Two pins, one for each channel They

WATT-R-LA-DY B nray bc programnr(d lo \er!e rs read)

Itne: tor use wilh a DN4A { ontrollcr
or lhey may serve as wait lines to syn-

chronize the 280-CPU to the SIO data

rate

MODEM
CONTBOL

Clear to Send (2 pirrs. inputs, active
low). When programmed as "auttr

enables," these inputs inhibit the trans-

mitters of their respective channels. ll
these'pins are not Programmed as

transmitler enables, they tray be pro-

grammed as general-purpose input pins.

These inputs are Schmitt"trigger buf-
lered to allow slow-risetim e inpuls.
Data Carrier Detect (2 pins, inputs,
active low.) These pins are similar to
the aTS inputs, except that they are

usable as receiver inhibits rathcr than

transmitter inhibits.
Re(eivc Dal!. (2 prns. inplrls. acli!e
high.)
Transmit Data. (2 pins. outputs' activc

high.)
Receiver Clocks (inputs, active low )
(Two pads, one per channei. See notc

on Bonding Option.) Clock may be x1 '
xl6. x32 or x64 the data Iate in asyn-

chronous rlodes.
Transmitter Clocks (inputs, active high.)
(Two pads, one per channcl. See note

on Borrding Option.) May bc xl. x16.
x-12 or x6,1 baud rate, but same rrulti-
pliet nlt.st be rLrscrred r. [,'r teccirp'
The TxC and RxC inPuts are Schmitt-
trigger bu11ercd, iot relaxed rise and
lall tune requir ements.

Request to Send (2 pins, outPuts.
active low.) Wren the RTS bit is set.

the RTS- pin goes iow. Wren the bit is

rc:el in rs1 nclrtotruu\ nlu(le. lhe Pir
goes high, but only after the tr arrsrnit-

ter is empty. [n synchronous modes,

ETS is a sirnple output which strictly
follows thc stale of the RTS bit.
Data Terminal Ready (2 pitrs, outPut,
active low.) Pin lollows state program-

med with DTR bit. (Two Pads. one

per channel. See note on Bonding

Option.)
External Character Synchronization
(2 pins, input/outPut, active low )

lf the External Synchronization node
is selectecl, assernbly of cllar acteLwill
begin on the next rising edge ol RxC.

ll internal character sync rnodes are

selecied. the pins are outputs that arc

active during part ol'the clock cycles
that a sync cliaractet is recognized.

The sync conditittn is not latched. so

this pin will be active evcrY time a

sync pattern is recognized. regrrdless

of charactcr bourdaries. Il asytlchro'
nous modes. these pills are simple
inputs to the Hunt/Sync bits in Status

Register 0 and may be used for anY

input function desired.

NOTE: When used as 4n external syn-

chronization pin, it rlust not becomc
active lor threc systctn clock cy-cl*
after the previous rising edgc of RxC.

This r equirement normally can bc rret
by allowing SYNC tmhange onlY or
the lallirrg edge ol RxC.

sro/1

MODEM
CONTRO:

l

Rrs,q.,nTsB-

prna.Drns

svr'rcn,5vNcs

sto

27

26

25

fuaa
TrDA
T#
ancA
w7B DYA

uia
-r.
oilA
DE6I

BxDB
ufic
TxDB
SVNffi
w7ffi

R-SB

-rsoTm
6am

2A

f-ct p

f cHB

Note on Bonding OPtion:
Due to package constraints, thcre are onlv tE:lgs

available for the three signals, 1'xCB' RxCB and D l-RB'

Itrey are norma\ bonded so that-l-xCB and RxCB arc one

pin.-ancl Rxlx-B and tlTR-ts is an available output' [f
iherc is a requirement for dilferent clock.rates or phases for

R-rCB and lrCB, ther tnar hr bunded rndeP(ndentl) h\

sacrificing DTItB.

crIa,Crsn

uco,q,, ocDE

RTDA.RxDB

TxDA.TxDB

Rx( A.R'aE

Tx-a1.TxC-B-

sro/0

nxfxCe---- t --
TxDB----- O-

orne-----o-

OPTIONAL
BONDING
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nrCA

- TxCB

TxDB

SIO Architecture
A block diagram ofthe SIO is shown in Figure 8. The

internal structure includcs a 28O-CPU bus interface. inter-
nal control and interrupt logic and two full duplcx channels.
The interrupt control logic determines which channel and
which device within the channel is the highest priority lor
purposes of thc automatic interrupt vectoring. Priority js

lLXed with Channel A assigned higher priority than Channel B
and the Receiver. Transnritter and External/Status assigned
priority in that order within eaoh channel.

The channel logjc is shown in block lornr in Figure 9.

Flach channel has livc 8-bit control registers. two 8'bit
status registers and two 8-bit sync character registers. The
inten upt vector is written into an additional 8-bit register
in Channel B and may also be read thru that channel. The
receiver has three 8-bit bulfer registers in FIFO arrange-
ment in addition to the 8'bit input shift register. The trans
rnitter has orre 8-bit buffer registcr in addition to the 8-bit
output slrilt regisler. The CRC generator/checkers are I 6-

bit shil t registers with appropriate internal feedback (pr o-
grammablc) for two dillerent CRC codes.

Fis.9 - CHANNEL BLOCK DIAGRAM

Pin Description
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D6

D1

D2
D3
D4

D5
D6
D7

c
FESET

MI
l6RO

m

f5v
GND

IEI
IEO

INT-

CPU

BUS
DATA

sto
CONTROL

CPU

DAISY
CHAIN
INTEHRUPT
CONTBOL

N
lEl

tEo{
34

CID B/A

rro re

eE
MI

Do-D,

B/E

C/D

roRo

FD

a
RESE_T

System Dxta Bus (bidirectional, tLi-
state)
( lrrrnel B or A rclccl (rnnur \iBlr is

Channel B)
Cun(rol ,'r Drtr .ele. r (itrput lriglr i:
conlrol)
Chip Enable (input, active low)
Machine Cycle One Signal from 280-
CPU (input, active low)
Input/Output request l'ron 280-CPU
(input, active 1ow)
Read Cycle Status lrom the 280-CPU
(input, active low)
System Clock (input)
Reset (input, active Jow) disables both
receivers and transmitters. IxDA and
TxDB are forced marking. Modem con-
trols are forced high. Control register s

must be rewritlen after SIO is reset and
before any data is transmitted or re-

.cited. All intcrrupts arc di.abled.
Interrupt Enable ln (input, active high)
Interrupt fnable Orrt l,,s1pg1. r.,;r.
high t lfl rnJ ILO t'urnr a dai:1 -.lrarn
connection for pr iority interrupt
cortrol.
lnterrupt Request (output, open
drain, active low).

w

-vvWw

280-sto

DEIECT

CHANNEL
CONTROL

&
STATUS

atT

BIT
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I

Timing \{aveforms

I{RITE CYCLE

Illustrated here is the timing associated with a data or
control byte being written into the SlO. 280 Output In-
structions satisfy this timing.

INTERRUPT ACKNOWLEDGE CYCLE
Some time after an interrupt is requested by the SlO, the

CIPU will send out an interrupt acknowledge (M l- and i6RQ.)
During this time, the interrupt logic of the SIO wi.ll deter-
mine the highest priority function which is requesting an
hterrupt. To insure that the daisy chain enable lines stabil-
ize. channels are inhibited from changing their interrupt re-
quest status whep frii is active (tow1. tfine StO i, rt,.iigl,-
est pfiority device requesting an interrupt, the SIO will
plm the appropriate inrerrupt vector on the data bus when
IORQ goes active.

RETURN FROM INTERRUPT CYCLE
Ifa 280 peripheral device has no interrupt pending and

is not under service, then its IEO = IEI. If it has an interrupt
under service (i.e. it has already interrupted and received an
interrupt acknowledge) then its IEO is always 1ow, inhibit-
ing lower priority chips from interrupting. If it has an inter-
rupt pending which has not yet been acknowledged, IEO
will be low unless an "ED" is decoded as tite firs1 bvte of
a two byte opcode. ln this case, IEO will go high until the
next opcode byte is decoded, whereupon it will again go
low. lfthe second byte ofthe opcode was a "4D" then the
opcode was an RETI instruction.

EE

tu

m

Tl

READ CYCLE C-

The timing associated with reading data or a status reg-
ister within the SIO is iliustrated here. 280 Input instructions roRo

satisfy this timing.

M]

ra rt lz ll

rEr

lEo

-------J

Alter an "ED" opcode is decoded, only tlre peripheral rFr =device which has inGrrupted and is currently under seryice -,.:l 
lEo' If the next opcode byte decoded is "4D"' this

will have its IEI high and its rso f"*. ih,'r'd."t;;;;;; 
"- peripheral device will reset ils "interrupt under service"

highest priority deiice in rhe drlt"hri;;h;h;^ *""ir ' condition'

ed an interrupt acknowledge. All other peripherals have wart cycles are allowed in the M-i cycles.

Operation Of SIO

Daisy Chain Interrupt Servicing
Thc iollowing illustration is a typjcal nested interrupt

sequence which nlay occur in the SlO. ln a system with
several peripheral chips. thc other chips may be included in
the daisy chain with either lrigher or lower priority tlran the
SIO channels.

ln this sequence. the transnitter of Channel B interrupts
and is granted service. Whilc it is being serviced. an external/
status iilterrupt l rcnr Channel A occurs and is granted

service. The service routine for the Channel A interrupt is
completed and either the RETI instruction is executed or
the RETI command is written into the SIO to indicatc to
Channe! A that the external/status inlerrupt routine is
complete. At this time, t!re seryice routine for the Channel
B transmitter is resumed. When this routine is completed,
another RETI instruction is execuled to complete the
serlice.

CHANNEL A
CHANNELA CHANNELA EXTERNAL/
RECEIVER TRANSMITTER STATUS

CHANNEL B CHANNEL B
RECEIVER TRANSMITTER

CHANNEL B
EXTERNAL/

STATUS

+

Hi Hi Hi Hi Hi Hi Hi

1. Priority lnterrupt Daisy Chain before any interrupt occurs.

+ UNDER SERVICE

Hi Hi Hi Lo Lo Lo Lo

2. Channel B's transmitter interrupts and is acknowledged.

+ SERVICE SUSPENDED

Hi Hi Hi Hi Hi Lo Lo

3. External/Status oI Channel A interrupts suspending service of Channel B
transmitter

+ SEBVICE RESUMED

Hi Hi Hi Hi Hi Lo Lo

4. Channel A External/Status routine complete. RETI issued, Channel B
transmitter service resumed.

SERVICE COMPLETE

Hi Hi Hi Hi Hi

tEt tEo tEt tEo lEl tEo lEt tEo tEt tEo tEt tEo

lEl lEo tEl tEo lEl rEo lEt rEo lEr tEo tEt

IEI IEO tEt tEo tEt rEo tEl tEo tEl I tE I tEO

tEr tEo rEl rEo rEt rEo tEt rEo tEt tEo lEt I

lEt I tEt tEo IEI IE IEI IE tEt rEo tEt tEo

5. Channel B transmitter's derive routine complete, second RETI issued.

Hi
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Operation Of SIO (continued)

Operatio!r of the SIO is determined by the contents of
the contr ol registers. These rrust be programmed before any
operations can be perfornred by the SlO. Some oommands
and mocles may be changed during operation. The device
status registers can bc read at any time.

ASYNCHRONOUS MODES
The receiver porls are quadruply buftered, i.e. there are

three storage registers in addition to the input shift register.
This allows additional tirne l'or the CPU to service an irter
rupt at the beginning o1'a block of high-speed da{a transfer.
The error flags are also quadruply bullered and are loaded
at the same tinre as the character. Tlre Receiver Over run and
Parity Error tlags are not reset unless an Error Reset, (latches)

Conrmand (Command 6)is issued. [,nd of [irame and CRC/
Framing crror aiways retlect the state ol' the char acter cur-
rently jn the bufler and are not reset by error reset. Thus,
when the error status is read, it will reilect an er r or in the

cur rent word in the receive bufler in addirion to any parity
or overrun errors reccived since the last Errof Reset.(latch-
es) Conrnrrnd. In orCer 1o keep correspondence between the
state of the error buffer and the contents of the receive

registers. the status register should bc read bel'ore the data
(see exceplion ). This is easily acconrplished il the vectored
interrLlpts are uscd since a special interrupt vector is gen-

erated Ior errors or end ol llame.

If the status is read after the data is read. the error data
lor the next data wor d will also be included if it has been
slacked ir the buffer. If operations are being performed
rapidly enough so that tire ncxt character will not yet be
received, then the status regisrer will rernain valid. The ex-
ception occurs whcn the "Receive lnter rupt on First Char-
acter Only" mode is selected. A speciaL inter rupt in this
mode will hold error data and the character ilself (even if
reacl from thc bulfer) until tlte Error Resel, (latches) Clom-
nrand is issued. This prevents {lr ther data l'r om bccoming
avrilable in 1he recciver until the Resel is issucd.

If the Interrupt on Every Character mode is selecled, the
ilterrupt vector wili be dilferent if error states ex]st in the
status register. If receiver overrun should occur, despite the
quadruple buflering, the most reccnt character received rvill
bc loaded. lhe.lraraeter prccedinp it uill be losr. Wlrcrt tltc
charircter whch has been written over otlrer characters is

read, tlre Overflow bit will be set and tlie "Special Receive

Conditior" vector returned if "Slatus Affects Vector" is

enabl e d.

It is possible to use the SIO in a polled envirorment. Tlris
requires rlonitoring ol tllc "Rcceive flharactet Avaihble"
bit to know when to read a character. Tliis bi1 is reset autG
natically when the recejve bullers arc all enpty. The "Trarts-
mi1 Builcr Enrpty" bit is higlr whenever the transrrit bul'fer
is cmpty. [n pol1ed operation. i1 should be checkcd belor e

writing drta into the trausnritter to prevent overwrititlg rli

MARKING LINE START

TRANSITIONS OCCUR
ON A FALLING EDGE
oF Tte.

TIiANSN'I ISSI0N

r\ drlr chrrrclcr r.nl bl llle SIO will be rsscrubletl rs
lollrru,s in rs\nclrrororrs nrrxlcs:

Irlle stirtr (ro clLrrlctcrs bcing scil1) is r trarkittg littr'
(lril:ll) urrlr'ss r brerk lrrs bcen p(rqranrnrcd rn tlte corlrol
rc-{isler. irr rvlriclr crsc. thc lirc w,ill rcrnain sprcing urlil
llla 'sc1rd brcrk corurrrntl lrrs br'en rcnrovcd ()r tlrc chip
is rcsc1.

Trlnsnrrssion crrnr)t bL'qir rrnlcss thr' Trarsrrit lrrrblc
r"i.. llrl,..\r'11 11,1,.,,..r, ...1' .l.t'.,t l\
lrust hc low rs ucll. ll tlre i I)ilrtclllrrclcr [rr](le is sclccted.
lher rrrrrrsed bils (l)r. I)/. lrrrrl I)-- ) rrLrst bc;crr, rf ar.ll drllr
lt\ 1e \{r rttar Lntr) llre SlO.

STOP MARKING LINE

N = 5,6,7 OR 8
1, 1% OR 2 BITS

MAY BE PRESENT OR
NOT, EVEN OR ODD

RECEIVING

Asynchronous reception rviJl begin when the Receiver
Enable bit is set. [f t]re Auto Enables option is selected, the
DCD must be low as well. A low (spacing) condition on
RrD indicates a start bit. If the low persists for tl bit time,
tire start bit is assuned to be valid and the data input is then
sampled al mid-bit time until the entire character is as-

sembled. This rrethod ol detecting a starl bit improves error
reiection when noise spikes exisl on an otherwise marking
line. tl the X1 clock mode is selected. bit synchroniration
must be accomplished externally.

dxt x.

ASYNCHRONOUS FORMAT
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Do D1 DN PARITY

Synchronous Modes

The various synchronous modes all require a x1 clock
for transmissimtd reception. Data is sampled on the
rising edge of RxC. Transmitter data transitions occur on
the talling edge of Txe.

ln all cases, the receiver is in a hunt mode after a reset
(internal or external). The hunt can begin only when the
receiver is enabled. Only when character synchronization
has been achieved can data trans[er begin. lf there is a loss
of character synchronization, the ltunt mode can be re-
entered by writing a control word with the "Enter Hunt
Mode " bit set.

The differences in operation of the monosync, bisync
and external sync ntodes are only in the manner in which
initial synchronization is achieved. Note: The mode of
operation must be selected belore the sync characters are
ioaded, sirce the regislers are used differently in the various
rn od es

MONOSYNC; (E-BIT SYNC i\.{ODE)
N'lalching o1' a single sync chal acter. prograrnrned into

Write register 7. implics chrracter slnclrronization, which
cnables data transler.

BISYNC: (16-8IT SYNC |\4ODE)
Matching of two adjacent sync characters programmed

in Write Registers 6 and 7 implies character synchroniza-
tion. ln both monos) nc and bisync modes. the SY\t pin
will be active (low) any time the sync character sequence is

deteoted and will remain low for the clock cvcle in which
it is detected.

EXTERNAL SYNC MODE
In thimode, character assemblv begins on the llrst rising

edge of RxC after the SYNI pin becomes active (low). It
should be held active for at least ore complete clock cycle.

ln Monosync, Bisync and External sync modes. assembly
will continue until the SIO is reset (either internally or with
the Reset pm) o until the receiver is disabled (by corrmand
or wilh lhe DCD pin in the ALLto Enables Mode ) or until the
CPU sets the "Enter Ilunt Mode" bit.

After initial synchronization has been achieved. the
Monosync, Bisync, and External Sync modes are very similar
Any differences will be noted in the followirg. which is
meant ro rp1rl1 to rll tlrree rrrude.

SYNCHRONOUS FORMATS

MONOSYNC MESSAGE FORMAT (lnternal Sync Detect)

BISYNC MESSAGE FORMAT (lnternal Sync Detect)

DATA FIELD

EXTERNAL SYNC DETECT FORMAT

DATA FIELD

\'7

SYNC
ARACTE

cRc
CHARACTE

#1

cRc
ARACTE

#2

SYNC I

CHARACTERI
#1 I

SYNC
CHARACTER

#2

cRc
CHARACTE

#1

cRc
HARACTE

#2

1""

CBC
CHARACTER

#1

cRc
ARACTER

i2

r

-_-_-1}_-DATA FIELD

t,



Synchronous Modes (continued )

Synchronous Modes (Except SDLC) Transrnission:

A. Delault state (after a Reset or transmitter not enabled)
is a marking Iine. Break may be programmed to gener-
ate a spacing line. which begins as soon as programmed,
regardless of the contents of the send register. With the
transmitter elabled, and after modes have becn selected,
default is continuous transmission oi the 8 or l6 bir
sync chatauter.

B. Several Lrterrupt modes are possible:

1. Transmit interrupts enabled - every time that the
transmit buffer becomes empty, an interrupt will be
generated if the "Transmit Interrupt Enable" bit is
set. The interrupt may be satisfied by either writing
another character into the transmilter or by resetting
the Transmitter lnterrupt pendirg latch with the
"Reset Transmitter Interrupt Pending" command
(Command 5). Il the inlerrupt is satisfied with this
command and nolhing more is written into the trans-
mitter, there will be no l:urther transmitter interrupts,
as it is the btffer becoming empty that ca uses the
interrupt. When another character is written, the trans-
mitter car again become empty and interrupt again.

2. External/Status interrupts enabled Il the Externa/
Status Interrupt Enable bit is set, Transmitter con"
ditions such as starting to send CRC characters, start-
rng ro send Sync (haraiters. and CT.S- changing starc
cause interrupts, which havc a urique vector if "Status
Affects Vector" is set.

3. All inlerrupts may be disabled for operation in a polled
mode or to prevent interrupts al inappropriate times
in a program's execution.

C. ll CRC is not enabled, sync characlers will automatically
be inserted when the transmitter has no data tcr send. An
inter rupt is generated only after the first automalically
inserted sync characler has been loaded. If CRC is enabled,
the first tine the transrnitter has no data io send, the i 6-
bit CRC is automatically sent, foJlowed by sync charac-
ters. While sending CRC. the "Sending CRC/SYNCS"
bit is set and the "Transmit Buffer Empty" bit indicales
1u11. CRC is not calculated on the automatically inserted
syrc characti:rs, but it will be calcuialed on any sync char-
acter sent as data unless the CRC generator is disabled
wlien that cliaracter is loaded to the transmjl shift regis-
ter from the transmit buffer. When the CRC has been
serrt. tlrc -'Transmit But[er fmptv bit goe. high again-
and an interrupt is generated 10 indicate that another
message can begin. Control o1'lhe CRC generator may
prooede as follows:

The CRC gctreralor should be reset tly issuing tlte
"RESF.T TRANSMtT CRC CL,NERA'fOR" Command.
before anv data is ioadcd. Alter CRC and the entire
transnlitter is erablcd. data nay bc loaded. Beforc CRC
is to bc scnt (bul alter the first data lras been loadcd).
the CRC/SYNC SENT/SENDING ilag rlusr be reset
WiIh the ..RF,SET CRC/SYNC ST]NT SENDINC"
Conr nra n d

Because sending of the CRC is inhibited when the CRC/
SYNCS SENT/SENDING flag is set, the SIO can be used
to automatically insert fill characters within messages
instead ol'automatically sending the CRC. CRC is not
calculated on syncs automatically inserted and when the
end of the message is reached, the flag can be reset, thus
allowing the CRC to be sent.

D. lf the transmitter is disabled while a character is being
sent, that cllaracter (whether Data, CRC or SYNC) will
be sent as trormal but will be followed by a marking line
rather than CRC or sync characters. A character in the
buffer when the transmitter is disabled will remain in the
buffer. However, a programmed break will be effective
as soon as it is wrilten into the conlrol register. Cha.ac-
ters beitrg transmitted, if any, will be lost.

E. In all modes, characters are sent low-order bits first, ie.,
Do before D,, etc. for as many bits as are programmed.
This requires right-hand justification of data to be trans-
mitted if word length is less than 8 bits. Ifword length
is 5 bits or less, the special technique described in the
"Transmit Bits/Chai'section must be used l'or the data
format.
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Synchronous Modes (Except SDLC) Reception:

A. After programming the mode and sync ciraracters (in
that order), the receiver may be enabled. It will then be
in the Hunt Mode and will stay in that mode until:

1. A match is made with a singJe sync character (mono-
sync mode) or

2. A match is made with a dual sync character (BiSync
mode) or

3. The external SY'ile pin js ibrceci low. tn case s (l )and
(2) the external SYNe pin is an output which incli-
cates that characler synchronlzation has been achieved
In case (3) it is an input.

B. Character assembly begins after sync has been achieved.
Four interrupt modes are possible.

1- No interrupts etrabled for a purely polled operation
or for "of[ line" conditions.

2. Interrupt on first character only. This mode would
normally be used to starr a software polling loop or
a block transfer instruction using ttre WaITEEIDY
output to synchronize the CPU to the itrcoming data
rate. tt coirld also be used with a DMA rlevice. In this
mode, the SIO will interrupt on the tlrst character and
thereafter will only interrupt if errors are detected.
The mode is reset with the "Reset Receive Interrupt
on First Character" command (Command 4).

The ilrst character received after this command is
issued will also cause an interrupt. If External/Status
interrupts are enabled, they may interrupt at any
1ime. Parity errors do not cause interrupts in this
mode, but End-of-Frame (SDLC Mode) and receiver
overtun do cause interrupts.

3. Interrupt on everytharacter- whenever the receiver
buffer has a character an interrupt is generated. Error
and special conditions generate a special vector if the
"Status Affects Vector" modc is selected. A parjty
error may optionally not generate the special vector.

C. CRC checkirg generation rray bc used in the synchro,
nous modes.

l. Calculation of the CRC on a particular character
begins 8 bit times after the word has been transferred
to the receive bufler. If CRC is enabled before rhe
next character is translerred to the receive buffer.
CRC will be calculated on rhe character. Ii CRC is
disabled before the tine of the next transfer- cal.rrla-
tion will proceed on the word iI progress, but the
word just transferred to the buffer will not be include
This allows starting and stopping CRC checking on
the various clraracters employed in BiSync.

2.. The CRC may be enabled and disabled as many times
as necessary for a given calculalion.

3. CRC Codes are selected during the mode selection
process. Either the CRC-16 polynomial Xr6 + Xrs +
X2 + I or the SDLC polynomial X16 + X12 + Xs + 1

may be rrsed. In all except SDLC mode, the CRC cai-
culator and checker are reset to all 0's. Transmitter
and receiver must use the same polynomial.

,1. In Monosync, Bisync and External Sync nrodes, the
CRC/FRAMING ERROR bit contains the result
of the comparison of the CRC checker to "a1J zero1"
I 6 bit times after the character has beer loaded fronr
the reccive shift regisler to the bulTer. The cornpari-
son is made wilh each load and is vaiid only as long
as the characler remains in the buffer. ll time in
creases down the page, then the following holds:

Character "A" loaded into the buffer

Character "B" loaded into the buffer...
If CRC is disabled before "C" is in the buffer it will no
be calculated on "B".
Character "C" loaded into buffer...
After "C" is loaded the "CRC FRAMING ERROR"
bit shows the result of the compar ison tftra Cltaracter

Character "D" loaded into buffer...
After "D" is in buffer, the CRC ERROR bit shows
the result of the comparison thru Character "B".
Because of the serial operation of the CRC calculation.
the receiver clock (Rie) must go through 1 6 cycles
alter the CRC character has been loaded inlo the re-
ceive buffer (20 cycles alter the last bit is at the SIO
RrD pin) before the CRC calculation is complete.
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Synchronous Modes (continued)

DATA
,,|,,

SDLC MODE TRANSMISSION :

A. Nornall_v. the CRC gcre rator should be reset (wi1h the
"Reset Transmil CRC Cenerator" command) bclore a

data block is transntitted. Reset may occur any time
alTcr the CRC of the previous mcssage has been sent.
During tlre tinrc that CRC is being sent. the CRC SYNC
SIINT/SENDINC tsIT WtLL BE

SDLC MODE TRANSMISSION:

A. Nornrally. the CRC generator slrould be reset (with the
"Reset Transmit CRC Ccnerator" command) before a

data block is tr ansmitted. Reset may occur any tine
a./7er the CRC ol the prevrous message has been sent.
Dur ing the time that CRC is being sent, the CRC/SYNC
SENT/SENDING bir will be set. but the TRANS
BUFFER IMPTY bit will not be set. After the CRC has
been sen1. the TRANS BUFFER EMPTY bit is set again,
which will caLrse an interrupt signifying that the CRC
has been sert. il'transmit interrupts are enabled.

B. The idle device state (if the transnitter is enabled) is
continLlous llags being trensmitted. [f the transn]itter is
not enabled, a markirg line is sent (idle line state).

C. An abort sequencc may be sent by issuing thc "Send
Abo11" command (Conrmand I ). This causes at least 8

but less thau l.l one's to be sent before the line reverts
to continuous flags. Any data being transmilted and
any data in the transntit bufler will be lost.

D. One to E bits per character may be selt. See the Regis-
1er Description olWrile Register 5, Transmit Bits Char.
lor an explanation of how this is accomplished. Since
the number o1'bits/character may be changed "on the
11y", this l'eature nay be used to fill a data field with
any number oI bits. When used in conjunction with tlte
Receiver Residue Clodes, the SIO rnay receive a message

oi any number ol bits length and retransmit it exactly
as received with no previous infornation iibout the char
acter structure ofthe I-l'ield (ilany). A change in the
nunrber of bits/character will nol affecl the character in
the process of being shilted out. Characters will be sent
with 1he rrumber ol bils programmed at the time that the
character is loaded fronr the bul'l'er to the transmitter.

TRANSMISSION
SDLC/HDLC Message Format

FI ELD

E. As in other synchronous modes. the two byte CRC
sequence will be sent automatically when the lransmilter
has no rnore drta to send. i.e. when tltere is no character
in the transrnit bufter and tlle transmit shift register is

empty. When the CRC scnding begins. the CRC/SYNCS
SENT/SENDINC bit is set and a stalus clrange intcrrupt
js generated ifexternal/status illerrupts arc enabled.
'I'hrs rray be used as a lransrnitler undcrrun indication.
After the CRC has been senl. the linc reverts to continu'
,,u' fla!..utll,'ttt .ltrrrd /ctu:. i.e....
0t 11 1 1 1001 I I I 1 10011 1 1 I 100....

I

Control of the CRC generator may proceed as lbllows:

0. Set up necessary mode (only at initial power on)
l. Reset CRC generator
2. Write first 2 byles of data (i.e. address and or con-

trol bytes)
3. Reset CRC/SYNCS SENT/SENDING bit
4- Write resf of data
5. After data is complete, CRC & flags will be sent

automatically, and this sequence can repeat from 1.

F. Extra zeros are automatically inserted in the data stream
where required to fuliill the requirement of 5 ones maxi-
mum in a row, except for flags or aborts.

G. When SDLC mode is selected, Reset of the CRC gener-
ator is actualJy a preset to all 1's. The SDLC CRC code
must be selected.
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cRc
#1

CRC
#2

FLAG
01111110

FLAG
01 111110

ADDRESS
8 BITS

DATA
,,|,,

SDLC OPERATION. RECEIVER

A. Data transfer beings witir the first non'ilag character
received after at least one flag (01 I 1 I I 1 0) has been
received if Address Search Mode lias not been enabled.
lf Address Search Mode is enabled, then a flag rollowed
by either the programmed address or lhe gJobal address
(l I 1 1 I 1 1 1) is required be1'ore data transltr will begin.

l. If interupts are disabled, the presence of characters
in the receive bul'fer can be detected by obserying the
Receive Characler Available bit in Read Register 0.

2. ll the "lnterrupt on First Character Only" mode has

been selected, this would normally be used to initiate
a block transfer. If the length of the message is un-
known. the "special condition" ([rnd of Frame) inter'
rupt may be used to exit the instruction or software
loop. The "Reset Interrupt on llrst character" com-
mand (Command 4) must be issued before an inter'
rupl for a lbllorving block's first character can be
operated.

3. Flags are not transferled. The extra zeros inserted in
transmission are automatically dcleted.

,1. Aborts are detected as 7 or nror e one's and cause a

slatus interrupt (if enabled) with the Break/Abort bit
set in Read R€gjster 0. After the "Reset External/
Status lnterrupts" comnand (Command 2) has been
issued, a second interrupt will occur when the con"
tinuous one's condition has been cleared.

B. In SDLC mode. control of the receive CRC generator is

automatic. l1 is reset by the leading flag and CRC is cal-

culated up to the liral tlag. The byte which has the
"End-ol.Frarne" bit sct is the byte which contains the
result ol'tlre CRC check. Il the CRC/F-raming Error bit
is rot set, then the CRC ittdicatcs a valid message. A
special check sequence is used for the SDLC check be-

cause of the preset to all one's. The final clreck must be

00011r0100001111.

FIELD

C. Character length may be changed "on thc t1y." [f rddress
and control bytes are processed as E,bit charac-ters, the
receiver may be switclled to a smaller character length
during the time that the first information character is
being assembled. This change must be rnade quickly
enough so thal it is eflective before the Iumber o1'bits
specified have bcen assembled, i.e.. if the change is to
be iiom the 8-bit control to a 7-bit inlbnration field char-
acler length, the change must be tlade belirrc the iirst
7 bits ol the l-field have been assembled.

D. lf address search mode is not used, or if ntessages have
multi-byte addresses, an unwanted message teed not be
compleleJy read by the CPU. Once the determination
lrr. been nraJe rlral rhe tnessage i. not needed. wririrrg
the "Enter Hunt Mode" bit will suspend receiption until
another message headed by a ilag has been received.

E. \44ren the trailing flag is received, an interrupl with a

special vector is generated (if enabled). This signals tltat
the byte witli the "End ol Frame" bit se1 hrs been
received. [n addition to the results ol the CRC check.
Read Register t has 3 bits of Residue Code valid at this
time. For those cases in wliich the number ol bits in the
t'field is not an integral multiple of the character length
used, these bits indicate the boundary between the CRC
check bits and the l-tleld bits. For a detailed description
ol the meaning of these bi1s, see the description of the
Residue Codes in Read Register l

F. Parity checking may be used on data in the information
lield only il'5-7 bi1 characters are used and only il a hall-
duplex prolocol is being used. (Theie are no separate
conlrols for parily on the receiver and transntitter so
parity cannot, for example, be simultaneously disabled
lor transmitting an 8-bit address and enabled tbr receiv-
ing a 5-bit I-field characler).

RECEPTION
SDLC HDLC l\4cssrge Forrnrt
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FLAG
01111110

ADDRESS
8 BITS

CRC
#1

cRc
#2

FLAG
01111110



SIO Programming

General
The 280-SlO is a multi-function peripheral comg:-

nent specifically designed to satisfy a wide variety of serial
data c()mmuni(ation. rer]uirements in microcomputer sys-

tems. lts basic role is that of a serial to parallel, parallel to
serial converter/controller but within that role it is configured
by systems Software programming so that its function or
"permnality" cm be optimized for a given serial data
communications application.

'Ib progrm the 280-5IO the systems software issues
a series of commands that initialize the basic mode of
operation desired and other commands to qualify conditions
within the mode selected i,e. Stop Bits, Bits/Cha1 Sync
Char etc. The commd structure of the 280-SIO is designed
to take advantage of the powerful 280 BLOCK I/O instruc-

tions to simplify programming, minimiz-e overhead and
optimize CPU inleracti,'n activitier.

Each of the two channels of the 280-SIO contain
commmd registers that must be programmed via system
software prior to functional operation. Thc channel select
input (B/A) md the control/data input (C/D) are rhe com-
mmd structure addressing controls, normally contrclled by
the address bus of the 280 CPU.

c/D B/E

0

I

0

I

0

0

I

I

Chmncl A Data

Chm.el A Commmds/Siann

Chmnel B Commmds/Sratus

Write Registers
The 280-SIO contains eight (8) registers that are

programmed (written into) by the system software to con-
tigure the functional personality of each channel. All Write
Registers, with the exception of Write Register 0, require
two bytes to be proprly programmed. The fi6t byte con-
tains 3 bits which point to the selected register (D0-D2) the
second byte is the actual control word that is being written
that re8ister to configure the SlO.

Write Register 0 is a special case. RESET (either
intemal commmd or external input) will initialize the SIO
to Write Register 0. All basic commands (CMD2-CMDO)
md CRC controls (CRC0, CRCI) can be accessed with a

single byte using Write Register 0.

Contained in the first byte of any Wrile Register
access are the basic commands (CMD2-CMD0) and the
CRC controls (CRCO,CRCI) so that maximum system con-
trol and flexibility is maintained.

WRITE REGISTER O WRITE RECISTER I

INT ENABLE

STATUS AFFECTS VECTOF

r srND aBoRr tsotct
O RESEi TXT, STATUS INTERRUPTS

1 FESEI ITINT PENDING

1 RETUBN FAOM INT lCB,A ONIY)

BT INT ON F RST CNAFACTER ONLY EBNOR
INI oN ALL Rr cHARACIEFS (PAA IY AFfEcTS VEcTOR)
INT ON ALL Ft CHARACTEBS IPABITY OOIS NOT AFFECT

Write Registers (continued)

WRITE REGISTER 2 WRITE REGISTER 3

ADDRESSSEARCH MODI ISOLC)

WRITE REGISTER 4 WRITE REGISTER 5

O I'STOPBIIS/CHARACIEF

O 3 BII SYNC CHARACIER

0 h5almloBrEssr/cHAnacrER
I Tr 6AITS/CHARACIIR
O TT 7 AITS/CHARACT€R

1 EXTEFNAL SYNC MODE

WRITE REGISTER 6 WRITE REGISTER 7

SYNC BII 2

ffi

I lllllL_- l,tillli,lI lll-:#::ill1l
I I .-:Jffi:ii[,

.FOR sDLC II MUST BE PFOCBAMMED
TO O]]]1110' FOF FLAC RECOGNII ON
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RESET Rr CBc cHEcKEB
BESEI IX CBC GENENATOF
BESET CRC/SYNCS SENTlSENDING LATCH

z 80-sl0

I

I

1

1



SIO Programming (continued)

Read Registers
The 280 SIO contains three (3) registers that cm be

read to obtain the status of cach channel. Status information
includes error conditions, interrupt vector, and standard
communication interface protocol signals. To read the
contents of a selected Read Register the system softwarc
must first write out b the SIO the byte containing pointer
infonnation (D0 D2) in exactly the same nlanner as a Write
Register operation. Then by issuing a READ operation the
contents of the addressed Read/Status Register can be read
by the Z8O-CPU.

READ REGISTER O

The real power in this type of command structure is
that the programmer has complete freedom after pointing to
the selected register of either Reading or Writing to initial-
ize or test that register. By designing software to initialize
the 280-SIO in a modular, structured lashion, the progrm'
mer can usc the powerful 280 BLOCK I/O instructions to
significantly simplify and speed his software development
and debug.

READ REGISTER I

3

5

3

READ REGISTER 2
CNC/FHAM NG EFFOR

I

I
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Register Description

Each channel contains the following control regrsters,
addressed as commands (not data):

Write Register 0, a command regtster:

Dr

CRC

Code
I

l)r, l)s l)q l)r l)t
( R(
R(\.( ( VI) ( NIl) ( MI) P\ I

0rt0l

l)r I)O

P\I I'\I

l0

COMMAND 4 (Reset Receive lnterrupt on First Receive
Character.) If the "interrupt only on first
rrcive character" mode of operation is
programmed. it nffids to be reactivated
after each complete message is reeived.
in preparation for the next mcssage.

COMMAND 5 (Reset Iransmittcr lnterrupt pending.)
The transmitter will interrupt when it
becomes cmpty if the',interrupt every
character" mode is selected. ln those cases
when there are no additional characters to
be sent, issuing this command will prevent
further transnitter interrupts (i.e. until
after the next character has been kradcd
into the transmitter.)

COMMAND 6 (Error Reset, latches.) Parity and over-
run errors are latchcd in Read Register I

until reset with this command. ltris allows
enors ocuring in block transfers to be
examined only at thc cnd of the block.

COMMAND 7 (Return liom Intenupt.) This cornmand
(which must be issued in Channel A) is
interpreted by the SIO in exactly the samc
wav as it would interpret an RETI C'om-
mand on the data bus, i.e. it would reset
the lnterrupt Undcr Senice latch of the
internal tlcrice {rcrrver. lranrmiller, cle.1
under seryice and thus. by means of the
daisy chain, allow lowcr priority devices to
interrupt. The internal daisy chain may be
used even in svstems with no external
daisv chain and no RUTI Command by
usc of this command.

CRC RESET CODE 0 (Do ) and CRC RESET
coDE I (D? )

Together, these bits specify three reset modes.

PNT0 PNT, (Do-Dr)

l-hese are pointer bits which tell the SIO into which register
the following bvte is to be written. The first blte written into
each channel after a reset (either by command or with the
external rmet pin) will go to write register 0. The by.te fol-
lowing a read or write to any register (not register 0) will be
to register 0.

CMD.) tO CMD, (DI-Ds)

These are commands:
Comm.ndCMD2 CMDl CMD6

Null Comrond (no allecr)

Send Abon (SDLC Mode)

Resel ExternaliSlarus Inrerup[

Resel Rseive Laerupt on Firn Character

Reset aransmiller lnterupt P€ndints

Error R5e1 (latches)

Retum from Inlerrupr {Channcl A only)

COMMAND 0 (The null command) has no all'ect. It's
normal use is to do nothing while setting
the pointers for a following byte.

COMMAND I (Send Aborr) is used only with the SDLC
mode to generate a sequence of 8 to 13
ones.

COMMAND 2 (Reset External,i Status Interrupts). After
an external or status interrupt (indicating
a change on a modem line or a break con-
dition, for example) the status bits of Read
Regtster 0 are latched. This command re-
enables them and and allows interupts to
occur. The latching allows epture of shoft
pulses on thc inputs until such time as the
CPU can read the change.

COMMAND 3 (Channel Reset.) This command perfoms
lhe:ame opcrali(,n as an external resct,
but only on a single channel. The Channel
A Reset also resets the interrupt prioriti_
zation logic. AII control registers must be
rewritten after this command- After this
command is written. four extra svstem
(@) clock cycles should be allowed for
the SIO reset time before any additional
commands or controls are written into
that channel ol the SIO.

0000
l00t
t0t0
-r0l

CRC Resel Cde 1 CRC Reset Cdc 0

Null (lilc (no rllecr)

Rs.r Rec.ir. ( l{( Chcckcr

It.\cr Lrnlnil ( 1t( (;cnernto,

l{.\rr ( R( S\ N( S lnr $ndLne t!r.h
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Register Description (continued)

WRITI REGISTER I contains the control bits for the W/RIADY on R/T (D.)
various interrupt and WAI'I i READY modes.

llo

Ext

D4 D3 D2

R.eive Reeive Siarus
i.lerrupt lnlerruPr Allects
Model Mode0 ve.lor

D1

T]XT IN'I ENABLE (DO)

External Interrupt Enable, allows interrupts to omur as a
result ol transitions on the DCD. CTS or SYNC lines or as

a result ol a Break Condition or the beginning of sending
CRC or sync characters.

TRANS INT ENABI,Ii (DI)

Transmitter Interrupt Enable. If enabled, interrupts will
occur whenever the transmitter buffer becomes empty.

ST,{TT]S AI.-T'ECTS VECTOR (Dr)

If this mode is selected. the vector returned from an inter-
rupt acknowledge cycle will be variable amording to the
following:

When the W/Ready line is enabled, this bit selects whether
it will be active when the receiyer is empty (bit=1) or when
the transmit buffer is full (bit=0).

READY FN/WAIT FN (D6)

Wren used with the CPU as a Wait line, this bit should be

programmed "0". When used with a DMA as a Ready line,
it must be programmed "1". The Ready function can occur
any time, regardless of whether the SIO is addressed or not.
The Wait function is active onlv if the CPU attempts to
read S[0 data that has not yet been received, as would fre-
quently occur if block transfer instructions are used with
the SlO, or tries to write data while the transmit buffer is

stitl full.

Also, as a Wait function, the output is open druin and oc-

curs from the negative edge of cD. As a Ready function, it is

actively drtven high and occurs from the positive edge of .D

WAIT/READY ENABL (I)I)

The Wait/Ready pin will remain high (Ready mode) or
tloating (Wait mode) until this bit is programmed to one.

WRITT] REGISTER 2

Write Registcr 2 is the intcrrupt vector register and it exists
only in Channel B. V.-Vr and V0 arc always returned
exactly as writtcn. Vr Vr arc returned as writtcn if the
"status Affects Vector". Clontrol bit is "0".

WRITE REGISTER 3

Write register 3 contairo control bits for some of the
receiver logic.

Dr D6 Ds D4 D3 D2 D1 Dg

RCVR l{( \iR E.lcr llEcvl{ Addru\ Srnc Char
Bns Bih Aub Hunl CRC Search t-oad ReaLrcr

( har 0 ('h,r I anlbLc\ Modr Edahl Mod. Inh hn Enabl

A "1" programmed here allows reciver operations to
begin.

SYNC CHAR LOAD INHIBIT (t)1)

Sync characters preading a mssage will not be loaded into
the receiver buffers il this option is selected. The CRC cal-
culation is not stopped by the sync character being stripped.

DO D5 D1

ah ll

ChA

i)l
t0
tl
0lr
l)l
t0
ll

Ch B Transmil 8ulf.r Empty

Ch B ExtcmaliStatus Change

Ch B Rcceile Charader Alailable

Ch B Special Receive Condition

Ch A [ransmn Bufler Empty

Ch A Exlernalrslatus ChanSc

Ch A Reeive Charadcr Available

Ch A SpL{ial Receile Condilion

It.(.i\er rr1(ilutl\ dUbl.d

R(.N. rnlcri!pt on lLAl.hxrxctcr

Int.nutl on rLL lirlei\. ( har!cl.r\
I'nrrr\ r1li.r\ \'.c!)r

1.r.,,!0r (nr rlL I<L!. r. ( h!,!.[,\
l']r, n\ .,,(i, 1,,.\ .rr rr'1..r \ .d.,

If this bit is 0, the fixed vector programmed in the vector

register is retumed.

REC INT MODI| 0 (D,). REC INT MODE I (Dr)

Receive Interrupt Mode 0 and Reeive lnterrupt Mode I

together specify the various character available conditions: RECEMR ENABLE (D0)

D4
REC IN I

\tot)L I

0

0

D3

REC I\ I

N]ODENl0t)i:
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ADDRESS SEARCH MODE (D,)

lf the SDLC mode is selected, this mode will euse messages

with addresss not matching the programmed addrms or
the global (l I I I I I I l) addrcs to be rejected, i.e., no inter-
rupts occur unless an address match occun if this mode is

selected.

RI,CVR CR(] ENABLE (DT)

Rereiver CRC Enable. If this bit is set. a mlculation of
CRC begrns (or restafts) at the starl ol the last character
transferred from the receive register to the bulIer stack
regardiess of the number of characters in the stack.

ENTER HUNT MODE (DI)

lf character synchronization is lost for any reason, or if in
SI)I-C rnode. it is determined that the contents of an incom-
ing mmsage are not needed, Hunt mode may be reentered

by writing a "1" to tttrs bil.

ALITO ENABI,ES (Dt)

lf this mode is selectcd, the DeD and elS inputs are

receiver and transmitter mbles, respectively. If the mode is

not selected, DCD and C'l-S are only inputs to their corr6-
ponding bits in Read Register 0.

RCVR BITS/CHAR I (I)6). RCVR BITS/CHAR () (t)r)

These bits together delermine the number of serial receive

bits that will be assembled to lorm a character.

lhese bits may be changed during the time that a character
is being assemblcd, if it is done bcfore the number of bits
currently prqgrammed is reached.

PARITY (DO)

If this bit is set, an additional bit position (in addition to
those specified in the bits/character control) is added to
transmitted data and is expected in rereive data.

PARITY IIVEN/ODD (DI)

If parity is specified, this bit determinm whether it is sent
or checked as even or odd parity.

STOP BITS 0 (Dr), STOP BITS I (Dr)

These bits determine the number of stop bits added to each

asynchronous character sent. The reaiver always checks
Ior one stop bil.

The special (00) mode is used to signify that a synchro-
nous mode is to be selected.

D3 D2
Stop Bils I Stop Bits 0

0 0 Sync Modes

0 I I Slop Bil Per Character

1 0 ll Sbp Bils Iler Characler

I I 2 Slop Bi6 I']er Characler

SYNC MODES O (D1), SYNC MODES (DS)

These select the various options for character synchroni-
zation:

Syn. Mode I Svnc Mode 0

0 0 E bil progammed sync

0 I 16 br programmed sync

I 0 SDLC Mode {01 1 I I I l0 sync parrem)

I I t\ternal Svn. Mode

ct.ocK RA'I'E 0 (r),,). clocK RATE I (r),)

Spccifies the multiplier between clock and data rates. For
synchronous modes Xl must bc specified. Any rarc may be

specified for the asynchronous modes. Ihe same multiplier
is used lor both the receiver and transmitter.

ln all modes, thc system cbck (Q) must be at lcast 4.5 X
thc data ratc. I1 thc Xl clock rate is selected, bit synchroni-
zation must be accomplished externally.

D6

Receiver BilslCharact(r I

0

0

I

1

D-
It.c.icr Bils charact.r 0

0

I

0

I

Bils'Chrracler

WRITE REGISTER 4

Write Register 4 contains control bits allecting both the
rcceiver and transmitter.

I)r DO l)i I)+ l): 1): 1)l l)o

( 1,,(i ( L,rl S\n! \\n. Sr,)n St.p l1i' r\
ll,Lr. l{r(r V,i,L,' Nl,nlr. ll r\ H r' } r.n l'r (\

t00lr odl

0

I

I

Clock

l)itr Rat( \ I ([)cl l{al.

I ),'r,' k,'r. \ 6 ( l,r'k llrl.
1).,rr lir[ \r] ('lo.[ R.rt.

l)rr,, ltrl( \ri ( l,\[ Itrr.

6'/

0

0

I

I



Register Description (continued)

D1 D5 D{

I ransmrt Transrni
Bilsi

DTR Char 0

WRITtr RtrGISTER 5

Write Reglster 5 contaim mostly control bits affecting the
transmitter.

TRANSMIT BITS/CHAR O (DI). TRANSMIT BITS/
CHAR t (D6)

'fhese bis together control the number of bits that will bc
sent from each b).te transfered to the transmit buffer.D4 D3 D2 D1 D6

3?Lil Rrs ;:,C" rransnir s;tsicnarac,er r rransmil Btr!/character 0

TRANSMIT CRC I],NABI,E (I)O )

-fhis bit determines whether CRC is to be alculated on
any particular send character. If set at the time of loading
the character from the transmit buffer to the transmit shift
register, CRC will be calculated on the character. CRC will
not be automatimlly sent unless this bit is set when the
transmitter is completely empty.

RTS (111)

Request to Send is the control bit for the RTS pin. When
the RTS bit is set, the RTS go.s active (low). When the bir
is reset (to 0), the RTS pin will go inactive (high) only
afier the transmitter is empty.

SDLC/CRC/16 (Dr)

This bit selects the CRC code used by both the transmitter
artd rhe -rcccncr. When \et. lhe SDI C potlnornial X ' I

\ - X I is ured. (ln SDLC modc. thc regrstcrs are prc-
set to "all l's" and a special check sequence is used.) When
set, the CRC-16 polynomial X16 + Xr5 + X2 + I is used.

TRANSMIT ENABLtr (D3-)

Data will not be transmitted and the'fxl) pin wrll be held
marking (high) until this bit is set. Data or Svnc characters
in the process of being tr:rnsmitted will be completely senr
if the transmit cnable bit is reset after transmission has
started. CRC characters will nol be completely sent if the
transmittcr is disabled during the sending of a CRC
character.

Bits to be sent are assumed to bc right justillcd. l-ow ordcr
bits (D0) are sent firsr. The "5 or less" mode allows trans-
mission o1 I to 5 bits in a character.

tlits,
Char I'

I
8

D9

D Scnds one bit

D Sends two bits

D Sends three biK

D Sends lbur bils

D Sends file btrs

I)7 D6 I)( l)4 l)-r D. l)l
llltl)0t)

lt00oDD
ttt000D

IOOODDD
OOODDDD

DTR (D? )

Data Teminal Ready is the control bit for the DTR pin.
When set, DTR is active (low). When reset (0) D-TR is
inactive (high).

WRITE REGISTI],R 6

lhis reglster contains the f-rrst 8 bits of a BiSvnc sequene.
It must be programmed wirh the check address (if used) in
SDLC mode, and must contain the sync character in the
l3-bit sync mode. It is not used in the external sync mode.

WRITE REGISTER 7

This register contains the second b).te of a lGbit synchro-
niation sequence, or the 8-bit sync character. For SDLC

SEND BREAX (D4 ) mode, it must be programmed to 0l I I I Il0. Ir is not used in
the external sync mode.

Whcn :et. thi' bit direcrly forces rhe IxD pin spacing.
regardless of any data being transmrtted. wtren rset, th"e Dt I)o t)s l)q l): I)r Dr llo
-lxD pin is released. sYNl5 sYNl4 sYNll sYNll sY\ll \YNlo sY\9 SYNB
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READ RT]GISTER O

This is the rcgister read if the regtster pointers are (000).

Scnding
Brcak, CRC S!n.

llunl
Bulicr lnlerupr

SENDING CRC/SYNCS (D?)

In synchronous modes, CRC is automatically sent when
the transmitter is empty for the fint time in a message.

lnterrupts are generated (if enabled) when this bit is set,

but not when r6et. lf this bit is set and the TRANSMIT
BUFFER EMPTY bit is not set, then the CRC character
is being sent. TRANSMIT BUFFER EMP'l'Y and SEND
ING CRCi SYNCS both set imply that SYNC characters
are being sent.

READ REGISTER I

This register is read when the register pointers are (001). The
pointers automatically reset to (000) after a read from this
register.

D7 D6 D5 D4 D3 D2 D1 D6

End Ol ( RC, Recei\er
Frame Framins Overrun Parily Residue Residue Residue

ISDLC) Eror Eror Error Code 2 Code I Code 0 All Senr

ALL SENT (DO)

In mynchronous modes, this bit is set when all characters
have completely cleared the transmitter. 

-fransitions of this
bit do not muse interrupts. It is always set in synchronous
modes.

RESIDUE CODE 0 (Dr) RESIDUE CODf, 2 (Dr)

These three bits indicate the lerlglh of the l-lleld in the

SDLC mode in those GSes where the I-field is not
an integal multiple of the character lenglh used. Only on
the transfer on which the END oF FRAME (SDLC) bit
is set do these codes have meaning-

For a receiver setting of eight bits per character, the codes

signify the following:

LField Bi6 l-Field Bib

Residue code 2 Residue cde r *.,,0,..*.0 '' TiJo""ll':fi'Er.
10003
01004
11005
00106
r0101
01108
11118
00028

Dt l)c i)5 Dl l): 1): l)t IIO

cIs DCD Empty I'cndrns Alailablc

RECEIVT, CHARACTER AVAII,ABI,E (DO)

This bit is set when at least one character is available in the
receive buflers.

IN'I'IRRI]PT PENDINC (DI )

Any interrupt condition present in the entire SIO will cause

this bit to be set, but it is present only in Channel A and is

always 0 in Channel ts.

TRANSMIT Btir.l-ER EMPTY (l)r)
'fhe 'fransmit tluflcr Ernpty bit is set whenever the trans-
mit buffer is empty. except when a CRC character is being
sent in a synchronous mode.

DCD (D3 )

Shows the state of the DCD pin at the time of the Iast

changc of any of the five "externaltstatus" bits. (DCD.
CIS, SYNC/ HUNI', BREAKIABOR-| or SENDING
( R( SY\CS.) lo get thc current \lale ol the D-D pin.

this bit nrust be read immediately following a "Reset

Externalf Status Interrupts" command. (Command 2.)

SYNC/Ht_rN'I (D,)

ln asynchronous modes, this bit is similar to the DCD and
the CIS hrtr. cxcepl thal tt shows lhe statc,,f the (Yj!t
pin. ln synchronous modes, this bit is reset when character
synchronization is achieved and is set by writing the "Enter
Hunt Mode" bit. Unlike the external pin. the bit remains
rcset until set b), the "Enter Hunt Mode" bit.

CTS (Ds )

This bit is similar to the DCD bit, except that it shows the
state of the CTS Pin.

BREAK/ABORT (D6)

ln asynchronous modes, this bit is set when a "break" is

detected. After the inputs have been retnabled (by the
"Reset External/Status Interrupts" command, Command
2), the bit will be reset when the break stops. If"External/
Status" interrupts are enabled, these changes of state cause

interrupts. ln SDLC mode, this bit rs set by the detection of
an abort sequence (7 or more I's). lt is not Ned in other syn-
chronous modes. I-Field bits are right-justified in all mses.
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Register Description (continued )

Z8O-SIO COI\{MAND STRUCTURE

DATA BITS

CH.B
ON LY

1

5

0

D5 o5 o3 D1 o0

0
cMo 2 cMo CMD O o

cMo 2 CMD 1 0

oco

1

cMo 2 CMD I o

EXT INT EN

2
cRc I cFc 0 CMD 2 CMD 1

v2 v0

3
cRc 1 cMo 0 0 l I

RxCFC EN

4
cAc I cRc o cMo 2 cMo 0 o

cMo 1 I 1

TrEN so-{cnc re RTS

6

cRc 0 cMo 2 CMD O

SYNC/SDLC 6 SYNC/SDLC 5 sYNC/SOLC 4 sYNC/SOLC 3 svNc/sDLc 2 sYNC/SOLC 1 SYNC/SDLC O

cMo l CMD O

sYNC/SDLC 15 sYNC/SOLC 14 sYNC/SOLC 13 sYNC/SDLC r2 sYNC/SOLC 1r sYNC/SDLC rO SYNC/SDLC 9 sYNC/SOLC a

Register Description (continued)

lf a receive character length different from eight bits is used
foi the l-field, a table similar to the above may be con-
structed for ach different chamcter length. For no raidue,
i.e., the last character boundary coincides with the boun-
dary of the l-Field and CRC Field, the Residue Code will
always be:

CRC/FRAMING ERROR (D6)

If a ftaming emor occun (in asynchronous modes), this bit
is set (and not latched) only for the character on which it
occurred. Detection of a framing enor adds an additional
% bit time to the character time so that the framing error
will not also be interpreted as a new start bit. In synchro-
nous modes, tlus bit indicates the result of comparing the
CRC checker to the appropriate check value.

END OF FRAME (SDLC)(D?)

ln SDLC mode, this bit indimts that a valid ending flag
hu been rrcived and that the CRC error and residue codes
are valid.

I

Residue Code I

0

PARITY ERROR (I){)

When parity is enabled, this bit is set for those characters
whose parity does not match the sense programmed. The
bit is latched so that once an error occurs, the bit remains
set until the Error Reset command, Command 6, is given. READ REGISTER 2

This register contains the interrupt vrctor as written into
Write Register 2 if the "Status Affects Vector" control bir
is not set. lf that control bit is set, it contains the interrupt
vector as it would be returned were an interrupt from the
SIO ro be processed exactly at the time of the read. If no
interrupts are pending, Vr = 0, V: = | , V r = I and other
bits are as programmed. l-he register may be read only
through Channel B.

RECEIVER OVERRUN ERROR (Di)

l.llis indimtes that more than four characters have been
reeived without a read from the CPU. Only thc character
that has been written over is flagged with this error, but
when this character is read. the enor condition is Iatched
until reset by the Error Reset Command, Command 6. If
"Status Affects Vector" is enabled. the character that has

been overrun will interrupt with the "Special Receive Con-
dition" vector.

l)z D6 Ds Dq D3 Dz t)r
Y1 V6 V5 V4 V3 V2 V1

Do

variable it _slatur Affeds
Vectoi is enablcd
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o

110

o

o

110

r10

0

o

o

0

TtINT €N

l 0

1 l 1

tr 1t0
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Programming Example

A typical start-up routine following an htemal or external rmet, would be as follows:

BiA CiD
ll
ll
tl
ll

RD D] D" D: D. Dl D: DI D'
1000000t0
I Vr Vo Vr V. Vr V: Vr' Vo

t00000r00
l0lxxolll

COMMENTS
Pointer st to Register 28
lntempt V{tor loaded
Pointer sl to Write Register 48
Even parity, I stop bit, Xl6 clck, asynchro-
nous mode selected

Pointer st to Write Register 58
7 bits/tmmmit chamcter, tmromitter enabled
Pointer $t to Write Register 38
7 bits/rEeive character, DCD and CTS enable
Reeiver and Traromitter, Reeiver embled
Pointer rt to Regrsrer I B

lnterrupt on eyery character, status affects
Vector extemal/status interrupts embled

0

0
0
0

0
I

0
I

0

0
0
I

0

0

0
0

I

0
0
0

0
I

I

0

I

0
I

I

0
0

0
0

0

0

0
I

0
I

Channel B is now setup to send and recive asynchronous data.

Setup lbr Channel A follows:

0rr00000t0
0t10010000

0 Pointer st to Wrile Register 4A
0 SDLC mode and X I clGk rlected, no parity

Programming Example

BIA
0

0

0

0

0

0

0

0

0

0

C/D ED D? D6 Dr D{ Dr D: Dr Do

lt0t000ll0
COMMENTS

Pointer st to Write Register 64, Rffit
Receive CRC Checker

ADI
I

AD6 ADI ADT ADr
0

ADu ADr ADo SDLC mesege address entered

I I I Pointer set to Write Reglster 7A, Reset Trans-
mit CRC generator

0 0 0

0

0
0

I

0

0

I

0

0

I

0
I

I

0

0

I

0

I

I

0

I

0

I

I

SDLC Flag entered

Pointer st to Register lA
Intempt every character, status affects vector,
extemal/stalus intenupts embled

Pointer set to Write Register 5A, Rmet
Extemal/Status Intempts
SDLC CRC Code slecled, 8 bts transmit
character. CRC and transmitter enabled

Pointer st to Write Register 3A
8 bits/ rrcive chamcter, DCD and CTS
enable rrciver and tmnsmilter. reeiver is
embled, SIO rarchs for programmed
address

t000l0l0t

llrr0t000
0

I

0

I

0

0

0

I

0

I

Channel A is now programmed for SDI-C transl'ers.

0

0

0

0

0

I

DDDDDDDD
DDDDDDI)D
t1000000

Addr6s byte to be sent by Ch. A
Addras or control b],te to be sent by Ch. A
Reset CRC/SYNCS SENT/SENDING,
pointer to register 0, so CRC €n be autc
mtically snt at end of mesege

A.C. Timing Diagram

Timing measurements are made at the following voltages,
unless otherwise specif ied: CLOCK

OUTPUT
INPUT
FLOAT

4.2V
2V
2V

0.8v
0.8v

Only for timinq
measulements

0.8v
1 0.5V

cE. a a. cb

M1

INT

\-j

l0FO aE

73
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A.C. Timing Diagram (continued)

tw(PH)

crs, DcD, SYNC

ilxC

TxD

tw(PL)

tw(TcL)

(TxC)

tc(Rxc)

Rte

SY|\rc

tp(TaD)

tg1(sv)

tw(RCL) tw(RCH)

t*(sy)

T\ = 0.C ro 70'C. Vcc = +5V 157r,. unless otheNise noled

Signal Slmh0l Parrmeler Min Mrr t nit Comments

cr,n T
C 

',IoRa

.t, n (6)
tr\(.!H)
N(AL)
L.!
1,,(cs)
((cs)

Clock Period

Clock Pulse Widrh. Clock HiSh

Clock Pulse Width. Clock Low

Clock Rise and Fall l-imes

Control Signal hold time from Rising Edge of +
Control Signal setup time from Rising Edge ot'D

4U)
110

t70
{l
-0-
t60

2000
2UX)

30

NO'I F I

I) l)

t,,n( D)
r,4,( D)

trr.l,( t))

L,(D)
t, rr(l))
tr r( t))
1, r( l))

Data Ourput Delay from Rising Edgc ol O during Read Cyclc

L)ata Setup l-ime to Rising Edge ot 4, during Wrilc C),cle or Ml
Cycle

Data Hold Time from Rising Edge oi,! during wrile Cycle or

M I Cycle

Dara (Jurpur t)elay liom Falltrrg Edge of IORQ during INTA Cycle

Dela), to l-loaring Bus lrom Rising Frlge ol |ORQ during INIA Clycle

Delay to Floating Bus from Rising Edge oi RD during Read Cycle

Delay ro Floaling Bus from Falling Edge of IEI during INIA Cycle

50

{l

.180

1.40

2l{)

230

210

lt(l 1,),(lO)
!,,,( 1 O )

r,,C,(IO)

IEO Delay Time lrom FaLling Edge oI IF.l

IEO Delay -time from Rising Edgc of lEl
IEO Delay [imc from Falling Edge of Ml (when interrupt o@urs

lusl prior 10 Ml)

200

200
'1il)

MI
r,\\4,(Ml)
r,ts.1,( N{ I )

Ir4,( M I )

Ml Setup lime 10 Rising Edge ofQ during Rqd or Wrile Cycle

Ml Setup fime to Rising Edge of Q during INTA or Ml Cyclc

Ml Hold lime from Rising Edge ol +

2t0
210
,0-

R_D (qA(RD)
trrA(R 1))

r\Rrl,(R D)
t,,\\ q,( R I))

RD Sclup Iinr k) Rising L.dge df O during Write or lNfA Cycle

RD Ilold limc lrom Rising Edge oi o during INfA Cycle

RD Serup linrc to I{ising Edgc ol Q drring Read or Ml Cycle

ItD Hold Time trm Risrng F-dge of + durinS Wrilc C],clc

2,10

G
211)

{t
r,,\!,1,( lt I )) Itl) Hold limr lrom llrsing I dge ol !1, durin8 Ml Clclc {t

L\l tl,,(l I )

!).(l.l-)
tL,.l,(l I )

INI_ Delay lime liom center oi Receive Data Bit

INT Delay Time from ccntcr of Transmit l)ata llil
INI Dclay fime from Rising Edge of Q

l0
5

I]
9

200

QPer iods
OPcriods

lt,\r r RF-AIx rL,r( (\\ lt)
r,t{,f(\\' lt)

1,lt\($ R)

L l \(N I{)

!,1,1,(\\ lt)

WAITTREADY Delay-lime Irom IORQ or CE in wAIl- Mode

WAIT] READY Delay Time from Falling Edge of o, WAffl READY
hlGH. WAIT Mode
WAI ti READY Delay Time from enler of Reccive Data Bit.

Ready Mode
WAII r READY Delay Time from center ol I ransmil Dala bit.

Ready Mode
WAIT/READY Delay liom Rising Edge oi A. WAIT/READY,
Low. Ready Mode

t0

5

180

150

tl

9

r20

4,t'eriods

,l,l'criod\

(-t.s"^.cT.sB
DCDA.L).DI. T,(PH)
S.r\.A.SYN(B

n,(Pr )

Minimum High Pulse width tor latching slates into register and

generating inlerrupt
Minimum Low Pulse Width lor lalching stalc into rcgister and

geoerating interrupt

2m

:(xl

syt\ol.sr n gr,,, tsr t

(L (SY)
t\(SY)

Sync Pulsc Dela) l ime lrom Ccntcr ol Reeivc [)ata Bit- Output Modcs
Syoc Pulse Setup I trnc to Risin8 EdBe ol RxC. External Sync Mode

Sync I'ulse Width to Stan (haracter Assembh

4

00

I

1 4, P€r iods

R,C
Per iod

t,(I\()
llC,r,I.t tt t\\( l( Hl

\\(l(l)

Transmit Clock Period

lransmrl ( lock Plrlse widlh. Ck)ck High
'fransmit Clmk Pulse Width. Clock Low

.1()0

r80

I rJo

NOTE 2

IxDA.TxDB 1r,( IxD) I xD Ourpur l)cla! liom Falling Edgc ol Tid ( 1 \ Clock Mode) 400

R.\C-A.R\(B L(lt\( )

tr(R( ll)
l\(li( I)

Rcccivc Clock Period
Rcceive C lock Pulse width. Clock HiSh

Rt{ri\. ('lock Pulsc Widlh. Clmk l.ou

4(X)

I IJ{)

IE0

NOItI l

\oll I ll u'.\l l ,\ Io hc Lxcrl. CLlilrrQ. t tl rnA trtt nrur h. ralil lir as lon! r\ \\'\1 1 r(,rrlLri),r r\ r. P.r\r!1
\Ol I I 1r alL rrods. nrarinrunr Jrlr rilr nru\l hc lt\s rhrrr . ol \\{cm rlo.l (rl') rrrlr
\OlI r Ilr. IllSI I rgrLL rnu\l br rrlL\c rt mttritttutrII ont .onrnlel( rl' (\rl.
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Absolute Maximum Ratings

Temperaturc Under Bias
Storage Temperature
Voltage On Any Pin with Respect to Ground
Power Dissipation

Capacitance
TA=ZS'C,l=lMtlz

Symbol Parameter Ma r. Uni I Test alonditi)n

ti q, ('lclck Capauitance -15 plr Unmeasured Pins

Returned to Croundcrru I npul Capacitance 5 pF

cout' Outpul Capacitancc l0 pl'

Package
Configuratiorr

MECHANICAL DATA (dimensions in mm)

4O-PIN CERAMIC DUAL IN-LINE SLAM PACKAGE

ORDERING NUMBERS:

280-SIO Dl for dual in-line ceramic slam package

280-SIO Bl for dual in-line plastic package
Specitjed operatir8 range

-65"C to +l 50"C
-0.3V to +7V

l.5w

M
lEr

mi

-lmc-
B/A

c/d
rc

w7m-v6

rc

biFE.. -.
m
cfSE
lm
mr

fiB
T,E
TrOA

* Cornment
Strcsses abovc thosc Iisted undcr "Abrolutc Maxiilrum Ratin8" rnay caurc pern)a,1ent dsmagc to the device. This is a strcss rating oniy and

f'unctional opcaation of thc device at thcsc or atry othcr condition above thosc indicatcd in the operational sectioos of this specification is

not implied. lrxposure to absolute maximum rating conditions lbr extendcd pcriods may aiTcct devicc reliability.

D.C. Characteristics
Tr:0'C to 70'C. Vrr - 5V t5% unless otherwise specified

Note I r An cxtcrnal clock pull-up rcsistor ol 1330o) uili
mcct both the AC and IIC clouk rc(luircllcnts.

illmn
sm

DM
aBa
arsa
Dc-d

tcLoc( 0

I

l,r"l

1485

t-- a='X

52-"

Load Circuit for Output

lnformation Iurnished is believed to be accurate and reliable. Howevsr, no responsibility is assumed for the consequences of its use nor

I0r an infringement of patents or other rights of third partieswhich may result from its use. No licens€ is granted by implication 0r other-
wise under iny patent 0r patent rights of SGS-ATES. This publication supersedes and substitutes all information previously supplied.

SGS - ATES GROUP OF COMPANIES
Italy - France - Germany - Singapore - Sweden - United Kingdom - U.S.A'

Printsd in ltaly by permission ol Zil0g Inc.

3a

31

35

33

32

31

2S

2A

27

25

23

22

21

280 slo

Symbol Psameler Min. Typ. Max. Llnil Tsl Condition

Clock lnput Low Voltage -{).1 0.40

Clock lnput High Voltage v....-n )(t)

lnput Low Voltage -{.1 0.8

lnput High Voltage 2

Output l-ow Voltage 0.4 lor. = 1.8 mA

Output High Voltage 2.4 l,rr = -250pA

Power Supply Current 140 mA tr = 400 nsec

I,, lilput I.eakage Currcnt l0 pA Arr = 0 to Vrr

Ir,,rr
-l 

ri-State Output Lmkage Current in Float l0 pA V,,r r = 2.4 to V, r

lr,,r Tri-State Output Lakage Current in Float l0 V,,r r = 0.4V

Ir,, [)ata Bus l-eakage Current in lnput Mode +t0 pA 0(Vrr(Vrr

16 11

z g0-sl0 z 80-$0

4O-PIN PLASTIC DUAL IN-LINE PACKAGE



SGS.ATES GROUP OF COMPANIES

INTERNATIONAL HEADOUARTE RS
SGS-ATES Componenti Elettronici SpA
Via C. Olivetti 2 -20041 Agrate Brianza - ltaly
Tel.: 039-650341-4165044 1 +5i 65084 1 -5
Telex:36141-36131

BENELUX
SGS-ATES Componenti Elettronici SpA
Benelux Sales Office
-B-1 180 Bruxelles
Winston Churchill Avenue, 122
Tel.:02-3432439
Telex:24'149 B

DENMARK
SGS-ATES Scandinavia AB
Sales OJfice:
2730 Herlev
Marielundvej 46D
Tel.: 02-948533
Telex: 35280

ITALY
SGS-ATES Componenti Elettronici SpA
Sales Offices:
5O127 Firenze
Via Giovanni Del Pian Dei Carpini 96/'l
Tel .: 055-4377763
20149 Milano
Via Correggio 1/3
Tel.;02-4695651
00199 Roma
Piazza Gondar 'l 

1

Tel. : 06-8392B4Bl 83127 77
10134 Torino
Via La Loggia 51/7
Tel.: 011-634572

NORWAY
SGS'ATES Scandinavia AB
Sales Office:
Oslo 9
Haavard lVlartinsens Vei ]9
Tel:106050
Telex: 1 1796

SINGAPORE
SGS-ATES Singapore (Pte) Ltd
Singapore 12
Lorong4&6-ToaPayoh
Tel.: 531411
Telex: ESGIES RS 21412

SWEDEN
SGS ATES Scandinavia AB
19501 Ma'rsta
Tingval lavaeqen 9J
Tel.:0760-40120
Telex: 042-10932

UNITED KINGDOM
SGS-ATES (United Kingdom) Ltd.
Aylesbury, Bucks
Planar House, Walton Street
Tel.:0296 5977
Telex: 041-83245

FRANCE
SGS ATES France S.A.
75643 Paris Cedex 13
R6sidence "Le Palatino"
17, Avenue de Choisy
fel.:5842730
Telex: 021 -25938

GERMANY
SGS ATES Deutschland Halbleiter
Bauelemente GmbH
8018 Grafing bei Mtinchen
Haidling 17
Tel.: 08092-691
Telex: 032-527370
Sales Offices:
1000 Berlin 20
Gatower Strasse 185
Tel.: 030-3622031
Telex: 01 85418
3000 Hannover 1

Lange Laube i9
Tel.: 0511-17522/3
Telex: 09 23195
8000 Miinchen 40
Gernotstrasse 1 0
Tel. : 089-30427 O|3O44B5
Telex: 05 215184
8500 Nurnberg 15
Parsifalstrasse 1 0
Tel.: 0911-40645
7000 Stuttgart 80
Kalifenweg 45
Tel .: 0711-713091/2
Telex: 07 255545
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