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1 INTRODUCTIOHN.

4

The SN74LSXXX BUS ARBITER is a peripheral device designed for use
the TEXAS INSTRUMENTS 9900 family, other microprocessors, anc dewv
like DMA controller, to provide BUS ARBITRATION for systems with mult
bus masters. The SN74LSXXX is a 20 pin, single power supply (+5V
are TIL conpatible compatible device, in LS gate array technology.
inputs and outputs. It can also be used for the E-BUS vector inte:
control or another interrupt system using serial daisy chain and I}
schemes. .

features:
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* Multimaster bus arbitration.

* Sychronizes the local microprocessor with a multi master
system bus, '

* BUS TIME OUT hardware to guard against bus errors or bus dead
lock.

* E-BUS vector interrupt controller.

* Compatible with TI's T- and E-BUS as well many other systems
(like INTEL MULTI BUS, MOTOROLA VERSABUS, etc.).

*  Compatible with TI's TMS99XXX microprocessor family and other
8 and 16 bit CPU's, like 18086, 18085, Z80, Z8000, M6800 or
168000,

TEXAS INSTRUMENTS - -3 - . BUS ARBITER



2 ARCEITECTURE.

The SN74LSXXX BUS ARBITER & E~-BUS INTERRUPT CONTROLLER is design
provide 1low cost and high speed bus arbitration to be used with
THS99XXX family, other microprocessors, DMA controllers, or any O
system which serves as a master on a multi master system bus.
device also improves control for systems which may generate an inter
in an E-~-BUS system.

Figure 1 shows the block diagram of the SN74LSXXX internal architect
The bus arbiter consists of BUS & INTERRUPT REQUEST CONTROL, BUSY &
CONTRCL, RELEASE CONTROL, TIMER LOGIC AND TIME OUT & READY CON
circuitry. In the case of an xisting *“BUS-REQUEST" "from a nma
device, -the BUS & INTERRUPT REQUEST CONTROL CIRCUITRY. creates a sy
clock synchronized bus request for the following cases:

- for parallel or rotating priority resolvihg through
:&’PARALLEL BUS RLQUESL (PBRQa}, )

-~ for serial resolving through GRANTOUT.
- for any reguest through BUS REQUEST INPUT (BRQIN-).
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Figure 1l: Block-Diégram
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In interrupt mode the arbiter generates an INTERRUPT ENABLE (IN3
signal, if an interrupt reguest via the INTERRUPT REQEST INPUT (IR(Q
exlStS- )

The BUSY & BUS CONTROL is the circuitry which monitors and activates
bus BUSY LINE. It also controls the BUS ENABLE (BEN) signal wt
signals the local system that the bus is free for use.

The RELEASE CONTROL determines if and when the arbiter can surrender
bus. ’ . ’

The TIMEOUT & READY CONTROL generates the microprocessor READY sic
syncronized with the local clock (LCLK), and in time-out mode, sets
BUS ERROR FLAG if an error occurs.

The TIHER LOGIC serves to create the interrupt iteration reguest and
TIMEOUT error logic.

3 FUNCTIONAL DESCRIPTION.

L T S

The microprocessor issues (via address or status decoding) a BUS REQU
(BRQ-) to the arbiter to get &access to the system bus. It
microprocessor is not tne current bus master, the arbiter (via B
inhibits the address latches, the data transceiver and the bus control
from accessing the bus and puts their outputs into high impeaence.
arbiter then forces GRANYTCUT and PBR{- to a low level to indicact
regquest for the system bus. The arbiter monitors the bus status
cnecking GRANTIN (priority) and BUSYIN- (bus free) lines. During
arbitration the microprocessor is forceé to a wait by an inactive REA
from the arbiter <chip. In case that the arbiter finds the GRANTIN
BUSYIN- signals inactive (see appendix-A fig. 1), it occupies the bus
activating BEN. Through an external bus driver (e.g SN74S38) BEN pu
the bus BUSY- 1line “low", to indicate that the bus is occupied and
available for other bus masters. BEN also enables the address latch
the data transceiver and the bus controller to access the bus. A
operation (memory or I1/0 transfer) can then take place. After the TRA
signal is recieved from the accessed slave device, the arbiter deliver
Ready Signal synchronised with the local clock to the microprocessor
microprocessor gets the ready signal, and can complete its (read
write) transfer cycle.

The time out error logic and the interrupt control will be discus
later,

i
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4 PRIORITY RESOLVING BETWEEN BUS HASTERS.

The SN74LSXXX arbiter gives the designer a great degree of flexibility
design his priority logic. :
A parallel priority resolving scheme (see fig. 2) reguires a spec
hardware and signal wiring. Each PBRQ- output 1is connected to
encoder/decoder 1logic which selects one bus master in each arbitrat
cycle., The bus reguest with the highest priority is granted by a @
level on the corresponding GRANTIN line of the arbiter.
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X 2 e L i
PRICRITY o DECODER
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== - 4
’e B -
X N It —

.

: : X  external bus driver not shown
BRQIO- BUSY-

Figure 2: Parallel Priority Resolving

In serial priority resolving scheme (see fig. 3) every higher prior
GRANTOUT is connected to the next lower priority GRANTIN input. T
type of resolving needs only an external AND-gate (e.g. SN74S09)
achieve a high speed serial daisy chain. . :
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. 4e number of arbiters that can be used in the daisy chain 1loop i

“function of the BUS CLOCK (BCLK) cycle time and the internal proces

timing of the arbiter. It can be calculated as follows:
Tbclk - {(Tsgo +Tsgib)
-------------------- -1>N
N . = Number of arbiters in the daisy chain loop.

Tsgo = Delay time from positive edge of BCLK to GRANTOUT
active (LOV).

Tsgib = Set up time, GRANTIN before positive edge of BCLK- HIGH.
Tdgio = Delay time from GRANTIN to GRANTGUT of the external
gate, .
ycc  vce
b
vee
‘ X ARBITER GRANTIN
X 1 ! GRANTOUT
-(]DC7 *S09-
) - GRANTIN
X ] GRANTOUT
\%y'sw
S GRANTIN
3 m GRANTOUT
Q%/'mg
X pRBITER [<%) | CRANTIN
N ] GRANTOUT
\$7‘“”
BROIO- BUSY- :

X external bus driver:not shown

|
Figure 3: Serial Priority Resolving

With the SN74LSXXX device at 10mhz BCLK fregquency, up to 10 arbiters
be placed in the serial daisy chain.

Other ©priority resolving schemes ( 1like ROUND ROBINSON, ect.), &
higher number of possible bus masters, can be implemented throug
special priority handler & supervisor module.

The BRQIN- line can be used in the daisy chain or other resol
schemes, to signal the arbiter device that a lower priority seeks ac
to the bus. This allows to keep the bus occupied if no higher or 1

prio;ity. bus master is requesting access and thus reducing
syncnronisation time, - L
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5 ARBITATIOMN AND SURRENDER LOGIC.

Usually, when a higher priority master requests the bus, via GRAHTID
gets the bus from a lower priority device after the lower priority de
has completed its transfer cycle (see appendix A, fig. 2a and 2b).

it gets the bus, it will hold it if no other master is regesting the
A lower priority master device requests the bus from a higher pric
device by pulling a BRQIN- 1line 1low. This line is normally an

' collector bus line driven by the GRANTOUT output (through a non-inver

buffer) of all arbiter units in the system (wired OR). Vhen the hi
priority device does not need the bus (see appendix A, fig. 2¢
releases it, so that the lower priority device can gain access to it.
A summary of the conditions under which the arbiter will release the
on the negative edge of LCLK, is given by the follwing functions:

" BRO- = LOW; ‘GRANTIN =:LOW, crannfarLow,,Locz~;- HIGH = o a

(see appendix A figure 2a)

BRQ—- = HIGH & GRANTIR = LOW & LOCK- = HIGH

(see appendix A figure 2b)

BRQ- = HIGH & BRQIN- = LOVW & LOCK- = HIGH

(see appendix A figure 2c)

6 LOCR LOGIC.

The arbiter LOCK- input provides a possibility for the microprocessc
inhibit a bus release regardless whether the bus 1is requested by
other bus master or not. If the microprocessor exXecutes a
interruptable instruction sequence, like a semaphore test, it sets
LOCRK~. input of the arbiter to a LOW level. This ensures that the bt
not surrendered during multiple bus transfers, even if the BRQ-
becomes inactive between two bus transfers. LOCK also disables
interrupt cycle generated through IRQI~. The system designer must er
that the LOCK furction is used properly and not result in a bus deaa
situation.

- TEXAS INSTRUMENTS - - g ) BUS ARBITER
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“The arbiter has the ability to identify and indicate a bus time-oOu
error. There are two kinds of error that can be recognized (see appendi
A fig. 3). The first one (Tol), when the microprocessor desires the bu
and the bus 1is busy for moreé then 128 BCLK cycles. This kind o
notification gives the microprocessor the opportunity to start an erro
recovery routine and identify bus dead

harédware malfunction,

The second type of time out error (To2) appears vwvhen the 1loca
microprocessor is the current bus master, executing a bus transfer to

slave module, does not get a TRACE- signal back within 16 LCLK cycles
This kind of error gives the:microprocessor the opportunity to continu
operation even if an errornous or not existing slave has been addresse
by the software. To recognise which kind of error exists (Tol or To2)
sthe BEN signal has to be latched with the negative going edge of th
"TIME-QUT (TO) error flag. If the BEN signal is inactive. T0l occured
otherwise To2 caused the bus error.

In case of error, the arbiter activates READY- and allows that th
microprocessor can complete the <current instruction and accept the T
flagqg.

The TOEN is the signal that enable (HIGH) the time out error circutry
When LOV, it resets the TO signal and disables the logic.

i

1

8 INTERRUPT CONTROL LOGIC.

The arbiter can operate in an E-BUS interrupt mode as well. When
interrupt source wants to send a vector interrupt it activates (LOW#) th
interrupt reguest input (IRQI-). The arbiter drives the GRANTOUT to LO
and waits for the bus to be free via GRANTIN and BUSYIN- (see apendix
‘fig. 4). If it finds the bus free it generates for one BCLK cycle a
-interrupt enable (INTE-) signal. This signal serves also to activate th
§ buffer, which puts the interrupt vector on to the E-BUS. If there is n
# response from the microprocessor which handles the interrupt, the vectc
¢ is sent again after a 128 BCLK cycles as 1long as the IRQI- input 1
f:active.

f The interrupt arbitration request through IRQI- has a higher on-chi
| priority than the BRQ- request, This means that the arbiter will inhibi
§-a bus transfer (BEN goes LOW) at the end of a cycle (CYEND = LOW) for or
BCLK cycle to issue an interrupt if no higher priority device i
fﬁgqueszing the bus and the LOCK- input is inactive (see also appendix
:fig. .

! TEXAS INSTRUNENTS & a9 e _ 5US ARBITER.
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/9 SYSTEM CONFIGURATIONS.

: Some Applications of the SN74LSXXX Bus Arbiter/E-Bus Interrupt Controll
are presented in appendix B.

10 PIN ASSIGRKMENTS.

Figure 4 shows the arbiter 20 pin DIL package. All signals are describ
on the following pages.

-+ GRANTOUT "

O 1 20 ] sBUSYN-
—bBEN [ 2 19 [J TRACK- €«—
*INTEN- [ 3 18 [ READY- <—
—T0- [ 4 17 {1 eVCC . .
, PBRO- [ 5 - 16 [J *BRQ- G e
- ~—P*RESET- [J] 6 15 7 BRQIN-
—LCLK [ 7 14 J CYEND- -¢—
IRQI- [] 8 13 [J <LOCK-
——pBCLK  [] 9 12 [J *GRANTIN
—&GND [0 10 11 O TOENG——

Figure 4: 20 pin dual in line package

—b> [INPILATEE USED ON COPRTEX

C : " oPPosTE oN cORTEX,
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1/0

IN
LCLK IN
BCLK IN
BRQ~- IN

IRQI- IN
PBRO- ouT
INTE- ouT
BRQIN- IN

TEXAS INSTRUMERNTS

DESCRIPTION

RESET: RESET- is an active LOW signal input
which is used to RESET/Initialize the
arbiter. After RESET no arbiter has the bus
and all output signals are inactive.

LOCAL CLOCK: This is the on board clock which
serves to synchronize the release logic so
that the bus can be surrendered with proper
timing. It is also used as the time out clock
and to synchronize READY-,

BUS CLOCK: The multi master system clock
which synchronizes bus arbitration. ¢

BUS REQUEST: BRQ- is an active LOW input
signal which tells the arbiter to request the
bus by pulling GRANTOUT LOW and activating
PBREQ-, and to occupy it as long as no higher

priority bus master request is received.

" INTERRUPT REQUEST IN: This input is an active

LOVW- signal, which serves to generate an E-BUS
interrupt cycle every 128 BCLK cycles as long
as IRQI- stays active,.

PARALLEL BUS REQUEST: This active LOVW output
serves as a parallel bus reguest and is
activated by the arbiter to indicate an
access request. It will stay active as long
as BRQ- is active, an interrupt cycle is
pending, .and the arbiter is not the current
bus master.

INTERRUPT ENABLE: INTE- is driven active LOW
for one BCLK cycle if the arbiter has: the bus
and 1is generating an E-BUS interrupt cycle.
BUS REQUEST INPUT: BRQIN- is an input -
signal to the arbiter which serves to indi-
cate if a lower priority master is requesting
access to the bus.

.The BRQIN- is connected to a bldlrectlonal

bus line driven by tne GRANTOUT signal of all
arbiters in the system.

- If the BRQIN- input is active and the arbiter

is the current bus master without an active
bus request through BRQ- or IRQI- it will
release the bus to the lower priority master.

- 11 - . BUS ARBITER



GRANTIN IN

GRANTOUT out
LOCK~- IN
BERN OuT
BUSYIN- IN
TRACK- IR

TEXAS INSTRUMENTS

" ACCESS GRANT IN: This is an input signal

that, when HIGH, indicates to a potential
bus master that no higher priority bus
master device requires access to the bus,
and consequently allows it to vie for contr
of the bus.

ACCESS GRANT OUT: When HIGH, it indicates
that lower priority bus masters

may vie for control of the bus.

This signal is used in the serial priority
resolving scheme. The GRANTOUT pin of one
slot is always connected to the GRANTIN pin
of the next slot with lower positional
priority. GRANTOUT will go active (LOW),
sychronized with BCLK, after a bus or
interrupt request has arrived. It will go i
active, when the device has acquired the bu

LOCR: LOCK-~ is an active
used to inhibit the arbiter from surrenderi
the bus to any other bus master requesting

~access (regardless of priority). It will al
““inhibit any interrupt cycle reguest through

IRQI-.,

BUS ENABLE: BEN is an active HIGH output an
serves to signal a bus controller, the bus
transceiver, and any other devices, that tn
system bus can be connected to the local bu
BEN is also used to drive the BUSY- bus 1li
through an open collector bus driver (activ
LOY) to indicate to all other possible bus
masters that the bus is occupied.

BUSY IN: BUSYIN- is an active LOW input fro
the system bus and indicates that the bus
is currently used by another bus master.

A HIGH level on BUSYIi- and GRANTIN signals
the arbiter that the bus is not used and
can be occupied after the LOW to HIGH
transition of BCLK. .

TRANSFER ACKMNOWLEDGE: TRACK~ is an input
signal, when active (LOW), indicates that a
addressed slave device is ready to complete
its read or write operation. This signal is
synchronized with the raising edge of LCLK
and fed to the READY- output,.

[gg]
Hl
mn

-12 - = ) BUS ARB



T AR

~ CYEMND-

TO-

vCC

GND

A e s e G iiBRge. e

ouT

IN

ouT

IN

IN

IN

MOVAC TMOMDIMISAME

READY: READY- is an output signal which, when
active (LOW), indicates to the microprocessor
that it can complete its read or write
operation. READY- is synchron to the LCLK.
READY- is the same as the TRACK- signal

on normal operation.

It will be internally created in the time out
mode (TOEN=HIGH) when a TIME OUT error is
detected.

CYLE END: CYEND- is a signal generated by the
microprocessor which, when active (LOW),
allows the arbiter to surrender the bus

if a higher priority master requests the bus
via GRANTIN.

&

"TIME OUT: TO- is an active LOW output signal

which is used to flag the microprocessor that
a time out error is detected on the bus.

The signal is generateo only when TOEN is
active.

" @mIME OUT ENABLE: TOEW is an input signal

(active HIGH) which enables the TIME OUT
CONDITION DETECTION scheme to create a TO
flag and READY- signal in two cases:

a) When tne arbiter does not get the bus for
128 BCLK cycles.

b) Vhnhen the arbiter has acquired the multi
master bus, an input or output operation
has been initiated, and no response
is received after 16 LCLK cyles from __
the addressed slave device.

This scheme is a guard against bus errors and

bus dead locks. When TOEN does go LOV, it ar

clears the TO error flag and disables the
time out logic,

Supply voltage +5 volts DC +/-3%.

Ground.

-13 - < 'BUS ARBITER



11 ELECTRICAL SPECIFICATIONS.

11.1 RECOMMANDED OPERATING CONDITIONS.

PARAMETER MIN TYP M| UNIT |
Supply voltage, V.. 4,75 5 ‘E'?S@_ A A P
Supply voltage, Ve 4 0 1y —

-| High-level input voltage, Vy, 2 N A
Low-level input voltage, Vy ' 0.8 v .
Operating free-air temperature, T, o 70 °C .

i
e

11.2 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMAMNDED.
OPERATING CONDITIONS (UNLESS OTHERWISE NOTED).

PARAMETER TEST CONDITIONS MK TYP_ max | uarT
I Input current at max. input voltage Voo = max, Vig = 7V o pA
lOL Low-level output current _ o o
READY- signal = VoL " 0.5Y L IGJ“ L __-f“_._
GRANTOUT signal .+1 ' VoL = 0.4V o 8 o mA
PBRQ- signal VoL = 0.5¥ 8 m
INTE- signal VoL ~ 0.4V - oA
BEK signal . VoL = 0.4V- L 8 B mA
T0- signal VoL = 0.4V o84 m
Ioy High-level output current You = 2.7V . %-800 [
Ipy High-level output current # You = 2.7V =250 | pA
Iy High-level input current Yoo = max, Yig = 2.7V . I . I T L
It - Low-level input current, GRANTIN Vec = max, ¥y = 0.5Y ... =04 | mA
It Low-level input current, a1l others Vee = max, ¥V = 0.5V L -0.2 _mA
Yo Low-level output voltage Vec = min, ¥y, = 2v[ I, = 8mA 0.4 Ty
1L ® Vitpax Top = 16mA e . 05}V
YOH High-level output voftaée Vcc = min, VIH = 2y
YiL = Vitmax, Tou = -900KA 2'7___ 3 - '
Iec Supply current Voo = max & ] _mA

a Open collector output with 10X ohm pull up

TEXAS INSTRUMENTS - 14 - , 5US ARBITER




?",{i.3 TIMING REQUIREMENTS OVER FULL RANGE OF OPERATING CONDITIONS.

PARAMETER MIN TYe HAX URIT

TBCLK Bus clock ‘cycle time 100 250 ns

TBCLK R Bus clock rise time 10 15 ns

TBCLX F Bus clock fall time 10 15 ns

TBCLK W(L) Bus clock pulse width (low-level) S0 125 ns

TBCLK W(H) Bus clock pulse width (high-level) 50 125 ns

TLCLK Local clock cycle time 100 250 ns

- TLCLK R Local clock rise time 8 10 ns
_ TLCLK F Local clock fall time 8 10 < ns
TLeLx W(L) Local clock pulse width (low-level) 50 125 ns

A TLCLK H(H) Local clock pulse width (high-level) 50 125 ns
Tp H(L) Reset pulse width (low-level) 50 ns

F l11.4 SWITCEING CHARACTERISTICS OVER

OPZRATING CONDITIONS.

FULL RANGE OF RECOMHANDED

PARZMETER MIN TYP¥ Hax * UNIT

T Setup time BUSYIN- before BcLKk ! 15 20 ns

The Hold time BUSYIN- after BCLX } 0 20 ns

) Taaey Delay time BEn (high) after BCLK{ 10 ns
TdBEL Delay time for BEN after LCLK‘ . 10 ns

T4c0 Delay time GRANTOUT after BCLX § 0 10 ns

o TSBRIN Setup time BRéIR» 20 ns
T Tﬂagm‘ Hold time in BRQIN- 0 ns
T T4pBRL Delay time PBRQ- (low) after BCLK?} 20 ns
T T4paru Delay time PBRQ- (high) after LCLK 20 ns
L Delay time INTE- after BCLK} 10 ns

T TSG! Setup £1me before BCLKt 10 ns
S Tt Hold time GRANTIN after BCLK} 0 ns
{-*- o Tsr Setupltime TRACK- before LCLX } 10 ns
\ " | Tam  Delay tine READY- (nigh) after CYEND- (low) 20 ns
T T TgmL Delay time READY- (low) after LCLK } 15 ns
TaroL Delay time TO- (low) after LCLK 20 ns

T TaToH Delay time 73- (high) after TOEN (low) 20 ns

|
4

& design goals
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Figure 4: Interrupt Timing
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Figure 2: Multiprocessing with TMS 9911 DMA-Controller
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/ Figure 3: Interrupt Control
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Figure 4: Bus Arbitation & Interrupt Control
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