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1 INTRODUCTION. 

The SN74LSXXX BUS ARBITER is 'a peripheral device design ed for use 
the TEXAS INSTRUNENTS 9900 family, other microprocessors, and de;; 
like DMA controller, to provide B'US ARBITRATION for systems with mult 
bus masters. The SN74LSXXX is a 20 pin, single power supp ¥ {+5V 
are TTL conpatible compatible device, in LS gate array tec hnology. 
inputs and outputs. It can also be used for the E-BUS vector inteI 
control or another interrupt system using s erial daisy c hain and I  

Features: 

* Multimaster bus arbitration. 

* Sychronizes the local 
system bus. 

microproc es sor with a multi 

* BUS TIME OUT hardware to gu a rd against bus errors or bus 
lock. 

* 

E-BUS vector interrupt controller. 

Compatible with TIts T- and E-BUS as well many other 
(like INTEL t1ULTI BUS, 1·10TOROLA VERSABUS, etc.). 

• Compatible with TIts TNS99XXX microproc es sor amily and 
8 an d 16 bit CPU's, like 18086, 18085, zao, Z8000, M6800 
t:168000. 

TEXAS INSTRUllEN'l'S - 3 - BUS 

dead 

s chemes. 

master 

systems 

other 
or 

ARBITER 



:t 

& 

, ; .. 
· -. .f ' '_ _ >-,&;- ·�_'�';1·� ·.��-':1 ·:'. _';:-'S;:; '.>::tti ,,: - : 

• 

I--

j 
!-  

-

--

-

- • 

2 ARCHITECTURE. 

The SN74LSXXX BUS ARBITER & E-BUS INTERRUPT CONTROLLER is design 
provide 10'11 cost and high speed bus arbi tration to be used \,li th 
TltIS99XXX family, other microprocessors, DNA controllers, or any 0 
system which serves as a master on a multi master system bus. 
device also improves control for systems which may generate an int£r . 
in an E-BUS system. 

Figure 1 sh oyls the block diagram of the SN74LSXXX internal architect 
The bus arbiter consists of BUS & INTERRUPT REQUEST CONTROL, BUSY 
CONTROL, RELEASE CONTROL, TINER LOGIC AND TINE O UT & READY CON 
circuitry. In the case of an existing UBUS-REQUEST" from a ma 

dev i ce , the BUS & INTERRUPT REQUEST CONTROL CIRCUITRY creates a sy 
clock synchronized bus request for the f ol lowing cases: 

for parallel or rotating priority resolving through 
PARALLEL ,BUS REQUEST ,(PBRQ-.} .• . ,,' " , ' ,,' 

 "1 A ,"'." r ,:  " ;;' ,; ,-  ,  - ,'  - , -¥_< : ; }::. : $ 

for serial resolving through GRANTO UT. 

for any request through BUS REQUEST INPUT ( BRQIN- ) . 

IUS , 11!T!;t�·JP1' 
UQ\lU'l' CMT':tll. 

. 

'. 

nl'lElt 

...  
lUST & IUS Ociia:-' 

• 

Ill.LUt  

. 
'I'M CIIIT , 

l!UOy CQlmtOl. 

Figure 1: Block-Diagram 
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interrupt mode the arbiter generates an INTERRUPT ENABLE (IN1 
si nal, if an interrupt request via the INTERRUPT REQEST INPUT (IRe 
ex sts. . 

BUSY & BUS CONTROL is the circuitry which monitors and activates 
BUSY LINE. It also controls the BUS ENABLE (BEN) signal wt 

signals the local system that the bus is free for use. 
RELEASE CONTROL determines if and "'hen the arbiter can surrender 

• 

.. 
TIHEOUT & READY CONTROL generates the microprocessor READY sic.; 

syncronized "lith the local clock. (LCLK), and in time-out moce, sets 
BUS ERROR FLAG if an error occurs. 
The TIMER LOGIC serves to create the interrupt iteration request and 
TIMEOUT error logic. 

FUNCTIONAL DESCRIPTION. 

The microprocessor issues (via address or status decoding) a BUS 
(ERQ-) to the arbiter to get access to the syste  bus. If 

microprocessor is not the 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 impeoence. 
arbiter then forces GRAN OUT and PBRQ- to a low level to 
request for the syste•. l bus. The arbiter ;::onitors tile bus ztatus 
checking GRANTIN (priority) and BUSYIN- (bus free) lines. During 
arbitration the microprocessor i  forced to a vlait by an inactive 
from the arbiter chip. In case that the arbiter finds the GRhNTIN 
BUSYIN- signals inactive (see appendix A fig. 1), it occupies the 
activating BEN. Thro u gh an external bus driver (e.g SN74S38) BEN 
the bus BUSY- line lowu, to indicate that the bus is occupied and 

... 	 available for other bus masters. BEN also ena bles the address 
the data transceiver and the bus controller to access the bus. A 
operation (memory or I/O transfer) can then take place. After the 
signal is recieved from the accessed slave device, the a rbiter 
Ready Signal synchronised with the local clock t o  the rni roprocessor 
microprocessor gets the ready signal, and can complet  its 
write) transfer cycle. 
The time but error logic and the interrupt control will be 
later. 
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PRIORITY RESOLVING BET;-1EEN BUS ",lASTERS. 

SN74LSXXX arbiter gives the designer a great degree of flexibilitl 
his priority logic. 

A parallel priority resolving scheme (see fig- 2) requires a spec 
hardware and signal wiring. Each PBRQ- output is connected to 
encoder/decoder logic which selects one bus master in each arbitrat 
cycle. The bus request with the highest priority is granted by a t 
level on the corresponding GRANTIN line of the arbiter. 

vee vee 

· 

· 

· 

BRaID- BUSY-

ARBllfR 
1 

2 

· 

· 

· 

H 

P.8RO-

GRANTIH 

PRIORITY · 

· . OECOOER
ENCODER · 

· . 
· 

· 

X external bus driver not shown 

• 

Figure 2: Parallel Priority Resolving 

In serial priority resolving scheoe (see fig. 3) every higher prior 
GRANTOUT is connected to the ne :t lo\o,er pr ior i ty GRM:TIN input. 
type of resolving needs only an external AND-gate (e.g. SN74S09) 
achieve a high speed serial daisy chain. 
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priority bus master is requesting access and thus r ducing 

e number of arbiters that can be used in the daisy chain loop 
lunction of the BUS CLOCK (BCLK) cycle time and the internal 
timing of the arbiter. It can be calculated as follows: 

Tbclk -	 (Tsgo +Tsgib ) 
1 > N 

Tdgio 

N = 	 NUmber of arbiters in the daisy chain loop_ 

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

Tsgib = 	 Set up time, GRAll TIN before positive edge of BCLK- HIGH. 

Tdgio = 	 Delay time f rom GRANTIN to GRANTOUT of the exte nal 
gate. 

vee vee 

vee 
GAANTINX ARBITER 

1 	 GRANTOUl 
·S09· 

GRANTIN
2 

GRANT OUT 

'S09 

GRANTIN
3 GRANTOUT 

ARBITER 
GRANTIN 

N GRANT OUT 

'S09 
i 

BRQIO- BUSY- X external bus driver.not shown 

Figure 3: Serial p Ji ority Resolving 

With the SN74LSXXX device at lOrnhz BCLK frequency, up t o  10 arbiters 
be placed in the serial daisy chain. 
Other priority resolving schemes ( like ROUND ROBINSON, ect . ) , a 
higher number of possible bus masters , can be implemented throug
special priority handler & supervisor module. 
The BRQIN- line tan be used in the da isy chain or other resol 
schemes, to Signal the arbiter device that a lower priority seeks ac 
to the bus. This allows occuoi ed hiaher orkeeo the bus ifto no 

synchronisation time. 
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requests the bus, via 
after the lower priority 

A, fig. 2a and 2b). 
roaster is reqesting the 

bus from a higher 
This line is normally an 

output (through a 
(wired OR). When tbe 

(see appendix A, fig. 
can gain access to 

arbiter will release the 
follwing functions: 

e HIGH 

= LOvl & LOCK- = HIGH 

figure 2c) 

The 
inhibit 
other 

LOCK-. 
not 
becomes 
interrupt 
that 
situation. 

"TEXAS 

AND SURRENDER LOGIC. 

when a higher pr iori ty fllaster 

I 5 

Usually I 
gets 
has 
it gets 
A lower 
device 
collector 
buffer) 

the bus from a lower priority device 
completed its transfer cycle (see appendix 

the.bus, it will hold it if no other 
priority master device requests the 
by pulling a BRQIN- line low. 

bus line driven by the GRANTOUT 
of all arbiter units in the system 

priority device does not need the bus 
releases it, so that the lower priority device 
A summary of the conditions under which the 
on the negative edge of LCLK, is given by the 

a 

9 

ARBITATION 

BRO- • LCM 

(see appendix A figure 

i; LOt1, CYEND •• ,LOri" LOCK-

2a) 

= = =BRQ- HIGH & GRANTIN LOv] & LOCK- HIGH 

(see appendix A figure 2b) 

=BRQ- HIGH & BRQIN

(see appendix A 

6 LOCK LOGIC. 

• 

arbiter LOCK- input provides a possibility for the microprocessc 
a bus release regardless whether the bus is requested by 
bus master or not. If the micronrocessor executes a 

interruptable instruction sequence, like a semaphore test, it sets 
input of the arbiter to a LOvl level. This ensures that the bl 

surrendered duririg multiple bus transfers, even if the BRQ
inactive between two bus transfers. LOCK also disable  

cycle generated through IRQ 1-. The system designer must er 
the LOCK function is used properly and not result in a bus deaa 
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A fig. 3). 
and the 

DEAD LOCK SYSTEM. 

has the ability to identify and indicate a bus time-au 
are two kinds of error that can be recognized (see appendi 

The first one (Tol), when the microprocessor desires the bu 
bus is busy for more then 128 BCLK cycles. This kind 0 

notification gives the microprocessor the opportunity to start an erro 
recovery routine and identify bus de'ad 
hardware malfunction. 

The second type of time out error (T02) appears when 

microprocessor is the current bus master, executing a bus 

slave module, does not get a TRACK- signal back within 16 LCLK 


.This kind of error gives the microprocessor the opportunity to 
operation even if an errornous or not existing slave has been 
by the software. To recognise hich kind of error exists (Tol or To2) 

the 
transfer to 

cycles 
continu 

addresse 

BEN signal has to be latched with the negative going edge of th 
(TO) error flag. If the BEN signal is inactive. ol occured 

otherwise T02 caused the bus error. 
In case of error, the arbite  activates READY - and allows that th 
microprocessor can complete the current instruction and accept the 
flag. 
The TOEN is the signal that enable (HIGH) the time out error circutry 
'lhen Lm'1, it resets the TO s ignal anCl disables the logic .. 

8 INTERRUPT CONTROL LOGIC. 

The arbiter can operate in an E-BUS interrupt mode 
interrupt source wants to send a vector interrupt it activates 
interrupt request input (IRQI-). The arbiter drives the 
and waits for the bus to be free via GRANTIN and BUSYIN-
fig. 4). If it finds the bus free it generates for 
interrupt enable (IN E-) signal. This signal serves also 
buffer, which puts the interrupt vector on to the E-BUS. 
response from the microprocessor which handles the interrupt,
is sent again after a 128 BCLK cycles as long as the 

.iactive. 
The interrupt arbitration request through IRQI- has 
priority than the BRQ- request. This means tha  the arbiter 

'a bus transfer (BEN goes LOVI) at the end of a cycle (CYEND 
BCLK cycle to issue an interrupt if no higher priority

,requesting the bus and the LOCI - input is inactive (see
fig. 4). 
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SYSTEM CONFIGURATIONS. 

• 	 Some Applications of the SN74LSXXX Interrupt 
are presented in appendix B. 

10 PIN ASSIGNMENTS. 

Bus Arbiter/E-Bus 

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

describ 

GRANTOUT . 1 20 
BEN 2 19 

tINTEN- 3 18 
4 17 

PBRQ- 5 16 
6 15 
7 14 

IRQI- 8 13 
9 12 

GND 10 11 

-BUSYN-
TRACK-  
READ Y- .-

·VCC 
·BRQ-

BRQIN-
CYEND-

• LOCK-
·GRANTIN 

TOEN 

Figure 4: 20 pin dual in line package 

II 
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RESET-
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LCLK 

BCLK 

BRQ-

PBRQ-

INTE-

BRQIN-

I/O 

IN 

IN 

IN 

IN 

OUT 

OUT 

IN 

DESCRIPTION 

RESET: RESET- is an active Lml 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 

hat th  bus cad be surrendered with proper 
timing. It is also used as the time out clock 
and to syncbronize READY-. 

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

BUS REQUEST: BRQ- is an active Lm·] 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 
LOv]. signal, which serves to generate an E-BUS 
interrupt cycle every 128 BCLK c ycles as long 
as IRQI- stays active. 

PARALLEL BUS REQUEST: This active Lm·] output 
serves as a parallel bus request 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 dri ven active LOy] 
for one BCLK cycle if the arbiter has- the bus 
and is generating an E-BUS interrupt cycle. 

BUS REQUEST INPUT: BRQIN- is an input 
--

signal to the arbiter which serves to indi
cate if a low.er priority master is requesting. 
access to the bus. . 

. The BRQIN- is connected to a bidirectional 
bus line driven by the 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 roaste r. 
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LOv] signal that is 

" 
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pin 

a  
interrupt'cyele reguest·thtdug'b 

an 

fro 

GRANTIN IN 

GRANTOUT OUT 

LOCK- IN 

BEN OUT 

bus 

and 
of 

may 

of 

the 

BUS 

BUSYIN-

TRACK-

ACCESS GRANT IN: This is an inpu  signal 
that, when HIGH, indicates to a potential 

master that no higher priority bus 
master device requires access to the bus, 

consequently allows it to vie for contr 
the bus. 

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

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 

the next slot with lower positional 
priori ty. GRANTOUT w il l go active (LO\'l), 
sychronized w ith BCLK, after a bus or 
interrupt request has arrived. It will go i 
active, when the device has acquired the bu 

LOCK: LOCK- is an aC,tive 
used to inhibit the arbiter from surrenderi 

bus to any other bus master requesting 
access (regardl ess of priori ty) t will 
inhibit any 
IRQI-. 

ENABLE: BEN is an active HIGH output 
serves to signal a bus controller, the bus 
transceiver, and any other devices, that th 
syste  bus can be connected to the local bu 
BEN is also used to drive the BUSY- bus Ii 
through an open collector bus driver (activ 
LOVI) to indicate to all other possible bus 
maste s that the bus is occupied. 

IN 	 BUSY IN: BUSYIN- is an active LOvi input 
the system bus and indicates that the bus 
is currently used by another bus master. 
A HIGH level ,on BUSYIN- and GRANTIN signals 
the arbiter that the bus is not used and 
can be occupied after the LOv1' to HIGH 
transition of BCLK. • 

IN 	 TRANSFER ACKNOt'lLEDGE: TRACK- is an input 
signal, when active (Lmn, indicates that a 
addressed slave device is ready to complete 
its read or write operation. 'This signal is 
synchronized w ith the raising edge of LCLK 
and fed to the READY- output. 

TEXAS INSTRUrlEHTS - 12 -	 BUS ARBITE 



< , 

OUT 

CYEND- IN 

TO- OUT 

TOEN 

READY: READY- is an 
active (LO l), indicates 
that it can complete 
operation. READY- is 
READY- is the same as 
on normal operation. 
It will be internally 
mode (TOEN=HIGB) when 
detected. 

CYLE END: CYEND- is a 
microprocessor which, 
allows the arbiter to 
if a higher priority 
via GRANTIN. 

TIHE OUT: TO- is an 
which is used to flag 
a time out error is 
The signal is generated only 
active. 	

output signal which, when 
to the microprocessor 

its read or w rite 
synchron to the LCLK. 

the TRACK- signal 

created in the time out 
a TIME OUT error is 

signal generated by the 
when active (LOtI), 
surrender the bus 

master requests the bus 

active LOt-l output signal 
the microprocessor that 

detected on the bus. 
when TOEN is 

IN TIME OOT ENABLE: TOENis 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 the arbiter does not get the bus for 

128 BCLK c ycles. 
b) 	 When 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 sche e is a guard against bus errors and 
bus dead locks. l1hen TOEN does 00 LOv1, it aI 
clears the TO error flag and d i  ables the 
time out logic. 

Supply voltage +5 volts DC +/-5t. 

Ground. 
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ELECTRICAL SPECIFICATIONS. 


11.1 	 RECOUl-lANDED OPERATING CONQITIONS. 

PARAMETER HIN TYP MAX UNIT 

Supply voltage. V 4.75 5 5.25 V 
ee 	 -- - .-  . 

Supply voltage. 	 0 V. -VS5 

High-level input voltage. 	 2 VVIH ._ -
low-level input voltage. 0.8 -VIL 

Operating free-air temperature. TA 	 0 70 OC 

11.2 	 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOl-H-lANDED. 
OPERATING CONDITIONS (UNLESS OTHERWISE NOTED). 

.. -
PARAMETER 	 TEST CONOITIOtCS MIH UNIT! P--	 . 

Input current It x. input vol uge • 	 0.1 IIAII 	 Vee max. V1H • 1V . - -
l Low-leYel output current ot 	 - - -- .. 

READY- signal • - VOl• O.SY 	 16 InA--- - -	 - .• 
GAANTOUT signal ., 1 	 . 

InA8VOL • O.4V --.-
PBRQ- signal 	 VOl• O.SY - -- . --- - - .- I\A . .. 
lrITE- signal VOL· 0.4V 	 8 mA- ' 	 - -
SEN signal VOL• 0.4V-	 8 IlIA -
TO- signal 	 8 IlIAVOL• O.4V 	 . -  - - - -- . . 

--- _ .  High-level output current 10K IIA. _ 
High-level output current • YOH • Z.7V 	 -250-_._- - - - _ .. 
High-level input current Yee• max. YIH• 2.7V 20 - . - pA ... -

I IL • Low-l evel input current, GRAHTIH Vee• max. YIL• O.SY 0.4 IlIA 

III Low-level input current. III others Vee· max, • O.SY 	 -o.zYIL 	

YOL Low-level output voltage Vee• _in. VIH• 2V • SmA 

V1L• YIlJIIU 16mA -IOL• 	 0.5 -  .  
YOH High-level output voltage Yee • .in, YIM• 2Y 

2.7 3_4 	 Y -. -
Supply current ICC 	 Vee • :!IU 

• Open collector output with 10K ohm pull up 
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TItUNG REQUIREMENTS OVER FULL RANGE OF OPERATING CONDITIOllS. 

PAAAM£TER 

T8CUt Bus clock'cycle time 

R 8us clock rise time 

TBCLl F Bus clock fall time 
TueLK W{l) Bus clock pulse width (low-level) 

W(H) Bus clock pulse width (high-level) 

HIM 
100 

50 

TYP 
2SO 

10 

10 

125 

125 

mx 

15 

15 

UNIT 
ns 
ns 
ns 
ns 
ns 

TLeU: local clock cycle time 

TLCU: R Local clock rise time 

TlCU: F local clock fall time 

100 250 

8 
8 

10 

10 

ns 
ns 

ns 

TlClK W(l) local clock pulse width (low-level) 50 125 ns 

TlctK W(H) Local clock pulse width (high-level) SO 125 ns 

TR W(L) Reset pulse width (low-level) SO ns 

11.4 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOl1f.lANDED 
OPERATING CONDITIONS. 

PARAMETER HIN TYP" MAX • UNIT 

TSS 
'THB 
TdBEH 

Setup tillle BUSYIH- before Bell( t 

Hold time BUSYIN- after BCll t 
Oelay time BEN (high) after BCll:. f 

0 

15 

20 

10 

20 ns 

ns 

ns 

TdGO 

.Oelay tillle for BEH after lCLlq 10 ns 

Delay time GAA.'iTOUT after BCll. 0 10 ns 

TSBRIH 

THBRIH 

TdPBRl 

TdPSRH 
o _ 

TdlT 
TSGI 

THGI 

TSTR 
TdRH 


TdTRL 


Setup time BRQIN-

Hold time in BRQIH-

Delay time PBRQ- (low) after BCU: t 

Delay time PBRQ- (high) after lClK 

Delay time I"TE- after BClK' 

Setup time before BCLK t 
Kold time G HTIH after seu: t 
Setup time TRACK- before LClK t 
Oelay time READY- (high) after CYEHD- (low) 

Delay tillle REAOY- (low) after LeLKt 

20 

0 

20 

20 

10 

10 

0 

10 

20 

15 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Delay time TO- (low) after LCLKt 20 ns 

Delay time TO· (high) after TOEN {low} 20T d TOH ns 

t design goals 

. 
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