

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































uPB8288

DC CHARACTERISTICS Ycc=5V:10% Ty=Cro70°C

PARAMETER SYMBOL MIN MAX UNIT TEST CONDITIONS
Input Clamp Voltage Ve -1 v Ic=-5mA
Power Supply Current Ice 230 mA
Forward Input Current 1E -0.7 mA VE =0.46V
Reverse Input Current IR 50 A VR =Vce
Output Low Voltage — Command Outputs v 0.5 7 lpL=32mA
Control Outputs oL 0.5 v lo =16 mA
Output High Voltage — Command Outputs v 24 \ IoH =-6mA
Control Outputs OH 2.4 v IoH =~1mA
Input Low Voltage ViL 08 v
Input High Voltage . ViH [ 2.0 \
Output Off Current |OFF 100 HA VofFF = 0.4 t0 5.25V
= % = °
AC CHARACTERISTICS  Voc ™8V # 10% To=(*Cro70°c
TIMING REQUIREMENTS
PARAMETER SYMBOL MIN MAX UNIT LOADING
CLK Cycle Period TCLCL 100 ns
CLK Low Time TCLCH 50 ns
CLK High Time TCHCL 30 ns
Status Active Setup Time TSVCH 35 ns
Status Active Hold Time TCHSV 10 ns
Status Inactive Setup Time TSHCL 35 ns
Status Inactive Hold Time TCLSH 10 ns
Input Rise Time TILIH 20 ns
Input Fall Time TiHIL 12 ns
TIMING RESPONSES
PARAMETER SYMBOL MIN MAX UNIT LOADING
Control Active Delay TCVNV 5 45 ns
Control Inactive Delay TCVNX 10 45 ns
ALE MCE Activp Delay (from CLK) TCLLH, TCLMCH 20 ns
:::z :VICE ‘Actti’w: Delay (from Status} IZ:II.-:, TSVMCH f;) ns WEDS
tive Dal S W
C M: IA i e:) I TCLML 1?) 35 ) 1oRc
mi \Ctive 5
ommen Sdidiiad o MWTC loL=32mA
Command Inactive Delay TCLMH 10 35 ns U
owc IoH = -5 mA
Direction Control Active Delay TCHDTL 50 ns
Di ion Control | ive Del. TCHDTH 30 WIN A CL = 300pF
tion Contre Ve elal S
C"ec = d E bT ‘:ac‘ - . TAELCH 40 - A_Imc
mman na
Ol e Time ns Fy
Command Disable Time TAEHCZ 40 ns
Enable Delay Time TAELCV 105 | 278 s ; loL =16 mA
AEN 10 DEN [ TAEVRV % ] Oter g fo=-TmA
CEN to DEN, PDEN TCEVNV 20 s CL=80pf
CEN to Command TCELRH TCLML ns
Output Rise Time TOLOH 20 ns
Output Fall Time TOHOL 12 ns
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uPB8288

STATE T n } T2 T3 Ta i TIMING WAVEFORMS
| TcLeL
~ TCLCH
oLk JF 5{ A & / SK J
TeHSV->] l- -] [« TSVCH TCHCL e —-| le-TSHCL
TCLSH™
%hE \k \.\ }I( \
ADDRESS/DATA IADDA WRITE
oRess! VALID DATA VALID @
1
- Le-TCHLL
QLR TSVLH|
ALE 3
TCLMH >
——
WRGC, TORC, INTA
. ATOWe TCLML~ ~ TCLML
U —
WWTC, TOWC
- TCVNY
(READ)
OEN (inTa) S
TCVNX -+
——
75En (READ)
POEN (inTa)
- TCVNV
DEN (WRITE)
chr«x-j
POEN (WRITE)
TCHDTH—m e
OT/R (READ} _ ___]y
— TCHDTL
.
{ ® \L TCHOTH »
MCE
TCLMCH | [ -+ [-Tovax

TSVMCH

NOTES:
® ADDRESS/DATA BUS 1S SHOWN ONLY FOR REFERENCE PURPOSES.

@ LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING
EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST.

ALL TIMING MEASUREMENTS ARE MADE AT 1.6V UNLESS SPECIFIED

OTHERWISE.
DEN, PDEN QUALIFICATION
ceN X TIMING
AEN
TAEVNV!
DEN
TCEVNV
FEN
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uPB8288 ADDRESS ENABLE

uPB8288

REoS AEN ” BJAELCV—- ﬁsv
(AEN) TIMING 1
(3-STATE ENABLE/DISABLE) TAELCH fvou Tacncz+] Y,
OUTPUT 05V X oH
COMMAND t
q [TCELRH
CEN le—
TCELRH
TEST LOAD CIRCUITS 1.5V 1.5V
18002 330
ouT ouT
]: 300 pF I3°° pF
3-STAT-E TO HIGH 3-STATE TO LOW

3-STATE COMMAND OUTPUT

TEST LOAD
2.14V 2.28v
52.7Q 1140
ouT ouT
. I 300 pF I 80 pF

COMMAND OUTPUT CONTROL OUTPUT
TEST LOAD TEST LOAD
AC TESTING INPUT, INPUT/OUTPUT

OUTPUT WAVEFORM

2.4

% 1.5 ~s—— TEST POINTS ——s= 1.5%

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V FOR
A LOGIC “0" TIMING. MEASUREMENTS ARE MADE AT 1.5V FOR BOTH
A LOGIC 1" AND "'0."

0.45

735



uPB8288

A
20 11
Y S o e s s T e o 0 o O o

H\)

lTJLIL.J[_ll_II_Jl_JI__ILJl‘ﬁI

N
1

F'—

B —

PACKAGE OUTLINES

0° -15° -
l E Plastic
ITEM MILLIMETERS INCHES
A 26.7 MAX. 1.05 MAX.
B .05 0.041
[ .54 [X]
D .6 + 0.1 0.02 * 0.004
E 2.86 0.9
F 1.4 0.055
F' 1.1 0.043
G 2.54 MIN. 0.1 MIN.
H 0.5 MIN. .02 MIN.
] 3.55 .14
4 5.08 MAX. .2 MAX.
K 7.62
A L 6.4 .25
20 11 M 0.25+40.10 0.01 +0.004
o O s e e s e Y e I O -0.05 -0.002
R 1.0R 0.04R
K ———
h
M \
0° - 15° -
Cerdip
ITEM MILLIMETERS INCHES
A 26.7 MAX. .05 MAX.
B .7 .028
C .54 .1
D .46 + 0.1 .018 + 0.004
E 22.86 .9
F 1.4 055
F . ,035
[] 2.54 MIN. .1 MIN.
H .5 MIN. .02 MIN.
] 4.32 MAX. .17 MAX.
J 5.08 MAX. .2 MAX.
K 7.62 0.3
L 6.8 0.27
M 0.25+0.10 0.01 + 0.004
- 0,05 -0.002
" 587 G.03R
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NEC S WPB8289
NEC Electronics US.A. Inc. .@}\\ BUS ARBITER
Microcomputer Division \ N,

Ry
Descriptl Q\’"\} Functional Configurati

The uPB8289 Bus Arbiter is used with the uPD8288 Bus
Controller to interface 8086 and 8088 microprocessors

to a multimaster system bus. The uPD8289 controls the G'I*D vee
uPD8288 bus controller and the bus transceivers and '
address latches, preventing them from accessing the Processor | 7] ? — ?cf{_K
system bus if the processor does not have use of the Status 1 | s; B BREG
bus. ) 8289 [::w m"‘:lr"l;z:
An external command sequence will cause the associ- e oo
ated microprocessor to enter a wait state until the bus glenot | ) emgrex . . coRG
is ready. The processor remains in the wait state until Options | —| RESB
the bus arbiter acquires use of the multimaster system g‘g"“‘m :;;;B/m} §|y;,'.2$
bus. Then, the arbiter allows the bus controller, data
transceivers, and address latches to access the system.
Once use of the bus has been acquired and data has
been transferred, transfer acknowledge (XACK) is Pin Identification
returned to the processor to indicate that the acc d i
slave device is ready. The processor may then complete Number  PinName  Direction Pin Functions
its transfer cycle. i 18,19,1 80, 81,82 IN Status inputs from the 8086 or 8088
processor. The .PB8289 decodes them
Features to begin bus requests and surrenders.
O Multimaster system bus protocol 7 CLk N gm';;?rn-' from the 8284 clock
[J 8086 and 8088 processor synchronization with multi- m TooK N
rn_aSter ?US . 15 CRGLCK IN Common Request Lock. Prevents the
[ Simple interface with the 8288 bus controller and 4PBB28D from surrendering the bus in
8283/8282 address latches to a system bus eapanss to reguest on the CBR
[ Four operating modes for flexible system configuration P RESB. N Resident Bus Input. This signal tells
O Simplified interface to Multibus™ systems and residont bus. When this signat o
O Parallel, Serial, and Rotating priority resolution high, the :Vsa/ﬁﬁ'gﬁ pin handles bus
D BiPOIar bUﬁering and dfiVe Capablllty 14 ANYRGST IN This signal allows the multimaster bus
to be surrendered to a lower priority
arbiter.
2 o8 IN 1/O Bus. This signal tells the .PB8289

that there is an I/O peripheral bus and
a multimaster system bus.

Pin Configuration 12 AEN out Address Enable. This output tells the
) 8288 bus controller, 8284 clock driver,
and the processor's address latches

NS when to tri-state their output drivers.
52 [ 1 20[vee — d
3 SYSB/RESB IN System Bus/Resident Bus. This signal
0B [} 2 1951 when bus req and sur-
SYSB/RESB (] 3 1875 . renders are permitted in SR mode.
ResB (|4 17[Jck 12 TBRG IN/OUT Common Bus Request. This is an input
. from a lower priority arbiter requesting
BCIK (|5 uPB8289 16[ ] LOCK the bus. It is an output from arblters
T e A:;::e . 15[ ] CRGLEK : that surrender the multimaster bus
upon request.
BREG [ 7 14[] ANVRGST —
g - T 6 INIT IN Initialize. This is an active low input
BPRO (e 13[ ] AEN that resets ell bus arbiters on the multi-
BPEN 1 CBRG . master bus. No arbiters have uss of the
Oe 2] bus fotlowing INIT.

GND {10 " :| 5 BCLK IN System Bus Clock. This clock syn-
chronizes all system bus interface
signals.

7 BREQ out Bus Request. This output Is used by an
arbiter to request use of the muitimaster
system bus.

9 BPRN IN Bus Priority In. This signat tells the

TM: Multibus is a registered trademark of intel Corporation. arbiter it may acquire the bus on the

next falling edge of BCLK.
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uPB8289

Block Diagram

82—

E

State
Generator

<

8086/8088
Status Si -

—t

LOTK
CLK

CROCIK

Processor
Control

Control
RESB

ANYRQST
0B

Pin Functions (Cont.)

INTT
BCLK
BREQ Muitibus
gomn"mnd
| BPRAN y
nterface BPRD ignals
BUSY
CBRG
Lgcal
us
Interface AEN
System
Signals
SYSB/RESE

Number  Pin Name

8 BPRO Bus Priority Out. In serial priority resolv-
ing schemes, this output daisy-chains
to BPAN of the next lower priority

arbiter.

ouT

" BUSY IN/QUT Busy notifies all arbiters on the bus
when the bus is avaliable. The highest
requesting arbiter seizes the bus and
pulls BUSY low to keep other arbiters

off the bus.

20 +8V

Vec

GND Ground

Bus Master Arbitration

Higher priority masters generally acquire use of the bus
when a lower priority master completes its present
transfer cycle. Lower priority masters acquire the bus
when no higher priority master is accessing the system
bus. The ANYRQST strapping option allows the arbiter
to surrender the bus to a lower priority master as if it
were a higher priority master. The arbiter maintains the
bus as long as no other bus masters are requesting the
bus and its processor has not entered the Halt state.
The arbiter does not voluntarily surrender the bus and
must be forced off by a request from another bus
master, unless the arbiter's processor has entered the
Halt state. Additional strapping options allow for other
sets of conditions.

Priority Resolving Techniques

The uPB8289 provides several techniques for resolving
priority between the many possible bus masters of a
multimaster system bus. All of these techniques
assume that one bus master will have priority over all
others at any given time. You may use Parallel, Serial,
or Rotating Priority Resolving.

738

Parallel Priority Resolving

This technique uses a Bus Request line (BREQ) for each
arbiter on the multimaster system bus. Each BREQ line
goes to a priority encoder that generates the address of
the highest priority active BREQ line. This binary
address is decoded to select the Bus Priority In line
(BPRN) that is returned to the highest priority active
arbiter. The arbiter that receives priority (BPRN true)
allows its bus master onto the multimaster system bus
as soon as the bus becomes available. An arbiter that
gets priority over another arbiter cannot immediately
seize the bus, but must wait until the current bus trans-
action is complete. When the transaction is complete,
the current occupant of the bus surrenders the bus by
releasing BUSY. BUSY is an active low OR tied line
which goes to every arbiter on the system bus. When
BUSY goes high (inactive), the priority arbiter seizes
the bus and brings BUSY low to keep other arbiters off
the bus. Note that all multimaster system bus transac-
tions are synchronized to the bus clock (BCLK).

Parallel Priority Resolving

T L
IAHBITEH —
. 1 -
(1 P i
74148 || 74138
] ARBITER | BPAN PRIORITY || 3-TO0-8 [
7/ -+ |ENcoDER|—~|oECODER [ ]
(1 BREG . [
BUS
(-’] AEB:;TER BPAN
] T
/ E ARBITER | BBRN
9—] 4 l—
CBRQ | BUSY




uPB8289

Higher Priority Arbiter Obtaining the Bus from
a Lower Priority Arbiter-

o\

s RANAN

BUSY 9,

Notes:
Higher priority arbiter requests the system bus.
Attains priority. '
Lower priority arbiter releases BUSY.
Higher priority arbiter then acquires the bus and pulls BUSY low.

Serlal Priority Resolving Modes of Operation

The serial priority resolving technique daisy-chains the The uPB8289 has two basic operating modes: /O
bus arbiters together by connecting the higher priority Peripheral Bus mode (TOB mode), and Resident Bus
arbiter’s BPRO output to the BPRN of the next lowest mode (RESB mode). The TOB strapping option con-
priority arbiter. This eliminates the need for the priority figures the uPB8289 into TOB mode and the RESB
encoder-decoder arrangement. The number of arbiters strapping option configures it to RESB mode. If both

that may be daisy-chained together is a function of options are strapped false, the arbiter interfaces the
BCLK and the propagation delay from arbiter to arbiter. processor to a multimaster system bus only. If both
At 10 MHz, only 3 arbiters may be daisy-chained. options are strapped true, the arbiter interfaces the

processor to a multimaster system bus, a resident bus,
and an /O bus.

TOB Mode . .
BUS ‘____jmn IOB mode allows the processor to access both an /O
ARGITER | BPRo L peripheral bus and a multimaster system bus. On an
a| 110 peripheral bus, all devices on the bus, including
( T il memory, are treated as l/O devices and addressed by
(-'1 ARBITER | 5PRO 1/0 commands. All memory commands are directed to
YV i *  the multimaster system bus. in TOB mode, the proces-
("l BUS BPAN sor communicates with and controls peripherals over
v c'] ARBITER | ppg the peripheral bus and communicates with system
/ memory over the system memory bus.
Ny, T ten e RESB Mode
7 4 RESB mode allows the processor to communicate over
: : . both a resident bus and a multimaster system bus. A
CBRG . « BUSY : resident bus can issue memory and I/O commands, but
it is separate from the multimaster system bus. The
resident bus has one master and is dedicated to only
that master. The 8086 and 8088 can communicate with
Rotating Priority Resolving a resident bus and a multimaster system bus. The proc-
This technique resembles the paralle! priority resolving essor can access the memory and peripherals of both
technique except that priority is dynamically reassigned. buses. Memoré mapping selects which bus is accessed.
The priority encoder is replaced by a circuit that rotates ~ The SYSB/RESB input on the arbiter instructs the
priority between arbiters to allow each arbiter an equal arbiter on which bus to access. The signal connected to
chance to use the system bus. SYSB/RESB also enables and disables commands from

one of the bus controllers.
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LPB8289

Mode Summary

Single
Status Lines _Bus Mode
From 8088 or 10B Mode ____RESB (Mode) Only __10B Mode RESB Mode 10B = High
8088 or 8089 Only 108 = High RESB = High 108 = Low RESB = High RESB = Low
—_ — — P SYSB/RESS = SYSB/RESB = SYSB/RESB = SYSB/RESE =
$2 $1 $0 108 = Low High Low High Low
1) 0 0 x » x x X “
1/0 Commands [} 0 1 x v x x X v
[} 1 [} x v x x x v
Hatt o 1 1 x x x x x X
1 0 0 ' 4 X v X I
Memory Commands 1 o 1 » v x P X v
1 1 o 4 v x v x I
Idle 1 1 1 x x x x x x
Notes:

@ x = Multimaster System Bus is allowed to be surrendered.
@ .+~ = Multimaster System Bus is requested.

Muitimaster System Bus

DC Characteristics
Ta = 0°C to +70°C; Voo = 5V 1+ 10%

Mode Strapping Requested @ Surrendered @ Limits
Slngle Bus m = High When the proc- HLT + Tl o HPBRQT Parameter Symbol Min Typ Max Unit Test Conditlons
Multimaster RESB = Low essor’s status Input Low Voltage Vi 0.8 \
Mode lines go active Input High Voltage ViH 2.0 v
RESB Mode IOB = High SYSB/RESB = (SYSB/RESB = Input Clamp Voltage Vo -1.0 Vv Vg =450V,
Only RESB = High High 2 Active Low + TI) CBRQ + lc= -5mA
HLT + HPBRQ input Forward Current 13 -0.5 mA xg(; =n 3.553\1.
= .
Ic?nBlyMode :=I°EBSB -.:.oLv::w g:m?nas g’BORgta-:uls-lLtr 1:) 2:‘,':.',';: nput Leakage R g0 wA 3§°:Jg§3"
m— HPBRQ Ouélﬁ;tvLow Voltage VoL
10B Mode » 10B = Low  (Memory ((VO Status BUBY. CERa 045V loL=20mA
RESB Mode RESB = High Command) » Commands) + (Tl) BPRO, BAEG 045 v ,gt - 10mA
(SYSB/RESB = (SYSB/RESB = bt High Veliegs v
High) Low) « CBRQ + EFEV_ oH Open Collector
HPBRQY + HLT) All Other Outputs 2.4 v IoH = 400 pA

Notes: Power Supply Current [ 165 mA

@ Except for HALT and Idle status.

® LOCK prevents surrender of bus to any other arbiter. CRQLCK

prevents surrender of bus to a lower priority arbiter.

@ HLT = processor halt; Sp-Sp = 011. Capacitance

@ T = processor idle; S-S = 111. Limits

@ + means OR. Parameter Symbol Min Typ Max Unit Test Conditions
@ * means AND. Input Capacitence  Cin Status 25 pF

1 HPBRQ = higher priority bus request or BPRN = 1. Input C Cin (Others) 12 pF

Absolute Maximum Ratings*
Tq = 25°C "BUSY, TBRG ¢ , 2AEN 28V

Operating Temperature 0°Cto 70°C 1109

Storage Temperature -65°Cto +150°C 92.50

Voltage on Any Pin -0.5Vto +7V

All input Voltages 1.0Vto +5.5V 260 pF I 100 pF

Power Dissipation 1.5W I 1

*COMMENT: Exposing the device to stresses above
those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be
operated under conditions outside the limits described
in the operational sections of this specification. Expo-
sure to absolute maximum rating conditions for
extended periods may affect device reliability.

3) BPRO, BAEQ

2.3v
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Typical CPU System Using

the .PB6289 Bus

Arblter

allly

READY

R RDY
EADY 8284A 1
Clock
Driver
CLK AENT

CLK

8086
or
8088
CPU

—

CLK

ANYRQT
OB

ADO-AD15
A16-A19

AN

Processor
Local Bus

status (50, 51, 52) >

AN RESB )—q?

CLK

ALE
DEN

0B
OT/R

< XACK

D

>
—

OE STB
8282/
8283
OE T
8286/
8287

PN

N
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LPB8289

AC Characterlstics
Timing Requirements

Ta = 0°Cto +70°C; Vgg = 3V +10%

Limits

Paramester Symbot Min Typ Max Unit Test Conditions
CLK Cycle Perlod g cL 125 ns
CLK Low Time  tcicH 65 ns
CLK High Time tcHOL 35 ns
Status Active 1SVCH 65 tcLeL-10 ne
Setup
Status Inactive tSHCL 50 toLoL-10 ns
Setup
Status Active tHVCH 10 ns
Hold
Status Inactive tHVCL 10 ns
BUSYH Setupto  tpyspL 20 ns
BCLK
CBRQt Setup to  tcpsp 20 ns
BCLK¢ BShL
BCLK Cycle Time tg gt 100 ns
BCLK High Time  tgyci 30 0.65 (tg pL) _ne
LOCK Inactive toLLLt 10 ns
Hold
LOCK Active toLLL2 40 ns
Setup
BPRNit 10 BCLK  tpygy 15 ns
Setup Time
SYSB/RESB Setup tc) sRq 0 ns
SYSB/RESB Hold  tg gR2 20 ns
Initialization Pulse tjyjy 3tpLgL + ns
Width 3toLoL
Input Rise Time HLIH 20 ns  From 0.8V to 2.0V
Input Fall Time HHIL 12 ns  From 2.0V to 0.8V
Timing Responses

Limits

Parameter Symbol Min Typ Max Unit Test Conditions
BCLK to BREQ  tgrgpL 35 ne
Delay @
BCLK 1o BPRO tg) poy 40 ns

o]0
BPRNI to BPROM tpnpo 25 ns
Delay ® @
BCLK to BUSY taLBYL 80 ns
Low
BCLK 10 BUSY  tg) gyn 36 ns
Float @
CLK to AEN High  toL AEH 65 ns
BCLK to AEN Low tg AEL 40 ns
BCLK 10 CBRQ 'BLCBL 60 ns
Low
BCLKt0 CBRG  tg CRH 35 ns
Float @
Output Rise Time toLoH 20 ns  From 0.8V to 2.0V
Output Fall Time  tonoL 12 ns  From 2.0V to 0.8V
Notes:
@ Denotes that the spec applies to both transitions of

@
©)

the signal.

BCLK generates the first BPRO. Subsequent changes of BPRO
are generated through BPRON.

Measured at 0.5V above GND.

742

AC Test Condition Waveform

Input/Output

2.4
. Xs’—hn Polntl—OX
0.45

AC Testing inputs are driven at 2.4V for LOGIC 1 and 0.45V for LOGIC 0. The clock is
driven at 4.3V and 0.25. Timing measurements are made at 1.5V for LOGIC 1 and 0.

Timing Waveforms
The signals related to CLK are typical processor signals

and do not relate to the depicted sequence of events of
the signals referenced to g%LK. The signals shown
related to the BCLK represent a hypothetical sequence
of events for illustration. Assume three bus arbiters of
priorities 1, 2, and 3 configured in the serial priority
resolving scheme. Assume arbiter 1 has the bus and is
holding BUSY low. Arbiter 2 detects its processor wants
the bus and pulls BREQ #2 low. If BPﬁfg #2 is high (as
shown), arbiter 2 pulls CBRQ low. CBRQ signals to
higher priority arbiter 1 that a lower priority arbiter
wants the bus. A higher priority arbiter would be given
BPRN when it makes the bus request rather than having
to wait for another arbiter to release the bus through
CBRQ. Arbiter 1 relinquishes the multimaster system
bus when it enters a state of not requiring it, by lower-
ing its BPRO #1 (tied to BPRN #2) and releasing BUSY.
Arbiter 2 now sees that it has priority from BPRN #2
being low and releases CBRQ. As soon as BUSY signi-
fies the bus is available (high), arbiter 2 pulls BUSY low
on the next falling edge of BCLK. Note that if arbiter 2
didn't want the bus at the time it received priority, it
would pass priority to the next lower priority by lowering
its BPRO #2 (TPNPO). Note also that even a higher

riority aribiter which is acquiring the bus through
BFHFj will momentarily drop CB%G until it has acquired
the bus.




Timing Waveforms

uPD8289

T4 —m——end
STATE T4 Ty T2 T3 4
tCLCL == tCLCH
S S S
CLK N 7 (
$2
1 tCHCL 1SHCL
1SVCH [~— —« tHVCL
tHVCH I—)——
§2.51. 50 7F
toLLL —=  f—— teLL2
LOCK /
SYSB/RESB ><
tCLSRA1 a— — tCLSR2
AEN
tBLAEL tCLAEH —=
Processor CLK Related
Bus CLK Related t
tBHCL P je——— tBLBL
SCLK / NR /_( ’-N— K / j(
—— 1BLBRL
BREQ #2
———1 tBLPOH
BPRN #2 \
(BPRO #1) (_
tPNBL—>| [~
BBEER N
BPRO #2
(BFRN #3) LN
——={ tPNPO
f——tBYSBL
BUSY
tBLBYL —
tBLCBL —* tBLBYH —=
CBRG %
tCBSBL [~——
tBLCBH ~——1

743




uPD8289

Package Outlines
uPB8289D
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NEC

NEC Electronics US.A.

Microcomputer Division

DESCRIPTION

FEATURES

PIN CONFIGURATIONS

uPD8355
Inc uPD8355-2
" uPD8755A*

16,384-BIT ROM WITH 1/0 PORTS
*16,384-BIT EPROM WITH 1/0 PORTS

The #PD8355 and the uPD8755A are uPD8085SA Family components. The uPD8355
contains 2048 x 8 bits of mask ROM and the uPD8755A contains 2048 x 8 bits of
mask EPROM for program development. Both components also contain two general
purpose 8-bit I/0 ports. They are housed in 40 pin packages, are designed to directly
interface to the uPD808SA, and are pin-for-pin compatible with each other.

2048 X 8 Bits Mask ROM (uPD8355 and uPD8355-2)
2048 X 8 Bits Mask EPROM (uPD8755A)

2 Programmabie 1/0 Ports

Single Power Supplies: +5V

Directly Interfaces to the uPD8085SA

Pin for Pin Compatible

uPD8756A: UV Erasable and Electrically Programmable
uPD8335 and uPD8355-2 Available in Plastic Package
MPD8755A Available in Ceramic Package

CE+ ~  wfpVee G+ ~  aopvee
CEC] 2 39 [ PBy cE] 2 39 PBy
cLk [ 3 38 [ PBg ckg 3 38 [0 PBe
RESET [] 4 37 [ PBg RESET (] 4 37 gPas
Ne[d s 36P8g . - - vppO s 36 [J PB4
READY 6 35 [ PB3 READY ] 6 35 [J PB3
10/M 7 34 épsz - owomdg 7 34 gpsz
TOoR (] 8 - 33 [ PB4 orR([] 8 33 [ reyq
RDC] o 32 P By RO 9 32 A eBg
jow Jio - 4PD 31 O ray owr]io  uPD 31 [ pay
ALEC]11 8355/ 30 ] Pag ALEC]1T  8755A 30 [ PAg
ADg (CJ12 - 8355-2 - .29 [J PAg ADg 12 29 [ Pag
ADy Q13 28 g PAg AD, 13 28 [ PAg
AD2 O] 14 27 J PA3 ADy [ 14 27 P PA3
AD3 ] 15 : 26 [3 Pag Ap3 15 26 |J PA2
apg 16 | 257 pa;, AD4 16 25 3 pay
ADg ] 17 24 O rPag ADg 17 24 g PAQ
ApgCj18 - 23 A0 apg ] 18 23 [ A0
ADy []19 22 [ Ag AD7 19 22 [ Ag
vss [J20 21 [ Ag vgs O 20 21 O ag

NC: Not Connected
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uPD8355/8755A

The uPD8355 and uPD8755A contain 16,384 bits of mask ROM and EPROM
respectively, organized as 2048 X 8. The 2048 word memory location may be
selected anywhere within the 64K memory space by using the upper 5 bits of

address from the £PD8085A as a chip select.

The two general purpose 1/0 ports may be programmed input or output at any
time. Upon power up, they will be reset to the input mode.

vop @  vee (+6V)
| |

AD7 - ADg <.2>
A10 - Ag ——rm]
READY --t— .
CE ——»] PA 47é—> PA7-PAg
CE —
ALE ——] 2048 X 8
RD ——| ROM

1OW ——={

10R - PB |t -PB7 - PBO
8 . g

CLK ==

10/ —=1

RESET —mf
I
Vgs (0V)
Note: D Vpp applies to uPDB7SEA only.

Operating Temperature (uPD8355) .. .............. [P 0°C to +70°C
(uPD8B755A) . .. .................... 0°C to +70°C

Storage TeMPErature . . . v v vu v v e v o e e e et eeen s -66°C to +160°C
Voltage on Any Pin (uPD8355) . ............c.vvvun... -05t0+7V @D
(uPD8755A) .. ...... ... ... -05t0+7V (D

Power Dissipation . .......... ... .. i e e 1.5W

Note: (D With Respect to Ground
Ta = 25°C

*COMMENT: Stress above those listed under ‘’Absolute Maximum Ratings" may cause permanent
damage to the device. This is a stress rating'only and functional operation of the device at-these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum 'rating conditions for extended periods may affect device
reliability.

Ty =0°C to +70°C; Ve = BV & 5%

) LIMITS TEST
PARAMETER SYMBOL § MIN | TYP | MAX UNIT | CONDITIONS

Input Low Voltage Vi -0.5 0.8 VvV |Vcc =5.0v @
“Input High Voltage Vi 2.0 Vect05| VvV |vec=50vD

Output Low Voltage VoL 0.45 V lloL=2mA

Output High Voltage VOH ~ 24 A\ 1oH =-400 uA

Input Leakage he 10 uA Vin =V to OV

Output Leakage Current Lo 10 uA 1045V <VHyT <Vc(

Ve Supply Current Icc 180 mA

Note: @ These conditions apply to uPD83E5 only.
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PIN IDENTIFICATION

1/0 PORTS

uPD8355/8755A

PIN
NO. SYMBOL NAME FUNCTION
1,2 CE, CE Chip Enables Enable Chip activity for
memory or /O
3 CLK Clock Input Used to Synchronize Ready
4 Reset Reset Input Resets PA and PB to all inputs
5D NC Not Connected
5@ VDD Programming Used as a programming voltage,
‘ Voltage tied to +5V normally
6 Ready Ready Output A tri-state output which is
active during data direction
register loading
7 IO/M 1/0 or Memory An input signal which is used
[Indicator to indicate 1/0 or memory
activity
8 IOR 1/0 Read 1/0 Read Strobe In
9 RD Memory Read  Memory Read Strobe In
10 10W 1/0 Write 1/0 Write Strobe In
1 ALE Address Low Indicates information on
Enable ) Address/Data lines is valid
12-19 ADQ-AD7 Low Address/Data Multiplexed Low Address and
. Bus Data Bus
20 Vss Ground Ground Reference
21-23° Ag-A10 High Address High Address inputs for ROM
reading
24-31 PAQ-PA7 Port A General Purpose 1/0 Port
32-39 PBo-PB7 Port B General Purpose 1/0 Port
40 Vee 5V Input Power Supply
Notes: D uPD8355
@ uPDB755A

1/0 port activity is controlled by performing 1/0 reads and writes to selected 1/0 port

numbers. Any activity to and from the uPD8355 requires the chip enables to be active.

This can be accomplished with no external decoding for multiple devices by utilizing

the upper address lines for chip selects.

Port activity is controlled by the following

1/0 addresses:
AD1 ADg PORT SELECTED FUNCTION
0 0 A Read or Write PA
0 1 B Read or Write PB
1 0 A Write PA Data Direction
1 1 B Write PB Data Direction

Since the data direction registers for PA and PB are each 8-bits, any pin on PA or PB
may be programmed as input oy output (0 = in, 1 = out).

Note: @ During ALE time the data/address lines are duplicated on A15-Ag.
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uPD8355/8755A

Ta=0°Ct070°C; VGG = BV + 5%

8356 BI56.2 Tont
Symbol Parameter Min. Max. Min. Max. Unit Conditions
1cYe Clock Cycle Time 320 200 ns
T CLK Pulse Width B0 40 ns CLOAD = 160 oF
T2 CLK Pulse Width 120 70 ng
iy CLK Rise and Fall Time 30 30 ns
tAL Addrass to Latch Set Up Time 50 30 ns
LA Address Hold Time after Latch 80 30 ns
10e Latch to READ/WRITE Control 100 40 ns
tRD Valid Data Out Dealy from READ Control 170 140 ns
tAD Address Stable to Data Out Valid 400 330 ns
L Latch Enable Width 100 70 ns
tROF Data Bus Float after READ 0 100 [ 85 ns
oL READ/WRITE Control to Latch Enable 20 10 ns 150 pF Load
tcC READ/WRITE Control Width 250 200 ns
tDwW Data in to Write Set Up Time 150 180 ns
WD Data in Hold Time After WRITE 10 10 ns
twp WRITE to Port Output 400 400 ns
PR Port Input Set Up Time 50 B0 ns
tRP Port Input Hold Time 50 50 ns
RYH READY HOLD Time 0 160 0o 160 ns
tARY ADDRESS (CE) to READY 160 160 s
tRV Recovery Time Between Controls 300 200 ns
tRDE READ Control to Data Bus Enable 10 10 ns
Notes: 30 ns for uPD8755A

CLoAD = 150 pF

ROM READ, 1/0 READ ANDWRITE @

'CYC——-—D-1

e

AN
CLK
“88 ™ X aooress x
tAD
ADg.7 N ADDRESS ), DATA
(CE=1)e
[CE=0) ] N\ X
LL) pet—— LA ]
e
ALE AL {
Sa tRDE tRDF [a—-]
. tRD—= §
_RD X 1
108 et C e tRY
e tDw WD
' oW f
i——'cl_
PROM READ, 1/0 READ AND WRITE @
Ag-10 ADDRESS >< ADDRESS
tAD:
ADg.7 ADDRESS ﬁ,' 4 DATA ‘E.--_-( ADDRESS )—
HtLL
tAL "
[ TL A=
PROGICEQD \ /
cE )F \
tRDE—»~] [wa— tRDE™ |-
TOR AD N Vi
p——t) C o] [t R D] tpw: b twD
oW N
Notes: uPD8355 = tec et ]
#PDB755A RV

CE must remain low for the entire cycle
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uPD8355/8755A

TIMING WAVEFORMS CLOCK
(CONT.)

t T2

2.0v

% ) 0.8V

tcyc

WAIT STATE TIMING (READY = 0)

“/ \__/ \ AC\ /SN

fot—— t A, —]
(CE=1) s

{CE=0) A
ALE \

READY o e v e ef

-] - tRYH
taRy
INPUT MODE: /0 PORT
RD OR
iOR

tPR fet— tRP
PORT
INPUT

OUTPUT MODE:

oW
. GLITCH FREE
we %7~ outeur
PORT
OU'PUT ——————————— ),

DATA

EPROM PROGRAMMING  Erasure of the uPD8765A occurs when exposed to ultraviolet light sources of wave-
MPD8755A lengths less than 4000 A. It is recommended, if the device is exposed to room
fluorescent lighting or direct sunlight, that opaque labels be placed over the window to
prevent exposure. To erase, expose the device to ultraviolet light at 25637 A at a
minimum of 15 W-sec/cm?2 (intensity X expose time). After erasure, all bits are in the
logic 1 state. Logic 0’s must be selectively programmed into the desired locations. It
is recommended that NEC’s PROM programmer be used for this application.

|

749



uPD8355/8755A

0.65R
—

PLASTIC
ITEM MILLIMETERS INCHES
A 51.5 MAX 2,028 MAX
8 1.62 0.064
C 2,54 * 0.1 0.10 + 0.004
D 05+0.1 0.019 + 0.004
E 48.26 1.9
F 1,2 MIN 0.047 MIN
G 2.54 MIN 0,10 MIN
H 0.5 MIN 0.019 MIN
1 5.22 MAX 0,206 MAX
J 5.72 MAX 0.225 MAX
K 15,24 0.600
L 13.2 0.520
+0.1 +0.004
M 0.25 0.05 0.010 _ 0.002

53.34 max |

40

ULJLJULJUUUULJ'UUULTUULH]LTU

[«—15.24——=]

—

o

]

0.51 min 5.08 max

13 2.54 - 0.25 0.5 - 0.1
48.26

*“‘025 005 ==
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NEC
NEC Electronics US.A. Inc.

Microcomputer Division

U.S. REPRESENTATIVES

Alabama

20th Century Marketing, Inc.
Huntsville, AL 35801
205-533-9281

Arizona

Fred Board Assoclates, Inc.
Scottsdale, AZ 85252
602-994-9388

Callfornla

Cerco

San Diego, CA 92111
714-560-9143

Quorum Technical Sales
San Jose, CA 95110
408-297-1640

Santana Sales
Los Alamitos, CA 90720
714-827-9100

Colorado

D/Z Associates
Denver, CO 80221
303-429-9369

Connecticut

HLM Associates
Waterbury, CT 06708
203-753-9894

Florida

Semtronics, Inc.
Altamonte, FL 32701
305-831-8233
Clearwater, FL 33515
813-461-4675

Georgla

Montgomery Marketing, Inc.
Norcross, GA 30092
404-447-6124

Nllinols

T. A, Carroll and Associates
Schaumburg, IL 60195
312-843-1125

Indlana

M/$ Sales & Associates, Inc.
Fort Wayne, IN 46808
219-484-1904

Indianapolis, IN 46260
317-257-8915

Kansas

Advanced Technical Sales
Overland Park, KS 66
913-492-4333

Maryland
Professional Representatives
Baltimore, MD 21208

" 301-653-3600

Massachusetts
Compass Technology
Woburn, MA 01801
617-933-3336

Michigan

Miltimore Sales, Inc.
Grand Rapnds M1 49506 -
-616-942-9721

Novi, Ml 48050
313-257-8915

Minnssota

Electronic Innovators, Inc.
Eden Prairie, MN 55344
612-941-0830

Missourl

Advanced Technical Sales, Inc.
St. Louis, MO 63011
314-227-4448

New Jersey
B.G.R. Assaclates
Marlton, NJ 08053
609-428-2440

HLM Associates, Inc.
Parsg)gany NJ 07054
201-263-1535

New Moxico
Rontek, Inc

Albu uer ue NM 87191
505-

New York

D. L. Eiss & Assoclates, Inc.
Kingston, NY 12401
914-338-7588

Rochester, NY 14624
716-328-3000

Syracuse, NY 13220
315-457-0492

HLM Assoclates, Inc.
Northport, NY 11768
516-757-1606

North Carolina
Montgomery Marketing
Cary, NC 27511
919-467-6319

Ohlo

Imtech, inc.
Akron, OH 44321
216-666-1185
Dayton, OH 45414
513-278-6507

Oregon .
Electronic Technical Sales Associates
Hillsboro, OR 97123

503-640-8086

Tennesses

20th Centu.m Marketing, Inc.
Knoxville, 922
615-966-3608

Texas
Technical Marketing, Inc.
Austin, TX 78758

2-835-0064
Carroliton, TX 75006
214-387-3601
Houston, TX 77081
713-777-9228

Utah

D/Z Associates

Salt Lake City, UT 84115
801-268-2876

Washington

Electronic Technical Sales Associates
Kirkland, WA 98033

206-827-8086

Wisconsin

T. A. Carroll and Assoclates
Milwaukee, W1 53207
414-744-6842

752

CANADIAN
REPRESENTATIVES

British Columbla
Kaytronics Western
Blaine, WA 98230
604-581-8411

Ontarlo

Kaytronics, Inc.

Concord, Ontario L4K 1B1
416-669-2262

Kanata, Ontario K2K 2A3
613-592-6606

Ville St. Plerre QU H8R 3Y8
514-367-010



U.S. DISTRIBUTORS

Alahama

Marshall industries
Huntsville, AL 35801
205-881-9235

RM/Alabama, Inc.
Huntsville, AL 35805
205-852-1550

Arizona

Marshall Industries
Tempe, AZ 85281
602-968-6181

Sterling Electronics
Phoenix, AZ 85034
602-258-4531

Western Microtechnology
Scottsdale, AZ 85260
602-948-4240

California

Cetec Electronics

San D|ego CA 92123
714-278-5020

South Gate CA 90280
213-773-6521

Diplomat Electronics
Sunnyvale, CA 94086
408-734-1900

Image Electronics
Tustin, CA 92680
714-730-0303

Marshall Industries
Canoga Park, CA 91304
213-999-5001

El Monte, CA 91731
213-686-0141

Irvine, GA 92707
714-556-6400

San Diego, CA 92131
714-578-9600
Sunnyvale, CA 94086
408-732-1100

Pacesetter Electronics
Santa Ana, CA 92704
714-557-4800

Ryno Electronics
San Diego, CA 92111
714-292-6022

United Components, Inc.
Santa Clara, CA 95050
408-496-6900

Western Microtechnology
Cupertino, CA 95014
408-725-1660

Colorado

Active Component Technology
Lakewood, GO 80215
303-233-4431

Diplomat Electronics
Englewnod, CO 80112
303-740-8300

Marshall Industries
Denver, CO 8022
303-427-1818

Connecticut

Cronin Electronics
Wallingford, CT 06492
203-265-3134

Diplomat Electronics
Danbury, CT 06810
203-797-9674

Marshall Industries
Wallingford, CT 06492
203-265-3822

Milgray Electronics, Inc.
Orange, CT 06477
203-795-0711

Florida

Diversified Electronic Components

Ft. Lauderdale, FL 33309
305-973-8700

Diplomat Electronics
Clearwater, FL 33515
813-443-4514

Ft. Lauderdale, FL 33309
305-971-7160

Palm Bay, FL 32905
305-725-4520

Marshall Industries
Orlando, FL 32805
305-841-1878

Mitgray Electronics
Winter Park, FL 32789
305-647-5747

Reptron Electronics, Inc.
Tampa, FL 36240
813-855-4656

Georgla

Diplomat Electronics
Norcross, GA 30092
404-449-4133
800-241-4874

Marshall Industries
Norcross, GA 30093
404-923-5750

Milgray/Atlanta, Inc.
Dunwoody, GA 30338
404-393-9666

Ilinois

Diplomat Electronics
Bensenville, IL 60106
312-595-1000

Inter Comp, Inc.
Hoffman Estates, IL 60195
312-843-2040

Marshall Industries
Bensenville, IL 60106
312-595-6622

NEP Electronics
Chicago, IL 60634
312-625-8400

Reptron Electronics, Inc.
Arlington Heights, IL 60005
312-593-7070

RM Illinois, Inc.
Lombard, IL 61048
312-932-5150

Indiana

Graham Electronics
Ft. Wayne, IN 46803
219-423-3422
Indianapolis, IN 46204
317-634-8202

Kansas

LCOMP Inc.
Wichita, KS 67214
316-265-8501

Milgray/Kansas City, Inc.
Overland Park, KS 66202
913-236-8800

Louisiana

Sterling Electronics
Metairie, LA 70002
504-887-7610

Maryland

Almo Electronics Corp
Rockville, MD 20850
301-251-1161

Diplomat Electronics
Columbia, MD 21045
301-995-1226

Marshall Industries
Gaithersburg, MD 20760
301-840-9450

Mitgray/Washington, Inc.
Rockville, MD 20852
301-486-6400

Massachusetts
Diplomat Electronics
Holliston, MA 01746
617-429-4120

Future Electronics
Westboro, MA 01581
617-366-2400

Marshall Industries
Burlington, MA 01803
617-272-8200

Milgray New England, Inc.
Burlington, MA 01803
617-272-6800

RC Components
Wilmington, MA 01887
617-273-1860

Sterling Electronics
Waltham, MA 02154
617-894-6200

Michigan

Reptron Electronics, Inc.
Livonia, M| 48150
313-525-2700

Minnesota
Diplomat/Electro-Com Corp.
Fridly, MN 55432
612-572-0313

Industrial Components, Inc.
Minneapolis, MN 55435
612-831-2666

Marshall Industries
Plymouth, MN 55441
612-559-2211

Mlssolm

LCOM

Kansas Clty, MO 64120
316-221-2400

Maryland Helghts MO 63043
314-291-6200

New Jersey
Diplomat Electronics
Totowa, NJ 0751
201-785-1830

General Radio Supply Corp.
Camden, NJ 0180:
609-964-8560

Marshall Industries
Clifton, NJ 07015
201-340-1900

Mt. Laurel, NJ 08054
609-234-9100

Milgray/Delaware Valley, inc.
Marlton, NJ 08002
609-983-5010

Sterling Electronics
Perth Amboy, NJ 08861
201-442-8000

New Mexico

Sterling Electronics
Albuguerque, NM 87107
505-884-1900

New York

Diplomat Electronics
Liverpool, NY 13088
315-652-5000
Melville, NY 11747
516-454-6400

Marshall industries

E. Syracuse, NY 13057
315-432-0644
Haupauge, NY 11738
516-273-2424
Rochester, NY 14611
716-235-7620

Milgray Electronics, Inc.
Freeport, NY 11520
516-546-5600

Pittsford, NY 14534
716-385-9330

Rochester Radio
Rochester, NY 14603
716-454-7800

North Carolina
Resco/Raleigh
Raleigh, NC 27612
919-781-5700

Ohio

Electronic Marketing Corp.
Columbus, OH 43212
614-299-4161

Marshall Industries
Dayton, OH 45424
513-236-8088

Milgray/Clevetand, Inc.
Cleveland, OH 44131
213-447-1520

Reptron Electronics, Inc.
Columbus, OH 43229
614-436-6675

Oklahoma

Gomponent Specialties, Inc.
Tulsa, OK 74145
918-644-2820

Sterling Electronics
Tulsa, OK 74145
918-663-2410

Oregon

Radar Electric Co., Inc.
Portland, OR 97214
503-232-3404

United Components, Inc.
Milwaukee, OR 97222
503-653-5940

Pennsylvania

Almo Electronics
Philadelphia, PA 19114
215-698-4000
Pittsburgh, PA 15237
412-931-5990

Texas

Active Component Technology
Addison, TX 75001
214-980-1888

Austin, TX 78758
512-452-5254

Houston, TX 77082
713-496-4000

Component Specialties, Inc.
Austin, TX 78758
512-837-8922

Dallas, TX 75220
214-357-6511

Houston, TX 77036
713-771-7237

Diplomat Electronics
Houston, TX 77099
713-530-1900

Kent Electronics
Houston, TX 77036
713-780-7770

Marshall Industries
Dallas, TX 75234
214-233-5200
Houston, TX 77042
713-789-6600

Sterling Electronics
Austin, TX 78758
512-836-1341
Dallas, TX 75229
214-243-1600
Houston, TX 77027
713-627-9800

Utah

Diplomat Electronics
Salt Lake Gity, UT 84115
801-486-4134

Virginia

Sterling Electronics
Richmond, VA 23231
804-226-2190

Washington

Bell Industries
Bellevue, WA 98005
206-747-1515

Marshall Industries
Tukwila, WA 98188
206-575-3120

United Components, Inc.
Bellevue, WA 98007
206-643-7444

Western Electromotive
Tukwila, WA 98188
206-575-1910

Wisconsin

Marsh Electronics
Milwaukee, Wl 63214
414-475-6000

CANADIAN DISTRIBUTORS

British Columbia

Martin Electronic Marketing Corp.

Surrey, B.C. V4A 2J4
206-332-6904

Ontarlo

Carsten Electronics

Ottawa, Ontario K2A 7C8
613-729-5138

Scarborough, Ontario M1R 3E8
416-751-5095

Future Electronics
Downsview, Ontario M3H 589
416-663-5563

Future Electronics
Chemin de Baxter, Ottawa
613-820-8313

Quebec

Carsten Electronics

St. Laurent, Quebec H45 1R7
514-334-8321

Future Electronics
Montreal, Quebec HIR 5C7
514-694-7710



NEC
NEC Electronics U.S.A. Inc.

Microcomputer Division

REGIONAL SALES OFFICES

EASTERN REGION

275 Broadhollow Road, Route 110
Melville, NY 11747

TEL: 516-293-5660

TWX: 510-224-6090

MIDATLANTIC REGION

2000 Grosvenor Century Plaza, Suite 333
10632 Little Patuxent Parkway

Columbia, MD 21044

TEL: 301-730-8600

TWX: 710-862-2868

MIDWESTERN REGION
5105 Tollview Drive, Suite 190
Rolling Meadows, IL 60008
TEL.: 312-577-9090

TW)(: 910-233-4332

NORTHEASTERN REGION
21-G Olympia Avenue

Woburn, MA 01801

TEL: 617-935-6339

TWX: 710-348-6515

NORTHWESTERN REGION
20480 Pacifica Drive, Suite E
Cupertino, CA 95014

TEL: 408-446-0650

TWX: 910-338-2085

OHIO VALLEY REGION
19675 West Ten Mile Road
Southfield, Ml 48075

TEL: 313-352-3770

TWX: 810-224-4625

SOUTHWESTERN REGION

1940 West Orangewood Avenue, Suite 205
Orange, CA 92668

TEL: 714-937-5244

TWX: 910-593-1629

SOUTH CENTRAL REGION
16475 Dallas Parkway, Suite 290
Dallas, TX 75248

TEL: 214-931-0641

TWX: 910-860-5284

SOUTHEASTERN REGION
Vantage Point Office Center, Suite 209
4699 North Federal Highway
Pompano Beach, FL 33064

TEL: 305-785-8250
TWX:.510-956-9722

One Natick Executive Park
Natick, Massachusetts 01760
TEL 617-655-8833

TWX 710-386-2110




