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Features

e This Circuit is Processed in Accordance to Mil-Std-
883 and Is Fully Conformant Under the Provisions of
Paragraph 1.2.1. :

o Compatible with NMOS 8086
e 5MHz Operation....cccvcuveecaessanna.. 80C86/883
¢ 8MHz Operation......cceceevrseena... 80C86-2/883
¢ Low Power Operation
L o o) - J 500pA Max
P ICCOP corieveecrcecasassorensass. TOMA/MHz Max
* {MByte of Direct Memory Addressing Capability
e 24 Operand Addressing Modes
« Bit, Byte, Word and Block Move Operations
« 8 Bit and 16 Bit Signed/Unsigned Arithmetic
» Binary, or Decimal
> Multiply and Divide
» Operating Temperature Range.... -559C to +1250C

Description - ' '

The Harrls 80C86/883 high performance 16 bit CMOS
CPU Is manufactured using a self-aligned silicon gate
CMOS process (Scaled SAJI IV). Two modes of operatlon,
MINimum for small systems and MAXimum for larger
applications such as multi-processing, allow user config-
uration to achleve the highest performance level. Full TTL
compatibility (with the exception of CLOCK) and industry
standard operation allow use of existing NMOS 8088
hardware and software designs.

Pinouts
80C86/883 (CERAMIC DIP) 80C86/883 (CERAMIC LCC)
TOP VIEW TOP VIEW
M am 8 8 " 8 3 8
s = Q Q =
ano [T 0] vee 5 8 a3 & 2 ¢35 2 rf =2
Ao14 7] [35] ap1s MAX MODE = 22
[}
Anta [3] 53] At/ s Az 82t g o 8 3 8
MNMODE (B 8 & 8 H 2 e >
012 7] A7/ 54 socgs | < < < < © > 22 % 2
Aot 3] 58] Ate/ 85 /e lTsTTallallad ] jlosd e tend e e
AD10 A1/ 58 L. :
(€] = _f_/ aoto | aote [71} NG NC
a9 [7] [34] BHE/ s7 5 03
vs [ [5a] M WK AD3 | ADS :::l {38|a18 788 | at9 /38
ao7 [5] [32] RO Aps | Aps 9] OHE /87 BHE /87
P — ahoit | —_ —
Aps o] [31) Aty &t (HoLp) ao7 [ ao7 |10 {38 M 74X | man siax
Ao0s [i] [50] RG/&T1  (HLDA) ave | ave [11} = w5
AD4 [12 Lotk (WR) - PO
E E — ! )_ AD5 ADS IR} HOLD |RQ /GT0;
AD3 E 28] 52 (M/10) ol o
— —, 1
Az [id] s {0177 AD4 | AD4 13] HLOA |RQ/ETY
=1 JE— —
401 [is] [26] 50 (DEN) AD3 | AD3 |14] WR | Lock
apo [ig] 35] aso  (ALE) Aoz | aoz2 [i5] wio. | 2
i 7] [24] ast UnNTA AD1 | ADH -l:i:! oT/R | 81
INTR [18] 23] TesT i .
ADO ADO 171 DEN 80
o 18] READY R4 2
e I o B e B 50t I e B e I st I o B e B s W
ano [z [21] ResET vo1 1101 120} 1211 122} 123 1241 125} 126] 127 128} /
i {10} feof joui feo jao fos) 125} 120} 1273 1201/ /oo
¢ s E328¢d35EE 4~
zZ Z2 0O 0O 2 L zZ < ”Q,"oé‘&“
s o G 3 - /
g 9 23

Gopyright © Harris Corporation 1989
4-62



HARRIS SEMICOND SECTOR

Functionar viagram

80C86/883 -, _
1LE D mR 4302271 0014793 4 mm

T-49-17-15 ™
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HARRIS SEMICOND SECTOR

Pin Description

The following pin function descriptions are for 80C86/883
systems In either minimum or maximum mode. The “Local
Bus” In these descriptions Is the direct multlplexed bus

80C86/883.
L&E D

‘Intarface connection to the 80C86/883 (without regard to
additional bus buffers).

PIN
| sYMBOL

NUMBER "

TYPE

DESCRIPTION

AD15-ADO | 2-16,39

e}

: ADDRESS DATA BUS‘ These lines constitute the time muluplaxed memory/10 address (T1)

and data (T2, T3, TW, T4) bus. A0 Is analogous to BHE for the lower byte of the data bus, pins
D7-D0. Itis LOW during T1 when a byte Is to be transferred on the lower portion of the bus in
memory of 1/O operations: Eight-bit oriented devlces tied to the tower half would normally
use A0 to condition chip select functions (See BHE). These lines are active HIGH and are
held at high impedance to the last valid logic level during interrupt acknowledge and local
bus “hold acknowledge” or “grant sequence”.

A19/56
A18/85
A17/84
A16/83

35-38

ADDRESS/STATUS: During T1 thege are the four most slgnmcant address lines for
memory operations. During /O operations these lines are LOW. During memory and 1/O
operations, status Information is available on these lines during T2, T3, TW, T4. S6 Is always
LOW. The status ¢6f the interrupt enable FLAG bit (S5} is updated at the beginning of each
clock cycle, S4 and sa are encoded as shown.

This Informahon Indicates whlch segment| reglsler is presently being used for data
accessing.

These lines are held at high impedance to the last valid logic leve! during local bus "hold
acknowledge” or “grant sequence”.

S4 S3

CHARACTERISTICS

Alternate Data
Stack

Code or None
Data

-0 -0

BUS HIGH ENABLE/STATUS: During T1 the bus high ehabla signal (BHE) should be used
to enahle data onto the most significant half of the data bus, pins D15-D8, Eight bit oriented
devices tied to the upper half of the bus would normally use BHE to condition chip select
functions. BHE Is LOW during T1 for read, write, and interrupt acknowledge cycles when a
byte s to be transfarred on the high portion of the bus. The S7 status information [s available
during T2, T3 and T4. The signat is active LOW, and Is held at highimpedance to the last
valid logic level during Interrupt acknowledge and local bus “hold acknowledge" or “grant
sequence”; itls LOW during T1 for the first interrupt acknowledge cycle.

BHE A0 CHARACTERISTICS

Q 0 Whole word
0 1 Upper Byte from/to
. odd address
Lower byte from/to
|- even address-
None

1 0.

1 1

READ: Read strobe [ndicates that the processor is performing a memory or /0 read cycle,
depending on the state of the M/IO or 52 pin. This signalis used to read devices which reside
on the 80C86/883 local bus. RD Is active LOW during T2, T3 and TW of any read cycle, and is,
guaranteed (o remain HIGH In T2 yntil the 80086/853 local bus has floated.

This line is held at ahigh impedance logic one s(ate during “hold acknowledge" or “grant
sequencge”.

READY 22

READY: is the acknowladgement from the addressed memory or I/O device that wili com-
plete the datatransfer, The RDY signal from memory or /O s synchronized by the 82C84A
Clock Generator to form READY. This signal is active HIGH. The 80C86/883 READY inputis not
synhchronized. Correct operation is not guaranteed if the Setup and Hold Times are not met.

INTR 18

INTERRUPT REQUEST: is alevel triggered input which is sampled during the last clock
cycle of each Instruction to determine if the processor should-enfer into an interrupt acknowl-
edge operalion, A subroutine is vectored to via an interrupt vector lookup table located in -
system memory. it can be Intemally masked by software resetting the interrupt enable bit.

INTR is internally synchronized. This signal is active HIGH.

©T-49-17
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Bus” In these descriptions Is the direct multiplexed bus

80C86/883
HARRIS SEMICOND SECTOR 1LE D - 4302271 0014795 a [

Pin Description (Continued)

The following pin function descriptions are for 80C86/883
systems in either minlmum or maximum mode. The “Local additional bus buffers). .

Interface connection to the BOCBB/SBS (wlthout regard to

7 7-49-17-15

PIN . H
SYMBOL | NUMBER TYPE T DESCRIPTION . Dot
TEST 23 I . .| TEST: inputis examined by the “Wait” instruction. If tha TEST Input is LOW execution con- ~
. tinues, otherwise the processor waits in an "ldle" state. This inputis synchronized internally
during each clock cycle on the leadin() edge of CLK.
NMI 7 T NON-MASKABLE INTERRUPT: Is an edge triggered input which causes a ype 2 interrupt. A
subroutine is vectored to via an interrupt vector lookup table located in system memory, NMI
Is not maskable internally by software. A transition from LOW to HIGH Initiates tha Interrupt
atthe end of the current instruction. This inputls internally synchronlzpd.

RESET 21 i RESET: causesthe processo-r to, i;nmediaﬁely terminateits bresent activity. The signal must
transition LOW to HIGH and remain active HIGH for atleast four clock cycles. It restarts
execution, as described in the Instruction Set descrlphon, when RESET reiurns LOW RESET
is internally synchronized. . - - :

CLK 19 I CLOCK: provides the basic timing for the processor and bus controller. itls asymmetrlc with
a 33% duty cycle to provide optimized Internal timing. Lt

vCC 40 VCC: +5V power supply pin. A 0.1uF capacitor between pins 20 and 40 is recommended for
decoupling. :

GND 1,20 "GND: Ground Note: both must be connecled A 0 1 pF capacitor between pins 1 and 20 ls
recommended for decoupling. -

MN/MX 33 I MINIMUM/MAXIMUM: indicates what mode the processoris to operale In. The two modes
are discussed in the following sections.. . - -

The following pin function descriptions are for the 80C86/ functions which are unique to minimum mode are de-
883 in minimum mode (l o. MN/MX = VCC) Only the pin scribed; all other pin functions are as described below.

MINIMUM MODE SYSTEM

SYMBOL

PIN
NUMBER

TYPE

- DESCRIPTION

CMoS

@«
0@
[=3
A
@
1}
3}
=]
(-5
as
1<)
[
e
=

Mm/10

28

STATUS LINE: logically equivalent to S2 Inthe imum mode, Itis used to distinguish

a memory access from an /O access. M/10 becomes valid in the T4 preceding a bus

cycle and remains valid until the final T4 of the cycle (M = HIGH, 10 = LOW). M/IO is held to
a high impedance logic one during local bus *hold acknowledge”.

29

WRITE: Indicates that the processar Is performing a write memory or write /O cycle, 5
depending on tha state of the MO signal. WR Is active for T2, T3 and TW of any write

cycle, Itis active LOW, and is held to high impedance logic one during local bus "hold

acknowledge”. .

24

INTERRUPT ACKNOWLEDGE: is used as a2 read sfrobe for interrupt acknowledge
cycles. It s active LOW during T2, T3 and TW of each lnlerrupt acknowledge cycle: Note
thatiNTAIs never floated. .

25

ADDRESS LATCH ENABLE: is provnded by the processor to latch the address into the
'82C82/82C83 address latch, it is a HIGH pulse active during clock LOW of T1 of any bus
cycle. Note that ALE is never floated.

DT/R

27

DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use a data
bus tranacelver, Itis used to control the direction of data flow through the transceiver.
Logically, DTRIs equivalent to S1 in maximum mode, and ifs timing is the same as for
M/IO (T =HIGH, R = LOW).DT/R| Is held fo a hlgh Impedance logic one during local bus
“hold acknowledge”., - - .

o]
m
=z

26

DATA ENABLE: provided as an output enable fora bus transceiver in a minimum system
which uses the transceiver. DEN is active LOW during each memory and I/O access and
for INTA cycles. For a read or INTA cycle it is active from the middle of T2 until the middie
of T4, while for a write cycle it Is active from the beginning of T2 until the middle of T4.
DENisheldtoa high impedance logic one during local bus *hold acknowledge”.
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Pin Description (Continued) . L N

The following pin function descriptions are for the 80C86/ functions which are .unique to minimum mode are
883 In minimum mode (i.e. MN/MX = VCC). Only the pin  described; ail other pin functions are as described below.

MINIMUM MODE SYSTEM (Continuad)

»

PIN

SYMBOL | NUMBER TYPE DESCRIPTION . G AT,
HOLD .3, A -1 HOLD: indicates that another master is requesting aloéal bus “hold”. Tobea acknowl="3"
HLDA 30 o] edged, HOLD must ba active HIGH. The processor receiving the “hold" will issue a “hoid

acknowledge' (HLDA) in the middte of a T4 or Tl clock cycle. Simultanecusly with the
{ssuance of HLDA, tha processor wili float the local bus and contro! lines. After HOLD [£: e
detected as being LOW, the processor wiltlower HLDA, and when the processor needs ~ :
to run another cycle, it will agaln drive the local bus and control lines. - .

- {HOLD IQ notan ésynchronbus input, External chhronlzatlon should be provided if the
system cannot olherwise guarantae the setup time. - v .

The following pin function descriptions a_r__efo} the 80C86/ the pin functions which are unique to maximum mode are
883 system In maximum mode (le., MN/MX = GND). Only  deseribed below. -~ o Co T

MAXIMUM MODE SYSTEM i C * F
PIN ’ )
SYMBOL | NUMBER TYPE . DESCRIPTION . .-
'S:'O 26 o] STATUS: Is active during T4, T1 and T2 and is returned to the passive state (1,1, 1) during
S1 27 (o] T3 or during TW when READY Is HIGH. This status is used by the 82C88 Bus Controllerto -
82 28 o] generate all memory and /O access control signals. Any change by §2, 51 or S0 during T4 Is’
used to Indicate the beginning of a bus cycle, and the refurn to the passive state in T3 orTW
Is used to indicate the end of a bus cygle. oo T -
These signals are held at a high impedance foglc one state during “grant sequance”.. _ .
52 st so CHARACTERISTICS. ~
) o] o Interrupt Acknowledga v
0 0 1 Read I/O Port
[} 1 0 Write 1/O Port
o 1 1 Halt
1 ] 0 | CodeAccess
. 1 .0 A Read Memory
L 1 0. Write Memoty
1 1 1 Passive
RQ/GT0 31,30 1710 REQUEST/GRANT:- pins are used by other local bus masters to force the processor to
RQ/GT1 release the local bus at the end of the progessor’s current bus cycle. Each pin is bi-directional

with RO/GTO having higher priority than RG/GT1. RQ/GT has an intemal pull-up bug hotd _
device so it may be left unconnected. The request/grant sequencea Is as follows (see RQ/GT
Sequence Timing) T - toT-

1. Apulseof1 CLK ;vltie fmm another focal bus n;asler indicates a local bus requast
(“hold") tothe 80C86/883 (pulse 1). . - - -

During a4 or Ti clock cydle, a pulse 1 CLK wida from the 80C86/883 to the requesting

master (pulse 2) indicates that the 80C86/883 has allowed the local bus to float and that it

will enter the "grant sequencs” state at the next CLK. The CPU's bus intarface unitis
disconnected loglcally from the local bus during “grant sequence'.

3. Apulse 1 CLK wide from the requesting master indicates o the 80C86/883 (pulse 3) that
the “hold" request is about to end and that the 80C86/883 can reclaim the local bus at the
next CLK. The CPU then enters T4 {or Tlif no bus cycles pending).

Each Master-Master exchange of the loca! bus Is a sequence of 3 pulses. There must
be one Idle CLK cycle after each bus exchange. Pulses are active low. -

2
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HARRIS SEMICOND SECTOR 1LE D - RBDEE?I 0014797 1 W
Pin Description (Continued) : -

The following pin function descriptions are { for the 80C86/ the pin functions which are unlque to maximum mode are.
883 system In maximum mode (..e., MN/MX = GND). Only descnbed below.

MAXIMUM MODE SYSTEM (Continued) T - - E

PIN : : o : -
SYMBOL | NUMBER | TYPE - ) DESCRIPTION

If the request s made while the CPU Is performing a memoty cycle; it will release the
local bus during T4 of the cycle when all the following conditions are met:

1. Request occurs on or before T2. PR
2. Currentcycle is not the low byie of a word (on an odd address). ’
3. Currentcycle is notthe first acknowledge of an Interrupt acknowledge sequence.
4, Alocked instruction is not currently executing.

if the locat bus is Idle when the request is made the two posslble events will follow:
1. Local bus will be released during the nextcycle.

2. Amemory cycle will start withinthree clocks. Now the four rules fora cur-
rently active memaory cycle apply with condition number 1 already satistied.

LOCK 29 o] LOCK: outputindicates that other system bus masters are not to gain control of the system
bus while LOCK Is active LOW. The LOCK signalis activated by the "LOCK” prefix instruc-
tion and remalns active untll the complation of thé next Instruction. This signal is active
LOW, and Is held at a high Impedancae logic one state during “grant sequence”. In MAX
mode, LOCK s automatically generated during T2 of the firstINTA cycle and removed dur-
ing T2 of the second iNTA cycle.

QS1,Q80 24,25 o QUEUE STATUS: The queue status |s valid during the CLK cy¢le atter
which the queue operation Is performed,

QS1 and QS0 provide status to allow extemal tracking of the internal
80C86/883 Instruction queue. Note that QS1, QS0 never become high impedance.

Qs1 Qso -
[+] (] No Operation -
1] 1 First byte of op cade
from queue

1 4] Empty the Queue

1 1 Subsequent byte from
queus
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/ F.
Snanifications 80C86/883 o T-49-17-15

HARRIS SEMICOND SECTOR 16E D - MR 4302271 DDLR?‘!& 3 -
Absolute Maximum Ratings Reliabllity Imormatlon )
SupPlY VOGO «vvevrriirenisnsciaiienioriverisanasessee +8.0V ThermaIResIatance . 9|a 9c
Input, Output or 1/0 Voltage Applied. .. .. GND-0.5Y to VCC-+0.5V Ceramic DIP Package ....c.eeuesesssss 27.50C/W 59°CIW_
Storage Temperature Range ................, -650C 10 +1500C Ceramic LCC Package ... ..762.20C/W  8.6°C/W
JUNCUON TOMPAFAIUTE +o vvvreervrerasnserrersssensess +3760C  Maximum Package Power Dissipation at +1250G, 3
Lead Tempetature (Soldering 1086C). e vvveerenss CeramchlPPackage......................... ...620mw

Ceramic LCC Package ... oo 664MW

ESD Classification «.coveverincnararisesnsnnane
- Gate CoUNt .ivvevnreirennsrmiatocasnasneacecsns- 9750 Gales

CAUTION: Strasses abave those hsfed in “Absolute Maximum Ratings"” may cause pwmanenldamage tothe davlce Thisisa smss only ratmu mdopafabon
of the davice at thase or any other conditions above those indicated in the operalit ions of this specilication is not implied.

Operating Conditions

Operating Supply Voltage +4 BV {0 +5. 5V OperatlngTemperalureRange veseariareseses ~BSOC 0 +1250C
80C86-2/883ONLY .... vevevereenss +4.75V10 +5.25V

TABLE 1. BOCBGI.'BBS D.C. EL—EC'|-'RICAL PERFORMANCE CHARACTERISTICS

Device Guaranteed and 100% Tested, 80G86/883: VCCL = 4.5V, VCCH = 5.6V, fmax = 6MHz;
80C86-2/883: VCCL = 4.75V, VCCH = 5.25V, fmax = 8MHz

LIM
(NOTE 1) GROUP A s
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX | UNITS

Logical One Input VIH VGG = VCCH, Note 2 1,23 ~550C<TAL+12560C 22 - v
Voltage . .
Logical Zero Input VIL Note2 1,2,3 ~-559C<TA<+H1259C T 0.8 v
Veltage : ’
CLK Logical One Input VIHC VCC =VCCH 1,2,3 -550C<Ta<+1259C |[vCC-0.8 - v
Valtage T
CLK Logical Zero Input ViLG 1,2,3 ~-550C<TA<+1250C - 08 v
Voltage
Output HIGH Voltage VOH IOH = -2.5mA, Note 3 1,28 -550C<TA<+1250C 30 - v

IOH = -100pA, Note 3 1,2,3 VCC-0.4 - v
Qutput LOW Voltage VoL IOL = +2.5mA, Note 3 1,2,3 ~-550C<TA<+1256°C - 0.4 v
input Leakage Current ] VCC =VCCH, 1,2,3 -550C<TA<+125°C -10 +1.0 vA

VIN=GND orVCC

DIP Pins: 17-19, 21-23,

33
nput Current Bus IBHH VIN = 3.0V, Note 4 1,2,3 ~550C<Ta<+125°C -40 -400 vA
Hold High VCC =VCCL &VCCH
Input Gurrent Bus IBHL VIN=0.8V,Note 5 1,23 -560C<TA<+1259C 40 400 PA
Hold Low VCC =VCCL&VCCH
Qutput Leakage Current 0 VCC =VCCH, 1,2,3 -550C<TA<+1259C - -10 pA

VOUT =0V, Note 6
Standby Power Supply ICCSB | VCC =VCCH, Note 7 1,23 -550C<TA<+1259C - 500 pA
Current
Operating Power Supply ICCOP | VCC =VCCH, f =fmax, 1,2,3 650C<TA<+125°C - 10 mA/MHz
Current VIN =VCC or GND,

QOutputs Open

NOTES: 1. All valtages referenced to device GND, VCC = VCCL unless olherwise specified.

MN/MX is a strap option and should be held to VCC or GND.

Interchanging of forge and sanse conditions is parmitted.

IBHH should be measured aftar raising VIN to VCG and then lowering to valid input high level of 3.0V on the following pins: 2-16, 28-32, 34-39.
|BHL should be measured aRer lowaring VIN to GND and then ralsing to valid input low, lavel of 0.8V on the following pins: 2-16, 34-39,

10 should be measured by pulting the pin in a high impedance state and than driving VOUT to GND on the following pins; 26-29, 32.

1CCSB lested during clock high time after HALT instruction execulion. VIN = VCG or GND, VCC = VCCH, oulputs unloaded,

]

NO G

CAUTION: Thase devices are sansitiva 1o elaclronic discharga. Proper 1C handling p d shoutd ba d
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TABLE 2, 80C86/883 A.C.ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100%-Tested, 80C86/883; VCCL = 4.5V, VCCH 5. 5V 80086-2/883 VCCL = 475V, VCCH = 528V
- (NOTE1) | GROUPA , . 80036—2/883 80083/883
N . : . CONDI~ SuB-_ . . . T N .
PARAMETER .| SYMBOL .| . TIONS GROUPS TEMPERATURE | MIN MAX MIN tMAX UNITS
MINIMUM COMPLEXITY SYSTEMTIMING ~ ~ ] - < S =
GLK Gycle Period {1)TCLCL -] 810,11 | -550c<TA<+1250C | 125 |- - 200 - ns:
CLK Low Time (@TeLcH |, 9,10,11 | -550C<TaA<+1250C | 68 = 18 -1 . ns
CLK High Time (3)TCHCL 9,10,11 | -550C<TaA<+1259C | 44 - 6 | - 1 ns
DalalnSetup Time ~ | (6)TOVCL 9,10, 11 . | -550C<TA<+1259G | 20 - 30 - ns
Data In Hold Time (7)TCLDX1 9,10, |-550C<Ta<+1259C¢ | 10 |- = |- 10 | - | -ns
- | READY Setup Time | (10)TRYHCH 9,10, 11 - | -550C<Ta<H+1250C | 68 - 18 } - ns
- | -|into80C8E/883 i L : H . : )
READY Hold Time {11)TCHRYX s 9,10,11 | -650C<TA<+1259C 20 - 3 | -. ns
into 80C86/883 . I . P A
READY Inactive (12TAVICL |Note2 | 9,10,11 .| -550C<Ta<#+125°C | -8 | - -8 | - | ns
to CLK s ] . ) - ] . ) . .
HOLD Setup Time (13THVCH | . 9,10,11 | -550C<Ta<+1250C | 20 | -. a5 - ns
INTR, NM|, TEST (14)TINVCH | Note3 9,10, 11 ~-550C<KTA<L+1259C | - 15 - 30 - ns
SetupTime - i : : - 1. -
Address Valid Delay - (17)TCLAV 9,10, 11 ~-550C<TA<+1259C [ - 10 60 10 110 ns
AddressHoldTime | (18)TCLAX ) 9,10,11 | -550C<Ta<+izsoc | 10 |- -: 10 - ns
ALE Width - (2)TLHLL |- 1 910,11 -550C<TALH+1250C | TCLCH | ~= TCLCH | - - ns
- R .| -0 -20 - 2
N - =1
ALE Active Delay 1 (23)TCLLH 9,10, 11 -550C<TA<+1250C - 50 - 80 ns ﬁ
N - (73
ALE Inactive Delay (24)TCHLL 9,10,11 [-550C<Tac+izsoc| = | &5 | 1 - 85 hs = ‘é
(23
Address Hold Time {25)TLLAX 9,10, 11 -550C<TA<+1259C | TCHCL - TCHCL - ns 7 é
to ALE Inactive _ o B ’ -10 © -0 g
Data Valid Delay (26)TCLDV - ’ 9,10,11 | -550C<Ta<+1260C |- 10 60 10 110 ns
Control Active, (29)TCVCTV L 9,10,11 [-550C<Ta<+1250C | 10 70 10 .| 110 ns
Delay 1 . . .'
Control Active (30)TCHCTV . 9,10,11 | -550C<TA<+1259C | 10 60 10 110 ns
Delay 2 . . .
Control Inactive {31)TCVCTX 9,10, 11 ~550C<TA<+1250C 10 70 10 110 ns_
Delay . . N . .
Addrass Float to {32)TAZRL 9,10,11 | -850C<TA<+1250C 0 - 0 - ns
RD Active. . ' . ) . .
AD Active Delay (33)TCLAL 9,10,11 | -550C<TA<H125°C | 10 100 10 185 ns
RD lnactive Delay (34)TCLRH 9,10, 11 -650C<TA<+1250C 10 80 10 150 ns
RD Inactive to Next (35)TRHAV | 9,10,11 | -55°C<Ta<+1259C | TCLGL - TCLCL - ns
Address Active . . -40 -45
HLDA Valid Delay (36)TCLHAV ' 9,10,11 " | -659C<TA<+125°C 10 100 10 | 160 ns
RD Width {37)TRLRH 9,10, 11 | -550C<TA<+1250C 2 - 2 - ns
TCLCL TCLCL
R . -50 -76
WR Width (38)TWLWH 9,10,11 | -550C<TA<+1250C 2 -t 2 - ns
TCLCL TLCL .
. -40 -60
NOTES: 1. VCC = VCCL, CL = 100pF, f = 1MHz - % i
2, Applies only to T2 state (8ns into T3) .
3. Setup req; t for } signal only to guaraniee recognition at next clock.
CAUTION: These devices are sensitive to electronic discharge. Proper IC handling proceduras should be followed.
4-69
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HARRIS SEMICOND SECTOR

16E D mm 4302271
Specifications 8UC86/853 '

prYd

0014800 5

Vd

TABLE 2. 80C86/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (CONTINUED) T ) .
Device Guaranteed and 100% Tested, 80C86/883: VCCL = 4.5V, VCCH = 5,5V, 80C86-2/883: VCCL = 4.75V, VCCH = 626V
’ {NOTE1) | GROUPA 80C86-2/883 80Ca6/a83
CONDI- suB-

PARAMETER SYMBOL TIONS GROUPS TEMPERATURE ~ | MIN MAX MIN MAX | UNITS
MINIMUM COMPLEXITY SYSTEM TIMING ) B - ’ )
Address Valid to (39)TAVAL 9,10,11 | -560C<TA<+1250C | TCLCH - TCLCH - ns
ALE Low . -40 . -80 .
Output Rise Time (40)TOLOH | From 0.8V 9,10,11 | -559C<TA<+1259C - 15 - ns

to2.0v
QOutput Fall Time (41)TOHOL | From2.0V 9,10,1t | -550C<TA<+1259C - 15 - . na
to 0.8V -
NOTES: 1, VCC = VCCL, CL = 100pF, f = 1MHz
2. Applies only to T2 slate (8ns into T3) - - .
3. Selup req t for h signal only to guarantea recognition at next clock.
TABLE 3, 80C86/883 ELECTRICAL PERFORMANCE CHARACTERISTICS . ‘
80C86/883: VCCL = 4.5V, VCCH = 5.5V, 80C86-2/883: VCCL = 4.75V, VCCH = 5.25V
(NOTE 1) 80C86-2/883 80C86/883
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN I MAX MIN I MAX | UNITS
MINIMUM COMPLEXITY SYSTEM TIMING
Input Capacitance CIN f= 1MHz, All 1 Ta=+25°C - 25 - 25 pF
measurements are
Output Capacitance | COUT | referenced 1 Ta=+250C - 25 - 25 pF
" device GND
1/O Capacitance Cl/o 1 TA=+259C - 25 .- 25 pF
CLKRise Time TCH1CH2 | From 1.0Vto 3.6V 1 ~550C<TA<+1250C - 10 - .10 ns
(&) '
CLK Fall Time TCL2CL1 | From3.5Vio 1.0V 1 -550C<TA<+1250C - 10 - 10 ns
(5
RDY Setup Time TR1VCL | CL = 100pF, 1,2,8 | -55°C<TA<+1259C 35 - 35 - ns
Into 82C84A (8) VCC =VCCL,
f=1MHz
RDY Hold Time TCLR1X |CL=100pF, 1,2,3 | -550C<TA<+1250C o - (o] - ns
Into 82C84A 9) VCC =VCCL,
f=1MHz
Input Rise Time TILIH From 0.8Vio 2.0V 1 -5580C<TA<+1250C - 15 - 15 ns
{Except CLK) (15)
Input Fall Time TIHIL From 2.0V {0 0.8V 1 -550C<Ta+1259C - 15 - 15 ns
(Except CLK) (16} :
Address FloatDelay | TCLAZ |CL =100pF, 1 -550C<TA<+1250C | TCLAX 50 | TCLAX | 80 ns
(19) VCC =VCCL,
f=1MHz
Status Float Delay TCHSZ 1 ~559C<TA<+1259C - 80 - 80 ns
(20)
Data Hold Time TCLDX2 1 -550C<TA<+1259C 10 - 10 - ns
(27)
Data Hold Time TWHDX 1 -550C<TA<+1259C | TCLCL ~ TCLCL - ns
After WR (28) ’ -30 -30
NOTES: 1. The parametars listed in Tabla 3 ara d via design or p and are not directly tested. Thasa parametars are characterized upon
initial design and after major process and/or design changes,
2. Signal at 82C84A shown for refarenca only.
3. Selup requi t for h signal only to guarantea recognition at next clock.

CAUTION: These devices are sensiive to electronic discharge. Proper IC handling p! d

should be foll

n
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HARRIS SEMICOND

Specifications 80C86/883

SECTOR 1

LE D

TABLE 4. APPLICABLE SUBGROUPS

B 430c27) 0014401 T mm

1-49-17-15

CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -
Interim Test 100%/5004 1,7,9 ’
PDA 100% 1
Final Test . 100% 2,3,8A,8B,10,11
Group A . - 1,2,8,7,8A,8B,9,10, 11
Groups C&D Samples/5005 1,7,9
Waveforms ) . )
Tt T2 T3 T4
Tw
l¢——TeLcL —»! Temme TCL2CLT J
H2
CLK (82CB4A OUTPUT) ¥ ) Y 3 [-' \ Y \
7 N /] N
TCHCTV ¥} « 1 TCHCL TCLCH [ — I TCHCTV
Mo
TCLAV [¢—»! Vi ) le—»{ TCLAV
BHE/S7, A19/Se-A16/53 >QTLE A19-Aqg >£ $7-S3 X
L _
y |
TCLLH ~»| TLHLL—pf |\ ax b
ALE /
TCHLL TRIVCL a
ROY {82C84A INPUT) le-TavAL VIHS E
| Y
W Y
—»| [¢=TCLRIX
|
an.cﬂ [
READY {80C86 INPUT) —» TCHRYX
-fzit;;;:*_ -
TCLD!
»ircLAZ '4— TOVCL —
ADq5-ADg )( AD15-ADg ) o DATA IN a T ’
' ——— — S — = —
TAZRL—P = TCLRH 4—ple TRHAV
w 5
__READ CYCLE TCHCTV TCLAL|¢ e / TRLRH > - TCHCTV
(WR, INTA =Vgy) — . I
DT/R
chcw-:g— TCVCTX —»
DEN
~
NOTES: 1. RDY is sampled near the end of T2, T3, Tw to determine # Tw machine states are to be inserled.

n

cycles. Control Signals are shown for the second INTA cycle.

a0

Signals at 82C84A are shown for referance only.
All timing measurements are mada al 1.5V unless otherwise noted.

. Two INTA cycles run back-lo-back. The 80C86/883 local ADDR/DATA bus is floaling during both INTA
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HARRIS SEMICOND SECTOR

Waveforms (Continued)
BUS TIMING -~ MINIMUM MODE SYSTEM (Continued)

- 80C86/883 -
LBE D

W 4302271 001

~

g

T-49-17-15
48402 1 =

T T2 T3 ™w Ts
4] - 51
TCHICH2 Hl- TeL2CLY -
CLK (82C84A OUTPUT) j‘ X * __’\ X f g |
26 e
., &by|e—e] . | @
bl JCLAX (18} TCLOX2
'
AD15-ADg ADy5-ADg DATA QUT -
t .
) bat—— TWHDX ———{(28}
Aiaditd 4l29 BHTeveTx —-1
WRITE CYCLE _ \l\
(RD, INTA, DEN
DT/ =
TR o (29) TeVETY =1 ‘.- 38
TWLWH
WA \4\
(18}
TCLAZ
AD15-ADg :
[ S IO A
TCHCTV TCHETV [38)
— |30'
{NTA CYCLE OT/R
NOTE 2
{AD, WR = VOH {28)TeveTV =
PHE= VoL INTA
" e TeveTV = TeVeTX =)
J— By
DEN
SOFTWARE
5EN. AD15-ADg INVALID ADDRESS SOFTWARE HALT
OEN, RD, .

WR,INTA =VoH
DT/R = INDETERMINAYE

TCLAV
i

NOTES: 1, RDY Is sampled near the end of T2, T3, Tw to determine # Tw machine states are to be inserled.

2, Two INTA cycles run back-to-back. The 80C86/883 local ADDR/DATA bus is floating during both INTA
cycles. Gontrol Signals are shown for the second INTA cycle.

3. Signals at 82C84A are shown for reference only.
4. All timing measurements are made at 1.6V unless otharwise noted.
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Specifications 80C86/883
I 4302271 00144603 3 W
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—

[

»

.

rd

TABLE 2. 80C86/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
~
Device Guaranteed and 100% Tested, 80C86/883: VCCL = 4.6V, VCCH = 5,5V, 80C88-2/883; VCCL = 4,75V, VCCH = 525V

T-49-17-15

NOTE1) | GROUPA 80C86-2/883 | 8socae/ss3
CONDI- SuB-
PARAMETER SYMBOL TIONS | GROUPS | TEMPERATURE MIN I MAX | MIN l MAX | UNITS®
MAXIMUM MODE SYSTEM TIMING (USING 82088 BUS CONTROLLER)
CLK Cycle Period {(1)TCLCL 9,10,11 | -550C<TA<+1250C | 125. - 200 - ns
CLK Low Time (2)TCLCH 9,10, 11 | -550C<Ta<+1250C | 68 - 118 - ns
CLK High Time {3)TCHCL 9,10,11 | -550C<TA<+1250C | 44 - 69 - ns
DataIn Setup Time {6)TDVCL 9,10,11 | -550C<TA<+125°C | 20 - “30 - ns
Data In Hold Time (7)TCLDX1 9,10,11 | -550C<Ta<+1250C | 10~ - 10 - ns
READY Setup Time | (10)TRYHCH 9,10,11 | -550C<TA<+1250C | 68 - 118 - ns
into 80C86/883
READY Hold Time (1)TCHRYX 9,10,11 | -550C<Ta<+1250C | 20 - 30 - ns
into 80C86/883
READY Inactive (i2)TRYLCL Note 2 9,10, 11 -550C<TA<+1259C -8 - -8 - ns
to CLK
Setup Time For (13TINVCH | Note 3 8,10,11 | -550C<TA<+1260C | 15 - 30 - ns
Recognition (INTR,
NMI, TEST)
RQ/GT SetupDelay | (14)TGVCH 9,10,11 | -550C<Tpa<+i250C | 15 - 30 - ns
RG Hold Time Into (18)TCHGX |Note4 9,10, 11 | -850C<TA<+1259C.| 30 |TCHCL| 40 |[TCHCL| ns
80C86/883 +10 +10
READY Active to (20)TRYHSH |[Notes2,5 | 9,10,11 | -559C<TA<+1269C - 65 - 110 ns -
Status Passive .
Status Active Delay (21)TCHSV 9,10,11 | -550C<Ta<+1259C | 10 60 10 110 ns
Status Inactive Delay {22)TCLSH | Note5 9,10,11 | -559C<TA<+1259C 10 70 10 130 ns
Address Valid Detay (23)TCLAV 9,10,11 | -550C<Ta<+1250C | 10 60 10 110 ns
Address Hold Time (24)TCLAX 9,10,11 | -550C<Ta<+1230C 10 - 10 - ns
Data Valid Delay (33)TCLDV 9,10,11 | -559C<Ta<+1250C [ 10 60 10 10 ns
Address Float to (37)TAZRL 9,10,11 | -559C<TA<+1259C (o} - 0 - ns
Read Active
D Active Delay (38)TCLRL 9,10,11 | -559C<Tp<+1259C | 10 100 10 165 ns
RD Inactive Delay (39)TCLRH 9,10, 11 | -550C<TA<+1250C | 10 80 10 150 ns
RD Inactive to Next {40)TRHAV 9,10,11 | -550C<Ta<+1250C [ ToleL { - [ToLoL | - ns
Address Active -40 -45
GT Active Delay (43)TCLGL 9,10, 11 | -550C<Tp<+1250C 0 50 10 85 ns
‘GT Inactive Delay (44)TCLGH 9,10,11 | -559C<TA<+1259C 0 60 10 85 ns
RD Width (45)TRLRH 9,10, 11 | -550C<TA<+1250C 2 - 2 - ns
TOLCL TCLCL
-50 -75

Output Rise Time (46)TOLOH |Fromo0.8V | 9,10,11 | -559C<TA<+1250C - 15 - 20 ns

to2.0v
Output Fall Time {47)TOHOL |From20V | 9,10, 11 |-B59G<TA<+1250C - 15 - 20 ns

100.8V

NOTES: 1. VCC = VCCL, CL = 100pF, f = 1MHz
2. Applies only to T2 slate (8ns into T3)

t for

3. Setup requir

18 signal only to guarantae racognilion at next clock.
4. The 80C86/883 actively pulls the RQ/GT pin o a logic ona on the following clock low lime.

5. Status lines return to their inactiva (logic ona) stale after CLK goas low and READY goss high.
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HARRIS SEMICOND SECTOR

L6E D
Specifications 80086/883

M 4302271 uﬁmqauu 5 m

ﬁ N -
e T-49-17-15
TABLE 3. 80C86/883 ELECTRICAL PERFORMANCE CHARACTERISTICS
80C86/883: VCCL = 4.5V, VCCH = 6.5V, 80C86-2/883: VCCL = 4.75V, VCCH = 5.26V . )
80C86-2/883 80C86/883
. {NOTE 1) -
PARAMETER SYMBOL | - CONDITIONS NOTES TEMPERATURE MIN l MAX MIN MAX | UNITS
MAXIMUM MODE SYSTEM TIMING (USING 82C88 BUS CONTROLLER) ] - -
Input Capacitance CIN f=1MHz, All 1 Ta= +250C - 25 - - 25 pF
its are -

Oulput Capacitance] COUT | referenced 1 TA=+250C - 25 - 25 pF

d D ’
1/0 Capacitance cyo avice GN 1 Ta= +259C - 25 - 25 | pF
CLK Rise Time TCH1CH2 | From 1.0Vto 3.5V 1 -850C<TA<+H1259C - =1 10 - 10 ns

(4) X . -
CLKFall Time TCL2CL1 | From 3.5Vto 1.0V 1 -550C<TAR+1259C - 10 - 10 ns
(5) :

RDY Setup Time TRIVCL |CL=100pF, 1,2,3 | -550C<TA<+12509C 35 - 35 - ns
Into 82C84A 8) VCC = VCCL, ’

f=1MHz
RDY Hold Time TCLR1X | CL=100pF, 1,2,8 | -559C<TA<+1250C ] - ] - ns *
Into 82C84A {9) VCC =VCCL,

f=1MHz
Input Rise Time TILIH From 0.8V o 2.0V 1 -550C<TAS+1259C - 15 - 15 ns
(Except CLK) (16)
input Fall Time TIHIL From 2.0V to 0.8V 1 -559C<TA<+1250C - 15 - 15. ns
(Except CLK) (17) .
Command Active TCLML | CL =100pF, 1,2 -559C<TA<+H125°C 5 35 5 35 ns
Delay {(18) VCC =VCCL

f=1MHz
Command Inactive TCLMH 1,2 -550C<TA<+1250C 5 35 5 35 ns
Delay (19)
Address Float TCLAZ 1 -550C<TA<+1280C | TCLAX | 50 | TCLAX | 80 ns
Delay (25)
Status Float Delay | (26)TCHSZ 1 -550C<TAS+1250C - 50 - 80 ns
Status Valid To TSVLH 1,2 ~550C<TA<+1250C - 20 - 20 ns
ALE High 27}
Status Valid To TSVMCH 1,2 -550C<TA<+1250C - 30 - 30 ns
MCE High (28)
CLKLowTo TCLLH 1,2 -550C<TA<+1259C - 20 - 20 ns
ALE Valid (29)
CLKLowTo TCLMCH 1,2 ~-550C<TA<+1259C - 25 - 25 ns
MCE High (30) .
ALE Inactive Delay | (31)TCHLL 1,2 -550C<TA<+1250C 4 18 4 18 ns
MCE Inactive Delay [{(32)TCLMCL 1,2 -550C<TA<+1250C - 15 - 156 ns
Data Hold Time (34)TCLDX2 1 -559C<LTA<+H+1259C 10 - 10 - ns
Control Active TCVNV 1,2 -550C<TA<+1250C 5 45 5 45 ns
Delay (35)
Control lnactive TCVNX 1,2 -550C<TA<+12590C 10 45 10 45 ns
Delay (36)
Direction Control (41)TGHDTL 1,2 -550C<TAS+H1259C - 850 - 50 ns
Active Delay
Direction Control (42)TCHDTH 1,2 ~-550C<TA<+1250C - 30 - 30 ns
Inactive Delay

NOTES: 1. The paramelers listed In Table 3 are controlled via design or process paramelels and are not directly tastad. These parameters are charactarized upon
initial design and after major process and/or design ¢hanges. -
2. Signal at 82C84A or 82C88 shown for referenca only.
3. Selup requirement for asynchronous signal only lo guaraniea recognition at next clock.

CAUTION: These d

di

are

to elact

Proper IC handling procedures should be followed,
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Snecifications 80€86/883

o T-49-17-15

HARRIS SEMICOND SECTOR IkE D mm LHDEE?]. 001480Ss ? W
TABLE 4. APPLICABLE SUBGROUPS
CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -
Interim Test 100%/5004 1,7,9
PDA 100% 1
Final Test 100% 2,3,8A,88,10,11
Group A - 1,2,3,7,8A,88,9,10,11
Groups C&D Samples/5005 1,7,9
Waveforms
BUS TIMING - MAXIMUM MODE (USING 82C88)
T T2 T2 T4
e roteL e 2 H o revzent vy
“ £ X _A£ X A
TCLAV = TCHCL . == TCLCH —»
e Y XXX
TeusH |
53,51 55 (EXCEPTHALTY \( seznoter
ety —— |-— ;ﬁ:"‘" ] TCLAY —
BHEIS7, A1g/Sg-A16/S3 X HE, Ara-Ats )( 753
mm-—;m“ TeHLL)

ALE {82CES QUTPUT) -ﬁ_ﬂ ’/r-—_

NOTE 4

ADY (82C84 (RPUT)

TRIVCL § fo—

TAZ

TeLAIX ]
TAYLEL
READY (30C86 INPUTI l TCHAYX]
] mvusn-—-l
—s1cLax
TRYHCH
READ CYCLE
TCLAY —{TCLAZ e —— TOVCL ~——et+ TCLOX 1~
AD15-ADg X A015-400 ) DATAIN )
L}

AL —ei

\é

2,
3.

Cascada address |s vaild betwean first and second INTA cycles.

cycles. Control for pointer address is shown for second iNTA cycle.

>

. The Issuance of the 82C88 command and control signals (MRDC MWTC, AMWC, IORC, IOWC, AIOWC,

INTA and DEN) lags the activa high 82G88 CEN.
All timing measurements are made at 1.5V unless otherwisa noted.
. Slalus inactive In stata just prior to T4.

No

w /
&-{ TCLAL ZD“:"“"‘
TALRH ‘
onR
TCLML = { \ TCLMH —f “
7zca
see ;z‘:g WROC 0A [GRC.
45 . TCVAY —
DEN
TCVNX —=|
NOTES: 1. RDY Is sampled near the end of T2, T3, Tw fo determina # Tw machine stales ara lo ba inserled.

Two INTA cycles run back-to-back. The 80C86/883 local ADDR/DATA bus is floaling during both INTA
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HARRIS SEMICOND SECTOR

vvaverorms (Continued)
BUS TIMING - MAXIMUM MODE (USING 82C88) (Continued)

80C86/883
LLE D ER 4302271 001480k 9 mm

%

T-49-17-15

T2 Ta
I A NV
{21} TeHsv
o : S [N A
§2.57, 5g {EXCEPT HALT) EE NOTE 7) \_
| R R A
WRITE CYCLE Loy, 33} TCLSH TCLDXZ — s {34] fe—o
AD15-ADg )(
TCYNV —»] {36) revax
{35)
DER
{18} TeLML —=i
s2cea E—
OUTPUTS | o o
SEENOTES | AMWC OR ATOWC
4,5
' [18) TeLML —=f
I
MWTC OR {OWC
NTA CYCLE
AD1§-ADg RESERVED FOR)
(SEE NOTES 2,3) CASCADE ADDR RSO SRS PRIpII—-,
{28) TeLox{l)
AD15-ADg {
lzsl CLMCL -]
TSVMCH —m=
MCE/ 141) /
POEN TCHDTL
EN (30)TCLMCH - —] (42) f=—TCHDTH
DT/R :
1
B2C88 OUTPUTS I (18] ToLme —=
SEE NOTES 4, 5 NTA (P
TCVNV -~
[35)
DEN
SOFTWARE

HALT -RD, MRDC, IORC, MWTC, Al

MWC, [OWC, ATOWC, INTA, Sg. S1= VoH
1

AD15-ADg

T
INVALID ADDRESS

TCLSH——IZZ]i«—

NOTES: 1. RDY is sampled near lhe end of T2, T3, Tw 1o determine i Tw machine states are to ba insered.

I

. Cascade address is valid batween first and second INTA cycles.
3. Two INTA cycles run back~to-back. The 80C86/883 local ADDR/DATA bus Is floaling during both INTA
cycles. Control for poinler address is shown for second INTA cycla.

4. Signals al 82C84A or B2C88 are shown for reference anly.

5. The issuance of the-82C88 command and conirol signals (MADC, MWTE. AMWC, [ORC, IOWC, AIOWC,

INTA and DEN) lags lhe active high 82C88 CEN.

6. All timing measurements are mada at 1.5V unless otherwise noted.

7. Status inactive In stale just prior to T4.
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"HARRIS SEMICOND SECTOR

Waveforms (Continued) -

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

CLK
TCLGH

80C86/883 !

16E D-

Ro/aT ﬂl

PREVIOUS GRANT

-

B 4302271

00L4407 0 M l

PULSE 3
COPROCESSOR
RELEASE

ADqg - ADg 80C86

COPROCESSOR

®’D, Lotk

BHEIS7, A19/So-Ate/Sa

52.51,%0-

—] * vcHsz [26] {sea note)

NOTE: The coprocassor may not driva the busses outside the region shown wilhout risking contention

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

2 1CLK 10R2

CLK

Cycles

WA W A

HLDA

j THVCH N
HOLD

THYCH
::1\ e
- TCLHAV (36} - TCLHAV [36}

o}
{19 =

- TCLAZ

ADyg - ADg 80C86

COPROCESSOR ’ 80C86
- N

BHE/S7, A19/56-A16/83

(20) 121

tewe{ TCHSZ —

RD, WA, WG, DT/R, DEN

ASYNCHRONOUS SIGNAL RECOGNITION

cLK
)
NMI TINVCH {see note}
3 ®
INTR 3 SIGNAL
: ) J
TEST
NOTE: Satup requii s for signals only lo guarantes

recognition at next CLK

BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY)

LaCK
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'80C86/883

HARRIS SEMICOND SECTOR

vvaverorms (Conunuea)
RESET TIMING

ILE D

*

CLK -\_
{7} TCLDX1 —
(6) TDVCL
RESET : \
24 CLK CYCLES

7 = e 19 1E

- 7 1-49-17-15

M 4302271 00L4408 2 WE

'__— > 50usec —mf
vce I

A.C. Test Circuit

OUTPUT FROM

Lt

TEST

DEVICE UNDER TEST | POINT
C

*Includes stay and jig capacitance

A.C. Testing Input, Output Waveform

INPUT QUTPUT

VIH + 20% VIH VOH
1.5v X X 1.5v

VIL - S0%VIL voL

AGC. Tesling: Alil input signals (other than CLK) must switch between
ViLmax -50% VIL and ViHmin +20% VIH. CLK must swilch
between 0.4V and VCC -0.4. Input rise and fall times are

driven at 1ns/V.
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HARRIS SEMICOND SECTOR

-]

I

Eal o

NOTES:
1. VCC = 5.5V x 0.5V, GND = oV

Input Voltage Limits:
VIL {(Maximum) = 0.4V
VIH (Minlmum) = 2.6V

Burn-in Circuits

80C86/883

LBE D

”

e Am am o
T

-49-17-15

WR 4302271 0014809 4 mm

80C86/883 CERAMIC DIP

E}c— GND
e ——— T ano e [49] vce
ano O[3 ap14 AD15 [35]— AL veL
VCLM AD13 AD16 [3B—AMEL vi
oND oA ] ap12 D17 [FT— A i
aND Z2AM—5] D11 AD18 [SE}—AME VI
ver 22an—6] Apto AD19 [55}—AE Vi
GNP-EWV—E AD9 BAE [3al—E vi
anp 22Ama—5] aps WX [33)¢——— aND
anp E2aA—{3] o7 b [ v
VCLEQMN—@ ADB RQO MVCL
VCL'&V\N—E ADS Rai [Bo—wWAEL veL
vct.ﬂlwv—E AD4 ook [ i
OPEN +—[13] Ap3 52 MVI!
OPEN +—[i4] b2 s E—«wsﬂvu
OPEN «~—is] ap1 50 [B—WW- Vi
OPEN 6] avo aso [ i
GND —————[i7| Nmi as2 z__4|—wv~ﬂvn
GND ———— i8] INTR TEST [23J¢#————— GND
Fo “AM—TB] ek Renpy [ veL
GND ————f20| anD RESET [ZT}—AWE—

Vit is external supply setto 2,7V
VCL is generated on program card (VCC - 1.2V)

PROGRAM

CARD

COMPONENTS: (Per Card)

1. Rl = 10k} & 5%, 1.4W (4)

2, RO = 12k{} + 5%, 1/4W (12)
3. RIO = 2.7k} £ 5%, 1/4W (16)
4. RC = 1k} £ 5%, 1/4W (1}

5. G = 0.01pF (Minimum) (1)

. Pins 13 - 16 Inpul sequenced inslructions from internal hold devices.
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Burn-In Circuits (Continued) - .
80C86/883 CERAMIC LCC
L z:f
22 83¢393¢e3
it
GND

NOTES:
1. VCC = 5.5V £ 0.5V, GND = 0V
2. Input Voltage Limits:

VIL (Maximum) = 0.4V

VIH {Minimum) = 2.6V

3. VIl is external supply setto 2.7V
4, VCL is generated on program card (VCG - 1.2V)

Fo @ (FROM PROGRAM CARD)

COMPONENTS: (Per Card)

1. Rl = 10k} & 5%, 1.4W (4)

2. RO = 12k} + 5%, 1/4W (i2)
3. RIO = 2.7k} & 5%, 1/4W (16)
4. RC = 1k} £ 5%, 1/4W (1)

5. C = 0.01yF {Minimum) (1)
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Metallization Topology

DIE DIMENSIONS:
249.2 x 290.9 x 19 + 1 mlis
METALLIZATION:
Type: Silicon - Aluminum
Thickness: 11kA + 2kA
GLASSIVATION:
Type: Nitrox
Thickness: 10kA + 2kA
DIE ATTACH:
Material: Gold ~ Silicon Ewectic Alloy
Temperature: Ceramic DIP — 4600C (Max)
Ceramlc LCC — 4209C (Max)
WORST CASE CURRENT DENSITY:
1.5 x 105 A/em?2

.

Metallization Mask Layout
80cse/as3

AD11 AD12 AD13 AD14 GND vcc AD15 A16/S3

AD10

ADg

AD8

AD7

AD4
AD3

AD2

AD1

ADO

NMI INTR CLK

RESET READY TEST QS1

16E D W 4302271 0014811 2 mE

A17/S4 A18/S5

. aso

T T
T-49-17-15

A19/86

CMOS
« MICROPROCESSORS

RQ/GTO

f0/GT1

LOCK
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Packaging' 40 PIN CERAMIC DIP . . -
2035
i 2.036 -850 515
005 MIN — - 11 200 % — -
T ) | |
225 MAX J_ i
ﬂi 150 MIN
1 060 __l
125 ] E— 098 MAX
JAB0 %o . '1305% ‘ _
\050 .. -
.065 + INCREASE MAX LIMIT BY .003 INCHES

LEAD MATERIAL: Type B
LEAD FINISH: Type A
PACKAGE MATERIAL: Ceramic 90% Alumina
PACKAGE SEAL:
Materlal: Glass Frit
Temperature: 4500C £ 10°C.
Method: Furnace Seal

44 PAD CERAMIC LCC

MEASURED AT CENTER OF FLAT FOR
SOLDER FINISH

INTERNAL LEAD WIRE:

Materlal: Aluminum

Diameter: 1.25 Mil

Bonding Method: Ultrasonic
COMPLIANT OUTLINE: 38510 D-§

€

PAD MATERIAL: Type C
PAD FINISH: Type A
FINISH DIMENSION: Type A

PACKAGE SEAL:
Materlal; Gold/TIn (80/20)
Temperature: 3200C + 10°C
Method: Furnace Braze

BOTTOM VIEW
La03 s ;
- 018 : B ] .
- R — ‘ .
3
—
.006 = -
L—rﬁ— = 662 N
.028 J . ‘:J_
015 MIN =3
o >/\ . gt
goooooaanonn -
I 13 4
662 . .063
— 1 o
Llrrnnononpnnl]
- 073
.089

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina -

INTERNAL LEAD WIRE:
Material: Aluminum
Diametar: 1.25 Mil
“Bonding Method; Ultrasonic
COMPLIANT OUTLINE: 38510 C-5

Min_ o,

. Di
NOTE: All Max '

are In inches.

1 Mil-M-38510 Compliant Matarlals, Finishes, and Dimensions.
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Functional Description
Static Operation

All 80C86 clrcuitry Is of static design. Internal registers,
counters and latches are static and require no refresh as
with dynamic circuit design. This eliminates the minimum
operating frequency restriction placed on other
microprocessors. The CMOS 80C86 can operate from DC
to the specified upper frequency limit. The processor clock
may be stopped in either state (HIGH/LOW) and held there
Indefinitely. This type of operation is especlally useful for
system debug or power critical applications.

The 80C86 can be single stepped using only the CPU
clock. This state can be maintained as long as.is hecessary.
Single step clock operation allows simple interface clrcuitry
to provide critical information for bringing up your system.

Static design also allows very low frequency operation
(down to DC). In a power critical situation, this can provide
extremely low power operatlon since 80C86 powar dissipa-
tion Is directly related to operating frequency. As the system

frequency is reduced, so is the operating power until,
ultimately, at a DC Input frequency, the 80C86 power re-
quirement is the standby current, (500pA maximum).

Internal Architecture

The internal functions of the 80C86 processor are parti-
tioned loglcally Into two processing units. The first is the
Bus Interface Unit (BIU) and the second is the Execution
Unit (EU) as shown in the CPU functional diagram.

These units can interact directly but for the most part per-
form as separate asynchronous operational processors.
The bus Interface unit provides the functions related to
Instruction fetching and queuing, operand fetch and store,
and address relocation. This unit also provides the basic
bus control. The overlap of instruction pre-fetching provid-
ed by this unit serves to Increase processor performance
through improved bus bandwidth utilization. Up to 6 bytes
of the instruction stream can be queued while waiting for
decoding and execution,

Functional Diagram

EXECUTION UNIT  BUS INTERFACE UNIT

REGISTERFILE | | pearoren oY,
D SEGMENT
pum“r?.i,& REGISTERS &
INDEX REGS IRSTRUCTION|
(3 WORDS) POIRTER
(5 WORDS) R
"ﬂ
S —_—
\} L » BHE/S?
16-BIT ALU A13/5
Arg/S3
BUsS ‘l’ AD15-ADg
FLAGS INTERFACE “
URIT ::> TATA, 5, WR
j> OT/R, DEN, ALE, M/0
6-8YTE -
INSTRULCTION|
QUELE
— d
TEst —
JNTR — LOCK
Nl
RU/GTo, (:Z> CONTROL & TIMING 7 ) sp, a8y
HOLD ——)] NG6E
HLDA +——

PTf

CLK RESET AEADY MN/MX GND
vee

MEMORY INTERFALCE
€-BUS

INSTRUCTIDR
STREAM BYTE
QUEVE

BUS ¢S
INTERFACE S8
URIT [ EXECUTION UAIT

CONTROL
SYSTEM

ARITHMETIC/
CH TL LOGIC UNIT
EXECUTION| _OH oL

uNIiT SP

4-83

CmMos
MICROPROCESSORS




HARRIS SEMICOND SECTOR

80C86
IEE D

DESIGN |NFORMAT|0N {Continued)

The Information contained in this section has been developed through characterization by Harris Semiconductor and is for
use as application and deslgn Information only. No guarantee Is implied.

The Instruction stream queuing mechanism allows the BIU
to keep the memory utilized very efficlently. Whenever there
Is space, for at least 2 bytes in the queue, the BIU will
attempt a word fetch memory cycle. This greatly reduces
“dead-time” on the memory bus. The queue acts as a First-
In-First-Out (FIFO) buffer, from which the EU extracts
Instruction bytes as required. if the queue is empty (follow-
Ing a branch Instruction, for example), the first byte Into the
queue immediately becomes avallable to the EU.

The execution unit receives pre-fetched instructions frorm
the BIU queus and provides un-relocated operand
addresses to the BIU. Memory operands are passed
through the BIU for processing by the EU, which passes
results to the BIU for storage.

Memory Organization

The processor provides a 20 bit address to memory, which
locates the byte being referenced. The memory Is organized
as a linear array of up to 1 million bytes, addressed as
00000(H) to FFFFF(H). The memory is logically divided into
code, data, extra and stack segments of up to 64K bytes
each, with each segment falling on 16-byte boundaries.
(See Figure 1).

- FEFFFH
CODE SEGMENT
3 XXXXOH
{ STACK SEGMERT
+ OFFSET
I
SEGHENT l
AEGISTEA FILE OATA SEGUENT
—a J
s %
[
& —F
}sxvu SEGMERT
T eregn

FIGURE 1. 80C86 MEMORY ORGANIZATION

TABLE A.
ALTER-
TYPE OF DEFAULT NATE
MEMORY SEGMENT | SEGMENT
REFERENCE BASE BASE OFFSET
Instruction Fetch cs None 1P
Stack Operation sS None 8P
Variable {except DS CS,ES, S8 | Effective
following) Address

String Source DS CS,ES, 85 |8t
String Destination ES None DI
BP Used As Base 8S CS,DS,ES | Effective
Register Address

All memory references are made relative to base addresses
contained in high speed segment registers. The segment

types were chosen based on the addressing needs of
programs. The segment register to be selected is automati-
cally chosen according to the spegcific rules of Table A, All
Information In one segment type share the same loglcal attrib-
utes {e.g. code or data). By structuring memory Into
relocatable areas of similar characteristics and by automati-
cally selecting segment registers, programs are shorter,
faster and more structured. (See Table A).

Word (16 bit) operands can be located on even or odd
address boundaries and are thus not constrained to even
boundaries as is the case in many 16-bit computers. For
address and data operands, the least significant byte of the
word Is stored in the lower valued address location and the
most significant byte in the next higher address location. The
BIU automatically performs the proper number of memory
accesses, one if the word operand Is on an even byte bound-
ary and two if It is on an odd byte boundary. Except for the
performance penalty, this double access Is transparent to the
software. The performance penalty does not occur for
Instruction fetches; only word operands.

Physically, the memory Is organized as a high bank (D 15-D8)
and a low bank (D7-D0) of 512K bytes addressed In parallel
by the processor's address lines.

Byte data with even addresses is transferred on the D7-D0
bus lines while odd addressed byte data (A0 HIGH) Is trans-
ferred on the D15-D8 bus lines. The processor provides two
enable signals, BHE and A0, to selectively allow reading from
or writing Into either an odd byte location, even byte
location, or both. The Instruction stream is fetched from mem-
ory as words and is addressed internally by the processor at
the byte level as necessary.

In referencing word data, the BIU requiras one or two memory
cycles depending on whether the starting byte of the word is
onh an even or odd address, respectively. Consequently, in
referencing word operands performance can be optimized by
locating data on even address boundaries. This is an espec-
ially useful technique for using the stack, since odd address
references to the stack may adversely affect the context
switching time for interrupt processing. or task multiplexing.

Certain locations in memory are reserved for specific CPU
operations (See Figure 2). Locations from address FFFFOH
through FFFFFH are reserved for operations including a jump
to the initial program loading routine, Following RESET, the
CPU will always begin execution at location FFFFOH where
the jump must be located.- Locations O00Q0H through
QO3FFH are reserved for interrupt operations. Each of the
256 possible interrupt service routines Is accessed thru its
own pair of 18-bit pointers ~ segment address pointer and
offset address pointer. The first pointer, used as the offset
address, is loaded into the IP and the second pointer, which
designates the base address is loaded into the CS. At this
point program control is transferred to the interrupt routine.
The pointer elements are assumed to have been stored at the
respective places in reserved memory prior to ocourrence of
interrupts.
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FEFFFH |
FFFFOH

RESET DOOTSTRA®
PRUGRAM JUMP

IFFH TYPE 255 POINTER
e {AVAILABLE]

AVAILABLE
INTERRUPT r r
POINTERS
{224)

TYPE 3T POIRTER"
L1201 {AVAILABLE)

TYPE 32 POINTER
el {AVAILATLE}

WERH|  yvee i roinTER.
{AESER

INYEARUPT
POINTERS a -
an

TYPESPOINTER
LITL] IRESERVED)

| TYPEAZOINTER
SieH GVERFLOW

TYPE JPOINTER

DEDICATED GACH | 1-BYTE INT INSTRUCTION
INTERRUPT

TYPE2POINTER
::)INVENS ooay [ MOR-SIASKARLE ]
TYPE 1 POINTER
oy [T SINGLE-STER
TYPEQPOINTER
ooau [ DIVIDE ERROR

- "F ESBASEADGAESS :‘
- 1P OFFSET
I‘—— 188iT18 —i

FIGURE 2. RESERVED MEMORY LOCATIONS

Minimum and Maximum Operation Modes

The requirements for supporting minimum and maximum
80C86 systems are sulfflclently different that they cannot be
met efficlently using 40 uniquely defined pins. Consequent-
ly, the 80C86 s equipped with a strap pin (MN/MX) which
defines the system configuration. The definition of a certain
subset of the pins changes, dependent on the condition of
the strap pin. When the MN/MX pin Is strapped to GND, the
80C86 defines pins 24 through 31 and 34 In maximum
mode. When the MN/MX pin Is strapped to VCC, tha 80C86
generates bus control signals itself on pins 24 through 31
and 34.

The minimum mode 80C86 can be used with either a muiti-
plexed or demultiplexed bus. This architecture provides the
80C86 processing power in a highly integrated form.

The demultiplexed mode requlres two 82C82 latches (for
64K addressabllity) or three 82C82 latches (for a full
megabyte of addressing). An 82C86 or 82C87 transcelver
can also be used If data bus buffering Is required. (See
Figure 6a.) The 80C86 provides DEN and DT/R to control
the transcelver, and ALE to latch the addresses. This config-
uration of the minimum mode provides the standard
demultiplexed bus structure with heavy bus buffering and
relaxed bus timing requirements.

The maximum mode employs the 82C88 bus controller
(See Figure 6b). The 82C88 decodes status lines SO, §1
and S2, and provides the system with all bus control
signals.

Moving the bus control to the 82C88 provides bstter source
and sink current capability to the control lines, and frees the
80C88 pins for extended large system features. Hardware
lock, queue status, and two request/grant interfaces
are provided by the 80C88 In maximum mode. These fea-
tures allow coprocessors In locat bus and remote-bus con-
figurations.

Bus Operation

The 80C88 has a combined address and data bus com-
monly referred to as a time multiplexed bus. This technique
provides the most efficient use of pins on the processor
while permitting the use of a standard 40 lead package.
This “local bus” can be buffered directly and used through-
out the system with address latching provided on memory
and 1I/O modules. In addition, the bus can also be
demultiptexed at the processor with a single set of 82C82
address latches if a standard non-muitiplexed bus Is
desired for the system.

Each processor bus cycle consists of at least four CLK
cycles, These are referred to as T1, T2, T3 and T4 (see
Figure 3). The address is emitted from the processor during
T1 and data transfer occurs on the bus during T3 and T4. T2
Is used primarily for changing the direction of the bus
during read operations. in the event that a “NOT READY"
indication is given by the addressed device, "Wait” states
(TW) are inserted between T3 and T4. Each Inserted wait
state Is the same duration as a CLK cycle. Periods can
occur between 80C86 driven bus cycles. These are
referred to as Idle” states (Tl) or Inactive CLK cycles. The
processor uses these cycles for internal housekeeping and
processing.

During T1 of any bus cycle, the ALE (Address Latch Enable)
signal Is emitted (by elther the processor or the 82C88 bus
controller, depending on the MN/MX strap). At the trailing
edge of this pulse, a valid address and certain status
information for the cycle may be latched.

Status bits S0, §1 and S2 are used by the bus controller, in
maximum mode, to Identify the type of bus transaction
according to Table B.

TABLE B.
82 51 so CHARACTERISTICS
0 0o 4] Interrupt
[o} 0o 1 Read I/O
[} 1 o Write I/0
[0} 1 1 Halt
1 ] 0 Instruction Fetch
1 [0} 1 Read Data from Memory
1 1 [0} Write Data to Memory
1 1 1 Passive (no bus cycle)

. 7 T1-49-17-15

CMOS
MICROPROCESSORS

4-85




.
rd

7

HARRIS SEMICOND SECTOR

LLE D
DESIGN INFURMAIIUN (Continued)

The Information contained in this section has-been developed through characterization by Harris Semiconductor and Is for
use as application and design Information only. No guarantee Is implied.

4+ Nwair) = Tey - I {4 + NwaT) = Tey

Tl T2 | Ta |Twairl Ta | T1 | Tz | Ta |Twarr| Ta I

CLK

GOES INACTIVE IN THE STATE
JUSTPRIORTO T4
ALE __/_\ / \ /\ / \

/ .
5%\ 2y \ i [

ADDR/ BHE, s
STATUS 57-53 ><A19-A1s>( 753 )(
BUS RESERVED
FOR DATA IN

ADDR/DATA

poay (7 YernDy | (oo oamovrowoo Y (X
- - - -3
RD, INTA _f/‘

READY

READY

READY

WAIT WAIT

C

<+~ MEMORY ACCESS TIME +

7

FIGURE 3. BASIC SYSTEM TIMING
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Status bits S3 through S7 are time muitiplexed with high
order address bits and the BHE signal, and are therefore
valid during T2 through T4. $3 and 84 Indicate which segment
register (see Instruction Set Description) was used for this bus
cycle n forming the address, according to Table C.

TABLE C.
sS4 s3 CHARACTERISTICS
0 [¢] Allernate Data (extra segment)
[s] 1 Stack
1 [} Code or None
1 1 Data

S5 Is a reflection of the PSW interrupt enable bit. S8 is
always zero and S7 Is a spare status bit.

I/0 Addressing

In the 80C86, I/O operations can address up to a maximum
of 64K 1/O byte registers or 32K 1/0 word registers. The I/O
address appears in the same format as the memory address
on bus lines A15-A0. The address lines A19-A18 are zero
in I/O operations. The variable /O Instructions which use
register DX as a pointer have full address capabllity while
the direct I/O instructlons directly address one or two of the
256 1/O byte locations In page 0 of the I/O address space.

/O ports are addressed in the same manner as memory
locations. Even addressed bytes are transferred on the D7-
DO bus lines and odd addressed bytes on D15-D8. Care
must be taken to ensure that each register within an 8 bit
peripheral located on the lower .portion of the bus be
addressed as even,

BOND
PAD

EXTERNAL
PIN

ouUTPUT
ORIVER

INPUT
BUFFER

INPUT
| PROTECTION
CIRCUITRY

FIGURE 4A. BUS HOLD CIRCUITRY PIN 2-18, 34-39

External Interface
Processor RESET and Initlalization

Processor Initlalization or start up is accomplished with acti-
vation (HIGH) of the RESET pin. The 80C88 RESET Iis
required to be HIGH for greater than 4 CLK cycles. The
80C86 will terminate operations on the high-going edge of
RESET and will remain dormant as long as RESET is HIGH.
The low-going transition of RESET triggers an internal resst
saequence for approximately 7 clock cycles. After this inter-
val, the 80C86 operates normally beginning with the
Instruction in absolute location FFFFOH. (See Figure 2). The
RESET input is Internally synchronized to the processor
clock. At Initialization, the HIGH-to-LOW transition of
RESET must occur no sooner than 50ys (or 4 CLK cycles,
whichever Is greater) after power-up, to allow complete
initializatlon of the 80C86.

NM! will not be recognized prior to the second CLK cycle
following the end of RESET. If NMI is asserted sooner than
nine clock cycles after the end of RESET, the processor
may execute one Instruction before responding to the inter-
rupt.

Bus Hold Circuitry

To avoid high current conditions caused by floating inputs
to CMOS devices and to eliminate need for pull-up/down
resistors, “bus-hold” clrcuitry has been used on the 80C86
pins 2-16, 26~32 and 34-39. (See Figure 4a and 4b). These
circuits will maintain the last valid logic state if no driving
source s present (Le. an unconnected pin or a driving
source which goes to a high impedance state). To overdrive
the “bus hold” circuits, an external driver must be capable
of supplying approximately 400pA minimum sink or source
current at valid Input voltage levels. Since this “bus hold”
circuitry Is active and not a “resistive” type element, the
associated power supply current is negligible and power
dissipation Is significantly reduced when compared to the
use of passive pull-up resistors.

BOND

! PAD
Vel 4 p
auteur - C¢ P

ORIVER i

f—
EXTERNAL
2]

INPUT
BUFFER

INPUT
PROTECTION
CIRCUITRY

FIGURE 4B. BUS HOLD CIRCUITRY PIN 26-32
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DESIGN INFORMATIUN (continued)

Interrupt Operations

Interrupt operations fall into two classes: software or hard-
ware initiated. The software initlated Interrupts and software
aspects of hardware interrupts are specified in the Instruc-
tion Set Description. Hardware interrupts can be classifled
as non-maskable or maskable.

Interrupts result in a transfer of control to a new program lo-
cation. A 256-element table containing address pointers to
the Interrupt service program locations resides In absolute
locations O through 3FFH, which are reserved for this
purpose, Each element in the table Is 4 bytes in size and
corresponds to an interrupt “type”. An Interrupting device
supplies an 8 bit type number during the interrupt acknow-
ledge sequence, which is used to “vector” through the
appropriate element to the new Interrupt service program
location. All flags and both the Code Segment_and
Instruction Pointer register are saved as part of the INTA
sequence. These are restored upon execution of an Inter-
rupt Return ({RET) Instruction.

Non-Maskable Interrupt (NMI)

The processor provides a single non-maskable interrupt
pin (NM1) which has higher priority than the maskable inter-
rupt request pin (INTR). A typical use would be to activate a
power failure routine. The NMI is edge-triggered on a
LOW-to-HIGH transition: The activation of this pin causes a
type 2 Interrupt,

NMI is required to have a duration In the HIGH state of
greater than two CLK cycles, but is not required to be
synchronized to the clock. Any positive transition of NMl is
latched on-chip and will be serviced at the end of the
current Instruction or between whole moves of a block~type
Instruction. Worst case response to NM! would be for multi-
ply, divide, and variable shift instructions. There is no
specification on the occurrence of the low-going edge; it
may occur before, durlng or after the servicing of NML.
Another positive edge triggers another response if It occurs
after the start of the NMI procedure. The signal must be free
of logical spikes in general and be free of bounces on the
low-going edge to avold triggering extraneous responses.

n
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Maskable interrupt (INTR)

The 80C86 provides a single Interrupt request input (INTR)
which can be masked Internally by software with -the
resetting of the interrupt enable flag (IF) status bit. The
Interrupt request signal is level triggered. it is internally
synchronized during each clock cycle on the high-going
edge of CLK. To be responded to, INTR must be present
(HIGH) during the clock period-preceding the end of the
current instruction or the end of a whole 'move for a block
type instruction. INTR may be removed anytime after the
falling edge of the first TNTA signal. During the Interrupt re-
sponse sequence further interrupts are disabled. The
enable bit Is reset as part of the response to any interrupt
(INTR, NMI, software interrupt or single-step), although the
FLAGS register which is automatically pushed onto the
stack reflects the state of the processor prior to the inter-
rupt. Until the old FLAGS register is restored the enable bit
will be zero unless specifically set by an Instruction.

During the response sequence (Figure 5) the processor
executes two successive (back-to-back) interrupt acknow-
ledge cycles. The 80C86 emits the LOCK signal (Max mode
only) from T2 of the first bus cycle until T2 of the second. A
local bus “hold"” request will not be honored untii the end of
the second bus cycle. In the second bus cycle, a byte is
supplied to the 80C868 by the 82C59A Interupt
Controller, which identifies the source (type) of the interrupt.
This byte is multiplied by four and used as a pointer into the
interrupt vector look-up table. An INTR signal left HIGH will
be continually responded to within the limitations of the
enable blt and sample period. The INTERRUPT RETURN
Instruction includes a FLAGS pop which returns the status
of the original interrupt enable bit when it restores the
FLAGS.

Halt

When a software "HALT" instruction Is executed the
processor indicates that it is entering the *HALT” state in
one of two ways depending upon which mode is strapped.
In minimum mode, the processor issues one ALE with no
qualifying bus control signals. In maximum_mode the
processor Issues appropriate HALT status on 82, §1, SO

7l nlnl

2

LﬂCK

\, FLOAT

AlgADIs ) ms VECTOR

FIGURE 5. INTERRUPT ACKNOWLEDGE SEQUENCE
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and the 82C88 bus controller issues one ALE. The 80C86
will not leave the "HALT” state when a local bus “hold” is
entered while In "HALT". In this case, the processor
reissues the HALT indicator at the end of the local bus hold.
An NM! or interrupt request (when Interrupts enabled) or
RESET will force the 80C86 out of the “HALT" state.

Read/Modify/Write (Semaphore)
Operations Via Lock

The LOCK status information i1s provided by the processor
when consecutive bus cycles are required during the
execution of an instruction. This gives the processor the
capabillity of performing read/modify/write operations on
memory (via the Exchange Reglister With Memory Instruc-
tion, for example) witiout another system bus master
recelving Intervening memory cycles. This s useful in
multiprocessor system configurations to accomplish “test
and set lock” operations. the LOCK signal is activated
(forced LOW) In the clock cycle following decoding of the
software “LOCK" prefix Instruction. it is deactivated at the
end of the last bus cycle of the Instruction following the
"LOCK" prefix Instruction. While LOCK s active a request
on a RQ/GT pin will be recorded and then honored at the
end of the LOCK.

External Synchronization Via TEST

As an alternative to interrupts, the 80C86 provides. a single
software-testable input pin (TEST). This input is utilized by
executing a WAIT instruction. The single WAIT instruction Is
repeatedly executed until the TEST input goes active
(LOW). The execution of WAIT does not consume bus
cycles once the queue Is full.

If a local bus request occurs during WAIT execution, the
80C886 three-states all output drivers while inputs and I/O
pins are held at valid logic levels by Internal bus-hold
circuits. If interrupts are enabled, the 80C88 will recognize
Interrupts and process them when It regains control of the
bus. The WAIT Instruction Is then refetched; and
reexecuted.

TABLE D. 80C86 REGISTER MODEL

AX AH AL ACCUMULATOR
3% aH st BASE
3 cH T caunt
1.4 DH oL DATA
——-{ » STACK POINTER
er BASE POINTER
st SOURCE INDEX
ol DESTINATION IRDEX
{ » 1 IASTRUCTION POINTER
|;| FLABSy | FLAGSL J STATUS FLAGS
s CODE SEGMENT
os OATA SEQMENT
s STACK SEGMENT
[ EXTRA SEQMENT

Basic System Timing

Typlcal system configurations for the processor operating
in minimum mode and in maximum mode are shown In
Figures 6A and 6B, respectively. In minimum mode, the
MN/MX pin Is strapped to VCC and the processor emits bus
control signals_(e.g. RD, WR etc.) directly. In maximum
mode, the MN/MX pin Is strapped to GND and the proces-
sor emits coded status information which the 82C88 bus
controller uses to generate MULTIBUS™ compatible
bus control signals. Figure 3 shows the signal timing
relatlonships. i

System Timing -~ Minimum System

The read cycle begins in T1 with the assertion of the
Address Latch Enable (ALE) signal. The trailing (low-going)
edge of this signal is used to latch the address information,
which Is valid on the address/data bus (ADO-AD15) at this
time, into the 82C82/82C83 latch. The BHE and AQ signals
address the low, high or both bytes. From T1 to T4 the M/IO
signal Indicates a memory or /O operation. At T2, the
address Is removed from the address/data bus and the bus
Is held at the last valid logic state by internal bus hold
devices. The read control signal Is also asserted at T2. The
read (RD) signal causes the addressed device to enable its
data bus drivers to the local bus. Some time later, valid data
will be avalilable on the bus and the addressed device will
drive the READY line HIGH. When the progessor returns the
read signal to a HIGH level, the addressed device will again
three-state its bus drivers. If a transceiver (82C86/82C87)
Is required to buffer the 80C88 local bus, signals DT/R and
DEN are provided by the 80C86.

A write cycle also begins with the assertion of ALE and the
emission of the address. The M/IO signal Is agaln asserted
to indicate a memory or 1/O write operation. In T2,
immediately following the address emission, the processor
emits the data to be written into the addressed location. This
data remalns valid until at least the middle of T4. During T2,
T3 and TW, the processor asserts the write control signal.
The write (WR) signal becomes active at the beginning of T2
as opposed to the read which is delayed somewhat into T2
to provide time for output drivers to become inactive.

The BHE and AQ signals are used. to select the proper
byte(s) of the memory/IO word to be read or written accord-
ing to Table E.

TABLE E.
BHE A0 CHARACTERISTCS
(o} o} Whole word
4] 1 Upper byte from/to odd address
1 s} Lower byte from/to even address
A 1 None

/O portts are addressed in the same manner as memory lo-
cation. Even addressed bytes are transferred on the D7-D0O
bus lines and odd address bytes on D15-D8.

B 4302271 0014819 7
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The basic difference between the Interrupt acknowledge
cycle and a read cycle Is that the Interrupt acknowledge
signal (INTA) Is asserted In place of the read (RD) signal and
the address bus is held at the last valid logic state by inter-
nal bus hold devices. (See Figure 4). In the second of two
successive INTA cycles a byte of information is read from
the data bus (D7-DO0) as supplied by the interrupt system
logic (i.e, 82C59A Prlority Interrupt Controller). This byte
ldentifies the source (type) of the Interrupt. it Is multiptied by
four and used as a pointer into an Interrupt vector lookup
table, as described earlier.

Bus Timing - Medium Size Systems - -
For medium complexity systems the MN/MX pin Is con-

nected to GND and the 82C88 Bus Controller is added to -

the system as well as an 82C82/82C83 latch for latching
the system address, and an 82C86/82C87 transcelver to
allow for bus loading greater than the 80C86 Is capable of
handling. Signals ALE, DEN, and DT/R are generated by the
82C88 Instead of the processor In this configuration,
although their timing remains relatively the same. The 80C86

status outputs (5-2, St and 50) provide type-of-cycle
informatlon and become 82C88 Inputs. This bus cycle infor-
mation specifies read (code, data or I/0), wrlte (data or I/O),
Interrupt acknowledge, or software hait. The 82C88 Issues
control signals specifying memory read or write, I/O read or
wrlte, or interrupt acknowledge. The 82C88 provides two
types of write strobes, normal and advanced, to be applied
as required. The normal write strobes have data valid at the
leading edge of write. The advanced write strobes have the
same timing as read strobes, and hence, data Is not valid at
the leading edge of wrilte. The 82C86/82C87 transcelver
receives the usual T and OE lnputs from the 82C88 DT/R
and DEN signals.

The polnter Into the Interrupt vector table, which Is passed
durlng the second INTA cycle, can be derived from an
82C59A located on either the local bus or the system bus. if
the master 82C89A Priority Interrupt Controfler is posi-
tioned on the local bus, the 82C86/82C87 transcelver must
be disabled when reading from the master 82C59A during
the Interrupt acknowledge sequence and software “poll”.

li'u3uea?1 0014821 5 mm
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Mnemonic and

Description l Instruction Gode - . S
DATA TRANSFER ° ’ ) ] R ) . et
MOV = Move: 76543210 78543210 70.'543210 '_':785‘3210
Reglstar/Memory to/from Regist [ 100010dw | mod reg t/m | T .
Immadiate to Register/Memory [ 1100011w [  modooowm | data - | daaftwl |
Immediate to Register [ 10ttwreg | gata | datattwl .| - :
Memory to Accumulator [ 1010000w | add-low | addr-high ]
Accumulator to Mamory [ T1o010001w | addr-low | addr-high |
Register/Memory to Segment Register** I 10001110 l mod 0 freg r/m | ’
Segment Register to Register/Memory [ 10001100 | modoregrm | ST
PUSH = Push: .
Register/Memory . I 11111111 I mod 1 1 0r/m J
Register
Sagment Reglster
POP = Pop:
Reglster/Memory [ 10001111 | medooowm |
Register
Segment Register
XCHG = Exchange:
Register/Memory with Register [ 1000011w | modregr/m |
Register with Accumulator
IN = Input from:
Fixed Port [ 1110010w | port ]
Variable Port
OUT = Output to:
Fixed Port [ 111001iw | port H
Variable Port
XLAT = Translate Byts to AL
LEA = Load EA to Register [T 10001101 |  modregr/m |
LDS = Load Pointer to DS [ 11000101 | modregr/m |
LES = Load Pointer to ES [ 11000100 | mod reg r/m ]

LAHF = Load AH with Flags
SAHF = Store AH into Flags
PUSHF = Push Flags

POPF = Pop Flags

10011110
10011100
10011101

2

+
©
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Mnemanic and Instruction Code
ARITHMETIC 76643210 . 76543210 76543210 76543210
ADD = Add: : :
Reg./Memory with Register to Either [ o000000dw | modregrm |
Immediate to Register/Mamory [ 100000sw | med000r/m | dala | damitsaw=01 |
Immediate to Accumulator | oocootow | dala | datatw=1t |
ADC = Add with Carry:
Reg./Memory with Register to Either [ ooo100dw | modregrrm | ) .
immediate to Reglster/Memory | 100000sw | modoiowm | data | dataiew=01 |
Immediate to Accumulator [ oooiotow | data T damitw=1_ ]
*| INC = Increment:
Reglster/Memory f " 1111114w | modooowm |
Register
AAA = ASCII Adjust for Add
DAA = Decimel Adjust for Add
SUB = Subtract:
Reg./Memory and Register to Either [ 001010dw |  modregr/m |
immediate from Reglster/Memory [ T1o00000sw | mediotem | dala | daaitew=01 |
diate from Accumul | oo1o11ow | dala |  daaitw=1 |
SBB = Subtract with Borrow
Reg./Memory and Register to Either [ 000110dw I mod reg r/m I
Immediate from Register/Memory [ 106000sw | mod0tie/m | data | dataifsw=o0t |
Immediate from Accumulator [ 0001110w data I dataifw = 1 J
DEC = Decremant: )
Register/Memory [ 1111111w | modooivm |
Rogister
NEG = Change Sign [ t111011w | medotiwvm |
CMP = Compare:
Register/Memory and Register [_ooti1odw | modregr/m |
Immediate with Register/Memory I 100000sw | moditivm | data [ datattsw=o01 |
Immediate with Accumulator [Tootti1ow | data [ dataitw=1_ |
AAS = ASCII Adjust for Subtract
DAS = Decimal Adjust for Subtract
MUL = Multiply (Unsigned) [ t1111011w | mod100wm |
IMUL = Integer Multiply (Signed) T 1i11011w | modi01em |
AAM = ASCIl Adjust for Muitiply | 11010100 | 00001010 |}
DIV = Divide (Unsigned) [ 131t0t1w | moedttorm |}
1DIV = Integer Divide (Signed) F11t10t1w | modt1tim |
AAD = ASCII Adjust for Divide | 110t0101 | oooo1010 |
CBW = Convert Byte to Word [ 10011000 ]
CWD = Convert Word to DoubleWord [ 10011001 |
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MS:::,":?, ::d Instruction Code . )
LOGIC 76543210 76543210 76543210 76543210
NOT = Invert i 1111011w | mod0oi0v/m | T
SHL/SAL = Shift Logical/ArithmeticLeft [ 110100vw | mod100r/m |
SHR = Shift Logical Right I 110100vw | mod10te/m | |
SAR = Shift Arithmetic Right [ 110100vw | medt1tirm |
ROL = Rotate Left [ 110100vw I med000¢/m ]
ROR = Rotate Right [ 110100vw | modootem |
RCL = Rotate Through Carry Fiag Left [ 110100vw | modotorm | .
RCR = Rotate Through Carry Right [ 110100vw | modottie/m |
AND = And:
Reg./Memory and Register to Either I 001000dw I mod reg r/m J
Immaediate to Register/Memory I 1000000w | mod100r/m l data J dataffw = 1 7 I
Immediate to Accumulator | 0010010w ] data l dataifw = 1 —l
TEST = And Function to Flags, No Result:
Register/Memory and Register [ 1000010w ] mod reg r/m ]
Immediate Data and Register/Memory I 1111011w ] med000r/m l data | daﬁ fw =1 1
Immediate Data and Accumulator [ 1o10100w | data | datafw=1__ | |
OR = Qr: )
Reg./Memory and Register to Either I 000010dw [ mod reg r/m I
Immediate to Reglster/Memory | 1000000w | mod001¢/m I data | dataifw =1 j
Immediate to Accumutator I 0000110w I data I dalaitw = 1 I
XOR = Exclusive or:
Reg./Memory and Register fo Eithar [ oot100dw | modregr/m ]
Immediate to Register/Memory [ 1000000w | moditomwm | data H dataifw=1__ |
Immediate to Accumulator [ oot1010w ] data | damitw=1_ |
STRING MANIPULATION
REP = Repeat
MOVS = Move Byte/Word
CMPS = Compare Byte/Word
SCAS = Scan Byte/Word
LODS = Load Byte/Wd to AL/AX
STOS = Stor Byle/Wd from AL/A
CONTROL TRANSFER
CALL = Call: )
Diract Within Segment { 11101000 | disp-low [ disp-high |
Indirect Within Segmant [ 11131111 | moedotorm |
Direct Intersagment I 10011010 | offsgt-low ] offset-high j
I seg-low l seg-high ]
Indirect Intersegment I 11111111 ] mod011r/m ]
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Mnemonic and

‘INTO = Interrupt on Overflow
IRET = Interrupt Return

11001111

DGICFIP“OI\ - ‘ instruction Code - i
JMP = Unconditional Jump: - 76543210 76543210 76643210
Direct Within Segment [ 11101001 | disp-low ] disp-high |
Direct Within Segment-Short [ 11101011 ] disp |
Indirect Within Segment [ 11111111 | modtoovm | _
Direct Interssgment [ 11101010 [ offset-low I offset-high I
| seg-low | seg-high |
Indirect Intersegment l 111111141 ] modi01r/m - I A
RET = Return from CALL:
Within Segment 11000011 |
Within Seg Adding (mmed to SP [ 11000010 | data-low | data-high ]
Intersagment '
Intersegment Adding Immediate to SP l 11001010 I data-low | data-high |
JE/JZ = Jump on Equal/Zero [ o1110100 ] disp ]
JL/INGE = Jump on Less/Not Greater [oi1t11100 ] disp ]
or Equal
JLE/JNG = Jump on Less or Equal/ 1 di
Not Greater I 01111110 l =P ]
JB/JINAE = Jump on Below/Not Above [ _ot110010 | disp ]
orEqual -
JBE/JNA = Jump on Below or Equal/ "
e on B - [ ott1toti0 ] disp |
JP/JPE = Jump on Parity/Parity Even [ e1111010 ] disp ]
JO = Jump on Overflow { _o1110000 | disp ]
JS = Jump on Sign [ ot1111000 ] disp }
JNE/JNZ = Jump on Not Equal/Not Zero L 01110101 | disp ]
JNL/JGE = Jump on Not Less/Greater i
Pt [ ot111101 | disp l
JNLE/JG = Jump on Not Less or Equal/ I 01111111 l disp ]
Greater
JNB/JAE = Jump on Not Below/Above "
or Equal [_ot110011 [ disp ]
JNBE/JA = Jump on Not Below or N
Equm Above [ o101t | disp ]
JNP/JPO = Jump on Not Par/Par Odd [ etti1011 | disp ]
JNO = Jump on Not Overflow [ ot1i10001 ] disp ]
JNS = Jump on Not Sign [ oii11001 ] disp ]
LOOP = Loop CX Times [ 11100010 [ disp ]
LOOPZ/LOOPE = Loop While Zero/Equal | 11100001 | disp ]
LOOPNZ/LOOPNE = Loop Whils Not -
Zoru/Equa) [ 11100000 | disp ]
JCXZ = Jump on CX Zero { 11100011 | disp ]
INT = Interrupt
Type Specifiad [ 11001101 ] type |
Type 3 11001100
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Mnemoric and | Instruction Code B -
76543210 76543210
PROCESSOR CONTROL - " -
CLC = Clear Carry
CMC = Complement Carry
$TC = Set Carry
CLD = Clear Direction
STD = Sat Dirsction
CLI = Clear Interrupt
STI = Set Intarupt
HLT = Halt
WAIT = Walt
ESC = Escape (to External Device) R |7 11011 xxx I mod x X Xr/m J
LOCK = Bus Lock Prefix
NOTES: if s;w = 01 then 16 bits of immediate data form the oper-

AL = 8-bit accumulator

AX = 16-bit accumulator

CX = Count register

DS = Data segment

ES = Extra segment

Above/below refers to unsigned value.

Greater = more positive;

Less = less positive {more negative) signed values

itd = 1 then “to" reg; if d = 0 then “from” reg

If w = 1 then word instruction; if w = 0 then byte instruc-
tion

if mod = 11 then r/m is treated as a REG field

if mod = 00 then DISP = 0°*, disp-low and disp-high are
absent

if mod = 01 then DISP = disp-low sign-extended to
16 bits, disp-high is absent

it mod = 10 then DISP = disp-high: disp-low

if /m = 000 then EA = (BX) + (Si) + DISP

if r/m = 001 then EA = (BX) + (D) + DISP

if r/m = 010 then EA = (BP) + (S!) + DISP

if r/m = 011 then EA = (BP) + (DI) + DISP

if r/m = 100 then EA = (Sl) + DISP

LI A 1

if r/m = 101 then EA = (DI) + DISP
if t/m = 110 then EA = (BP) + DISP*
ifr/m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if re-
quired)
*except if mod = 00 and r/m = 110 then EA = disp-
high: disp-low.
**MOV CS, REG/MEMORY not allowed.

and.
if ssw = 11 then an immediate data byte (s sign extended
to form the 16-bit operand. - :
if v = 0 then “count” = 1;if v = 1 then “count” in (CL)
x = don't care .
z is used for string primitives for comparison with ZF FLAG.
SEGMENT OVERRIDE PREFIX

[ ootreg110 |

REG Is assigned according to the following table:

16-Bit (w = 1) 8-Bit (w = 0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 010 DL 10 SS
01t BX 011 BL 11 DS
100 SP 100 AH
101 BP 101 CH
110 Si 110 DH
111 DI 111 BH

Instructions which reference the flag register file as a 16-bit
object use the symbol FLAGS to reprasent the file:

FLAGS =
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)

Mnemonics © Intel, 1978
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Harris Semiconductor offers Leadless Chip Carriers
(LCC) as a packaging option on various Digital
integrated circuits. An LCC is a square or rectangular
package for an Integrated Circuit (IC) that is manu-
factured in the same manner as a’ conventional
side-braze dual-in-line package (DIP). The LCC is
comprised of the cavity and seal ring section of a
standard DIP and offers the user a means of achiev-
ing high density system configurations while retaining
the reliability benefits of hermetic IC Packaging.
Figure 1 provides a comparison of the construction of
an LCC and a conventional side-braze DIP.

o
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EXTEANAL CONTACTS

DIEPAD \@
T

CHIP CARRIER
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XTERNAL CONTACT PADS

B

ASSEMBLY

METAL LEADS

FIGURE 1.

EXPLODED VIEW OF CHIP CARRIER AND DIP

The LCC’s two principle advantages over convention-
al side~-braze DIPs are packaging density and electri-
cal performance. Packaging density is the humber
one advantage to an LCC over a side-braze DIR. The

size of a DIP is governed primarily by the number of -

leads required and not by the size of the IC. As pin
count increases, more and more of the DIP package
is used only to provide an electrical trace path to the
external leads. The size of an LCC Is dependent on
the size of the die not on the number of leads. As pin
count increases, overall size increases but at a much
slower rate, Table 1 provides a comparison between
the areas of 18, 28 and 48 lead LCCs to 18, 28 and
48 lead side-braze DIPs.

LLE D
Packaging Techniqués — —

TABLE 1.
LEAD LCC DIP DIP AREA vs.
COUNT AREA AREA LCC AREA
18 0.10 0.22 220%
28 0.20 0.84 420%
48 0.31 1.68 542%

(All Units in Square Inches)

- -

N 4302271 DDLLHH? D .

’

The chart indicates a 220% improvement in packag-
ing area for the 18 lead LCC, and 542% improvement
for the 48 lead LCC. Obviously, sizeable savings in
circult board area can be achieved with this packag-
ing dption. The second major advantage of the LCCis
in electrical performance. The package size and
geometry also dictates trace length and umformlty
Figure 2 prov:des a comparison between the trace
lengths for various LCCs and side~braze DIPs. As pin
count goes up, trace lengths get longer, adding re-
sistance and capacitance unequally around the pack-
age. As ICs get faster and more complex these factors
start to become a limiting factor on performance.
LCCs minimize this effect by maintaining, as close as
possible, uniform trace length so that the package is a

- significantly smaller determinant of system perform-

“ance.

( / z
LEAD |LONGESTTRACEDIP | LONGEST TRACE
COUNT |LONGESTTRACELCC | SHORTEST TRACE
LCC DIP

18 21 1.54 61

24 41 1.51 31

40 51 1.51 6:1

54 61 1.54 71

FIGURE 2. ELECTRICAL PERFORMANCE
(RESISTANCE AND SPEED)

The LCC also offers environmental advantages over
“chip-and-wire” manufacturing techniques used in
high-density hybrid circuits. An |C can be fully tested,
burned-in and processed in an LCC, thereby guaran-
teeing its performance.

The IC is further protected by a small hermetic pack-
age in which internal vapor content can be carefully
controlled during production.

Harris Semiconductor Leadless Chip Carriers in both
Ceramic and Epoxy provide reliable, high density,
high performance packaging options for today’s sys-
tems.

Consult the factory or your Harris sales representative
for pricing and availability.
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