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‘( ) Make sure your H/Z289 is turned off; then plug it in.

( ) If you have a DC voltmeter, set it to measure +5 volts DC.
Connect the negative lead to the regulator mounting bracket, and
the positive lead to test point TPl (see fig. 1-2).

{ > Turn the H/Z289 *“on". The voltmeter should read between +4.75
and +5.25 volts DC, and the H/289 should *“beep” one or two
times. If it does not, turn the machine "off".

¢ > If this is successful and you get the "H:*, rerun the "DR.T"
diagnostic tests. The test should run exactly as before. If the
test fails, consult Chapter 2, "In Case of Trouble®.

If you have a problem, recheck the heatsink upgrade installation. Be
sure each of the regulators is in the correct position and that the
connectors on the power supply board are all plugged in properly. If
the problem can’t be found, consult Chapter 2 "In Case 0Of Trouble™.
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FIG. 1-2 HEAT SINK UPGRADE
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FIG. 1-4 CPU BOARD REMOVAL

1.08 REMOVING THE CPU BOARD

( ) Remove the two screws holding the CPU board in place (fig. 1-4).

( ) Disconnect the cable connectors from PS514, PS515 and P3516.

( ) Carefully slide the CPU board up in the card guides of the
support brackets, until you can reach and disconnect the

‘remaining cable connector at P513.

(73 Remove the CPU board and set it aside on a flat work area.
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PLUG IN
CONNECTORS

FINISH LOWERING BOARD
REPLACE SCREWS (2)

INSERT BOARD HALFWAY;
PLUG IN J513

FI6. 1-10 INSTALLING THR R-1000 IN OLOER R/00%

1.14 JUMPER POSITIONS FOR NEWER H/289-As

Use these instructions for newer H/Z289-As (with 1ll-pin connectors at
PS5S14 and P513). Jumperas JJS504-9 will be set in the following sateps
(fig. 1-11 and 1-12). "Jumpers™ are small connectors that can be put
in several positions to configure the board for various aystems.
When we tell you to set a jumper “the same™ as your old board, set
it to the SAME NUMBER OR LETTER even 1if the pin arrangeaent ia
different. To aset a jumper, pull it off by hand and plug it back on
in the correct position.













( ) Plug the 11-pin power supply connector (J514) onto P514 on the
H~1000 board, on top of the connector already there. The wire
colors should match. Be sure not to offset it up or down by a
pin, and that the slotted side faces toward the left.

¢ ) Plug the 4-pin connector from the regulator mounting bracket
into P316.

{ > Plug the unit in and turn it on.

( > If the computer does not beep once or twice, turn it off and
unplug it. Double-check the wiring of the connectors and check
to see if all the cables are plugged in correctly. If you can
find nothing wrong, consult Chapter 2, “In Case of Trouble™.
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FIG. 1-13 REMOVING A WIRE FROM J401
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During 8086 operation, /RD and /WR are generated by the 8086
directly. /MREQ and /IORQ are created by U581, US86, and US87. At
the beginning of each 8086 cycle, ALE pulses high. If M/I0 is high
(a memory cycle), the output of US86B goes 1low at the next 8086

US81B.
Similarly,

clock cycle and sets
US87D to generate /MREG.

it is inverted by US87A, the output of US86A goes low
US87C inverts it to produce /IORQ.

clock cycle, and US81A is set.

at

The output of US81B is inverted by
if M/I0 is low (an 1/0 cycle)

the next

The 8086’s clock is gated into US86A and -B so /MRE@ and /IORQ won’t

begin until the address from the 8086 is
when the 8086’s /DEN output goes high.

by US87a,

The 8086 does not use the /M1 or /RFSH signals;

4.08 ADDRESS LATCHES

H-1000 memory is accessed by address lines
4-4). It is divided into two 8-bit groups;
addresses.
a byte at an even
high, /A0 low);
read only one byte at a time,
vige versa.

address (A0 1low,

stable.
Its rising edge is
which resets US81A and -B to return /MREQ and /IOR@ high.

/A0 high);
or both at once (both A0 and /A0 low).
so if A0 is low /A0 must be high,

The cycle ends

inverted

the 280 continues to
hold ther in the inactive state during 8086 operation.

AO-Al9 and /A0 (figqg.

even addresses
The 8086 generates these signals directly, and can read
address (AO
The 280

an odd

and odd

can
and










The Z80 receives a non-maskable interrupt (/NMI low) from I/0
decoder USS0O whenever there is an access to an I/0 port reserved for
the Heath H8 computer’s front panel. With an appropriate interrupt
handler, this allows programs written for the H8 to be run without
modification. The 8086°s NMI line is not used. If more than one
interrupt occurs at once, the one with the highest priority will be
recognized first. Once it has been cleared, the next higher one
will be processed, etc. The highest priority is /NMI, then /INTS,
/INT4, /INT3, Single-step (280 only), and the lowest is the 2 mSec
Clock.
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FIG. 4-7 2Z80 SINGLE-STEP

4.11 280 SINGLE-STEP

The 280 single-step circuit is identical to that used in the H89/289
(see fig. 4-7). When SSEN is low (bit O of General Purpose Port A),
US55 and USS6 are held reset and +the output of gate US92B is
disabled. When SSEN is set high, Z80 single-step is enabled. US56A
synchronizes the /M1 signal to the 280’s clock. US515B and US54
decode the "EI"™ instruction. Thus execution of an EI instruction is
detected and starts a counter consisting of US55A, -B, and US56B.
The counter is incremented by each /M1 (instruction fetch) cycle.
During the third instruction following "EI", the counter enables
gate USS2B to generate a level 2 interrupt.
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4.14 SYSTEM AND DISK ROMs

U518, US19, and US20 are the system ROMs, which reside at the bottom
of Bank 0. Jumpers are provided to select 1K, 2K, or 4K devices,
and either triple supply EPROMs (which require +5, +12, and -5
volts) or single supply (+5 volt) parts. Jumper JJS04 is in
position "1" for 1K ROMs at U518 and US519; or position "0" for all
other parts. JJIS0S is in position "0" for triple-supply 2K EPROMs
at US18 and U519, or position "1" for 2K single supply parts, or
peoeition "2" for 4K parts. JJS506 1ies in position "O" for
triple-aupply 2K EPROMs, or position "1" for all others. JJ507 is
in position "A"™ when 1 or 2 2K parts are used in U518 and U319, or
position "C*" when a single 4K part is used at US18. Position "B" of
JJS507 ia not used, but is available for compatibility with the Heath
H89 board. Jumper JJS08 is in poaition "AB" for 2K ROMs, or
position "C" for 4K parts at US18.
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4.15 FLOPPY DISK AND BOOT RAM

US22-525 are 1Kx4 static RAMs, organized to form 2K bytes of RAM.
The lower 1K can be write protected via the FMWEN line by logic on
the disk controller I/0 board (socket P506 and PS12). The RAM is
connected to both the odd and even data busses, and can be used
normally by both the 280 and 8086 for either programs or data.
During Z80 operation, this RAM is used by HDOS. During 8086
operation, it is used to store the restart vector, and is mapped at
address FEOOO-FFFFF.
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4.20 POWER DISTRIBUTION

The H-1000 board requires +5Svdc (regulated>,
To reduce the load on the H89/289’s +5Svdc supply the
which
and D503 insure that the two supplies remain
is the -12vdc regulator for the
Uses

(unregulated).
RAMs have their own +35Svdc regulator (US69)
input. Diodes D502
within O0.6vdec of each other.
RS-232C interface.
is a +12vdc regulator for
accessory board slots. Capacitors
C517 keep the regulators stable.

U565

CcS07,

14

and

’

US66 supplies ~-Svde for 3-supply EPROMs.
3-supply EPROMs, the RS-232C, and the
cS08,

+8, +16, and

uses the

C511-14, CSls6,

-16vdc

+8vdc
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Fig. é-1 - Memory IC Stacking Socket

6.04 MEMORY IC INSERTION

1-

Memory ICs installed on the H-1000 board must have their leads
trimmed to a maximum length of 0.125" from the bottom of the
package. Failure to do this will cause a short circuit between
the top and bottom ICs.

Remove the two locking combs from the socket (see fig 6-1). This
may be done with the IC extraction tool by‘*gripping each end of
the locking combs and pulling straight up. Be careful to pull
both ends up evenly and not to twist or bend the locking combs.

Bottom IC: Use a small screwdriver and push the gold contacts
for the top IC back into the socket wall. Insert the bottom IC
with the notch (or pin 1 end) toward the top,of the board. Be
sure the pins enter the socket and do not bend underneath.

Top IC (if used): Look at fig. ©6-1, and insert the locking combs
just far enough so they push the upper contacts inward. Be sure
the “"bumpy" side of the locking combs faces inward, and that the

polarizing notches are toward the top of the board. Now insert
the IC into the upper position with the notch (or pin 1 end)
toward the top of the board. Be sure the pins enter the contact
boxes.

Carefully push the locking combs straight down into the sockets.
Be careful not to bend or force them or they may break.







































2.0 Z-80 CPU ARCHITECTURE
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21 CPUREGISTERS e B

The Z-80 CPU contains 208 bits of R/W memory that are accessible to the programmer. Figure 2.0-2

illustrates how this memory is configured into eighteen 8-bit registers and four 16-bit registers. All Z-80
registers are implemented using static RAM. The registers include two sets of six general purpose registers
that may be used individually as 8-bit registers or in pairs as 16-bit registers. There are also two sets of
accumulator and flag registers.

Special Purpose Registers

Y

1. Program Counter (PC). The program counter holds the 16-bit address of the current instruction being

fetched from memory. The PC is automatically incremented after its contents have been transferred
to the address lines. When a program jump occurs the new value is automatically placed in the PC,
overriding the incrementer.

. Stack Pointer (SP). The stack pointer holds the 16-bit address of the current top of a stack located

anywhere in external system RAM memory. The external stack memory is organized as a last-in first-
out (LIFO) file. Data can be pushed onto the stack from specific CPU registers or popped off of the
stack into specific CPU registers through the execution of PUSH and POP instructions. The data
popped from the stack is always the last data pushed onto it. The stack allows simple implementation
of multiple level interrupts, unlimited subroutine nesting and simplification of many types of data
manipulation,

Two iﬁdex Registers (IX & IY). The two independent index registers hold a 16-bit base address that

is used in indexed addressing modes. In this mode, an index register is used as a base to point to a
region in memory from which data is to be stored or retrieved. An additional byte is included in
indexed instructions to specify a displacement from this base. This displacement is specified as a two’s
complement signed integer, This mode of addressing greatly simplifies many types of programs,
especially where tables of data are used.

. Interrupt Page Address Register (I). The Z-80 CPU can be operated in a mode where an indirect call

to any memory location can be achieved in response to an interrupt. The I Register is used for this
purpose to store the high order 8-bits of the indirect address while the interrupting device provides the
lower 8-bits of the address. This feature allows interrupt routines to be dynamically located anywhere
in memory with absolute minimal access time to the routine.

E-2




5. Memory Refresh Register (R). The Z-80 CPU contains a memory refresh counter to enable dynamic
memories to be used with the same ease as static memories. Seven bits of this 8 bit register are auto-
matically incremented after each instruction fetch. The eighth bit will remain as programmed as the
result of an LD R, A instruction. The data in the refresh counter is sent out on the lower portion of
the address bus along with a refresh control signal while the CPU is decoding and executing the fetched
instruction. This mode of refresh is totally transparent to the programmer and does not slow down the
CPU operation. The programmer can load the R register for testing purposes, but this register is normally
not used by the programmer. During refresh, the contents of the I register are placed on the upper 8 bits of
the address bus.

Accumulator and Flag Registers

The CPU includes two independent 8-bit accumulators and associated 8-bit flag registers. The accumu-
lator holds the results of 8-bit arithmetic or logical operations while the flag register indicates specific
conditions for 8 or 16-bit operations, such as indicating whether or not the result of an operation is equal
to zero. The programmer selects the accumulator and flag pair that he wishes to work with with a single
exchange instruction so that he may easily work with either pair.

" MAIN REG SET ~ ALTERNATE REG SET ~ B INTERRUPT MEMORY
VECTOR REFRESH
I R
A
ACCUM:\JLATOR FLFGS ACCUM‘I\J'LATOR FLSGS INDEX REGISTER IX
SPECIAL
. . PURPOSE
B c
B c INDEX REGISTER 1Y REGISTERS
GENERAL
D E D’ E’ PURPOSE STACK POINTER SP
REGISTERS
H L H’ L PROGRAM COUNTER PC

General Purpose Registers T e SR

There are two matched sets of general purpose registers, each set containing six 8-bit registers that
may be used individually as 8-bit registers or as 16-bit register pairs by the programmer. One set is called
BC, DE and HL while the complementary set is called BC’, DE’ and HL'. At"any one time the programmer
can select either set of registers to work with through a single exchange command for the entire set. In
systems where fast interrupt response is required, one set of general purpose registers and an accumulator/
flag register may be reserved for handling this very fast routine. Only a simple exchange commands need be
executed to go between the routines. This greatly reduces interrupt service time by eliminating the require-
ment for saving and retrieving register contents in the external stack during interrupt or subroutine process-
ing. These general purpose registers are used for a wide range of applications by the programmer. They also
simplify programming, especially in ROM based systems where little external read/write memory is
available.

2.2 ARITHMETIC & LOGIC UNIT (ALU)

The &-bit arithmetic and logical instructions of the CPU are executed in the ALU. Internally the ALU
communicates with the registers and the external data bus on the internal data bus. The type of functions
performed by the ALU include:

Add Left or right shifts or rotates (arithmetic and logical)
" Subtract Increment

Logical AND Decrement

Logical OR Set bit

Logical Exclusive OR Reset bit

Compare Test bit

2.3 INSTRUCTION REGISTER AND CPU CONTROL

As each instruction is fetched from memory, it is placed in the instruction register and decoded. The
control sections performs this function and then generates and supplies all of the control signals necessary
to read or write data from or to the registers, control the ALU and provide all required external control

» signals.
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Absolute Maximum Ratings

Temperature Under Bias
Storage Temperature

Specified operatng range.
~65°C 10 +150°C

Voltage On Any Pin 0.3V to +7V
with Respect to Ground
Power Dissipation 1.5W

*Comment

Stresses above those listed under “*Absolute”
Maximum Rating™* may cause permanent
damage to the device. This is a stress rating
only and functional operation of the device
at these or any other condition 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.

Z.80-CPU D.C. Characteristics

Ty = 0°C 10 70°C. V. = 5V £ 5% unless otherwise specified

Note:  For Z80-CPU all AC and DC characternstics remain the
same for the military grade parts except I ..
lcc =200 mA
*
Capacitance

Ta =25°C,f=1 MHz,
unmeasured pins returned to ground

Symbol | Parameter Min. Typ. Max Unit Test Condition Symbo! | Parameter Max. | Unit
ViLe Clock Input Low Voltage -0.3 045 v Co Clock Capacitance 35 pF
le(. Clock Input High Voliage Ve -6 VCC+.3 v CIN Input Capacitance 5 pF
V”_ Input Low Voltage -0.3 08 \Y% COUT Output Capacitance 10 pF
ViH Input High Voltage 20 VCc v
VoL Output Low Voliage 04 v IOL=1 8mA
vOH Output High Voltage 24 A [OH = -250uA ZSO-CPU
* .
Ordering Information
Icc Power Supply Current 150 mA
C — Ceramic
I Input Leakage Current 10 HA VINTOtoV P Pla:tic
T ; Ak _ S — Standard 5V £5% 0° to 70°C
lLOH ri-State Output Leakage Current in Float 10 HA VOUT—2A4 to VcC . E — Extended 5V £5% -40° to 85°C
) T M - Mititary 5V £10% -55° to 125°C
ILOL Tri-State Output Leakage Current in Float ~10 HA VOUT—OAV
ILp Data Bus Leakage Current in Input Mode *10 HA 0<ViNSV .
Capacitance
C . . p
Z80A-CPU D.C. Characteristics o
. N N Tp =25 C,.t =1 MHz.
Tp =0 Cta70°C.V =5V £ 57 unless otherwise specified unmeasured pins returned to ground
Symbol | Parameter Min Typ. Max Unit Test Condition Symbol Parameter Max. | Unit
ViLe Clock Input Low Voltage -0.3 045 v Co Clock Capacitance 35 pF
lock / ¢
VIH(‘ Clock hiput High Voltage vcc _6 VCC+.3 v (‘IN Input Capacuance N pF
Vi Input Low Voligge -0.3 0.3 v Cou Output Capacttance | 10 pF
v Input High Voltuge 2.0 V.. A
IH oy
Vot Output Low Voltage 04 v lOL=l ¥mA
V()“ Output High Voltage 24 \" l()” = 2250uA Z80A_CPU
e Power Supply Cuirent 90 200 mA Ordering Information
U Input Leukuge Current 10 KA VINTO oV . C - Ceramic
T o N o Fios Ry P — Plastic
'I,OH n-State Qutput Leakage Current m Float 10 HA VOUT_" V.. S - Standard SV +5% 0° to 70°C
oL Tr-State Output Leakage Current in Float -10 A VOUT=O.4V
ILn Data Bus Leakuge Current in Input Mode *10 uA 0< VIN < vcc
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A.C. Characteristics Z80A-CPU

Ty = 0°C to 70°C. Vee = +5V £ 5% Unless Otherwise Noted.

Signal Symbol Parameter Min Max Unit Test Condition
1 Clock Period 2 1121 usev [12) 1.=1 +t +1 41
@ ty (®H) Clock Pulse Width, Clock High 110 [E} nsec o WEH D@L T
tw (®L) Clock Pulse Width, Clock Low 110 2000 nsec
g Clock Rise and Fall Time 30 nsec
D (AD) Address Output Delay 110 nsec
F (AD) Delay to Float 90 nsec
laem Address Stabie Prior to MREQ (Memory Cycle) i1} nsec _
Ag-15 taci Address Stable Prior to o JORQ. RD or WR (1/0 Cycle) T30 nsec €L = 50pF [t m ™ w(dH) i 65
tea Address Stable from RD WR IORQ or MREQ 131 nsec
teaf Address Stable From RD or WR During Float {47 nsec [2] t,=1t.-70
D (D) Data Qutput Delay 150 nse¢ 31 t,=typrytt,-50
IE(D) Delay to Float During Write Cycle 90 nsec ca” w(eh) "
tS¢ (D) Data Setup Time to Rising Edge of Clock During M1 Cycle 35 nsec 4} teaf =o'l -45
Dy_7 1SE (D) Data Setup Time to Falling Edge of Clock During M2 to MS 50 nsec CL = 50pF
tdem Data Stable Prior to WR (Memory Cycle) 157 nsec 5] tdem = te - 170
tdci Data Stable Prior lﬂVR (1/0 Cycle) 16} nsec m
ledf Data Stable From WR 7 6} ty;= Lw(L) +1.-170
g Any Hold Time for Setup Time 0 nsec 71 tedr = tw(4>L) +t - 70
IDL® (MR) MREQ Delay From Falling Edge of Clock. MREQ Low 85 nsec
{DH® (MR) MREQ Delay From Rising Edge of Clock, MREQ High 85 nsec
MREQ {\DHD (MR) MREQ Delay From Falling Edge of Clock, MREQ High 85 nsec CL = 50pF
w (MRL) Pulse Width, MREQ Low 187 nsec 8] t,, (MRL) = tc - 30
tw (MRH) Pulse Width, MREQ High 9] nsec
191 'Ww(MRH) = tweH) * 17~ 20
DL& (IR) RQ Delay From Rising Edge of Clock, IORQ Low 75 nsec
ORQ DL (IR) RQ Delay From Falling Edge of Clock, lORQ Low 85 nsec €, = 50pF
{DH® (IR) RQ Delay From Rising Edge of Clock, IORQ IORQ High 85 nsec L P
IDHF (IR) iORQ Delay From Falling Edge of Clock, IORQ High 85 nsec
{DL® (RD) RD Detay From Rising Edge of Clock, RD Low 85 nsec
%) IDL® (RD) RD Delay From Falling Edge of Clock, RD Low 9s nsec = SOPF
tDH® (RD) RD Delay From Rising Edge of Clock, RD RD High 85 nsec Cl =P
IDHF (RD) | RD Delay From Falling Edge of Clock. RD High 85 | nsec )
DL (WR) WR Delay From Rising Edge of Clock, WR Low 65 nsec
WR IDLF (WR) WR Delay From Falling Edge of Clock. WR Low 30 nsec C, = SOpF
LDH® (WR) WR Delay From Falling Edge of Clock, WR High 80 nsec L P '
tw (WRL) Pulse Width, WR Low (10} nsec
[10} t_ wmry = t.-30
i DL (M1) Mi Delay From Rising Edge of Clock, M1 Low 100 nsec Cr =500F WWRL) e
UDH (M1) M1 Delay From Rising Edge of Clock, M1 Hi 100 nsec L P
e t RFSH Delay From Rising Edge of Clock, RFSH Low 130 nsec i
RESH DL (RF) Cy =50pF
DH (RF) RFSH Delay From Rising Edge of Clock, RFSH High 120 | nsec L
WAIT ts (WT) WAIT Setup Time to Falling Edge of Clock 70 nsec
HALT {D (HT) HALT Delay Time From Falling Edge of Clock 300 | nsec €\ = S0pF
INT s (IT) INT Setup Time to Rising Edge of Clock 80 nsec
NMI tw (NML) Puise Width, NM1 Low 80 nsec
BUSRQ | 1(Bq) BUSRQ Setup Time to Rising Edge of Clock 50 nsec
t BUSAK Delay From Rising Edge of Clock, BUSAK Low 100 nsec _
BUSAK DL (BA) PUSAR 13 BUSAK C, = S0pF
{DH (BA) BUSAK Delay From Falling Edge of Clock, BUSAK High 100 nsec L
SET !5 (RS) RESET Setup Time to Rising Edge of Clock 60 nsec
I (0) Delay to Float (MREQ, 10RQ, RD and WR) 80 | nsec
tmr M1 Stable Prior to IORQ (Interrupt Ack.) (228! nsec (1]t =21+ ‘w(«‘bH) +tp-65
mr
Ve
NOTES: TEST POINT R =21K0
A. Data should be enabled onto the CPU data bus when RD is active. During interrupt acknowledge data .
should be enabled when M1 and T TORQ) are both active. Uf,g':,."}f:,‘"

B. All control signals are internally synchronized, so they may be totally asynchronous with respect
to the clock.
C. The RESET signal must be active for a minimum of 3 clock cycles.
D. Output Delay vs. Loaded Capacitance
TA =70°C Vee = +5V £5%
Add 10nsec delay for each SO0pf increase in load up to maximum of 200pf for data bus and 100pf for
address & control lines.
E. Ahhm}h static by design, testing guarantees lw(¢H) of 200 usec maximum
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/QUTPUT

2.4

.48

1.5 =—— TEST POINTS ——»= 1.5

A LCGIC "0." TIMING
LOGIC "1 AND "0.”

AC.TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 AND 0.45V FGR

MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A

DEVICE
UNDER
TEST
C, = 100 pF

]

1

Cy, INCLUDES JiG CAPACITANCE

MINIMUM MODE . Y I "
TCLCL TCH1CH2 TCL2CL1
Vcu
CLK (82C84A Output) vjt 5; J‘ ) 4 5; ;/—\_
_Ct TCHCTV TCHCL le— TCLCH —»
e X
—=| TCLDV]
TCLAV— f— TCLAX -+ . TCHDX —|
BHE/S?, A19/Se-A14/S3 >< EITE. Atg-As $7-S3
|
TCLLH—» —TLH .Lj TLLAX __
\ /-
ALE \ //
TAVAL - ===
ToHLL—=1 =T - TRIVCL
Vin
ki \ ML
\
SEE NOTE 4 ™ —-
TRYLCL—* -—
READY (80C88 Input) l . o TCHRYX
TAVAL p—y TRYHCH—  -—
TLLAX —» te— | |
TCLAV —»{ — t+-TCLAZ le——— TOVCL ——>j—TCLDX
—> re-TCLAX
AD15-ADg A15-ADo FLOAT DATA IN FLOAT
TAZRL—| |- TCLRH—> ‘ TRHAV
RD
READ CYCLE — TCHCTV TCLRL t ] TRLRH +—TCHCTV
(NOTE 1)
(WA, INTA = Vop) oTR
TCVCTV —» TCVCTX — /
DEN
3
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Waveforms

READ CYCLE
(NOTE 1)
(Wﬂ, INTA= Vo)

MINIMUM MODE

wid

BHE/S?, A19/Se-A19/Sy

ALE

RDY (82C84A Input)
SEE NOTE 4

READY (80C86 Input)

AD15-ADg

RD

DTR

OEN

Tt T2 Ty Tw Ta
TCLCL TCH1CH2 Towze
Veu
CLK (82CB4A Output) vjk 5; ;F ) 4 5; ;y_—\_
CcL
—=! TCHCTY TCHCL e TCLCH —
TCLAV—~ ~ | reraxe TCLDV TCHDX
X o A sr-59
!
TCLLH—~ - TLHLL— TLAX
= —
/
Y A,
— TAVAL h—{
TCHLL—»i pay - TR1VCL
Viy
3 DY
\ RALAMTTHTIHu
—" Te3cLRix
mw.cn._——\k -
' .
] —=|  l~—TCHRYX
TAVAL et TRYHCH— —
TLLAX —» e— §
TCLAV —| L leTCLAZ TOVCL TCLDX
— [-TCLAX
A1s-AD DATA iN
18R FLOAT f FLOAT
TAZRL—»{ |- TCLRH—| J TRHAV
— TCHCTV TCLRL ! / TRLRH # ~—TCHCTV
TCVETV —- TEVETX — /










Waveforms

MAX'MUM MODE T1 | Tz‘ T3 Ta
TCH1CH2 TCL2CL1
VCH TCLCL
“ D T\
VCLJ \———]
TCLAV~~ TCHCL le— TCLCH —f
asaas X X X X
TCHSV — | TCLSH
v 7 ¢ —————-
§2.51.50 (EXCEPT HALT) \ A (SEE NOTE 8) \
| VP
— TCLAY TCLov TCHDX —=
SHESS;, A19/Se-A1e/Sy BHE, Asg-Are $1-83
TSVLH—= — R
TCLLH->| TCHLL
-
ALE (82C88 OUTPUT) //
SEE NOTE 5 -—r;(uvcn.
RO 2csaA WA b AN
— TCLA1X
TRYLCL —
READY (80C86 INPUT) — +— TCHRYX
.
READ CYCLE TCLAV— { —TCLAZ TDVCL TCLDX —
O\
- A15-AD
ADy5-ADg 15-ADo /l TToAT DATA IN Aot
TAZRL— TCLRH ' TRHAV
RO
1
TCHDTL —+ {— TCLRL TRLRH Etcuom
DT/R \
TCLML- \ TCLMH—= “
82C88 OUTPUTS | ____ J
MRD iORC
SEE NOTES 5,8 CORY
TCVNV —
DEN
TCVNX — —
>
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MAXIMUM MODE (Continued)

Ty T2 Ts Te
Tw
_)f D S N S VAR
e TCHSV — le—TCLSH

5,515 (EXCEPT HALT) N / W -isee note & ‘\ M

WRITE CYCLE TCLAV —f J:—_TCLDV TCHDX—>
—*1TCLA.
AD45-ADy AD15-ADo X DATA
TCYNV~ TCVNX —|

—|  je—TCLML TCLMH —
82C88 OUTPUTS J&

SEE NOTES 5,6 AMWC OR AIOWC

— KTCLML — ~— TCLMH
MWTC OR IOWC

INTA CYCLE
ADy5-ADp FLOAT, / RESERVED FOR _/
(SEENOTES 3 4 4) CASCADE ADM FLOAT FLOAT \
- \rrcuz le— TDOVCL— TCLDX
POINTER

— b
AD1s-Ao {4/ ’ hFLOM et U FLOAT :
//
TCLMCL—~
TSVMCH— 41 \ == -
I [/
MCE/ — : . — e =

PDEN TCLMCH—| |+ — - TCHDTL — TCHDTH
DT/R \l\

\

— - TCLMH

82088 OUTPUTS TCLML —~
SEENOTES 5,6 } INTA

8

—={\ j=— TCVNV

DEN

SOFTWARE HALT — TCVNX —
(DEN = Vo ;RD,MADC JORC, MWTC,AMWC,iOWC,AIOWC,INTA, = Vou)

AD1s-ADo INVALID ADDRESS
TCLAV —=

NOTES:

1.

o

All signals switch between Voy and Vo unless otherwise specitied.

2. RDY is sampled near the end of T, T3, Tw to determine if Ty machines states are to be inserted.
3.
4. Two INTA cycles run back-to-back. The 80C86 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer

Cascade address is valid between first and second INTA cycle.

address is shown for second INTA cycle.
Signals at 82C84A or 82C88 are shown for reference only.

6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the

@®

active high 82C88 CEN.

. All timing measuremenis are made at 1.5V unless otherwise noted.
. Status inactive in state just prior to T4.




Waveforms (continued)

ASYNCHRONOUS SIGNAL RECOGNITION

cLx
NMI TINVCH (see note 1)
X <
| 4
INTR signal
4 —
Y 4
TEST

NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO-
NOUS SIGNALS ONLY TOGUARANTEE RECOGNITION
AT NEXT CLK

BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) RESET TIMING
Any CLK Cycl.—o1

TCLAY [»— TCLAV
TCLDX t—
TOVEL
LOCK hesev J-‘ N
24 CLK CYCLES

Any CLK Cycle ---[

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

‘— Any CLK Cycle —-—"—-d 0 CLK Cycle —=!

MW f}\ AN

TCLGH -TGVCH TCLCL
¢ Lﬂ = TCLGH

TELEL—— a» ;- TCHGX ~{reiey-
*v TCLAZ
) 2
p—

! ! PULSE 1
Qa7 COPROCESSOR
RO
ADis-ADg  F _— Y
Arw/Se-Aw/S3
5.3.5% 80c8s Xﬁ COPROCESSOR , 8008
AB.C5CR . L . ;b

Previous grant
BHE/S? " ) (SEE NOTE 1)

PULSE 3
COPROCESSOR
RELEASE

PULSE 2 ’
80C86 GT

NOTES: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSES OUTSIDE THE REGION
SHOWN WITHOUT RISKING CONTENTION

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

I.—ﬁ 2 1 CLK CVCLE—! |-— -1 OR2CYCLES ——=f

iw —~THVCH

e ; -
"
-
HOLO f ’_q\
n
1 B B
.
-
N
—

[
“ie

<

HLDA

TCLHAY - TCLHAV
JE_‘ k
4 —
e e}

~— TCLAZ

T —
ADy5-ADy, COPROCESSOR 8086
5‘5 e ArSa. 80CE6
7 1= i
BRL/ST, WD,
o1/A, WR, BEN




Instruction Set Summary

DATA TRANSFER

00V - Meve:

Register/memory to/trom register
immediate to register/memory
Immediate to register

Memory 10 accumulator
Accumulator to memory
Register/memary to segment register
Segment register to register/memory

PUSH - Push:
Register/ memory
Register
Segment register

POP - Pug:
Register/memory
Register
Segment register

XCHG - Exchange:
Register/memary with register
Register with accumulator

IN=lnput from:
Fixed port
Variabie port

QUT = Dutput to:

Fixed port

Variable port
ELAT=Transiate byte to AL
LEA=Load EA to register
LB%-Load pointer to 0S
LES=Load pointer to ES
LANF=Load AH with fiags
SANF -Store AH into fags
PUSHF-Push flags
POPF-Pop flags

ARITHMETIC

ADD - Age:

Reg./memory with register to erther
Immediate to register/memory
immediate to accumulator

ARC - ASd with carry:
Reg./memory with register to either
immediate to register/memory
immadiate to accumulator

INC = Incroment:
Register/memary

Register

ARA=ASCI) adjust for add
BAA<Decimal adjust for add

SUS = Subtract:

Reg./memory and ragister {0 either
Immediate from register/memory
Immadiate from accumuiator

888 - Subiract with borrew
Reg./memory and ragister 10 sither
mmediate from register/memory
immediate from accumulator

76543210 78543210 76543210 76543210
100010d w|[mod reg t/m

110001 1w][md000 t/m data datadw 1 |
1011w reg data dataitw t

1010000 w addr low add:-high

1010001 w adds-low addr-tigh

10001110 jmodOreg rim

10001100 [mod0Oreg r/m

11131111 [mog 110 m ]

01010 teg

0007reg 110

10001111 [ma000 o/m |

01011 reg

000regt 11

1‘0000!!»:[:!\06 169 /m 1

10010 reg

FH!OO!DN] post

1110110w

111001 1w pot ]

111011 tw

11010111

10001101 jmod reg t/m

11000101t [mod reg t/m

110007100 |mod reg rim

10011111

10011110

10011100

100611101

000000dwimod reg /m

10D000Ssw|mod000 r/m data_ | caaidsw01]
0000010w data datatw 1 |
000100d w|mod reg rim

100000sw|mod010 r/m data | caudsw 01
0001010w data dataitw 1]
111111 1w med000 rim |

01000 reg

00110111

00100111

0010100 w mod reg r/m

100000swimod1 01t r/m data l dauusw:m]
0010110w dan dataitw 1|
000110dw |mod reg r/m

100000sw |mg01t r/m oMa | cataitswot]
0001110w data datadw 1 ]

OEC  Oscremant: 76543210 765423210 76543210 76543210
Register /memory 11111 11w [med0Ot rim ]

Regrster Q1001 reg

BEG Change sign 111101 1w Imog0 3t r/mj

CMP  Comj

Registes /memory and register 001110dw]|mod teg r/m

Immediate with register/memory 100000sw |modt 11 t/m data [ qaaitswor ]
Immediate with accumulator 0011 110w data datatw 1|

AAS ASCH adjust for subtract 0O0t1 1111

DAS Decsmal adjust for sudtract gorotrrit

MUL Muitiply {unsigned) 111101 1w | mod100 i’m

UL Integer multiply (signed) 111301 Yw|mod?10t rim

AR ASCH adjust for muitply 1101010000001 0¢%0

DIV Divide (unsigned; 111101 1wimedl 10 1im

DIV integer divide (signed) 111101 1w modt 1t o/m

AAD ASCIE adyust for divide 11010101 (00001010

C3W Convert byte to word 10011000

CWD Convert word 10 doudle word 1001100

LOGIC

NOT (nvest 1511011 wmos010 rim |

SHL/SAL Shift logicaliarsthmeticdett 11 10100 v w modt 00 l/mj

SHR Shift logscal right 110100vwi/modi0t i'm

SAR Shift anithmetic fight 110100y wimedt! 11 r/m

ROL Rotate left 110100V w [ md00d i/m

ROR Rotate right 110100vw|med00?t t/m

ACL Rotate through carry flag left 110100vwimod010 ¢/m

ACA Rotate through carry 1ight 110100vw|[mod0t?t ¢'m

AND  Ang:

Reg /memoty and register to either 001000d w [mod reg r/m

immediate 10 register/memory 1000000w {mod!1 00 r/m data I datafw 1
immediate to accumulator 0010010w data dataf w1 I

TEST  And functien to flags. na rasuit:

Regsster/memory and regster [ 1000010w jmod reg t/m

immedsate data and register/memory {1 111011 w [mod0 00 t/m data | datanw s |
immed:ate data and accumulatos [ 1010100w data datafw 1 ]

OR  Dr

Reg /memory and regsster 1o either {0 00010dw |mod reg r/im |

Immediate 10 register/memory Il 000000w |[meal 01 ¢/m data I data it wﬁ
immediate to accumuiatos ]0 000110w data datatw 1 ]

XOR  Exciusive or:

Reg /memory and register to enhes 001100d w [mod reg rim

immediate to segister/memory 1000000 w |mod? 10 ¢/m data I datadw t ]
immediate to accumulator 0011010w data datadf w1 1

STRING MANIPULATION

REP=Repeat 1111001

MOVS=Move byte/word 1010010 w

CMPS=Compare byle/word 1010011 w

SCAS=Scan byte/word 101011 1w

LODS=Load byte/wd 1o AL/AX 10101 10w

STOS=Stor byte/wd trom AL/A 101010t w

Mnemonics ©lnte|, 1978
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fnstruction Set Summary {continued)

CONTROL TRANSFER

CALL = Cali: 76543210 786543210 76543210

Direct within segment 11101000 disp-low disp-high |

indirect within segment 11111111 modQ10 r/im

Direct intersegment 10011010 offset-low offset-high
5eg-low seg-high

indirect intersegment [1 1111111 [med0 1t r/m

JMP = Uncenditionsl Jump:

Direct within segment 11101001 disp-low a«san

Direct within segment-short 1110101 disp

Indirect within segment 111118111 [mod100 t/m

Direct intersegment 11101010 offset-low oftset-high
seg-low seg-high

indirect intersegment 11111111 | mod101 r/m

RET - Return from CALL:

Within segment 11000011

Within seg adding smmed to SP 11000010 data-low 1 dala-mgg

Intersegment 11001011

interseg . adding diateto SP]11 1001010 data-low dala-mgu

JE/JT=Jump on equal/zero 01110100 disp

JL/JIO!;.:uevaaaon less/not greater 51111100 P

JLE/JI‘;.!::;g’on less or equal/not T @sp

JI/JIA!;).'Juevgsa?n below/not above [g1y 10010 disp

JI!/JM:Jumg on below or equal/ 01110110 disp

not above

JP/IPE=Jump on parily/parity even 01111010 disp

J0-=Jump on overflow 01110000 disp

J8=Jump on sign 01111000 disp

JNE/JINZ=Jump on not equal/not zero {0 1110101 disp

JIL/JG!;.guerasa?n not less/greater 01111101 e

JIL!/JE;{:;g{on not iess or equal/ 01111111 aisp

zero/equal

INT  Interrupt
Type specified
Type 3

CLC Ciear carry

$TC Set carry

CLO Clear dwection
$TO Set direction
CLi Clear interrupt
8T1 Set interrupt
HLT Hait

WAIT Warnt

JHB/JAE - Jump on not below/above
or equal

JNBE/JA - Jump on n
equal/abov

JNP/IPO: Jump on not par/par odd

JNO- Jump on not overtlow

JNS Jump on not sign

LOOP Loop CX himes

LOOPZ/LOOPE Loop whiie zero/equat

LOOPNZ/LOOPNE Loop whife not

JCXZ Jump on CX 2ero0

INTO interrupt on overfiow
HET Interrup! return

PROCESSOR CONTROL

CMC Complement carry

€SC Escape (1o external device)
L0CK Bus lock prefix

TES543210 76543210
01110011 disp
01110111 disp
gtt111011 disp
01110001 dIsp
01111001 disp
11100010 disp
11100001 disp
11100000 disp
11100011 disp
11001101 type
11001100
110011190
11001111
11111000
11110101
11111001
11111100
11111301
11111010
11111011
11110100
100110181

TI0TT xox x modlxxr/@
11110000

Footnotes:

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

if w = 1 then word instruction; if w = 0 then byte instruction

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

it r/m = 000 then EA = (BX) + (SI) + DISP

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

if r/m = 010 then EA = (BP) + (SI) - DISP

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

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

if r/m = 101 then EA = (DI} + DISP

if r/m = 110 then EA = (BP) + DISP*

if r/m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before oata if required)

*except if mod = 00 and r/m = 110 then EA = disp-high: disp-low.
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it s:w =01 then 16 bits of immediate data form the operand.
if s:w =11 then an immediate data byte is sign extended to

form the 16-bit operand.

if v=0then ‘‘count’” =1; if v=1 then “‘count’’ in {CL)

x = don't care

7 is used for string primitives for comparison with ZF FLAG.

SEGMENT OVERRIDE PREFIX

001regl10

REG is assigned according to the following table

1681t w - 1)
000 AX
001_CX
0107 DX
01t BX
100 SP
101 8P
Ho Si
n ol

000
001
010
o
100
101
110
m

AL
CL
oL
BL
AH
CH
DH
BH

8Bit fw - 0}

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

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




National
Semiconductor

INS8250A Asynchronous Communications Element

General Description

The INS8250A is the enhanced version of the program-
mabie Asynchronous Communications Element (ACE)
chip—the 8250. it provides an on-board programmabie
baud generator, and is contained in a standard 40-pin
dual-in-line package. The new ACE is fabricated using
National Semiconductor’s advanced, scaled N-channel
silicon-gate MOS process, XMCS. it functions as a serial
data input/output interface in a microcomputer system.
The functional configuration of the INS8250A is pro-
grammed by the system software via a TRI-STATE? 8-bit
bidirectional data bus.

‘The INSB250A performs serial-to-parailel conversion on
{data characters received from a peripheral device or a
MCDEM, and parailel-to-serial conversion on data charac-
ters received from the CPU. The CPU can read the com-
plete status of the INSB250A at any time during the
functional operation. Status information reported in-
ciudes the type and condition of the transfer operations
.being performed by the INS8250A, as well as any error con-
ditions (parity, overrun, framing, or break interrupt).

The INSB250A includes a programmable baud generator
ithat is capable of dividing the timing reference clock input
by divisors of 1 to (2'® - 1), and producing a 18 x clock for
“driving the internai transmitter iogic. Provisions are aiso
included to use this 16 x clock to drive the receiver logic.
Aiso inciuded in the INS8250A is a complete MODEM-
icontrol capability, and a processor-interrupt system that
may be software taiiored to the user’s requirements to
‘minimize the computing time required to handie the com-
munications link.

Features

8 Easily interface$ to most popular microprocessors.

B Adds or deletes: standard asynchronous communi-
cation bits (start, stop, and parity) to or from serial
data stream.

B Complete status reporting capabilities.

8 [nternal diagnostic capabilities:

B Fuyll prioritized interrupt system controis.

TRI-STATE® I8 & regi d % of S

PRELIMINARY

January 1983

Full double buffering eliminates need for precise
synchronization.

Independently controlled transmit, receive, line
status, and data set interrupts.

Programmabie baud generator allows division of
any input clock by 1 to (2™ —1) and generates the
internai 16 x clock.

Independent receiver ciock input.

MODEM control functions (CTS, RTS, DSR, DTR, R,
and DCD).

Fully programmable seriai-interface characteristics:

— 5, 6-, 7-, or 8-bit characters

— Even, odd, or no-parity bit generation and
detection

- 1-, 1%2-, Or 2-stop bit generation

— Baud generation (DC to 56k baud).

False start bit detection.

TRI-STATE TTL drive capabilities for bidirectional
data bus and control bus. )

Line break generation and detection.

— Loopback controis for communications link fault
isolation
-— Break, parity, overrun, framing error simuiation.

Microbus™ compatibie.

TM™ ig a * ot

‘Microbus Configuration
. o
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