





























































































































































































































































































































































































































































































































































































































































































































TIMER/COUNTER UNIT

;substitute register offsets

T2CON equ  xxxxh ;Timer 2 Control register
T2CMPA equ  xxxxh ;Timer 2 Compare register
T2CNT equ  xxxxh ;Timer 2 Counter register
TCUCON equ  xxxxh ;Int. Control register
EOI equ  xxxxh ;End Of Interrupt register
INTSTS equ xxxxh ;Interrupt Status register
timer_2_int equ 19 ;timer 2:vector type 19
data segment public ’‘data’

public _hour, _minute, _second, _msec
_hour db ?
_minute db ?
_second db ?
_msec db ?
data ends
1ib_80186 segment public ‘code’

assume cs:1ib_80186, ds:data
public _set_time
_set_time proc far

push bp ;save caller’s bp

mov bp, sp ;get current top of stack
hour equ word ptr[bp+6] ;get parameters off stack
minute equ word ptr[bp+8]
second equ word ptr{bp+10]
T2Compare equ word ptr[bp+12]

push ax ;save registers used

push DX

push si

push ds

XOor ax, ax

mov ds, ax

mov si,
mov word ptr ds:[si],

;set interrupt vector

4*timer_2_int

offset

Example 9.1. (Continued)
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timer_2_interrupt_routine

inc si

inc si

mov ds:[si], cs
pop ds

mov ax, hour

mov _hour, al

mov ax, minute
mov _minute, al
mov ax, second

mov _second, al
mov _msec, 0

mov DX, T2CNT
XOr ax, ax
out DX, ax
mov DX, T2CMPA
mov ax, T2Compare
out DX, ax
mov DX, T2CON
mov ax, OEOO01H
out DX, ax
mov DX, TCUCON
XOor ax, ax
out DX, ax
sti
pop si
pop DX
pop ax
pop bp
ret

_set_time endp

timer_2_interrupt_routine proc far
push ax
push DX

i

;set time

jclear Count register

;set maximum count value
;see note in header above

;set up the control word:
;enable counting, generate
;interrupt on MC,

;continuous counting

;set up interrupt controller
;unmask highest

;priority interrupt

;enable interrupts

;restore saved registers

;restore caller’s bp

;save registers used

Example 9.1. (Continued)
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cmp _msec, 99 ;has 1 sec passed?
jae bump_second ;1f above or equal...
inc _msec

jmp short reset_int_ctl

bump_second:mov _msec, 0 ;reset millisecond
cmp _minute, 59 ;has 1 minute passed?
jae bump_minute
inc _second

jmp short reset_int_ctl

bump_minute:mov _second, 0 ;reset second
cmp _minute, 59 ;has 1 hour passed?
jae bump_hour
inc _minute
jmp short reset_int_ctl

bump_hour: mov _minute, 0 ;reset minute
cmp _hour, 12 ;have 12 hours passed?
jae reset_hour
inc _houf
jmp reset_int_ctl

reset_hour: mov _hour, 1 ;reset hour

reset_int_ctl:mov DX, EOI

mov ax, 8000h ;non-specific end of interrupt
out DX, ax '

pop DX

pop ax

iret

timer_2_interrupt_routine endp

1ib_80186 ends
' end

Example 9.1. (Continued)

9.4.2. SQUARE WAVE GENEﬁATOR

A square-wave generétor can be useful to act as a system clock tick. Example 9.2 illustrates
how to configure the Timer 1 to operate this way.
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$mod186
name ' example_timerl_square_wave_code
;FUNCTION: This function generates a square wave of given .
; frequency and duty cycle on Timer 1 output pin.
;.  SYNTAX: extern void far clock(int mark, int space)
;. INPUTS: mark - This is the mark (1) time.
: . space - This is the space (0) time.
; The register compare value for a given time can.be
; easily calculated from the formula below.
; ComparevValue = (reqg_pulse_width*f)/4
; OUTPUTS: None
H NOTE: Parameters are passed on the stack as required by
; high-level Languages
T1CMPA  equ xxxxH ) ;substitute register offsets
T1CMPB equ xxxxH "
T1CNT equ XxXXXH
T1CON equ XxxxH
1ib_80186 segment public ‘code’
assume cs:1ib_80186
public _clock
_clock proc far
push bp ;save: caller’s bp =
mov bp, sp ) jget current top ofistack
._space equ word ptr[bp+6] ;get parameters Off .the .stack
_mark "~ equ word ptr[bp+8] : S
push ax ' ;save registers that will be
;modified
push bx
push DX
Example 9.2.
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mov DX, T1CMPA ;set mark time
mov ax, _mark
out DX, ax
mov DX, T1CMPB ;set space time

mov ax, _space
out DX, ax

mov DX, TI1CNT ;Clear Timer 1 Counter
XOr ax, ax
out DX, ax

mov DX, T1CON ;start Timer 1
mov ax, CO03H
out DX, ax

pop DX ;restore saved registers
pop bx

pop ax

pop bp ;restore caller’s bp

Example 9.2. (Continued)

9.4.3. DIGITAL ONE-SHOT

Example 9.3 configures Timer 1 to act as a digital one-shot.

Smod186
name

; FUNCTION:

’

7

;  SYNTAX:

7

example_timerl_1_shot_code

This function generates an active-low one shot
pulse on Timer 1 output pin.

extern void far one_shot (int CMPB);

Example 9.3.
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; INPUTS:

; OUTPUTS:

; NOTE:

CMPB - This is the TI1CMPB value required to
generate a pulse of given pulse width. This value

is calculated from the formula below.

CMPB = (reg_pulse_width*f) /4

None

Parameters are passed on the stack as required by

high-level languages

T1CNT
T1CMPA
T1CMPB
T1CON
MaxCount
1ib_80186

public
_one_shot

_CMPB

equ RXXXH
equ XXXxXH
equ XxXXxH
equ XXXXH

equ 0020H

segment public ’‘code’
assume cs:1ib_80186

_one_shot
proc far

push bp
mov bp, sp

equ word ptr[bp+6]
push ax

push DX

mov DX, TI1CNT

XOor ax, ax

out DX, ax

mov DX, T1CMPA

mov ax, 1
out DX, ax

;get

;substitute register offsets

;save caller’s bp

current top of stack

;get parameter off the stack

;save registers that will be

;modified

;Clear Timer 1 Counter

;set time before

t_shot to 0

Example 9.3. (Continued)
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CountDown:

mov
mov
out

mov
mov
out

DX,
ax,
DX,

DX,
ax,
DX,

T1CMPB
_CMPB
ax

T1CON
C002H
ax

in ax, DX

test ax,

MaxCount

jz CountDown

and
out

pop
pop

ax,
DX,

DX
ax

bp

not MaxCount
ax

;set pulse time

;jstart Timer 1

;read in T1CON
;max count occurred?
;jno: then wait

;clear max count bit
;update T1CON

;restore saved registers

jrestore caller’s bp

1ib_80186

Example 9.3. (Continued)
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CHAPTER 10
DIRECT MEMORY ACCESS UNIT

In many applications, large blocks of data must be transferred between memory and I/O space.
A disk drive, for example, usually reads and writes data in blocks that may be thousands of
bytes long. If the CPU were required to handle each byte of the transfer, the main tasks would
suffer a severe performance penalty. Even if the data transfers were interrupt driven, the
overhead for transferring control to the interrupt handler would still have a detrimental effect
on system throughput.

Direct Memory Access, or DMA, allows data to be transferred between memory and
peripherals without the intervention of the CPU. Systems that use DMA have a special
device, known as the DMA controller, that takes control of the system bus and performs the
transfer between memory and the peripheral device. When the DMA controller receives a
request for a transfer from a peripheral, it signals the CPU that it needs control of the system
bus. The CPU then releases control of the bus and the DMA controller performs the transfer.
In many cases, the CPU will release the bus and continue to execute instructions from the
prefetch queue. If the DMA transfers are relatively infrequent there will be no degradation of
software performance; the DMA transfer is transparent to the CPU.

The DMA Unit of the 80C186EA/C188EA has two channels. Each channel can accept DMA
requests from one of 3 sources: an external request pin, the Timer/Counter Unit or by direct
programming. Data can be transferred between any combination of memory and I/O space.
The DMA Unit can access the entire memory and I/O space in either byte or word increments.

10.1. FUNCTIONAL OVERVIEW

The DMA Unit is comprised of two identical channels. Both channels are functionally
identical. The following discussion is hierarchical beginning with an overview of a single
channel and ending with a description of the two channel unit.

10.1.1. THE DMA TRANSFER

A DMA transfer begins with a request. The requesting device may either have data to transmit
(a source request) or it may require data (a destination request). Alternatively, transfers may be
initiated by the system software without an external request.

When the DMA request is granted, the Bus Interface Unit provides the bus signals for the
DMA transfer while the DMA channel provides the address information for the source and
destination devices. The DMA Unit does not provide a discrete DMA acknowledge signal,
unlike other DMA controller chips (an acknowledge can be synthesized, however). The DMA
channel will continue transferring data as long as the request is active and it has not exceeded
its programmed transfer limit.
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Every DMA transfer consists of two distinct bus cycles: a fetch and a deposit (see Figure
10.1). During the fetch cycle, the byte or word is read from the data source and placed in an
internal temporary storage register. The data in the temporary storage register is written to the
destination. during the deposit cycle. The two bus cycles are indivisible; they cannot be
separated by a bus hold request, a refresh request or another DMA request.

<@——FETCH | | DEPOSIT —Pp»

T4 : T1 :' T2 T3 T4

CLKOUT I ‘ l ‘ [ | ‘

'
'
T
'
'

AD15:0 C X —
. | SOURCE SOURCE i DEST _ DESTINATION
: ! ADDRESS DATA ' ADDRESS DATA
RD T T N\ T
WR T T N\

Figure 10.1. Typical DMA Transfer

10.1.1.1. DMA TRANSFER DIRECTIONS

The source and destination addresses for a DMA transfer are programmable and can be in
either memory or I/O space. DMA transfers can be programmed for any of the following four
directions:

e  From memory space to I/O space
e  From I/O space to memory space
e From memory space to memory space

e From I/O space to I/O space

DMA transfers can access the Peripheral Control Block.

10.1.1.2, BYTE AND WORD TRANSFERS

DMA transfers can be programmed to handle either byte or word sized transfers. The handling
of byte and word data is the same as that for normal bus cycles and is processor bus width
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dependent. For example, odd aligned word DMA transfers on a 16-bit bus processor requires
two fetches and two deposits (all back-to-back). BIU bus cycles are covered in greater detail in
Chapter 3. Word transfers are illegal on the 8-bit bus device.

10.1.2. SOURCE AND DESTINATION POINTERS

Each DMA channel maintains a twenty bit pointer for the source of data and a twenty bit
pointer for the destination of data. The twenty bit pointers allow access to the full 1 Mbyte of
memory space. The DMA Unit views memory as a linear (unsegmented) array.

With a twenty bit pointer it is possible to create an I/O address that is above the CPU limit of
64 Kbytes. The DMA Unit will run I/O DMA cycles above 64K even though these addresses
are not accessible through CPU instructions (e.g., IN and OUT). Some applications may wish
to make use of this by swapping pages of data from I/O space above 64K to standard CPU
memory.

The source and destination pointers can be individually programmed to increment, decrement
or remain constant after each transfer. The amount that a pointer is incremented or
decremented is dependent on the programmed data width, byte or word, for the channel. Word
transfers will change the pointer by two, byte transfers change the pointer by one.

10.1.3. DMA REQUESTS

There are three distinct sources of DMA requests: the external DRQ pin, the internal DMA
request line and the system software. In all three cases, the system software must arm a DMA
channel before it recognizes DMA requests. Arming a DMA channel is discussed in the
programming section of this chapter.

10.1.4. EXTERNAL REQUESTS

External DMA requests are asserted on the DRQ pins. The DRQ pins are sampled on the
- falling edge of CLKOUT. It takes a minimum of four clocks before the DMA cycle is initiated
by the BIU (see Figure 10.2). The DMA request is cleared four clocks before the end of the
DMA cycle (effectively re-arming the DRQ input).
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T, o
Tyo Ty

g o Tgo T, o
T,o Ty o Tgo T,

w w o Ty o T4 or OF DMA
i i T T CYCLE

T T

DRQ ?LJ N \\ \\\& \\ NN
<o—> |

NOTES:

© Ty : DMA request to clock low.

@ Synchronizer resolution time.

(® DMA unit priority arbitration and overhead.

(® Bus interface Unit latches DMA request and decides to run DMA cycle.

Figure 10.2. DMA Request Minimum Response Time

External requests (and the resulting DMA transfer) are classified as either source synchronized
or destination synchronized. A source synchronized request originates from the peripheral
from which data is transferred. For example, a disk controller in the process of reading data
from a disk would use a source synchronized request. A destination synchronized request
originates from the peripheral to which data is transferred. If the previously mentioned disk
controller were writing data to the disk, it would use destination synchronization since the data
would be moving from memory to the disk. The type of synchronization a channel uses is
programmable. ‘

10.1.4.1. SOURCE SYNCHRONIZATION

A typical source synchronized transfer is shown in Figure 10.3. Most DMA driven peripherals
do not deassert their DRQ line until after the DMA transfer has begun. The DRQ signal must
be deasserted at least 4 clocks before the end of the DMA transfer (at the T1 state of the
deposit phase) in order to prevent another DMA cycle from occurring. A source synchronized
transfer provides the source device at least three clock cycles from when it is accessed
(acknowledged) to deassert its request line if further transfers are not required.
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FETCH CYCLE DEPOSIT CYCLE

CLKOUT

DRQ
(CASE 1) ©

DRQ ®
(CASE 2) \

NOTES:

® Current source synchronized transfer will not be immediately
followed by another DMA transfer.

® Current source synchronized transfer will be immediately
followed by another DMA transfer.

Figure 10.3. Source Synchronized Transfers

10.1.4.2. DESTINATION SYNCHRONIZATION

A destination synchronized transfer differs from a source synchronized transfer by the addition
of two idle states at the end of the deposit cycle (Figure 10.4). The two idle states extend the
DMA cycle to allow the destination device to deassert its DRQ pin four clocks before the end
of the cycle. If the two idle states were not inserted, the destination device would not be able
to deassert its request in time to prevent another DMA cycle from occurring.

The insertion of two idle states at the end of a destination synchronization transfer has an
important side effect. A destination synchronized DMA channel gives up the bus during

the idle states allowing any other bus master to gain ownership. This includes the CPU,
the Refresh Control Unit, an external bus master or another DMA channel.

10.1.5. INTERNAL REQUESTS

Internal DMA requests can come from either Timer 2 or from the system software.
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FETCH CYCLE 'DEPOSIT CYCLE

CLKOUT

DRQ
(CASE 1)

DRQ | |
(CASE 2) ’ | -\

NOTES:
@ Current destination synchronized transfer will not be immediately
followed by another DMA transfer.

® Current destination synchronized transfer will be immediately
followed by another DMA transfer.

Figure 10.4. Destination Synchronized Transfers

10.1.5.1. TIMER 2 INITIATED TRANSFERS

When programmed for Timer 2 initiated transfers, the DMA channel performs one DMA
transfer every time that Timer 2 reaches its maximum count. Timer 2 initiated transfers are
useful for servicing time based peripherals. For example, an A/D converter would require data
every 22 microseconds in order to produce an audio range waveform. In this case the DMA
source would point at the waveform data, the destination would point to the A/D converter and
Timer 2 would request a transfer every 22 microseconds.

10.1.5.2. UNSYNCHRONIZED TRANSFERS

DMA transfers can be initiated directly by the system software by selecting unsynchronized
transfers. Unsynchronized transfers continue, back-to-back, at the full bus bandwidth, until the
channel’s transfer count reaches zero or DMA transfers are suspended by an NMIL

10.1.6. DMA TRANSFER COUNTS

Each DMA Unit maintains a programmable 16-bit transfer count value that controls the total
number of transfers the channel runs. The transfer count is decremented by one after each
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transfer (regardless of data size). The DMA channel can be programmed to terminate transfers
when the transfer count reaches zero (also referred to as terminal count).

10.1.7. TERMINATION AND SUSPENSION OF DMA TRANSFERS

When DMA transfers for a channel are terminated, no further DMA requests for that channel
will be granted until the channel is re-started by direct programming. A suspended DMA
transfer temporarily disables transfers in order to perform a specific task. A suspended DMA
channel does not need to be re-started by direct programming. :

10.1.7.1. TERMINATION AT TERMINAL COUNT
When programmed to terminate on terminal count, the DMA channel disarms itself when the
transfer count value reaches zero. No further DMA transfers take place on the channel until it

is re-armed by direct programming.

Unsynchronized transfers always terminate when the transfer count reaches zero
regardless of programming.

10.1.7.2. SOFTWARE TERMINATION

A DMA channel can be disarmed by direct programming. Any DMA transfer that is in
progress will complete but no further transfers are run until the channel is re-armed.

10.1.7.3.  SUSPENSION OF DMA DURING NMI
DMA transfers are inhibited during the service of Non-Maskable Interrupts (NMI). DMA
activity is halted in order to give the CPU full command of the system bus during the NMI

service. Exit from the NMI via an IRET instruction re-enables the DMA Unit. DMA transfers
can be enabled during an NMI service routine by the system software.

10.1.7.4. SOFTWARE SUSPENSION

DMA transfers can be temporarily suspended by direct programming. In time critical sections
of code, interrupt handlers for example, it may be necessary to temporarily shut off DMA
activity in order to give the CPU total control of the bus.

10.1.8. DMA UNIT INTERRUPTS

Each DMA channel can be programmed to generate an interrupt request when its transfer
count reaches zero.
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10.1.9. DMA CYCLES AND THE BIU

The DMA Unit uses the Bus Interface Unit to perform its transfers. When the DMA Unit has a
pending request, it signals the BIU. If the BIU has no other higher priority request pending it
runs the DMA cycle (BIU priority is described in Chapter 3). The BIU signals that it is

running a bus cycle initiated by a master other than the CPU by driving the S6 status bit high.

The Chip-Select Unit monitors the BIU addresses to determine which chip-select, if any, to
activate. Because the DMA Unit uses the BIU, chip-selects are active for DMA cycles. If a
DMA channel accesses a region of memory or I/O space within a chip-select’s programmed
range, then that chip-select is asserted during the cycle. The Chip-Select Unit will not
recognize DMA cycles that access I/O space above 64K.

MODULE DMA*OUEST
INTER-MODULE
TIMER 2 ARBITRATION TIMER 2
REQUEST LOGIC REQUEST
A A
SOURCE POINTER SOURCE POINTER
DESTINATION POINTER DESTINATION POINTER
CHANNEL 0 | CHANNEL 1
CONTROL LOGIC T CONTROL LOGIC
DRQPIN DRQPIN

Figure 10.5. Two Channel DMA Unit

10.1.10.  THE 2 CHANNEL DMA UNIT

Two DMA channels are combined with arbitration logic to form the two channel DMA Unit
(see Figure 10.5). ‘
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10.1.10.1. DMA CHANNEL ARBITRATION

Within a two channel DMA module, the arbitration logic decides which channel takes
precedence when both channels simultaneously request transfers. Each channel can be set to
either low priority or high priority. If the two channels are set to the same priority (either both
high or both low) then the channels rotate priority.

10.1.10.1.1. FIXED PRIORITY

Fixed priority results when one channel in a module is programmed to high priority and the
other is set to low priority. If both DMA requests occur simultaneously, the high priority
channel will perform its transfer (or transfers) first. The high priority channel continues to
perform transfers as long as the following conditions are met:

e the channel’s DMA request is still active

e the channel has not terminated or suspended transfers (through programming or
interrupts)

e the channel has not released the bus (through the insertion of idle states for destination
synchronized transfers)

The last point is extremely important when the two channels use different synchronization. For
example, consider the case where channel 1 is programmed for high priority and destination
synchronization and channel O is programmed for low priority and source synchronization. If a
DMA request occurred for both channels simultaneously channel 1 would perform the first
transfer. At the end of channel 1’s deposit cycle two idle states are inserted (thus releasing the
bus). With the bus released, channel 0 is free to perform its transfer even though the higher
priority channel 0 has not completed all of its transfers. Channel 1 would regain the bus at
the end of channel 0’s transfer. The transfers would alternate as long as both requests
remained active.

A higher priority DMA channel will interrupt the transfers of a lower priority channel. Figure
10.6 shows several transfers with different combinations of channel priority and
synchronization.

10.1.10.1.2.  ROTATING PRIORITY

Channel priority rotates when both channels are programmed as both high or both low
priority. The highest priority is initially assigned to channel 1 of the module. After a channel
performs a transfer it-is assigned the lower priority. When requests are active for both
channels, the transfers alternate between the two as long as the bus is not released by the DMA
Unit. For the 80C186EA/C188EA, channel 1 is reassigned high priority whenever the bus is
released (i.e., at the end of a destination synchronized transfer, or when DMA requests are no
longer active).
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BOTH REQUESTS ASSERTED

[CHANNEL[O |1 | v , -
PRIORITY | LOW | LOW | CHANNEL 1 [ CHANNEL 0 | CHANNEL 1 | CHANNEL 0 o o®
[SYNCH | SRC |SRC : :

CHANNEL[0 |1 | eTC
PRIORITY |HIGH| LOW |CHANNEL 0 |CHANNELO |~ |CHANNEL 1 |CHANNEL 1 |@ @ ®
SYNCH SRC | SRC :

N CHANNEL 0 COMPLETES

ALL TRANSFERS

[CHANNEL[0 1
_PRIORITY [HIGH| LOW | CHANNEL 0
[SYNCH [DESTISRC

ETC.
HANNEL 1 ‘CHANNELO ‘ CHANNEL1 | @ @ ©

DESTINATION
SYNC RELEASES
BUS

Figure 10.6. Examples of DMA Priority

10.2. PROGRAMMING THE DMA UNIT

A total of six Peripheral Control Block registers configure each DMA channel.

10.2.1. DMA CHANNEL PARAMETERS

The first step in programming the DMA Unit is to set up the parameters for each of the
channels.

10.2.1.1. PROGRAMMING THE SOURCE AND DESTINATION POINTERS

The following parameters are programmable for the source and destination pointers:

e pointer address

e address space (memory or I/O)

e automatic pointer indexing (increment/decrement) after transfer

Two 16-bit Peripheral Control Block registers define each of the 20-bit pointers. Figures 10.7
© through 10.10 show the layout of the DMA Source and DMA Destination pointer address
registers. The DS19:16 and DD19:16 (high order address bits) are driven on the bus even if

I/O transfers have been programmed. When performing I/O transfers within the normal 64K
/O space only, the high order bits in the pointer registers must be cleared.

10-10




intel. DIRECT MEMORY ACCESS UNIT

Register Name: DMA Source Address Pointer (High)

Register Mnemonic: DxSRCH

Register Function: Contains the upper 4 bits of the DMA Source
pointer.

N=>W0W0
o=>mn0 o

BIT RESET
MNEMONIC BIT NAME | STATE FUNCTION

DSA19:16 | DMA Source | XXXXH | DSA19:16 are driven on A19:16 during the fetch
Address phase of a DMA transfer.

NOTE: Reserved register bits are shown with gray shading. Reserved bits must be written
to a logic zero to insure compatibility with future Intel products.

Figure 10.7. DMA Source Pointer (High Order Bits)

Register Name: DMA Source Address Pointer (Low)
Register Mnemonic: DxSRCL
Register Function: Contains the lower 16 bits of the DMA Source
pointer.
15 ‘ 0
!DTD!D‘D\‘D}D‘DiD‘D‘D‘DDED“DDD‘
S,SwS‘S‘SiS‘S‘S“S‘S‘SS S|s s|s
{A‘A\A“AV‘A\A‘A‘A:‘A\A‘AA A A|A|A
1,11‘1\‘11‘9\8‘76‘54‘3‘210‘
‘5i4\.3\2~\1‘0 o | \ |
(N I TN N I I L |
BIT RESET
MNEMONIC | BIT NAME | STATE FUNCTION
DSA15:0 DMA Source | XXXXH | DSA15:0 are driven on the lower 16 bits of the
Address address bus during the fetch phase of a DMA
transfer.

NOTE: Reserved register bits are shown with gray shading. Reserved bits must be written
to a logic zero to insure compatibility with future Intel products.

Figure 10.8. DMA Source Pointer (Low Order Bits)
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The address space referenced by the source and destination pointers is programmed in the
DMA Control Register for the channel (see Figure 10.13). The SMEM and DMEM bits
control the address space (memory or 1/O) for source pointer and destination pointer,
respectively.

Automatic pointer indexing is also controlled by the DMA Control Register. Each pointer has
a two bit field, increment and decrement, that controls the indexing. If the increment and "
decrement bits for a pointer are programmed to the same value then the pointer will remain
constant. The amount that a pointer is incremented or decremented is automatically controlled
by the programmed data width, byte or word, for the channel.

Register Name: DMA Destination Address Pointer (High)

Register Mnemonic: DxDSTH ,

Register Function: Contains the upper 4 bits of the DMA Source
pointer.

0
D/D|D|D|
D D D|D
AlA A A |
17101 1!
9 8 7!6
| o
BIT RESET
MNEMONIC BIT NAME | STATE FUNCTION
DDA19:16 | DMA | XXXXH | DDA19:16 arc driven on A19:16 during the
Destination deposit phase of a DMA transfer.
Address

NOTE: Reserved register bits are shown with gray shading. Reserved bits must be written
to a logic zero to insure compatibility with future Intel products.

Figure 10.9. DMA Destination Pointer (High Order Bits)
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Register Name:
Register Mnemonic:
Register Function:

DMA Destination Address Pointer (Low)
DxDSTL
Contains the lower 16 bits of the DMA Source

pointer.
15 0
D D|D|D D/ D D|D D D|D|D
D D  D|D D D|D|D D/ D|D | D
A A|lA A AlA|A|A AlA|AIlA
1 1198 7|/ 6|54 3/2(11]0
5 0
| |
BIT BIT NAME | RESET FUNCTION
MNEMONIC STATE
DDA15:0 DMA XXXXH | DDA15:0 are driven on the lower 16 bits of the
Destination address bus during the deposit phase of a DMA
Address transfer.

NOTE: Reserved register bits are shown with gray shading. Reserved blts must be written
to a logic zero to insure compatibility with future Intel products.

Figure 10.10. DMA Destination Pointer (Low Order Bits)

Register Name:
Register Mnemonic:
Register Function:

DMA Control Register

DxCON
Controls DMA channel parameters.

oOmooO

oOmow

0OZ-w
oO-

OTO
L 1Y)
ODOE |

b

OTO—

Figure 10.11(a).DMA Control Register Bit Positions
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BIT RESET
MNEMONIC BIT NAME | STATE FUNCTION
SMEM/DME | Source/ X Selects memory or 1/O space for the corresponding
M Destination pointer. Set SMEM/DMEM to select memory space; Clear
Address SMEM/DMEM to select I/O space. SMEM corresponds to
Space Select the source pointer. DMEM corresponds to the destination
pointer.
SINC/DINC | Source/ X | Set to automatically increment the source/destination
Destination pointer after each transfer. A pointer will remain constant if
Increment its increment and decrement bits are equal.
SDEC/DDEC | Source/ X Set to automatically decrement-the source/destination
Destination pointer after each transfer. A pointer will remain constant if
) Decrement its increment and decrement bits are equal.
TC Terminal X Set to terminate transfers on Terminal Count.
Count
INT Interrupt X 7 | Set to generate an interrupt request on Terminal Count.
The TC bit must be set to generate an interrupt.
SYN1:0 Synchron- XX Selects channel synchronization:
ation T
ization Type YN1:0 Synchronization T
Unsynchronized
Source Synchronized
Destination Synchronized
Reserved (Do Not Use)
P Relative X Setting P selects high priority for the channel.
Priority : )
IDRQ Internal DMA X Setting IDRQ selects internal (Timer 2) DMA requests.
Request When IDRQ is set the external DRQ pin is ignored.
Select Clearing IDRQ selects the DRQ pin as the source of DMA
requests.
CHG Change Start X CHG must be set to modify the STRT bit.
Bit
STRT Start DMA The DMA channel is armed by setting the STRT bit. The
: Channel STRT bit can only be modified when the CHG bit is set.
WORD Word X The WORD bit selects between byte and word transfers.
Transfer : Setting WORD selects word transfers; clearing WORD
Select selects byte transfers.

NOTE: Reserved register bits are shown with gray shading. Reserved bits must be written to a Ioglc
zero to insure compatibility with future Intel products.

- Figure 10.11(b). DMA Chénnel Control Register Bit Descriptions
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10.2.1.2. SELECTING BYTE OR WORD SIZE TRANSFERS

The WORD bit in the DMA Control Register is used to control the data size for a channel.
When WORD is set, the channel transfers data in 16-bit words. Byte transfers are selected by
clearing the WORD bit. The data size for a channel also affects pointer indexing. Word sized
transfers modify (increment or decrement) the pointer registers by two for each transfer
whereas byte transfers modify the pointer registers by one.

10.2.1.3. SELECTING THE SOURCE OF DMA REQUESTS

DMA requests can come from either an internal source (Timer 2) or an external source.

Timer 2 DMA requests are selected by setting the IDRQ bit in the DMA Control Register for
the channel. The DMA channel ignores its DRQ pin when internal requests are programmed.

Similarly, the DMA channel only responds to the DRQ pin (and ignores internal requests)
when external requests are selected.

10.2.1.4. ARMING THE DMA CHANNEL

Each DMA channel must be armed before it will recognize DMA requests. A channel is armed
by setting its STRT (Start) bit in the DMA Control Register. The STRT bit can only be
modified if the CHG (Change Start) bit is set at the same time. The CHG bit is a safeguard to
prevent unwanted arming of a DMA channel while modifying other channel parameters.

A DMA channel is disarmed by clearing its STRT bit. The STRT bit is cleared either directly
by software or by the channel itself when programmed to terminate on terminal count.

10.2.1.5. SELECTING CHANNEL SYNCHRONIZATION
The synchronization method for a channel is controlled by the SYN1:0 bits in the DMA
Control Register. The combination SYN1:0=11 is reserved and will result in unpredictable

operation, if used.

When programmed for unsynchronized transfers (SYN1:0=00) the DMA channel will begin to
transfer data as soon as the STRT bit is set.

Transfers requested by Timer 2 must always be programmed for source
synchronization.

10.2.1.6. PROGRAMMING THE TRANSFER COUNT OPTIONS

The Transfer Count Register and the TC bit in the DMA Control Register are used to stop
DMA transfers for a channel after a specified number of transfers have occurred.
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Register Name: - DMA Transfer Count

Register Mnemonic: DxTC ‘

Register Function: Contains the DMA channel’s transfer count.
15 - S ‘ 0
Tttt TgT;T”T‘.rT‘TTT TiTiTlT
|C‘c‘c[c‘0\0\c\0‘cccc ciciclc
,11‘1!131%1;9i8“7‘ 4 /3|2 1|0
s[4ls 2z 10 | |
[ \ \ . ‘
[ I ‘ j | ‘ )1 ‘ i !

BIT BIT NAME | RESET FUNCTION

MNEMONIC STATE

TC15:0 Transfer XXXXH | Contains the transfer count for a DMA channel.
Count This value is decremented by one after each
transfer.

NOTE: Reserved register bits are shown with gray shading. Reserved bits must be written
to a logic zero to insure compatibility with future Intel products.

Figure 10.12. Transfer Count Register

The number of transfers desired are written to the DMA Transfer Count Register (see Figure
10.12) The Transfer Count Register is 16-bits wide limiting the total number of transfers for a
channel to 65,536 (without reprogramming). The Transfer Count Register is decremented by
one after each transfer (for both byte and word transfers).

The TC bit, when set, instructs the DMA channel to disarm itself (by clearing the STRT bit)
when the transfer count reaches zero. If the TC bit is cleared, the channel continues to perform
transfers regardless of the state of the Transfer Count Register. Unsynchronized (software
initiated) transfers always terminate when the transfer count reaches zero; the TC bit is
ignored. '

10.2.1.7. - GENERATING INTERRUPTS ON TERMINAL COUNT

A channel can be programmed to generate an interrupt request whenever the transfer count
reaches zero. Both the TC bit and the INT bit (in the DMA Control Register) must be set to
generate an interrupt request.

10.2.1.8. SETTING THE RELATIVE PRIORITY OF A CHANNEL

The priority of a channel within a module is controlled by the Priority bit in the DMA Control
Register. A channel may be assigned either high or low priority. If the priority for both -
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channels is programmed to the same priority (i.e., both high or both low) then the channels
will rotate priority.

10.2.2. SUSPENSION OF DMA TRANSFERS

Whenever an NMI is received by the CPU, all DMA activity is suspended at the end of the
current transfer. The CPU suspends transfers by setting the DHLT (DMA Halt) bit in the
Interrupt Status Register (see Chapter 8). The DHLT bit is automatically cleared upon
execution of an IRET instruction. DMA transfers resume when the DHLT bit is cleared.

The DHLT bit may be read and written by the user. Do not write to the DHLT bit while
Timer/Counter Unit interrupts are enabled; a conflict with the internal use of the
register may lead to incorrect timer interrupt processing.

The DHLT bit does not function when the interrupt controller is in Slave Mode.

10.2.3. INITIALIZING THE DMA UNIT

Use the following sequence when programming the DMA Unit:

1. Program the source and destination pointers for all used channels.

2. Program the DMA Control Registers in order of highest priority channel to lowest priority
channel.

10.3. HARDWARE CONSIDERATIONS AND THE DMA UNIT

The following sections cover hardware interfacing and performance factors for the DMA Unit.

10.3.1. DRQ PIN TIMING REQUIREMENTS

The DRQ pins are sampled on the falling edge of CLKOUT. The DRQ pins must be setup a
minimum of T, before CLKOUT falling and must be held a minimum of T, after
CLKOUT falls. Refer to the datasheet for specific values. .

The DRQ pins have an internal synchronizer. Violating the setup and hold times may only
result in a missed DMA request, not a processor malfunction.

10.3.2. DMA LATENCY

DMA Latency is the delay between a DMA request being asserted and the DMA cycle being
run. The DMA latency for a channel is controlled by many factors, including:
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e Bus HOLD: Bus HOLD takes precedence over internal DMA requests. Using bus HOLD
will degrade DMA latency.

¢ LOCKed Instructions: Long LOCKed instructions (e.g., LOCK REP MOVS) will
monopolize the bus preventing access by the DMA Unit.

e Inter-channel Priority Scheme: Setting a channel at low priority will affect its latency.

The minimum latency in all cases is four CLKOUT cycles. This is the amount of time it takes
to synchronize and prioritize a request.

10.3.3. DMA TRANSFER RATES

The maximum DMA transfer rate is a function of processor operating frequency and
synchronization mode. For unsynchronized and source synchronized transfers, 2 bytes can be
transferred every eight CLKOUT cycles for the 80C186EA and one byte can be transferred for
the 80C188EA. Maximum transfer rate for the SOC186EA is calculated by:

Maximum DMA Transfer Rate in Mbytes/sec = 25*Fch
(Source and Unsynchronized)

Where Fepy is the CPU operating frequency in megahertz.

For destination synchronized transfers, the addition of two idle T-states reduces the bandwidth
by two clocks per word:

Maximum DMA Transfer Rate in Mbytes/sec = .20*Fcpy
(Source and Unsynchronized)

Where Fepy is the CPU operating frequency in megahertz.

Maximum transfer rates for the 80C188EA are half those calculated by the above equations as
the 80C188EA can only transfer one byte per cycle.

10.3.4. GENERATING A DMA ACKNOWLEDGE

The DMA channels do not provide a distinct DMA acknowledge signal. A chip select line can
be programmed to active for the memory or I/O range that requires the acknowledge. The chip
select must be programmed to active only when a DMA is in progress. Latched status line S6
can be used as a qualifier to the chip select in situations where the chip select line will be
active for both DMA and normal data accesses.

10.4. DMA UNIT EXAMPLES

In Example 10.1, channel 0 is set up to perform an unsynchronized burst transfer from
memory to memory while channel 1 is used to service an external DMA request from a hard
disk controller.
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Timed DMA transfers are shown in Example 10.2. A sawtooth waveform is created using
DMA transfers to an A/D converter.

$MOD186
NAME DMA_EXAMPLE_1

; This example shows code necessary
; to setup of two DMA channels. One
; channel performs an unsynchronized
; transfer from memory to memory.

; The second channel is used by a

; hard disk controller located in

; I/0 space.

; It is assumed that the constants for PCB register
; addresses are defined elsewhere with EQUates.

CODE_SEG SEGMENT
ASSUME CS:CODE_SEG

START: MOV AX, DATA_SEG ; DATA SEGMENT POINTER
MOV Ds, AX
ASSUME DS:DATA_SEG

; First we must initialize DMA channel 0. DMAO will
; an unsynchronized transfer from SOURCE_DATA_1 to
; DEST_DATA_1. The first step is to calculate the

; proper values for the source and destination

; pointers.

MOV AX, SEG SOURCE_DATA_1

ROL AX, 4 ; GET HIGH 4 BITS
MOV BX, AX ; SAVE ROTATED VALUE
AND AX, OFEFOH ; GET SHIFTED LOW 4

; NIBBLES
ADD AX, OFFSET SOURCE_DATA_1

Example 10.1. DMA Unit Initialization
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; NOW LOW BYTES OF
; POINTER ARE IN AX

ADC BX, 0

AND BX, O0O0OFH
MOV DX, DOSRCL
ouT DX, AX
MOV DX, DOSRCH
MOV AX, BX

ouT DX, AX

; SOURCE POINTER DONE.

MOV AX, SEG DEST_DATA_1

ROL AX, 4

; ADD IN THE CARRY

; TO THE HIGH NIBBLE
; GET JUST THE HIGH
; NIBBLE

; AX=LOW 4 BYTES

; GET HIGH NIBBLE

REPEAT FOR DEST.

; GET HIGH 4 BITS

MOV BX, AX ; SAVE ROTATED VALUE

AND AX, OFFFOH ; GET SHIFTED LOW 4
; NIBBLES

ADD AX, OFFSET DEST_DATA_1

; NOW LOW BYTES OF
; POINTER ARE IN AX

ADC BX, 0

AND BX, 000FH
MOV DX, DODSTL
ouT DX, AX
MOV DX, DODSTH
MOV AX, BX

ouT DX, AX

'; ADD IN THE CARRY

; TO THE HIGH NIBBLE
; GET JUST THE HIGH
; NIBBLE

; AX=LOW 4 BYTES

; GET HIGH NIBBLE

Example 10.1. DMA Unit Initialization (Continued)
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7

7

THE POINTER ADDRESSES HAVE BEEN SET UP. NOW
WE SET UP THE TRANSFER COUNT.

MOV AX, 29 ; THE MESSAGE IS

; 29 BYTES LONG.
MOV DX, DOTC ; XFER COUNT REG
ouT DX, AX

7

NOW WE NEED TO SET THE PARAMETERS FOR
THE CHANNEL AS FOLLOWS:

DESTINATION SOURCE
MEMORY SPACE MEMORY SPACE
INCREMENT PTR INCREMENT PTR

TERMINATE ON TC, NO INTERRUPT, UNSYNCHRONIZED,
LOW PRIORITY RELATIVE TO CHANNEL 1, BYTE XFERS.
WE START THE CHANNEL

MOV AX, 1011011000000110B
MOV DX, DOCON
ouT DX, AX

7

THE UNSYNCHRONIZED BURST IS NOW RUNNING ON
THE BUS...

NOW SET UP CHANNEL 1 TO SERVICE THE DISK
CONTROLLER. FOR THIS EXAMPLE WE WILL ONLY
BE READING FROM THE DISK.

THE SOURCE IS THE I/O PORT FOR THE
DISK CONTROLLER.

MOV AX, DISK_IO_ADDR

MOV DX, DI1SRCL

ouT DX, AL ; PROGRAM LOW ADDR
XOR AX, AX

MOV DX, DI1SRCH ; HI ADDR FOR IO=0
ouT DX, AL

Example 10.1. DMA Unit Initialization (Continued)
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; THE DESTINATION IS THE DISK BUFFER IN MEMORY

MOV AX, SEG DISK_BUFF

ROL AX, 4 ; GET HIGH 4 BITS
MOV BX, AX ; SAVE ROTATED VALUE
AND AX, OFFFOH ; GET SHIFTED LOW 4

; NIBBLES
ADD AX, OFFSET DISK_BUFF

;- NOW LOW BYTES OF
; POINTER ARE IN AX

ADC BX, O ; ADD IN THE CARRY

; TO THE HIGH NIBBLE
AND BX, O00OFH ; GET JUST THE HIGH

‘ ; NIBBLE

MOV DX, DIDSTL
ouT DX, AX ; AX=LOW 4 BYTES
MOV DX, D1DSTH
MOV AX, BX ; GET HIGH NIBBLE
ouT DX, AX

; THE POINTER ADDRESSES HAVE BEEN SET UP. NOW
; WE SET UP THE TRANSFER COUNT.

MOV AX, 512 ; THE DISK READS IN

; 512 BYTE SECTORS.
MOV DX, DITC ; XFER COUNT REG
ouT DX, AX

Example 10.1. DMA Unit Initialization (Continued)
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CODE_SEG

DATA_SEG

SOURCE_DATA_1
DEST_DATA_1

DISK_BUFF

DATA_SEG

; NOW WE NEED TO SET THE PARAMETERS FOR
; THE CHANNEL AS FOLLOWS:

i DESTINATION SOURCE

i MEMORY SPACE I/0 SPACE
i INCREMENT PTR CONSTANT PTR

; TERMINATE ON TC, INTERRUPT, SOURCE SYNC,
; HIGH PRIORITY RELATIVE TO CHANNEL 0, BYTE XFERS,
; USE DRQ PIN FOR REQUEST SOURCE.

; THE CHANNEL IS ARMED.

MOV AX, 1010001101100110B
MOV DX, DOCON
ouT DX, AX

; REQUESTS ON DRQ1 WILL NOW RESULT IN TRANSFERS

ENDS

SEGMENT

DB '80C186EC INTEGRATED PROCESSOR'
DB 30 DUP('MITCH') ; JUNK DATA FOR TEST

DB 512 DUP(?)

ENDS

END START

Example 10.1. DMA Unit Initialization (Continued)
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$MOD186
NAME DMA_EXAMPLE_1

; This example sets up the DMA Unit
; to perform a memory to I/O space
; transfer every 22uS. The data is
; sent to an A/D converter.

;- It is assumed that the constants for PCB register
; addresses are defined elsewhere with EQUates.

CODE_SEG SEGMENT
ASSUME CS:CODE_SEG

START: MOV AX, DATA_SEG ; DATA SEGMENT POINTER
MOV DS, AX
ASSUME DS:DATA_SEG

; First, setup the pointers. The source is in memory.

MOV AX, SEG WAVEFORM_DATA

ROL AX, 4 ; GET HIGH 4 BITS
MOV BX, AX ; SAVE ROTATED VALUE
AND AX, OFFFOH ; GET SHIFTED LOW 4

; NIBBLES
ADD AX, OFFSET WAVEFORM_DATA

Example 10.2. Timed DMA Transfers
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; NOW LOW BYTES OF
; POINTER ARE IN AX

ADC BX, 0 ; ADD IN THE CARRY
; TO THE HIGH NIBBLE
AND BX, O0OFH ; GET JUST THE HIGH
; NIBBLE
MOV DX, DOSRCL
ouT DX, AX ; AX=LOW 4 BYTES
MOV DX, DOSRCH
MOV AX, BX ; GET HIGH NIBBLE
ouT DX, AX

MOV AX, DA_CNVTR; I/O ADDRESS OF D/A

MOV DX, DODSTL

ouT DX, AX ;

MOV DX, DODSTH

XOR AX, AX ; CLEAR HIGH NIBBLE
ouT DX, AX

; THE POINTER ADDRESSES HAVE BEEN SET UP. NOW
; WE SET UP THE TRANSFER COUNT.

MOV AX, 255 ; 8-BIT D/A SO

' ; WE SEND 256 BYTES
MOV DX, DOTC ; TO GET A FULL SCALE
ouT DX, AX

Example 10.2. Timed DMA Transfers (Continued)
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CODE_SEG
DATA_SEG

WAVEFORM_DATA

DATA_SEG

; NOW WE NEED TO SET THE PARAMETERS FOR
; THE CHANNEL AS FOLLOWS:

H DESTINATION SOURCE

H I/0 SPACE MEMORY SPAC

i CONSTANT PTR INCREMENT PTR

; TERMINATE ON 'TC, INTERRUPT, SOURCE SYNCHRONIZE,
; INTERNAL REQUESTS,

; LOW PRIORITY RELATIVE TO CHANNEL 1, BYTE XFERS.

MOV AX, 0001011101010110B
MOV DX, DOCON
ouT DX, AX

; NOW WE ASSUME THAT TIMER 2 HAS BEEN PROPERLY
; PROGRAMMED FOR A 22US DELAY.

; WHEN THE TIMER IS STARTED, A DMA
; TRANSFER WILL OCCUR EVERY 22US.

ENDS
SEGMENT
DB 0,1,2,3,4,5,6,7,8,9,10,11,12,13

DB 14,15,16,17,18,19,20,21,22,23,24

; ETC. UP TO 255
ENDS

END START

Example 10.2. Timed DMA Trahsfers (Continued)
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CHAPTER 11
MATH COPROCESSING

The 80C186 Modular Core Family meets the need for a general-purpose embedded
microprocessor. In most data control applications, efficient data movement and control
instructions are foremost and arithmetic performed on the data is simple. However, some
applications do require more powerful arithmetic instructions and more complex data types
than provided by the 80C186 Modular Core.

11.1. OVERVIEW OF MATH COPROCESSING

Applications needing advanced mathematics capabilities have the following characteristics:

e  Numeric data values are non-integral or vary over a wide range

e  Algorithms produce very large or very small intermediate results

e Computations must be precise, i.e., calculations must retain several significant digits
e Computations must be reliable without dependence on programmed algorithms

e Overall math performance exceeds that afforded by a general-purpose processor and
software alone

For the 80C186 Modular Core family, the 80C187 satisfies the need for powerful
mathematics. The 80C187 can increase the math performance of the microprocessor system by
50 to 100 times.

11.2. AVAILABILITY OF MATH COPROCESSING

The processor supports the 80C187 with a hardware interface under microcode control. To
execute numerics instructions, the 80C186EA must exit reset in Numerics Mode. The
processor checks its TEST pin at reset and enters Numerics Mode automatically if the Math
Coprocessor is present.

The core has a TRAP bit in the Relocation Register to control the availability of math
coprocessing. If the bit is a one, attempted numerics execution results in a Type 7 interrupt.
The 80C187 will not work with the 8-bit bus version of the processor because all 80C187
accesses must be 16-bit. The 8-bit bus version will automatically trap ESC (numerics) opcodes
to the Type 7 interrupt regardless of Relocation Register programming.

The 3-Volt version of the microprocessor does not specify numerics coprocessing because the
80C187 only has a 5-Volt rating.
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11.3. THE 80C187 MATH COPROCESSOR

The 80C187’s high performance is due to its 80-bit internal architecture. It contains three
units: a Floating Point Unit, a Data Interface and Control Unit and a Bus Control Logic Unit.
The foundation of the Floating Point Unit is an 8-element register file, usable as individually
addressable registers or as a register stack. The register file allows storage of intermediate
results in the 80-bit format. The Floating Point Unit operates under supervision of the Data
Interface and Control Unit. The Bus Control Logic Unit maintains handshaking and
communications with the host microprocessor. The 80C187 has built-in exception handling. -

The 80C187 executes code written for the 387™ DX and 387™ SX math coprocessors. The
80C187 conforms to ANSI/IEEE Standard 754-1985. '

11.3.1. 80C187 INSTRUCTION SET

80C187 instructions fall into six functional groups: data transfer, arithmetic, comparison,
transcendental, constant and processor control. Typical 80C187 instructions accept one or two
operands and produce a single result. Operands are usually located in memory or the 80C187
stack. Some operands are predefined; FSQRT always takes the square root of the number in
the top stack element, for example. Other instructions allow or require the programmer to
specify explicitly the operand(s) along with the instruction mnemonic. Still other instructions
accept one explicit operand and one implicit operand (usually the top stack element).

As with the basic (non-numerics) instruction set, there are two types of operands for
coprocessor instructions, source and destination. Instruction execution does not alter a source
operand. Even when an instruction converts the source operand from one format to another
(for example, real to integer), the coprocessor performs the conversion in a work area to
preserve the source operand. A destination operand differs from a source operand because the
80C187 may alter the register when it receives the result of the operation. For most destination
operands, the coprocessor usually replaces the destinations with results.

11.3.1.1. DATA TRANSFER INSTRUCTIONS

Data transfer instructions move operands between elements of the 80C187 register stack or
between stack top and memory. Instructions can convert any of the data types to temporary
real and load it onto the stack in a single operation. Conversely, instructions can convert a
temporary real operand on the stack to any data type and store it to memory in a single
operation. Table 11.1 summarizes the data transfer instructions.
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Table 11.1. 80C187 Data Transfer Instructions

REAL TRANSFERS
FLD Load real
FST Store real
FSTP Store real and pop
FXCH Exchange registers
INTEGER TRANSFERS
FILD Integer load
FIST ' Integer store
FISTP Integer store and pop
PACKED DECIMAL TRANSFERS
FBLD Packed decimal (BCD) load
FBSTP ' Packed decimal (BCD) store and
pop

11.3.1.2. ARITHMETIC INSTRUCTIONS

The 80C187’s arithmetic instruction set includes many variations of add, subtract, multiply,
and divide operations and several other useful functions. Examples include a simple absolute
value and a square root instruction that executes faster than ordinary division. Other arithmetic
instructions perform exact modulo division, round real numbers to integers and scale values by
powers of two.

Table 11.2 summarizes the available operation and operand forms for basic arithmetic. In
addition to the four normal operations, two “reversed” instructions make subtraction and
division “symmetrical” like addition and multiplication. In summary, the arithmetic
instructions are highly flexible because:

e The 80C187 uses register or memory operands

e The 80C187 may save results in a choice of registers

Available data types include temporary real, long real, short real, short integer and word
integer. The 80C187 performs automatic type conversion to temporary real.
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Table 11.2. 80C187 Arithmetic Instructions

ADDITION
FADD Add real
FADDP Add real and pop
FIADD Integer add
SUBTRACTION
FSuUB Subtract real
FSUBP Subtract real and pop
FISUB Integer subtract
FSUBR Subtract real reversed
FSUBRP Subtract real reversed and pop
FISUBR Integer subtract reversed
MULTIPLICATION
FMUL Multiply real
FMULP Multiply real and pop
FIMUL Integer multiply
DIVISION
FDIV Divide real
FDIVP Divide real and pop
FIDIV Integer divide
FDIVR Divide real reversed
FDIVRP Divide real reversed and pop
FIDIVR Integer divide reversed
OTHER OPERATIONS-
FSQRT Square root
FSCALE Scale
FPREM Partial remainder
FRNDINT Round to-integer
FXTRACT Extract exponent and significand
FABS Absolute value
FCHS Change sign
FPREMI Partial remainder (IEEE)
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11.3.1.3. COMPARISON INSTRUCTIONS

Each comparison instruction (see Table 11.3) analyzes the stack top element, often in
relationship to another operand. Then it reports the result in the Status Word condition code.
The basic operations are compare, test (compare with zero) and examine (report tag, sign and
normalization).

Table 11.3. 80C187 Comparison Instructions

FCOM Compare real

FCOMP Compare real and pop

FCOMPP Compare real and pop twice

FICOM Integer compare

FICOMP Integer compare and pop

FTST Test

FXAM Examine

FUCOM Unordered compare

FUCOMP Unordered compare and pop

FUCOMPP  |Unordered compare and pop
twice

11.3.1.4. TRANSCENDENTAL INSTRUCTIONS

Transcendental instructions perform the core calculations for common trigonometric,
hyperbolic, inverse hyperbolic, logarithmic and exponential functions. Use prologue code to
reduce arguments to a range accepted by the instruction. Use epilogue code to adjust the result
to the range of the original arguments. The transcendentals operate on the top one or two stack
_elements and return their results to the stack. Table 11.4 lists the transcendental instructions.

Table 11.4. 80C187 Transcendental Instructions

FPTAN Partial tangent
FPATAN Partial arctangent
F2XM1 oX _ 4

FyL2X Y log, X
FYL2XP1 Y log, (X+1)
FCOS Cosine

FSIN Sine

FSINCOS Sine and Cosine
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11.3.1.5. CONSTANT INSTRUCTIONS

Each constant instruction (see Table 11.5) loads a commonly used constant onto the stack. The
values have full 80-bit precision and are accurate to about 19 decimal digits. Since a
temporary real constant occupies 10 memory bytes, the constant instructions, only two bytes

long, save memory space. \

Table 11.5. 80C187 Constant Instructions

FLDZ Load +0.1
FLD1 Load +1.0
FLDPI Load T
FLDL2T Load log, 10
FLDL2E Load log, e
FLDLG2 Load log,,2
FLDLG2  |Load log,2

11.3.1.6. PROCESSOR CONTROL INSTRUCTIONS

Computations do not use the processor control instructions; they are available for activities at
the operating system level. This group (see Table 11.6) includes initialization, exception
handling and task switching instructions.

Table 11.6. 80C187 Processor Cohtrol Instructions

| FINIT/FNINIT Initialize processor
FDISI/FNDISI Disable interrupts
FENI/FNENI Enable interrupts
FLDCW Load control word
FSTCW/FNSTCW Store control word
FSTSW/FNSTSW Store status word
FCLEX/FNCLEX Clear exceptions
FSTENV/FNSTENV Store environment
FLDENV Load environment
FSAVE/FNSAVE Save state
FRSTOR Restore state
FINCSTP Increment stack pointer
FDECSTP Decrement stack pointer
FFREE Free register
FNOP No operation
FWAIT CPU wait
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11.3.2. 80C187 DATA TYPES

The microprocessor/math coprocessor combination supports the following seven data types:

e  Word Integer — A signed 16-bit numeric value. All operations assume a 2’s complement
representation.

e  Short Integer — A signed 32-bit numeric value (double word). All operations assume a
2’s complement representation.

e Long Integer — A signed 64-bit numeric value (quad word). All operations assume a 2’s
complement representation.

e Packed Decimal — A signed numeric value contained in an 80-bit BCD format.
e  Short Real — A signed 32-bit floating point numeric value.
e Long Real — A signed 64-bit floating point numeric value.

e Temporary Real — A signed 80-bit floating point numeric value. Temporary real is the
native 80C187 format. ‘

Figure 11.1 graphically represents these data types.

11.4. MICROPROCESSOR AND COPROCESSOR OPERATION

The 80C187 interfaces directly to the microprocessor (see Figure 11.2) and operates as an
I/O-mapped slave peripheral device. Hardware handshaking requires connections between the
80C187 and four special pins on the processor: NCS, BUSY, PEREQ and ERROR. These
pins are multiplexed with MCS3, TEST, MCS0 and MCS1, respectively. When the processor
leaves reset, the presence of the 80C187 automatically places the 80C186EA in Numerics
Mode and configures the pins correctly. Note that MCS2 always retains its function as a chip
select. The processor also retains the wait state and ready programming for the entire mid-
range memory block, even though MCS0, MCS1 and MCS3 are no longer available.

11.4.1. CLOCKING THE 80C187

The microprocessor and math coprocessor operate asynchronously and their clock rates may
differ. The 80C187 has a CKM pin which determines whether it uses the input clock directly
or divided by two. Direct clocking works up to 12.5 MHz, which makes it convenient to feed
the clock input from the microprocessor’s CLKOUT pin. Beyond 12.5 MHz, the 80C187 must
use a 2X frequency clock input up to a maximum of 32 MHz. The microprocessor and the
math coprocessor have correct timing relationships even with operation at different
frequencies.
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<« INCREASING SIGNIFICANCE
WORD | g | mAGNITUDE (TWO'S COMPLEMENT) /
INTEGER ;
15 0
SHORT MAGNITUDE .
WTEGER S (TWO'S COMPLEMENT)
31 0
LN | g MAGNITUDE (TWos -
INTEGER COMPLEMENT)
6 0
PACKED MAGNITUDE
pecwaL  |S| X )
D17 lD16 |D15 lD14 lD13 '012 |D11 |D10 |09 |D8 |D7 ]DS |D5 |D4 IDS |DZ lD1 |D0
) 7
SHORT BIASED
SIGNIFICAND
REAL S| exeonent
3 2 N 0
NG | g BIASED SIGNIFICAND
REAL EXPONENT
63 5 N
TEMPORARY BIASED
SIGNIFICAND
REAL § EXPONENT _1—|
79 64 63 A 0

11.42. PROCESSOR BUS CYCLES ACCESSING THE 80C187

Data transfers between the microprocessor and the 80C187 occur through the dedicated, 16-bit
I/O ports shown in Table 11.7. When the processor encounters a numerics opcode, it first
writes the opcode to the 80C187. The 80C187 decodes the instruction and passes elementary.
instruction’ information (Opcode Status Word) back to the processor. Since the 80C187 is a
slave processor, the Modular Core processor performs all loads and stores to memory.
Including the overhead in the microprocessor’s microcode, each data transfer between

Figure 11.1. 80C187-Supported Datal Types

memory and the 80C187 (via the microprocessor) takes at least 17 processor clocks.
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EXTERNAL , LATCH
OSCILLATOR

.|.
—

AD 15:0

ALE

L

CLKOUT

.| .
N

80C186
MODULAR
CORE

80C187

RESOUT

WR

RD

BUSY

ERROR

PEREQ

Figure 11.2. 80C186 Modular Core Family/80C187 System Configuration
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Table 11.7. 80C187 I/O Port Assignments

/0 READ WRITE
ADDRESS DEFINITION DEFINITION
00F8H Status/ Control Opcode
00FAH Data Data
00FCH Reserved CS:IP, DS:EA
00OFEH Opcode Status Reserved

The microprocessor cannot process any numerics (ESC) opcodes alone. If the CPU encounters
a numerics opcode with the TRAP bit in the Relocation Register a zero and the 80C187 is not
present, its operation is indeterminate. Even the FINIT/FNINIT initialization instruction (used
in the past to test the presence of a coprocessor) will fail without the 80C187. If an application
offers the 80C187 as an option, problems can be prevented in three ways:

¢ Remove all numerics (ESC) instructions, including code which checks for the presence of
the 80C187. ‘

e Use a jumper or switch setting to indicate the presence of the 80C187. The program can

interrogate the jumper or switch setting and branch away from numerics instructions when
the 80C187 socket is empty.

e Trick the microprocessor into predictable operation when the 80C187 socket is empty.
The fix is placing pull-up or pull-down resistors on certain data and handshaking lines so
the CPU reads a recognizable Opcode Status Word. This solution requires a detailed
knowledge of the interface.

Bus cycles involving the 80C187 Math Coprocessor behave exactly like other I/O bus cycles
with respect to the processor’s control pins. The next section covers integration of the 80C187
into the overall system.

11.4.3. SYSTEM DESIGN TIPS

All 80C187 operations require that bus ready be asserted. The simplest way to return the ready
indication is via hardware connected to the processor’s ARDY or SRDY pin. If you program a
chip select to cover the math coprocessor port addresses, its ready programming will be in
force and can provide bus ready for coprocessor accesses. The user must verify there are no
conflicts from other hardware connected to that chip select pin.

A chip select pin will go active on 80C187 accesses if you program it for a range including the

math coprocessor 1/O ports. The converse is not true — a non-80C187 access cannot activate
NCS (numerics chip select) regardless of programming.
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In a buffered system, it is customary to place the 80C187 on the local bus. Since DT/R and
DEN function normally during 80C187 transfers, you must qualify DEN with NCS (see
Figure 11.3). Otherwise, contention between the 80C187 and the transceivers occurs on read
cycles to the 80C187.

The microprocessor’s local bus is available to the integrated peripherals during numerics
execution whenever the CPU is not communicating with the 80C187. The idle bus allows the
processor to intersperse DRAM refresh cycles and DMA cycles with accesses to the 80C187.

The microprocessor’s local bus is available to alternate bus masters during execution of
numerics instructions when the CPU does not need it. Bus cycles driven by alternate masters
(via the HOLD/HLDA protocol) can suspend coprocessor bus cycles for an indefinite period.

The programmer may lock 80C187 instructions. The CPU asserts the LOCK pin for the entire
duration of a numerics instruction, monopolizing the bus for a very long time.

11.4.4. EXCEPTION TRAPPING

The 80C187 detects six error conditions that can occur during instruction execution. The
80C187 can apply default fix-ups or signal exceptions to the microprocessor’s ERROR pin.
The processor tests ERROR at the beginning of numerics instructions, so it traps an exception
on the next attempted numerics instruction after it occurs. When ERROR tests active, the
processor executes a Type 16 interrupt.

There is no automatic exception-trapping on the last numerics instruction of a series. If the last
numerics instruction writes an invalid result to memory, subsequent non-numerics instructions
can use that result as if it is valid, further compounding the original error. Insert the FNOP
instruction at the end of the 80C187 routine to force an ERROR check. If the program is
written in a high-level language, it is impossible to insert FNOP. In this case, route the error
signal through an inverter to an interrupt pin on the microprocessor (see Figure 11.4). With
this arrangement, use a flip-flop to latch BUSY upon assertion of ERROR. The latch gets
cleared during the exception-handler routine. Use an additional flip-flop to latch PEREQ to
maintain the correct handshaking sequence with the microprocessor.

11.5. EXAMPLE MATH COPROCESSOR ROUTINES

Example 11.1 shows the initialization sequence for the 80C187. Example 11.2 is an example
of a floating point routine using the 80C187. The FSINCOS instruction yields both sine and
cosine in one operation. ‘
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EXTERNAL LATCH
OSCILLATOR
BUFFER
D15:8
AD 15:0
ALE .
T OE
CLKOUT NI
80C186
g 80C187
CORE
A0
, Al
RESOUT — > RESET BUFFER
‘ D7:0
WR NPWR
RD NPRD
BUSY |« BUSY T OE
ERROR ERROR
PEREQ PEREQ .
‘NCS . NPS1
. }
DEN — NPS2
DTR

D15:0

Figure 11.3. 80C187 Configuration with Partially Buffered Bus
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80C186
MODULAR CORE 3
ERROR
RESOUT LD—L
INTx [€—
LATCH BUSY (—G_
PEREQ {&&
ALE NCS
A9-A16 —
AD15-AD0 RD
WR [ L
. c
A CLKOUT Q
D 74
D _a
R > DATA 15-0 S
E
s
S D15-D0 CLK
2 :
190
At L
CMDO NPRD ' [<€ ® I
80C187 _ 1
NPST [€&—— c
: | ! ‘
CKM PEREQ T
g BUSY s
NPS2 _
ERROR >0 ' %
RESET jeg—

Figure 11.4. 80C187 Exception Trapping via Processor Interrupt Pin
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Smodl186
name

; FUNCTION:

7 SYNTAX:
; INPUTS:

; OUTPUTS:

; NOTE :

lib_80186

_187_init

example_80C187_init

This function initializes the 80C187 numerics
Co-processor.

extern unsigned char far 187_init (void);
None

unsigned char - 0000h -> False -> coprocessor not
initialized ‘
ffffh -> True -> coprocessor
initialized
Parameters are passed on the stack as required by
high-level languages.

segment public ‘code’
assume cs:11ib_ 80186

public _187_init
proc far
push bp ;save caller’s bp
mov bp, sp ;get current top of stack
cli ;disable maskable
© ;interrupts
fninit ;init 80C187 processor
fnstcw [bp-2] ;get current control word
sti ;enable interrupts
mov ax, [bp-2] . «
and ax, 0300h ;mask off unwanted control
;bits
cmp ax, 0300h ;PC bits = 11
je Ok ;yes: processor ok
XOor ax, ax ;return false (80C187 not
; OK)

Example 11.1. Initialization Sequence for 80C187 Math Coprocessor
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pop bp ;restore caller’s bp
ret

Ok: and [bp-2]1, 0fffeh ;unmask possible exceptions
fldew [bp-2]
mov ax,0ffffh ;return true (80C1l87 ok)
Pop bp ;restore caller’s bp
ret :

_187_init endp

1ib_80186 ends
end

Example 11.1. Initialization Sequence for 80C187

Math Coprocessor (Continued)

Smod186
Smodcl87

name example_80C187_proc

; DESCRIPTION:

; VARIABLES:

; RESULTS:

; NOTES:

This code section uses the 80C187 FSINCOS
transcendental instruction to convert the
locus of a point from polar to Cartesian
coordinates.

The variables consist of the radius, r, and
the angle, theta. Both are expressed as
32-bit reals and 0 <= theta <= pi/4.

The results of the computation are the
coordinates x and y expressed as 32-bit

reals.

This routine is coded for Intel ASM86. It is
not set up as a HLL-callable routine.

This code assumes that the 80C187 has already
been initialized.

assume cs:code, ds:data

Example 11.2. Floating Point Math Routine Using FSINCOS
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\

data segment at 0100h
r dd x.xxxx ;substitute real operand

theta dd x.xxxx ;substitute real operand
x dad »
Y - dd ?

data ends
code segment at 0080h
convert proc far

mov ax, data
mov ds, ax

fld r ;load radius
fld theta ;load angle
fsincos ;st=cos, st(l)=sin
fmul st, st(2) ;compute x
fstp x ;store to memory and pop
frul ;compute y
fstp vy ‘ ;store to memory and pop
convert endp ‘
code ends
. ' end

Example 11.2. Floating Point Math Routine Using FSINCOS (Continued)

11-16




ONCE™ Mode

12







CHAPTER 12
ONCE™ MODE

ONCE (pronounced: ahnce) Mode provides the ability to three-state all output, bidirectional,
or weakly held high/low pins except OSCOUT. OSCOUT does not three-state to allow device
operation with a crystal network.

ONCE Mode electrically isolates the 80CI86EA or 80C188EA form the rest of the board
logic. This isolation allows a bed-of-nails tester to drive the device pins directly for more
accurate and thorough testing. An in-circuit emulation probe uses ONCE Mode to isolate a
surface mounted device from board logic and essentially “take over” operation of the board
(without removing the soldered device from the board).

12.1. ENTERING/LEAVING ONCE MODE

Forcing UCS and LCS low while RESIN is asserted (low) enables ONCE Mode (see Figure
12.1). Maintaining UCS, LCS and RESIN low continues to keep ONCE Mode active.
Returning UCS and/or LCS back high exits the ONCE Mode.

However, it is possible to always keep ONCE Mode active by deasserting RESIN while
keeping UCS and LCS low. Removing RESIN “latches” ONCE Mode and allows UCS and
LCS to be driven to any level. UCS and LCS must remain low for at least one clock beyond
the time RESIN is driven high. Asserting RESIN exits ONCE Mode, assuming UCS and
LCS do not remain low also (see Figure 12.1).

ucs

LCS

ALL OUTPUT,
BI-DIRECTIONAL,
WEAKLY HELD
PINS EXCEPT

0oscouT

NOTES: 1. Entering ONCE Mode.
2. Latching ONCE Mode.
3. Leaving ONCE Mode (assuming 2. occurred)

Figure 12.1. Entering/Leaving ONCE Mode
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APPENDIX A
80C186 INSTRUCTION SET ADDITIONS AND
EXTENSIONS

The 80C186 Modular Core family instruction set differs from the original 8086/8088
instruction set in two ways. First, there are several additional instructions that were not
available in the 8086/8088 instruction set. Second, there are several 8086/8088 instructions
that have been enhanced for the 80C186 Modular Core family instruction set.

A.1. 80C186 INSTRUCTION SET ADDITIONS

The following sections describe instructions added to the base 8086/8088 instruction set to
make the instruction set for the 80C186 Modular Core family. These instructions did not exist
in the 8086/8088 instruction set.

A.1.1.DATA TRANSFER INSTRUCTIONS

PUSHA/POPA

PUSHA (push all) and POPA (pop all) allow all general purpose registers to be stacked and
unstacked. The PUSHA instruction pushes all CPU registers (except as noted below) onto the
stack. The POPA instruction pops all registers pushed by PUSHA off of the stack. The
registers are pushed onto the stack in the following order: AX, CX, DX, BX, SP, BP, SI, DL
The Stack Pointer (SP) value pushed is the Stack Pointer value before the AX register was
pushed. When POPA is executed, the Stack Pointer value is popped, but ignored.

Note: This instruction does not save segment registers (CS, DS, SS, ES), the Instruction
Pointer (IP), the Program Status Word or any integrated peripheral registers.

A.1.2.STRING INSTRUCTIONS

INS source_string, port

INS (in string) performs block input from an I/O port to memory. The port address is placed in
the DX register. The memory address is placed in the DI register. This instruction uses the ES
segment register (which cannot be overridden). After the data transfer takes place, the pointer
register (DI) increments or decrements, depending on the value of the Direction Flag (DF).
The pointer register changes by 1 for byte transfers or 2 for word transfers.
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‘OUTS port, destination_string

OUTS (out string) performs block output from memory to an I/O port. The port address is
placed in the DX register. The memory address is placed in the SI register. This instruction
uses the DS segment register, but this may be changed with a segment override instruction.
After the data transfer takes place, the pointer register (SI) increments or decrements,
depending on the value of the Direction Flag (DF). The pointer register changes by 1 for byte
transfers or 2 for word transfers.

A.1.3.HIGH LEVEL INSTRUCTIONS
ENTER size, level

ENTER creates the stack frame required by most block-structured high-level languages. The
first parameter, size, specifies the number of bytes of dynamic storage to be allocated for the
procedure being entered (16-bit value). The second parameter, level, is the lexical nesting level
- of the procedure (8-bit value). Note: the higher the lexical nesting level, the lower the
procedure is in the nesting hierarchy.

The lexical nesting level determines the number pointers to higher level stack frames copied
into the current stack frame. This list of pointers is called the display. The first word of the
display points to the previous stack frame. The display allows access to variables of higher-
level (lower lexical nesting level) procedures.

After ENTER creates a display for the current procedure, it allocates dynamic storage space.
The Stack Pointer decrements by the number of bytes specified by size. All PUSH and POP
operations in the procedure use this value of the Stack Pointer as a base.

Two forms of ENTER exist: non-nested and nested. A lexical nesting level of 0 specifies the
non-nested form. In this situation, BP is pushed, the Stack Pointer is copied to BP and
decremented by the size of the frame. If the lexical nesting level is greater than 0, the nested
form is used. Figure A.1 gives the formal definition of ENTER.

ENTER treats a reentrant procedure as a procedure calling another procedure at the same
lexical level. A reentrant procedure can only address its own variables and variables of higher-
level calling procedures. ENTER ensures this by copying only stack frame pointers from
higher-level procedures.

Block-structured high-level languages use lexical nesting levels to control access to variables
of previously nested procedures. For example, assume, as shown in Figure A.2, PROCEDURE
A calls PROCEDURE B which calls PROCEDURE C which calls PROCEDURE D.
PROCEDURE C = will have access to the wvariables of MAIN and
PROCEDURE A, but not PROCEDURE B because they operate at the same lexical nesting
level. The following is a summary of the variable access for Figure A.2.
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The formal definition of the ENTER instruction for all cases is given by the
following listing: (LEVEL denotes the value of the second operand.)

Push BP
Set a temporary value FRAME_PTR: = SP
If LEVEL > 0 then
Repeat (LEVEL - 1) times:
BP:=BP-2
Push the word pointed to by BP
End repeat
Push FRAME_PTR
End if
BP: = FRAME_PTR
SP: = SP - first operand

Figure A.1. Formal Definition of ENTER

MAIN PROGRAM (LEXICAL LEVEL 1)

PROCEDURE A (LEXICAL LEVEL 2)

PROCEDURE B (LEXICAL LEVEL 3)

PROCEDURE C (LEXICAL LEVEL 3)

PROCEDURE D (LEXICAL LEVEL 4)

Figure A.2. Variable Access in Nested Procedures
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1. MAIN PROGRAM has variables at fixed locations.
2. PROCEDURE A can access only the fixed variables of MAIN.

3. PROCEDURE B can access only the variables of PROCEDURE A and MAIN.
PROCEDURE B cannot access the variables of PROCEDURE C or PROCEDURE D.

4. PROCEDURE C can access only the variables of PROCEDURE A and MAIN.
PROCEDURE C cannot access the variables of PROCEDURE B or PROCEDURE D.

5. PROCEDURE D can access the variables of PROCEDURE C, PROCEDURE A and
MAIN. PROCEDURE D cannot access the variables of PROCEDURE B.

The first ENTER, executed in the MAIN PROGRAM, allocates dynamic storage space for
MAIN, but no pointers are copied. The only word in the display points to itself because no
previous value exists to return to after LEAVE is executed (see Figure A.3).

15 0
OLD BP
—> DISPLAY MAIN
BP BPM }
DYNAMIC
STORAGE
MAIN

sp —>
*BPM = BP VALUE FOR MAIN

Figure A.3. Stack Frame for MAIN at Level 1

After MAIN calls PROCEDURE A, ENTER creates a new display for PROCEDURE A. The
first word points to the previous value of BP (BPM). The second word points to the current
value of BP (BPA). BPM contains the base for dynamic storage in MAIN. All dynamic
variables for MAIN will be at a fixed offset from this value (see Figure A.4). '

After PROCEDURE A calls PROCEDURE B, ENTER creates the display for PROCEDURE
B. The first word of the display points to the previous value of BP (BPA). The second word
points to the value of BP for MAIN (BPM). The third word points to the BP for
PROCEDURE A (BPA). The last word points to the current BP (BPB). PROCEDURE B can
access variables in PROCEDURE A or MAIN via the appropriate BP in the display (see
Figure A.5). ’ ‘
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15 0
OLD BP
BPM
BPM
BP —>
BPM DISPLAY A
BPA*
DYNAMIC
STORAGE A
SP —>

*BPA = BP VALUE FOR PROCEDURE A

Figure A.4. Stack Frame for Procedure A at Level 2

After PROCEDURE B calls PROCEDURE C, ENTER creates the display for PROCEDURE
C. The first word of the display points to the previous value of BP (BPB). The second word
points to the value of BP for MAIN (BPM). The third word points to the value of BP for
PROCEDURE A (BPA). The fourth word points to the current BP (BPC). Because
PROCEDURE B and PROCEDURE C have the same lexical nesting level, PROCEDURE C
cannot access variables in PROCEDURE B. The only pointer to PROCEDURE B in the
display of PROCEDURE C exists to allow the LEAVE instruction to collapse the
PROCEDURE C stack frame (see Figure A.6).

LEAVE

LEAVE reverses the action of the most recent ENTER instruction. It collapses the last stack
frame created. First, LEAVE copies the current BP to the Stack Pointer releasing the stack
space allocated to the current procedure. Second, LEAVE pops the old value of BP from the
stack, to return to the calling procedure's stack frame. An RET instruction will remove
arguments stacked by the calling procedure for use by the called procedure.

BOUND register, address

BOUND verifies that the signed value in the specified register lies within specified limits. If
the value does not lie within the bounds, an array bounds exception (type 5) occurs.
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15 0

OLD BP
BPM

BPM
BPM
BPA

BPA
BPM
BPA
BPB

BP —>

DISPLAY B

DYNAMIC
STORAGE B

SP—>

Figure A.5. Stack Frame for Procedure B at Level 3 Called from A

BOUND has two operands. The first, register, specifies the register being tested. The second,
address, contains the effective relative address of the two signed boundary values. The lower
limit word is at this address and the upper limit word immediately follows. The limit values
cannot be register operands (if they are, an invalid opcode exception occurs).

BOUND is useful for checking array bounds before attempting to access an array element.
This avoids the program overwriting information outside the limits of the array.

A.2. 80C186 INSTRUCTION SET ENHANCEMENTS

The following sections describe enhancements to the 8086/8088 instruction set available with
the 80C186 Modular Core family. These instructions were available with the 8086/8088
instruction set, but have been expanded to be more useful.
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BP —>

sP—>

15

OLD BP

BPM

BPM

BPM

BPA

BPA

BPM

BPA

BPB

BPB

BPM

BPA

BPC

DISPLAY C

DYNAMIC
STORAGE C

Figure A.6. Stack Frame for Procedure C at Level 3 Called from B
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A.2.1.DATA TRANSFER INSTRUCTIONS
PUSH data

PUSH (push immediate) allows an immediate argument, data, to be pushed onto the stack.
The value can be either a byte or a word. Byte values will be sign extended to word size before
being pushed.

A.2.2.ARITHMETIC INSTRUCTIONS
IMUL destination, source, data

IMUL (integer immediate multiply, signed) allows a value to be multiplied by an immediate
operand. IMUL requires three operands. The first, destination, is the register where the result
will be placed. The second, source, is the effective address of the multiplier. The source may
be the same register as the destination, another register or a memory location. The third, data,
is an immediate value used as the multiplicand. The data operand may be a byte or word. If
data is a byte, it is be sign extended to 16-bits. Only the lower 16-bits of the result are saved.
The result must be placed in a general purpose register.

A.2.3.BIT MANIPULATION INSTRUCTIONS

The 80C186 Modular Core .instruction set includes enhancements to the bit manipulation
instructions. The following sections describe these enhancements.

A.23.1. SHIFT INSTRUCTIONS

SAL destination, count

SAL (immediate shift arithmetic left) shifts the destination operand left by an immediate
value. SAL has two operands. The first, destination, is the effective address to be shifted. The
second, count, is an immediate byte value representing the number of shifts to be made. The
CPU will AND count with 1FH before shifting to allow no more than 32 shifts. Zeros shift in
on the right. ' ‘
SHL destination, count

SHL (immediate shift logical left) is physically the same instruction as SAL (immediate shift
arithmetic left).

SAR destination, count
SAR (immediate shift arithmetic right) shifts the destination operand right by an immediate

value. SAL has two operands. The first, destination, is the effective address to be shifted. The
second, count, is an immediate byte value representing the number of shifts to be made. The
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CPU will AND count with 1FH before shifting to allow no more than 32 shifts. The value of
the original sign bit shifts into the most-significant bit to preserve the initial sign.

SHR destination, count

SHR (immediate shift logical right) is physically the same instruction as SAR (immediate shift
arithmetic right).

A.23.2. ROTATE INSTRUCTIONS
ROL destination, count

ROL (immediate rotate left) rotates the destination byte or word left by an immediate value.
ROL has two operands. The first, destination, is the effective address to be rotated. The
second, count is an immediate byte value representing the number of rotations to be made. The
most-significant bit of destination rotates into the least-significant bit.

ROR destination, count

ROR (immediate rotate right) rotates the destination byte or word right by an immediate value.
ROR has two operands. The first, destination, is the effective address to be rotated. The
second, count is an immediate byte value representing the number of rotations to be made. The
least-significant bit of destination rotates into the most-significant bit.

RCL destination, count

RCL (immediate rotate through carry left) rotates the destination byte or word left by an
immediate value. RCL has two operands. The first, destination, is the effective address to be
rotated. The second, count, is an immediate byte value representing the number of rotations to
be made. The Carry Flag (CF) rotates into the least-significant bit of destination. The
most-significant bit of destination rotates into the Carry Flag.

RCR destination, count

RCR (immediate rotate through carry right) rotates the destination byte or word right by an
immediate value. RCR has two operands. The first, destination, is the effective address to be
rotated. The second, count, is an immediate byte value representing the number of rotations to
be made. The Carry Flag (CF) rotates into the most-significant bit of ‘destination. The least-
significant bit of destination rotates into the Carry Flag.
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APPENDIX B
INPUT SYNCHRONIZATION

Many input signals to an 80C186EA or 80C188EA embedded processor are asynchronous.
Asynchronous signals do not require a specified set up or hold time to ensure the device does
not incur a failure. However, asynchronous setup and hold times are specified in the data sheet
to ensure recognition. Associated with each of these inputs is a synchronizing circuit (see
Figure B-1) which samples the asynchronous signal and synchronizes it to the internal
operating clock. The output of the synchronizing circuit is then safely routed to the logic units.

ASYNCHRONOUS D Q D Q SYNCHRONIZED
INPUT OUTPUT
FIRST SECOND
LATCH LATCH
©—P @ —
NOTES: 1. First latch sample clock, can be phase 1 or phase 2 depending on pin function

2. Second latch sample clock, opposite phase of first latch sample clock
(e.g. if first latch is sampled with phase 1, the second latch is sampled with phase 2).

Figure B.1. Input Synchronization Circuit

B.1. WHY SYNCHRONIZERS ARE REQUIRED

Every data latch requires a specific set up and hold time to operate properly. The duration of
the setup and hold time defines a window where the device attempts to latch the data. If the
input makes a transition within this window, the output may not attain a stable state. The data
sheet specifies a setup and hold window larger than is actually required. However, variations
" in device operation (e.g., temperature, voltage) require a larger window be specified to cover
all conditions.

Should the input to the data latch transition during the sample and hold window, the output of
the latch eventually attains a stable state. Reaching this stable state must occur before the
second stage of sychroniztion requires a valid input. To synchronize an asynchronous signal,
the circuit in Figure B-1 samples the input into the first latch, allows to output to stabilize, then
samples the stabilized value into a second latch. With the asynchronous signal resolved in this
way, the input signal can not cause a internal device failure.
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A synchronization failure can occur when the output of the first latch does not meet the setup
and hold requirements of the input of the second latch. The rate of failure is determined by the
actual size of the sampling window of the data latch, and by the amount of time between the
strobe signals of the two latches. As the sampling window gets smaller, the number of times
an asynchronous transition occurs during the sampling window drops.

B.2. ASYNCHRONOUS PINS

The 80C186EA and 80C188EA embedded processors use the two stage synchronization
circuit on the following pins: T1IN, T2IN, NMI, TEST/BUSY, INT0-3, HOLD, DRQO, and
DRQI.
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Table C.1. Instruction Set Summary

Clock

Function Format Cycles Comments
DATA TRANSFER
MOV .= MOVE:
Register to Register/Memory 1000100 wj modreg t/m 2/12
Register/memory to register 1000101 w| modreg r/m 2/9
Immediate to register memory 1100011 w| mod000 t/m data data if w=1 | 12-13 8/16-bit
Immediate to register 1011w reg data data if w=1 34 8/16-bit
Memory to accumulator 1010000w addr-low addr-high 9
Accumulator to memory 1010001 wl addr-low addr-high 8
Register/memory to segment register 10001110/ modOreg r/m 2/9
Segment register to register/memory . 1000110 0] modOreg /m 21
PUSH = Push:
Memory 1111111 1] md110 vm | 16
Register 01010 reg 10
Segment register 000 g 110 9

PUSHA = Push All 01100000 )
POP = Pop:

Memory 10001 111] medooo | 2
Register 01011 reg 10
Segment register 000 r6g 111 (reg201) : 8

XCHG = Exchange:

Register/memory with register 100001 1 w| modreg tm_| an7
Register with accumulator 10010 reg 3
IN = input from:

Fixed port 1110010w port 10
Variable port 1110110w 8
OUT = Output to:

Fixed port 1110011w port ] 9
Variable port 111011 1w 7
XLAT =Translate byte to AL 11010111 1"
LEA = Load EA to register ' 1000110 1] modreg /m 6
LDS = Load pointer to DS 1100010 1] modreg /m | (mod211) 18
LES = Load pointer to ES 1100010 0] modreg r/m (mod211) 18
LAHF = Load AH with flags 100t1111 | 2
SAHF = Store AH into flags 10011110 3
PUSHF = Push flags 10011100 9
POPF = Pop Flags 10011101 8

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
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- ~ Table C.1. Instruction Set Summary (Continued)

Format gylgm Comments
 DATA TRANSFER (Continued)
SEGMENT = Segment Override:
Shcse ; 00101110 2
s ‘ 00110110 2
s 00111110 2
5 00100110 2
* ARITHMETIC
ADU=M¢: .
Reg/memory with register to either 000000 dw| modreg m ‘ 3/10
Immiediate to register/memory ‘ 100000 s w| mod000 t/m data data if s w=01 4/16
Immediate to accumulator 000001 0w data data if w=1 3/4 8/16-bit
ADC = Add with carry:
Reg/hemowwhh register to either 000100 dw]| modreg t/m 3/10
Immediate to register/memory 100000s w| md010 /m data data if s w=01 | 4/16
Immediate to accumulator 0001010w data data if w=1 3/4 8/16-bit
INC = Increment
Register/memory 1111111 w| mod000 =~ ©/m . 3/15
Register 01000 reg 3
SUB = Subtract )
Reg/memory and register to either 001010 dw| modreg r/m 3/10
Immediate from register/memory 100000 s w/| modi01 r/m data data if s w=01 I 4116
Immediate from accumulator 0010110w data data if w=1 3/4 8/16-bit
$BB = suMmcl with borrow
Reg/memory and register to either 000110 dw]| modreg /m 3/10
Immediate from register/memory 100000 s w| modOt1 m data data if s w=01 l 416
g !mrﬁediaté,fromaccumulator . 0001110w data data if w=1 ) 3/4 8/16-bit
1111111 w| mod001 m | 315
01001 reg ) 3
0011101 w[ modreg /m 310
0011100 w[ modreg t/m 3110
100000s wi mditd r/m’ data data if s w=01 | 3110
0011110 wj data data if w=1 3/4 8/16-bit
sign:ioy. o 1111011 w| mod0i1 /m ’ 3
adiust for Add. . 00110111 8
00100111 4
00111111 7
0o0101t11t1 4
¢ MUk Mutily (unsigned): [ 111011 w[ mdioo t/m .
" Register-Byte ) i 26-28
Register-Word 35-37
Memory-Byte N 32-34
Memory-Word 41-43

Shaded areas indicate instructions not available in iAPX 86, 88 microsysteins.
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Table C.1. Instruction Set Summary (Cohtinued)

Clock

Function ) Format Cycles Comments
ARITHMETIC (Continued)
IMUL = Integer multiply (signed): 11 171101 1w l mod10 1 r/m |
Register-Byte 25-28
Register-Word 34-37
Memory-Byte 31-34
Memory-Word 40-43

DIV = Divide (unsigned): |1 111011 w
Register-Byte

—

mod 110 /m |

Register-Word
Memory-Byte
Memory-Word

IDIV = Integer divide (signed): 111101 1w
Register-Byte
Register-Word

mod 111 m |

Memory-Byte
Memory-Word

AAM = ASCII ‘adjust for multiply 11010100/00001010
AAD = ASCI! adjust for divide 11010101j00001010
CBW = Convert byte to word 10011000

CWD = Convert word to double word 10011001

LOGIC

Shift/Rotate Instructions:

Register/Memory by 1 [171 01000 w] mdTTT vm |

Register/Memory by CL : |1 101001 wl mod TTT r/m

TIT  Instruction
000 ROL
001 ROR
010 RCL
011 RCR
100 SHUSAL
101 SHR
111 SAR
AND = And:
Reg/memory and register to either 001000 dw| modreg r/m
Immediate to register/memory 1000000 w(| mod100 r/m data . data if w=1 j
Immediate to accumulator 0010010w data data if w=1
TEST = And function to flags, no result:
Register/memory and register 1000.01 0 w| modreg /m
data and regi y 1111011 w| md000 t/m data dataifw=1 |
Immediate data and accumulator 101T0100w data data if w=1
OR=0r:
Reg/memory and register to either 0000 10d w/| modreg /m
Immediate to register/memory 1000000 w| mod001 /m data data if w=1
immediate to accumulator 0000110w data data if w=1

215

5+n/17+n

310
4/16
3/4

3/10
4/10
4

3/10
4/16
34

8/16-bit

8/16-bit

8/16-bit

Shaded areas indicate instructions not available in iAPX 86, 88 microsystemls.

c-3



intgl.

APPENDIX C

Table C.1. Instruction Set Summary (Continued)

Repeated by count in CX

MOVS - Move string
CMPS - Compare string
SCAS - Scan string

~ LODS - Load string
$TOS - Store string

CONTROL TRANSFER
CALL = Call:

Direct within segment
' Register memory indirect within segment
Direct intersegment

Indirect intersegment

JMP = Unconditional jump:

Short/long

Direct within segment
Register/memory indirect with segment

Direct intersegment

Indirect intersegment

RET = Return from CHPS:

Within segment

With seg adding immed to SP

Intersegment

Intersegment adding immediate to SP'
JE/JZ = Jump on equal zero

JL/INGE = Jump on less/not greater or equal
JLE/ING = Jump on less or equal/not greater

111100101 010010w
1111001z[101001 1w
1111001zJ10101 11w
1111001010101 10w
11110100}01 1001w

11101000 disp-low disp-hour
11111111 mod010 r/m
10011010 segment offset
selector
11111111] modo11 vm | (mod 2 11)

11101011 disp-low

11101001 disp-low disp-high

11111111 mod 100 /m

11101010 segment offset
selector

1111111 mod101 vm_| (mod > 11)

11000011

11000010  data-low data-high
11001011

11001010 data-low data-high
01110100 disp
01111100 disp
01111110 disp

Function Format g;:;ks Comments
LOGIC (Continued)
XOR = Exclusive or:
Reg/memory and register to either 001 100dw| modreg /m -3110
Immediate to register/memory 1000000 w| mdil10 /m data data if w=1 416
Immediate to accumulator 0011010w data data if w=1 3/4 8/16-bit
Not = Invert register/memory 1111011 w| mod010 r/m 3
STRING MANIPULATION:
MOVS = Move byte/word 1010010w 14
CMPS = Compare byte/word 1010011 w 22
SCAS = Scan byte/word 17010111 w 15
LODS = Load byte/wd to AL/AX 10101 10w 12
STOS = Stor byte/wd from AL/A 1010101 w 10

84
5+22n
54150
6+11n
6+9n

13/19
23

38

1n7

413
4n3
413

13if JMP
taken

4if Jmp

not taken

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
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Table C.1. Instruction Set Summary (Continued)

Function Format (?yI:lceks Comments
Control Transfer (Continued)
JB/INAE = Jump on below/not above or equal 01110010 disp 413
JBE/JNA = Jump on below or equal/not above 01110110 disp 413
JP/JPE = Jump on parity/parity even 01111010 disp 413
J0 = Jump on overflow 01110000 disp 413
J8 = Jump on sign 01111000 disp 413
JNE/INZ = Jump on not equal/not zero 01110101 disp 4713
JNL/JGE = Jump on not less/greater or equal 01111101 disp 413
JINLE/JG = Jump on not less or equal/greater 01111111 disp 413
JNB/JAE = Jump on not below/above or equal 01110011 disp 413
JNBE/JA = Jump on not below or equal/above 01110111 disp 413
JNP/JPO = Jump on not par/par odd 01111011 disp ) 413
JNO = Jump on not overflow 01110001 disp 43
JNS = Jump on not sign 01111001 disp 515
JCXZ = Jump on CX zero 11100011 disp 6/16
LOOP = Loop CX times - 11100010 disp . 6/16
LOOPZ/LOOPE = Loop while zero/equal 11100001 disp 16 JMP taken/
LOOPNZ/LOOPNE = Loop while not zero/equal 11100000 disp 5 JMP not taken

LEAVE = Leave Procedure 11001001 , 8

INT = Interrupt:

Type specified . 11001101 type I 47 if INT taken/
Type 3 11001100 45 if INT not
INTO = Interrupt on overflow 11001110 ] 48/4 taken
IRET = Interrupt return 11001111 28

PROCESSOR CONTROL

CLC = Clear carry 11111000 2
CMC = Complement carry 11110101 2
STC = Set carry 11111001 2
CLD = Clear direction 11111100 2
STD = Set direction 11111101 2
CLI = Clear interrupt 11111010 2
STI = Set interrupt 11111011 2
HLT = Halt 11110100 2
WAIT = Wait 10011011 6 if fest = 0
LOCK = Bus lock prefix 11 10000 2
ESC = Processor extension escape 11011 T7T7TT| modLLL r/m I 6

(TTT LLL are opcode to processor extension)

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
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FOOT NOTES

The Effective Address (EA) of the memory operand reg is assigned according to the following:
is computed according to the mod and r/m fields:

Segment
if mod = 11 then r/m is treated as a REG field reg Register
if mod = 00 then DISP = 0%, disp-low and disp-high !
are absent - 00 ES
if mod = 01 then DISP = disp-low sign-extended to - 01 CS
16-bits, disp-high is absent 10 N
if mod = 10 then DISP = disp-high:disp-low 11 DS
if r/m = 000 then EA = (BX) + (SI) + DISP REG is assigned according to the
if r/m = 001 then EA = (BX) + (DI) + DISP . following table: ‘
if r/m = 010 then EA = (BP) + (SI) + DISP .
if r/m = 011 then EA = (BP) + (DI) + DISP ~ 16-Bit (w=1) 8-Bit (w=0)
if r/m = 100 then EA = (SI) + DISP ‘
if /m = 101 then EA = (DI) + DISP ' . 000 AX 000 AL
if r/m = 110 then EA = (BP) + DISP* 001 €X 001 CL
if r/m = 111 then EA = (BX) + DISP 010 DX 010 DL

011 BX 011 BL

DISP follows 2nd byte of instruction (before data 100 SP 100 AH
if required) 101 BP 101 CH
: ~ 110 SI 110 DH

*excgpt if mod‘= 00 and r/m = 110 then EA = disp-high:disp-low. 111 DI 111 BH

SEGMENT OVERRIDE PREFIX The physical address of all operands

001 reg 110 addressed by the BP register are com-

, puted using the SS segment register. The
physical addresses of the destination
operands of the string primitive operation
(those addressed by the DI register) are
computed using the ES segment, which
may not be overridden.

C-6



APPENDIX C

Table C.2. Machine Instruction Decoding Guide

ISTBYTE 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
HEX | BINARY
00 | 0000 0000 | MOD REGRM (DISP-LO),(DISP-HI) ADD  REGS8/MEMS,REGS
01 | 0000 0001 | MOD REGRM (DISP-LO),(DISP-HI) ADD  REG16/EMI16,REG16
02 | 0000 0010 | MOD REGRM (DISP-LO),(DISP-HI) ADD  REGSREGS8/MEMS
03 | 0000 0011 | MOD REGRM (DISP-LO),(DISP-HI) ADD  REG16,REG16/MEMI6
04 | 0000 0100 | DATA-8 ADD  ALIMMEDS
05 | 0000 0101 | DATA-LO DATA-HI ADD  AX,MMEDI6
06 | 0000 0110 PUSH ES
07 | 0000 o111 POP ES
08 | 0000 0100 | MOD REGRM (DISP-LO),(DISP-HI) OR REGS/MEMS,REG8
09 | 0000 1001 | MOD REGRM (DISP-LO)(DISP-HI) OR REG16/MEMI16,REG16
0A | 0000 1010 | MOD REGRM (DISP-LO),(DISP-HI) OR REG8,REG8/MEMS8 |
0B | 0000 1011.| MOD REGRM (DISP-LO),(DISP-HI) OR REG16,REG16/MEM16 .
0C | 0000 1100 | DATA-8 OR ALIMMEDS ‘
0D | 0000 1101 | DATA-LO DATA-HI OR AX,MMEDI16
0E | 0000 1110 PUSH CS
OF | 0000 1111 (not used) B
10 | ooo1 0000 | MOD REGRM (DISP-LO),(DISP-HI) ADC REGS/MEM8,REGS  +°
11 | 0001 0001 | MOD REGRM (DISP-LO),(DISP-HI) ADC  REGI6/MEMI6;REGI6
12 | 0001 0010 | MOD REG RM (DISP-LO),(DISP-HI) ADC REG8,REG8/MEMS.
13 | 0001 0011 | MOD REGRM (DISP-LO),(DISP-HI) ADC  REGIGREGI6/MEMI6 .
14 | 0001 0100 | DATA-8 ADC  ALIMMEDS
15 | 0001 0101 | DATA-LO DATA-HI ADC  AX,MMEDI6
16 | 0001 o110 PUSH SS S
17 | o001 o111 pOP ss
18 | 0001 1000 | MOD REG RM (DISP-LO),(DISP-HI) SBB REG8/MEMS,REG8 :
19 | 0001 1001 | MOD REG RM (DISP-LO),(DISP-HI) SBB REG16/MEMI16,REG16
1A | 0001 1010 | MOD REGRM (DISP-LO)(DISP-HI) SBB REG8,REG8/MEMS8
1B | 0001 1011 | MOD REGRM (DISP-LO),(DISP-HI) SBB REG16,REG16/MEM16
1C | 0001 1100 | DATA-8 SBB ALJIMMEDS8
ID | 0001 1101 | DATA-LO DATA-HI SBB AX,IMMED16
1E | 0001 1110 PUSH DS
1IF | 0001 1111 poP DS
20 | 0010 0000 | MOD REG RM (DISP-LO),(DISP-HI) AND  REGS8/MEMS,REGS .
21 | 0010 0001 | MOD REG RM (DISP-LO),(DISP-HI) AND  REGI6/MEMI6REGI6 . .-
22 | 0010 0010 | MOD REG RM (DISP-LO),(DISP-HI) AND  REGS,REG8/MEMS . .
23 | 0010 0011 | MOD REGRM (DISP-LO),(DISP-HI) AND  REGI6REG16/MEMI6:
24 | 0010 0100 | DATA-8 AND  ALIMMEDS . °
25 | 0010 0101 | DATA-LO DATA-HI AND  AX,MMEDI6
26 | 0010 0110 ES: (segment override prefix): ' -
27 | o010 o111 DAA oo
28 | 0010 1000 | MOD REG RM (DISP-LO),(DISP-HI) SUB
29 | 0010 1001 | MOD REG RM (DISP-LO),(DISP-HI) SUB
2A | 0010 1010 | MOD REGRM (DISP-LO),(DISP-HI) SUB
2B | 0010 1011 | MOD REGRM (DISP-LO),(DISP-HI) SUB
2C | 0010 1100 | DATA-8 SUB
2D | 0010 1100 | DATA-LO DATA-HI SUB
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APPENDIX C

Table C.2. Machine Instruction Decoding Guide (Continued)

ISTBYTE

2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT

| HEX BINARY

2E 0010 1110 CS: (segment override prefix)

2F | 0010 1111 ) DAS

30 0011 0000 | MOD REGRM (DISP-LO),(DISP-HI) XOR REG8/MEMS8,REG8

31 0011 0001 MOD REG RM (DISP-LO),(DISP-HI) XOR REG16/MEM16,REG16

32 0011 0010 MOD REG RM (DISP-LO),(DISP-HI) XOR REG8,REG8/MEMS8

33 0011 0011 MOD REG RM (DISP-LO),(DISP-HI) XOR REG16,REG16/MEM16

34 0011 0100 | DATA-8 XOR AL,MMEDS

35 0011 0100 | DATA-LO DATA-HI XOR AX,IMMED16

36 0011 0110 SS: (segment override prefix)

37 0011 0111 AAA

38 0011 1000 | MOD REG RM (DISP-LO),(DISP-HI) CMP REG8/MEMS8,REG8

39 0011 1001 MOD REG RM (DISP-LO),(DISP-HI) CMP REG16/MEM16,REG16

3A | 0011 1010 | MOD REGRM (DISP-LO),(DISP-HI) CMP REG8 REG8/MEMS$

3B | 0011 1011 MOD REG RM (DISP-LO),(DISP-HI) CMP REG16 REG16/MEM16

3C | 0011 1100 | DATA-8 CMP ALIMMEDS

3D | 0011 1101 DATA-LO DATA-HI CMP AX,IMMEDI16

3E 0011 1110 | ° DS: (segment override prefix)

3F | 0011 1111 AAS

40 0100 0000 INC AX

41 0100 0001 INC cX

4?2 0100 0010 INC DX

43 0100 0011 INC BX

4 0100 0100 INC SP

45 | 0100 0101 INC BP

46 0100 0110 INC SI

47 0100 0111 INC DI

48 0100 1000 DEC AX

49 0100 1001 DEC cX

4A | 0100 1010 DEC DX

4B 0100 1011 DEC BX

4C | 0100 1100 DEC SP

4D | 0100 1101 DEC BP

4E 0100 1110 DEC SI

4F | 0100 1111 DEC DI

50 0101 0000 PUSH AX

51 0101 0001 PUSH cX

52 0101 0010 PUSH DX

53 0101 0011 PUSH BX

54 | 0101 0100 PUSH SP

5S 0101 0101 PUSH BP

56 0101 0110 PUSH SI

57 0101 0111 PUSH DI

58 0101 1000 , POP AX

59 0101 1001 POP cX

SA | 0101 1010 POP DX

5B 0101 = 1011 POP BX
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APPENDIX C

Table C.2. Machine Instruction Decoding Guide (Continued)

ISTBYTE 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
| HEX | BINARY
sc | 0101 1100 POP sp
sD | o101 1101 POP BP
SE | 0101 1110 POP s
SF | o101 1111 POP DI
60 | 0110 0000 PUSHA (186/8 ONLY)
61 | 0110 0001 POPA  (186/8 ONLY) ,
62 | 0110 0010 | MODREGRM BOUND REG16,MEM16(186/8 ONLY)
63 | 0110 0011 (not used)
64 | 0110 0100 (not used)
65 | o110 o101 (not used)
66 | 0110 0110 (not used)
67 | 0110 0111 (not used)
68 | 0110 1000 | DATA-LO DATA-HI PUSH  IMMEDI6(186/8 ONLY)
69 | 0110 1001 | MOD REGRM DATA-LO,DATA-HI IMUL  IMMEDI6(186/8 ONLY)
6A | 0110 1010 | DATA-8 PUSH  IMMEDS(186/8 ONLY)
6B | 0110 1011 | MOD REGRM DATA-8 IMUL  IMMEDS(186/8 ONLY)
6c | 0110 1100 INS MEMS8,DX(186/8 ONLY)
6D | o110 1101 INS MEM16,DX(186/8 ONLY)
6E | 0110 1110 OUTS  MEMS,CX(186/8 ONLY)
6F | o110 1111 OUTS  MEM16,DX(186/8 ONLY)
70 | o111 0000 | IP:INC8 JjO SHORT-LABEL
71 | 0111 0001 | IP-INC8 INO SHORT-LABEL
72 | o111 0010 | IP-INC8 B/ SHORT-LABEL
INAE/
ic
73 | o111 0011 | IP-INCS JNB/  SHORT-LABEL
JAE/
INC
74 | 0111 0100 | IP-INC8 JENZ  SHORT-LABEL
75 | o1l 0101 | IP-INCS INE/INZ SHORT-LABEL
76 | o111 0110 | IP-INCS JBE/INA SHORT-LABEL
77 | o111 o1l | IP-INCS | JNBE/  SHORT-LABEL
JA
78 | 0111 1000 | IP-INCS s * SHORT-LABEL
79 | o111. 1001 | IP-INC3 INS SHORT-LABEL
7A | 0111 1010 | IP-INC8 JPIPE  SHORT-LABEL
7B | 0111 1011 | IP-INC8 INPJPO SHORT-LABEL
7c | o111 1100 | IP-INC8 1 7] SHORT-LABEL
INGE
7D | o111 1101 | IP-INC8 INLIGE SHORT-LABEL
7E | o111 1110 | IP-INC8 JLE/ SHORT-LABEL
ING
7F | o111 1111 | IP-INC8 JNLE/  SHORT-LABEL
1G
80 | 1000 0000 | MOD 000 RM (DISP LO)(DISP HI) ADD  REGS/MEMSIMMEDS
DATA-8
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APPENDIX C

Table C2 Machine Instruction Decoding Guide (Continued)

ISTBYTE 2ND BYTE ! BYTES3,4,5,6 ASM-86 INSTRUCTION FORMAT
| HEX | BINARY
1000 0000 [ MOD 001 RM (DISP-LO),(DISP-HI), . OR REG8/MEMS8,IMMEDS
DATA-8 ,
1000 000 | MOD 010 RM (DISP-LO),(DISP-HI), ADC REG8/MEMS,IMMEDS
DATA-8 o
80 | 1000 0000 | MODO11 RM (DISP-LO),(DISP-HI), SBB REG8/MEMS,IMMEDS
DATA-8 '
80 | 1000 0000 | MOD 100 RM (DISP-LO),(DISP-HD), AND  REGS/MEMS8IMMEDS
‘ DATA-8
80 | 1000. 0000 | MOD 101 RM (DISP-LO),(DISP-HI), SUB REG8/MEMS,IMMEDS
, DATA-8
80 | 1000 0000 | MOD 110 RM (DISP-LO),(DISP-HI), XOR REG8/MEMS8,IMMEDS
' DATA-8
1000 0000 | MOD 111 RM (DISP-LO),(DISP-HD), CMP REG8/MEM8,IMMEDS
DATA-8
81. | 1000 0001 | MOD 000 RM (DISP-LO),(DISP-HI), ADD  REG16/MEM16 IMMEDI16
DATA-LO,DATA-HI ‘ ‘
81 | 1000 0001 | MOD 00! RM (DISP-LO),(DISP-HI), OR REG16/MEM16 IMMED16
v DATA-LO,DATA-HI
81 | 1000 0001 | MODO010RM (DISP-LO),(DISP-HI), ADC REG16/MEM16,IMMEDI16
DATA-LODATA-HI
81 | 1000 0001 | MODOI11RM (DISP-LO),(DISP-HI), SBB REG16/MEM16 IMMED16
DATA-LODATA-HI '
81 | 1000 0001 | MOD 100 RM (DISP-LO),(DISP-HI), AND  REG16/MEM16 IMMEDI16
DATA-LO.DATA-HI \
81 | 1000 0001 | MOD 101 RM (DISP-LO),(DISP-HI), SUB REG16/MEM16,IMMED16
. DATA-LO,DATA-HI
81 | 1000 0001 | MOD110RM (DISP-LO),(DISP-HI), XOR REG16/MEM16,IMMEDI16
DATA-LO,DATA-HI
81 | 1000 0001 | MOD111RM (DISP-LO),(DISP-HI), CMP REG16/MEM16,IMMEDI16
DATA-LODATA-HI '
82 | 1000 0010 | MOD 000 RM (DISP-LO),(DISP-HI), ADD  REG8/MEMS8IMMEDS
) ‘ DATA-8 »
82 | 1000 0010 | MOD 001 RM (not used)
82 | 1000 0010 | MODO10RM (DISP-LO),(DISP-HI), ADC REG8/MEMS IMMEDS
DATA-8
82 | 1000 0010 | MODO!1RM (DISP-LO),(DISP-HI), SBB REG8/MEM8,IMMEDS
DATA-8
82 | 1000 0010 | MOD 100 RM (not used)
82 | 1000 0010 | MODIOIRM (DISP-LO),(DISP-HI), SUB REG8/MEMS8,IMMEDS
' v , DATA-8
82 | 1000 0010 | MOD110RM (ot used)
82 | 1000 0010 | MOD111 RM (DISP-LO),(DISP-HI), CMP REGS/MEMSIMMEDS
DATA-8
83 | 1000 0011 | MOD 000 RM (DISP-LO),(DISP-HI), ADD  REG16/MEM16,IMMEDS
. ; DATA-SX
83 | 1000 0011 | MODO001 RM (not used)
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Table C.2. Machine Instruction Decoding Guide (Continued)

IST BYTE 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
| HEX BINARY

83 1000 0011 MOD 010 RM (DISP-LO),(DISP-HI), ADC REG16/MEM16 IMMEDS
DATA-SX

83 1000 0011 MOD 011 RM (DISP-LO),(DISP-HI), SBB REG16/MEM16 IMMEDS8
DATA-SX

83 1000 0011 MOD 100 RM . (not used)

83 1000 0011 MOD 101 RM (DISP-LO),(DISP-HI), SUB REG16/MEM16 IMMEDS8
DATA-SX

83 1000 011 MOD 110 RM (not used)

83 1000 0011 MOD 111 RM (DISP-LO),(DISP-HI), CMP REG16/MEM16 IMMEDS
DATA-SX .

84 1000 0100 MOD REG R'M (DISP-LO),(DISP-HI) TEST REG8 MEM8 REG8

85 1000 0101 MOD REG R'M (DISP-LO),(DISP-HI) TEST REG16/MEM16,REG16

86 1000 0110 MOD REG RM (DISP-LO),(DISP-HI) XCHG REGS8,REG8/MEMS

87 1000 0111 MOD REG RM (DISP-LO),(DISP-HI) XCHG REG16,REG16,MEM16

88 1000 1000 MOD REG R'M (DISP-LO),(DISP-HI) MOV REG8/MEMS8,REG8

89 1000 1001 MOD REG RM (DISP-LO),(DISP-HI) MOV REG16/MEM16/REG16

8A 1000 1010 MOD REG R'M (DISP-LO),(DISP-HI) MOV REG8,REG8/MEMS8

8B 1000 1011 MOD REG RM (DISP-LO),(DISP-HI) MOV REG16,REG16/MEM16

8C 1000 1100 MOD OSR RM (DISP-LO),(DISP-HI) REG16/MEM16 SEGREG

8C 1000 1100 MOD 1 - RM (not used)

8D 1000 1101 MOD REG RM (DISP-LO),(DISP-HI) LEA REG16 MEM16

8E 1000 1110 | MOD OSR RM (DISP-LO),(DISP-HI) MOV SEGREG,REG16/MEM16

8E 1000 1110 MOD 1 - R'M (not used)

8F 1000 1111 MOD 000 RM (DISP-LO),(DISP-HI)

8F 1000 1111 MOD 001 R'M (not used)

8F 1000 1111 MOD 010 RM (not used)

8F 1000 1111 MOD 011 RM (not used)

8F 1000 1111 MOD 100 RM (not used)

8F 1000 1111 MOD 101 RM (not used)

8F 1000 1111 MOD 110 RM (not used)

90 1001 0000 NOP (exchange AX,AX)

91 1001 0001 XCHG AXCX

92 1001 0010 XCHG AXDX

93 1001 0011 XCHG AX,BX

94 1001 0100 XCHG AXSP

95 1001 0101 XCHG AXBP

96 1001 0110 XCHG AXSI

97 1001 0111 XCHG AXDI

98 1001 1000 CBW

99 1001 1001 CWD

9A 1001 1010 DISP-LO DISP-HI,SEG-LO, CALL FAR_PROC
SEG-HI )

9B 1001 1011 WAIT

9C 1001 1100 PUSHF

9D 1001 1101 POPF

9E 1001 1110 SAHF
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Table C.2. Machine Instruction Decoding Guide (Continued)

ISTBYTE 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
| HEX | BINARY
9F | 1001 1111 ‘ LAHF
A0 | 1010 0000 | ADDR-LO ADDR-HI MOV  ALMEMS
Al | 1010 0001 | ADDR-LO ADDR-HI MOV  AX,MEM16
A2 | 1010 0010 | ADDR-LO ADDR-HI MOV  MEMSAL
A3 | 1010 0011 | ADDR-LO ADDR-HI MOV  MEMI6AL
A4 | 1010 0100 MOVS  DEST-STR8,SRC-STR8
AS | 1010 0101 MOVS  DEST-STR16,SRC-STR16
A6 | 1010 0110 CMPS  DEST-STR8,SR-STR8
A7 | 1010 o111 CMPS  DEST-STR16,SRC-STR16
A8 | 1010 1000 | DATA-8 TEST  ALIMMEDS
A9 | 1010 1001 | DATA-LO DATA-HI “TEST  AX,]MMEDI16
AA | 1010 1010 STOS  DEST-STRS
AB | 1010 1011 STOS  DEST-STR16
AC | 1010 1100 LODS  SRC-STRS
AD | 1010 1101 LODS  SRC-STRI6
AE | 1010 1110 SCAS  DEST-STR8
AF | 1010 1111 SCAS  DEST-STRI16
BO | 1011 0000 | DATA-8 MOV  ALIMMEDS
Bl | 1011 0001 | DATA-8 MOV  CL,IMMEDS
B2 | 1011 0010 | DATA-8 MOV  DLIMMEDS
B3 | 1011 0011 | DATA-8 MOV  BL,IMMEDS
B4 | 1011 0100 | DATA-8 MOV  AHIMMEDS
B5 | 1011 0101 | DATA-8 MOV  CHIMMEDS
B6 | 1011 0110 | DATA-8 MOV  DHIMMEDS
B7 | 1011 0111 | DATA-8 MOV  BH,IMMEDS
B8 | 1011 1000 | DATA-LO DATA-HI MOV  AX,MMEDI6
B9 | 1011 1001 | DATA-LO DATA-HI MOV  CXJIMMEDI6
BA | 1011 1010 | DATA-LO DATA-HI MOV  DX,MMEDI6
BB | 1011 1011 | DATA-LO DATA-HI MOV  BXIMMEDI6
BC | 1011 1100 | DATA-LO DATA-HI MOV  SPIMMEDI16
BD | 1011 1101 | DATA-LO DATA-HI MOV  BPIMMEDI6
BE | 1011 1110 | DATA-LO DATA-HI MOV  SLIMMEDI6
BF | 1011 1111 | DATA-LO DATA-HI / MOV DIIMMEDI16
Cco | 1100 0000 | MOD 000 RM DATA-8 ROL REG8/MEMS,IMMEDS(186/8 ONLY)
co | 1100 0000 | MOD 001 RM DATA-8 ROR REG8/MEMS,IMMEDS(186/8 ONLY)
co | 1100 0000 | MOD 010 RM DATA-8 RCL REG8/MEMS,IMMEDS(186/8 ONLY)
co | 1100 0000 | MODO11 RM DATA-8 RR |  REGS/MEMS,IMMEDS(186/8 ONLY)
Co 1100 0000 MOD 100 RM DATA-8 SHL/SAL REG8/MEMS IMMEDS(186/8 ONLY)
Co 1100 0000 MOD 101 RM DATA-8 SHR REG8/MEMS8,IMMEDS(186/8 ONLY)
Co 1100 0000 MOD 111 RIM DATA-8 SAR REG8/MEMS,IMMEDg(186/8 ONLY)
Cl | 1100 0001 | MOD 000 RIM DATA-3 ROL REG16/MDM16,IMMEDS(186/8 ONLY)
C1 | 1100 0001 | MOD 001 RM DATA-8 ROR REG16/MDM16,IMMEDS(186/8 ONLY)
C1t | 1100 0001 | MODO010 RM DATA-8 RCL REG16/MDM16,IMMEDS(186/8 ONLY)
Cl 1100 0001 MOD 011 RM DATA-8 RCR REG16/MDM16,IMMEDS8(186/8 ONLY)
C1 | 1100 0001 | MOD 100 RM DATA-8 _ SHL/SAL REG16/MDM16,]MMEDS(186/8 ONLY)
C1 1100 0001 MOD 101 RM DATA-8 SHR REG16/MDM16,IMMEDS8(186/8 ONLY)
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Table C.2. Machine Instruction Decoding Guide (Continued)

ISTBYTE 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
| HEX | BINARY
C1 | 1100 0001 | MOD111RM DATA-8 SAR.  REG16/MDM16,IMMEDS(186/8
ONLY)
c2 | 1100 0010 | DATA-LO DATA-HI RET IMMED!6(intraseg)
c3 | 1100 0011 RET (intrasegment)
C4 | 1100 0100 | MOD REGRM (DISP-LO),(DISP-HI) LES REG16 MEM16
cs | 1100 0101 | MOD REG RM (DISP-LO),(DISP-HI) LDS REG16 MEM16
C6 | 1100 0110 | MOD 000 RM (DISP-LO),(DISP-HI), MOV  MEMSIMMEDS
‘ DATA-8
c6 | 1100 0110 | MODO001 RM (not used)
c6 | 1100 0110 | MODO010 RM (not used)
c6 | 1100 0110 | MODO11 RM (not used)
C6 | 1100 0110 | MOD 100 RM (not used)
c6 |'t100 o110 | MOD 101 RM (not used)
c6 | 1100 0110 | MOD110RM (not used)
c6 | 1100 0110 | MOD111 RM (not used)
c7 | 1100 o111 | MOD000 RM (DISP-LO),(DISP-HI), MOV  MEMI16]IMMEDI6
DATA-LODATA-HI
c7 | 1100 o111 | MODO001 RM (not used)
c7 | 1100 o111 | MODO10RM (not used)
c7 | 1100 o111 | MoDo11 RM (not used)
c7 | 1100 0111 | MOD 100 RM (not used)
c7 | 1100 o111 | MOD 101 RM (not used)
c7 | 1100 o111 | MOD110RM (not used)
c7 | 1100 o111 | MOD111RM (not used)
c8 | 1100 1000 | DATA-LO DATA-HI.LEVEL ENTER IMMEDI16,IMMEDS(186/8 ONLY)
co | 1100 1001 LEAVE (186/8 ONLY)
CA | 1100 1010 | DATA-LO DATA-HI RET IMMEDI6 (intersegment)
CB 1100 1011 RET (intersegment)
cc | 1100 1100 INT 3
cD | 1100 1101 | DATA-8 INT IMMEDS
CE | 1100 1110 INTO
CF 1100 1111 IRET
DO | 1101 0000 | MOD 000 RM (DISP-LO),(DISP-HI) ROL  REGS/MEMS,1
DO | 1101 0000 | MODO0O1 RM (DISP-LO),(DISP-HI) ROR REGS/MEMS, 1
DO | 1101 0000 | MODO010 RM (DISP-LO),(DISP-HI) RCL REGS/MEMS,1
DO | 1101 0000 | MODO11 RM (DISP-LO),(DISP-HI) RCR REGS/MEMS. 1
DO | 1101 0000 | MOD 100 RM (DISP-LO),(DISP-HI) SAL/SHL REGS/MEMS,1
DO | 1101 0000 | MOD 101 RM (DISP-LO),(DISP-HI) SHR REGS/MEMS, 1
DO | 1101 0000 | MOD 110 RM (not used)
DO | 1101 0000 | MOD111RM (DISP-LO),(DISP-HI) SAR REGS/MEMS,1
DI | 1101 0001 | MOD 000 RM (DISP-LO),(DISP-HI) SAR REG16/MEMI16,1
DI | 1101 0001 | MOD 001 RM (DISP-LO),(DISP-HI) ROR REG16/MEMI16,1
DI | 1101 0001 | MODO10 RM (DISP-LO).(DISP-HI) RCL - REG16/MEMIG6,1
Dl | 1101 0001 | MODOI1 RM (DISP-LO),(DISP-HI) RCR REG16/MEMI16,1
Dl | 1101 0001 | MOD 100 RM (DISP-LO),(DISP-HI) SAL/SHL REG16/MEMI6,1
Dl | 110t 0001 | MOD 101 RM (DISP-LO),(DISP-HI) SHR REG16/MEMI16,1
DI | 1101 0001 | MOD110RM (not used)
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Table C.2. Machine Instruction Decoding Guide (Continued)

ISTBYTE 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
HEX | BINARY : '
D1 | 1101 0001 | MOD111RM (DISP-LO),(DISP-HI) SAR REG16/MEM16,1
D2 | 1101 0010 | MODO000RM (DISP-LO),(DISP-HI) ROL REGS/MEMS,CL
p2 | 1101 0010 | MOD 001 RM (DISP-LO),(DISP-HI) ROR REGS8/MEMS,CL
D2 | 1101 0010 | MODO010 RM (DISP-LO),(DISP-HI) RCL REGS/MEMS,CL
D2 | 1101 0010 | MODO11 RM (DISP-LO),(DISP-HI) ’ RCR REG8/MEMS,CL
D2 | 1101, 0010 | MOD 100 RM (DISP-LO),(DISP-HI) SAL/SHL REGS/MEMS,CL
D2 | 1101 0010 | MOD101 RM (DISP-LO),(DISP-HI) SHR REGS8/MEMS,CL
D2 | 1101 0010 | MOD110 RM (not used)
D2 | 1101 0010 | MOD 111 RM (DISP:LO),(DISP-HI) SAR REG8/MEMS,CL
D3 | 1101 0011 | MOD 000 RM (DISP-LO),(DISP-HI) ROL REG16 MEM16,CL
D3 | 1101 0011 | MOD 001 RM (DISP-LO),(DISP-HI) ROR REG16MEM16,CL
D3 | 1101 0011 | MODO010 RM (DISP-LO),(DISP-HI) RCL REG16 MEM16,CL
D3 | 1101 0011 | MODO11 RM (DISP-LO),(DISP-HI) RCR REG16 MEM16,CL
D3 | 1101 0011 | MOD 100 RM (DISP-LO),(DISP-HI) SAL/SHL REG16MEM16,CL
D3 | 1101 0011 | MODO001 RM (DISP-LO),(DISP-HI) SHR REG16,MEM16,CL
D3 | 1101 0011 | MOD 110 RM , (not used)
D3 | 1101 0011 | MOD111 RM (DISP-LO),(DISP-HI) SAR REG16,MEM16,CL
D4 | 1101 - 0100 | 00001010 AAM i
D5 | 1101 0101 | 00001010 AAD
D6 | 1101 0110 (not used)
D7 | 1101 o111 XLAT  SOURCE-TABLE
D8 | 1101 1000 | MOD 000 R'M N
1XXX | MOD YYY RM (DISP-LO),(DISP-HI) ESC OPCODE,SOURCE
DF | 1101 1111 | MOD111 RM
EO | 1110 0000 | IP-INC-8 LOOPNE/ SHORT-LABEL
: LOOPNZ
El | 1110 0001 | IP-INC-8 LOOPE/  SHORT-LABEL
LooOPZ
E2 | 1110 0010 | IP-INC-8 LOOP  SHORT-LABEL
E3 | 1110 o011 | IP-INC-8 JCXZ  SHORT-LABEL
E4 | 1110 0100 | DATA-8 IN ALIMMEDS
ES | 1110 0101 | DATA-8 IN AXIMMEDS
E6 |.1110 0110 | DATA-8 OUT  ALIMMEDS
E7 | 1110 0111 | DATA-8 OUT  AX,MMEDS
E8 | 1110 1000 | IP-INC-LO IP-PINC-HI CALL  NEAR-PROC
E9 | 1110 1001 | IP-INC-LO IP-INC-HI IMP NEAR-LABEL
EA | 1110 1010 | 'IP-LO IP-HI,CS-LO,CS-HI MP FAR-LABEL
EB | 1110 1011 | IP-INC8 ‘ IMP . SHORT-LABEL
EC | 1110 ‘1100 IN ALDX
ED | 1110 1101 IN AX.DX
EE | 1110 1110 ouT ALDX
EF | 1110 1111 OUT = AXDX
FO 1111 0000 - LOCK (prefix)
FL | 1111 0001 (not used)
F2 | 1111 0010 REPNE/REPNZ
F3 | 1111 o011 REP/REPE/REPZ
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Table C.2. Machine Instruction Decoding Guide (Continued)

ISTBYTE 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
| HEX BINARY
F4 1111 0100 HLT
FS 1111 0101 CcMC
F6 1111 0110 | MOD 000 RM (DISP-LO),(DISP-HI), TEST REG8/MEMS8,IMMEDS8
DATA-8
F6 1111 0110 | MOD 001 RM (not used)
F6 1111 0110 | MODO10 RM (DISP-LO),(DISP-HI) NOT REG8/MEM8
F6 1111 0110 | MODOI11 RM (DISP-LO),(DISP-HI) NEG REG8/MEMS8
F6 1111 0110 | MOD 100 RM (DISP-LO),(DISP-HI) MUL REG8/MEMS8
F6 1111 0110 | MOD 101 RM (DISP-LO),(DISP-HI) IMUL REG8/MEMS8
F6 1111 0110 MOD 110 RM (DISP-LO),(DISP-HI) DIV REG8/MEMS8
F6 1111 0110 | MOD 111 RM (DISPLO),(DISPHI) DIV REG8/MEMS8
F71 1111 0111 MOD 000 RM (DISP-LO),(DISP-HI), TEST REG16/MEM16 IMMED16
DATA-LODATA-HI
F7 1111 0111 MOD 001 RM (not used)
F7 1111 0111 MOD 010 RM (DISP-LO),(DISP-HI) NOT REG16/MEM16
F71 1111 0111 MOD 011 R'M (DISP-LO),(DISP-HI) NEG REG16/MEM16
F7 1111 0111 MOD 100 RM (DISP-LO),(DISP-HI) MUL REG16/MEM16
F7 1111 0111 MOD 101 R'M (DISP-LO),(DISP-HI) IMUL REG16/MEM16
F7 1111 0111 MOD 110 RM (DISP-LO),(DISP-HI) DIV REG16/MEM16
F71 1111 0111 MOD 111 RM (DISP-LO),(DISP-HI) DIV REG16/MEM16
F8 1111 0100 CLC
F9 1111 1001 STC
FA 1111 1010 CLI
FB 1111 1011 STI
FC 1111 1100 CLD
FD | 1111 1101 STD
FE 1111 1110 MOD 000 RM (DISP-LO),(DISP-HI) INC REG8/MEMS8
FE 1111 1110 | MOD 001 RM (DISP-LO),(DISP-HI) DEC REG8/MEM8
FE 1111 1110 MOD 010 RM (not used)
FE 1111 1110 MOD 011 RM (not used)
FE 1111 1110 | MOD 100 RM (not used)
FE 1111 1110 MOD 101 R'M (not used)
FE 1111 1110 MOD 110 RM (not used)
FE 1111 1110 MOD 111 RM (not used)
FF 1111 1111 MOD 000 R'M (DISP-LO),(DISP-HI) INC MEM16
FF 111 1111 MOD 001 RM (DISP-LO),(DISP-HI) DEC MEM16
FF 1111 1111 MOD 010 RM (DISP-LO),(DISP-HI) CALL  REG16/MEMI6(intra)
FF 1111 1111 MOD 011 RM (DISP-LO),(DISP-HI) CALL MEM16(intersegment)
FF 1111 1111 MOD 100 R'M (DISP-LO),(DISP-HI) IMP REG16/MEM16(intra)
FF 1111 1111 MOD 101 RM (DISP-LO),(DISP-HI) MP MEM 1 6(intersegment)
FF 1111 1111 MOD 110 RM (DISP-LO),(DISP-HI) PUSH MEM16
FF 1111 1111 MOD 111 RM (not used)

C-15




intel.

APPENDIX C

HI

LO

Table C.3. Mnemonic Encoding Matrix

0 1 2 3 4 S 6 7 8 9 A B C D E F
ADD ADD ADD ADD ADD ADD PUSH POP OR OR OR OR OR OR lPUSH
bfir/m | wfir/m | btr/m | witr/m b,ia wia ES ES bfir/m | wfi/m | btr/m | witr/m bi w,i CS
ADC ADC ADC ADC ADC ADC PUSH POP SBB SBB SBB SBB SBB SBB PUSH POP
bfe/m | wifr/m | btr/m | wtr/m bii w,i SS SS bfr/m | wfr/m | btr/m | wtr/m bji w,i DS Ds
AND AND AND. AND AND AND SEG . SUB SUB SUB SUB SUB SUB SEG :
bfr/m | wfir/m | btr/m | witr/m bi w,i =ES DAA bf/m | wifi/m | btym | witr/m b, w,i =CS DAS
XOR XOR XOR XOR XOR XOR SEG CMP CMP CMP CMP CMP CMP SEG
bfr/m | wfr/m | btr/m | witr/m b,i w,i =SS AAA bfir/m | wf/m | bt/m | witr/m b,i w,i =DS AAS
INC INC INC INC INC INC INC INC DEC DEC DEC DEC DEC DEC DEC DEC
AX ‘ CcX DX BX SP BP SI DI AX CcX DX BX SP BP SI DI
PUSH PUSH | PUSH PUSH PUSH PUSH PUSH | PUSH POP pPoP POP POP POP POP POP POP
AX CcX DX BX Sp BP SI DI AX CcX DX BX Sp BP SI DI
BOUND PUSH | IMUL | PUSH | IMUL INS INS OUTS | OUTS
FUSHA | POPA w,fr/m w,i w,i b,i b,i b w b w
JB/ INB/ JE/ JNE/ JBE/ JNBE/ Jp/ INP/ uv INL/ JLE/ JNLE/
jo No INAE JAE 1z INZ IJNA JA is ms JPE JPO IJNGE JGE ING G
Immed | Immed | Immed | Immed | TEST TEST | XCHG | XCHG | MOV MOV MoV MoV MOV MOV POP
b,r/m w,r/m b,r/m is,r/m b,r/m w,r/m b,r/m w,r/m bfr/m | wfr/m | btr/m | witr/m | srfr/m LEA srt,r/m r/m
XCHG | XCHG | XCHG | XCHG | XCHG | XCHG | XCHG | XCHG CALL
AX X DX BX sp Bp st bI CBW CWD Id WAIT | PUSHF | POPF SAHF | LAHF
MOV MOV MoV MoV TEST TEST
m—AL | moaX | AL-m | AX—m MOVS | MOVS [ CMPS | CMPS bia wia STOS STOS LODS | LODS SCAS SCAS
MOV MOV MOV MOV MOV MOV MoV MoV MOV MoV MOV MoV MOV MoV MOV MOV
i~AL i»CL i»DL i»BL i~AH i~CH i»DH i~BH i~AX i*(\:X i»DX i»BX i»SP i»BP i~SI i»DL
Shift Shift RET. MOV MOV RET. RET INT INT
b,i w,i (i+SP) RET LES LDS bi/m | w,i,/m ENTER | LEAVE 1.(i+SP) I Type3 | (Any) INTO IRET
Shift Shift Shift Shift ESC - ESC ESC ESC ESC ESC ESC ESC
b w byv w,v AAM AAD XLAT 0 1 2 3 4 5 6 7
LOOPNZ/| LOOPZ/ IN IN out ouT CALL JMP JMP JMP IN IN ouT ouTt
LOOPNE | LOOPE Loop Jexz b w b w d d 1d si,d v,b v,W v,b v, W
REP Grp 1 Grp 1 Grp2 Grp2
LOCK REP z HLT CMC bafm walm CLC STC CLI STI CLD STD b/ warlm
where:
mod O r/m 000 001 010 o1l 100 101 110 111
Immed ADD OR ADC | SBB AND SUB | XOR | CMP
Shift ROL ROR RCL RCR SHL/SAL SHR — SAR
Grp 1 TEST —_ NOT NEG MUL IMUL DIV DIV
Grp2 INC DEC CALL | CALL IMP JMP PUSH _
id Lid id i,id
b = byte operation m = memory

d =direct
f = from CPU reg

immed. to accum.

indirect
is = immed. byte, sign ext.
1=long ie. intersegment

r/m = EA is second byte
si = short intrasegment
sr = segment register

t=to CPU reg

v = variable
w = word operation
Z = zero
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APPENDIX D
UPGRADING FROM THE 80C186 TO THE 80C186EA

The 80C186EA is a direct functional upgrade from the standard 80C186 for power-sensitive
applications. With its 80C186 Modular Core, the 80C186EA maintains 100% code
compatibility with the original 80C186. The Chip-Select, Refresh Control, Interrupt Control,
Timer/Counter and DMA Units are also identical.

The 80C186EA offers power reduction in several ways:

e The 80CI86EA device geometry is smaller than the original 80C186, resulting in about
half the power consumption, even if the user does not use power management.

e Since the processor is fully static, its clock may be stopped and restarted at any time
without losing its present state.

e The clock generation circuit offers Power-Save Mode as a power management feature.
Power-Save Mode reduces power consumption by dividing the operating clock frequency.

e The clock distribution circuits offer Idle and Powerdown Modes as power management
features. Idle Mode reduces power consumption by almost a third. Powerdown Mode
reduces power consumption to microwatts.

In general, pin functions are the same between the standard 80C186 and the 80C186EA.
Some pin names changed for consistency within the 80C186 Modular Core family. Most
differences between the standard 80C186 and the 80C186EA involve AC and DC
specifications. Design upgrades should need minimal effort.

D.1. PINOUT COMPATIBILITY

Intel manufactures the 80CI86EA in two plastic packages, a 68-lead Plastic Leaded Chip
Carrier (PLCC) and an 80-lead EIAJ Quad Flat Pack (QFP).

D.1.1. 68-LEAD PLCC COMPATIBILITY

67 of the 68 80C186EA PLCC leads are identical to the standard 80C186. The remaining lead,
Pin 40, is Data Transmit/Receive DT/R on the standard 80C186 and the Powerdown Timer
(PDTMR) on the 80C186EA. The Powerdown Timer lead allows the user to set the period of
time for exiting Powerdown Mode by connecting an external capacitor.

No redesign is necessary if the application does not use DT/R or Powerdown Mode. A

* configuration that needs DT/R can synthesize the signal by latching status line ST with a
transparent latch gated by ALE. For a configuration that needs Powerdown Mode, add the
capacitor at the PDTMR pin.
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D.1.2. 80-LEAD QFP (EIAJ) COMPATIBILITY

‘The 80-lead QFP pinout differs by ten leads between the 80C186 and 80C186EA. Four of the

former 80C186 NO CONNECT leads are 80C186EA Vcc or Vss pins. Lead 38, DEN on the
standard 80C186, is PDTMR on the 80C186EA. Lead 39 becomes DEN on the 80C186EA.
The four Mid-Range Chip-Select (MCS) lines (leads 39-42) shift by one lead, using a former
80C186 NO CONNECT at lead 43. '

. Table D.1 compares the pinout of the 80-lead standard 80C186 to the 80-lead 80C186EA. The
80-lead 80C186EA does have DT/R. Notice that the 80C186EA renames some pins.

Table D.1. Comparison of standard 80C186 and 80C186EA in
80-Lead QFP (EIAJ) Package

LEAD # 80C186 FUNCTION 80C186EA FUNCTION
1 AD15 AD15 !
2 NO CONNECT Vee
3 | A6 A16
4 A17 A17
5 A18 A18
6 A19/S6 A19/S6
7 BHE BHE
8 WR/QS1 WR/QS1
9 ‘RD/QSMD 'RD/QSMD
10 ALE/QS0 ALE/QSO
11 'NO CONNECT NO CONNECT
12 Vss Vss
13 Vss Vss
14 NO CONNECT NO CONNECT
15 NO CONNECT NO CONNECT
16 X1 CLKIN (NOTE)
17 X2 OSCOUT (NOTE)
18 RESET RESOUT (NOTE)
19 CLKOUT CLKOUT
20 ARDY ARDY
21 S2 S2
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Table D.1. Comparison of Standard 80C186 and 80C186EA in

80-Lead QFP (EIAJ) Package (Continued)

22 S1 S1

23 ) S0

24 NO CONNECT Vsg

25 HLDA HLDA

26 HOLD HOLD

27 SRDY SRDY

28 LOCK LOCK

29 TEST/BUSY TEST/BUSY
30 NMI NMI

31 INTO INTO

32 INT1/SELECT INT1/SELECT
33 Voo Vee

34 Vee Vee

35 INT2/INTAO INT2/INTAO

36 INT3/INTA1/IRQ INT3/INTA1/IRQ
37 DT/R DT/R

38 DEN PDTMR

39 MSCO/PEREQ DEN

40 MCS1/ERROR MCSO/PEREQ
41 MSC2 MCS1/ERROR
42 MSC3/NPS MSC2

43 NO CONNECT MSC3/NCS (NOTE)
44 NO CONNECT Vee

45 ucs ucs

46 LCS LCS

47 PCS6/A2 PCS6/A2

48 PCS5/A1 PCS5/A1

49 PCS4 PCS4

50 PCS3 PCS3

51 PCS2 PCS2
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Table D.1. Comparison of Standard 80C186 and 80C186EA in
80-Lead QFP (EIAJ) Package (Continued)

52 PCST PCST
53 Vss Vss
54 PCSO PCSO
55 RES 'RESIN (NOTE)
56 TMR OUT 1 T10UT (NOTE)
57 TMR OUT 0 TOOUT (NOTE)
58 TMRIN 1 T1IN (NOTE)
59 TMRIN 0 TOIN (NOTE)
60 DRQ1 DRQ1
61 DRQO DRQO
62 NO CONNECT Vss
63 NO CONNECT NO CONNECT
64 ADO ADO
65 AD8 AD8
66 AD1 AD1
67 AD9 AD9
68 AD2 AD2
69 AD10 AD10
70 AD3 AD3
71 AD11 AD11
2 Vec Vec
3 Vee Vee
74 AD4 AD4
75 AD12 AD12
76 AD5 AD5
77 AD13 AD13
78 AD6 AD6
79 AD14 AD14
80 AD7 AD7
NOTE:

Some pins renamed for consistency with 80C186 Modular Core family.
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D.2. OPERATING MODES
The concept of operating mode differs between the 80C186 and the 80OC186EA.

The standard 80C186 exits reset in either Compatible Mode or Enhanced Mode, depending on
the TEST/BUSY pin state. Compatible Mode derived its name because of its likeness to the
NMOS 80186. The standard 80C186 requires Enhanced Mode operation for Power-Save
Mode, the Refresh Control Unit and the 80C187 Math Coprocessor interface. Enhanced Mode
changes the three MCS pin functions to handshaking pins for the math coprocessor.

The 80C186EA allows use of Power-Save Mode and the Refresh Control Unit during regular
operation. However, the 80C186EA does have a separate Numerics Mode. Like the standard
80C186, the TEST/BUSY pin state at reset determines whether the processor enters Numerics
Mode. Numerics Mode changes the three MCS pin functions.

An 80CI186EA placed into an unmodified standard 80C186 design will respond correctly,
whether the- original operation was Compatible or Enhanced. All execution proceeds
identically on a clock-for-clock basis. The processor activates new power management
features only if the user programs them.

D.3." PROGRAM EXECUTION

All existing 80C186 programs execute correctly on the 80C186EA without modification. All
80C186 control registers have the same offsets in the 80C186EA Peripheral Control Block.
Although the register functions are identical, many register and bit names differ on the
80C186EA to conform to other 80C186 Modular Core family members.

The 80C186EA has two new registers. They are the Power Control Register, for power
management programming, and the Step ID Register, to determine the product stepping. To
avoid accidental power management activation, check existing software for spurious writes to
the Power Control Register location. See the 80C186EA data sheet for details.

D.4. TTL VS. CMOS INPUTS

Intel manufactures both the standard 80C186 and the 80C186EA in CMOS logic. However,
the standard 80C186 has TTL-compatible inputs while the 80C186EA has CMOS-compatible
inputs. TTL Logic in existing 80C186 designs must change to CMOS logic if the outputs drive
the 80C186EA. Using pullup resistors is an alternative for peripherals which are unavailable in
CMOS, but the added current draw is inconsistent with choosing the 80C186EA for low
power.

CMOS-Level inputs have several advantages. The main advantage is increased noise margin.
For example, the standard 80C186 has a Vo minimum of 2.4 V and a Viy minimum is 0.2 Vcc
+ 0.9 V, for a noise margin of 0.5 V (with 5-Volt operation). The 80C186EA has a Vou
minimum of Ve — 0.5 V and a Vig minimum is 0.7 Vcc, for a noise margin of 1.0 V (with 5-
Volt operation).
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The standard 80C186 data sheet references AC timings to 1.5 V (the TTL switchpoint). The
80C186EA data sheet references AC timings to Vcc/2 (the CMOS switchpoint). Reducing the
operating voltage (S0L186EA/80L188EA) directly scales the specified reference point.

D.5. TIMING SPECIFICATIONS

The 80C186 Modular Core family uses faster transistor technology than the standard 80C186.

The result is. faster product speed selections. Consult the latest 80C186EA data sheet for all
timing specifications.

Intel specifies 80C186EA AC timings in a simplified format consistent with other 80C186
Modular Core family members. Since the 8OC186EA can run faster than the standard 80C186,
compare specifications carefully before using the SOC186EA in your design. Table D.2 lists
all standard 80C186 AC timing mnemonics and their 80C186EA equivalents. If timing

margins are very tight, remember also that the timing reference points for AC specifications

differ, as explained above.

Table D.2. 80C186 Equivalents to Standard 80C186 AC Timing Mnemonics

STANDARD
80C186 PARAMETER EQUIVALENT 80C186EA
AC TIMING _ AC TIMING MNEMONIC _
MNEMONIC :
TpveL Data in Setup (A/D) , Tcus
TcLpx Data in Hold (A/D) TeLH
TcHsv Status Active Delay TcHov1
TcLlsH | Status Inactive Delay ' TcLovz
TcLav Address Valid Delay TcLov1 (A19:16, DEN), T gyo
(AD15:0)
TeLax Address Hold TcLovi (A19:16), Ty oy (AD15:0)
TcLpbv Data Valid Delay TcLov1 (A19:16), To ove (AD15:0)
| TeHpx Status Hold Time Eliminated
TCHLH ALE Active Delay TcHov1
TLHLL ALE Width | TLHw
TCHLL ALE Inactive Delay TcHov1
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Table D.2. 80C186 Equivalents to Standard 80C186 AC
Timing Mnemonics (Continued)

TaviL Address Valid to ALE Low TavLL

TLLAX Address Hold from ALE Inactive TLax

TAVCH Address Valid to Clock High Eliminated

ToLaz Address Float Delay TcLoF

TcLesv Chip-Select Active Delay TcLovz2

Texcsx l(f\r:gi?eelect Hold from Command TRHPHA (FD), TWHPH W)
TcHesx Chip-Select Inactive Delay TcHov2

ToXDL DEN Inactive to DT/R Low TpxDL

TeveTv Control Active Delay 1 | TcHovi (DEN), T ova (WR, INTA)
TCVDEX DEN Inactive Delay ToLovi

TCHCTV Control Active Delay 2 TcHoVA

ToLLy LOCK Valid/Invalid Delay TcLovd

TazRL Address Float to Read Active TAFRL

TCLRL RD Active Delay Tolove

TRLRH RD Pulse Width TRLRH

TCLRH RD Inactive Delay TcLov2

TRHLH RD Inactive to ALE High TRHLH

TRHAV RD Inactive to Address Active TRHAV

TcLpox Data Hold Time ToLov2

TeveTX Control Inactive Delay TeLove (WR, INTA), Topoy4 (DEN)
TWLWH WR Pul;e,e Width TWLWH
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Table D.2. 80C186 Equivalents to Standard 80C186 AC
Timing Mnemonics (Continued)

TWHLH WRinactive to ALE High TWHLH
TwHDX ' Data Hold after WR TWhDX
TWHDEX WR Inactive to DEN Inactive TWHDEX
Tekin CLKIN Period To
TcLek CLKIN Low Time ToL
TcHeK CLKIN High Time Ton
TeKHL CLKIN Fall Time Tor
TeKLH CLKIN Rise Time Tom
Tcico CLKIN to CLKOUT Skew Tep
TcLel CLKOUT Period .

TeLeH CLKOUT Low Time ToL
TcHeL CLKOUT High Time . o
TCH1CH2 CLKOUT Rise Time Tor
TeLactt CLKOUT Fall Time Tor
oo | S| Tous
TcLsrY SRDY Transition Hold Time Teun
TARYCH .,?il?nle Resolution Transition Setup Terin
TCLARX ARDY Active Hold Time TeLH
TARYCHL ARDY Inactive Holding Time TeHIH
TARYLCL ?isr%/gchronous Ready (ARDY) Setup Teus
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Table D.2. 80C186 Equivalents to Standard 80C186 AC
Timing Mnemonics (Continued)

TiNveH INTx, NMI, TEST/BUSY, TMR IN TCHIH
Setup Time
TinveL DRQO, DRQ1 Setup Time TeuH
ToLtmy Timer Output Delay TcLovi
TcHasv Queue Status Delay Eliminated
TRESIN RES Setup TeLis
ThveL HOLD Setup Tous
TcLrRO Reset Delay TcLovi
TcLHAV HLDA Valid Delay TcLovi
TcHez Command Lines Float Delay TcHOF
TcHev IC::|t(3)rarlltr)nand Lines Valid Delay (after TcHov1 (A19:16, BHE, DT/R, S2:0,
LOCK), Toovz (RD,WR)
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