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High-Speed, High-Integration, CMOS

T-41-11-15.

Description

The V53™ is a high-speed, high-integration 16-bit CMOS
microprocessor with a CPU that Is object and source
code compatible with the V20®9/V30®. Integrated on the
same die is a 4-channel DMA controller, a UART, three
timer/counters, an interrupt controller, a refresh control-
ler, a clock generator, and a bus controller. .

(1) The DMA unit has four channels of high-bandwidth
DMA (up to 8M bytes/sec). It has two sets of control
registers, one compatible with the uPD71087/8237
and another with the uPD71071.

The UART offers asynchronous serial /O and is
functionally compatible with the pPD71051 (8251).

The three 16-bit general-purpose timer/counters
are compatible with the uPD71054 {8254).

The Interrupt controller is identical to the pPD71059
(8259) and offers eight interrupt channels. External
#PD71059s may be cascaded.
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The refresh controller generates a 16-bit refresh
cycle for use with dynamic or pseudostatic RAMs.
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The clock generator uses a crystal at two times the
desired frequency to produce the internal clock for
the CPU and peripherals. A peripheral clock is also

output.

(7) The bus controller generates uPD71088-style con-
' trol signals for easy interface to external devices.
The full V33 bus is also provided. Bus cycles are
nominally two clock cycles long and can be ex-
tended using the internal wait state generator.
Dynamic bus sizing can be used to set the data-
path width far every bus cycle. Both 8- and 16-bit
cycles are supported, allowing the V53 to be used
on both 8- and 16-bit systems.

The V53 CPU Is identical to the uPD70136 (V33™).
Hardwired data-path control and a high-bandwidth bus
give a performance level of 16 MHz, which is increased
to four times that of the 10-MHz V30. The 1M-byie
addressing range of the V30 is to 16M bytes using an
on-chip address translation table.

V20 and V30 are registered trademarks of NEC Corporation.
Va3, V40, V50, and V53 are trademarks of NEC Corporation.
MS-DOS [s a registered trademark of Mictosoft Corporation,
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The V53 instruction set is upward compatible with the
native modes of the V20, V30, V40™, and V50™. It
includes bit processing, bit field insertion and extrac-
tion, and BCD string arithmetic. Using a modified
Booth's algorithm, the 16-MHz V53 executes 16-bit mul-
tiplies in 750 ns. The CPU performance is the highest
currently available in a high-integration microprocessor.

The V53 has an undefined instruction trap that allows
instructions not part of the V-series instruction set (such
as commands for proprietary MMUs) to be emulated.
High-speed numerics support is provided by the
pPD72291 CMOS floating-point unit (530K FLOPs at
16 MHz2).

The V53's combination of high-speed CPU and DMA
makes it ideal for high-bandwidth data control applica-
tions such as disk or LAN controllers. The high integra-
tion and software compatibility of the CPU and periph-
erals with the V33 and V30 makes the V53 ideal for very
compact personal computer applications such as disk-
less work stations and lap top computers, or embedded
MS-DOS® compatible PCs for POS terminals or control
applications.

Features

o High-speed, V30-compatible CPU
— 125-ns minimum instruction execution time at
16 MHz
— 750-ns 16-bit multiply at 16 MHz
— 1.19 us 16-bit divide (16 MHz)
— Fastest high-integration MPU available

Dual bus architecture

8-byte instruction queue

Expanded LIM 4.0-compatible 24-bit addressing
Four DMA channels (io 8M bytes/sec)

On-chip serial /O controller

Three uPD71054-compatible 16-bit counter/timers

Eight-channel gPD71059-compatible interrupt
controller

Refresh controller
Bus controller with wait-state generator

Clock generator with STOP mode control for low
power

0 16-MHz (or 12.5-MHz) operation with 32-MHz (or
25-MHz) crystal
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Ordering Information
Part Number Clock (MHz) Package
pPD70236GD-10 10 120-pln plastic QFP
GD-12 12
GD-18 16
R-10 10 132-pin coramic PGA
R-12 12 -
R-18 18
“
Pin Configurations
a2
120-Pin Plastic GFP *
NS RB2 22N 2eLETRANC2Y Lo NoweB2 oa-o
L LCL>PV A LCLLLE>P AL L LT L LCLLCLC> L €L
nooocoooonOOooooonoaononooonnoonQ
R R eI 28858828 858885883885
ENDTC [ 1 ) 80 [3Dy5
DMARQO O 2 891 Dyy
DMAAKO ] 3 88 [10Dy3 B
DMARQ1 ] 4 O 871Dy, St
DMAAKY [} 5 86 [1 Vpp
DMARQ2 [ 6 85 1 GND
DMAAK2 [ 7 84Dy
DMARQ3 [] 8 83 [ Dyq
DMAAKS [ 9 821 Dg
REFRQ [ 10 811 Dg
HLDRQ [ 11 g0 1D,
HLDAK [] 12 79 Dg
GND [ 13 78 [ VDD
INTPO [ 14 77 by
iNTP1 O 15 761Dy
INTP2 O 18 75 [1Dg
INTP3 O 17 740Dy
Vop [ 18 73 1 GND
INTP4 £ 19 72Dy
INTPS [ 20 71HDg .
-
INTPs O} 21 701 1c
INTP? O] 22 69 [J cpausY
INTAK [ 23 68 |1 CPERR
TCTLO [] 24 67 1 CPREQ
TouTo [ 25 66 3 Vpp
TcTLt O 26 65 [J GND
TouT1 O 27 64 [ UBE
TeTL2 O 28 63 [1 BUFEN
TouT2 ] 20 62 {1 DSTB
TCLK T} 30 . st |1 BCYST
FH83Y8588799T399592R350B388GR388
o000 oooogooooogoad
CIE|N|N > E g O X > E 'cg Q| = a § NI © ;_— ng' clio|jc|a
BlIEEIE 28R 5258588 8% 555098358 5e
& g 3 85358 #3232 =
|m a 8 om [

83YL-64698

s

L Leraw




NEC

N E C ELECTRONICS INC

30E ) W LY27525 002630 4 WM
uPD70236 (V53)

T-49-17-15
132-Pin Ceramic PGA
Bottom View Top View
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Pin Identification
Symbeol 110 Functlon Symbol I[o] Function
Ag-Azg Out  Address bus TxD Out  Serlal transmit data
AEX Out  Address expansion mode flag UBE Out  Data bus higher byte enable
BCYST Out  Bus cycle start X1, X2 in Crystal/external clock
BSE/BS16 In Data bus width specification Vop In +8-volt power source
BUFEN Qut  Buffer enable GND Ground
BUSLOCTK Out  Bus lock flag Ic internal connection
BUSST0-BUSST2 Out  Bus status ¢ NC No connection
CLKOuUT Out  System clock
SPausY n Coprocsssor busy Table 1. Output Pin States
s Out  Clearto send Symbol Hold  Halt  Resst  Caseade
Do'Dis 170 Data bus Aoz HZ L Hiz ez
OMAAKD-DMARKS _ Out _ DMA acknowledgo AEX Note§  Note6  HL Note 6
DMARQO-DMARQ3 In DMA request BoYST HiZ Note 4 HRZ HZ
BSH n Data set ready OFE Tz m oz 0z
DST8 Out _ Data stiobe BUSLOCK Note5  Note§ H H
DR Out  Data terminal ready BUSST0-BUSST2 iz m iz n
T bl e oo o
HLDAK Qut  Bus hold acknowledge DoD15 -z Note 3 Hi-z H-Z
HLDRQ In  Bushold request DMAAKD-DMAAKS H 0 H o
INTAK Qut Interrupt acknowledge DsTB H-Z H H-z Hi-Z
INTPO-INTP?7 In Maskable Interrupt request OTR ° o H °
oo Out VO read END/TC Hi-Z o HI-Z o]
TOWR Out  1/O write HLDAK H HL L L
M0 Out  Memory 1O select INTAR H H H H
MRD Out  Memory read IORD Hi-z H HI-Z H-Z
MWAR Out  Memory wrlte IowR HLZ H Hi-Z H-Z
NMI In Nonmaskable Interrupt request Mo Hi-Z L Hi-Z H
PGLKOUT Out  External /O clock MRD HiZ H HiZ Hi-Z
READY In Bus cycle end MwR Hi-Z H Hi-Z Hi-Z
REFRQ Out  Refresh request PoLkoUT 0 o o °
BESET n Heset REFRQ H 0 H H
RESOUT Out System reset RESOUT L L H L
RS Out  Requestto send RTS 0 o H 0
RW Out  Read/write LA Hi-Z L Hi-z H
RxD In Serlal roceive data RXRDY 0 o H 0
RxRDY Qut  Serial rocelve ready SINT o o L -
SINT Out  Serial Interrupt request
TCLK In Timer clock
TCTLO-TCTL2 In Timer control
TOUTO-TOUT2 Out  Timer output
4
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Table 1. Output Pin States (cont)

DMA
Symbol Hold Halt Reset Cascade
TOUTO-TOUT2 0 0 (¢) o}
T«D o] (o] H o}
UBE Hi-2 H HI-Z H-Z
Notes:

(1) The pin states are Interpreted as foliows: HIs high level; L Is low
level; H/L is high or low level; H-Z Is high Impedance; O Is
Indeterminate, .

(2) Haltincludes both the HALT and STOP modes.

(3) Undefined for the first two clocks of the halt acknowledge cycle
and the HI-Z,

(4) L for the first clock of the halt acknowledge cycle and then H.

(6) L under elther of the following conditions: an Instruction Is
executed during hold with a BUSLOCK pretix, or the HALT
Instruction ls executed with a BUSLOCK prefix. Otherwiss, the
value Is H.

(6) H in address expansion mode; L In nonexpansion mode,

PIN FUNCTIONS
Ag-Az3 (Address Bus)

These pins constitute an address bus that outputs real
addresses when memory or an I/O device is accessed.
Up to 64K bytes of /O space and up to 16M bytes of
memory space (including reserved areas) ‘can be ac-
cessed through the address bus.

The address bus enters the high-impedance state If one
of the following occurs.

e RESET signal is applied
® Microprocessor Is in HOLD mode
¢ DMA requests are cascads connected

The status of the address bus Is undefined during an
interrupt acknowledge cycle. When Interrupt requests
are cascade connected, the slave ICU address is output
on pins Ag-Az.

When /O Is accessed, pins Ajg-Az3 go low. The address
can be expanded even when the interrupt vector table is
accessed.

AEX (Address Extenslon)

AEX is asserted when the expanded addressing mode [s
enabled. When AEX Is high, the memory address space
Is 16M bytes (24-bit address), and when low, 1M byte
(20-bit address).

T-49-17-15
BCYST (Bus Cycle Start Strobe)

This signal indicates the start of a bus cycle by going low
for one clock immediately after the bus cycle is started.
When the bus is placed in the hold state, the BCYST pin
enters the high-impedance state.

BS8/BS16 (8-Bit Bus Size/16-Bit Bus Size)

BS8/BS16 Is driven low by external logic when the
rPD70236 addresses a device with an 8-bit data path. If
the pPD70236 operand Is 16 bits wide and BS8/BS16 Is
low, then the pPD70236 will perform two 8-bit bus
cycles. The current bus cycle will handle the low byte on
Do-D7, and the next bus cycle will handle the upper byte
also on Dg-D7. This input is ignored during HLDAK,
interrupt acknowledge, and coprocessor cycles.

BS8/BS16 is sampled on the rising (middle) edge of T2 or r~
the last TW state, colncident with READY. This input Is

not internally synchronized. To ensure proper device ==z

operation, minimum setup and hold times must be met.

BUFEN (Buffer Enable) r

This signal is output to enable an external buffer, and
becomes active during the read cycle, interrupt acknowl-
edge cycle, and write cycle. It does not become active
while the Internal I/O is being accessed.

BUSLOCK (Bus Lock)

BUSLOCK should be used by external logic to exclude
any other bus master (e.g., a DMA controller) from using
a shared resourcs that the xPD70236 currently is using.
When BUSLOCK Is asserted high, HLDRQ will be Iig-
nored,

BUSLOCK Is asserted when the BUSLOCK prefix is
executed or when the pPD70236 is performing a bus
operation that must not be interfered with, such as an
interrupt acknowledge cycle. BUSLOCK has the same
timing as the address bus Ag-Azz and Is driven high
during HLDAK and RESET.

BUSSTO0-BUSST2 (Bus Status)

These three pins encode and output information identi-
fying the type of bus cycle currently being executed.
They enter the high-impedance state In the bus hold
mode. These pins are used with the MO and RW
signals, as shown in table 2,
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Table 2. Bus Cycles
M0 RW BUSST2 BUSST1 BUSSTO Bus Cycle
o 1 0 0 ]

Interrupt acknowledge
cycle (from SLAVE)

Interrupt acknowledge
cycle (from ICU)

External I/O read cycle
Internal 1/O read cycle

o
-
-t
o
o

External I/O write cycle
Internal I/O write cycle
Coprocessor read cycle

Coprocessor write cycle

Halt acknowledgs cycle
Instructlon fetch cycle
Refresh cycle

CPU memory read cycle

DMA read transfer cycle

CPU memory wilte cycle

DMA write transfer cycle

Coprocessor memory
read cycle

_-lt]aalalw|lalQjOo|O]|O]|O|O]O
mlolo|ajasla|lx]|oljo|=lo|o]w]~
Ol=jo|=jOl=|0O|lO|0O|jO|=]jO|—~|O
—lOojlOojlO|O|O]O}|s|=s}lw]jO|O|O|O
Ola|la|w|l~|lOojlo|wlo]jlo|a|a|~j~

-
o
o
-
o

Coprocessor memory
, write cycle

1 1 1 1 1 DMA cascade

Interrupt Acknowledge Cycle (from SLAVE). This cy-
cle Is the second Interrupt acknowledge cycle during
which an Interrupt request from a slave interrupt control
unit (ICU) Is acknowledged. During this cycle, the data
output by an external Interrupt controller Is processed
as a vector. The bus sizing function cannot be effected in
this cycle. The programmable walit function and READY
signals are both valid, however.

Interrupt Acknowledge Cycle (from ICU). This cycle is
output during the first interrupt acknowledge cycle, dur-
ing which an Interrupt request for a non-slave ICU is
acknowledged. Durlng this acknowledge cycle, the data
output by the internal ICU Is processed as a vector, and
the bus sizing function cannot be effected. The program-
mable wait function and READY signal are both valid,
however.

External 1/0 Read Cycle. This cycle is output when an
external I/O area Is read by executing the IN instruction.
During this cycle, the bus sizing function can be ef-
fected. Also, the programmable wait function and
READY signal are both valid.

Internal I/0 Read Cycle. This cycle is output when the
Internal 1/O area is read by executing the IN instruction.

The bus sizing function cannot be effected. Both the
programmable wait function and READY signal are in-
valid. However, two walt state clocks are automatically
inserted into all internal I/O area cycles except those for
the address expansion table and address expansion flag.

External I/O Write Cycle. This cycle is output when an
external I/O area is written by executing the OUT in-
struction. The bus sizing function can be effected. Also,
the programmable wait function and READY signal are
both valid. .

Internal 1/O Write Cycle. This Is output when the inter-
nal 1/O area Is written by executing the QUT instruction.
The bus sizing function cannot be effected. Both the
programmable wait function and READY signal are In-
valid. However, two wait state clocks are automatically
inserted into all internal I/O area cycles except those for
the address expansion table and address expansion flag.

Coprocessor Read Cycle. This cycle indicates that an
external coprocessor is accessed for data read when a
coprocessor instruction is executed. The bus timing and

ac characteristics of this cycle are the same as those of -

the ordinary 1/O read cycle.

Although the bus sizing function cannot be effected,
coprocessor operations are not guaranteed if the bus
sizing function Is used. The programmable wait function
is invalid, but the READY signal is valid.

Coprocessor Write Cycle. This cycle indicates that an
external coprocessor instruction is executed. The bus
timing and ac characteristics of this cycle are the same
as those of the ordinary 1/O write cycle.

Although the bus sizing function can be effected, copro-
cessor operations are not guaranteed if the bus sizing
function is used. The programmable wait function is
invalid, but the READY signal is valid.

Halt Acknowledge Cyecle. This cycle is output when the
HALT instruction is executed. During this bus cycle, the
DSTB pin does not output a low level. The bus sizing
function cannot be effected. Both the programmable
walit function and READY signal are invalid.

Instruction Fetch Cycle. This cycle indicates that an
instruction Is being fetched. The bus sizing function can
be effected. Also, the programmable wait function and
READY signal are both valid.

Refresh Cycle. This cycle indicates that DRAM refresh-
ing Is in progress. The bus sizing function cannot be
effected. (Note that BS8/BS16 must be 16 bits.) The
programmable wait function and READY signal are both
valid.

CPU Memory Read Cycle. This cycle is output when the
CPU reads data from memory. The bus sizing function

r
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can be effected. Also, the programmable walt function
and READY signal are both valid.

DMA Read Transfer Cycle. This cycle Is output when
DMA transfer (that is, data transfer from memory to 1/0)
takes place. The bus sizing function cannot be effected.
The programmable walit function and READY signal are
both valid.

CPU Memory Write Cycle. This cycle is output when the
CPU writes data to memory. The bus sizing function can

be effected. Also, the programmable walt function and.

READY signal are both valid.

DMA Write Transter Cycle. This cycle Is output when
write DMA transfer (that Is, data transfer from /O to
memory) takes place. The bus sizing function cannot be
effected. The programmable wait function and READY
signal are both valid.

Coprocessor Memory Read Cycle. This cycle is output
when data read from memaory is sent to the coprocessor.
Although the bus sizing function cannot be effected,
coprocessor operations are not guaranteed if bus sizing
Is used. The programmable walit function and READY
signal are both valid.

Coprocessor Memory Write Cycle, This cycle is output
when data for a coprocessor Is written to memory. The
CPU does not drive the data bus. Instead, the coproces-
sor drives the data bus to write data to memory.

Although the bus sizing function cannot be effected,
coprocessor operations are not guaranteed if the bus
sizing function Is used. The pragrammable wait function
and READY signal are both valid.

DMA Cascade. This cycle Indicates that the DMA Is
cascade connected to an external slave DMA controller.
During this cycle, the buses are relinquished.

CLKOUT (Clock Output)

This pin outputs a square-wave clock pulse. The fre-
quency of the output clock pulse Is obtalned by dividing
the frequency of the clock signal input to the X1 and X2
pins by a specific value. The duty factor of the output
clock pulse is 50%. The cutput frequency is the same as
the operating frequency of the CPU (programmable to
one-half, one-fourth, one-eighth, or one-sixteenth of the
osclllation frequency).

CPBUSY (Coprocessor Busy)

CPBUSY is asserted low by a coprocessor (such as
pPD72291) when it Is busy with an internal operation.
The uPD70236 uses this pin to check the status of the
COprocessor.

T-49-17-15

CPBUSY Is sampled on the falling edge of each clock.
This input is not internally synchronized. To ensure
proper device operation, minimum setup and hold times
must be met.

If a coprocessor is not connected to the uPD7d236,
CPBUSY should be grounded.

CTS (Clear to Send)

This Is a serial transmission control input pin, The SCU is
ready for data transmission when bit 0 of the SCM
register Is set to 1 and this pin Is at low level. When this
pin is made high while data transmission is In progress,

transmission is stopped after the current data has been

completely transmitted, and the TxD pin goes high.

Do-Dy5 (Data Bus)

These pins constitute a data bus that inputs or outputs
write data and read data when the external main mem-
ory orI/O device is accessed. The data bus Is In the input
mode during any bus cycle other than a write cycle.
During the write bus cycle, the bus outputs data starting
from the rising edge of the T1 clock until the cycle
following the write bus end cycle.

DMAAKO-DMAAKS (DMA Acknowledge)

These pins output active-low DMA acknowledge signals
from channels 0 to 3 of the internal DMAU.

DMARQOQ-DMARQ3 (DMA Request)

These pins Input active-high DMA request signals from
channels 0 to 3 of the internal DMA control unit (DMAU).

DSR (Data Set Ready)

This Is a general-purpose input pin. The status of this pin
can be determined by reading bit 7 of the serial status
(SST) register. .

DSTB (Data Strobe)

This Is a strobe signal for read and write operations. The
signal does not go low during the halt acknowledge cycle
that indicates that the HALT instruction has been exe-
cuted. When the buses are placed in the hold state, the
DSTB pin enters the high-impedance state. The signal
output timing of this pin differs depending on whether a
read or write operation is performed. The DSTB signal
does not go low when the internal /O area is accessed.

DTR (Data Terminal Ready)

This Is a general-purpose output pin. The status of this
pin can be set by bit 1 of the SCM register.
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END/TC (End/Terminal Count)

This pin inputs the END signal to or outputs the TC signal
from the internal DMAU.

END Input. When a low-level pulse Is input to this pin
during DMA transfer, the DMA service under executionIs
terminated after the current bus cycle Is over.

TC Qutput. When the count register of the DMAU chan-
nel currently performing DMA transfer becomes 0, and
when the DMA transfer has been performed.the speci-
fled number of times, the TC pin outputs a low-level
pulse.

HLDAK (Hold Acknowledge)

This is an acknowledge signal that indicates that the V53
has accepted the HLDRQ signal, placed the address,
data, and control buses In the high-impedance state,
and relinquished the buses to an external device. The
external devices that can acquire the buses are assigned
the following priority.

REFU (highest priority)
DMAU

HLDRQ

CPU

REFU

If a bus hold request takes place while the buses are Idle
(Tl state), during the CPU bus cycle, or during lowest-
priority refresh cycle, the HLDRQ signal is accepted
immediately after the bus cycls Is over and the buses are
relinquished.

If a DMA request or top-priority refresh request Is gener-
ated while the buses are in the hold state, the HLDAK
signal is forcibly made inactive. In this case, the external
device must return control of the bus to the V63 {(making
the HLDRQ slignal inactive). Therefore, the high-level
width of the HLDAK signal when it is made inactive
forclbly Is 1 clock minimum.

HLDRQ (Hold Request)

HLDRQ is asserted high by external logic when an
external bus master (e.g., a DMA controller) wants to
take over the uPD70236 bus. When HLDRQ is detected
high, the uPD70236 will release the bus after the current
bus operation is completed. Note that this is not neces-
sarlly the current bus cycle. The uPD70236 releases its
bus by floating the address, data, and control buses.

HLDRQ Is sampled on the rising edgs of each clock. It
will be ignored while BUSLOCK is asserted. This Input is
not Internally synchronized. To ensure proper device
operation, minimum setup and hold times must be met.

8

INTAK (Interrupt Acknowledge)

This is an active-low acknowledge signal for a maskable
interrupt.

INTPO-INTP7 (Interrupt from Peripherals)

These are asynchronous interrupt request input pins for
the internal interrupt control unit (ICU). The input signals
can be triggered either at the rising edge or at high level.
The priority of these signals can be fixed or rotated.
Thess Interrupt request inputs are also used to release
the HALT and STOP modes.

TORD (/O Read)

This active-low read signal goes low during the 1/ read 7

cycle. This signal s also output when write DMA transfer
is performed. However, it is not output during the CPU’s
internal 1/O read cycle. S

TOWR (1/0 Write)

[EPERENEN

This is an active-low write signal that goes low during the
1/O write cycle. This signal is also output when read DMA
transfer Is performed in two output timing modes: the
expansion write mode and the ordinary write mode. It is
not output during the CPU's internal I/O write cycle.

M/I0 (Memory 1/0)

This pin indicates whether a memory or other device
(such as an 1/O device or coprocessor) Is currently
accessed. The device to be accessed is determined by
this pin and the BUSSTO and BUSST1 signals. The M/I0
pin enters the high-impedance state in the bus hold
mode. lts status changes at the falling edge of the T1
clock.

MRD (Memory Read)

This is an active-low read signal that goes low during a
read cycle in which data Is read from memory. This signal
Is output not only during the CPU’s memory read, but
also during the refresh cycle and when read DMA trans-
fer is performed.

MWR (Memory Write)

This active-low write signal goes low when the memory
write cycle is In progress. This signal is output not only
during the CPU's memaory write cycle, but also during the
write DMA transfer and when write DMA transfer is
performed in two output timing modes: the expansion
write mode and the ordinary write made.

——— A
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NMI (Nonmaskable Interrupt Request)

NMI Is asserted by external logic to notify the CPU that
an external event requires the CPU's immediate atten-
tion. When NMI is sampled low, Interrupt processing will
begin immediately after the current instruction is com-
pleted. A trap will be taken through vector 2. The state of
the IE bit In the PSW has no effect on NMI acceptance.

NMI Is sampled on the falling edge of each CPU clock.
This input Is not Internally synchronized. To ensure
proper device operation, minimum setup and hold times
must be met.

Interrupt processing begins Immediatsly after the end of
the current instruction. Once NMI processing comences,
no further NMI requests will be accepted until termina-
tlon of the current NMI routine, which is indicated by the
RETH instruction,

PCLKOUT (Peripheral Clock Output)

This pin outputs a squars-wave clock pulse with a fre-
quency one-fourth the frequency of the clock signal input
to the X1 and X2 pins. The duty factor of the output clock
pulse Is 50%.

READY (System Ready)

The READY signal is asserted low when the external
system Is ready for the current bus cycle to terminate.
While READY is not asserted, the pPD70236 will add TW
(walt) states to the current bus cycle. The bus state in
which READY Is sampled low will be the last state of the

cycle,

During CPU read cycles, READY gives slow devices time
to drive the Dg-D7 inputs, and during write cycles gives
slow devices enough time to finish the write operation,

The READY input is sampled on the rising (middle) edge
of T2 and all TW states. It Is Ighored during the HLDAK
state. This Input Is not internally synchrenized. To ensure
proper device operation, minimum setup and hold times
must be met.

REFRQ (Refresh Request)
This signal is asserted during refresh cycles.

RESET (Reset)

This signal initializes the processdr. The pracessor is
reset when this signal Is held low for six clocks or longer
and then returned to the high level.

RESOUT (Reset Output)

This pin outputs an active-high signal which Is an asyn-
chronous RESET signal synchronized with the internal
clock, This signal can be used to reset the system,

RTS (Request to Send)

This Is a general-purpose output pin. The status of this
pin can be set by bit 5 of the serial command (SCM)
register.

R/W (Read/Write)

This pin indicates whether the current bus cycle Is a read
cycle or a write cycle. This pin Is valid only while a bus
cycle Is being executed, and goes high if the current bus
cycle Is a read cycle or during an interrupt acknowledge
cycle; it goes low if the current bus cycle is a write cycle.
The R/W pin enters the high-impedance state in the bus
hold mode. The level of this pm changes at the fallmg
edge of the T1 clock.

| TSP

RxD (Recelve Data)

When the serial control unit does not receive data, this
pin Is at high level (mark state). When the pin detects a
start bit, the SCU starts receiving serial data from an
external device,

RXRDY (Receive Ready)

When the serial contro! unit has received one character
of data, and when that data is transferred to the receive
data buffer (that is, when the receive data is ready to be
read), this pin goes high.

SINT (Serial Interrupt)

This signal becomes active to output an Interrupt re-
quest signal from the SCU when the transmit data buffer
of the SCU is empty and when the interrupt of the
transmitting side is not masked, or when it contains the
8CU's receive buffer data to be read and the receive
interrupt Is not masked.

TCLK (Timer Clock)

This pin inputs a clock pulse from an external source to
the internal timer/counter unit (TCU). When the system
is initialized, either the external clock or the internal
clock Is selected to be supplied to the TCU.

TCTLO-TCTL2 (Timer Control)

These pins input control signals to the three TCU
counters. The functions of the control signals input

9
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through these pins differ depending on the mode (six
modes are available) set by the TCU.

TOUTO-TOUT2 (Timer Output)

These are output pins for the internal timer/counter unit.
The TCU outputs signals through these pins in six
different modes.

TxD (Transmit Data)

When the serial control unit (SCU) has no data to be
transmitted to an external device, this pin is at high level
(mark state). When transmit data Is set in the SCU, the
TxD pin automatically outputs a start bit, serial data that
has been set in the SCU, a parity bit, and 1 or 2 stop bits.

UBE (Upper Byte Enable)

When the microprocessor accesses external main mem-
ory or an 1/O device that requires the upper 8 bits
(Dg-D15) of the data bus, this pin goes low at the falling
edge of the T1 clock, enabling the upper byte on the bus.
The lower 8 bits (Dg-D;) of the data bus are controlled by
the Ag pin as shown In the following table.

UBE Ap Operation

0 0 16 bits accessed

0 1 Upper 8 bits accessed

1 0 Lower 8 bits accessed

1 1 Second cycle (for use with bus sizing

function)

When dynamic bus sizing Is used to make a 16-bit
access into an 8-bit, Ag must be used as an address bit;
UBE can be ignored.

X1, X2 (Crystal)

To use the internal clock generator, connect a crystal
with a frequency twice the operating frequency across
these pins. When using an external clock generator,
Input square waves with a frequency twice the operating
frequency to the X1 pin. To the X2 pin, make the input
signal 180° out of phase (an inverter output) with the
signal input to the X1 pin.

UNIT OPERATION
Central Processing Unit (CPU)

The uPD70236 CPU is a high-performance engine whose
performance surpasses most other 16-bit CPUs. To
achleve this performance level, hardwired data path
control was used (no microcode) so that instruction
executlon times are greatly reduced.

10
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The pPD70236 CPU has functions equivalent to those of
the pPD70136 (V33) and is therefore completely software
compatible with the V33. The pPD70236 instruction set
is upward compatible with the native modes of the V20,
V30, V40, and V50.

Clock Generator (CG)

The clock generator divides the oscillation frequency of
the crystai or external oscillator connected across pins
X1 and X2 by 2, 4, 8, or 16 to generate a clock that is
supplied to the CPU as an operation clock and to an
external device through the CLKOUT pin. A clock having
a frequency one-fourth the oscillation frequency is also
output to the PCLKOUT pin.

Bus Interface Unit (BIU) -
The bus interface unit controls the pins of the address
bus, data bus, and control bus, which are used by the
CPU, DMA unit (DMAU), and refresh control unit (REFU).

Bus Arbitration Unit (BAU)

The bus arbitration unit arbitrates the internal bus mas-
tership. The priority of the bus mastership is:

CPU with BUSLOCK (highest priority)
REFU of top priority

DMAU

HLDRQ

Ordinary CPU

REFU of lowest priority

Wait Control Unit (WCU)

The function of the wait control unit is to insert wait
states equivalent to 0 to 7 clocks automatically into the
memory, 1/0, DMA, and refresh cycles. The 16M-byte
memory space can be divided Into three blocks. In
addition, any 1M-byte memory space can also be divided
into three blocks.

-

me -

Refresh Control Unit (REFU)

The REFU supports the DRAM refresh operation by
generating 16-bit refresh addresses and a refresh signal
(REFRQ) indicating that the refresh cycle is currently
taking place.

Timer/Counter Unit (TCU)

The timer/counter unit of the uPD70236 performs the
same functions as the pPD71054. It provides a set of
three independent 16-bit timer/counters.

e .
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Serlal Control Unit (SCU)

The pPD70236 SCU has the same functions as the
1PD71051 except the synchronous mode for supporting
RS-232C protocol. This SCU is equipped with a dedi-
cated baud rate generator.

The SCU provides serial communications functions of
the start-stop synchronization type. Commands for the
SCU In the V53 are similar to those of the xPD71051
except that the V53 uses two registers—SCM . (serlal
command) register and SMD (serial mode) register—to
implement the functions of the control word register of
the uPD71051.

Interrupt Control Unit (ICU)

The ICU in the V53 has the same functions as those on
the uPD71059 except the V53 does not have the CALL
mode (8085 mode) or the slave mode of cascade con-
nection. The xPD70236 ICU has eight external interrupt
input pins and can arbitrate up to eight interrupt re-
quests. The number of external interrupt Inputs can be
increased by cascade connecting the ICU to an exfernal
interrupt controller.

T-49-17-15

Unlike the uPD71059, pPD70208, and pPD70218, the
INTPO to INTP7 pins in the V53 do not have internal
pullup resistors to reduce current dissipation.

DMA Contro! Unit (DMAU)

" The DMAU on the pPD70236 functions the same as the

DMAUS on the uPD71071 and 4PD71037 and, therefors, it
can operate in two modes (uPD71071 mode and
#PD71037 mode). You can set the operation modes using
a register In the system I/O area.

In uPD71071 mode, source and destination addresses
are 24 bits. In 4PD71037 mode, source and destination
addresses are 16 bits. To extend these addresses to 20 or
24 bits, four 8-bit bank registers are provided. These
registers supply the upper address bits.

The DMA unit provides four channels of uPD71071-
compatible or uPD71037-compatible DMA. External
hardware requests DMA cycles via the DMA request
inputs. DMA is always between an I/O device and mem-
ory (fly-by style DMA). External DMA controllers may be
cascaded using the V53 DMAU.

11
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pPD70236 Block Diagram
9 - = -
sl s ssss=S = = - ~
y z,—z,u]g‘ 22333333 823838
R§-‘ £ xI= 33328333 mm:—sog
CLKOUT ~-—]
peLkouT «—of @ , icu TCU —
A3
DMARQ0 ——»]
DMAAKD =—— . —
DMARQ! —»] -«
DMAAKT ~—— CPU >
DMARQ2 ——»{ DMAU —>
DMAAKS <—— sCU e—o
DMARQ3 ——» *
DMAAKS ~— >
END/TC ~+—» [
Wwcu
REFRQ =«-——{ REFU BAU
BIU
I I > D D7 s 2 6 6 g|IcI@| VW@ o
A EEEE HEEEERHE
8= i g < Slziglg 3
xlo @
c
173
2]
N
BAU Bus Arbitration Unit ICU Interrupt Control Unit
BIU Bus Interface Unit REFU Refresh Control Unit
CG Clock Generator SCU Serlal Control Unit
CcPU Central Processing Unit TCU Timer/Counter Unit

DMAU DMA Control Unit

Wwcu Wait Control Unit

TCLK

TxD

RXRDY
SINT
cTs
RTS
DTR
DSR

havst

Ag-Azs

Dg-D1s5

#3YL-57288
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ELECTRICAL SPECIFICATIONS Lo
Absolute Maximum Ratings
Ta = +25°C .
Power supply voltage, Vpp -05t0 +7.0V
Input voltage, V; -05toVpp + 03V i
Clock Input voitage, Vi ~05toVpp + 10V
Output voltage, Vg -05toVpp + 03V
OQutput short clrouit current, g 60 mA
Operating temperature, Topr -10td" +70°C )
Storags temperature, Tstq -65 to +150°C .
DC Characterlstics N :
Ta = =10to +70°C; Vpp = +5V 10% ¥
Parameter Symbol Min Max Unit Conditions t
Input voltage, high ViH 22 Vop + 0.3 v Except RESET
: 0.8 Vpp ’ v RESET
Input voltage, low ViL -0.5 08 v Except RESET
0.2Vpp TV RESET
Clack Input voltage, high Vku 0.8 Vpp Vpp + 05 v
Clock input voltage, low Vi -05 0.6 \)
OQutput voltage,high VoH 0.7 Voo v lon = =400 pA
Qutput voltage, low Voo 0.45 v loL = 26 mA
Input leakage current, high LK 10 uA Vi = Vpp
Input leakage current, low TR -10 pA Vi=oV
Qutput leakage current, high ILon 10 HA Vo = Vop
Qutput leakage current, low hoL -10 A Vo=0V
Supply current Ipp 101 + 40 mA Operating; f = 2 to 16 MHz
' B 40 mA HALT mode
. 200 BA STOP mode

Voltage Thresholds for Timing Measurements

AC (except CLK)
22V
08V
AC test Input measuring point

X 22V
0.8V

24V
- Signal Inputs
(except CLK)
04V

22V
08V

CLK Input

E
98V

BIYL-84840

13
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parts are 45 ns compared to 40 ns in the —16 (16 MHz) part. For
full electrical characterlstics of the —10 and -12 parts, contact

NEC.

T-49-17-15
AC Characteristics
Ta = =10t0 +70°C; Vpp = 5V *£10%; G| of output terminals =
100 pF max
Parameter Symbol Min Max  Unit Parameoter Symbol Min Max Unit
Clocks (figure 1) Data float delay from e 0 50 ns
CLKOUT period toyk 62.6 800 ns G;KOl:T
- DSTB ! delay from [ 40 ns
%I:SUT high-level tkkH 05toyk~7 NS GLKOUTL 4 toros
CLKOUT fowlevel L 05 toyR-7 " DSTB low-level width tpepsl  tove (n+1) - 10 ns
width DS3TB high-level width  thgpsy  tkxe +tkr— 10 ns
CLKOUT rlse time %R ns CLKOUT to [OWR torw 0 40 ns
CLKOUT fall time e 7 e o .
X1 Input period tovx 3125 250 ns dcé":yo UT to IORD lowR o 40 n;::? e
x:dlt%put high-fevel tXKH 1 ns CLKOUT to MAD torR 0 40 - ns
oW delay .
x‘l'dllr;lpu‘ towleve . - ns CLKOUT to MWR toxmw 0 40 . ns :
w delay ’ :
X1 Input rise time kR 5 M GLKOUTTtoDSTBT  toxosH 5 40 - ns .
X1 Input fall time 'XKE 5 ns Address/status output  tpaps.  tkkL + r— 15 R S |
X1to CLKOUT delay  tpxk 20 ns delay to DSTB {
PCLKOUT period tovek 125 1000 ns Address/status hold tiosHA kL + k- 15 ns
PCLKOUT highlevel  teg A tovk-7 ne lime from DSTB f
width Data output delay toosup KL +ikr- 15 ns
POLKOUT lowlevel  tokL diovk-7 ne  omDSTB1
wldth Data output delay thaD e + k- 15 ns
from address/status
PCLKOUT rlse time pKR ns output
PCLKOUT tall time tokr ns Data output delay ok 5 40 ns
Reset (figure 2) from CLKOUT ©
RESET setup time vs 30 ns Data setup time to tsok 7 ns
CLKOUT ¢ P SRSTK CLKOUT!
RESET hold time vs 15 ns Data hold time from tko 10 ns
GLKOUT L tHRST CLKOUT 4
RESET lowlovel width  twrsTL tove %%%hgld time from  typsp 0 ns
RESOUT delay from 0 40 ns
CLKOUT ! Y foxRo Data hold time from tHasD 0 ns
change polnt of
Write, Read (figures 3-12, 16-19, 23-24, 28, 37) Note 2 address or status
BCYST delay from tokec 5 40 ns Dat hold time from D ] ns
KB tHRW
CLKOUT ¢ RW 1
BCYST low-level width  tagmoL toyk — 10 ns READY setup time to tsRYK 7 ns
BCYST high-level tscecH toyk (h+1)-10 ns gLKouT 1
width READY hold time from  tykpy 15 ns
Address delay from toka 6 40 ns CLkouT T
CLKOUT { Notes:
Control 2 delay from tokeT2 o] 40 ns (1} toye = CPU clock period
GLKouT n = number of wait states
g?lt(lguﬁ'ellay from toksT 5 40 ns {2) The clock-to-signal delays in the —10 (10 MHz) and -12 (12.5 MHz)




N.E C ELECTRONICS INC

NEC

30E ') MM LY27525 0026A4Z 0 mE

pPD70236 (V53)

T-49-17-15
AC Characteristics (cont) ]
Parameter Symbo! Min Max  Unit Parameter Symbol Min Max  Unlt
Bus Slzing (figures 13, 14) Serial Control Unit, SCU (figure 22)
B58/8S16 setup time tspsk 7 ns RxD setup time vs tsRx 1 ns
to CLKOUT t SCU internal CLK |
E58/8S16 hold time txes 15 ns AxD hold time vs SCU  tyax 1 ns
from CLKOUT 1 Internal CLK {
Bus Hold (figure 17) TOUT1 fto TxD delay  tory 500 ns
HLDRQ sstup time to  tgHak 7 ns Dirsct Momory Access, DMA (figures 24-26)
oLkout f CLKOUT { to MRD, tDKRH 0 40 ns
HLDRQ hold time tHkHQ 15 08 |ORD tdelay
form GLKOUT * CLKOUT Lto MRD,  tokaL 0 0 ns
CLKOUT 1 to HLDAK toKHA 5 40 ns IORD ! delay B o
delay GLKOUT Tto ToKHOA 0 0 ne
Output floating to torHa kel + - 15 ns DMAAKO-DMAAK3
HLDAK dslay delay e
Input Setup and Hold (figure 15) TORD |, [OWR {delay ' tpparw trkH = 80 ns %53
NI, INTROINTP7,  tei 10 ne  pom DMAAKO- :
CPBUSY setup time
to CLKOUT | DMAAKO-DMAAKS 1 toRHDAH txkH - 30 ns DT -
NWI, INTPOANTP7, by 10 ne  JelayfromiORD 1
CPBUSY hold time CLKOUT to control 1 toKeT1 0 40 ns
from CLKOUT ¢ delay
Timer/Counter Unit TCU (figures 20-21) ITGRD Tdelay to TOWR  townaH 5 40
TCTLO-TCTL.2 setu 50 ns
time to GLKOUT lp ek TC output delay from  tpiyor ] 40 ns
CLKOUT
TCTLO-TCTL2 hold tika 100
time from GLKOUT 4 TCoffoutputdelay e 0 40 ns
TCTLO-TCTL2 low-lavel 50 from OLKOUT1
- ow-igve ns
width taaL TC pullup delay fom  tpiron 0 40 ns
TCTLO-TCTL2 high- 80 CLkouTt
- ns
level width 9 faeH TC low-leve! width treteL toyc - 15 ns
TOUTO-TOUT2 output  toro 100 ns  ENDsetuptimeto tsepk 35 ns
delay from GLKOUT 4 CLKOUT?
TCLK perlod tovTk 100 ns END low-level width tepeDL 100 ns
TOLK rise time “trkn 5 ns '5123- MRD low-level g 2icyc - 40
wi
TCLK fall time t 15 ns —
il TKE [OWR, MWR lowlevel  tywy 2toye ~ 40
TOLK low-level width {KTKL 45 ns width (Expanded
TCLK highlevel wiith  tririn 30 ns Wit
TCTLO-TCTL2 setup tsatK 50 ns IOWR, MWH low-level  twwe tove - 40
time to TCLK 1 width (Normal write)
TCTLO-TCTL2 hold trka 100 ns  DMARQO-DMARQa3 tsnak 15 ns
time from TCLK t setup time to
TOUTO-TOUT2 output g 100 CkouT
- outpu TKTO ns
delay from TOLK | CLKOUT{to tokLDA 0 % ns
DMAAKO-DMAAKS
TOUTO-TOUT2 output  tpgro 100 ns dslay
delay from TCTL 4
Interrupt Control Unit, ICU (tigure 27)
INTPO-INTP7 low-lavel tipipL 100 ns
width
15




N E C ELECTRONICS INC

pPD70236 (V53)

Figure 1. Clock Timing

30E [) MW L427525 0026843 2 M

NEC

T-49-17-15

@ TN/

IXKH

XKR tykF

IDXK [« oKk kL
ter —» e
. KR
toyk ke
CLKOUT Z Z
N | X
— KKH e tKKL —> FTa
'PKR .~ tpKE — -
X —
PCLKOUT S :
\. ]
‘ terH tPKL
teyPk e
83YL-64928
Figure 2. Reset Timing
CLKOUT / '[ /
'SRSTK —> tHKRST > tsRsTK
B twRSTL
RESET \ / /f
'DKRO | > 'DKRO [+ >
F \
RESOUT 7 3
83YL-64338
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Flgure 3. Basic Write (0 Waii)

T-49-17-15

CLKOUT \ / /
tpKeC ~» et tokec |

BCYST

Ag-Azg

MWR

DsTB

BUFEN

Dg-Dy5

READY

O\

> <~ tokp

tecacH
.___\ : \
X * JZ
- taceer -
s :E(
)gt
tha —»| ht—
= oMW tokMw
>§L X
N .
‘DKST.—>| -
tHDSHA
- DADSL >
— I~ 'pkpS tpKDSH
i \ %
__/ S 7
- tpspsL
—> = tokeTz > F 'pKeT2
S'L
™ 'DpSHD
> tpAD

'Fk

%

ISRYK H

!L

* 0, M/IO, BUSSTO, BUSST1, BUSSTZ, UBE, AEX

=]

L— tHKRY

83YL-83428
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Figure 4. Basic Write (1 Wail) )
T T2 ™ (T, T1)
CLKOUT \ ‘_/ \1 ’[z—_\_—]A :
toKeC —» e tpokee —»l l—
tBCBCH »
——— X
BCYST \ .
X 7 \
'DUBCL Lt .
- tokmw —> |“ LOKMW
MWR /
A
ES— {
X 4
tDKA —> l—
s Y
* 7
toKsT ->I e —ﬂ tHDSHA
- > tpADSL
- - IDKDS > IDKDSH
——— A
DSTB / \ 2‘
A
tospsL
<+—>| tpkcT2 - <— lpKoT2
BUFEN \
X
> [~ 'DDSHD
tpaD
r X
Dg-Dys )Qr 12_
tsmn<-<—~>l ISRYK 4—4
—_ 2 ’
READY / \r /
> tHKRY g l'— THKRY
* W, WG, BUSSTO, BUSSTH, BUSST2, UBE, AEX
83YL-63438

L
Woea W v
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Figure 5. Basic Read (0 Wail)
T T2 (T, T1)
‘ y ,
CLKOUT / / \ /
DKBC —» e pkec e
tBCBCH -
—_— X
BOYST \ . / \
X 7
'BCBOL ——— tOKMR
- 'DKMR >
MRD /
Ag-Agg ) K
tokA —» l—
i X
* ) K
toksT —-I -
- l~ tpkps <—>1tDKDSH
— X
DSTB \ / \
tDaDSL *>| lpspsH
> pkeT2
—» r— thypsp .
-] [ tasD
- DKCT2 —4 <= tHRWD
BUFEN
tsoK
HI-Z R Hi-Z
D001 e
tSRYK > L—q tHkD
READY L

*

RAW, M/IO, BUSSTO, BUSSTY, BUSST2, UBE, AEX

l‘— 'HKRY -

83YL-6344B
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Ti

tDKBC —» [

M,

T2 ™ (1, T1)

tecBCH

caxcur __\‘_j;}_fz‘__\__]z‘- N
N

BOYST \
- tacBCL ———

- tokMA
MRD

'DKMR

L
Ag-Azg X )K
K 2
!DKA—D ft— e
* )gr ]
N .
t —»l t—
DKST = tDKDSH
i "-IDKDS d >
— A
DSTB \ /
X
tpADSL -1 1+ [ tHDSD
- tDsDSH
- <~ toKCT2 - *FHASD
™ <= IpKCT2
tHRWD —» [«—
BUFEN \t
tsok
Hi-Z X H-Z
Dg-Dys X ,‘E_—
t
HKD
tSRYK [+ tSRYK

READY /

*

tHKRY —

RAW, WO, BUSSTO, BUSST1, BUSST2, UBE, AEX

- L— tHKRY

83YL-63458
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Figure 7. External I/O Read (0 Wait)
T T2 @,
S S/ g S T g W
= =

BovsT _\r . 1i . \

- < tDKIR -
IORD - / - St e

S X

tDKA —* [e—

A
'DKST—>‘ [~
—- tpKDS 'DKDSH —>| |-
o \ T

tpspsH
— e~
t
— tokeT2 HOSD tokeT2
S S
BUFEN /
_ tspk

H-Z 4 Hi-Z
Dp-Dis g ,f——

tSRYK * 'HKD

- — | /S

*

R/W, M/O, BUSSTO, BUSST1, BUSST2, UBE, AEX

43YL-63468
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Figure 8. External I/O Read (1 Wail) ; - .
Ti T2 T, 71)
J J - X AR
CLKOUT \ / Z \i /
tpKBC —> |— 'okac ‘4—
BCYST \r . 1ZF \
tacacL —> tpKiR
- toKIR
poo T
{ORD /
r : }
Ag-Az3 X '
K 3
. foonen
tOKA — i
4
* )
A
tDKST_’l ~ toKDSH
— [— tDKDS -
DSTB \ /
X
—»| = | 'HDSD
— 'DspsH
t
— < toreT2 \ DKCT2
BUFEN \
X
tspK
Hi-Z 4 Y Hi-Z
Do -Dss L 12——
‘*—‘—" tHKD
ISRYK [+—> {SRYK
— -
READY / E \ '[
tHKRY > L— tHKRY
* B, WiO, BUSSTO, BUSSTY, BUSST2, UBE, AEX s
83YL-647/
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Figure 9. External I/O Write (0 Wait)
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BCYST

IOWR

Ag-Azz

DsSTB

BUFEN

Do -D1s

READY

DKBC —>f J—

A 4

‘oKW

toKA —» .—

tDKST: —>l -~

—> <~ tpkDs 'DKDSH
A
L /
——1pspst
—> <~ lpKCT2 - F preT2
N
i = 'okp > tFK

*

A
!(

RAW, MO, BUSSTO, BUSST1, BUSST2, UBE, AEX

83vL-63488
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Figure 10. External I/O Write (1 Wail)
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Figure 11. Internal /O Read
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Figure 12. Internal I/O Wrile

T T2 ™ ™ T

e N A N e W e

tokaA —» [+

s
Ag-Aza x _ X
tpkBC —» |e— —>| i .
DKBC

BCYST \ 7F . \
LDKST —» l«—-

- i+~ 'DKD

Do Ds5 X‘ )é"
"l r‘ 'DKCT2
— -

*

R/W, WIO, BUSSTO, BUSST1, BUSST2, UBE, AEX
a3yL-63808

26

tscacL Bl SR




N E CELECTRONICS INC 30E D W b42?7525 002kASYH 7 -

N E Q pPD70é36 (V53)

T-49-17-15

Figure 13. Bus Sizing (0 Wait)
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Figure 14. Bus Sizing (1 Wail)
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Figure 15. Input Setup/Hold
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Figure 16. Bus Lock
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Figure 17. Bus Hold
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Figure 18. Interrupt Acknowledge (Single Mode)
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Figure 19. Interrupt Acknowledge (Cascade Mode)
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Figure 20. Timer Control Unit (TCU)
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Figure 21. Serial Control Unit (SCU)
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Figure 22. Refresh Timing
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Figure 23. DMA Timing 1
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Figure 24. DMA Timing 2
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Figure 26. DMA Timing 4; Refresh Cycles To Be Inserted
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Figure 28. Memory Write for Coprocessor (0 Walf)
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Figure 29. Memory Write for Coprocessor (1 Wait) . -
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Figure 30. Memory Read for Coprocessor (0 Wait)
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Figure 31. Memory Read for Coprocessor (1 Wall)
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FUNCTIONAL OPERATION

The pPD70236 Is described under these mé]or headings.

Central Processing Unit
Clock Generator

Bus Operation

System Control I/O

Figure 32. CPU Block Diagram
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CENTRAL PROCESSING UNIT (CPU)
Architecture

Aunique hardware architecture feature of the CPU Is that
it contains no microcode. Instruction decode and data
path control are implemented using logic and small
independent state machines. This greatly enhances in-
struction exscution speed. The V53 is four times faster
than the V30.

The CPU comprlises the execution unit and the address
generator. Figure 32 Is the CPU block diagram.

CPU Executlon Unit

The exacution unit consists of a register file, an ALU, and
instruction decode and execution control logic.

In additlon to the hardware control logic, the most
slgnificant feature of the execution unit is a dual-bus
internal data path (figure 33). The ALU and many regis-
ters are dual ported with a data bus on each port. This
allows two operands to be transferred in one clock cycle
instead of two, Performance Is improved as much as
30% by the dual data bus concept.

Figure 33. Dual Data Buses

Subdata Main Data
Bus Bus
A M\
4 Registers <:>
Temporary
16 N Registers/ <:> 16
Shifters
ALU
2% v
49NA-247A

Reglster File. There are 12 registers in the internal RAM.
Four are temporary registers used In the execution of
certain Instructions (LC, TA, TB, and TC). The other eight

are general-purpose registers (AW, BW, CW, DW, IX, IY, BP,
and SP). These contaln either operand data or point-to-
operand data in memory.

The temporary registers speed up instruction execution
by serving as scratch pad registers during complex
operations.

The loop counter (LC) is used during primitive black
transfer operations. It contains the count value. It is also
a shift counter for multiple-bit shift and rotate instruc-
tions.

Temporary registers TA, TB, and TC are inputs to the
ALU. They are used as temporary registers/shifters dur-

ing muttiply, divide, shift/rotate, and BCD rotate opera-"

tions.

ALU. The ALU consists of a complete adder and logical p——

operatlon unit. It executes arithmetic (ADD, SUB, MUL,
DIV, INC, DEC, NEG, etc.) and logical (TEST, AND, OR,
XOR, NOT, SET1, CLRf, etc.) Instructions. .

Data Path Control Loglc. This logic comprises the
main instruction decoder and the exscution control
blocks. lts purpose is to determine which operations
must be done and to schedule them. It transfers oper-
ands, as required, and controls the ALU. State machines
implement long, complex instructions.

Instruction Prefetching. The V53 Is a pipelined ma-
chine. To keep the pipeline runmng efficlently, it should
be kept full of instructions in varlous stages of execu-
tion. Instructions are fetched before they are needed and
placed In the instruction processing queue (IPQ).

Data In the IPQ Is broken out by the decoder logic to
determine what addressing modes will be used and what
CPU resources are required to execute the prefetched
instruction. To keep the 8-byte IPQ full, the bus control
logic schedules an instruction prefetch cycle whenever
there are at least 2 unused bytes in the IPQ.

The IPQ Is cleared whenever a control transfer instruc-
tion (any branch, call, return, or break is executed). This
Is done because a different instruction stream will be
used following a control transfer, and the IPQ will then
contain instruction data that will never be used. When
this happens, the V53's pipeline Is emptied and perfor-
mance s reduced. To maximize performancs, the num-
ber of contro! transfers should be minimized.

Effective Address Generator. The effective address
generator (EAG) logic computes a 16-bit effective ad-
dress for each operand. This address is an offset into one
of the four segments. Refer to figure 34. This effective
address Is passed on to the address modifier adder. The
EAG decodes the first byte(s) of each Instruction to

43
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determine the addressing mode and initiates any bus
cycles required to fetch pointers/offsets from memory.
Effoctive addresses are calculated in a maximum of 1
clock period as compared with 5 to 12 clocks for a
microprogrammed machine.

Figure 34. Effective Address Generator

|

EA Generator

Effective Address

A9NR-248A

Address Generator

The address generator comprises the address register
file, the address modifier (ADM), the address translation
table, and the needed control logic.

The registers in the address reglster file are PS, SS, DSO,
DS1, PC, and PFP. The ADM Is a dedicated adder that
adds one of the segment registers to the effective ad-
dress to produce the 20-bit normal address. The ADM
also increments the prefetch pointer. If extended ad-
dressing Is enabled, the address translation table Is
accessed to map the 20-bit address into a 24-bit ex-
tended address.

For instruction stream data, addresses are generated
differently. The prefetch polnter contains a 16-bit offset
into the PS segment that points to the next Instruction
word to be prefetched. The program counter contains an
offset Into the PS segment that points to the instruction
that is currently being executed. As part of all control
transfers, the PFP Is set to the same value as the PC.

CPU Addressing Mechanism

The V53 is completsly compatible with the pPD70108/116
in its addressing modes and in the way that addresses
are computed. It offers a method of expanding the
memory address space to 16M bytes.

The I/O space is 64K bytes (16-blt address). The normal
memory address space Is 1M byte (20-bit address), and
the expanded address space Is 16M bytes (24-bit ad-
dress). See figure 35. Expanded addressing is enabled or
disabled using the BRKXA and RETXA Instructions.

The memory space Is accessed when an instruction uses
a memory addressing mode. Memory addresses are

44
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calculated as described below. The I/O space can only
be accessed through the IN, OUT, INM, and QUTM
instructions.

Cortain areas of the V53 address spaces (physical for
normal mode and logical for expanded addressing
mode) are reserved. . Memory addresses 0-3FCH are
used for the Interrupt vector table (figure 35) located in
the Interrupt operation section. Memory addresses
FFFFOH-FFFFFH must contain a branch to boot code;
PC, PFP, and PS are initialized at RESET to point to this
area.

I/O addresses FFOOH-FFFFH are reserved for the ad-
dress translation registers and system control registers.
The DMAU, TCU, ICU, and SCU sections each contain a
block of registers with programmable base addresses.
They may be located inside any 256-byte block in the /O
space. See figure 36.

Figure 35. Memory Address Space

16M Bytes
FFFFFFH
1M Bytes
FFFFFH
FFFFCH Reserved
FFRFBH Reset Vector

FEFFOH 1 Page = 16K Bytes

1 Page = 16K Bytes

1024 Pages
64 Pages
3FCH
Intarrupt = A
Vector Table T T
[} 0
Normal Memory Expanded Address Mode
Address Space Address Space
49NR-324A
1/0 Addresses

I/O devices can be referenced by 8-bit immediate ad-
dresses or by 16-bit addresses via the DW register. If |/O
operations require other more complex addressing
modes, the /O devices must be placed in the memory
address space {using memory-mapped I/O techniques).
For memory-mapped I/O devices, there are no restric-
tions on Instruction or addressing mode usage. However,
the V53 will not automatically insert 6 clock cycles after
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memory-mapped /O operations; external logic must  Figure 37. 20-Bit Address
provide the necessary I/O device recovery time.
15 0 15 [}
Flgure 36. l/O Address Space l Segment Register I 0000 l |£oo | Effective Address
19 [+] 19 0
FFFFH 2, 20,
System Control ’ i
and Address
Translation y
Registers \V4
FFOOH . ADM
20
DMAU Normal'Mode I:!:ysical Address
N Expanded Mode Logical Address —-
Zssvg;t?elg ey 4INR-349A
Interal IO Avo Tey
7 e .
If normal addressing mode Is enabled, this 20-bit resultis r ~
Scy presented on the address bus during the bus cycle. if [+
expanded addressing mode is enabled, this address Is &=
used as a logical address.
Expanded Addresses
g00aH sneson| N the expanded addressing mode, the memory space is

Normal Memory Addresses

The V53 Is a 16-bit device with 16-bit registers. To allow a
memory address space larger than 64K bytes, memary
segmentation Is used. The 1M-byte memory address
space Is divided Into 64K-byte segments. Up to four
segments can be In use at any glven time. The base
addresses of the four active segments (program seg-
ment, stack segment, data segment 0, and data segment
1) are contalned in four 16-bit segment registers (PS, SS,
DS0, and D81, respectively). The 18-bit value in each
register is the upper 16 bits of the 20-bit memory ad-
dress, Thus, segments must start on 16-byte boundaries.

As described above, the V53 hardware generates a 16-bit
effective address for each memoary operatlion. This effec-
tive address Is an offset Into one of the four active
segments. The actual 20-bit memory address is com-
puted by adding the EA to the segment register value
expanded with zeros to 20 bits. Figure 37 shows this
process.

divided into 1024 pages (figure 35). Each page Is 16K
bytes. Each page of the normal 20-hit address space Is
mapped to a page In the expanded address space using
a 64-entry address translation table. The table is made
up of 64 page registers that reside in the I/O space.

The programming model of this mode Is the same as for
the normal mode. Addrass expansion is a layer added to

- the normal mode that is transparent to executing code.

The program still sees a 20-bit contiguous logical mem-
ory address space, but the hardware sees 64 pages
mapped Into a set of 1024 physical pages.

The /O space Is not affected by the expanded address-
Ing mode.

The address translation mechanism Is shown In figure
38. The upper 6 bits of the logical 20-bit address select
one of the entries in the address translation table, which
supplies a 10-bit value. This valus Is substituted for the
original 6 bits In the normal address to create a 24-bit
expanded address.
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Figure 38. Address Translation Mechanism
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Figure 39. Address Expansion Registers

19 14 13 0

T
Nzﬁﬁfe P Page Offset

20-Bit Logical Address

8], 14],

4

Decoder

Translation Table

NN

64 Entries

h T

10

23 14 13 A 0
L]
24-Blt Expanded Address | X |

49NR-335A

Address Expansion Registers

These are the page and XAM reglsters, accessed by the
word IN and OUT Instructions. Figure 39 shows page
register usage and |/O addresses. The page reglsters
contain the 10-bit physical page base address. The XAM
register Is & read-only status flag that indicates whether
expanded addressing is enabled.

Unused data bits in the XAM register are read as 0.
Expanded addressing must be disabled before access-
ing any of the page registers. That Is, if expanded mode
is enabled, the page registers cannot be accessed. This
prevents an expanded mode task from accldentally mod-
ifying its memory map.

Page Reglsters

Loglcal Address Aqg-A14 PGR Selected PGR I/0 Address
0 PGR1 FFo0
1 PGR2 FF02
2 PGR3 FFO4
3 PGR4 FF08
63 PGRE4 FF7E
XAM Reglster
I ‘ [xA Freg]
15 . 1

Operand Addressing Modes
For operand addressing, the V53 offers nine modes. -

¢ Register

e Immediate

e Direct

¢ Register indirect
e Indexed

o Based

e Based indexed

e Bit
Autolncrement/autodecrement

Regilster. The operand is in a V53 register pointed to by
the instruction,

Immediate. The operand Is in the Instruction stream
following the opcode of the instruction. This data will
have been prefetched. Immediate data uses the V53
pipeline efficlently.

Direct. Immediate data in the instruction strearﬁ points
directly to the operand. This data can be a 16-bit effec-
tive address or a bit field length of 4 bits.

Register Indirect. A 16-bit register (IX, 1Y, or BW)
contains a 16-bit effective address.

Indexed. One or two bytes of immediate data are
treated as a signed displacement that is added to the
contents of a 16-bit index register (iX or IY) to obtain a
16-bit effective address.

Based. One ortwo bytes of immediate data are treated
as a signed displacement that is added to the contents of
a 16-bit base register (BP or BW) to form a 16-bit
effective address.

Based Indexed. One or two bytes of immediate data
are treated as a signed displacement that is added to two

Q..
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16-bit registers (BP or BW and IX or lY) to form the
effective address. This mode is useful for array address-
ing.

Bit. Used with NOT1, CLR1, or TEST1. A 4-bit immediate
data value SET1 selects a bit in a 16-bit operand. For
8-bit operands, only 3 blts are used. -

Autoincrement/Autodecrement. Some iterative opera-
tlons (such as MOVBK or INS) will automatically incre-
ment or decrement Index registers after each iteration.
Specifically, IX Is used in addressing a source pointer,
and/or 1Y Is used In addressing a destination pointer.
After the operation, both will be incremented or decre-
mented (according to the PSW DIR controt flag) to point
to the next operand in the array.

Instruction Addressing Modes

Instruction address modes are basically the same as the
operand addressing modes, but the PC Is always used in
the register. These modes are used In control transfer
Instructions.

Direct

Relative
Register
Register indirect
Indexed

Based

e Based indexed

Direct. Four bytes of immediate data are taken as an
absolute address and loaded directly into the PS and PC
(and PFP),

Relative. One or two bytes of immediate data are a
slgned displacement that is added to the contents of the
PC, and then placed in the PC (and PFP). This mode Is
useful to create position-independent code.

Register. The register selected by the instruction (AW,
BW, etc.) contains an effective address, which is loaded
into the PC (and PFP). '

Register Indirect. An index register (IX, 1Y, or BW)
points to a memory location that contains an effective
address (short pointer) or a segment register value and
the effective address (far pointer). This effective address
is read from memory and loaded into the PS and/or PC
{and PFP).

Indexed. One or two bytes of immediate data are a
signed displacement added to the contents of a 16-bit
Index reglster (IX or 1Y) to form an effective address. This
address Is used to fetch another effective address from
memory, which is then loaded into the PC (and PFP).

Based. One or two bytes of immediate date are a signed
displacement added to the contents of a 16-bit base
register (BP or BW) to form an effective address. This
address is used to fetch another effective address from
memory, which is then loaded Into the PC (and PFP).

Based Indexed. One or two bytes of immediate data are
a signed displacement added to the contents of two
16-bit reglsters (BP or BW and IX or 1Y) to form an
effective address. This address is used to fetch another
effective address from memory, which is then loaded into
the PC (and PFP).

CPU Register Configuration

Program Counter (PC). The PC is a 16-bit register
containing the effective address of the instruction cur-
rently being executed. The PC Is incremented each time

the instruction decoder accepts a new Instruction from ¢

the prefetch queue. The PC is then loaded with a new {3

value during execution of a branch, call, return, or break
instruction, and during Interrupt processing.

Segment Registers (PS, §S, DS0,DS1). There are four a

segment registers, each containing the upper 16 bits of
the base address of a 64K logical segment. Since logical
segments reside on 16-byte boundaries, the lower 4 bits
of the base address are always zero. Normal 20-bit
memory addresses are formed by adding the 16-bit
effective address to the base address of one of the
segments. During this operation, certain types of effec-
tive addresses will be paired with specific segment
registers.

Segment Register Default Offset

PS (program segment) PFP

SS (stack segment) SP, effective address
D80 (data segment 0) IX, effective address
DS1 (data segment 1) Y

Program instructions will always be fetched from the
program segment. Whenever the 1Y index register ad-
dresses an operand, the DS1 segment register will be
used. DSO is usually used with IX. Stack operations with
the SP will always use the stack segment. For other
effective addresses, the table above shows the default
segment, but another segment may be selected by a
segment override prefix instruction.

General-Purpose Registers (AW, BW, CW, DW). The
four 16-bit general-purpose registers can be accessed as
16-bit or 8-bit quantities. When the AW, BW, CW, or DW
destination is used, the register will be 16 bits. When AL,
AH, BL, BH, CL, CH, DL, or DH is used, the register will
be 8 bits. AL will be the low byte of AW and AH will be the
high byte, etc.
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Some operations require the use of specific reglsters.

Register Operation

AW Word muttiplication/division, word I/O,
data conversion

AL Byte multiplication/division, byte /O, BCD
rotation, data conversion, translation

AH Byte multiplication/division

BW Translation

cw Shift Instructions, rotation instructions,
BCD operations <

Dw Word muitiplication/division, indirec

addressing 1/O :

Pointer (SP, BP) and Index Reglsters (iX, lY). These
registers are used as base pointers and index registers
when based, Indexed, or based indexed addressing
modes are used.

They may also be used as general-purpose registers for
data transfer, arithmetic, and logical Instructions. They
can only be accessed as 16-bit registers.

Some operations uss these registers in specific ways.

Reglster Operation

SP Stack operations

IX Source pointer for block transfer, bit fleld,
and BCD string operations

Y Destination pointer for block transfer, bit

field, and BCD string operations

Program Status Word (PSW). The program status word
reflects the status of the CPU by six status flags and
affects the operation of the CPU by three control flags.

15 PSW 8
|1|1|1|1|v[oln|:E|BnK|

7 0
|s[z|.o|Ac|o|P|1|oY|

Status Flags Control Flags

v Overflow DIR Direction

] Sign IE Interrupt enable
z Zero BRK Break

AC Auxillary carry

P Parity

cY Carry
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The DIR control flag determines whether address point-
ers are incremented (1) or decremented (0) for block
(string) operations. {E enables interrupts (1) or disables
interrupts (0). BRK enables (1) or disables (0) the single
stepping trap (vector 1).

The PSW cannot be accessed directly as a 16-bit register.
Specific Instructions set/reset the control flags. When
the PSW is pushed on the stack (as during interrupt
processing), the PSW is set as shown in the diagram
above.

Interrupt Operation

The interrupts suppotted by the V53 can be divided into
two types: those generated by external interrupt re-
quests and traps generated by software processing.
Interrupts of each type are listed below. .

e External Interrupts
— NMI input (nonmaskable)
— INTPO-INTP7 (maskable)
e Software Traps
— Divide error during DIV or DIVU instruction
— Array bound error during CHKIND
— Single-step (PSW BRK flag = 1)
— Undefined instruction
— Coprocessor error
— Coprocessor not connected
— Break instructions (BRKV, BRKS, BRK imm8,
BRKXA)

The eight INTP interrupts are handled by the interrupt
control unit (ICU), The ICU prioritizes the INTPs and
produces a single INT output, an Internal signal that
goes to the CPU interrupt logic. There the interrupt
prioritization flow dlagram (figure 40) Is implemented.
Interrupts are prioritized by the CPU as foliows.

NMI (highest priority

INT

BRK flag
Other software interrupts and exceptions

- S SN
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Figure 40. Interrupt Prioritization Flow Diagram
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Complete
current
Instruction

% if current Instruction causes internal Interrupt, SOFT flag = 1
At the end of current Instruction:
» [fBRKflagin PSW=1,BRK =1

o IfINT from ICU [s sampled, INT =1

» I NMiinput Is sampled, NMl = 1

Push PC, PS, F"SW
Clear IE, BRK

'

Push PC, PS, PSW
Clear IE, BRK

Yy

Push PC, PS, PSW
Clear IE, BRK

!

!

Push PC, PS, PSW
Clear [E, BRK

||

NMI procedure

!

Pop PC, PS, PSW

INT procedure BRK procedure Internal INT
procedure
Pop PC, PS, PSW Pop PC, PS, PSW Pop PC, PS, PSW
A
1 1
BRK é)FT
Q 0

Yy

Execute
next Instruction

83YL-63278
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Interrupts are not accepted by the CPU at certain times.
NMI, INT, and BRK flags are not accepted under the
following conditions.

(1) Between execution of a MOV or POP that uses a
segment register as an operand and the next in-
struction,

(2) Between a segment averride prefix and the next
instruction.

(3) Between a repeat or BUSLOCK prefix and the next
Instruction.

INT Is not accepted when the PSW [E flag is 0, or
between an RETI or POP PSW and the next instruction.

Once an Interrupt has been accepted by the CPU, an
Interrupt service routine will be entered. The address of
this routine Is specified by an interrupt vector stored in
the Interrupt vectar table (figure 41). For most interrupts,
the vector used depends on what interrupt is being
processed (e.g., NM! always uses vector 2). For INT and
BRK imma8 interrupts, any vector may be used; the
vector number Is supplied by the ICU or an external
device (such as a pPD71059) in the case of INT, or by
immediate data in the case of BRK.

The interrupt vector table uses 1K bytes of memory at
addresses 000H to 3FFH and stores up to 256 vectors.

Figure 41. Interrupt Vector Table

gooH Vector 0 Divide Errar
004H Vector 1 Break Flag
ooeH Vector 2 NME Input :
00GH | Dedicated
Vector 3 BRK 3 Instruction
010H Vaclor 4 BRKYV Instruction
014H Veclor 5 CHKIND Instruction
01eH Vector 6
p~Y Q1 Reserved
07CH Vector 31 i
080H E
Vector 32
General Use
NS J4re BRK [mm8 Instruction
N ‘R| ¢ INT Input {External]
1E8H Vector 122 Undefined Instruction Trap
N | Generat Use
N 2 f ¢ BRK Imm8 Instruction
« INT Input (External]
200H Vector 128 uPD72291 AFPP Error
204H Vector 129 Other Copracessor Ercar
208H Vector 130 Coprocessor Does Not Exist
A | General Use
- « BRK Imm8 Instruction
3FCH Vector 255 + INT Input {External]
49NR-232A
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Each interrupt vector consists of four bytes. The two low
bytes are loaded into the PC as the offset, and the two
high bytes are loaded Into the PS as the base address.
See figure 42.

Figure 42. Interrupt Vector 0

Vector 0
001H i\ 0oOH

L
003H |

oo2H

PG « [001H, 000H}
PS & [003H, 002H]

M 49NR-345A

Based on this format, the contents of each vector should
be Initialized at the beginning of the program. The basic
mechanism for servicing an interrupt follows.

(SP -1, SP — 2) « PSW
(SP -3, SP - 4) < PS
(SP -5, SP - 6) « PC

SP «+ SP-6 e

IE« 0,BRK«0
PS « vector high bytes
PC « vector low bytes

When an Interrupt is accepted, two possible PC values
could be saved. For some interrupts, the offset of the
current instruction Is saved. These interrupts are divide
error, CHKIND, illegal opcode, pPD72291 FPP error,
other coprocessor error, and CP not present. For the
other interrupts (NMI, BRK flag, BRK instruction, or ICU
interrupt), the offset of the next instruction is saved.

CLOCK GENERATOR (CG)

The clock generator (figure 43) is driven by a crystal
connected to pins X1 and X2 or an oscillator connected
to pin X1 with no connection at pin X2. The source
frequency Is divided to supply various clocks to Internal
units (CPU, DMAU, etc.) and to external devices at pins
CLKOUT and PCLKOUT.
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Figure 43. Clock Generator Diagram

X1o Oscillation
X2 o——f Clreult

Frequency

Divide-by 2

CPU Clock

y

Programmable
Frequency
Divida-by
1,2,4,0r8

CPU, DMAY,
REFU, SCU

w0 CLKOUT

*

Frequency

e 0 OUT
Divide-by 2 POLK

Frequency
Divide-by 16

j—————— TCU

» BRC
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BUS OPERATION

The V53 uses a synchronous bus interface, The X1 and
X2 inputs provide a reference oscitlator frequency for the
Internal clock generator, which supplies the main system
clock to the other internal devices and to external
devices via the CLKOUT pin. All V53 bus timings and
instruction executlon clock counts are specified relative
to the CLKOUT signal. Bus cycles start on the falling
edge of CLKOUT.

The V53's internal bus is a multimaster, shared bus. The
CPU, DMAU, or REFU can all be bus masters. Each
raquests bus mastership from the bus arbitration unit
(BAU). External devices can also request mastership of
the bus using the HLDRQ input.

Bus Interface Unit (BIV)

The BIU contains the interface logic that allows the three
internal bus masters (CPU, DMAU, and REFU) to control
the external address, data, and control buses. The BIU

also synchronizes the BS8/BS16, RESET, and READY
Inputs to the system clock. When a reset signal Is
accepted, the BIU asserts the RESOUT output.

T-49-17-15
Bus Arbitration Unit (BAU)

The BAU accepts and grants five different requests for
bus mastership in the following priority order.

REFU demand (highest)
DMAU request

HLDRQ

CPU request

REFU request

The refresh unit is assigned both the highest and the
lowest priorities. Normally, REFU requests are made,
and if the bus is not granted, they are placed in a qusue.
Once the queus depth reaches seven requests, a refresh
demand is made, and the BAU gives this the highest
priority.

Bus Walt Function “

When the bus Is active and the BAU receives a higher .

priority request, the BAU will take away its grant to the
current bus master. But the current master may not
release the bus immediately. The BAU will wait until the
current master takes away Its request before granting
the bus to the higher priority requester. This Is called bus
waiting.

For example, if an external device has been granted the
bus via the HLDAK output, and the DMAU requests the
bus (DMA is higher priority than HLDRQ), the V53 will
deassert HLDAK but will not take the bus back until the
external master deasserts HLDRQ. Note that the exter-
nal master is not required to immediately release the bus
back to the V53; the BAU will wait until HLDRQ is
removed.

Usually a higher priority request will be granted quickly;
for example, if a DMA request is accepted during T2 of a
CPU bus cycle, the next bus cycle will usually be a DMA
cycle. However, each internal bus master will hold onto
the bus under certain circumstances.

The CPU will not let go of the bus as long as the
BUSLOCK prefix Is used, or untii the current bus opera-
tion Is completely finished (an unaligned or bus-sizing
operation may take more than one bus cycle). Likewise,
when It Is in bus hold mode, the DMAU will not release
the bus until ali active DMA requests have been pro-
cessed.

This mode should be used with care as it can result in
DRAM refresh errors if the DMA takes a long time to
complete. Note that bus hold mode is only available
when DMAU is in wPD71071 compatibility mode;
#PD71037 mode Is always In bus release mode.
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External Bus Masters

At times, external bus masters will need to use the V53
bus. There are two methods provided for that purpose:
hold request and DMA cascade. Up to five external bus
masters can be connected to the V53,

Hold Request. The external bus master can requestthe
bus using a hold request. Hold request is implemented
using the HLDRQ and HLDAK signals. The V53 grants
the bus by floating many of its outputs and asserting
HLDAK to notify the external device that the bus is now
free, :

DMA Cascade . DMA cascade is very similar to hold
request; the difference Is that a DMARQ/DMAAK signal
palir requests and grants the bus, While DMA cascade is
meant to be used to connect additlonal DMA controllers,
it can be used by any type of external bus master. Since
there are four DMA channels, each of which can be in
cascade mode, up to four external masters can be
connected by DMA cascade.

Bus Cycle Descriptions

Each of the internal bus masters uses the V53 bus
interface in a different way: DMA bus cycles have a
different structure than CPU bus cycles or REFU cycles.
There are 18 different V53 bus cycles summarized previ-
ously in table 1.

CPU Bus Cycles

The bus state diagram for CPU cycles Is shown In figure
44, CPU bus cycles are nominally two clock periods long,
and may be extended by adding wait states using either
the internal walt state generator or the external READY
input. .

62
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Figure 44. CPU Bus State Diagram

BUSRQ=1
CPUGT =1
READY =1

BUSRQ=1
CPUGT =1

READY =1 READY =0

READY =0

Always

BUSRQ =1 CPUGT =0
CPUGT =1 READY =1
BUSRQ=0 CPUGT =0
CPUGT =1 READY =1
RESET READY =1

CPUGT =0

CPUGT =0

BUSRQ =0

CPUGT =1 BUSRQ =0 -
CPUGT =1
READY =1

AL Idle state

T Start bus cycle

T2 Sample READY, DATA

™ Wait for READY = 1

TH Bus hold state; release bus to external BAU

BUSRQ = 1 when a read or write bus cycle Is requested.
CPUGT = 1 when BAU grants Intemal bus to CPU.

83YL-6548A

The first state of every bus cycle is T1, and it Is followed
immediately by T2. READY is sampled on the rising
(middle) edge of T2. If READY is not asserted, the next
bus state will be the TW wait state. TWs will be inserted
until READY is sampled low, after which the bus cycle
will finish, TWs also will be inserted by the walt state
generator, and the READY input Is ignored until all TWs
programmed In the walt state have been inserted. The
dynamic bus sizing input, BS8/BS16, is sampled at the
same time as READY.

Note that dynamic bus sizing Is only ln{plemented for
CPU cycles; DMAU or REFU cycles do not use this input.

Address and bus status are output after the leading edge
of T1, and maintained until after the cycle is completed.
A strobe, BCYST, is asserted during T1 to indicate the
beginning of a bus cycle. BCYST Is output following the
leading edge of T1 and deasserted after the leading edge
of T2.

Write data Is driven on Dg-Dy5 following the rising (mid-
dle) edge of T1, and maintained until after the rising edge
of T2 or the last TW. Read data Is sampled on the tralling
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edge of T2 or the last TW state. A strobe, DSTB, gives the
status of the V53 data bus. DSTB is asserted after the
rising (middle) edge of T1. DSTB is deasserted after the
rising edge of T2 or the last TW for a write cycle, and after
the trailing edge of T2 or the last TW for a read cycle.

1/O cycles are identical to memory cycles except for the
encoding of the bus status lines. However, six idle states
are Inserted after every 1/O bus cycle to provide a
racovery time for the |/O devices. '

A

Dynamic Bus Sizing for CPU Cycles

The V53 supports dynamic bus sizing for CPU cycles, On
a cycle-by-cycle basls, the width of the data bus can be
changed from 16 to 8 bits. This simplifies connection
with 8-bit I/O devices that may have internal registers at
consecutive byte addresses. Other 16-bit CPUs require

T-49-17-15

two ROMs for startup code, but the V53 dynamic bus
sizing makes it possible to use a single 8-bit wide ROM.

External logic requests an 8-bit data path by driving
BS8/BS16 low in time for the V53 to sample it on the
rising edge of T2 (or TW). The V53 will perform an
additional cycle if needed to finish the operation in
byte-wide pleces.

If the bus operation is already 8 bits wide, no further bus
cycles will ocecur (refer to tables 3 and 4). For a read
cycle, the data will be sampled on D7-Dg. For a write
cycle to an even address, data will be driven on D;-Dg. On
all byte writes to an odd address, the V53 will put the
byte data on both the upper and lower data buses so that

the write data will be on D;-Dg as well as Dy5-Dg. ...

If the bus operation is 16-bit, two bus cycles will be
required. The first one, in which BS8/BS18 is sampled

- s S,

low, will handle the low byte. The second cycle will take Ei- Y7

the form of a byts read or write using D;-Dy.

.

Table 3. Write Cycle Bus Sizing D
16-Bit Bus (B58/BS16 = 1) 8-Bit Bus (BS8/BS16 = 0)
Type Address Ag UBE Cycle Dy5-Dg DDy Dy5-Dg DyDy
Byte Even 0 1 st Invaild Lower Invalld Lower
Odd 1 0 st Lower Lower Lower Lower
Word Even 0 1 1st Upper Lower Upper Lower
1 0 2nd Not needed for 16-bit bus Upper Upper
Odd 1 0 1st Lower Lower Lower Lower
0 1 2nd Lower Upper Lower Upper

Note: Lower = low-order byte; Upper = high-order byte

Table 4. Read Cycle Bus Sizing

16-Bit Bus (BS8/BS18 = 1)

8-Bit Bus (BS8/8S16 = 0)

Type Address Ay UBE Cycle Dy5-Dg DDy Dy5-Dg DDy
Byte Even 0 1 1st Not used Lower Not used Lower
Odd 1 0 1st Lowsr Not used Not used Lower

Word Even [+] 1 1st _ Upper Lower Not used Lower
1 0 2nd Not needed for 16-bit bus Not used Upper

QOdd 1 0 1st Lower Not used Not used Lower

0 1 2nd Not used Upper Not used Upper

Note: Lower = low-order byte; Upper = high-order byte

CPU Bus Cycle Types. There are many types of CPU
bus cycles (shown previously in table 2). They comprise
read, write, and acknowledge cycles,

CPU Read Cycles. There are six CPU read cycles: mem-
ory, external I/O, internal I/O coprocessor, coprocessor
data reads, and Instruction fetch. All have the general
timing described previously. Coprocessor reads access

the internal registers of an external coprocessor. Copro-
cessor data reads transfer data from memory to an
internal coprocessor register. Instruction fetches fill the
V53's 8-byte Instruction queue from the memory space.
I/O and memory reads transfer data to the V53 from an
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internal or external I/O device or a memory location.
During internat I/O reads, the IORD and BUFEN outputs
are not asserted.

Dynamic bus sizing Is Ignored during internal 1/O read
cycles, and is not recommended for coprocessor data
read cycles. The wait state generator does not affect
internal I/O reads or coprocessor reads. READY Is used
for all CPU read cycles.

CPU Write Cycles. There are five types of CPU writes.
Memory writes transfer data from the V53 to a memory
location. External and Internal 1/O writes transfer data
from the V53 to external or Internal 1/O devices. During
internal I/O writes, the [OWR and BUFEN outputs are not
asserted. Coprocessor data writes transfer data from an
external coprocessor to a memory location. Coproces-
sor writes transfer data from the V53 directly to a
coprocessor internal register.

Dynamic bus sizing Is ignored during internal I/O read/
writes, and Is not recommended for coprocessor data
write cycles. The wait state generator does not affect
Internal /O writes or coprocessor writes. READY is used
for all CPU write cycles.

Interrupt Acknowledge Cycles. The CPU interrupt ac-
knowledge operation takes two consecutive bus cycles.
The first cycle freezes the state of the internal interrupt
control unit (ICU) and any external slave uPD71059
Interrupt controllers. The second bus cycle reads an
8-bit vector number on D7-Dy, supplied by either the ICU
or an external slave, This vector number is then used by
the CPU as an Index Into the Interrupt vector table to
select an Interrupt handler The BUSLOCK output is
asserted for the flrst cycle, and remains asserted until
after the second to guarantee that no other bus master
will take control of the bus until the interrupt has been
accepted.

There are two types of interrupt acknowledge cycles
produced by the V53: a master and a slave. The INTAK
output Is asserted for both types, and should be con-
nected to the interrupt acknowledge Inputs of all slave
devices. The master cycle is used for the first INTAK to
both internal and external 1CUs, and the second INTAK
to the internal ICU. The slave cycle is used only for the
second INTAK to an external slave device.

During the slave cycle, the address of the slave device to
be used is presented on As-Ag. These address lines
should be buffered and then connected to the slave
address inputs of the external ICUs. Buffering is neces-
sary because the slave address pins of external devices
might be In an output state on power-up, producing a
bus conflict on Ag-Aq if they are connected directly.
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Dynamic bus sizing is ignored during the interrupt ac-
knowledge cycles. Wait states can be Inserted by the
internal wait state generator or by the READY input.

Halt Acknowledge Cycle. When the CPU executes a
HALT instruction, a halt acknowledge bus cycle is issued
to notify external logic that the V53 Is entering a standby
mode. This cycle is always two clocks long; READY is
ignored and DSTB is not asserted. The V53 has several
standby modes.

DMA Unit Bus Cycles

Figure 45 shows the bus state diagram for DMA bus
cycles. Thers are eight different states. When the DMAU
Is Idle, 1t is in state SI. In this state, it is continually
sampling the four DMARQ inputs. When a request is
detected, the DMAU requests use of the V53 bus from
the BAU, and enters state S0. it remains in SO until the
BAU grants the bus to the DMAU, at which point the
actual DMA bus cycle starts with state S1. Addresses

and control status are output along with BCYST gngg_vw;

DMAAK,

DMA bus cycles are nominally four clocks long, but they
can be stretched by the internal wait state generator or
READY. S1 always changes to $2 and then to S3.
Memory and 1/0 strobes are asserted during S2, $3, and
SW. READY is sampled during §2 for use during S3. If
waits are inserted, the SW state is entered. Control stays
in that state until no more waits are desired. If no waits
are inserted, $3 moves to S4 and the current cycle is
over.

Depending on the DMA mode, another DMA cycle might
be ready to start immediately (e.g., in burst mode), or
another DMA request input may now be asserted. During
$4, a decision is made whether to begin another DMA
cycle at 81, to return to 81, or to enter the bus wait state
S4W. The latter transition will be made if another DMA
cycle Is ready to start but the BAU has taken the bus
away from the DMAU. In 84W, the DMAU releases the
bus, but is ready to begin as soon as the bus is granted
again and the DMA request is still pending.
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Figure 45, DMAU Bus State Diagram

DMAGT =0

DMA incomplete; bus ho!d mode
{block or demand modes only)

Always —/8_3\ READY=0

&/
GV% READY =0

READY =1

S§2 Assert strobes; sample READY, END,

S3 Check READY,

S4 End of DMA cycle; check DMA completion.
S4wW Bus wait state; release bus to BAU.

SwW Wait for READY = 1,

sS4
Sl\ - { ) EADY =1
(J DMA complete; or single mode NS . R
DMA Incomplete; bus release mode
DMAGT =0
DMAGT =1
DMARQ = 1 A
(saw DMAGT =0
DMARQ = 0 : <
sl Idle state; sample DMA requests. £
S0 Wait for BAU to grant bus to DMAU.
St Output DMA memory address,

83Y1-63308
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DMA Read Cycle. The DMAU performs "fly-by” DMA.
During one DMA read bus cycle, data maoves from the
source address In memory to the destination I/O device.
The V563 puts the memory address on Ags-Ag, and asserts
MRD. At the same time, IOWR Is asserted. Memory will
drive the DMA data onto the bus, and the TOWR signal
will latch the data into the I/O device. DMAAK should be
used to control chip selsct at the 1/O device. Since the
V53 does not use the data, BUFEN is not asserted during
DMA bus cycles.

DMA Write Cycle.The DMAU performs “fly-by" DMA.
During one DMA write bus cycle, data moves from the
source 1/O device to the destination address in memory.
The V53 puts the memory address on Azz-Ag, and asserts
MWR. At the same time, IORD Is asserted. The I/O device
will drive the DMA data onto the bus, and the MWR
signal will latch the data into memory. DMAAK should be
used to control chip select at the /O device. Since the
V53 does not use the data, BUFEN is not asserted during
DMA bus cycles

Note that when DMA writes are made to DRAM, it may be
nacessary to generate a delayed CAS strobe because
the data is belng supplied by an 1/O device that may have

long access time. The write data may not be valid when
the normal CAS signal is asserted.

Dynamic bus sizing cannot be used for DMA operations.
The Internal walit state generator and READY can be
used to stretch the cycle.

DMA Cascade . During DMA cascade, the DMA state
machine releases the V53 bus to an external bus master
such as a pPD71071 or uPD71037 DMA controller.
DMAAK Is connected to the HLDAK input of the external
device. DMAAK will stay asserted until the external
master deasserts DMARQ. If the V53 BAU needs to give
the bus to a higher priority bus master, DMAAK will be
deasserted. The external bus master Is expected to then
deassert the DMARQ input, at which point the bus will be
given to the higher priority bus master.

Refresh Unit Bus Cycles

The refresh unit performs memory read cycles from
consecutive memory addresses. These bus cycles are
the same as CPU memory read cycles, except that the
REFRQoutput is asserted. External logic should use the
REFRQ logic to enable RAS for all memory banks,
regardless of the address decoding scheme, so that all
banks are refreshed.
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Dynamic bus sizing cannot be used during refresh oper-
atlons. The internal wait state generator and READY can
be used to stretch the cycle.

SYSTEM INTERFACE
System Memory Access Time

Table 5 shows the system memory access time required
for 12.5-MHz and 16-MHz V53 systems to run with zero,
one, two, and three wait states. This Is the time from
when the address bus Is valid to when the external
system must present the read data on the data bus.
These numbers are based on the preliminary ac timing
given In this document and are subject to change.

Table 5. Performance vs. Wait States
12.5 MHz 16 MHz
Memory System Relatlve Momory System Relative

Number Cycle  Access Perfor- Cycle Access Perfor-
of Wait Time Time mante Time Time  mance
States (ns) (ns) (%) (ns) (ns) (%)

0 160 113 78 125 78 100
1 240 193 64 1875 1405 82
2 320 273 82 250 208 67
3 400 353, 43 3125 265.5 56
Nota: Performance Is relative to the 0 walt state, 16 MHz.

Walt States

Table 5 also illustrates the effect of wait states on
performance. The V53 CPU averlaps bus interface oper-
atlons In time with Instruction execution. This greatly
reduces the effect of wait states on performance. Each
bus cycle Is nominally two clocks long, while the mini-
mum Instruction Is two clocks with many instructions
taking longer.

There Is some Idle bus time when the CPU is processing
a long instruction and the prefetch queue Is full. Wait
states can often fill these Idle states. However, adding
wait states to bus cycles reduces the bus bandwidth
available for other bus masters, such as DMA control-
lers. This Is because some of the idle time that would
have been available to them is used for CPU cycles.
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Note that in all cases, a 16-MHz V53 with N+1 wait
states Is faster than a 12.5-MHz device with N wait states
but slower memory.

Note also that the numbers are for comparison only.
Different results will be obtained for other program
mixes.

interfacing the uPD72291 AFPP

The AFPP is a very-high-performance floating-point co-
processor able to process more than 530K floating-point
operations per second at 16 MHz.

The AFPP Is programmed as an extension of the V53
instruction set. The AFPP executes floating-point oper-
ations, computes transcendental functions, and per-
forms vector multiplications.

AFPP instructions use the FP01 and FP0O2 formats. When
one of these opcodes is encountered and an AFPP is
connected, a coprocessor protocol routine is entered.
The V53 computes any effective addresses required,

reads or writes the operands for the AFPP, and tellsthe

AFPP which operatlon should be performed.

The AFPP responds by asserting its BUSY output when it
starts the operation. The V53 will not start another AFPP
operation until BUSY is deasserted, but may execute
CPU instructions. When BUSY is deasserted, the V53 will
transfer the AFPP status to the AW register.

Figure 46 shows how to connect a V53 CPU to a
pPD72291 AFPP. The CPU reads and writes status and
commands to the AFPP using coprocessor read and
write cycles, which always take two clocks. AFPP oper-
ands are written using coprocessor memory write/read
cycles, which always require one wait state. The V53
automatically Inserts one wait state into these cycles so
no external wait generation logic Is required.

F——
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Figure 46. Connections Between the V53

and xPD72291
uPD70236 uPD72291
Vs3  xt — Advanced
CPU =132 MHZ Floating-Point
x2 —3 Processor
cLKOUT 16 MHZ CLK
wio wio
RW > RW v
BUSSTY »1 BUSSTH
BUSSTO »! BUSSTO
DSTB »| DSTB
BCYST »| BCYST
Von
BUSY
CPBUSY o— GND
* -
LLEITY C——
RESET RESET
4 |
RESET
¥ When only the pPD72291socket Is provided and
the pPD72201 Is not connected, switch CPBUSY 1o GND.
83YL6550A

On reset, CPBUSY Is sampled. If It Is low, the V53
assumes that a coprocessor is connected. CPERR is
also sampled to determine what kind of coprocessor is
connected as follows.

X None
0 wPD72291

CPBUSY CPERR Coprocessor Connected
1
0
0 1 Another kind

AFPP memory operands must always begin on an even
address and may not reside In 8-bit wide memory.
Dynamie bus sizing may not be used for AFPP operands.

SYSTEM CONTROL 1/0

On-Chip Control Registers

The V63 provides many on-chip control registers. Some
of these reside in the 256-byte system I/Q area (I/O space
addresses FF00 to FFFF). These are shown in table 6.
Other reglsters reside In small blocks associated with an

T-49-17-15

on-chip peripheral (addresses are programmable). Thers
are register blocks for DMAU, TCU, ICU, and SCU. The
base addresses for these register blocks are program-
mable using the OPHA, DULA, TULA, and SULA regis-
ters in the system I/O area. See figure 47.

Figure 47. Peripheral Relocation

64K-byte O space
FFFFH

256-byte area

MR-
NN <—[ULA 7
NN TCU NN, 1uca

Reserved
System VO Area

FFOOH

———
MM

[ ——]

OPHA x 256

0100H NN SCU NN, suia
0000H o
83YL-66824 |

Table 6. System l/O Area

1/O Address Reglstor Name Figure

FFFFH Reserved -

FFFEH SCTL 48

FFFDH OPSEL 49

FFFCH OPHA 60

FFFBH DULA 60

FFFAH IULA 50

FFFoH TULA 80

FFF8H SULA 50

FFF7H Reserved -

FFF6H WCY4 61

FFF5H WCYs 60

FFF4H wGy2 89

FFF8H WMB1 65

FFF2H RFC 62

FFF1H SBCR 110

FFFOH TCKS 61

FFEFH-FFEEF  Reserved -

FFEDH WAC 68

FFECH WCY0 57

FFEBH WCY1 &8

FFEAH WMBO 54

FFEgH BRC 52

FFESH Reserved -

FFE7H-FFE2H  Reserved -
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Table 6. System l/O Area (coni) Figure 49. On-Chip Peripheral Selection
1O Address Roglsater Name Figure Register (OPSEL)
FFEH BADR 102 [-T-T-=-T]-1]ss ][] s | ps|
FFEOH BSEL 103 7 0
FFDFH-FF8IH  Reserved - 1] SCU Operation
FF8OH XAM (Read Only) 39 [+} Disabled
FF7FH.FFOOH  PGR64-PGR1 39 1 Enabled
Note: All registers are Read/Write except XAM. T8 TCU Operation

0 Disabled
System Control Register (SCTL) 1 Enabled
The SCTL register (figure 48) selects the 8-bit or 16-bit 1S - 1CU Operation
boundary of an Internal peripheral relocation address. It 0 Disabled
also sets the internal DMAU in the wPD71071 or _! Enabled
pPD71037 modes. In uPD71037 mode, SCTL controls DS DMAU Operation
propagation of carry from Ays to A¢g or from Aqg to Ag. 0 Disabled
SCTL selects the baud rate generator or TOUT as the 1 Enabled

SCU clock,

Figure 48. System Control Register (SCTL)
[- [ =1 - ]sc [ cet | ceo [omam] ioaa |
0

7
Address FFFEH
SC SCU Input Clock
0 TOUT1
1 From baud rate generator
CE1 Carry to Agq In gPD71037
0 Does not propagate
1 Propagates
CEO0 Carry to Aqg In nPD71037
0 Does not propagate
1 Propagates
DMAM DMAU Mode
0 wPD71071
1 #PD71037
10AG Internal I/O Address
0 Even or odd (16-bit boundary)
1 Contiguous (8-bit boundary}

On-Chip Peribheral Selection Register (OPSEL)

The OPSEL registers (figure 49) controls the V53 internal
peripherals. Any of the four peripherais (DMAU, TCU,
ICU, or SCU) can be independently enabled or disabled
by setting the appropriate OPSEL bit.

58

Internal Peripheral Relocation Registers

The five internal peripheral registers fix the /O ad-

dresses of the DMAU, ICU, TCU, and SCU. Register
OPHA fixes the high-order byte of the 16-bit /O ad-
dresses. Registers DULA, IULA, TULA, and SULA select
the low-order byte of the /O addresses for the DMAU,
ICU, TCU, and SCU peripherals, respectively.

The formats of the individual internal peripheral registers
are shown in figure 50. Since address checking is not
performed, two peripheral /O address spaces should
not be overlapped.

vt
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Figure 50. Internal Peripheral Relocation
Registers .

OPHA Reglster

|A15|A14|A13|A12|A11|A1o| Ag I Aa‘I
7 1/0 Address FFFCH 0

DULA Reglster

oAG=x* [ & [A s [ [ =T =-T-[-]

o =047 [ A [ A [ A = [ =] =] =]
OAG=1#] A Mo [ | - [ -] =] 4]
7 IO Address FFFEH 0

* uPD71071 mode
# pPD71037 mode
IULA Reglster

cAB=0 [Ar [As [ A5 [ A | Aa] A2 |

T-49-17-15

The IOAG bit of the SCTL register changes how the
DULA, IULA, TULA, and SULA registers are used. When
IOAG = 1, the DAMU, ICU, TCU, and SCU registers are
on contiguous bytes, When IOAG = 0, each of these
byte-wide registers is put on a word boundary. Bit Ag
selects the low or high byte of the word. This allows code
written for a 16-bit system to be ported to a V53 design
with no modifications. Because the DMAU registers in
1#PD71071 mode are 16-bit, the I0AG bit in figure 50 is
noted as “x” (don't care).

Timer Clock Selection Register (TCKS)

The TCKS register (figure 51) selects the clock source for
the timer/counters as well as the divisor for the internal
clock prescaler. The clock source for each timer/counter
Is independently selected from an internal cleck (figure
43) or an external clock source (TCLK). -

The frequency of the internal clock selected by bits 2, 3,
and 4 is programmable. The PS bits allow the clock to be

oA =1 Iﬁ l s ' % l A I A I — I - I a I set to the external oscillator frequency divided by 4, 8,
7 1/O Address FFFAH 0 16, or 32.
TULA Reglster
oA =0 | A [ Ag | as | A | A | & | =] — |  Figure51. Timer Clock Selection Register (TCKS)
| — [ = [ - Tesz[cst [eso] ps |
OAG = 4 |£]A6|A5|A4|A3|_|_|AT| 7 /O Address FFFOH 0
7 /0 Address FFFOH 0 CSs2 Clock Input to TCT2
SULA Reglster ? ;f‘éi';?;‘lgbck
ora=0 [ & [t [A[aTa [ =11 csi Clock Input to TCT1
o=t (Al a[ala]al-T-Tal | Ttk
7 IO Address FFFeH 0 cso Clock input to TCTO
0 Internal
1 TCLK pin
PS Prescale Divisor of External Osclllator
00 4
01 8
10 16
11 a2
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Baud Rate Counter (BRC)

The BRC (figure 52) Is an 8-bit, frequency-division
counter for the dedicated baud rate generator. It sets the
value by which an Internal frequency is to be divided to
provide the SCU with its baud rate clock.

Figure 52. Baud Rate Counter (BRC)

IDvIDeIDsImIDaIDzImIDoI
/O Address FFESH . 0

Table 7 illustrates the relationship between the baud
rate and the value set in the BRC.

Table 7. Baud Rate Setting by BRC

Osclllation frequency 24,676 MHz 29.4912 MHz
Osclilation frequency =~ 2 12.288 MHz 14.7456 MHz
Baud rate factor (<) 18 64 16 64
Internal frequency 0768 0192 092186  0.2304
Baud Rate Number of Counts Setin BRC
1200 - 160 ~ 192
2400 - &0 - 96
4800 160 40 192 48
9600 - 80 20 g6 24
19,200 40 10 48 12
38,400 20 5 24 6
WAIT CONTROL UNIT

The walt control unit (WCU) Inserts from 0 to 7 wait
states (TW) Into a bus cycle to compensate for the
varying access times of different memory and /O de-
vices, Each walt state is equivalent to one CPU clock
cycle. The number of wait states can be Individually
programmed for CPU, DMAU, REFU, INTAK, and exter-
nal I/O cycles. The INTAK cycles can be programmed for
2-7 wait states.

For memory accesses, the address space is divided into
a total of six sections (labeled High, Middle, and Low in
flgure 53). A different number of wait states can be
programmed for each section, allowing much flexibility
In the system design. The WCU warks with the external
READY input. After the proper number of TWs have been
Inserted into the bus cycle, READY will be sampled, and
walt states will be Inserted until it is asserted.

T-49-17-15
Figure 53. Memory Space Division

High
16M :
Bytes H'.gh 1*M
Middle Middle Byte
Low *
Low
.

83YL-6547A

The WCU can insert waits into memory or external /O
cycles, but not into coprocessor, Internal 1/0, or halt
acknowledge cycles.

Eight system 1/O registers (figures 54-61) control the
WCU. They are the wait state memory boundary regis-
ters (WMB0 and WMB1), the WCU address control reg-
ister (WAC), and the wait state cycle count registers
(WCY0-WCY4),

Memory Boundary Registers (WMBO, WMB1)

The WMBO register divides the entire 16M-byte address
space into three sections. The ELMB and EUMB fields
specify the size of the upper and lower memory blocks.
The middle block is the area left in between. The WCY0
and WCY1 registers specify the walt states of each
expanded memory block.

In addition to dividing expanded memory, a specific
1M-byte memory area can also be partitioned into three
blocks for walt state generation. The WAC register deter-
mines which 1M-byte area Is referenced. The WMB1
register divides this area Into three blocks in the same
manner as described above for WMBO. Registers WCY2
and WCY3 specify the walit states for each block and
also 1/0.
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Figure 54. Memory Boundary Register 0 (WMB0)

[ = | ELMB | - | EUMB ]
7 1/0 Address FFEAH 0
ELMB/EUMB Memory Block Slze (Bytes)

000 M

001 M

010 aM

on 4M

100 &M .

101 &M

110 ™

111 &M

Figure 55. Memory Boundary Register 1 (WMB1)

| - | LMB [ =] UMB |
7 1/O Address FFF3H 0
LMB/UMB Memory Block Size (Bytes)

000 32K

001 64K

010 96K

on 128K

100 192K

101 256K

110 884K

m 512K

Figure 56. WCU Address Control Register (WAC)

L1 T T 1 uwa |
7 I/Q Address FFEDH 0

UWA = Upper 4 bits of expanded address specifying a 1M-byte
memory space

Walit State Cycle Count Registers (WCY0-WCY4)

Each WCY register has one or two 3-bit fields that set the
number of waits for a partlcular kind of cycle or the
number of waits to be inserted into cycles during which
certain memory blocks are accessed.

(1) WCY0 and WCY1 (figures 57 and 58) pertaln to the
16M-byte memory space set by the WMBO register.

(2) WCY2 and WCY3 (figures 59 and 60) pertain ta the
1M-byte memory space set by the WMB1 register.

(3) Also, the IOW field of WCY3 sets the number of waits
for externat 1/O cycles and interrupt acknowledge
cycles.

(4) The waits set by WCY3 cannot be Inserted Into the
internal /O area readjwrite cycle.

(8) WCY4 (figure 61) sets the number of waits for DMA
cycles and refresh cycles.

1-49-17-15

Atter RESET, the WCY registers are set to all 1s, thereby
inserting seven waits into all cycles. This allows the use
of slow ROMs. Initialization code must set the WCY
registers to their values.

Figure 57. WCYO0 Register

EuMw |
)

7 /O Address FFECH
EUMW *Walt States

000 ]

001 1

010 2

o1 3

100 4

101 5

110 6

111 7

* Upper section of 16M-byte memory space

Figure 58. WCY1 Register

[ - | EMMW | -] ELMW -
7 /O Address FFEBH 1]
EMMW/EL MW

000
o
010
o1t
100
101
10
11

* Middle and lower sectlons of 16M-byte memory space

*Wait States

~NOOLsE ON=O

Figure 59. WCY2 Register
[ - | MMW [ - ] LMW
7 /O Address FFF4H 0

MMW/L MW

000
001
010
o1t
100
101
110
m

* Middle and lower sections of 1M-byte memory space

*Walt States

NOMbH OO
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Figure 60. WCY3 Register
[ = | low | - uMw |
7 1/O Address FFFsH 0

Walt States
ow Ext 1/O Cycles Int Ack Cycles

000 2
001
010
011

100
101
110
11

umMw

000
o
010
o1
100
101
110
11

* Upper section of 1M-byte memory space

~NOOIh OO
N L ON

*Wait States

N Ss O =-O

Figure 61.

L=

DMAW/RFW *Walt States

000 0
Qo1
010
011
100
101
110
111

* DMA cycle or refresh oycle,

WCY4 Register
DMAW | - | RFW
1/O Address FFF6H

oL

NOOH WD

REFRESH CONTROL UNIT

The refresh control unit (REFU) refreshes external dy-
namic devices by periodically performing a memory
read cycle from consecutive, incrementing addresses. A
16-bit counter provides the refresh address. The upper
bits (Aza-A1e) are low during refreshes. Each refresh bus
cycle has two walt states Inserted, so that it will be a
minimum of 4 clocks long. Refresh cycles can be distin-
guished from other memory reads by the assertion of the
REFRQ output or by the bus status code.

If the V53 is busy when it is time to perform a refresh, the
refrash request is placed In a refresh queus until the bus
is no longer busy, Normally, the REFU has the lowest bus
priority. However, after seven refreshes are queued, the
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REFU is given the highest bus priority. The REFU gets
control of the bus, performs a burst of four refreshes,
and then falls back to the lowest priority. This refresh
queus ensures that refresh cycles are notlost even when
the V53 is busy for long periods of time.

Refresh Control Register (RFC)

The RFC (figure 62) controls the refresh control unit. The
RE bit enables or disables the REFU. The refresh interval
is set by the RTM field by choosing refresh interval factor
N, which determines how many CPU clock cycles elapse
between refreshes. .

Refresh interval = 16 x Nx tcye

With a 16-MHz CPU clock, this allows a range of lntérvéls
from 1 to 32 ps. After RESET, N will be 9, which gives an
interval of 9 ps.

Since the V53 may operate with either 8- or 16-bit
memory devices, the refresh address can be-incre-
mented by 1 (for 8-bit memory) or by 2 (for 16-bit

memory). The RDBS bit in the RFC makes the selection. = ™~ )

In the word mode, UBE is always low (active) for refresh
cycles. In the byte mode, UBE is asserted only for
refreshes to an odd address.

Figure 62. Refresh Control Register (RFC)

[ re JroBe| — | ATM |
7 1/O Address FFF2H 0
RE Refresh

] Disable

1 Enable
RDB8 TCU Clock for Channel 2

0 Increment by 2 (UBE = low level)

1 . Increment by 1 (UBE = high level for even addresses

and tow leve! for odd-addresses)
RTM Refresh Interval Factor N

00000
00001
00010

00011
00100

b W=

11110 31
1111 32

TIMER/COUNTER UNIT

The timer/counter unit (TCU) provides a set of three
independent 16-bit timer/counters, Each timer has an
individual output and gate control input. The clock
source for each channel is set individually to either the
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prescaled CPU clock or the external TCLK.

also Internally connected to supply the baud rate clock
to the SCU. Figure 63 is the TCU block diagram.

The TCU has the following features.

® Three 16-bit timer/counters

® Six programmable count modes
® Binary/BCD counting

¢ Multiple latch command

® Count latch command

® Choice of two clock sources

® 16-MHz operation

¢ Functionally compatible with uPD71054 (8254)

Figure 63. TCU Block Diagram

T-49-17-15

TOUT1 is  Because RESET leaves the TCU in an uninitialized state,
each timer/counter must be Initialized by specifying an
operating mode and a count. Once programmed, a
timer/counter will continue to operate in that mods until
another mode is selected. When tha count has been
written to the counter and transferred to the down
counter, a new count operation starts. Both the current
count and the counter status can be read while count
operations are in progress. Figure 64 is a flow diagram
for TCU operations.

TCTL TCTL2
TCLK TCTLO (External) (External)
{External) Clock  (Extemal) °
TOUTH TOUT2
TOUTO {Externat) {External)
Internal Signal (Externai)
A Prascaler Q
e N »—»-To SCU
— . Ao At
IORD IOWR (A1) (A2) TUS
A
S!Vj sw sw
TCTO
Read/Write Contral
Contro! Logic
— 1 1
Status
™1 Register
Dawn Counter (16) TCT1 ToT2
od | T kd
H(8) | U8 HE) | L8
™D Status ‘()!() (),()
(Mode Reglster) Latch Count Count
Register Latch
- ~3
L ® ® ® 7~ ¥ j [
N2 A J L
¢ Internal Data Bus !
8avL-62188
63
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Figure 64.

TCU Operating Procedure

Write number
of counts

Read No
Yes

Latch from which
datals read

Read data

Write number
of counts

Specify mode -

ouT
Instruction

ouT
Instruction

ouT
Instruction

IN
Instruction

83YL-6512A
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TCU Commands

more timer/counters. Figures 65, 66, and 67 show thres

configurations of the TMD register.

Figure 65. TMD Register; Mode Word

[N SIS

[ sc | mm | . cwmome | B0 |
7 0
§C Counter
0o TCTO
o1 TCM
10 TCT2
1 Multiple latch command
RWM  Read/Mfrite Mode
0o Counter latch command
0t Lower byte only By s
10 Upper byte only
11 Lower byte followed by upper byte
CMODE Count Mode
000 Mode O
aot Mode 1
x10 Mode 2
x11 Mods 3
100 Mode 4
101 Mode 5
BD Count
0 Binary count
1 BCD count

x = Dont care.

Figure 66. TMD Register; Count Latch Command

| sc

[ o [o]ofo]o

[ o]

7

SC Counter To Be Latched

The TCU Is programmed by issuing 1/O instructlons to 00 TCTO
the I/O port addresses programmed In the OPHA and o TCT1
TULA registers. The Individual TCU registers are se- _'° TcT2
lected by address bits Az and A A d
folloews_ y address 2 and Ay or (Aq) and (Ao) as Figure 67. TMD Register; Multiple Latch
Command
A2 (A)  Ai(A9)  Reglster  Operation [+ ] 1+ Je[st Jorafom[cno| o|
0 0 TCT0 Read/write 7 ]
TSTO Read o — —
0 1 TCT1 Read/write tohios Count Data
TST1 Read ‘1’ n’:
1 0 ;g-g gzzg/wme sL Latches Status
. 0 Yes
1 1 ™D Write 1 No
CTn Selects Counter TCTn
Timer Mode Register (TMD) 0 No
1 Yes

The TMD register selects the operating mode for each
timer/counter and Issues the latch command for one or
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Timer/Counter Registers (TCT)

Writes to the timer/counter reglsters (TCT0-TCT2) stores
the new count in the appropriate timer/counter. The
count latch command Is used before reading count data
to latch the current count and prevent inaccuracies.

Timer Status Registers (TST)

The timer status registers (TSTO-TST2) contain status
information for the specified counter. See figure’s8. The
latch command is used to latch the appropriate counter
status before reading status information. if both status
and counter data ars latched for a counter, the first read
operation returns the status data and subsequent read
operations obtain the count data.

Figure 68. Timer Status Registers (TSTn)
oL | no | rwm | CMODE
C .

] BD;I

oL TOUTN Level

0 Low
1 High
NC Null Count
0 Valld
1 Invalid

RWM  Read/Write Mode

Same as TMD register.
CMODE Count Mode

Same as TMD reglster.
8D Count

Same as TMD register

T-49-17-15
Count Modes

There are six programmable timer/counter modes. The
timing waveforms for these modes are shown in figure
69, :

Mode 0 (Interrupt on End of Count). in mode 0, TOUT
changes from low to high level when the specified count
is reached. This mode is available on all timer/counters.

Mode 1 (Retriggerable One-Shot). In mode 1, a low-
level, one-shot pulse triggered by TCTL is output from the
TOUT pin,

Mode 2 (Rate Generator). In mode 2, TOUT cyclically
goes low for one clack period when the counter reaches
the 0001H count. A counter in this mode operates as a
frequency divider,

Mode 3 (Square-Wave Generator). Mode 3 is a fre-

quency divider similar to mode 2, but the output has a |

symmetrical duty cycle.

Mode 4 (Software-Triggered Strobe). In mode 4, when
the specified count is reached, TOUT goes low for the
duration of one clock pulse.

Mode 5 (Hardware-Triggered Strobe). Mode 5 is simi-
lar to mode 4 except that operation is triggered by the
TCTL Input and can be retriggered.
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Figure 69. Timer Counter Unit (TCU) Waveforms (Sheet 1 of 3)
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Figure 69. Timer Counter Unit (TCU) Waveforms (Sheet 2 of 3)
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Figure 69. Timer Counter Unit (TCU) Waveforms (Sheet 3 of 3)
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SERIAL CONTROL UNIT

The serlal control unit (SCU) Is a single asynchronous
channel that performs serial communication between

Figure 70. SCU Block Diagram

T-49-17-15
the V53 and an external device. The SCU Is similar to the
uPD71051 Serial Contral Unit except for the lack of

synchronous communication protocols. Figure 70 Is a
block diagram of the SCU.

88T
(Status Register)

SCM
(Command Reglster)

[ U
SCUStaws ) ©

SRB
(Recelve Data Buffer)

P
&

Internal Data Bus

8T8
(Transmit Data Bufier)

Reset Clack
[¢——— [ORD
Wi [¢————— [OWR
He&nuorlne [ ————— A1{A2) Internal Signals
le———— AQ(A1)
[4———— S8us
Recelver RTCLK (From TOUT1)

(Including >0 RxRDY (External}
Recslver Bufler) o RxD (External)

g U U 01

»0  TxD (External)

Transmitter
(Including
el Transmitter
SMD ] Buffer}
(Mode Register) :>§
c
3
SIMK Interrupt
(Interrupt Mask Raglster) > Gefg;?élon [———"0 SINT (External)
) j«————0 CTS (Extemal)
ﬂggf:‘;"gf;g"/ [———»0 ATS (Extemal)
Contral [——>0 DTR (External)
[¢————0 DST (External)
L

a3yL-62198

The SCU has the following features.

® Full-duplex, asynchronous serial controller
® Clock rate divisor: 16 or 64

® Baud rates to 640 kb/s (external clock), 500 kbys
(Internal clock)

® Dedicated baud-rate generator or can use timer 1

¢ Full modem signaling support (ATS, CTS, DSR, DTR)
® Character length: 7 or 8 hits

® Stop bit length: 1 or 2 bits

® Break transmisslon and detection

¢ Full-duplex, double-buffered transmitter/receiver

® Even, odd, or no parity

® Parity, overrun, and framing error detection

® Receiver-full/transmitter-empty interrupt

The SCU contains four separately addressable registers
for reading/writing data, reading status, and controlling
operation of the SCU. The serlal receive buffer (SRB) and
the serlal transmit buffer (STB) store the incoming and
outgoing character data. The serial status register (SST)
allows software to determine the current state of both
the transmitter and the receiver,

The serlal command (SCM) and serial mode registers
(SMD) determine the operating mode of the SCU while
the serlal Interrupt mask register (SIMK) allows software
control of the SCU receive and transmit interrupts.

Serial Data Format

Figure 71 shows the format of the serial data processed
by the SCU. in this serlal data, the character bits are
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transferred between the CPU and SCU. The start bit,
parity bit, and stop bit(s) sandwiching the character bits
are control information necessary for serial data com-
munications. They are automatically appended when
data Is transmitted or deleted when data is received by
the SCU.

Figure 71. Serial Data Format

No Parity
Start *
ot 00 Di , Dn-1 Bn
T L2 T I
Mark I I Chagglerbits lStopI
Ll . bit
Parity
Start
bit Do . Dil 5 an-1‘ Dn _ 5
Mark I I Character bits |P%';'tw S!opl
P bit
n=6or7
Stop bit =1 or 2 bits
B83YL-6514A

Receiver Operation

While the RxD pin is high, the recsiver is in an idle state.
A transition on RxD from high to low Indicates the start
of new serial data. When a complete character has been
received, it s transferred to the SRB register. The receive
buffer ready (RBRDY) bit in the SST register is set and (if
unmasked) an interrupt is generated. The SST also
latches any parity, overrun, or framing errors at this time.

The recelver detects a break condition when a null
character with zero parity s received. The BRK bit is set
for as long as the subsequent receive data is low and
resets when RxD returns to a high level.

Transmitter Operation

TxD is kept high while.the STB register is empty. When
the transmitter is enabled and a character is written to
the STB register, the data is converted to serial format
and output on the TxD pin. The start bit indicates the
start of the transmission and is followed by the character
stream (LSB to MSB) and an optional parity bit. One or
two stop bits are then appended, depending on the
programmed mode. When the character has been trans-
ferred from the STB, the TBRDY bit in the SST is set and
if unmasked, a transmit buffer empty interrupt is gener-
ated.

Serlal data can be transmitted and recsived by polling
the SST reglster and checking the TBRDY or RBRDY
flags. Data can also be transmitted and received by
SCU-generated interrupts. The SCU generates an inter-
rupt in either of these conditions:
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(1) The recelver is enabled, the SRB is full, and receive
interrupts are unmasked.

(2) The transmitter Is enabled, the STB is empty, and
transmit interrupts are unmasked.

SCU Reglsters and Commands

1/0 instructions to the |/O addresses selected by the
OPHA and SULA registers are used to read/write the
SCU registers. Address bits As and A4 (or Aq and Ag) and
the read/write lines select one of the six internal registers
as shown below.

A2 (A1)  Ai(Ag)  Register  Operation

0 0 SRB Read T
0 0 STB Write :
0 1 8sT Read

0 1 SCM Write

1 (] SMD Write

1 1 SIMK Read/write

The baud rate counter (BRC) register Is fixed at address

FFEQH in the system I/O area.

The SRB and STB are 8-bit registers. When the character
length Is 7 bits, the lower 7 bits of the SRB register are
valid and bit 7 is cleared to 0. If programmed for 7-bit
characters, bit 7 of the STB is ignored.

The SST register (figure 72) contains the status of the
transmit and receive data buffers and the error flags.
Error flags are persistent. Once an error flag Is set, it
remains set until a clear error flags command is issued.

SCuU Initialization

After a hardware reset, the SCU is set to the following
condition.

Baud rate factor x64
Character length 7 bits
Stop bit 1 bit .
Transmit/receive Disabled
Break detection No
Errors No

RTS, DTR pins High level

e veamiir e
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Figure 73. Serial Command Register (SCM)

[ - | - ’F\TSIECL]SBRKI RE | DR | TE |

|osk B0 | FE [OvE | PE [ 1 [ReroY[TerOY]
7 ' 0

7

0

DSR DS Input Pin

RTS Controls RTS Output Pln

0 High level 0 High level
1 Low level 1 Low leve!
BKD Break Deotectlon ECL Clears Error Flags
0 Normal recoption 0 No operation
1 Break status detected 1 Clears error flags
FE Framing Error SBRK Break Transmisslon
0 No error 0 TxD pin operates normally
i Error 1 TxD pin outputs low level
OVE Overrun Error RE Enables/Disables Reception
0 No error 0 Disables
1 Error 1 Enables
PE Parity Error DTR  Controls DTR PIn
0 No error 0 High level
1 Ercor 1 Low lovel
RBRDY Recelve Data Buffer TE Enables/Disables Transmiasion
0 SAB empty 0 Disables
1 SRB full 1 Enables
TBRDY Transmit Data Buffer
0 STB Figure 74. Serlal Mode Register (SMD)
1 STBempty  ° [ sn [ ", [ oo [ & |
7 )
The SCM register (figure 73) stores the command word
that controls transmisslon, reception, error flag reset  STL  Number of Step Blts
and break transmission, x0 Itegal
The SMD reglster (figure 74) stores the mode word that ?} ;::gg E{:s
determines serlal characteristics such as baud rate divi- 7S Pariis Saloat
sor, parity, character length, and stop bit length. arlty Selectlon
. x0 Parity disabled
Initialization software should first program the SMD o1 Oddty arl
parlty
register followed by the SCM register Unlike the 1 Even parity
#PD71051, the SMD register can be modified anytime g Character Length
without resetting the SCU.
x0 lilegal
10 7 bits
1 8 blts
BF Baud Rate
Ox lllegal
10 RTCLK frequency/16
11 RTCLK frequency 64

The SIMK register (figure 75) controls the occurrence of
RBRDY and TBRDY interrupts. When an interrupt is
masked, it is prevented from propagating to the interrupt

control unit.

"
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Figure 75. Serial Interrupt Mask Register (SIMK)

f—l-l-l-—l-l—lTMlﬂMol

7

™ TBRDY Interrupt Mask

0 Unmasked
1 Masked

RM RBRDY Interrupt Mask
0 Unmasked

1 Masked

Baud Rate Clock

The baud rate clock may come from either of two
sources: the internal baud rate generator or timer 1. The

Figure 76. ICU Block Diagram

T-49-17-15

Internat baud rate generator is discussed In the System
I/O section, and timer 1 is described in the TCU section.
The SCTL system I/O register controls the sslection of
the baud rate clock.

INTERRUPT CONTROL UNIT

The Interrupt control unit (ICU) is a programmable inter-
rupt controller equivalent to the pPD71059. The ICU
arbitrates up to eight interrupt Inputs, generates a CPU
interrupt request, and outputs the interrupt vector num-
ber on the internal data bus during an interrupt acknowl-
edge cycle. Cascading up to seven external slave
kPD71059 interrupt controllers permits the V&3 to sup-
port up to 56 interrupt sources. Figure 76 is the block
diagram for the ICU. -

»

IORD —

Initlalize &
Command Word
v Reglsters

st L ——» SAQ —»0 AQ
ave
Contral [-——» SA{ ToBIU—»4—»0 A1

[—> SA2 —>0 AZ - .

Internal >
; Al(A2) Control

IOWR ———i
Read/Write

t (External Signals)

Signals
AO(A1) — —

g ——» |

L—» INTACK (From CPU)
| INT (Ta CPY)

Contro! Loglc
INTLO

In-Service

t t le———————0 INTPO

Prlodity INTL1
‘———o
Control Loglc C INTLZ :” T ?2
¢ INTE2 o7

Interrupt
Requegt L INTLS INTP3 External

Register
(iis)

J

3

Reglister |eNTL2 o \NTP4 Pins

(IRQ) INTLE

[«————————0 INTP5.

o INTLE & \nTPs

e INTL7 o NTP?

Intercupt
Mask Register
(IMK)

gy

g U

S Internal Data Bus

)
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To reduce current drain In the standby modes, the V53
does not have internal pullup resistors on the INTPO-
INTP? pins. This Is different from the wPD71058 and
V40/V50.

The ICU has the following features.

e Eight external interrupt request inputs

® Cascadable with xPD71059 interrupt controllers

e Programmable edge- or level-triggered interrupts
(TCU, edge-triggered only)

¢ Individually maskable interrupt requests

¢ Programmable interrupt request priority

¢ Polling mode

72

ICU Reglsters

Use 1/O Instructions to the I/O addresses selected by the
OPHA and IULA registers to read from and write to the
[CU registers. Address bit A; and the command word
select an ICU internal register. See table 7.
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Table 7. ICU Register Selection Figure 77. [nitialization Sequence
Aq (Bg) Other Condltion Operation Bits SNGL and 14 e set
Read 0 IMD selects IRQ GPU « |RQ data The default Iitialization 1w
0 IMD sgelects IS CPU « (IS data lsperformed. { A, 20,04 =1
0 *Polling phase CPU « Polling data ‘
1 - CPU - IMKW nwa
Wite 0 D4 =1 CPU -» w1 Ag=1
0 D4 =0andD3 =0  CPU— IPFW T
SNGL=0 SNGL =1
0 D4 =~0andD3 =1 - CPU-»IMDW ne=1] e=0] a=1] T4=0
1 During Initializatlon CPU - W2 -
1 : CPU - IIW3 i3 IWs__ &
1 CPU - W4 Ag=1 Ay =
1 After Initializeticn CPU — IMKW ! )
* In the peliing phase, polling data has priority over the contents of w4 w4 -
the IRQ or IIS reglster when read. Ag=1 Aq=1
Initializing the ICU I
The ICU is always used to service maskable interrupts In lgigaliz,ag;
a V63 system. Prior to accepting maskable interrupts, e
the ICU must first be Initialized. See figure 77. Note that 8oL 65334 e -
RESET does not Initialize the ICU. i 78. ICU Initialize, Word 1 (IW1)
ure nitialize
Interrupt Initialization Words 1-4. Words IWL-IW4 |9 T e
(figures 78-81) Indicate whether external uPD71059sare L — | — | — | 1 | | ~ [snaL] 14 |
connected as slaves, select the base Interrupt vector, D7 Do
and select edge- or level-triggered Inputs for INT1-INT?. LEV  Input Triacer Mod
Interrupt sources from the TCU are fixed as edge- “PL? 1119501 Mode
triggering. INTO is internally connected to TOUTO, and ‘1’ ::T_%j;ﬂ;‘ggfer
INT2 may be connected to TOUT1 by the IRSW field In g g
the OPCN. SNGL Mode
- , 0 Expand de (sl t
The Initialization words are written in consecutive order 1 S],f;: ;ﬂd";"(ng S,:vfc",f’,?,,;ﬁ}{;’g’
starting with lIW1. W2 sets the Interrupt vector. 1IW3 i Wit to Wa
specifies which Interrupts are connected to slaves. lIIW3
Is only required in extended systems. The ICU will only ‘1’ ::m ;‘:;Jfr‘g:"ed
expect to receive IW3 if SNGL = 0 (bit D¢ of lIW1). lIW4
Is only written if 114 = 1 (bit Dg of IIW1). Figure 79. ICU Initialize, Word 2 (IIW2)
Lvi [V [V [va Vo] =]-1-]
D7 Do
V7V = Higher & bits of Interrupt vector number
73
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Figure 80. ICU Initialize, Word 3 (IIW3) Figure 83. Command Word IPFW
7 [ S [ ss [ 4 [ S5 | s2a & [ o | [pr]sc[m] o[ ofunen[no]
D7 D0 D7 Do
Sn Slave Connectlon AP Rotate Prlority

0 INTn is not a slave input 0 No rotation

1 INTn s a slave Input 1 Rotation

. . SiL Level
Figure 81. ICU Initialize, Word 4 (11W4) 0 Not spacified
o T o oean] -] - Jsn | 1] _1 Specifled

D7 Do 3 Finlsh Interrupt
EXTN  External Nesting Mode 0 Non-Fl command

1 Fl command

(1) E:;::clled IL2-1LO interrupt Level
SFL Self-Finlsh Interrupt gg? ::I? .

0 Fl command mode 010 INT2 o

1 SelfInish mode o1 INT3 T

. 100 INT4 .
Command Words. The interrupt mask word (MKW) 101 INTS . v,
contains programmable mask bits for each of the eight 110 INTS A
interrupt Inputs. The interrupt priority and finish word 1 INT?
(IPFW) is used by the interrupt handler to terminate
processing of an interrupt or change Interrupt priorities.  Figure 84. Command V/ord IMDW
The interrupt mode word (IMDW) selects the polling
. ; ; . . — | SNM |EXCN| © 1 POL | SR | IS/R

register, interrupt request (IRQ) or interrupt in-service |;7 r l l I l I I n Dl

(11S) register, and the nesting mode. See figures 82-84.

Figure 82. Command Word IMKW
[ty [ Mo [ s [ e [ Mo [ s [ Mo [ Mo |
D7 Do

M Interrupt Request Mask
0 INTR not masked
1 INTn rmasked

74

SNM EXCN  Nesting Mode 2
0 - No operation
1 0 Release exceptlonal nesting mode
1 1 Set exceptional nesting mode
POL Polling Mode
0 No operation
1 Polling command
SR IS/IR Reglster to Be Read
0 - No operation
1 0 Interrupt request reglster (RQ)
1 1 Interrupt In-service register (IiS)

pPD71059 Cascade Connectlon

To increase the number of maskable interrupts, up to
seven slave pPD71059 interrupt controllers can be cas-
caded. During cascade operation, each slave pPD71059
INT output is routed to one of the V53 INTP inputs.

During the second interrupt acknowledge bus cycle, the
ICU places the slave address on the address lines ADo-
ADg. Each slave compares this address with the slave
address programmed using interrupt initialization word
3 (llwa). If the sams, the slave will place the interrupt
vector on pins AD7-ADg during the second interrupt
acknawledge bus cycle.

g e
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DMA CONTROL UNIT

The DMA control unit (DMAU) is a high-speed DMA
controller compatible with the uPD71071 and uPD71037
DMA controllers. The DMAU has four independent DMA
channels and performs high-speed data transfers be-
tween memory and external peripheral devices at
speeds as high as 4M words/second in a 16-MHz system.
Figure 85 is the block diagram for the DMAU.

The DMAU has the following features. .
¢ Four independent DMA channels

Filgure 85. DMAU Block Diagram

rPD71037 or pPD71071 compatibility modes
Cascade mode for slave DMA controllers
24-bit address registers

16-bit transfer count registers

Single, demand, and block transfer modes
e Autoinitialization

@ Address increment/decrement

¢ Fixed/rotating channel priorities

¢ TC output at transfer end

¢ Forced termination of service by END input

~
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<: Address
A DMAU Address Bus Incrementer/
Internal Address Bus Decrégfnter
Internal Data Bus O
Internal Bu Control Registers
nl:trerlace ¢ Current Address (24 x 4)
Internal Control Bus <:> Qdd_retss
egister
¢ Base Address (24 x 4) Channel (4)
BUSAQ «——] Devlice Contral {10)
BAU
BUSAK ———— I\
K DMAU Data Bus Status (8)
N L4
Mode Control (7 x 4)
Count Base Count (16 x 4) Mask (4)
Register
Current Count (16 x 4)
DMARQ3-DMARGO [
Priority
External 3 < Control O
Pins DMAAK3-DMAAKO
[ Terminal Count Count
END/TC ———» - D i ter

a3vL-62218

pPD71071 and pPD71037 Mode Comparison

The DMAU has two operating modes selected by the
S8CTL system control register. Respectively, the
#PD71071 and uPD71037 modes offer hardware and
software compatibllity with existing systems based on
the pPD71071 DMA controller (also the V40/V50 micro-
processor) and the uPD8237 DMA controller.

In applications where DMA software compatibility is not
an Issue, programming flexibility Is greater In the
uPD71071 mode. However, the software DMA request
capability of the pPD71037 mode Is often useful.

The following compares the major functional differences
between the two modes.
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Function wPD71037 ©PD71071 Mode
Mode
DMA channel Mode control Referenced by
selection register by channel register
write data (DCH)
(operand);
other registers
have a unique
address
Base and Consecutive 16-bit quantities
current register  8-bit quantities v
access
Base registers  Write only Read and write
DMA Bus release Bus release and
termination mode bus hold modes
Software DMA  Yes No
requests
DMA transfers  Byte Byte or word

The DMAU Is Intended for high-speed data transfers
between memory and peripherals with minimum latency.
Neither mode provides memory-to-memory DMA trans-
fers because the powerful string moves of the CPU can
accomplish block memory transfers as fast as dedicated
DMA hardwars could. The DMAU does not provide com-
pressed timing as do the uPD71071 and pPD71037.

Master/Slave Mode

The DMAU operates in either master or slave mode. In
slave mode, the DMAU samples the four DMARQ input
pins every clock. If one or more inputs are active, the
corresponding DMA request bits are set and the DMAU
sends a bus request to the BAU while continuing to
sample the DMA request inputs.

After the BAU returns the DMA bus acknowledge signal,
the DMAU stops DMA request sampling, selects the DMA
channel with the highest priority, and enters the bus
master mode to perform the DMA transfer. While in the
bus master mode, the DMAU controls the external bus
and performs DMA transfers based on the prepro-
grammed channe! information.

See figure 45 and the assoclated text for a detailed
description of DMA bus cycles.

Terminal Count

The DMAU ends DMA service when the terminal count
condition is gensrated or when the END Input is as-
serted. A terminal count (TC) is produced when the
contents of the current count register underflows from
zero, If autoinitialization Is not enabled when DMA ser-
vice terminates, the mask bit of the channel is set and
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the DMARQ input of that channel is masked. Otherwise,
the current count and address registers are reloaded
from the base registers, and new DMA transfers are again
enabled.

DMA Transfer Type

The type of transfer the DMAU performs'depends onthe
following conditions.

o Transfer direction (each channel)
® Bus mode
¢ Transfer mode (each channel)

Transfer Direction

All DMA transfers use memory as a reference point.

Therefore, a DMA read operation (figure 86) transfers
data from memory to I/O port and writes the data into
memory. During memory-to-l/O transfer, the DMA mode
register {DMD) is used to select the transfer directions
for each channel and activate the appropriate control

signals. o

Operation Transfer Signals Activated

DMA read Memory to /O  IOWR, MRD

DMA write I/O to memory  IORD, MWR

DMA verify No transfer Addresses anly
Bus Mode

The two available modes for determining how the DMAU
releases the CPU bus are bus release and bus hold. In
#PD71037 mode, the DMAU always functions in bus
release mode. In uPD71071 mode, the DMAU is program-
mable for bus release or bus hold mode via the DMA
device control (DDC) register.

In bus release mode, bus control is always relinquished
each time the service has completed. Therefors, if mul-
tiple DMA requests are generated simultaneously, a bus
cycle other than that for the DMAU s inserted between
consecutive DMA services (see figure 87). Consequently,
in certain applications DMA response may be delayed.
However, bus release mode gives better assurance that
the CPU will continue to execute programs in DMA
intensive environments.

In bus hold made, if another DMA request is generated
before the end of one service, that request can be
serviced without the DMAU relinquishing the bus. How-
ever, the same channel cannot be serviced consecu-
tively. This mode provides better DMA response but may
prevent CPU bus activity for extended periods of time.
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Figure 86. Typical Memory-to-J/0 DMA Cycle
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% Dotted line shows efiect of selecting “Early Write"
timing in DDC register or command register.
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Transfer Modes

The DMAU has three transfer modes as listed below. In
#PD71071 mode, bits 6 and 7 (TMODE) of the mode
control register (DMD) select the transfer mode. In
#PD71037 mode, bits 6 and 7 of the channe! mode
register specify the mode. Transfer mode operation is
the same In both uPD71071 and pPD71037 modes.

Transfer Mode
Single

Termination Conditions

After each byte/word transfer

END Input

Terminal count

END input

Terminal count

Service channel DMARQ dropped

Generation of a higher priority
DMARQ (bus hold mode)

END Input

Terminat count

Demand

Block

The operation of single, demand, and block transfers
depends on whether the DMAU is in bus release or bus
hold mode. Figure 88 shows the operations flow for the
six possible transfer and bus mode operations in DMA
transfer,

Figure 87. Bus Modes
Bus Release Mode
Right to Use
Bus CPU
i DMAU
gﬁgrﬁl CHO CH! CH2 CHa3
N
Bus Hold Mode
Right to Use
Bus CPU
D I—|——+—4—|
Service MAU CHo! CH1 ! cH2 'CHa
Channel ' ! !
835L-6687A
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Figure 88. Transfer Modes
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Bus Release Mode

'

DMA Transfer

Y

Single Transfer Mode ¥
Bus Hold Mode

DMA Transfer

k.

Services of
(Cawsme )

Bus Release Mode

r__—

DMA Transfer
END or TC?
» No

Service

Yes

Yes

channe!
DMARQ?,

+No

Demand Transfer Mode
Bus Hold Mode

!

DMA Transfer -

b 2

No T
Y

{dle State

Bus Release Mode

lq—

DMA Transfer

ldle State

l Idie State ’

Block Transfer Mode
Bus Hold Mode

DMA Transfer

Other
channe!
DMARQ?,

No

channel Is black

3

Service of
other channel
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Single Transfer Mode. In bus release mode, when a
channel completes transfer of a single byte or word, the
DMAU enters the slave mode regardiess of the state of
DMA request inputs. In this manner, other lower priority
bus masters can access the bus.

In bus hold mode (xPD71071 mode only), when a chan-
nel completes transfer of a single byte or word, the
DMAU terminates the channel's service even if the
DMARQ request signal is asserted. The DMAU will then
service any other requesting channel. If there’are no
requests from any other DMA channels, the DMAU re-
leases the bus and enters the Idle state.

Demand Transfer Mode. In bus release mode, the
currently active channel continues to transfer data as
long as the DMA request of that channe! is active, even
though other DMA channels are Issuing higher priority
requests. When the DMA request of the serviced channel
becomes inactive, the DMAU releases the bus and
enters the Idle state.

In bus hold mode (not avallable In xPD71037 mode),
when the active channel completes a single transfer, the
DMAU checks the aother DMA request lines without
ending the current service. If there Is a higher priority
DMA request, the DMAU stops the service of the current
channel and starts servicing the highest priority channel
requesting service. If there Is no higher request than the
current one, the DMAU continues to service the currently
actlve channel. Lower priority DMA requests are honored
without releasing the bus after the current channel
service is complete.

Block Transter Mode. In bus release mods, the current
channel continues DMA transfers until a terminal count
or the external END Input becomes active. During this
time, the DMAU ignores all other DMA requests. After
completion of the block transfer, the DMAU releases the
bus and enters the Idle state, even if DMA requests from
other channels are active.

In bus hold mode (1PD71071 mode only), the current
channel transfers data until an internal or external END
signal becomes actlve. When the service Is complete,
the DMAU checks all DMA requests without releasing
the bus. If there Is an active request, the DMAU Immedi-
ately begins servicing the request. The DMAU releases
the bus after it honors all DMA requests or a higher
priority bus master requests the bus.

Autoinitlalize

This function is enabled by programming the mode
register (uPD71071 and pPD71037 modes).

When a mode register enables autoinitialize for a chan-
nel, the DMAU automatically reinitializes the address
and count registers when END is asserted or the termi-
nal count condition is reached. The contents of the base
address and base count registers are transferred to the
current address and current count registers, and the
applicable bit of the mask register remains cleared.

Channel Priority

Each of the four DMAU channels is assigned a priority.
When multiple DMA requests from several channels
occur simultaneously, the channel with the highest pri-
ority will be serviced first.

The device control register selects one of two priority
schemes: fixed or rotating (figure 89). In fixed priority,

T e

channel 0 [s assigned the highest priority, and channel 3, Fr=== -

the lowest. In rotating priority, priority order is rotated -
after each service so that the channel last serviced &

receives the lowest priority. This method prevents the
exclusive servicing of higher priority channels and the
lockout of lower priority DMA channels.

The rotating priority featurs Is selected by programming
the DMA device control (DDC) reglister in xPD71071
mode or by a write to the command register in xPD71037
mode.

Figure 89. Priority Order

Fixed Priority

Rotation Priority
Highest

CH1

83SL-6633A
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Cascade Connection

Slave DMA controllers can be cascaded to easily expand
the system DMA channel capacity to 16 DMA channels.
Figure 90 shows an example of cascade connection.
During cascade operation, the DMAU acts as a mediator
between the BAU and the slave DMA controller. During
DMA cascade mode operation, 1t s the responsibility of
external logic to Isolate the cascade bus master from the
V53 control outputs. These outputs are listed near the
beginning of this document.

The DMAU always operates in the bus release mode
while a cascade channel Is in service, even when the bus
hold mode is programmed, Other DMA requests are held
pending while a slave DMA controller channel is in
sorvice. When the cascaded device ends service and
moves Into the Idle state, the DMAU also moves to the
idle state and releases the bus. The DMAU continues to
operate normally with the other noncascaded channels.

Figure 90. xPD71071 Cascade Example

T-49-17-15
Figure 91. Bus Waiting Operation

Other Other
Bus Masterl DMAU | RCU l DMAU IBus Master

DMARQ I l

DMA BUSAK [ | l
—>»] j«— Approx 2 clacks
DMA BUSRQ | | |
v j«— Bus waiting state
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Channels | DMARQ |- »] HLDRQ
f—
DMAS
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(Slave) |—m
[ DMA6
—
. DMA7
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Bus Waiting Operation

The DMAU automatically performs a bus waliting opera-
tion (figure 91) whenever the REFU refresh request
queuse fills. When the DMA bus acknowledge goes inac-
tive, the DMAU enters the bus waiting mode and inacti-
vates the DMA bus request signal. Control of the bus is
then transferred to the higher priority REFU by the BAU.

Two clocks later, the DMAU reasserts Its internal DMA
bus request. The bus waiting mode s continued until the
DMA bus acknowledge signal again becomes active and
the Interrupted DMA service Is immediately restarted.

80

Address and Count Reglsters

Each DMA channel has a 24-bit base address register
and a 24-bit current address register. In addition, each
channel also has its own 16-bit current count register
and base count register. The base registers hold a value

determined by the CPU and transfer this value to the ’

current registers during autoinitialization. These regis-
ters are available In both pPD71071 mode and xPD71037
mode, but the method of accessing these registers
changes with compatibility mode.

The BNKR registers extend the uPD71037 mode ad-
dresses from 16 to 24 bits. In ygPD71071 mode, the count
register and lower word of the address registers can be
accessed in 16-bit quantities. In pPD71037 mode, these
registers must be accessed in 8-bit quantities.

Programming the DMAU

To prepare a channel for DMA transfer, the following
characteristics must be programmed.

e Starting address for the transfer

e Transfer count

e DMA operating mode

¢ Transfer size (byte/word in pPD71071 mode)

The contents of the OPHA and DULA registers determine
the base 1/O port address of DMAU. Addresses Ag-Ag are
used to select a particular register. There are two register
sets, one for pPD71071 mode and the other for pPD71037
mode.

pPD71071 Mode

The pPD71071 mode is selected by programming the
DMAU bit of the SCTL register to zero. The register set
for this moade (table 7) is mapped into Ag-Ag regardlsss of
the IOAG value in the SCTL register.
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Table 7. Register Selection (uPD71071 Mode) Figure 92. DMA Initialize Command Register
Ay-Ag  Address  Register Operation  Notes (DICM); uPD71071 Mode
0000  OH DICM Wilte 1 -1 -1-1-1-=-1-1-Tres]
7 Address OH 0
0001 1H DCH Read/Write 1 Byte OUT Instruction
0010 2H DBC/DCC (low) Read/Write 2
0ot  H DBC/DCC (high)  Read/Write 2 RES Reset
0 No operation
0100 aH DBA/DCA (low) Read/MWrite 2 1 Rese: DMAU
ofo1 §H DBA/DCA (high) Read/Write 2
0110 6H DBA/DCA (uppe)  Read/Write * 1,2 Channel Reglster. Writes to the DMA channel register
prem 7H Reserved — (QCH) select ons of the four DMA channels for program-
p P 550 RasaT ming and also the base/current registers, Reads of the
000 fow) gadivrie DCH register return the currently selected channel and
1001 gH DDC (high) Read/Write the register access mode. See figure 93. T e
1010 AH DMD Read/Write 1,2 -
01 BH DST Read 1 Figure 83. D:ll;17 1coh7a’nnel Register (DCH);
1100 CH Reserved - L e
Channel Regleter Read -
1101 DH Reserved - s C
Prr— v— — | = | = | = [ease]sea]sera]seLt]seo]
7 Address 1H 0.
11 FH DMK Read/Write 1 By{e IN Instruction
Notes: BASE Access Conditlons
(1) Reglster can be accessed only with byte In/Out Instructions, All 0 Read: current only
others can be accessed with 16-bit In/Out Instructions, Write: base and current
(2) There are four such registers, one for each DMA channel. The 1 Read/write: base only
particular reglster accessed Is determined by the DCH register SEL3-SELO Selected Channel
DMAU Registers in gPD71071 Mode 88?3 ?
Initlalize. The DMA Initialize command register (DICM) ~ Snog 2
performs a software reset of the DMAU. The DICM is
accessed using the byte OUT instruction. See figure 92. Channel Reglster Wrlte
The DMAU initializes the reglsters as follows. [ - | - | - | - | - [ BASE | SELCH
Register Name Operation 7 Address 1H 0
DICM Initlalize Clear : Byte OUT Instructlon
DCH Channel Select channel 0 BASE Access Conditions
DBC,DCC  Count No change 0 Read: current only
DBA, DCA Address No change Wirite: bass and current
DDC Device control Clear 1 Read/write: base only
gg_:? g‘Ode control g:ear SELCH Selected Channel
tatus ear
10
DMK Mask Set (mask all channels) 8? QRZQL‘:, 4
10 Channel 2
11 Channel 3

Count Registers. When bit 2 of the DCH register is
cleared, a write to the DMA count register (figure 94)
updates both the DMA base count (DBC) and the DMA
current count (DCC) registers with a new count. If bit 2 of
the DCH register Is set, a write to the DMA count register
affects only the DBC register.
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The DBC register holds the initial count value until a new

T-49-17-15

count is specified. If autoinitialization is enabled, this  enable/disable of the DMAU See figure 97.
value Is transferred to the DCC register when a terminal

count or END condition occurs. For each DMA transfer,

controls the bus mode, write timing, priority logic, and

Figure 96. DMA Device Control Register (DDC);

the current count register Is decremented by 1. The #PD71071 Mode
count value loaded Into the DBCG/DCC registeris 1less [ — [ — Jexw | ror | — [ooma] | - |
than the deslred transfer count. 7 Address 8H 0
INJOUT Instruction
Figure 94. DMA Count Reglsters (DBC, DCC);
#PD71071 Mode EXW Writing (Note 1)
I°7I°eI°sI°4|°aICz|°aI°oI ; Etended
Address 2H 0
INJOUT Instruction ROT Priority
0 Fixed
I Cis | Ci4 | Cia I Ci2 | C11 | C1o I Co | Ca | 1 Rotatlonal e p—
dress
IN/éJT Enstr?ll:tlon DDMA DMA Operation (Note 2)
0 Enable .
1 Dlsable
Address Reglster. Use either byte or word 1/0O instruc- R
tions with the fower 2 bytes (4H and 5H) of the DMA [T -T-T=T1=T = [wev[enpo]
address register (figure 95). However, byte I/O Instruc- 7 Address OH —
tions must be used to access the high-order byte (6H) of INOUT Instruction
this register. When bit 2 of the channel reglster is cleared,
a write to the DMA address register updates both the ~ WEV Wait During Verlfy (Note 3)
DMA base address (DBA) and the DMA current address 0 ~ Disable
(DCA) reglsters with the new address. If bit 2 of the DCH 1 Enable
rogister is set, a write to the DMA address register affects  gHLp Bus Mode
only the DBA register. ° Bus releace
The DBA register holds the starting address valus untila 1 Bug hold

new address is specified, This value Is transferredtothe  Notes:

DCA register automatically if autoinitialization Is se-

lected. For each DMA transfer, the current address while the DMAU registers are being Initlalized or modif

register Is updated by 2 during word transfers and by 1

during byte transfers.

Figure 95. DMA Address Registers (DBA, DCA);

4PD71071 Mode

(1) Disables BUSRQ to the BAU to prevent Incorrect DMA operation

led.

(2) When EXW = 0, the wrlte signal becomes active (normal write)

during 83 and SW. When EXW = 1, the write signal becomes

actlve during $2, §3, and SW (like the read signal).

transfer.

I A | ke | A | M| B | M | A LAoI

Address 4H
IN/OUT Instruction

|A15|A14|A13|A12|A11|A1o|Ae|Aa]

Address 5H
IN/OUT Instruction

|A23|A22|A21|A20[A19|A18LA17|A16|

7 Address 6H
INJOUT Instructlon

Device Control Register. The DMA device controt reg-
ister (DDC) (figure 96) is used to program the DMA
transfer characteristics common to all DMA channels. It
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Figure 97. Early Write Cycle Timing

[s1]s2]83|s4|s1|s2|sa|sw]|sd4]

L | L [

Read

Normal Write | I l ' |
Early Wrlte I i I l *
READY | I
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Mode Control Register. The DMA mode control register
(DMD) selects the operating mode for each DMA chan-
nel. The DCH register selects which DMD reglster will be
accessed. A byte INJOUT instruction must be used to
access this register. See figure 98,

Figure 88. DMA Mode Control Reglister (DMD);

#PD71071 Mode
| tmooe [abR[Aaun] TR | — [wB ]
7 : Address 0AH 0
TMODE Transfer Mods

00 Demand
o1 Single
10 Block
1 Cascade
ADIR Address Directlon
0 Increment
1 Decrement
AUTI Autolnltiallze
0 Disable
1 Enable
TDIR Transfer Directlon
00 Verify
01 I/O-to-memory
10 Memory-to-l/Q
11 Not allowed
w/B Word/Byte Tranafer
0 Byte
1 Word

Addresses and count registers are updated as follows
during byte/word transfers.

Register Byte Transfer Word Transfer
Address register =1 *2
Count register -1 ~1

1-49-17-15

During word transfers, two bytes starting at an even
address are handled as a single word. If the starting
address is odd, a DMA transfer is started after first
decrementing the address by 1. For this reason, always
select even addresses. The Ag and UBE outputs control
byte and word DMA transfers. The following shows the
relationship between the data bus width, Ag, and UBE
signals, and data bus status.

Ap UBE Data Bus Status
0 1 Do-D7 valid

1 0 DQ-D15 valld

0 0 Dg-Dy5 valid

Status Register. The DMA status register (DST) con-
tains Information about the current state of each DMA
channel. Softwars can determine if a termination condi-
tion has been reached (TC0-TC3) or if a DMA service

request Is present (RQD-RQ3). The byte IN instruction | B{; =

must be used to read this register, See figure 99.

Figure 959. DMA Status Register (DST); W

4#PD71071 Mode
|_Res | Roz [ Rat [ oo [ 18 [ To2 [ To1 | 1c0 |

7 Address 0BH 0
Byte IN instruction
RGn DMA Request, Channel n
0 No DMA request active
1 DMA request actlve
TCn Terminat Count, Channel n
0 Not ended (for each read)
1 END or terminal count

Mask Register. The DMA mask register (DMK) allows
software to individually enable and disable DMA chan-
nels, The DMK reglster can only be accessed via byte 1/O
instructions. See figure 100.

Figure 100. DMA Mask Register (DMK);

4PD71071 Mode
-1 -] -T-JwmsJme]m[mo]
7 Address OFH 0
Byte IN/OUT Instruction
Mn DMARQ Mask, Channel n
] Not masked
1 Masked
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#PD71037 Mode

The uPD71037 mods is selected by programming the
DMAM bit of the SCTL register to 1. See figure 48. Note
that on RESET, the DMAU [s put into pPD71071 mode.
The register set for the pPD71037 modse (table 8) is
mapped into Ag-Ag (IOAG = 0) or As-Aq (JOAG = 1). For
the case where IOAG = 1, the DULA system |/O register
determines whether the DMAU responds to Ag = 0 or 1.

Table 8. Register Set for uPD71037 Mode
Channel Reglater Read/Write Address

0 DCA R Q000
DCA, DCH

DCC
DCC, DBC

1 DCA
DCA, DCB

DCC
DCC, DBC

2 DCA
DCA,DCB

DCC
DCG, DBC

3 DCA
DCA, DCB

DCC
DCC, DBC

DST
DbC

DSRQ
DSCM
DMD
DMK

0001

0010

0011

0100

0101

0110

0111

1000

1001
1010
1011
1111

sls|s|s|so|zo|zn|=0|s0|=s2|sn|sn|=

The reglsters in table 8 can be accessed only by byte 1/O
operatlons. The IOAG bit of the SCTL register determines
whether these registers reside in contiguous bytes, or
whether they each occupy one-half word (l.e., whether
the registers are byte or word aligned). If word aligned
(IOAG =1), the low bit of the DULA register determines
whether the DMAU will use the upper or lower byte of the
word. In pPD71071 mode, the setting of the IOAG bit
makes no difference; the register addresses do not
change.

pPD71037 Commands

In additlon to the registers explained above, three /O
addresses cause commands to be executed when they
are written to. The value of the data written is not
Important; it is the action of performing an /O write to
one of these addresses that initiates the desired action.

84

The commands and their corresponding addresses (A4-
Ap) are shown here.

Command IOAG=0 I0AG=1
Clear byte select flag  x1100 1100x
Initlalize x1101 1101x
Clear mask register x1110 1110x

DMAU Reglsters in pPD71037 Mode

Most of the DMAU registers in this mode are the same as
those in the pPD71071 mode, but with a different /O
address or method of access.

Count and Address Registers. The DCA, DBA, DCC,

and DBC registers are 16 bits wide, but can only be
accessed In byte-wide chunks. The byte select flag (BSF)
determines which byte is accessed. When the BSF is low,
the low byte is used; when the BSF is high, the high'byte
is used. The BSF cannot be read; to set it to a known
state, a byte select flag clear command must be issued
by performing an 8-bit I/O write to address x1100b. To
read or write one of these registers, first clear the BSF,
and then perform two consecutive 8-bit I/O operations.
The low byte will be accessed first and the high byte
second. ’

Bank Registers, The DMA memory addresses in the
pPD71037 mode are 16 bits, compared with 24-bit ad-
dresses in the uPD71071 mode. To expand the 16-bit
addresses Into the full 24-bit address space of the V53, a
sot of bank registers is provided, BNKR0-BNKRS, one per
DMA channel.

Each 8-bit register contains the upper address bits,
Aza-Asg, to be used when a DMA channel Is active. DMA
addresses are modified after each transfer to pointto the
next address in the DMA buffer. The SCTL system I/O
register, CE1-CEQ bits, control whether a carty is prop-
agated into the upper address bits when the DMA ad-
dress is Incremented or decremented. CEO controls the
carry propagation to Asg and CE1 controls the carry to
Azo.

The BNKR registers are read or written using byte /O
operations. See figure 101, As with other V53 internal
registers, the }/O address to which the BNKR registers
respond is programmable. The BADR system 1/O register
(address FFE1H) sets the base address of the BNKR
registers in the 256-byte block of /O space selected by
the OPHA register. See figure 102.

Also, to allow maximum flexibility, the low two address
bits of each BNKR register are programmable. The BSEL
system /O register (address FFEQH) sets the low two
address bits for each BNKR register. See figure 103. As
with other programmable addresses, the IOAG bit of the
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SCTL register has the effect of shiiting the settable
address one bit position to the left.

The bank registers are only enabled in xPD71037 mode.
In kPD71071 mode, they cannot be read or written.

Flgure 101. DMA Bank Registers (BNKR);

. #PD71037 Mode
LA23|A22|A21|A20|A19|A13|A17[A1sl
7 BNKRO 0

INJOUT .

[ Aos [ A2 [ Azt [ A0 [ Ao | Am [ Az [ Ave |
7 0

BNKR1
INJOUT

LA23|A22|A21|A20|A19|A18|A17|A1e|
7 BNKR2 0
INOUT

LA23|A22|A21|A20|A191A18|A17|A1e|
7 BNKR3 o]
INJOUT

Figure 102. Bank Address Register (BADR);
#PD71037 KMode
Lt [ % [ AT ATa A [ ] w]
7 Address FFE1H 0
ICAG = 0

LA [l ala]2]a]A]
7 Address FFE1H 0
10AG = 1

*Address blts are set by the BSEL register.

Figure 103. Bank Select Register (BSEL);

4PD71037 Mode
| BNks | BNk2 | BNKi | BNko ]
7 Address FFEQH 0
BNKn *Address Bits In BADR Register
00 00
01 ol
10 10

1 1

* Address blts are Aq, Ag It IOAG = 0 or Ay, A4 I IOAG = 1, (OAG Is
& bit In the SCTL register)

T-49-17-15

Device Control Register. In uPD71037 mode, there are
fewer device options. The wait during verify and bus hold
control bits are not offered. The DMA device control
register (DDC) has only one byts to control early write
cycles, channel priority, and global DMA enable. See
figure 104.

Figure 104. DMA Device Control Register (DDC);

4PD71037 Mode
[ - [ - Jew[ror [ — Jooma = [ =]
7 Byte QUT Instruction 0
EXW Write Timing (Note 1)
0 Normal L
1 Early =
ROT Channel Priority
0 Fixed
1 Rotatlonal
DDMA DMA Operatlon
0 Enable
1 Dlsable

Notes:

(1) When EXW = 0, the wrlte signal becomes active durlng §3 and
SW When EXW = 1, the write strobe is asserted earller during 82,
§8, and SW (same as read strobe),

Channel Mode Registers. Each channel has a mode
register allocated to it. All four registers are accessed
using the same /O address. The low two bits of the data
written to the DMD register select the channel. Note that
byte transfers are supported but 16-bit transfers are not.
Figure 105 shows the format of the channel mode regls-
ter.

85




N E C ELECTRONICS INC

uPD70236 (V53)

30E ) MM L427525 0026913 4 W

NG

Status Regilster. This DST register (figure 74) is identi-
cal to the pPD71071 mode DST register, but is at /O
address x1000b.

T-49-17-15
Figure 165. DMA Channel Mode Registers (DMD);  Figure 107. DMA Mask Register (DMK);
4PD71037 Mode 4PD71037 Mode
[ mooe [aomjaun| mR | seien | [ =] =] =T -[me]m]m[m]
7 Byte OUT Instruction 0 7 Address OFH [}
Byte OUT Instruction
TMODE Transfer Mode
00 Demand Mn DMARQ Mask, Channel n
o1 Single 0 Not masked
10 Block 1 Masked
11 Cascade
ADIR Address Direction - Figure 108. DMA Single-Channel Mask Control
0 Increment Register (DSCM); uPD71037 Mode
1 Decrement | —_ | — | — l — I —_ | — l sMaQ LSELCHJ
AUTl Autolnitialize 7 Byte OUT Instruction 0
0 Disable
1 Enable sSMQ Mask Setting
TDIR Transfer Directlon 0 Clear mask bit
" " o0 Verlfy 1 Set mask bit .
o1 1/O-to-memory SELCH DMARQ Mask Channel Selection -
10 Memory-to-/O -
00 Channel 0
1 Not allowed o Channel 1 e
SELCH Channel Selection for Mode Changs 10 Channet 2
00 Channel 0 n Channel 3
o1 Channel 1 -
10 Channel 2 Software DMA Request Reglster. The DSRQ register is
1 Channel 3 used by software to trigger a DMA operation. One

application Is to simulate the assertion of a hardware
DMA request for diagnostic purposes. This register is
written with the number of the targeted channel and a bit
that sets or clears an internal request flag assoclated
with that channel. Figure 109 shows the format of this

Figure 106. DMA Status Registers (DST); register.
#PD71037 Mode
[ Ros [ Ra2 [ Rat [ Rao [ 03 [ 102 [ 101 [ 100 |  Figure 109. Software DMA Request Register
7 Address x1000b 0 (DSRG); nPD71037 Mode
Byts IN Instruction l - I - | - i - I - | - ] SRQ |SELCH|
RQn DMA Request, Channel n 7 Byte OUT Instruction 0
0 No DMA request active SRQ Request
1 DMA request active 0 Clear request bit
TCn Terminal Count, Channel n 1 Set request bit
0 Not ended (for each read) SELCH Software DMARQ Channel Selection
1 END or terminal count 00 Channel 0
01 Channel 1
Mask Register and Single-Channel Mask Control 10 Channel 2
Register. The format and /O address of this DMK 1 Channel 8

register (figure 107) Is the same as in uPD71071 mode
except that It cannot be read; it is a write-only register.
The DMK register can be put into a known state by
writing to it directly, by using the clear mask reglster
command, or by using the single-channel mask control
reglster (DSCM) at 1/O address x1010b to set or clear the
enable bit for an Individual channel (figure 108).

86

Initialization. In pPD71037 mode, there is no DICM
initialize register Instead, the DMAU is initialized by
performing an |/O write to address x1100b.




N E C ELECTRONICS INC

NE¢

30E ), MM L427525,.002L9L4 T mm

pPD70236 (V53)

POWER CONSERVATION
The V53 has three power conservation features.

e Scalable system clock
o Low-power HALT standby mode
o Vory-low-power STOP mode

These features give three levels of power reduction,
making the V53 ideal for use in portable or other low-
power applications. The standby control register (SBCR)
at address OFFF1H in the system I/O area controls all
three functions. See figure 110,

Scalable System Clock

The V53 is a CMOS device and power consumption is
directly proportional to clock frequency. By reducing the
frequency, power use can be significantly decreased.
The system clock Is used by the CPU and Internal
peripherals. The CLKC fisld in the SBCR selects a scale
factor that divides the oscillation frequency by 2, 4, 8, or
16 to produce the system clock. This value can be
changed dynamically to adjust the clock rate to the
most efficlent performancs lavel for the task at hand.

Caution: The system clock must not be set to less than the
minlmum frequency specified In the AC Charactenstlcs
table.

Figure 110. Standby Control Register (SBCR)

L= [ =] -1 ok T wr [stor]
7 Address FFF1H 0
CLKC Syatem Clock Frequency fo i

00 foLk = Osc freq -+ 2

01 foLk = Osc freq = 4
. 10 foLk = Oscfreq -+ 8

1 foLk = Osc freq <~ 16
WT * Osclilation Stablllzation Time

00 219 <+ fCLK

o1 218 + 5

10 217 = 'CLK

1 216 + fo
STOP When HALT Instruction Is Executed

0 Sets HALT modse

1 Sets STOP mode
* For example, if WT = 11 and fg i = 16 MHz, time = 4,096 ms
HALT Standby Mode

Power can be further reduced by putting the CPU In
HALT standby mode. In this mode, the CPU is not
operating, but all the internal peripherals are still en-
abled and may be drawing power. HALT mode is entered
by setting the STOP bit in the SBCR to 0 and executing
a HALT instruction,

T-49-17-15

The V53 will coms out of HALT standby mods in re-
sponse to RESET, NM|, or an interrupt from the internal
interrupt control unit. If interrupts were enabled (IE=1)
before HALT mode was entered, an ICU Interrupt wakeup
will result in the interrupt handler being entered; if
Interrupts were not enabled (IE =0), then execution will
resume at the instruction following the HALT that put the
CPU in the standby mode. If NMI wakes up the CPU, the
NMI handler is always entered.

The bus hold (HLDRQ/HLDAK) functlon still operates
during standby mode. External bus masters can take the
bus from V53. Also, rafresh and DMA cycles can still

occur. The SCU and TCU can both be active, and cani

supply the wakeup Interrupt if desired.

Refer to table 1 to find out what state the V53 outputs wul
be In HALT standby mode.

STOP Mode

This mode provides the maximum power reduction. The
clock generator is disabled; the oscillator circult is
turned off. Power usage is minimal. STOP mode is
entered by setting the STOP bit in the SBCR to 1 and
executing a HALT instruction. Since the system clock is
not active, none of the on- chlp peripherals can be used
in this mode.

if the timer units TCLK input is used and driven by an
external oscillator, the timer will continue to function
and consume power.

The output pins in STOP mode are in the same state as in
the HALT mode. Refer to table 1 for details. The V53 will
wake up from STOP mode in response to a RESET or
NML.

Oscillator Stabilization Time

When the V53 is reset or when it wakes up from STOP
mode, the osclllator circult is started up. This circuit can
take a relatively long time to come up to speed and to
stabilize. The oscillator stabilization time field (WT) in
the SBCR doss not affect the physical startup time; it
determines how long the V53 will wait for the clock
generator oscillator circuit to stabilize. The user should
determine the worst case stabilization time and select a
longer value of WT.

RESET FUNCTION

The V53 Is reset when a falling edge Is input to the
RESET pin and s subsequently held low for six clocks or
longer than the oscillator stabilization time and then
made high.
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CPU Operations
When the V53 Is reset, the CPU Is initialized as shown in

T-49-17-15

Figure 112. Register Reset Status (cont)
Initial Value, Bits 7-0

figure 111 and starts prefetching instructions from ad- Register 7 6 5 4 3 2 1 o
dress FFFFOH. Serlal Control Unit
Figure 111. CPU Reset Status SMD o t+ o0 o 1.0 1 1
SCM - - 0 0 0 0 0 0
Prefetch Polinter PFP 0000H
SIMK - - - = — - 1 1
Program Counter PC C000H -
SS8T - 0 0 0 0 1 0 0
Program Segment Reglster PS . FFFFH
Stack Segment Reglster ss 0000H DMA Control Unit
Data Segmant 0 Register DSo ooooH  DCH - - = 0 o o0 o 1
Data Segment 1 Reglster DSt ooooH  DMP 0 0 ~0 o0 ¢ o - o
Queue Clsared %E: - - 0 0 - 0 -5
Program Status Word PSW DDC - — — — — m— 3
1 1 1 1+ | v [or] E |BRK S C
0 0 4] 0 DsT 0 0 0 0 0 ‘0 o 0
18 0 DMK - - Z = PR
s z 0o | AC| O P 1 | oy : -
0 0 0 0 0 =
= 5 INSTRUCTION SET HIGHLIGHTS

Internal Reglster Operations

Some Internal reglsters are also initialized by the RESET
input signal. See figure 112. The rest of the registers
retain the status they had immediately before the RESET
signal was applied, but their contents are undefined at

Enhanced Instructions

In addition to the upPD8088/86 instructions, the
#PD70236 has enhanced instructions listed in table 8.

Table 8. Enhanced Instruction

Instruction Functlon

power up.

PUSH Imm Pushes Immediate data onto stack
Figure 112. Register Reset Status PUSHR Pushes 8 general reglsters onto stack

Inltlal Value, Blts 7-0 POPR Pops 8 general registers onto stack
Reglster 7 [} 5 4 3 2 1 0 MULimm Executes 18-bit multiply of reglster or memory
contents by immediate data

System l/O Area y

SHL imm8 Shifts/rotates register or memory by Immediate
sotL - .- - 0 0 0 0 0 SsHRImmS value :
OPSEL - = = - o 0 o0 O g'c*m ‘mﬂsla '

mm
WCYo - - - - - 1 1 1 ROR imm8
WOY1 - 1 1 i - 1 11 28;% 'lmmi
mm
Wova -t - ' ' 1 G Chack Index against designated
acks array Index against designate:

Wovs — 11 B boordartee ¢ 9
WGY4 - 1 1 1 - 1 1 LYY Moves a string from an I/O port to memory
WMBo - 1 1 1 _ i 1 1 OUTM Moves a string from memory to an I/O port
WMB! - 1 1 1 — 1 1 1 PREPARE Allocates an area for a stack frame and copies
WAC - - - — 0 0 0 0 previous frame polinters
TOKS - - - 0 0 0 0 0 DISPOSE Frees the current stack frame on a procedurs exit
RFC - 0 - 0 1 0 0 0
SBCR —_- - - 0 0 0 0 0
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Enhanced Stack Operation Instructions

PUSH Imm. This instruction allows immediate data to
be pushed onto the stack.

PUSH R; POP R. These instructions allow the contents
of the eight general registers to be pushed onto or
popped from the stack with a single instruction.

Enhanced Multiplication Instructions

MUL reg16, Imm16; MUL mem18, imm18. These in-
structions allow the contents of a reglster or memory
location to be multiplied by immediate data.

Enhanced Shift and Rotate Instructions

SHL reg, imms8; SHR reg, imms8; SHRA reg, Imms.
These instructions allow the contents of a register to be
shifted by the number of bits defined by the immediate
data.

T-49-17-15
Stack Frame Instruction

PREPARE imm16,imms8. This instruction is used to
generate the stack frames required by block-structured
languages, such as PASCAL and Ada. The stack frame
consists of two areas. One area has a pointer that points
to another frame which has variables that the current
frame can access. The other is a local variable area for
the current procedure.

DISPOSE. This instruction releases that last stack frame
generated by the PREPARE Instruction. It returns the
stack and base pointers to the values they had before
the PREPARE Instruction was used to call a procedure.

Unique Instructions

In addition to the uPD8088/86 instructions and the en-
hanced instructions, the pPD70236 has the unique in-
structions listed in table 9.

ROL reg, Imm8; ROR reg Imm8; ROLC reg, imm8; Table9. Unique Instructions
RORC reg, imm8. These Instructions allowthg contents 1 airuetion  Functlon
of a register to be rotated by the number of bits dsfined o ———r—
by the immediate data.

. ) EXT Extract bit fleld
Check Array Boundary Instruction ADD4S Adds packed declmal strings
CHKIND reg18, mem32. This instruction Is used to  SUB4S i:::;z‘:‘s one packed decimal string from
verify that index values pointing to the elements of an
array data structure are within the defined range. See  CMP4S Compares two packed decimal strings
figure 113. The lower limit of the array should be in  ROL4 Rotates one BCD dlgit left through AL lower 4 bits
memory location mema2, the upper limitin mem32+2. 1 gopg Rotates one BCD diglt right through AL lower 4 bits
the Index value in reg16 Is not between these limits when BRIGA Broak and enablo oxpanded addressin
CHKIND is executed, a BRK 5 will occur. This causes a P 8
Jump to the location in interrupt vector 6. RETXA Return from break and disable expanded

addressing
Figure 113. Check Array Boundary TEST1 Tests a specified bit and sets/resets Z flag
NOT1{ Inverts a specified bit
Memary CLR1 Clears a s,
peolfied bit
N
N\\\\ 5 , SET1 Sets a specifled bit
Upper Limi
oper Im“\ mem32 + 2 (Upper Limit) REPGC Repeats next Instruction untll GY flag Is cleared
=" Ay
X Aray “/ mem32 (Lower Limit) REPNGC Repeats next Instruction until CY flag Is set
Lower Limit
N FPO2 Additional floating-polnt processor call
NN

- 49NR-136A

Block 1/0 Instruction

QUTM DW, src-block; INM dist-block, DW. These in-
structions are used to output or input a string to or from
memory, when preceded by a repeat prefix.

Varlable Length Bit Field Operation Instructions

This category has two instructions: INS (Insert Bit Field)
and EXT (Extract Bt Field). These instructions are
highly effective for computer graphics and high-level
languages. They can, for example, be used for data
structures such as packed arrays and record type data
used in PASCAL.
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INS reg8, reg8; INS reg8, Imma4. This instruction trans-
fers low bits from the 16-bit AW register (the number of
bits Is specified by the second operand) to the memory
location specified by the segment base (DS1 register)
plusthe byte offset {IY register). The starting bit position
within this byte is specified as an offset by the lower 4
bits of the flrst operand. See figure 114,

After each complete data transfer, the IY register and the
register specified by the first operand are automatically
updated to point to the next bit field.

Either Immediate data or a register may specify the
number of bits transferred (second operand). Because
the maximum transferable bit length Is 16 bits, only the
lower 4 bits of the specified register (00H to OFH) will be
valld.

_ Bit field data may overlap the byte boundary of memory.

Figure 114. Bit Field Insertion

Bit
Length
15 0
Awr ° ’7 Bit Byte
1 Offset | Offset[1Y]
lL 1} ! {F l’
. : 77 R  Momory
o i rd
t t )
Byte Segment Base
Boundary {DS1}
49NR-341A

EXT regs, reg8; EXT reg8, immd. This instruction
loads to the AW registers the bit field data whose bit
length is specified by the second operand of the instruc-
tion from the memory location that is specified by the
DS0 segment register (segment base), the IX index
register (byte offset), and the lower 4 bits of the first
operand (bit offset). See figure 115.

After the transfer Is complete, the IX register and the
lower 4 bits of the first operand are automatically up-
dated to point to the next bit field.

Either Iimmediate data or a register may be specified for
the second operand. Because the maximum transfer-
able bit length is 16 bits, however, only the lower 4 bits of
the specified reglster (00H to OFH) will be valid.

Bit field data may overlap the byte boundary of memory.

T7-49-17-15
Figure 115. Bit Field Extraction

Bit Bit Byte
Length Offset Offset {IX}

»le »l

P —
5 : 4?; Ll Memory
f15 lo Byfte SegmeIl Base

Boundary [DS0}
mwl o Y

4SNR-342A

Packed BCD Operation Instructions

The instructions described here process packed BCD
data either as strings (ADD4S, SUB4S, CMP4S) or byts-
format operands (ROR4, ROL4). Packed BCD strings
may be from 1 to 254 digits in length. az

When the number of diglts is even, the zero (2) and cérry
(CY) flags will be set according to the result of the
operation. When the number of digits is odd, the Z and

CY flags may not be set correctly. In this case (CL =.

add), the Z flag will not be set unless the upper 4 bits of
the highest byte are all 0s. The CY flag will not be set
unless there is a carry out of the upper 4 bits of the
highest byte. When CL is odd, the contents of the upper
4 bits of the highest byte of the result are undefined.

ADDA4S. This instruction adds the packed BCD string
addressed by the IX Index register to the packed BCD
string addressed by the 1Y index register, and stores the
result in the string addressed by the IY register. The
length of the string (number of BCD digits) is specified
by the CL register, and the result of the operation will
affect the V (overflow), CY, and Z flags .

BCD string (1Y, CL) «— BCD string (IY, CL) + BCD string
(X, CL)

SUBA4S. This Instruction subtracts the packed BCD
string addressed by the IX index register from the
packed BCD string addressed by the 1Y register, and
stores the result In the string addressed by the IY
register. The length of the string (number of BCD digits)
is specified by the CL register, and the result of the
operation will affect the V, CY, and Z flags.

BCD string (lY, CL) « BCD string (lY, CL) ~ BCD string
(X, cL)

CMP4S. This instruction performs the same operation
as SUB4S except that the result is not stored and only
the V, CY, and Z flags are affected.

BCD string (IY, CL) — BCD string (IX, CL)

ROLA4. This instruction treats the byte data of the regis-
ter or memory operand specified by the instruction as
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BCD data and uses the lower 4 bits of the AL register
{ALL) to rotate that data one BCD digit to the left. See
figure 116.

Figure 116. BCD Rotate Left

Reg/Mem

7 AL o
[ Upper 4 Bits | Lower 4 Bits [+—] Uppar 4 Bits | Lower 4 aits |
| ]

4SNR-343A

RORA4. This instructlon treats the byte data of the regis-
ter or memory specified by the instruction as BCD data
and uses the lower 4 bits ofthe AL register (AL,) to rotate
that data one BCD digit to the right. See figure 117.

Figure 117. BCD Rotate Right

7 AL 0 Reg/Mem

I Upper 4 Bits I Lower 4 Bils |—5I Upper 4 Bits I Lower 4 Bits
t

49NR-344A

Bit Manipulation Instructions

TEST1. This Instruction tests a specific bit in a register
or memory location. If the bit is 1, the Z flag is reset to 0.
If the bit is 0, the Z flag Is set to 1.

NOT1. This instruction inverts a specific bit in a register
or memory location.

CLR1. This instruction clears a specific bit in a register
or memory location.

SET1. This instruction sets a specific bit in a register or
memory location.

Repeat Prefix Instructions

REPC. This instruetion causes the pPD70236 to repeat
the following primitive block transfer instruction untif
the CY flag becomes cleared or the CW register be-
comes zero,

REPNC. This instruction causes the uPD70236 to repeat
the following primitive block transfer instruction until
the CY flag becomes set or the CW register becomes
zero.

Address Expansion Control Instructions

BRKXA imm8. This instruction is used to turn on ex-
panded addressing. The 8-bit immediate data specifies
an Interrupt vector. The PC field of this vector is loaded
Into the PC (and PFP). The XA flag in the XAM register is
set to 1, thereby enabling the expanded addressing

T-49-17-15

mode. The pPD70236 will begin fetching from the new
PFP through the address translation table. That Is, the
new PC is treated as a logical address and Is translated
to the new, larger physical address space.

This instruction does not save any return address infor-
mation, such as PG, PS, or PSW to the stack.

RETXA imm8. This Instruction is used to turn off ex-
panded addressing. It is Identical in operation to BRKXA,
except that the expanded addressing mode is turned off
before fetching from the new address. That is, the XA flag
In the XAM register is set to 0, and the PC is loaded with
the value of the PC field in the interrupt vector selected
by the immediate data..

This instruction does not save any return address infor-
mation such as PC, P8, or PSW to the stack.

Porting xPD70116/70108 Code to xPD70236

The pPD70236 is completely software compatible with
the uPD70116/70108. However, the pPD70236 offers
some improvements that may affect the porting of
pPD70116 code to the uPD70236. These improvements
are:

(1) The rPD70116 does not trap on undefined opcodes.
The pPD70236 will trap, and also will trap when a
register addressing mode Is used for any of these

Instructions:

CHKIND LDEA
MOV DS0/DS1  BR 1,id
CALL 1,id

(@) During signed division (DIV), if the quotient is 80H
(byte operation) or 8000H (word), the pPD70116 wilt
take a Divide By 0 trap. The uPD70236 will perform
the calculation.

(3) When the uPD70116 executes the POLL instruction,
it will wait for the POLL input signal to be asserted.
The uPD70236 has no POLL input; instead, when this
instruction is executed, if a coprocessor is not
connected, then a Coprocessor Not Present trap will
be taken, If a coprocessor is attached, then no
operation takes place.

The pPD70116 accepts FPO1 and FP02 as opcodes
for the iAPX8087 coprocessor. The pPD70236 ac-
cepts these as opcodes for the uPD72281 coproces-
sor, which is not compatible with the IAPX8087.

(4) During the POP R instruction, the uPD70116 does
not restore the SP register The pPD70236 does
restore the SP.
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(6) When processing a divide error, the nPD70116 saves
the address of the next instruction. The uPD70236
saves the address of the current instruction (the
divide instruction).

(6) The uPD70116 allows up to three prefix instructions
in any combination. The pPD70236 also allows three
prefixes, but only one of each type can be used. The
wPD70236 could operate incorrectly if there are two
prefixes of the same type. For example, consider:

REP M
REPC
CMPBK S8: src-block, dst-block

If the compare operation Is interrupted, then when it
resumes following the interrupt service, execution
will begin at the REPC instruction, not the REP
instructlion, because two repeat prefixes were ussd.

(7) The pPD70116_accepts NMI requests even while
processing an NMI. The uPD70236 does not allow
nesting of NMls; the NMI Input will be ignored until
the NMI Interrupt handler is exited.
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INSTRUCTION SET
Symbols

Preceding the instruction set, several tables explain
symbols, abbreviations, and codes.

Clocks

In the Clocks column of the instruction set, the numbers
cover these operations: instruction decoding, effective
address calculation, operand fetch, and instruction exe-
cution,

Ciock timings assume the instruction has been
prefetched and is present In the 8-byte instruction
queue. Otherwise, add two clocks for each palr of bytes
not present.

Word operands require two additional clocks for each
transfer to an unaligned (odd address) memory operand.
These times are shown on the right side of the slash {/).

For conditional control transfer or branch Instructions,
the number on the left side of the slash is applicable ifthe
transfer or branch takes place. The number on the right
side is applicable if it does not take place.

If a range of numbers is given, the execution time
depends on the operands Involved.
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Symbols
Symbol Meaning Symbol Meaning
ace Accumulator(AW or AL) AL Accumulator (low byts)
duso Displacement (8 or 16 blts) AW Accumulator (16 blts)
dmem Direct memory address BH BW reglster (high byte)
dst Destination operand or address BL BW register (low byte)
oxt-dlap8 16-bit displacement (sign-extension byte + 8- BP BP reglster
bit displacement) . BRK Break flag
far_label Labe! within a ditferent program segment BW BW reglster (16 bits)
far_proc Procedure within a ditferent program segment CH CW reglster (nigh byte)
fp_op Floating-point instruction operation oL W register (low byte)
imm 8- or 18-bit immediate operand oW CW register (16 bts) T e
Imm3/4 8- or 4-bit Immediate bit offsef oY Carry flag )
Imm8g 8-bit Immedlate operand DH DW register (nigh byte) i
Imm16 18-blt Iimmediate operand DIR Direction flag
mem 'l\g:::m' fleld (000 to 111); 8- or 16-bit memory DL DW register iow byte) )
mema 8-bit memory location Dso Data segment O reglster (16 bits) e § -
mem16 18-bit memory location DSt Data gegment 1 register (16 bits)
mema2 32-bit memory location ow DW register (16 bits)
memptrié Word contalning the destination address within IE Interrupt enable flag
the current segment IX Index reglster (source) (16 bits)
memptra2 Double word contalning a destination address in Y - Index reglster (destinatlion) (16 bits)
another segment . VD Modes flag
mod Mode fleld (00 to 10) P Parlty flag
near_label Label within the current segment PG Program counter (16 tlts)
hear_proc Procedure within the current segment PS Program segment register (16 bits)
offset Immedlate offset data (16 bits) PSW Program status word (16 bits)
pop.value Number of bytes to discard from the stack R Reglster set
reg Reglster field (000 to 111); 8- or 16-bit general- s Sign extend operand fleld
purpose reglster S = No sign extension
regs 8-bit general-purpose register S = Sign extend Immediate byte operand
regi6 16-bit general-purpose register S Sign tlag
regptr 16-bit register contalning a destination address 8P Stack pointer {16 bits)
within the current segment - Ss Stack segment register (16 bits)
regptrié :\:g‘lzsutrerl; :tt:rs\teaglnmlr;gta destination address within v Overflow flag
seg Immediate segment data (16 bits) w Word/byte fleld (0 to 1)
Sorbsl Labal atwsen —3a5and 12 byesom e X P YV EZZ  patato danly el sode of
of Segment reglster XXH Two-digit hexadecimal value
oy Source operand or address ” XOXXH Four-diglt hexadecimal value
temp Tempoarary reglster (8/16/32 bits) Z Zero flag
" AC Auxiilary carry tlag
AH Accumulator (high byte)
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Reglster Selection (mod = 11)

Coon

Symbol Meaning reg w=0 w=1
(blank) No change 000 AL AW
0 Cleared to 0 001 CL cw
1 Setto 1 010 DL Dw
X Set or cleared according to result o1 BL BW
u Undefined 100 AH SP
R Restored te previous state 101 CH BP
. 110 DH X
Memory Addressing Modes m BH e
mem mod = 00 mod = 01 mod = 10 T
000 BW + IX BW+IX+disp8 BW+IX+dispte  Segment Register Selection
001 BW + IY BW + 1Y + disp8 BW + lY + dispi§ or Segment Reglster
010 BP + IX BP + IX + disp8 BP + IX + dispt6 00 DSt S
BP +IY BP + IY + disp8 BP + IY + dispi6 ] PS
100 IX IX + disp8 IX + disp16 10 88 -
101 [\ 4 IY + disp8 iY + disp18 11 DSo
110 Dlrect BP + disp8 BP + disp16 R
1M Bw BW + disp8 BW + disp16
Instruction Set
Opcode Flags

Mnemonic Operand 7 6 5 4 3 210 76543 210 Clocks Bytes AC CY V P § Z
Data Transfer Instructions
Mov reg, reg 1000 1 01W 11 reg reg 2 2

mem, reg 1t 0001 00W mod reg mem  3/5 2-4

reg, memn 10001 01W mod reg mem  &/7 2-4

mem, imm 11000 t 1 W med 000 mem 3/ 3-6

reg, Imm 1011 W reg 2 2-3

ace, dmem 1 010 0O0O0W 5/7 3

dmem, acc 101000 1W 3/5 3

sr, 1eg16 io0o00 1110 110 esr reg 2 2

8r, mem16 1000 1 11 0 mod 0 oer mem  5/7 2-4

reg1s, sr 10001100 1 1 0 sr reg 2 2

mem16, r 1000 1 100 moed 0 st mem 8/6 2-4

DS0, regi6,mem32 1 1 0 0 0 1 O 1 mod reg mem  10/14 2-4

DSt,regi6,mem32 1 1 0 0 0 1 0 O mod reg mem  10/14 2-4

AH, PSW 1001 1 1 11 2 -1

PSW, AH 1001 1110 2 1 X X X
LDEA reg16, mem16 1t 0001100 mod reg mem 2 2-4
TRANS sro.table 11010 111 5 1
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Instruction Set (cont)

Opcode Flags
Mnemonle Operand 7 6 5 4 3 2 1 0 7 6 53 4 83 2 1 0 Clocks Bytes AC CY V P § Z
Data Transfor Instructions (cont)

XCH reg, reg 100 001 1 W 11 reg reg 3 2
memreg 1 0 0 0 0 1 1 W mod 189 mem 8/12 2-4
AWregie 1 0 0 1 O reg 3 1
Repeat Profixes
REPC o1 1001 0-1 2 1
REPNC o 110010 O 2 1
REP 111100 1 1 2 Ty
REPE el
REPZ e
REPNE 1111001t 0 2 1
REPNZ

Block Transfer Instructions
MOVBK dst, src i 01 001 0 W

-

3+4n(W =20 PR |
3 + 4n (W = 1, even addresses)
3 + 8n (W = 1, odd addresses)
3 + 6n (W = 1, odd/even addresses)
CMPBK dst,sre 1 0 1 0 0 1 1 W 1 x x X X x X
34+ 7n(W=0)
3 + 7n (W = 1, even addresses)
3 + 1in (W = 1, odd addresses)
3 + 9n (W = 1, odd/even addresses)
CMPM dst 1010111 W 1 x X X X x X
34+5nW=0)
3 + 5n (W = 1, even addresses)
3 + 7n (W = 1, odd addresses)
LDM sro i 01011t o0 W 1
§+2n(W=20)
5 + 2n (W = 1, even addresses)
6 + 4n (W = 1, odd addresses)
ST™ dst 101010 1W 1
3+2n(W =0
3 + 2n (W = 1, even addresses)
3 + 4n (W = 1, odd addresses)

n = number of returns
String Instruction exscutlon clocks for a single-instruction execution are in parentheses.
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T-49-17-15
Instruction Set (cont)
Opcode Flags
Mnemonic Operand 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 Clocks Bytes AC CY V P § 2
l/O Instructions (cont)
IN acc,imm8 1 + 1 0 0 {t 0 W 6/7 2-
acc,DW 1 1 1 0 1 1 0 W 3/5 1
ouT imm8ac 1 1t 1 0 0 1 1 W 3/5 2
DWae 1 1 1 0 1 1 1 W 3/5 1
INM dst, DW 0110110 W 1
' 3+ 1in (W = 0)
3 + 81 (W = 1, even addresses)
3 +'22n (W = 1, odd addresses)
3 +20n (W = 1, odd/even addresses;
odd for I/0) SR
3 + 13n (W = 1, odd/even addressss;
odd for memory)
OUTM DW, sre 01101 1 1 W 1
34 1In (W = 0}
3 + 8n (W = 1, even addresses)
3 + 22n (W = 1, odd addresses)
3 + 20n (W = 1, odd addresses; e e
odd for 1/O)
3 + 13n (W = 1, odd addresses;
odd for memoty)
n = number of transfers .
String Instruction executlon clocks for a single-Instruction execution are In parentheses.
Use the right side of the slash {/) for DMA 1/O accesses.
BCD Instructions
ADJBA 001101 1 1 4 1 X x u u u u
ADJ4A o0 1T 00 1 1 1 2 1 X x u x x X
ADJBS o0 1 1 1 1 1 1 4 1 X X u u u u
ADJ4S o010 1 1 1 | 2 1 X X U x x X
ADD4S dst, ste 0000 1T 11 1 0O0C1TO0O0UO0O0O0O 2+1n 2 U X u u u x
§UB4S dst, sre 0o 0001111 0O0T1TO0O0O0I1T 0 2+18n 2 4 X U u u x
CMP4S dst, src 6 000111 1 00100 1 10 7+14n 2 ¥4 X U u u ¥x
ROL4 reg8 00001111 001TO0T1TO0O0TUO0S9 3
1100 0 reg
mems 000001111 00101000 15 3-5
med 0 0 O mem
ROR4 reg8 o 0001111 00101010 13 3
1 000 reg
mems 00001111 001011 010 19 3-5
mod 0 O 0 mem
n = number of BCD digits divided by 2
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T-49-17-15
Instruction Set (cont)
Opcode Flags

Mnemonic Oporand 7 6 5 4 3 2 1 0 7 6 5§ 4 3 2 1 Clocks Bytes AC CY V P 8 Z

Data Type Conversion Instructions

CVTBD 11010100 0000 i 1 12 2 u u

CvTDB 1t 10101 0 1 0 0 0 1 1 2 u

CVTBW 1001100 0 1

CVTWL 1 001 10 0 1 1

Arithmetlic Instructions

ADD reg, reg 00 00 O0O01TW 1 1 reg reg 2 2 X X X X X X
memfeg O 0 O O 0 O 0 W mod reg mem 7M. 2-4 X X X X X X
tegmem 0 0 0 0 0 0 1 W mod reg mem  6/8 24 X X X X X X
reg, imm 1t 000 0O S W 1t 1000 reg 2 3-4 X X X X X X
memimm 1 0 0 0 0 0 8 W mod 0 0 O mem 7M1 3-6 X X X X X X
ace,imm 0 0 0 0 0-1 0 W 2 23 «+x x X X x X

ADDC reg, reg 0 001t 0O 1TW 1 1 reg reg 2 2 X X X X X X
memreg 0 0 0 1 0 0 0 W mod reg mem 7 2-4 X X X X X X
tegpmem 0 0 0 1 0 0 1 W mod reg mem 6/8 2-4 X X X X X X
reg, imm 1 00000S W 11010 reg 2 3-4 X X X X X X
memyimm 1 0 0 0 0 0 S W med 0 1 O mem 7M1 3-6 X X X X X X
acc,jmm 0 0 0 1 0 1 0 W 2 2-3 X X X X X X

suB reg, reg 00t o010 1 W 1 1 reg reg 2 2 X X X X X X
memteg 0 0 1 0 1 0 0 W mod reg mem 7M1 2-4 X X X X X x
reggmem 0 0 1 0 1 0 1 W mod reg mem 6/8 2.4 X X X X X X
reg, Imm 1 00 000S W 1 1101 rog 2 3-4 X X X X X X
memimm 1 0 0 0 0 0 8 W mod 1 0 1 mem 711 3-6 X X X X X X
aco,lmm 0 0 1 0 1t 1 0 W 2 2-3 X X X X X X

SUBC reg, reg 0001101 W 1 ¢ reg reg 2 2 X X X X X x
memreg 0 0 0 1 1 0 0 W mod reg mem 7M1 2-4 X X X X X X
reagmem 0 0 0 1 1 06 1 W mod reg mem 6/8 2-4 X X X X X X
reg, Imm 10000068 W t 10 11 reg 2 3-4 X X X X X X
memimm 1 0 0 0 0 0 S W mod 0 1 1 mem 711 3-6 X X X X X X
acc,imm 0 0 0 1 1 1 0 W 2 2-3 X X X X X X

INC tegs 111 1111 0 1t 1 00 reg 2 2 X X X X X
rmem 111 1 111 W med O O mem 7M 2-4 b3 X X X X
reg16 01 0 00 reg 2 1 X X X X X

DEC reg8 i1 1 111 1 0 110 0 1 reg 2 2 X X X X X
mem 1t 11111 1 W mod 0 0 1 mem 7/11 2-4 x X X X X
reg16 01 0 0 | reg 2 1 X X X X X

MULU Teg8 111101 1 0 11100 reg 8 2 u X X u u u
reg16 111 1 01 1t 1 111 00 reg 12 2 u X X u u u
mems t11 101 1 0 med 1 0 O rmem 12 2-4 u X X U u u
mem16 t11 101 1 1 mod 1 0 O mem 16/18 2-4 U X X U u u

©
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Instruction Set (cont)
Opcode Flags
Mnemonlc Operand 7 6 8543210 76543210 Clocks Bytes AC CY V P § Z
Arithmetic Instructions (cont)
MUL reg8 11110110 11101 reg 8 2 U X X u. u
regi6 111101t 1 1 11101 reg 12 2 U X X u u
mems 11110110 mod 1 0 1 mem 12 2-4 u X X u u
mem16 111101 1 1 mod 1 0 1 mem 16/18 2-4 U X X uu
reg16, reg16, Imm8 o110101 1 11 reg reg 12 8- ¥ x x uwu
reg16, memi,imms 0 1 1 0 1 0 1 1 mod reg mem  16/18 35 U X X u u
reg16, regi6,imm16 0 1 1 0 1 0 0 1 11 reg reg 12 4 u x X u u
reg16, mem16,imm16 ¢ 1 1 0 1 0 0 1 mod reg mem  16/8 4-8 Uu X X uu
DIVU regs 11110110 1t 1110 reg 11 2 Uu u u uu
regté 111101 1 1 11110 rog 19 2 U u u uwu
mems 11110110 med 110 mem 15 24 u u u u u
mem16 1111011 1 mod 1 1 0 mem 2325 24 U u u u i
DIV reg8 11110110 111114 reg 16 2 U u u uu
regié 1111011 1 11 111 reg 24 2 U U U uu
mems8 1111011 0 mod 111 mem 20 24 u u u u u
mem16 1111011 1 mod 4 1 1 mem 28/30 2-4 U U u uu
Comparison Instructions
CMP reg, reg 0011 101W 11 reg reg 2 2 X X X X X X
mem, reg 0011100 W mod reg mem  6/8 2-4 X X X X X X
reg, mem 0011101 W mod reg mem  6/8 2-4 X X X X X X
reg, imm 1000008 W t 1111 reg 2 3-4 X X X X X X
mem, Imm 1000008 W mod 111 mem 68 36 X X X X X X
ace, imm 0011110 W 2 28 x X X X X X
Logical Instructions
NO‘!' reg 1114101 1tWwW 11010 reg 2 2
mem 111101t 1 W mod 010 mem 7/11 2-4
NEG reg 1111011 W 11011 reg 2 2 X X X X X X
mem 1111011 W mod 011 mem 7/11 2-4 X X X X X X
TEST reg, reg 1000010 W 11 reg reg 2 2 u 0 0 x x x
mem, reg 1000010 W mod reg mem  6/8 2-4 u 0 0 x x x
reg, Imm t111011W 11000 reg 2 3-4 u 0 0 x x x
mem, imm 1111011 W mod 000 mem 68 3-6 u 0 0 x x x
ace, Imm 1010100W 2 2-3 u 0 0 x X X
AND reg, reg 0010001 W {1 reg reg 2 2 u 0 0 x x x
mem, reg 0010000 W mod reg mem  7/11 2-4 u 0 0 x x x
reg, mem 0010001 W mod reg mem  6/8 2-4 u 0 0 x x x
reg, lmm 100000O0W 11100 reg 2 3-4 u 0 0 x x x
mem, imm 10000O0O0W mod 1 00 mem 7/11 3-6 u 0 0 x x x
ace, Imm 0000110 W 2 283 u 0 0 x x X
98
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T-49-17-15
Instruction Set (cont)
Opcode Flags
Mnemonic Operand 7 65 43 21 0 7 6 5 4 3 2 1 0 Clocks Bytes AC CY V P § 2
Logical Instructions (cont) i
OR reg, reg 000010 1T W 114 reg reg 2 2 u 0 0 x x x
mem, reg 000010 0 W mod reg mem 7M1 2.4 u 0 0 x x x
feg, mem 000010 1t W mod reg mem 6/8 2-4 u 0 0 x x x
reg, imm 100000O0W 11001 reg 2 34 u 0 0 x x x
mem, Imm 100000 0W mod 001 mem 7/t 386 u 0 0 x-x x
acc, Imm 000011 O0W 2 23 u 0 0 x x x
XOR reg, reg 001100 1tW 11 reg reg 2 * 2 U 0 0 x x x
mem, reg 0011000 W mod reg mem 7M1 2-4 u 0 0 x x X
reg, mem 001100 1 W mod reg mem 6/8 2-4 u 0 0 x x x
reg, Imm 1 000 00O0W 11110 reg 2 34 u 0 0 x x x
mem, imm 1 00000 O0W mod 1 10 mem 711 36 u 0 0 x x x
&cs, Imm 0011010 W 2 2-3 u 0 0 x x x
Bit Manipulation Instructions
INS regs, reg8 000011 1 1 001100 0 1 3761 3
11 reg reg 39-77
reg8, imm4 00 1 1 1 001 1t 10 0 1 3769 4
11000 reg 39-77
EXT regs, reg8 00001T1 11 001100 1 1 2961 3
t 1 reg reg 33-63
reg8, Imm4 00001111 0o0¢+11110 11 296 4
11000 reg 33-63
TESTY reg, CL 000O0T1TT1T1 1 0O0O0T1O0O0O0W 4 3 u 0 0 u u x
11000 reg
mems, CL 00001111 00O0TI11TO0OCO0O0 B 838 u 0 0 u u x
mod 0 0 O mem
mem16, CL 000011 1 1 00 01 0O O0 1 810 ) 35 u 0 0 u u x
med 0 0 O mem
reg, imm3/4 0000 1T 1 1 1 000110 0W 4 4 u 0 0 u u x
t 1000 reg
mem8,imm3 0 0 0 0 1 1 1 4 000t 1000 13 4-6 u 0 0 u u x
med 0 0 O mem
mem16, imm4 0 00011 1 1 00 011t 00 1 80 4-8 u 0 0 vu u x
mod 0 0 O mem
SET1 reg, CL 00001111 0001O0TTO0W 4 3
1 000 teg
mem, CL 0.0 0 01 ¢t 1 1 0001 O01O0WS 35
mod 0 0 O mem
reg,imm34 0 0 0 0 1 1 1 1 0 0 0 1 110 W 4 4
00 0 reg
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T-49-17-15
Instruction Set (cont)
Opcode
Mnemonlec  Operand 7 6 543 210 76 5 43 210 Clocks Bytes AC CY V P § Z
Bit Manipulation Instructions (cont)
SETi(cont) mem8,imm3 0 0 0 0 ¢+ 1 1t 0 0 0 1t 1 1 0 0 9 4-6
: mod O O O mem
| memi6,imm4 0 0 0 O 1 1 1 1o 0001 1 1 0 1 913 4-6
mod 0 Q 0 mem
cY 11111001 2 1
DIR t 1111101 2 1
CLR1 reg, CL 0 000 1 1 1 0001001 W . 3
{1000 reg
mems8, CL oo0oo0o0111tt 0O0O0CTTO0O0T1TO0 B9 35
mod 0 0 O mem
mem16, CL 00001111 00010 O0 1 1 913 3.5
med 0 0 0O mem )
reg, imm3/4 0 000 1 1 1 1 0001101 W4 4 e
1 000 reg TN
mem8,imm3 6 0 0 ¢ 1 1 1 { 00011010 9 4-6
med 0 0 O mem
memi6,imm4 0 0 0 0 1 1 1 1 000110 1 1 913 4-6
: med 0 0 0O mem
cY 11111000 1
DIR 11111100 1
NOT1 reg, CL 00O0O0OT1TI1T 11 000101 1W 3
11000 reg
mem8, CL 0000 11 11 000101110 8 35
med 0 0 0 mem
mem16, CL 000011 1 1 0001011 1 913 35
med 0 0 O mem
reg, Imm3/4 0 oo0oo0 11 1 1 000 1T 11 1 W 4 4
0 0O reg
memg,imm3 0 0 0 0 1 1 1 1 0001111 WO 4-6
mod ¢ 0 O mem
memi6imm4é 0 0 0 O 1 1 1 1 0001 1 1 1 1 918 4-6
mod 0 O O mem
oY 11110101 2 1
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Instruction Set (cont)

Flags

Bytes AC CY V P § Z

Opcode

0 Clocks

0 7 6 5 4 3 2 1

7 6 5 4 3 21

Shift/Rotate Instructions

Mnemenle Operand
SHL

X X X x

X

reg

1000 W 1
0 0 0 W mod

1

0
0
0
0

reg, 1

X X X X X

24

0 mem 7

1

mem, 1
reg, CL

U X x X

X

2+n

teg

w

00
00

1
1
1
1

1
1
1
1

2-4 X U x x x

6/10 + n
2+n

1 0 mem
reg

1
1

1t W mod

00 00 0 W {

mem, CL

Uu X X x

X

1

reg, imms
mem, Imm8

reg, 1

mem 6/10 + n 35

0

0

0 000 0 W mod

X X X X

X

reg

00 0 W 1

1
1

0
0

SHR

2-4 X X X X X

7M1

mem

teg

00 0 W mod

mem, 1
reg, CL

T e

u x x X

X

2+n

w
w

10 00

1

1
1
1
1

2-4 X U x x X

6/10 + n
2+n
V610 +n

mem

mod 1 0

1

1
0000 0 W

00

mem, CL

U X X X i

X

1eg

1
1

reg, Imm8
mem, imm8

reg, 1

X U x X X

3-5

1 mem

0

1

0 000 0 W mod

0 x x x

X

reg

00 0 W 1

1
1

0
0

SHRA

X 0 x x x

2-4

7

mem

Teg

1

00 0 W mod

1
1
1

mem, 1
teg, CL

2+n

w
w

0 00
00
00 00 0 W

1
1

mem 6/10 + n 24 X u x X X
2+n

reg

1

1

mod

1

1

mem, CL

u X X X

X

1
1

1
1

reg, imm8

1 mem 6/10 + n 35 X M X X X

1

1

0 0 00 0 W mod

mem, Imm8

reg, 1

0 0 o0 reg

1

1000 W 1
00 0 W

0
0
0
0

ROL

24

7M

mem

mod 0 O O

1

1

1

mem, 1§
reg, CL

0 0 0 reg 2+n

med 0 0 O

1

1

1.

w
w

00

1
1

2-4

6/10 + n
2+n

mem

reg

0 0 1
00000 W
0000 O0W
0
0

1

1
1
1

mem, CL

000

1

1
1

reg, imm

35

6/10 + n
2+n
711

mem

med 0 0 0

1

mem, imm

reg, 1

reg

00

00 0 W 1

1
1

ROR

2-4

mem

reg

1

00 0W mod 00

1
1
1

1

mem, 1

7+n

0 0
mod Q0 O
1

w
w

0 00
00000 W
00 00 0 W

0

1
1

reg, CL

24

mem 6/10 + n
2+n

1

00 1

1

mem, CL

reg

o0

1

1
1

1
1

reg, Imm8

3-5

mem 6/10 + n

1

mod 0 O

1

mem, imm8

reg, 1

c 0 0 W
00 0 W

1

1

0
1]
0

ROLC

2.4

7

mem

1

maed O

1
1
1
i
1

mem, 1

2+n

reg

w
w

00
00
0000 O0 W
0000 O0W

1
1
1
1

reg, CL

2.4

mem 6/10 + n
2+n

0

1

mod O

1

mem, CL

reg

reg, imms

mem 6/10 + n 35

0

1

mod 0

mem, imm8

n = number of shifts
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T-49-17-15
Instruction Set (cont) .
Opcode Flags

Mnemenle Operand 7 8 5§ 43 21 0 7 65 43 2 1 0 Clocks Bytes AC CY V P § 2
Shift/Rotate Instructions (cont)
RORC reg, 1 1101 00O0OW 11011 reg 2 2 X x

mem, 1 110100 0W med 0 1 1 mem  7/11 2-4 X X

reg, CL t101001twW t 1011 reg 2+n 2 X u

mem, CL 1t 10100 1W med 01 1 mem 610+n 24 X u

reg, imm8 1t 100000W 1 1011 reg 2+n 3 X u

memimm8 {1 1 0 0 0 0 O W mod 0 1 1 mem 610+n 35 X u

n = number of shifts

Stack Manipulation Instructions
PUSH mem16 111111 1 1 mod 1 1 O mem 5/9 24

regi6 01 0 0 rog 3/5 1

or 000 o t 10 3/5 1

PSW 10011100 3/5 1 -

R 011000000 20/36 1

imm 0110108 0 3/5 2.3 -
POP mem16 1000 1t 1 1 1 med 0 0 0 mem 59 24

regié 010t 1 reg 5/7 1

sr 0 0 0 s 1 1 1 57 1

PSW 100 1 1 0 1 57 1 R R RRRR

R 01t 10000 1 22/38 1
PREPARE  Immig,imm8 1 1 0 O 000 * 4

*imm8 = 0;15
Imm8= 1: 17 + 12 (mm8 - 1) odd, 15 + 8 (imm8-1) even

DISPOSE i1 100100 1 6/10 1
Control Transfer Instructions
CALL near_proc 11101000 79 - 3

regptrié 1111 111 1 11 10 reg 7/9 2

memptri6 1111 11 11 mod 10 mem 116 2-4

far.proc 10011010 9/13 5

memptr32 1111 1t 11 1 med 0 1 1 mem 15/23 2-4
RET 110000 1 ¢ 10/12 1

pop_value 11000010 10/12 3

t1 00101 ¢ 12/16 1

pop_value t1001010 12/16 3
BR near.label it 110100 1 7 3

short_label 111010 1 1 7 2

regptrié t 11111 1 1 1 110 reg 7 2

memptrié T 11 111 1 1 mod 1 0 mem 1113 2.4

far._label i 1101010 7 ]

memptr32 111 1 1 1 1 mod 1 0 1 mem 13/17 2-4
102
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Instruction Set (cont)

T-49-17-15

Mnemonilc Operand

7 6 5 43

Opcode

0

7 6 5 4 3 2 1 0 Clocks

Flags
Bytes AC CY V P § 2

Control Transfor Instructions (cont)

BV short_labe! 01110000 3/6 2
BNV short_labs} o1 1100 01 3/8 2
BC, BL short_labet 01110010 3/6 2
BNC, BNL  short_label 011100 11 3/6 2
BE, BZ short_labsl 0t 110100 3/6 2
BNE,BNZ  short_label ot 1101 01 3/6 2
BNH short_label o1t 1101t 10 36 2
BH short_fabel o1 1101 11 8/6 2
BN short_label 01111000 3/6 2
BP short_label 0111100 1 3/6 2
BPE short_labsl 01111010 8/6 2
BPO short_label 011110 1 1 36 2
Interrupt Instructions
BLT short_label o111 1100 3/6 2
BGE short_label 01 1t 11 1t 0 1 3/6 2
BLE short_fabel 01111110 3/6 2
BGT short_label ot 1t 1 1 1 1 1 3/6 2
DBNZNE  short_label 11100000 3/6 2
DBNZE short_labe! 111000 0 1 3/6 2
DBNZ short_label 11100010 3/6 2
BCWZ short_label 111000 t 1 3/6 2
BRK 3 11001100 18/24 1
Imms8 t 100110 1 18/24 2
BRKV Imm8 11001110 20/26 1
RETI 11001 ¢t 1 1 13/19 1 R R RRRBARR
CHKIND regi6,mem32 0 1t 1 0 0 0 1 0 mod reg mem  24-26/ 24
30-32
CPU Control Instructions
HALT 11110100 2 1
BUSLOCK 11110000 2
FPO1 fo_op 11011 XXX 1 1YYY ZZ Z * 2
fp_op, mem 11011 XXX mod YY Y mem * 2-4
FP02 fp_op 011001 1X 11YYVYZzz+ 2
fp.op, mem 011001 1 X mod YY Y mem * 2-4
POLL 100110 1 ¢ 2 4+ 6n 1
n = number of times POLL pin Is sampled.
NOP 10010000 3 1
DI i1 1t11010 2 1
El t 11t 10 1 2 1
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T-49-17-15
instruction Set (cont)
Opcode Flags
Mnemonle Operand 7 6 58 43 210 7 6 5 4 3 2 1 0 Clocks Bytes AC CY V P § 2

CPU Control Instructions (coni)

DSo:, DS1:, PS:, 88: 0 0 1 seg 1 1] 2 1
(segment overrlde pretfixes) ’
Address Expansion Control Instructions
BRKXA Imms8 0 00 0 1 1 i 1+ 1100 0 0 0 12 3
Irm8 .
RETXA Imm8 000 0 1 1 1t 1t 1110000 12 3
Imm8 .
b .;_.,;.;-T =7 *,\»-:3—- —_—
o ]
:
LN IR |
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