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NEC Electronics Inc.

uPD70208 (V40)
8/16-Bit Microprocessor:
High-Integration, CMOS

Description

The puPD70208 (V40™) is a high-performance, low-
power 16-bit microprocessor integrating a number of
commonly used peripherals to dramatically reduce the
size of microprocessor systems. The CMOS construc-
tion makes the uPD70208 ideal for the design of
portable computers, instrumentation, and process
control equipment.

The uPD70208 contains a powerful instruction set that
is compatible with the uPD70108/uPD70116 (V20®/
Vv30®) and pPD8086/1PD8088 instruction sets. In-
struction set support includes a wide range of arith-
metic, logical, and control operations as well as bit
manipulation, BCD arithmetic, and high-speed block
transfer instructions. The uPD70208 can also execute
the entire uPD808BOAF instruction set using the 8080
emulation mode. Also available is the uPD70216 (V50™),
identical to the uPD70208 but with a 16-bit external
data bus.

Features

O Low-power CMOS technology
0 V20/V30 instruction set compatible
O Minimum instruction execution time: 250 ns
(at 8 MHz)
[0 Direct addressing of 1M bytes of memory
O Powerful set of addressing modes
O Fourteen 16-bit CPU registers
O On-chip peripherals including
— Clock generator
— Bus interface
— Bus arbitration
— Programmable wait state generator
— DRAM refresh controller
— Three 16-bit timer/counters
— Asynchronous serial /0 controlier
— Eight-input interrupt controller
— Four-channel DMA controller
O Hardware effective address calculation logic
[0 Maskable and nonmaskable interrupts
0 IEEE 796 compatible bus interface
0O Low-power standby mode

V20 and V30 are registered trademarks of NEC Corporation.
V40 and V50 are trademarks of NEC Corporation.
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Ordering Information

Part Number Max Frequency {(MHz} Packags
uP070208R-8 8 68-pin ceramic PGA
R-10 10
L-8 8 68-pin PLCC
L-10 10
GF-8 8 80-pin plastic QFP
GF-10 10

Pin Configurations

68-Pin Ceramic PGA

Bottom View
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Pin  Symbol Pin  Symbol Pin  Symbol Pin  Symbol
A2 INTP? 89 DMARQ1 | F10 ADy K4 NMIL |
A3 INTPS 810 DMARQO | F11 GND Ks RESEY
A4 INTP3 B11 ADg Gl x1 K6 RESOUT
A5 INTP1 €1 TCTL2 [G2 CLKOUT | K7 HLDRG
A8 OWAARI/TxD | c2 POLL G160 A K8 A19/PS3
A7 DWMARRZ C10 ADy G111 Ap K8 A17/PSt
A8 DMAAKY C1l_AD:2 H1__BUFEN K10 Aia |
[As  DWAAKo D1_Qs1 | H2 BUFA/W |K11 At
A0 END/TC D2 QSo M0 Ao L2 iORD
Bt TCLK D10_AD3 H11 Ay L3 BSo
| B2 TOUT2 D11 AD4 J1_ BUSLOCK | L4 BS2
83__ INTPS E1 ASTB J2  iOWR LS READY
|84 INTP4 E2  [High] 410 A2 L& Voo
|85 INTP2 E10 ADs N A3 L7 MLDAK
88 INTAK/TOUTY/ | Ef1 ADs K1 MWR L8 AEFRG
| _ SApY
B7 DMARQ3I/RxD | F1 GND K2 MRD L8 A/PS2
B8 DMARQ2 F2 X2 K3 BS L10 Ae/PSp
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Pin Configurations (cont)

68-Pin Plastic Leaded Chip Carrier (PLCC)
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NMI ] 88 38 [1INTP2
READY []67 37 [1 INTP1
RESET [] 68 36 [ INTAK/TOUT1/SRDY
voo Ot O 1PD70208L 35 |1 DMAAK3/TxD
RESOUT ] 2 34 [] DMARQJ/RxD
HLDAK ] 3 33 |7 DMAAK2
HLDRQ (] 4 32 1 DMARQ2
REFRQ []5 31 [ ] DMAAK1
A19/PS3 (] 6 30 [1 DMARQ1
A1a/PS O] 7 28 [J DMAAKD
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Pin Configurations (cont)

80-Pin Plastic QFP
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Pin Identification

Symbol Function
Symbol Function INTP1-INTP7 Interrupt request inputs
Ayg-A16/PS3-PSg Multiplexed address/processor status outputs iORD 1/0 read strobe output
As-Ag Address bus outputs IOWR 110 write strobe output
AD7-ADg Multiplexed address/data bus MRD Memory read strobe output
ASTB Address strobe output MWR Memory write strobe output
BS,-BSp Bus status outputs NC No connection
BUFEN Data bus transceiver enable output NMI Nonmaskable interrupt input
BUFR/W Data bus transceiver direction output POLL Poll input
BUSLOCK Buslock output 1S4-0Sg CPU queue status outputs
CLKOUT System clock output READY Ready input
DMAAKO DMA channel 0 acknowledge output REFRQ Refresh request output
DMAAK1 DMA channel 1 acknowledge output RESET Reset input
DMAAK2 DMA channe! 2 acknowledge output RESOUT Synchronized reset output
DMAAK3/TxD DMA channel 3 acknowiedge output/Serial TCLK Timer/counter external clock input
transmit data output -
- TCTL2 Timer/counter 2 control input
DMARQO DMA channet 0 request input -
- TouT2 Timer/counter 2 output
DMARQH1 DMA channel 1 request input -
- Voo +5 V pawer supply input
DMARQ2 DMA channel 2 request input -
- - - X1, X2 Crystal/external clock inputs
DMARQ3/RxD DMA channei 3 request input/Serial receive
data input
END/TC End input/Terminal count output
GND Ground
High High-level output except during hold
acknowledge when it is placed in the
high-impedance state
HLDAK Hoid acknowledge output
HLDRQ Hold request input
IC Internal connection; leave unconnected
INTAK/TOUT1/SRDY  Interrupt acknowledge output/Timer/counter 1

output/Serial ready output
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Pin Functions
A19-A16/PS3-PSy [Address/Status Bus)

These three-state output pins contain the upper 4 bits
of the 20-bit address during T1 and processor status
information duringthe T2, T3, TW, and T4 states ofabus
cycle. During T1 of amemory read or write cycle, these
pins contain the upper 4 bits of the 20-bit address.
These pins are forced low during T1 of an 1/0 bus
cycle.

Processor statusis output during T2, T3, TW, and T4 of
both memory and /0O bus cycles. PS;3 is zero during
any CPU native mode bus cycle. During any DMA,
refresh, or 8080 emulation mode bus cycle, PS; outputs
a high level. PS; outputs the contents of the interrupt
enable (IE) flag in the CPU PSW register. PSy and PS
indicate the segment register used to form the physical
address of a CPU bus cycle as follows:

P8 P8y Segment
0 0 Data segment 1 (DS1)
0 1 Stack segment (SS)
1 0 Program segment (PS)
1 1 Data segment 0 (DSQ)

These pins are in the high-impedance state during hold
acknowledge.

A15-Ag [Address Bus]

These three-state pins form the middle byte of the
active-high address bus. During any CPU, DMA, or
refresh bus cycle, A5-Ag output the middle 8 bits of the
20-bit memary or 1/O address. The Aig-Ag pins enter
the high-impedance state during hold acknowledge or
an internal interrupt acknowledge bus cycle. During a
slave interrupt acknowledge bus cycle, A1g-Ag contain
the address of the selected slave interrupt controller.

AD7-ADg [Address/Data Bus)

These three-state pins form the active-high, time-multi-
plexed address/data bus. During T1 of a bus cycle,
AD7-ADg output the lower 8 bits of the 20-bit memory
or |/0 address. During the T2, T3, TW, and T4 states,
AD7-ADg form the 8-bit bidirectional data bus.

The AD7-ADg pins enter the high-impedance state
during hold acknowledge or internal interrupt acknow-
ledge bus cycles or while RESET is asserted.

ASTB [Address Strobe]

This active-high output is used to latch the address
from the multiplexed address bus in an external address
latch during T1 of a bus cycle. ASTB is held at a low
level during hold acknowledge.

BS,-BSg [Bus Status]

Outputs BS,-BSj indicate the type of bus cycle being
performed as follows. BS,-BSy become active during
the state preceding T1 and return to the passive state
during the bus state preceding T4.

BS; B3; BSg Bus Cycle
0 0 0 Interrupt acknowledge
0 0 1 170 read
0 1 0 110 write
0 1 1 Halt (Note 1)
1 0 0 Instruction fetch
1 0 1 Memary read (Note 2)
1 1 0 Memory write (Note 3)
1 1 1 Passive state
Note:

(1) BS5-BSginahaltbuscycle returns to the passive state one clock
earlier than normal CPU bus cycles.

(2) Memory read bus cycles include CPU, DMA read, DMA verify,
and refresh bus cycles.

(3) Memory write bus cycles include CPU and DMA write bus cycles.

BS,-BSg are three-state outputs and are high imped-
ance during hold acknowledge.
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BUFEN [Buffer Enable]

BUFEN is an active-low output for enabling an external
data bus transceiver during a bus cycle. BUFEN is
asserted during T2 through T3 of a read cycle, T2
through T3 of a slave interrupt acknowledge cycle, and
T1 through T4 of a write cycle. BUFEN is not asserted
when the bus cycle corresponds to an internal pe-
ripheral, DMA, refresh, or internal interrupt acknow-
ledge cycle. BUFEN enters the high-impedance state
during hold acknowledge.

BUFR/W [Bufter Read/Write]

BUFR/W is a three-state, active-low output used to
control the direction of an external data bus trans-
ceiver during CPU bus cycles. A high level indicates
the uPD70208 will perform a write cycle and a low level
indicates a read cycle. BUFR/W enters the high-
impedance state during hold acknowiedge.

BUSLOCK

This active-low output provides a means for the CPU to
indicate to an external bus arbiter that the bus cycles of
the next instruction are to be kept contiguous.
BUSLOCK is asserted for the duration of the instruction
following the BUSLOCK prefix. BUSLOCK is also
asserted during interrupt acknowledge cycles and
enters the high-impedance state during hold acknow-
ledge. While BUSLOCK is asserted, DMAU, RCU, and
external bus requests are ignored.

CLKOUT

CLKOUT is a buffered clock output used as a reference
for all timing. CLKOUT has a 50-percent duty cycle at
half the frequency of the input clock source.

DMAAKO-DMAAK2 [DMA Acknowledge]

This set of outputs contains the DMA acknowledge
signals for channels 0-2 from the internal DMA control-
ler and indicate that the peripheral can perform the
requested transfer.

DMAAKZ3/TxD [DMA Acknowledge 3]/[Serial
Transmit Data)

Two output signals multiplexed on this pin are selected
by the PF field of the on-chip peripheral connection
register.

¢ DMAAKS is an active-low output and enables an
external DMA peripheral to perform the requested
DMA transfer for channel 3.

e TxD is the serial data output from the serial control
unit.

DMARQO-DMARQ2 [DMA Request]

These synchronized inputs are used by external pe-
ripherals to request DMA service for channels 0-2 from
the internal DMA controlier.

DMARQ3/RxD [DMA Request 3]/[Serial Receive
Data]

Two input signals multiplexed on this pin are selected
by the PF field of the on-chip peripheral connection
register.

o DMARQ3isused by an external peripheral to request
a DMA transfer cycle for channel 3.

e RxD is the serial data input to the serial control unit.

END/TC [End/Terminal Count]

This active-low bidirectional pin controls the termin-
ation of a DMA service. Assertion of END by external
hardware during DMA service causes the service to
terminate. When a DMA channel reaches its terminal
count, the DMAU asserts TC, indicating the program-
med operation has completed.

END/TC is an open-drain I/O pin, and requires an
external 2.2-kQ pull-up resistor.
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HLDAK [Hold Acknowledge]

When an external bus requester has become the
highest priority requester, the internal bus arbiter will
assert the HLDAK output indicating the address, data,
and control buses have entered a high-impedance state
and are available for use by the external bus master.

Should the internal DMAU or RCU (demand mode)
request the bus, the bus arbiter will drive HLDAK low.
When this occurs, the external bus master should
complete the current bus cycle and negate the HLDRQ
signal. This allows the bus arbiter to reassign the bus to
the higher priority requester.

If a higher priority internal bus master subsequently
requests the bus, the high-level width of HLDAK is
guaranteed to be a minimum of one CLKOUT period.

HLDRQ [Hold Request]

This active-high signal is asserted by an external bus
master requesting to use the local address, data, and
control buses. The HLDRQ inputis used by the internal
bus arbiter, which gives contro! of the buses to the
highest priority bus requester in the following order.

Bus Master Priority

RCU Highest (demand mode)}
DMAU .

HLDRQ .

CPU .

RCU Lowest {normal operation)

INTAK/TOUT1/SRDY [Interrupt Acknowledge]/
[Timer 1 Output]/[Serial Ready]

Three output signals multiplexed on this pin are
selected by the PF field of the on-chip peripheral
connection register.

e INTAK is an interrupt acknowledge signal used to
cascade external slave uPD71059 Interrupt Control-
lers. INTAK is asserted during T2, T3, and TW states
of an interrupt acknowledge cycle.

e TOUT1 is the output of timer/counter 1.

o SRDY is an active-low output and indicates that the
serial control unit is ready to receive the next
character.

INTP1-INTP7 [Peripheral Interrupts]

INTP1-INTP7 accept either rising-edge or high-level
triggered asynchronous interrupt requests from external
peripherals. These INTP1-INTP7 inputs are internally
synchronized and prioritized by the interrupt control
unit, which requests the CPU to perform an interrupt
acknowledge bus cycle. External interrupt controllers
such as the uPD71059 can be cascaded to increase the
number of vectored interrupts.

These interrupt inputs cause the CPU to exit both the
standby and 8080 emulation modes.

The INTP1-INTP7 inputs contain internal pull-up
resistors and may be left unconnected.

IORD [I/0 Read]

This three-state pin outputs an active-low 1I/0 read
strobe during T2, T3, and TW of an 1/O read bus cycle.
Both CPU 1/0 read and DMA write bus cycles assert
IORD. I0RD is not asserted when the bus cycle
corresponds to an internal peripheral or register. It
enters the high-impedance state during hold acknow-
ledge.

IOWR [1/0 Write]

This three-state pin outputs an active-low I/O write
strobe during T2, T3, and TW of a CPU I/O write or an
extended DMA read cycle and during T3 and TW of a
DMA read bus cycle. IOWR is not asserted when the
bus cycle corresponds to an internal peripheral or
register. It enters the high-impedance state during
hold acknowledge.
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MRD {Memory Read Strobe]

This three-state pin outputs an active-low memory
read strobe during T2, T3, and TW of a memory read
bus cycle. CPU memory read, DMA read, and refresh
bus cycles all assert MRD. MRD enters the high-
impedance state during hold acknowledge.

MWR [Memory Write Strobe]

This three-state pin outputs an active-low memory
write strobe during T2, T3, and TW of a CPU memory
write or DMA extended write bus cycle and during T3
and TW of a DMA normal write bus cycle. MWR enters
the high-impedance state during hold acknowledge.

NMI [Nonmaskable Interrupt]

The NMI pin is a rising-edge-triggered interrupt input
that cannot be masked by software. NM! is sampled by
CPU logic each clock cycle and when found valid for
one or more CLKOUT cycles, the NMI interrupt is
accepted. The CPU will process the NMI interrupt
immediately after the current instruction finishes
execution by fetching the segment and offset of the
NMi handler from interrupt vector 2. The NMI interrupt
causes the CPU to exit both the standby and 8080
emulation modes. The NMI input takes precedence
over the maskable interrupt inputs.

POLL [Poll]

The active-low POLL input is used to synchronize the
operation of external devices with the CPU. During
execution of the POLL instruction, the CPU checks the
POLL input state every five clocks until POLL is once
again asserted.

QS1-QSy [Queue Status]

The QS¢ and QSp outputs maintain instruction syn-
chronization between the xPD70208 CPU and external
devices. These outputs are interpreted as follows.

Qs QSg Instruction Queus Status
0 0 No operation
0 1 First byte of instruction fetched
1 0 Flush queue contents
1 1 Subsequent byte of instruction fetched

Queue status is valid for one clock cycle after the CPU
has accessed the instruction queue.

READY [Ready]

This active-high input synchronizes external memory
and peripheral devices with the uPD70208. Slow
memory and 1/0 devices can lengthen a bus cycle by
negating the READY input and forcing the BlU to insert
TW states. READY must be negated prior to the rising
edge of CLKOUT during the T2 state or by the last
internally generated TW state to guarantee recognition.
When READY is once again asserted and recognized
by the BIU, the BIU will proceed to the T4 state.

The READY input operates in parallel with the internal
uPD70208 wait control unit and can be used to insert
more than three wait states into a bus cycle.

REFRQ [Refresh Request]

REFRQ is an active-low output indicating the current
bus cycle is a memory refresh operation. REFRQ is
used to disable memory address decode logic and
refresh dynamic memories. The 9-bit refresh row
address is placed on Ag-Ag during a refresh bus cycle.

RESET [Reset]

RESET is a Schmitt trigger input used to force the
#PD70208 to a known state by resetting the CPU and
on-chip peripherals. RESET must be asserted for a
minimum of four clocks to guarantee recognition. After
RESET has been released, the CPU will start program
execution from address FFFFOH in the native mode.

RESET will release the CPU from the low-power
standby mode and force it to the native mode.

RESOUT [Reset Output]

This active-high output is available to perform a system-
wide reset function. RESET is internally synchronized
with CLKOUT and output on the RESOUT pin.

TCLK

TCLK is an external clock source for the timer control
unit. The three timer/counters can be programmed to
operate with either the TCLK input or a prescaled
CLKOUT input.

TCTL2
TCTL2 is the control input for timer/counter 2.

TOUT2
TOUT2 is the output of timer/counter 2.
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X1, X2 [Clock Inputs]

These pins accept either a parallel resonant, funda-
mental mode crystal or an external oscillator input with
a frequency twice the desired operating frequency.

In the case of an external clock generator, the X2 pin
can be either left unconnected or be driven by the
complement of the X1 pin clock source.

Pin States

Table 1 lists the output pin states during the Hold, Halt,
Reset, and DMA Cascade conditions.

uPD70208 (V40)

Table 1. Input/Output Pin States

DMA
Symbot Pin Type Hold  Halt Reset Cascade
Ag-A1s/PS3-PSg, 3-state Out Hi-Z H/L H/IL Hi-Z
Az-Ag
AD7-ADy 3-state 1/0 Hi-iZ H/L Hi-Z Hi-Z
ASTB Out L L L L
BUFEN 3-state Qut Hi-z H H  HiZ
BUFR/W 3-state Out Hi-Z H/L H HiZ
BUSLOCK 3-state Out Hi-Z HIL H  HiZ
BS,-BSg 3-state Out Hi-Z H H H
CLKOUT Out H/L  H/L H/L HIL
DMAAK0-DMAAK2 Out H HL H HL
DMAAK3 Out H HL H HL
TXD H/L H/L  HIL
END/TC 1/0 H HIL H H
HLDAK Out H H/L L
INTAK Out H H H H
TOUT1 H/L  H/L H/L
SRDY HIL  HIL HIL
IORD 3-state Qut Hi-Z H H Hi-Z
IOWR 3-state Out Hi-Z H H Hi-Z
MRD 3stateOut  H-Z H H  HiZ
MWR 3-state Out Hi-Z H H Hi-Z
054-05¢ Out HIL L L HL
REFRQ Out H HL H H
RESOUT Out L L H L
TOUT2 Out H/IL H/L H/IL  H/L

H: high level; L: low level; H/L: high or low level; Hi-Z: high

impedance.
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Block Diagram

INTP1 ———» Wait A19-A16/P53-PSo
INTP2 ———»] Control
INTP3 Interrupt Unit A15-Ap
Control c
INTP4 ————» Unit weu]

INTPS ————»¢ [Icu] AD7-ADg

INTPE ——— > Bs28%0

INTP? ———»
F——»
——»
P
—
F————»
—————
———
————»
———o
F——»
————
e
e
———

Qasq
QSp

TOUT2 «—] Timer/
TOUT1 &— Counter
TCTL2 ——{  Unit

POLL
Bus ASTB
Interface
TeLk ———|  [TCU] Unit

(BIU]

DMARQO

DMAAKO : Central
Processing
DMARQ1 —* Unit
DMAAK] +———] DMA [CPU]
Control
DMARQ2 —— Unit

DMAAKZ «———|  [DMAU]

DMARQ3 ———]

—_ RESOUT
DMAAK3 =—

END/TC ———=1

Bus
INTAK Arbitration |—— HLDAK
Unit l+————— HLDRQ
NMi (BAU]
Xt ———— Clock Refresh Serial TxD
X2 —] G t Control Control ——
enerator Unit Unit ——— SRDY
cLkouT «— | (€G] [RCU] [sCu] . RxD

REFRQ

83-004137C
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Absolute Maximum Ratings

DC Characteristics
Ta =—10t0 +70°C, Vpp = +5 V £10% (8 MHz),
Vpp =5 V 5% (10 MHz)

Tp=+25°C

Power supply voltage, Vpp —05t0+7.0V
Input voltage, V) —05toVpp+0.3V
CLK input voliage, Vi —05teVpp+1.0V
Output voltage, Vg —05t0Vpp+03V
Operating temperature, Topr —10 to +70°C
Storage temperature, Tgyg —65to +150°C

Comment: Exposure to Absolute Maximum Ratings for extended
periods may affect device reliability; exceeding the ratings could
cause permanent damage. The device should be operated within the
limits specified under DC and AC Characteristics.

Capacitance
Ta=+26°C,Vgp=0V

Limits Tost
Parameter Symbol Mir  Max Unit Conditions
Input capacitance Gy 15 pF fg=1MHz )
Output capacitance Cg 15 unmeasured pins

are returned to O V.

Limits Test
Parameter Symbol Min  Max Unit Conditions
Input voltage, high V|4 22 Vpp+ V
0.3
Input voltage, low V) 05 08 V
X1, X2 input VKH 39 vpp+ V
voltage. high 1.0
X1, X2 input VL -05 06 V
voltage, fow
Output voltage, high Voy 0.7 Vpp v loy = —400 zA
Output voltage, low Vg 04 Vv loo =25mA
Input leakage I 10 pA Vi=Vpp
current, high
Input leakage ipL =300 wA V=0V, INTP
current, low input pins
I =10 pA Vi =0V, other
input pins
Output leakage ILoH 0 uA Vo =Vpp
current, high
Output leakage oL =10 wA Vg=0V
current, low
Supply current
8 MHz Inp 8¢ mA Narmal mode
20 mA Standby mode
10 MHz Top 120 mA Normal mode
25 mA Standby mode

11
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AC Characteristics
Ta=—101t0 +70°C; Vpp =5 V £10% (8 MHz), Vpp =5 V £ 5% (10 MHz), G| = 100 pF

8 MHz Limits 10 MHz Limits

Parameter Symbol Min Max Min Max Unit Test Conditions
External clock input cycle time toyx 62 250 50 250 ns
External clock pulse width, high txxn 20 19 ns Vg =30V
External clock pulse width, low txxL 20 19 ns V=18V
External clock rise time xR 10 5 ns 15—=30V
External clock falt time txe 10 5 ns 30—15V
CLKOUT cycle time toyk 124 500 100 500 ns
CLKOUT pulse width, high tKKH 051tcyk —7 05tcyk—5 ns Vky =30V
CLKOUT pulse width, low IKKL 05tcyk —7 051tcyk —5 ns VkL=15V
CLKOUT rise time tkr 7 5 ns 15—30V
CLKOUT fall time tkf 7 5 ns 30—15V
CLKOUT delay time from external clock tpxk 55 40 ns
Input rise time {except external clock) tiR 20 15 ns 08 —22V
Input fall time {except external clock) tE 12 10 ns 2208V
Output rise time (except CLKOUT) toR 20 15 ns 08—22V
Output fall time (except CLKOUT) tor 12 10 ns 2208V
RESET setup time to CLKOUT! tSRESK 25 20 ns
RESET hold time after CLKOUT! tHKRES 35 25 ns
RESOUT delay time from CLKOUT tDKRES 5 60 5 50 ns
READY inactive setup time to CLKOUT? tSRYLK 15 15 ns
READY inactive hold time after CLKOUT! tHKRYL 25 20 ns
READY active setup time to CLKOUT? tSRYHK 15 15 ns
READY active hold time after CLKOUT? tHKRYH 25 20 ns
NMI, POLL setup time to CLKOUT! tsik 15 15 ns
Data setup time to CLKOUT! tspK 15 15 ns
Data haid time after CLKOUT! KD 10 10 ns
Address delay time from CLKOUT! IpkA 10 55 10 50 ns Aqg-Ag UBE
Address hold time after CLKOUT} tHKA 10 10 ns
1/0 recovery time tal 2teyk — 50 2ty — 40 ns (Note 1)
PS delay time from CLKOUT! tokp 10 60 10 50 ns
PS float delay time from CLKOUT! trkp 10 60 10 50 ns
Address setup time to ASTB! tsasT  kkL — 20 tykL — 30 ns
Address float delay time trom CLKOUT} trka tHkA 60 tHKA 50 ns
ASTB! delay time from CLKOUT! tpKSTH 45 40 ns
ASTB! delay time from CLKOUT? tDKSTL 50 45 ns
ASTB pulse width, high 5187 tkgL — 10 tkL — 10 ns
Address hoid time after ASTB} tysta  tkkn — 20 tkky — 20 ns
Contro! delay time from CLKOUT tpKCT1 10 70 10 60 ns (Note 2)

tokeT? 10 60 10 55 ns (Note 3)

12
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AC Characteristics (cont)
8 MHz Limits 10 MHz Limits
Parameter Symbol Min Max Min Max Unit Test Conditions
RD! defay time from address float 1DAFRL | 0 ns (Note 4)
RD! delay time fram CLKOUT! tOKRL 10 75 10 65 ns
RD? delay time from CLKOUT tDKRH 10 70 10 60 ns
REFRQ! delay from MRD! thRQHRH kKL — 30 tgke — 30 ns (Note 5)
Address delay time from RD1 tpRua  toyk — 40 toyk — 40 ns
RD pulse width, low tRR 2oy — 50 2teyx — 40 ns
BUFR/W delay from BUFEN? togecT  tkkL — 20 tgk — 20 ns Read cycle
tower  tkkL — 20 tkkL — 20 ns Write cycle

Data output delay time from CLKOUT! tokp 10 60 10 55 ns
Data float delay time from CLKOUT! trkD 10 60 10 55 ns
WR pulse width, low tww  2toyk — 40 2teyk — 40 ns {Note 4)
BS! delay time from CLKOUT? tDKBL 10 60 10 55 ns
BS1 delay time from CLKOUT! 10KBH 10 60 10 55 ns
HLDRQ setup time to CLKOUT? tsHaK 20 15 ns
HLDAK delay time from CLKOUT! tpKkHA 10 70 10 60 ns
DMAAK! delay time from CLKOUT! tDKHDA 10 60 10 55 ns
OMAAK! detay time from CLKOUT tDKLDA 10 %0 10 80 ns Cascade mode
WR pulse width, low (DMA cycle) twwi Acyk — 40 ey — 40 ns DMA extended

write cycle
WR pulse width. low (DMA cycle) tww2 toyk — 40 toyk — 40 ns DMA normal

write cycle
RD!, WR! detay from DMAAKI tpparw  tkkH ~ 30 tkky — 30 ns
DMAAK' delay from RD' tpRHDAH  tkkL— 30 tkkL— 30 ns
RD' delay from WR1 {DWHRH 5 5 ns
TC output delay time from CLKOUTt tokTcL 60 55 ns
TC off delay time from CLKOUT! tKTCF 60 55 ns
C pulse width, low treTeL ey — 15 toyk — 15 ns
TC pullup delay time from CLKOUT? toKTCH tkkH tKKH ns

+1icyk — 10 +toyk — 10

END setup time to CLKOUT! tSEDK 35 30 ns
END pulse width, low tEpEDL 100 80 ns
DMARQ setup time to CLKOUT! 300K 35 30 ns
INTPn pulse width, low tipipL 100 80 ns
RxD setup time to SCU internal clock! tsRx 1 05 us
RxD hold time after SCU internal clock}  thRy 1 05 s
SRDY delay time from CLKOUT! tbKsk 150 100 ns

Notes:

(1) This is specified to guarantee a read/write recovery time for IO

devices.

(2) Delay from CLKOUT to DMA cycle MWR/IOWR outputs.

(3) Delay from CLKOUT to BUFR/W, BUFEN, INTAK, REFRQ out-
puts and CPU cycle MWR/IOWR outputs.

(4) RD represents IORD and MRD. WR represents IOWR and MWR.
(5) This is specitied to guarantee that REFRQ ! is delayed from

MRD ! at all times.
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AC Characteristics (cont)

8 MHz Limits 10 MHz Limits
Parameter Symbol Min Max Min Max Unit Test Conditions
TxD delay time from TOUT1} toTx 500 200 ns
TCTL2 setup time from CLKOUT! tS6K 50 40 ns
TCTL2 setup time to TOLKT tseTK 50 40 ns
TCTL2 hold time after CLKOUT thke 100 80 ns
TCTL2 hold time after TCLK? tHTKG 50 40 ns
TCTL2 pulse width, high 1GGH 50 40 ns
TCTL2 pulse width, low igeL 50 40 ns
TOUT output delay time from CLKOUT! tokTo 200 150 ns
TOUT output delay time fram TOUT! toTKTD 150 100 ns
TOUT output delay time from TCTL2! tpgTO 120 90 ns
TCLK rise time tTkR 25 25 ns
TCLK fail time 3 25 25 ns
TCLK pulse width, high tTKTKH 50 45 ns
TCLK pulse width, low TKTKL 50 45 ns
TCLK cycle time teyTK 124 DC 100 DC ns
RESET pulse width low tRESET1 50 50 us After power on
tReseT?  4tevk 4 toyk During operation

14
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Clock Input Configurations

Timing Measurement Points

Crystal-Controlled Internal Clock
Input 24V s {
22V 22V }(
___' X1 [except Clock] 08V 0BV
15 pF 04V |
||'—4
15 pF
" 2.2V 22V
H x2 Output 08 v a8V
External Clock 1
83-001816A
CLK X1
X2
External Clock 2
CLK ————Do—‘ x1
Buffers are high-speed X2
CMOS inverters.
83-004019A
Timing Waveforms
Clock Timing
I‘ teyx——
txR txe o
External
Clock
[X1] -
toxK DK txxL
tovk ———
[k — tkF tkr —

CLKOUT \ lz

d—txm_——‘

83-001844B
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Timing Waveforms (cont)

Reset and Ready Timing

Reset Timing
orout /L /N
— tsRESK tHKRES
RESET
) 7 1
le— tDKRES le—tDKRES
31
? ¢
RESOUT
Ready Timing,No Wait States
m T2 T3 T4 T
CLKOUT
tHKRYH
tSRYHK
READY
Ready Timing, Wait States
T i T2 ‘ 13 ™ T4
tspyLK le— tHKAYH
READY
— tHKRYL
83-002725B
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Timing Waveforms (cont)

Poll, NMI, and Buslock Timing

POLL, NMI Input Timing

tsik

POLL, NMmi

X

CLKOUT

BUSLOCK Output Timing toka tpKka

BUSLOCK

83-001831B

Read/Write Recovery Time

tar

MRO h
iORD

—» tal e tal

MWR
1OWR

83-004266B
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Timing Waveforms (cont)

Read Timing
T4 ] ™ | T2 | TITW | T4 |
CLKOUT
A19/PS3-
A16/PSo Address Processor Status )
toka —> ! tokp
|5As1'—’i
|
Aqs-Ag x
'SAS‘\”( —»‘ [—tExa r——tsp —— ’
9 4 4
AD7-ADg Address r— 4 Data nput E
7 | -
DKSTH— i [*—tHsTa ‘HKD—"] b
ASTB }‘7 /
— ‘-ancrz -*] k— tpkeT2
] = - = T =
y [Note 1]
BUFEN
J r—* <—toseCT
) le— tprcT2 T | [+ toarnL b 'm(clrz
BUFRIW
|
"1 < tokaL —»  le—toKpH
MRD {Note 1} ]j
VORD N
A — tar —4 [#—— toRHA ——|
L | |
BSyBSy f
- fokat —>, L'DKBH
Note:
[1] Except internal I/O accesses.
83-001848B
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Timing Waveforms (cont)

Write Timing

*‘ 4— trkD
N

T4 l T T2 TITW T |
A, M
—
A19/PS3-
A::IIPSZ Address X Processor Status >__<
Ass-Ag x
toka —| tbkp
AD7-ADg Add Data Output
. ¥,
l [o—— thka

T

s
L
AN

[Note 1}
BUFEN =
BUFRIW —/
[+— tokerz — id— toker2
MWR - e = o e = = —
IOWR \ [Note 1] K
K 7
- tww
BS2-BSq |

i

]

Note:

[1) Except internal /O accesses.

~" "_tDKBH

83-001846 B
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Timing Waveforms (cont)

Status Timing

T M

N

T4 T T2 TI/TW T4

CLKOUT

thka

le— texp
«—tpkp
A
A1g/PS3 \
-A1g/PSg Address Processor Status |
l I
‘ tnxA*‘ ‘
Aq5-Ag

1 re— tgpK :b’

FKA —9| |— -
AD7-ADp Address ) Jj Data Input E

7 7
- [%—— tbRHA — >
ASTB / \
' -ﬂ “'loxsu
BS2-BSg \k Bus Status f
] toxaL L' 'DAFRL ‘L i —!  fe—tpkAH
MRD, iORD \ (
MWR, IOWR 3 /
toxa —"| [ tokAL
tRR

Qs1, aso X >< X

X

83-002724B
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Timing Waveforms (cont)

Interrupt Acknowledge Timing

interrupt.

{1] Stave address when the interrupt is from externat /PD71059. Undefined when internal ICU

[2] Solld line when interrupt from external xPD71059. Dash line when Internal ICU interrupt.

™ | T2 | T3 | T4 | T , T2 | T3 ’ m
curom NIV WA SV SV ARNY AR
trkA — mu—>| L ->| S = r“"““’
Bl IGIJI\ =
I
AD7-ADyp ; 5 : —-—— ﬁ__.
—_—
Vector number
[Note 2]
AisAg [Note 1}
I
ASTB \ / \
1DKCT2 ~—iof
NTAK \ /
— tDKCT2 —| |e—toxcT2
[Note 2} [Note 2]
BUFEN / \____/——
BUFRA/W
— toka
BUSLOCK /
Note:
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Timing Waveforms (cont)

HLDRQ/HLDAK Timing, Normal Operation

, Ti m T4 ™
CLKOUT '
7’\‘ tsHoK \ »! l« tsHoK ‘
| e | l oa i
ona £ R \ |
! | |
\ \ !
> ]-« toKkKA tokHa ‘
| Y
T |
HLDAK | | / ‘ |
PSS | | |
‘ l
‘ | He— trka 1—’| toka
! ‘ \
S b { Internal
NOTE1] Internal Bus Master P
( ] er| u: ! f ¢ S NF Bus Master
nd ‘* trxa ‘* = foKa
_—
[NOTE 2} Internal Bus Master 0 g Internal Bus Master
_—f’e—]
NOTES: [1} A15/PS3-A14/PSp, AD7-ADg, Ay5-Ag. BUFEN,BUFR/W,MRD,JORD.MWR.IOWR
(2] BS2-BSg

£3-0018428

HLDRQ/HLDAK Timing, Bus Wait

/N

HLDRQ —

HLDAK

A

2
S

[NOTE1] External Bus Master

—

Internal Bus Master

T &

NOTE: [1] A1/PS3-A15/PSo. AD7-ADg, Ass-Aa, BUFEN, BUFR!W, MRD, IORD, MWH, TOWR, 852-8S0

83-002732B
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Timing Waveforms (cont)

Refresh Timing

T4 I ™ T2 TI/TW T4 I

CLKOUT ;

— tokp
1
Aq9/PS3
-AsslPSg - Undefined p

Aq5-Ag

Undefined

> <

'DKA—’! e— —o] [e— tHKA

Ag Row Address

erﬁFﬁFﬁH

v
AD7-ADo ———ﬂ Row Address |
AST8 / \

BUFEN ;
—P toAFRL

] toKAL tDRQHRH
MRD

tpkcT2 —f tokeT2 —

[

REFRG

— ‘o— tokaL — rlusn
BS2-BS g BS2=1,881=0,BS0=1 ;

83-0027318
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Timing Waveforms (cont)

DMAU, DMA Transfer Timing

CLKouT

BS2-BSg

ASTB

A1g/PS3

~A1g/PSo

Ais-Ag

ADrADg

DMAAK

MRD, IORD

MWR, IOWR

T4 T T2 T3/TW | T4 |
tpkBL fa— |l«—1DKBH
— tokp
toka
— tHKA
Address x
Address x:

4‘ le— tFKA

' A
Address —
7 \___
anHDA—vl le—
toKRL —f» |+—
—+{ le—1DAFRL —] tDKRH
tDpARwW — trp S
tDKCT1 —»{ |o— ~»| [e—1DKCT1 —# I—— tokeT
tDDARW —»| tww1 } tDWHRH
f—twwz——]
\
3‘ Early write mode

83-0027238
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Timing Waveforms (cont)

DMA Timing

END/TC Timing i

CLKOUT _/——\

d

DMA Request Timing

CLKOuT _—/_\ ’ \

DMARGn

T2 \ T3 T4
tokreL tokTCF
I'_ r—loncn
tse0K ] e
trerel
n—-lsnsmj
—+{tso0K

{n=0-3)

Cascade Mode, Normal Operation

DMARQ

CLKOUT
lsoox

'SDQK

anLDA

DMAAK

Cascade Mode, Refresh Cycle Insertion

DMAAK

-

'DKLDA

YN
{y

lDKLDA r

DMARQ /

s

‘DKLDA [

83-001826C
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Timing Waveforms (cont)

SCU Timing

mo ) /

le—— tgpx———>1*——— typx ———

R AWAWAWAW

16 or 64 TOUT! puises

[¢——— 16 or 64 TOUT1 pulses

™D
re—toTx
CLKOUT
tokse
SRDY
83-0018498
1CU Timing
tipiPL
INTPn
{n=1-7)
83-004G6208
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Timing Waveforms (cont)

TCU Timing, Internal Clock Source

CLKOUT

TCTLZ 4 3
— l«— tDGTO (TOUT2) —»!  tokro
TOUTR 4
[n=1,2] -
B83-0027228 |
TCU Timing, TCLK Source
trer ik HTKTKH
r—— teYTK ——»
TCLK / \
|8
TKTKL
tHTKG
-— tsaTk
tsaTK ’4— taGH tHTKG
TCTL2
N
teaL
togTo —»f ] tork 1O
(TouT2)
TOUTn
[n=1,2]
1 I
83-0018238
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Functional Description Central Processing Unit

Refer to the uPD70208 block diagram for an overview The uPD70208 CPU functions simifarly to the CPU of

of the ten major functional blocks listed below. the uPD70108 CMOS microprocessor. However, be-
. . cause the pPD70208 has internal peripheral devices,

: gle;ct'zaégr:gf:t?:r(‘gé?n (CPU) its pus architecture has bee_n modified to permit

e Bus interface unit (BIU) shanpg thg bus with interna] perlpherals. TheuPD70208

« Bus arbitration unit (BAU) CPU is object code compatible with both the uPD70108/

« Refresh control unit (RCU) pPD70116 and the uPD8086/uPD8088 microprocessors.

¢ Wait control unit (WCU) Figure 1is the uPD70208 CPU block diagram. A listing

e Timer/counter unit (TCU) of the uPD70208 instruction set is in the final sections

e Serial control unit {(SCU) of this data sheet.

e Interrupt control unit (ICU)

o DMA control unit (DMAU)

Figure 1. uPD70208 CPU Block Diagram

Internal address/data bus (20}

> To B
ADM
PS T-State
S§S Control
I N
DS, .
PFP Cycle Interrupt  — NMI
b Dp Decision Control  |e— INT
TEMP U (from ICU)
Qo Q
Q; Q3 Queue Standby «— CLOCK
T Control Control (from CG)
Ha— P
- ~ _ _ . BCU .
EXU
LC
pc Eftective Address
AW D Generator
BW
CwW
. o e [
pAddress [~ Linstruction
w A ‘Register p ROM 29 ) Micro data bus
BP -
Sp é
is Se e
uSequenc
Tc é w=r Control
2
7 - L
Shifter
T8 * Instruction Decoder ]

&/
;

Subdata bus(16) Main data bus(16)

83-002733B
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Register Configuration

Program Counter [PC]. The program counter is a 16-
bit binary counter that contains the program segment
offset of the next instruction to be executed. The PC is
incremented each time the microprogram fetches an
instruction from the instruction queue. The contents of
the PC are replaced whenever a branch, call, return, or
break instruction is executed and during interrupt
processing. At this time, the contents of the PC are the
same as the prefetch pointer (PFP).

Prefetch Pointer [PFP]. The prefetch pointer is a
16-bit binary counter that contains the program seg-
ment offset of the next instruction to be fetched for the
instruction queue. Because instruction queue prefetch
is independent of instruction execution, the contents
of the PFP and PC are not always identical. The PFP is
updated each time the bus interface unit (BIU) fetches
an instruction for the instruction queue. The contents
of the PFP are replaced whenever a branch, call, return
or break instruction is executed and during interrupt
processing. At this time, the contents of the PFP and
PC are the same.

Segment Registers [PS, SS, DSg, DS1]. The uPD70216
memory address space is divided into 64K-byte logical
segments. A memory address is determined by the sum
of a 20-bit base address (obtained from a segment
register) and a 16-bit offset known as the effective
address (EA). I/0 address space is not segmented and
no segment register is used. The four segment registers
are program segment (PS), stack segment (SS), data
segment 0 (DSp), and data segment 1 (DS1). The
following table lists their offsets and overrides.

Default

Segment Register Dffset Override
PS PFP register None
SS SP register None
SS Effective address (BP-based) PS, DSp, DSy
DSp Effective address (non BP-based) PS, SS, DS,
DSg IX register (1) PS, SS, DSy
DS4 1Y register (2) None

Note:

{1} Includes source block transfer, output, BCD string, and bit field

extraction.

(2) Includes destination block transfer, input, BCD string, and bit
field insertion.

General-Purpose Registers. The 4PD70208 CPU con-
tains four 16-bit, general-purpose registers (AW, BW,
CW, DW), each of which can be used as a pair of 8-bit
registers by dividing into upper and lower bytes (AH,
AL, BH, BL, CH, CL, DH, DL). General-purpose
registers may also be specified implicitly in an in-
struction. The implicit assignments are:

AW  Word multiplication/division, word 1/0,
data conversion

AL  Byte multiplication/division, byte 1/0, BCD
rotation, data conversion, translation

AH  Byte multiplication/division

BW  Translation

CW  Loop control, repeat prefix

CL  Shift/rotate bit counts, BCD operations

DW  Word multiplication/division, indirect
1/0 addressing

Pointer [SP, BP] and Index Registers [IX, 1Y]. These
registers serve as base pointers or index registers
when accessing memory using one of the base,
indexed, or base indexed addressing modes. Pointer
and index registers can also be used as operands for
word data transfer, arithmetic, and logical instructions.
These registers are implicitly selected by certain
instructions as follows.

SP  Stack operations, interrupts

1X Source block transfer, BCD string
operations, bit field extraction

Y Destination block transfer, BCD string
operations, bit field insertion
Program Status Word [PSW]

The program status word consists of six status flags
and four control flags.

Status Flags Control Flags

e V (Overfiow) ¢ MD (Mode)

¢ S (Sign) ¢ DIR (Direction)

e Z (Zero) e |E (Interrupt Enable)
e AC (Auxiliary Carry) ¢ BRK (Break)

o P (Parity)

e CY (Carry)
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When pushed onto the stack, the word image of the
PSW is as follows:

15 8

T T T T T T T
IMD 1 1 1 vV DIR IE BRKI

7 0

T T T T T T
I S Z 0 AC O P 1 CY]

The status flags are set and cleared automatically
depending upon the result of the previous instruction
execution. Instructions are provided to set, clear, and
complement certain status and control flags. Other
flags can be manipulated by using the POP PSW
instruction.

Between execution of the BRKEM and RETEM in-
structions, the native mode RETi and POP PSW
instructions can modify the MD bit. Care must be
exercised by emulation mode programs to prevent
inadvertent alteration of this bit.

CPU Architectural Features

The major architectural features of the yPD70208 CPU
are:

Dual data buses

Effective address generator
Loop counter

PC and PFP

Dual Data Buses. To increase performance, dual data
buses (figure 2) have been employed in the CPU to
fetch operands in parallet and avoid the bottleneck of a
single bus. For two-operand instructions and effective
address calculations, the dua! data bus approach is 30
percent faster than single-bus systems.

Etfective Address Generator, Effective address (EA)
calculation requires only two clocks regardless of the
addressing mode complexity due to the hardware
effective address generator (figure 3). When compared
with microprogrammed methods, the hardware ap-
proach saves between 3 and 10 clock cycles during
effective address calculation.

Loop Counter and Shifters. A dedicated loop counter is
used to count the iterations of block transfer and
multiple shiftinstructions. This logic offers a significant
performance advantage over architectures that control
block transfers and muiltiple shifts using microprogram-
ming. Dedicated shift registers also speed up the
execution of the multiply and divide instructions.
Compared with microprogrammed methods, multiply
and divide instructions execute approximately four
times faster.

30

Flgure 2. Dual Data Buses

i 1
-—

Registers

Temporary
Registers/Shifters

< V
| )

Sub data bus Main data bus
£3-0038288

Figure 3. Effective Address Generator

EA Generator

Effective Address

83-002737A

Program Counter and Prefetch Pointer. The functions
of instruction execution and queue prefetch are de-
coupled inthe uPD70208. By avoiding a single instruc-
tion pointer and providing separate PC and PFP
registers, the execution time of control transfers and
the interrupt response latency can be minimized.
Several clocks are saved by avoiding the need to
readjust an instruction pointer to account for prefetch-
ing before computing the new destination address.

Enhanced Instruction Set

In addition to the uPD8086/88 instruction set, the
uPD70208 has added the following enhanced instruc-
tions.
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Instruction Function

PUSH imm Push immediate data onto stack
PUSHR Push all general registers onto stack
POPR Pop all general registers from stack
MUL imm Multiply register/memory by immediate data
SHL imm8 Shift/rotate by immediate count
SHR imm8

SHRA imm8

ROL imm8

ROR imm8

ROLC imm8

RORC imm8

CHKIND Check array index

INM Input multiple

0UTM Output multiple
PREPARE Prepare new stack frame
DISPOSE Dispose current stack frame

Unique Instruction Set

In addition to the uPD70208 enhanced instruction set,
the following unigque instructions are supported.

Instruction Function

INS Insert bit field

EXT Extract bit field

ADD4S BCD string addition
SUB4S BCD string subtraction
CMP4S BCD string comparison
ROL4 Rotate BCD digit left
ROR4 Rotate BCD digit right
TEST1 Test bit

SET1 Set bit

CLR1 Clear bit

NOTt Complement bit

REPC Repeat while carry set
REPNC Repeat while carry cleared
FPD2 Floating point operation 2

Bit Fields. Bit fields are data structures that range in
length from 1 to 16 bits. Two separate operations on bit
fields, insertion and extraction, with no restrictions on
the position of the bit field in memory are supported.
Separate segment, byte offset, and bit offset registers
are used for bit field insertion and extraction. Because
of their power and flexibility, these instructions are
highly effective for graphics, high-level languages, and
data packing/unpacking applications.

Insert bit field (INS) copies the bit field of specified
length (0 = 1 bit, 15 = 16 bits) from the AW register to
the bit field addressed by DS1:1Y:reg8 (figure 4). The
bit field length can be located in any byte register or
supplied as an immediate value. The value inreg8is a
bit field offset. A content of O selects bit 0 and 15 selects
bit 15 of the word that DS0:IX points to. Following
execution, the lY and bit offset register are updated to
point to the start of the next bit field.

Bit field extraction (EXT) copies the bit field of specified
length (0 = 1 bit, 15 = 16 bits) from the bit field
addressed by DS0:1X:reg8 to the AW register (figure 5).
If the bit field is less than 16 bits, it is right justified with
azerofill. The bit field length can be located in any byte
register or supplied as immediate data. The value in
reg8 is a bit field offset. A content of 0 selects bit 0 and
15 selects bit 15 of the word that DSO0:IX points to.
Following execution, the X and bit offset register are
updated to point to the start of the next bit field.

Packed BCD Strings. These instructions are provided
to efficiently manipulate packed BCD data as strings
(length from 1to 254 digits) or as a byte datatype with a
single instruction.

BCD string arithmetic is supported by the ADDA4S,
SUB4S, and CMP4S instructions. These instructions
allow the source string (addressed by DS0:1X) and the
destination string (addressed by DS1:1Y) to be manip-
ulated with a single instruction. When the number of
BCD digitsis even, the Zand CY flags are set according
to the result of the operation. if the number of digits is
odd, the Z flag will not be correctly set unless the upper
4 bits of the result are zero. The CY flag will not be
correctly set unless there is a carry out of the upper 4
bits of the result.

Thetwo BCD rotate instructions (ROR4, ROL4) perform
rotation of asingle BCD digitin the lower half of the AL
register through the register or memory operand.

Bit Manipulation. Four bit manipulation instructions
have been added to the uPD70208 instruction set. The
ability to test, set, clear, orcomplement asingle bitina
register or memory operand increases code readability
as well as performance over the logical operations
traditionally used to manipulate bit data.

Repeat Prefixes. Two repeat prefixes (REPC, REPNC)
allow conditional block transfer instructions to use the
state of the CY flag as aterminating condition. The use
of these prefixes allows inequalities to be used when
working on ordered data, increasing the performance
of searching and sorting algorithms.

Floating Point Operation Instructions. Two floating
point operation (FPO) instruction types are recognized
by the uPD70208 CPU. These instructions are detected
by the CPU, which performs any auxiliary processing
such as effective address calculation and the initial bus
cycle if specified by the instruction. It is the responsi-
bility of the external coprocessor to latch the address
information and data (if a read cycle) from the bus and
complete the execution of the instruction.
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Figure 4. Bit Fleld Insertion

_ Bitlength |
15 0
. ///
l Bitoftset | Byte offset (IY)
e
|
i [ i :
\ : 1 // I )Z : 2 Memory
| + i + '
Byte boundary Segment base (DS1)
83-0001068
Figure 5. Bit Fleld Extraction
Bitlength | Bitofiset Byte offset (IX)
N~ T T
— // R
! | !
f f i n
Byte boundary Segment base (DS0)
15
AW 0 ///
83-000107B
9089 Emulation Mode. The [.IPD70208 QPU can operate 1w PDBOBOAF LPD70208
in either of two modes; see figure 6. Native mode allows Redist AIPSW AL/PSW (
the execution of the uPD8086/88, enhanced and unique egIsiers (owen)
instructions. The other operating mode is 8080 emu- B CH
lation mode, which allows the entire uPD8080AF ¢ L
instruction set to be executed. A mode (MD) flag is D DH
provided to distinguish between the two operating E oL
modes. Native mode is active when MD is 1 and 8080 H BH
emulation mode is active when MD is 0. L BL
Two instructions are provided to switch from native to gg gg
8080 emulation mode and return back. Break for
emulation (BRKEM) operates similarly to a BRK 71388 fZJ CZY
instruction, except that after the PSW has been pushed 3 5
on the native mode stack, the MD flag becomes P P
write-enabled and is cleared. AC AC

During 8080 emulation mode, the registers and flags of
the 8080 are mapped onto the native mode registers
and flags as shown below. Note that PS, SS, DS, DS,
1X, 1Y, AH, and the upper half of the PSW registers are
inaccessible to 8080 programs.

32

During 8080 emulation mode, the BP register functions
as the 8080 stack pointer. The use of separate stack
pointers prevents inadvertent damage to the native
mode stack pointer by emulation mode programs.
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The 8080 emulation mode PC is combined with the PS
register to form the 20-bit physical address. All emu-
lation mode data references use DS0 as the segment
register. For compatibility with older 8080 software
these registers must be equal. By using different
segment register contents, separate 64K-byte code
and data spaces are possible.

Eitheran NMI or maskable interrupt will cause the 8080
emulation mode to be suspended. The CPU pushesthe
PS, PC, and PSW registers on the native mode stack,
sets the MD bit (indicating native mode), and enters the
specified interrupt handler. When the return from
interrupt (RETI) instruction is executed, the PS, PC,
and PSW (containing MD=0) are popped from the
native stack and execution in 8080 emulation mode
continues. Reset will also force a return to native mode.

The 8080 emulation mode programs also have the
capability to invoke native mode interrupt handlers by
means of the call native (CALLN) instruction. This
instruction operates like the BRK instruction except
that the saved PSW indicates 8080 emulation mode.

Figure 6. 1PD70208 Modes

To exit 8080 emulation mode, the return from emulation
(RETEM) instruction pops the PS, PC, and PSW from
the native mode stack, disables modification of the MD
bit, and execution continues with the instruction follow-
ing the BRKEM instruction. Nesting of 8080 emulation
modes is prohibited.

Interrupt Operation

The uPD70208 supports a number of external interrupts
and software exceptions. External interrupts are events
asynchronous to program execution. On the other
hand, exceptions always occur as a resuit of program
execution.

The two types of external interrupts are: m

¢ Nonmaskabie interrupt (NMI)
o Maskable interrupt (INT)

Bus Hold

Native Mode

Bus Hold

INT [DIN
HLT

Emulation Mode

RESET,
NML, INT

B3-0038308
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The six software exceptions are:

Divide error (DIV, DIVU instructions)

Array bound error (CHKIND instruction)
Break on overflow (BRKV instruction)
Break (BRK, BRK3 instructions)

Single step (BRK bit in PSW set)

Mode switch (BRKEM, CALLN instructions)

Interrupt vectors are determined automatically for
exceptions and the NMI interrupt or supplied by
hardware for maskable interrupts. The 256 interrupt
vectors ‘are stored in a table (figure 7) located at
address 00000H. Vectors 0 to 5 are predetermined and
vectors 6to 31 are reserved. Interrupt vectors 32 to 255
are available for use by application software.

Each vector is made up of two words. The word located
at the lower address contains the new PC for the
interrupt handler. The word at the next-higher address
is the new PS value for the interrupt handler. These
must be initialized by software at the start of aprogram.

Nonmaskable interrupts and maskable interrupts (when
enabled) are normally serviced following the execution
of the current instruction. However, the following
cases are exceptions to this rule and the occurrence of
the interrupt will be delayed until after the execution of
the next instruction.

Moves to/from segment registers

POLL instruction

Instruction prefixes

El instruction (maskabie interrupts only)

Another special case is the block transfer instructions.
These instructions are interruptable and resumable,
but because of the asynchronous operation of the BIU,
the actual occurrence of the interrupt may be delayed
up to three bus cycles.

Standby Mode

The uPD70208 CPU has a low-power standby mode,
which can dramatically reduce power consumption
during idle periods. Standby mode is entered by simply
executing a native or 8080 emulation HALT instruction;
no external hardware is required. All other peripherals
such as the timer/counter unit, refresh control unit,
and DMA contro!l unit continue to operate as pro-
grammed.
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During standby mode, the clock is distributed only to
the circuits required to release the standby mode.
When a RESET, NMI, or INT event is detected, the
standby mode is released. Both NMI and unmaskabie
interrupts are processed before control returns to the
instruction following the HALT. In the case of the INT
input being masked, execution will begin with the
instruction immediately following the HALT instruction
without an intervening interrupt acknowledge bus
cycle. When maskable interrupts are again enabled, the
interrupt will be serviced.

Output signal states in the standby mode are listed
below.

Output Signal Status in Standby Mode

INTAK, BUFEN, High level

MRD, MWR, IOWR,

IORD

BS,-BSg (Note 2) High level

(S1-0Sg, ASTB Low level

BUSLOCK High level (low level if the
HALT instruction follows the
BUSLOCK prefix)

BUFR/W, High or low level

A1g-A16/PS3-PSq,
Aqs-Ag, AD7-ADg

Note:

(1) Output pin states during refresh and DMA bus cycles will be as
defined for those operations.

(2) Halt status is presented prior to entering the passive state.

Figure 7. Interrupt Vector Table
00aH -
VectorQ Divide Error
004K
Vector 1 Break Flag
008H
Vector2 NMI Input
00CH |— Dedicated
Vectord BRK 3 Instruction
010H
Vector 4 BRKY Instruction
014H
Vector5 CHKIND Instruction
0184 - -~
Vectoré
Reserved
07CH
Vector 31
080H
Vector 32 General Use
® BRK imm8 Instruction
arcH © INT Input [Extomal
Vector 255 ® CALLN Insiruction
83-0001114
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Clock Generator

The clock generator (CG) generates a clock signal half
the frequency of a parallel-resonant, fundamental
mode crystal connected to pins X1 and X2. Figure 8
shows the recommended circuit configuration. Capac-
itors C1 and C2, required for frequency stability, are
selected to match the crystal load capacitance.

External clock sources are also accommodated as
shown in figure 9. The CG distributes the clock to the
CLKOUT pin and to each functional block of the
uPD70208. The generated clock signal has a 50-
percent duty cycle.

Bus Interface Unit

The bus interface unit (BIU) controls the external
address, data, and control buses for the three internal
bus masters: CPU, DMA control unit (DMAU), and
refresh control unit (RCU). The BIU is also responsible
for synchronization of the RESET and READY inputs
with the clock. The synchronized reset signal is used
internally by the uPD70208 and provided externally at
the RESOUT pin as a system-wide reset. The synch-
ronized READY signal is combined with the output of
the wait control unit (WCU) and is distributed internally
to the CPU, DMAU, and RCU. Figure 10 shows the
synchronization of RESET and READY.

The BIU also has the capability of overlapping the
execution of the next instruction with memory write
bus cycles. There is no overlap of instruction execution
with read or I/O write bus cycles.

Figure 8. Crystal Configuration

Figure 9. External Osclllator Configuration

«PD70208
X1 X2

High speed
CMOS inverter

External
Clock

83-002740A

Figure 10. RESET/READY Synchronization

CLOCK
s |
RESET oKe RESOUT
] Q

To internal

— circuit

READY .

cK ¢ D cK¢ To internal

L e Q circuit

83-002728A

x1
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m

Osgillator

q Divider
(=2 cLKouT

Ho

C1=C2=15to 30 pF
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| '
| '
\J

CLOCK
(CLKOUT)

0sC
1 i

CLOCK (to internal circuit)

;
i
/

leyk 1
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Bus Arbitration Unit

The bus arbitration unit (BAU) arbitrates the external
address, data and control buses between the internal
CPU, DMAU, and RCU bus requesters and an external
bus master. The BAU bus priorities from the highest
priority requester to the lowest are;

RCU (Demand mode)
DMAU

HLDRQ

CPU

RCU (Normal mode)

Note that RCU requests the bus at either the highestor
lowest priority depending on the status of the refresh
request queue. Bus masters other than the CPU are
prohibited from using the bus when the CPU is
executing an instruction containing a BUSLOCK prefix.
Therefore, caution should be exercised when using the
BUSLOCK prefix with instructions having a long
execution time. .

Ifa bus master with higher priority than the current bus
master requests the bus, the BAU inactivates the
current bus master’'s acknowledge signal. When the
BAU sees the bus request from the current master go
inactive, the BAU gives control of the bus to the higher
priority bus master. Whenever possible, the BAU per-
forms bus switching between internal bus masters
without the introduction of idle bus cycles, enhancing
system throughput.

System 1/0 Area

The I/O address space from addresses FFOOH to
FFFFH is reserved for use as the system 1/O area.
Located in this area are the 12 uPD70208 registers that

Figure 11. OPCN Register Format

determine the /O addressing, enable/disable periph-
erals, and control pin multiplexing. Byte I/O instruct-
ions must be used to access the system 1/O area.

1/0 Addrass Register Dperation
FFFFH Reserved -

FFFEH OPCN Read/Write
FFFDH OPSEL Read/Write
FFFCH OPHA Read/Write
FFFBH DULA Read/Write
FFFAH IULA Read/Write
FFF9H TULA Read/Write
FFF8H SULA Read/Write
FFF7H Reserved -

FFF6H WCY2 Read/Write
FFFSH weY1 Read/Write
FFF4H WMB Read/Write
FFF3H Reserved —

FFF2H RFC Read/Write
FFFiH Reserved -

FFFOH TCKS Read/Write

On-Chip Peripheral Connection Register

The on-chip peripheral connection (OPCN) register
controls multiplexing of the yPD70208 multiplexed
pins. Figure 11 shows the format of the OPCN register.
The interrupt request switch (IRSW) field controls
multiplexing of ICU interrupt inputs INT1 and INT2.
The output of an internal peripheral or an external
interrupt source can be selected as the INT1 and INT2
inputs to the ICU.

The pin function (PF) field in the OPCN selects one of
four possible states for the DMARQ3/RxD, DMAAK3/
TxD, and INTAK/TOUT1/SRDY pins. Bit 0 of the

5 4 3 2
(=l=1-1—]msw |

1
pF | opPcN

e ———

Pin Function | DMARQ3/RxD | DMAAK3/TxD | INTAKISRDY/TOUT1
00 DMARQG3 DMAAK3 INTAK
01 DMARQ3 DMAAK3 TOUT1
10 RxD ™D INTAK
1 RxD TeD SRDY
Interrupt Req Switch INT1 INT2
00 INTP1 Pin| INTP2 Pin
01 Scu INTP2 Pin
10 INTP1 Pin| TOUT1
11 SCU TOUT1

83-0018278
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OPCN controls the function of the INTAK/TOUT1/
SRDY pin. If cleared, INTAK will appear on this
output pin. If bit 0 is set, either TOUT1 or SRDY will
appear at the output depending on the state of bit 1. If
bit 1 is cleared, DMA channel 3 I/O signais will appear
on the DMARQ3/RxD and DMAAKS/TxD pins. If the

SCU is to be used, bit 1 of the PF field must be set.

On-Chip Peripheral Selection Register

The on-chip peripheral selection (OPSEL) register is
used toenable or disable the uPD70208 internal periph-
erals. Figure 12 shows the format of the OPSEL
register. Any of the four (DMAU, TCU, ICU, SCU)
peripherals can be independently enabled or disabled
by setting or clearing the appropriate OPSEL bit.

Figure 12. OPSEL Register Format

5 4 3 2

ﬁ[i]fl—]ghsl :s|;ﬂopszl.
1

Peripherat
Selected Operation
DMAU
ICU 0 = Disabled
TCU 1 = Enabled
— sCu

83-001813A

Figure 13. uPD70208 Peripheral Relocation

Internal Peripheral Relocation Registers

The five internal peripheral relocation registers (figure
13) are used to fix the I/0 addresses of the DMAU, ICU,
TCU, and SCU. The on-chip peripheral high-address
(OPHA) register is common to all four internal periph-
erals and fixes the high-order byte of the 16-bit 1/0
address. The individual DMAU low-address (DULA)
register, ICU low-address (IULA) register, TCU low-
address (TULA) register, and the SCU low-address
(SULA) register select the low-order byte of the 1/O
addresses for the DMAU, ICU, TCU, and SCU periph-
erals.

The contents of the OPHA register are:
7 OPHA o

As |

The formats for the individual internal peripheral re-
gisters appear below. Since address checking is not
performed, do not overlap two peripheral 1/0 address

spaces.
DULA 0

7
T ! R T Ll
r Ay Ag  Ag

i I T T 1 [ [
[A15 Ay Az A An A Ag

l A7 Ag Asg Ay Az Az —

64 K byte 1{O space

FFFFH
Reserved

System /O Area
FFOOH

R —

/
T

OPHA %256

0100H

0000H

256 byte ares
LTV e rua
[/ seu//) SULA
/ 7

N /// D;JI;AU' /

N DULA

83-0027278
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Timer Clock Selection Register

The timer clock selection (TCKS) register selects the
clock source for each of the timer/counters as well as
the divisor for the internal clock prescaler. Figure 14
shows the format of the TCKS register. The clock
source for each timer/counter isindependently select-
ed from either the prescaled internal CPU clock or from
an external clock source (TCLK). The internal clock is
derived from the CLKOUT signal and can be divided by
2, 4, 8, or 16 before being presented to the clock select
logic.

Refresh Control Unit

The refresh control unit (RCU) refreshes external
dynamic RAM devices by outputting a 9-bit row address
on address lines Ag-Ag and performing a memory read
bus cycle. External logic can distinguish a refresh bus
cycle by monitoring the refresh request (REFRQ) pin.
Following each refresh bus cycle, the refresh row
counter is incremented.

The refresh control (RFC) register in the system 1/O
area contains two fields. The refresh enable field
enables or disables the refreshing function. The refresh
timer (RTM) field selects a refresh interval to match the
dynamic memory refresh requirements. Figure 15
shows the format for the RFC register.

To minimize the impact of refresh on the system bus
bandwidth, the yPD70208 utilizes a refresh request
queue to store refresh requests and perform refresh

The RCU will then perform back-to-back refresh cycles
until three requests remain in the queue. This guar-
antees the integrity of the DRAM system while maximiz-
ing performance.

The refresh countinterval can be calculated as follows:
Refresh interval = 8 x N x toyk

where N is the timer factor selected by the RTM
field.

When the uPD70208 is reset, the RE field in the RFC
register is unaffected and the RTM field is set to 01000
(N = 9). No refresh bus cycles occur while RESET is
asserted.

Figure 15. Refresh Control Register

7 6 5 4 3 2 1 0
Re[ -] =] RTM | RFC

Refresh Timer | N (Timer Factor)

00000 17
00001 18
00010 19

00011 J 20
T 00100 ( 3
00101 6

11110 3
11111 32

—]Reiresh Enable Function
bus cycles in otherwise idle bus cycles. [] Disables Refresh
1 Enables Refresh
The RCU normally requests the bus as the lowest- —
priority bus requester (normal mode). However, if 83-0018144
seven refresh requests are allowed to accumuiate in
the RCU refresh request queue, the RCU will change to
the highest-priority bus requester (demand mode).
Figure 14. Timer Clock Selection Register
7 6 5 4 3 2 1 0
[ — | — | —Jcs2]csi|cso] ps | tcks
Prescale Select l:::;g::g%'%‘;‘:
00 2
01 4
10 8
H 16
Clock Selection Clock
for TCTn Input
0 Internal Clock
1 TCLK Pin
83-0013196
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Wait Control Unit

The wait control unit (WCU) inserts from zero to three
wait states into a bus cycle in order to compensate for
the varying access times of memory and I/O devices.
The number of wait states for CPU, DMAU, and RCU
bus cycles is separately programmable. In addition,
the memory address space is divided into three in-
dependent partitions to accommodate a wide range of
system designs. RESET initializes the WCU to insert
three wait states in all bus cycles. This allows operation
with slow memory and peripheral devices before the
initialization of the WCU registers.

The three system 1/O area registers that control the
WCU are wait cycle 1 (WCY1), wait cycle 2 (WCY2),
and wait state memory boundary (WMB). The WCU
always inserts wait states corresponding to the wait
count programmed in WCY1 or WCY2 registers into a
bus cycle, regardless of the state of the external
READY input. After the programmed number of wait
states occurs, the WCU will insert Tw states as long as

Figure 16. Wait State Memory Boundary Register

the READY pin remains inactive. When READY is again
asserted, the bus cycle continues with T4 as the next
cycle. The uPD70208 internal peripherals never require
wait states; four clock cycles will terminate an internal
peripheral bus cycle.

CPU Wait States

The WMB register divides the 1M-byte memory address
spaceinto three independent partitions: lower, middle,
and upper. Figure 16 shows the WMB register format.

Initialization software can then set the number of wait
states for each memory partition and the i/O partition
via the WCY1 register (figure 17).

DMA and Refresh Wait States

The WCY2 register (figure 18) specifies the number of
wait states to be automatically inserted in DMA and
refresh bus cycles. DMA wait states must be set to the
maximum of the DMA memory and 1/O partitions.
Refresh wait states should be set to the maximum value
of al DRAM memory partitions.

middie memory block.

7 6 5 4 3 2 1 0
[-T we  JT—T ume  Jwms
Lower M y Block Size [1] )
Upper Memory Block Size Memory Block Size (KB)
000 32
001 64
010 96
on 128
100 192
101 256
110 384
111 512
FFFFFH !
Upper Memory Block }Speciiled by the UMB Field
Middle Memory Block
Lower Memory Block }Specified by the LMB Field
00000H
Note:

[1] By default, the address space remaining between the UBM and LBM is the

82-0018208

39




uPD70208 (V40)

NEC

Figure 17. Wait Cycle 1 Register

Figure 18. Walit Cycle 2 Register

7 6543210
| 1ow Jumw [mmw]Lmw | wers

Lower Memory Block Wait States
Middle Memory Block Wait States
Upper Memory Block Wait States
1JO Wait States

00
01
10
1

Number of
Wait States

wln|=|o

83-001818A

Timer/Counter Unit

The timer/counter unit (TCU) provides a set of three
independent 16-bit timer/counters. The output signal
of timer/counter 0 is hardwired internally as an interrupt
source. The output of timer/counter 1 is available
internally as an interrupt source, used as a baud rate
generator, or used as an external output. The timer/
counter 2 output is available as an external output. Due
to mode restrictions, the TCU is a subset of the

Figure 19. TCU Block Diagram

7 6 5 4 3 2 1 0

[=1=]=1—10omaw | rew Jwcy2
Refresh Wait States| Number of
DMA Wait States Wait States
00 0
01 1
10 2
" 3
83-061815A

uPD71054 Programmable Timer/Counter. Figure 19
shows the internal block diagram of the TCU.

The TCU has the following features:

Three 16-bit timer/counters

Six programmable count modes
Binary/BCD counting

Multiple latch command

Choice of two clock sources

TCLK (EXT} CLOCK TCTLO=High TCTLI=High TCTLZ (EXT)
ORD TOWR Ag A TUS TOUTO (to ICU) TOUTH (EXT) TOUT2 (EXT)
Prescaler
b To ICUISCU
Mux Mux Mux
TCT0 CLK CLK CLK
== ——9
Read/Write Control : |
Circuit l — Control Logic =R
| |
] |
' 1
|
| ns..;:::v Down Counter (16) | L TCT2
l |
} ® (16) |
| (16) [
(;rﬂ':dne | Status L H—(E)-E- L) -H—(S—)T_L ue) I
Reglster) ‘ Latch Count Count [* I
| Register Latch |
L[l __ ] |eo
j r[ ® @) @ Y ! @
) internal Data Bus 7
83-001834B

40




NEC

#PD70208 (V40)

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 mode until another mode is selected. When the
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.

TCU Commands

The TCU is programmed by issuing I/O instructions to
the 1/0 port addresses programmed in the OPHA and
TULA registers. The individual TCU registers are
selected by address bits A{ and Ag as follows.

Ay Ag Register Operation

0 0 TCTO Read/Write
TSTO Read

0 1 TCT1 Read/Write
ST Read

1 0 TCT2 Read/Write
TST2 Read

1 1 ™D Write

The timer mode (TMD) register selects the operating
mode for each timer/counter and issues the latch
command for one or more timer/counters. Figure 20
shows the format for the TMD register.

Writes to the timer/counter 2-0 (TCT2-TCTO) registers
stores the new count in the appropriate timer/counter.
The count latch command is used before reading
count data in order to latch the current count and
prevent inaccuracies.

The timer status 2-0 (TST2-TSTO) registers contain
status information for the specified counter (figure 21).
The latch command is used to latch the appropriate
counter status before reading status information. If
both status and counter data are latched for a counter,
the first read operation returns the status data and
subsequent read operations obtain the count data.

Count Modes

There are six programmable timer/counter modes. The
timing waveforms for these modes are in figure 22.

Mode 0 [interrupt on End of Count]. In this mode,
TOUT changes from the 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 TCTL2 is output
from the TOUT2 pin. This mode is available only on
timer/counter 2.

Mode 2 [Rate Generator]. In mode 2, TOUT cyclically
goes low for one clock period when the counter
reaches the 0001H count. A counter in this mode
operates as a frequency divider. All timer/counters can
operate using mode 2.

Mode 3 [Square-Wave Generator]. Mode 3is a frequency
divider similar to mode 2, but the output has a sym-
metrical duty cycle. This mode is available on all three
timer/counters.

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 4 is available on all
timer/counters.

Mode 5 [Hardware-Triggered Strobe]. Mode 5 is similar
to mode 4 except that operation is triggered by the
TCTL2 input and can be retriggered. This mode is
available only on timer/counter 2.

Serial Control Unit

The serial control unit (SCU) is a single asynchronous
serial channel that performs serial communication
between the uPD70208 and an external serial device.
The SCU is similar to the uPD71051 Serial Control Unit
except for the lack of synchronous communication
protocols. Figure 23 is the block diagram of the
SCU.

The SCU has the following features.

Full-duplex asynchronous serial controller

Clock rate divisor (x16, x64)

Baud rates to 250 kb/s supported

7-, 8-bit character lengths

1-, 2-bit stop bit lengths

Break transmission 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 control-
ling operation of the SCU. The serial receive buffer
(SRB) and the serial transmit buffer (STB) store the
incoming and outgoing character data. The serial
status (SST) register allows software to determine the
current state of both the transmitter and receiver. The
serial command (SCM) and serial mode (SMD) registers
determine the operating mode of the SCU while the
serial interrupt mask (SIMK) register allows software
control of the SCU receive and transmit interrupts.
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Figure 20. Timer Mode Register

7 6 5 4 3 2 1 0 7 8 5 3 2 1 0
TvD| sc | RwM |  CMODE | 8D | ™b]l sc | o] o] o ] o] o]
L Binary or BCD Count sC Counter to be Latched
0 Binary 00 TCTD
1 8CD [13] TCTM
10 TCT2
Count Mode Mode
000 0
001 1
=10 2 7 6 5 4 3 2 1 0
) a o[ + | 1 JeL|st]crzfen|crof o |
100 4
101 5
Read/Write
Mode Operation
00 Counter Latch Command L
Counter Selection Operation
01 Lower Byte Only
10 Higher Byis Onf 0 TCTn not selected
9 y 1 TCTn selected
" Lower Byte Followed by
Higher Byte Status Latched Operation
. 0 Latched
Selact Counter Operation 7 Not Latched
00 TCTO
01 TCT1 Count Latched Operation
10 TCT2 [ Latched
i1 Multiple Latch Command 1 Not Latched
Note: x = Don’t care
83-0018178
Figure 21. TCU Status Register
7 8 5 4 3 2 0
vsm]oL|nc| mRwm | cmooE | BD
Indicates the current mode setting.
The ing of each fleld is the same
as that of the TMD reglster.
Nuli Count Count Data
0 Valid
1 Invalid
Output Level Level
0 Low
1 High
83-0018218
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Figure 22. TCU Waveforms (Sheet 1 of 3)

Mode 0
I LB=3 - LB -2
IOWR ‘ I \ ,
CW = 10H
ToUuT
Countvalue | n | n1 | n-2 |0003H | 0002H | 0007H | 0000H | FreFm ] FFFEHIFFFDH] 0002H
JE— LB 3 LB -4
OWR \ |
Tout
CountVaue | n | n-1 |0DO3H | 0002 | DOD4H | 0003H | 0002M | GDOTH | 000DH 1FFFFH|FFFEH
owr |® °
TCTL2 \ '
TOUT2
CountValue | n | n-1 |0003H | 0002H | 0002H | 0001H | 000OH |FFFFH I FFFEH 'FFFDH| FEFCH
Mode 1
_ LB=2
OWR
_________ - et | e —_—————— —— e — =
T2 1 i 11 L
TouT2
Countvalie | n | n-1 | n-2 | 0002H | D0DIH | 000DH | FFEFH | 0002H | 0001H | 000OH | FFFFH | 0002H | 0001H | 0002H | 000TH |
___ =—e=s LB=3
OWR | l
ez 1 1 _______ i f_l ____________________
1 L
TOUT2
Count Value | n , n-1 | n-2 |0005H I 0004H |oooan | 0002H , 0003H looozn [ 0001H | 0000H
83-001851B

43




uwPD70208 (V40) N E C

Figure 22. TCU Waveforms (Sheet 2 of 3)
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Figure 22. TCU Waveforms (Sheet 3 of 3)
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Count Value | n | n-1 | n-2 | n-3 | 0002H | o001+ | ooooH | FFFFH | 0002H | 0001H | 0002H
O LB=4 LB =3
________ T, .
TCTL2 ' r\ : n
TOUT2
Count Value I n | n-1 | 0004H I 0003H | 0002H I 0001H | 0000 | FreFH IFFFEH | 0003H IOOOZH
83-0018558
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Figure 23. SCU Block Diagram
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Receiver Operation

While the RxD pinis high, the receiveris in an idle state.
Atransition on RxD from high to low indicates the start
of new serial data. When a complete character has
been received, it is transferred to the SRB; 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 receiver detects a break condition when a null
character with zerg parity is 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. The MRDY
bit (SCM) and RBRDY (SST) are gated to form the
output SRDY. SRDY prevents overruns from occurring
when the program is unable to process the input data.
Software can control MRDY to prevent data from being
sent from the remote transmitter while RBRDY can
prevent the immediate overrun of a received character.

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
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stream (LSBto MSB) and an optional parity bit. One or
two stop bits are then appended, depending on the
programmed mode. When the character has been
transferred from the STB, the TRBDY bitin the SST is
set and if unmasked, a transmit buffer empty interrupt
is generated.

Serial data can be transmitted and received by polling
the SST register and checking the TBRDY or RBRDY
flags. Data can also be transmitted and received by
SCU-generated interrupts to the interrupt control unit.
The SCU generates an interrupt in either of these
conditions:

(1) Thereceiverisenabled, the SRBis full,and receive
interrupts are unmasked.

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

1/0 instructions to the I/0 addresses selected by the
OPHA and SULA registers are used to read/write the
SCU registers. Address bits Ay and Ag and the read/
write lines select one of the six internal registers as
follows:

Ay Ag Register Operation
0 0 SRB Read
STB Write
0 1 SST Read
SCM Write
1 0 SMD Write
1 1 SIMK Read/Write

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 24) 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.

Figure 24. SST Register

Figure 25 shows the SCM and SMD registers. The SCM
register stores the command word that controls
transmission, reception, error flag reset, break trans-
mission, and the state of the SRDY pin. The SMD
register stores the mode word that determines serial
characteristics such as baud rate divisor, parity, char-
acter length, and stop bit length.

Initialization software should first program the SMD
register followed by the SCM register. Unlike the
uPD71051, the SMD register can be modified at any
time without resetting the SCU.

The SIMK register (figure 26) controls the occurrence
of RBRDY and TBRDY interrupts. When an interrupt is
masked, it is prevented from propagating to the inter-
rupt control unit.

Baud Rate Generator

Timer/counter 1 is used as the baud rate generator
when the SCU is enabled. The input baud rate clock is
scaled by 16 or 64, as selected in the SMD register, to
determine the receive/transmit data clock. There are
no restrictions on the SCU input baud rate clock other
than operating the TCU in mode 3 with a square-wave
output.

7 6 5 4 3 2 1 0
sst| 1 !ekn| re |ove| pe | 1 [rerov|TEROY]
Transmit Buffer Ready Operation
0 STB Full
1 STB Empty
Receive Buffer Ready Operation
0 SRB Empty
1 SRB Full
Parity Error Operation
0 No Error
1 Error Occurred
Overrun Error Operation
0 No Error
1 Error Occurred
Framing Error Operation
0 No Error
1 Error Occurred
Break Operation
0 Normal Reception
1 Break Detected
83-0018328
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Figure 25. SCM and SMD Registers

SCM Register

7 6 5 4 3 2 1 0
scM| — | — [mRDOY| Ect [sBRK] RE | — | TE ]

SMD Register

smof stL | ps | c. | BF |

Transmitter Enabled| Operation
0 Transmitter Disabled
1 Transmitter Enabled
= Enablad Op
0 Receiver Disabled
1 Receiver Enabled
Send Break Operation
0 Normal Operation
1 T™XD = 0 (Break)
Error Clear Operation
0 No Operation
1 Error Flag Clear
MRDY Mask Ready
[} SRDY = 1 (Mask)
1 Normal Operation of
Output
7 6 & 4 3 2 1 0
Baud Rate Factor Operation
0- lilegal
10 RATCLK Frequency + 16
1 RTCLK Frequency + 64
Character Length Operation
0- lllegal
10 7 Bit Characters
11 8 Bit Characters
Parity Select Operation
-0 No Parity
01 0dd Parity
1 Even Parity
Stop Bit Length Operation
-0 Illegal
01 1 Stop Bit
1 2 Stop Bits

83-0018368
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Figure 26. SIMK Register

7 6 5 4 3 2 1 0
smc[—|—[—]—]—]—|m|rm|
Operation
Receiver 0 | Unmask
Int Mask 1 | Mask
Transmitter | 0 | Unmask
Int Mask 1 | Mask
83-002736A

Interrupt Control Unit

The interrupt control unit (ICU) is a programmable
interrupt controller equivaient to the uPD71059. The
ICU arbitrates up to eight interrupt inputs, generates a
CPU interrupt request, and outputs the interrupt vector
number on the internal data bus during an interrupt
acknowledge cycle. Cascading up to seven external
slave uPD71059s permits the uPD70208 to support up
to 56 interrupt sources. Figure 27 is the block diagram
for the ICU.

The ICU has the following features.

e Eight interrupt request inputs

e Cascadable with uPD71059 Interrupt Controllers

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

e Individually maskable interrupt requests

e Programmable interrupt request priority

e Polling mode

ICU Registers

Use I/0 instructions to the I/O addresses selected by
the OPHA and IULA registers to read from and write to
the ICU registers. Address bit Ag and the command

word selects an (CU internal register.

Ag  Other Condition Operation
Read 0  IMD selects IRQ CPU < IRQ data

0  iMD selects IIS CPU « IIS data

0  Polling phase CPU « Polling data

1 - CPU «—— IMKW
Write 0 D4=t CPU — ItW1

0 D4=0andD3=0 CPU — IPFW

0 D4=DandD3=1 CPU — IMDW

1 During initialization ~ CPU — 1IW2

1 CPU — IIW3

1 CPU — Iiw4

1 After initialization CPU — IMKW
Nole:

(1) In polling phase, polling data has priority over the contents of
the IRQ or HIS register when read.

Figure 27. I1CU Block Diagram

Initialize and *+SAg ~oAs

M ¢© d Word Slave Control SA1 ! To BlUs»{ —=oAg

Register Group -SA; ’ »oA 10

IORD
jOWR U i
R ~ Read/Write
Control [¢+———— INTAK (from CPU)
A trol |
|u;: Control Logie -+ INT (to CPU)
TOUTEC (from TCU)
SINT (from SCU)
J7 TOUTY (from TCU}
Priority INTo—,
D Dete{:-glr:ﬂon K LiNT,—L Mux :I;INTH
| Mux o
In- Interrupt [INT2 INTP2
service Req [INT3 INTP3
Re(slvliss;" H*('IGF:;')G' L INT;————INTP, | External Pins
Interrupt HINTs——INTPs
M.isk HINTs———————INTPg
R:&;‘;’ r LINT,—— oINTP;
U U
S Internal Data Bus M)
83-0018378
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Initializing the ICU

The ICU is always used to service maskable interrupts
in a uPD70208 system. Prior to accepting maskable
interrupts, the ICU must first be initialized (figure 28).
Following initialization, command words from the CPU
can change the interrupt request priorities, mask/un-
mask interrupt requests, and select the polling mode.
Figures 29 and 30 list the ICU initialization and com-
mand words.

Interrupt initialization words 1-4 ([IW1-11W4) initialize
the ICU, indicate whether external uPD71059s are
connected as slaves, select the base interrupt vector,
and select edge- or level-triggered inputs for INT1-
INT7. Interrupt sources from the TCU are fixed as
edge-triggering. INTO is internally connected to
TOUTO, and INT2 may be connected to TOUT1 by the
IRSW field in the OPCN.

The interrupt mask word (IMKW) contains program-
mable mask bits for each of the eight interrupt inputs.
The interrupt priority and finish word (IPFW) is used by
the interrupt handler to terminate processing of an
interrupt or change interrupt priorities. The interrupt
mode word (IMDW) selects the polling register, inter-
rupt request (IRQ) or interrupt in service (1I1S) register,
and the nesting mode.

The initialization words are written in consecutive
order starting with [IW1. [IW2 sets the interrupt vector.
IIW3 specifies which interrupts are connected to slaves.
IIW3 is only required in extended systems. The ICU will
only expectto receive lIW3if SNGL =0 (bit Dy of HW1).
[IW4 is only written if 114 = 1 (bit Dg of IW1).

uPD71059 Cascade Connection

To increase the number of maskable interrupts, up to
seven slave uPD71059 Interrupt Controliers can be
cascaded. During cascade operation (figure 31), each

Figure 28. |Initialization Sequence
Bits SNGL and 114 are set.
The default initialization
is performed.
SNGL=0, [I4=1 _ SNGL=0, ll4=0 SNGL=1, l4=1 SNGL=1, 4=0
I owwa J [ wws ]

[ 2=t | [ 4=t |

Initialization
Completed

83-003821A
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slave yuPD71053 INT output is routed to one of the
uPD70208 INTP inputs. During the second interrupt
acknowledge bus cycle, the ICU places the slave
address on address lines Aip-Ag. Each slave com-
pares this address with the slave address programmed
using interruptinitialization word 3 (IIW3). If the same,
the slave will place the interrupt vector on pins AD7-
ADg during the second interrupt acknowledge bus
cycle.

Figure 29. Interrupt Initialization Words 1-4

Dr D6 D5 D4 D3 D2 Di DO

wwr [ — [ =T =1 1+ [Lev] — [sneL na |
L Writes lIw4 Operation
0 HW4 Not Required
1 iIw4 Required
Single Mode Mode
] Extended Mode (Slave Controllers)
1 Single Mode {(No Slave Controllers)
_aJLevelTriggered
Mode Mode
0 Edge Trigger {Rising Edge}
1 Level Trigger (Active High)

Dy Dg Ds Dy D3 D2 D4 Dg

iwz [ V7 [ Ve [ Vs [ Va [ Va | — ] — | — |
1 [ ]
L] Higher 5 bits of interrupt

vector number

Dy Dg Ds Dy D3 Dy Dy De
w3 | sr [ Se[Ss[Sa[Sa[sSz]si ] o]
1 u 1 1 1 1 ]

Slave Connection Status
Status
INTnh is not a slave
0 input
1 INTn is a slave input

D7 Dg Ds Dy D3 D, Dy Oo

nwa[ 0 | 0 | 0 [EXTN — | — [sFi]| 1 ]
Self Finish ]
Interrupt Operation
0 FI Command Mode
L Self Finish Mode
External
Nesting Mode Mode
0 Normal Nesting
1 Extended Nesting

83-0027268
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Figure 30. Command Words

D; Dg Ds Dg D3 D Dy Do
IMKW | M7 [ Mg | M5 [ Mg [ M3 [ Mz | My [ Mo ]
L1 I [
Interrupt Request Mask Operation
0 INTn not Masked
1 INTh Masked
D; Dg Ds Ds D3 Dz D1 Do
wrw [RP[sIL{ Fi [ o [ o [nz2[i1]no]
|interrupt] o [ o | o [inTo
Level 00| 1[INn
0 1 0 |INT2
0 1 1 | INT3
1 0 0 | INT4
1 0| 1 |INTS
1 1 0 | INT6
1 1 1 | INT?7
Y
1] F i Fl C d
01 No Lavel No Normat
1101 Specification | Rotation Normal Rotation
Fl Command
Fl "
0ol1 |1 No Rotation| FI Command
Command for Speciication
Rotate Priority 101 |1 Leval Rotation Specitied Bit
Specify Interrupt Level, Specification Rotation FI Command
Fi’:jSh Interrupt o[1]o No Rotation| No Operation
1 i]0 Rotation Specified Bit
Non-Fl Rotation Command
oo |o |Command No Rotation| Self FI Mode
No Level Rotation Reset
Specification
1 [ B] Rotation Self FI Mode
Rotation Set
Dy Dg Ds Ds D3 Dz Dy Do
mow| — [snmlexcn] o | 1 [roL] sr [isnR]
Select Reg In-Service/Request Regi Read Register Selecti
to Read Select
0 - No Operation
1 0 IRQ Selection
1 1 1IS Selection
»1 Polling Mode Polling
0 Na Operation
1 Polling Command
Set Nesting Exceptional Nesting Mode 2
Mode Nesting Mode
0 — No Operation
1 0 Excep | Nesting Mode Rel
1 1 Exceptional Nesting Mode Set
83-001535C
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Figure 31. uPD71059 Cascade Connection
wmozoa[ I
ASTB
Address
A1g/PS3-A18/PSo Latches/ | LA
A15-Ag Buffers | BAjo-BAs
I—- «PD71059
AD7-ADp ¢ D7-Dp INTPp —
INTP{ |—
— — Ao INTP, —
IORD RD INTP3 [—
IOWR WR  INTPs [—
INTPs [—
INTPg [—
INTPn INT _ INTP; |—
INTAK INTAK
LA - Laiched Address SA2:SAg
BA - Buffered Address
83-002739A

DMA Control Unit

The DMA Control Unit (DMAU) is a high-speed DMA
controller compatible with the uPD71071 DMA Con-
troller. The DMAU has four independent DMA channels
and performs high-speed data transfers between
memory and external peripheral devices at speeds as
high as 2 megabytes/second in an 8-MHz system.
Figure 32 is the block diagram for the DMAU.

The DMAU has the following features.

Four independent DMA channels

Cascade mode for slave uPD71071 DMA controllers
20-bit address registers

16-bit transfer count registers

Single, demand, and block transfer modes
Bus release and bus hold modes
Autoinitialization

Address increment/decrement
Fixed/rotating channel priorities

TC output at transfer end o
Forced termination of service by END input

DMAU Basic Operation

The DMAU operates in either a slave or master mode.
In the 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 preprogrammed
channel information.
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Terminal Count

The DMAU ends DMA service when the terminal count
condition is generated or when the END input is
asserted. A terminal count (TC) is produced when the
contents of the current count register becomes zero. tf
autoinitialization is not enabled when DMA service
terminates, the mask bit of the channel is set and the
DMARQ input of that channel is masked. Otherwise,
the current count and address registers are reioaded
from the base registers and new DMA transfers are
again enabled.

DMA Transfer Type

The type of transfer the DMAU performs depends on
the following conditions.

¢ Direction of the transfer (each channel)
s Transfer mode (each channel)
¢ Bus mode

Transfer Direction

All DMA transfers use memory as a reference point.
Therefore, a DMA read operation transfers data from
memory to an |/O port. A DMA write operation reads an
I1/0 port and writes the data into memory. During
memory-to-1/O transfer, the DMA mode (DMD) register
is used to select the transfer directions for each
channel and activate the appropriate control signals.

Operation Transfer Direction Activated Signals

DMA read Memory — 1/0 IOWR, MRD

DMA write 110 — Memory iORD. MWR

DMA verify Addresses only; no transfer
perfarmed
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Figure 32. DMAU Block Diagram

Address incrementer/
D

Internal Address Bus

[ DMAU Address Bus (20)
(20

DMARQ3-0 )
Priority Control
DMAAK3-0 <

internal Bus
Interface
internal Data B Address
o us (-8 Register | [ Current Address (20x4) Control Register Group
B d
internal Control Bus <:> I aso Address (204 | | Chamnel @) |
Device Control (10)

BUSRQ +——— I—]
BAU { BUSAK ———» /. DMAU Data Bus '\. Status (8) l
I Mode Control (7x4) I
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Register | [ Base Count (16x4) | | Mask (4) ]

Terminal Count

Current Count (16x4)

¢
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ENDITC

Decrementer (16)
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Bus Mode

The DMA device control (DDC) register selects oper-
ation in either the bus release or bus hold mode. The
selected bus mode determines the DMAU conditions
for return of the bus to the BAU. Figure 33 shows thatin
bus release mode, only a single channel is serviced
after the DMAU obtains the bus. When DMA service
ends (termination conditions depend on the transfer
mode}), the DMAU returns the bus to the BAU regardiess
of the state of other DMA requests, and the DMAU
reenters the slave mode. When the DMAU regains use
of the bus, a new DMA operation can begin.

In bus hold mode, several channels can receive con-
tiguous service without releasing the bus. If there is
another valid DMA request when a channel's DMA
service is finished, the new DMA service can begin
immediately after the previous service without return-
ing the bus to the BAU.

Figure 33. Bus Modes

Bus Release Mode
Right to Use
Service DMAU
Channel CHO CH1 CH2 CH3

Bus Hold Mode

Right to Use

Bus CPU ——‘ I——
Service DMAU - - -

Channel CHo ; CH1 ECHZI CH3

83-001864A

Transfer Modes

The DMD register also selects either single, demand,
or block transfer mode for each channel. The conditions
for the termination of each transfer characterize each
transfer mode. The following table shows the various
transfer modes and termination conditions.

Transter Mode Termination Conditions

Atter each byte/word transfer

END input

Terminal count

Inactive DMARQ

DMARQ of a higher priority channel
becomes active (bus hold mode)

END input

Terminal count

Single

Demand

Block

53
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The operation of single, demand, and block mode
transfers depends on whether the DMAU is in bus
release or bus hold mode. Figure 34 shows the oper-
ation flow for the six possible transfer and bus mode
operations in DMA transfer.

Single-Mode Transfer. In bus release mode, when a
channel completes transfer of a single byte, the DMAU
enters the slave mode regardless of the state of DMA
request inputs. In this manner, other lower-priority bus
masters will be able to access the bus.

In bus hold mode, when a channel completes transfer
of a single byte, the DMAU terminates the channel’s
service even if the DMARQ request signal is asserted.
The DMAU will then service any other requesting
channel. f there are no requests from any other DMA
channels, the DMAU releases the bus and enters the
slave state.

Demand-Mode Transfer. In bus release mode, the
currently active channel continues to transfer data as
long as the DMA request of thatchannel 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 slave state.

In bus hold mode, when the active channel completes a
single transfer, the DMAU checks the other 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 serv-
ice. If there is no higher request than the current one,
the DMAU continues to service the currently active
channel. Lower-priority DMA requests are honored
without releasing the bus atter the current channel
service is complete.

Block-Mode Transfter. In bus release mode, 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 slave state, even
if DMA requests from other channels are active.

In bus hold mode, the current channel transfers data
until an internal or external END signal becomes
active. When the service is complete, the DMAU
checks all DMA requests without releasing the bus. If
there is an active request, the DMAU immediately
begins servicing the request. The DMAU releases the
bus after it honors all DMA requests or a higher-priority
bus master requests the bus.
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Byte Transfer

The DMD register can specify only byte DMA transfers
foreach channel. Depending on the mode selected, the
address register can either increment or decrement,
whereas the count register is always decremented.

Autoinitialize

When the DMD register selects autoinitialize for a
channel, the DMAU automatically reinitializes the ad-
dress and count registers when END is asserted or the
terminal count condition is reached. The contents of
the base address and base countregisters are transfer-
red 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
priority will be serviced first. The DDC register selects
one of two priority schemes: fixed or rotating (figure
35). In fixed priority, channel 0 is assigned the highest
priority and channel 3, 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 channefs and the lockout of fower-priority
DMA channels.
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Figure 34. Transfer Modes
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Cascade Connection

Slave yPD71071 DMA Controllers can be cascaded to
easily expand the system DMA channel capacity to 16
DMA channels. Figure 36 shows an example of cascade
connection. During cascade operation, the DMAU acts
as a mediator between the BAU and the slave
uPD71071s. During DMA cascade mode operation, it
is the responsibility of external logic to isolate the
cascade bus master from the uPD70208 control
outputs. These outputs are listed in a table at the front
of this data sheet.

Figure 35. Priority Order

The DMAU always operates in the bus hold mode while
a cascade channel is in service, even when the bus
release mode is programmed. Other DMA requests are
held pending while a slave uPD71071 channel is in
service. When the cascaded uPD71071 ends service
and moves into the siave state, the DMAU also moves
to the slave state and releases the bus. At this time, all
bits of the DMAU request register are cleared. The
DMAU continues to operate normally with the other
noncascaded channels.

Fixed Priority Highest

Highest CHo

Lowest /

CH3

-/

CH1
CH2

Rotating Priority Highest
CH2
Lowest
- CH?1 Service -
T x b
o 2] 5

83-003819B
Figure 36. 1PD71071 Cascade Example
> pmai
| -——————
™ pma2
——™ pma3
DMAAK —DO——-» HLDAK
Cascade DMA4
Channel
DMARQ |- HLDRQ
DMAS
DMAU . .
DMA6
{Master)
———»
DMA7
.
wPD71071
(Slave)
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Bus Waiting Operation

The DMAU will automatically perform a bus waiting
operation (figure 37) whenever the RCU refresh request
queue filis. When the DMA bus acknowledge goes
inactive, the DMAU enters the bus waiting mode and
inactivates the DMA bus request signal. Control of the
bus is then transferred to the higher-priority RCU by
the BAU.

Two clocks later, the DMAU reasserts its internal DMA
bus request. The bus waiting mode is continued until
the DMA bus acknowledge signal again becomes
active and the interrupted DMA service is immediately
restarted.

Programming the DMAU

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

Starting address for the transfer
Transfer count

DMA operating mode

Transfer size (byte/word)

The contents of the OPHA and DULA registers deter-
mine the base |/0 port address of the DMAU. Addresses
As-Ag are used to select a particular register as follow:

A3 A A Ag Register Gperation

0 0 0 0 DICM Write

0 0 0 1 DCH Read/Write
0 0 1 0 DBC/DCC (low) Read/Write
0 0 1 1 DBC/DCC (high) Read/Write
0 1 0 0 DBA/DCA (low) Read/Write
0 1 0 1 DBA/DCA ¢high) Read/Write
0 1 1 0 DBA/DCA (upper) Read/Write
0 1 1 1 Reserved —

1 0 0 0 DDC (low) Read/Write
1 0 0 1 DDC (high) Read/Write
1 0 1 0 DMD Read/Write
1 0 1 1 DST Read

1 1 0 0 Reserved —

1 1 0 1 Reserved —

1 1 1 0 Reserved —

1 1 1 1 DMK Read/Write

Word 1I/0 instructions can be used to read/write the
register pairs listed below. All other registers are
accessed via byte 1/0 instructions.

DBC/DCC
DBA/DCA (higher/lower only)
DDC

DMAU Registers

Initialize. The DMA initialize command (DICM) register
(figure 38) is used to perform a software reset of the
DMAU. The DICM is accessed using the byte QUT
instruction.

Channel Register. Writes to the DMA channel (DCH)
register (figure 39) select one of the four DMA
channels for programming and aiso the base/current
registers. Reads of the DCH register return the cur-
rently-selected channel and the register access mode.

Count Registers. When bit 2 of the DCH register is
cleared, a write to the DMA count register updates both
the DMA base count (DBC) and the DMA current count
(DCC) registers with a new count. If bit 2 of the DCH
registeris set, a write to the DMA count register affects
only the DBC register. The DBC register holds the
initial count value until a new count is specified. If
autoinitialization is enabled, this value is transferred to
the DCC register when a terminal count or END
condition occurs. For each DMA transfer, the current
count register is decremented by one. The format of
the DMA count register is shown below. The count
value loaded into the DBC/DCC registers is one less
than the desired transfer count.

7 2H, IN/OUT 0

T T 1 T | I 1
[c; ce G ci € G © ¢ |
. 3H, IN/OUT 0
|

T T T T T T
|C15 Cis Ci3 Ci2 Cy1 Ciuo Gy Cal

Address Register. Use either byte or word 1/0 in-
structions with the lower two bytes (4H and 5H) of the
DMA address register. However, byte I/0 instructions
must be used to access the high-order byte (6H) of this
register. When bit 2 of the channel register is cleared, a
write to the DMA address register updates both the
DMA base address (DBA) and the DMA current address
(DCA) registers with the new address. If bit 2 of the
DCHregister is set, a write to the DMA address register
affects only the DBA register.

7 4H, IN/OUT 0
T T { 1 i |
’ Az Ag Asg Ay Aj Ao A4 Ag I
7 5H, IN/OUT 0
1 T I | I I |
[ Ais Ag Az Az Ann Ag Ay Ag |
7 6H, IN/OUT (Byte only) 0

! L { I 1 1 !
l— — —  — A Aig Az A
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The DBA register holds the starting address value until
a new address is specified. This value is transferred to
the DCA register automatically if autoinitialization is
selected. For each DMA transfer, the current address
register is incremented/decremented by one.

Device Control Register. The DMA device control
(DDC) register (figure 40) is used to to program the
DMA transfer characteristics common to all DMA
channels. It controls the bus mode, write timing,
priority logic, and enable/disable of the DMAU.

Figure 37. Bus Waiting Operation

Status Register. The DMA status (DST) register (figure
41) contains information about the current state of
each DMA channel. Software can determine if a termin-
ation condition has been reached (TC3-TCp) or if a
DMA service request is present (RQ3-RQp). The byte
IN instruction must be used to read this register.

Other Other
Bus Master \ DMAU RCY Dmau ’ Bus Master
DMARQ / \
DMA BUSAK / \ / \
Approx 2 Clocks
S
DMA BUSRQ / \
Bus Waiting State
83-0018588
Figure 38. DMA Initialize Command Register
Initialize
7 6 5 4 3 2 1 0
| — ] =] =1 =1 =] =1 o [ Res|out@yteonty
Reset 0 | No operation
ese 1 | Reset
Note:
[1] The DMAU initializes as follows:

Regist initialization Operation
Initialize Clears alt bits
Address No change
Count No change
Channel Selects channei 0
Mode Conirol Clears all bits

Device Control Clears all bits
Status Clears all bits
Mask Sets all bits [masks all channels]

83-0018598
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Figure 39. DMA Channel Register

Channel Register Read
7 (] 5 4 3 2 1 0
WMl —~ | — ] — ]easelsets|sera]ser: |sero]| (Byte only)
I |
0001 ] Channet 0
Selected | 0010] Channel 1
Channel | 0100 | Channel 2
1000 ] Channel 3
0 | current {read), Base
Base Only and Current (write)
1 Base (read/write)
Channel Register Write
7 6 5 4 3 2 1 ]
Wl — 1 =] —] — ] — |sase] secH | outByteonty)
L
00 | Channel 0
Select 01 | Channel 1
Channel 10 | Channel 2
11 | Channel 3
Select Current (read),
0 | selectboth Baseand
Base Only Current (write)
1 | Select Base (read/write)
83-0038208
Figure 40. DMA Device Control Register
7 6 5 4 3 2 1 0
sH| — | — jexw]rotr] — Jooma] — | — ] mwour
| Disable DMA | 0 | Enable
Operation! |1 [ pisable
L 0 | Fixed
Priority -
1 | Rotational
Ex\'e.nded Q0 | Normat
Writing(2) 1 | Extended
7 [ 5 4 3 2 1 0
o] — [ —T =T T = [ — [wev]sHo] mour
Bus e 0 | Bus Release
1 { Bus Hold
Wait Enable 0 | Disable
During Verify 4 | gnable
Note:
{1] Disables BUSRQ to the BAU to prevent incorrect DMA
operation while the DMAU registers are being initialized
or modified.
[2] When EXW is 0, the write signal becomes active [normal
write] during T3 and TW [see timing waveforms}. When 1,
the write signal becomes active during 72, T3, and TW |[like
the read signal].
[3] Wait states are generated by the READY signal during a
verify transfer.
§3-0018638
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Mode Control Register. The DMA mode (DMD) register ~ Mask Register Read/Write. The DMA mask (DMK)
(figure 42) selects the operating mode for each DMA  register (figure 43) allows software to individually
channel. The DCH register selects which DMD register ~ enable and disable DMA channels. The DMK register
will be accessed. A byte IN/OUT instruction must be can only be accessed via byte 1/0O instructions.

used to access this register.

Figure 41. DMA Sfatus Register

7 [ 5 4 3 2 1 0
oBH | RQz [ RQz | Ra1 [ ROo | TC3 [ TCa [ TC1 [ TCa | IN  (Byte onty)
L I L I
0 | Not ended (for each read)
Terminat
Count 1 | END or terminal
count
0 | No DMA request active
DMA 1 | DMA request active
Request
83-0018608
Figure 42. DMA Mode Register
7 6 5 4 3 2 1 0
oaH| TMopE |AoR[aum] TR | -1 - |
Jj E—
00 | Verify
Transfer 01 | \/O-to-memory
Direction 10 | Memory-to-1/0
11 | Not allowed
Auto- 0 | Disable
initialize 1 | Enable
Address Q | Increment
Direction 1 Decrement
00 | Demand
Transfer 01 | Single
Mode 10 | Block
11 | Cascade
83-002734B
Figure 43. DMA Mask Register
7 6 5 4 3 2 1 0
ofH| — | — ] =] =] wma] m]| m | mo] mour (Byeonty
DMARG 0 | Not masked
Mask 1 | Masked
83-0038298
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The falling edge of the RESET signal resets the
pPD70208. The signal must be held low for atleast four

clock cycles to be recognized as valid.

Output Pin Status

The following table lists output pin status during reset.

Signal Status

INTAK, BUFEN, BUFR/W, _ High level
CPU Reset State MRD, MWR, END/TC, IOWR, IORD,
Register Reset Value REFRQ. BS,-BSg, BUSLOCK,
PEP 0000H RESQUT, K3-0MAAKD
PC 0000H 054-0Sq, ASTB, HLDAK Low level
PS FRFFH Arg-At/PS3-PSg, TOUT2 High or low level
55 0000H Aqg-A High or low level
DS0 0000H 15-Ag igh or low leve
DS1 0000H AD7-ADg High impedance
PSW FOO2H CLKOUT Continues to supply clock
AW, BW, CW, DW, Undefined
IX. 1Y, BP, SP
Instruction queue Gleared

When RESET returns to the high level, the CPU will
start fetching instructions from physical address

FFFFOH.

Internal Peripheral Registers

Internal peripheral devices initialized on reset are
listed in the following table. 10 devices not listed are
not initialized on reset and must be initialized by

software.
Register Reset Value
System OPCN ----0000
170 area OPSEL ----0000
WCY1 11111111
WCY2 ----1111
WMB -111-111
TCKS ---00000
RFC x--01000
SCU SMD 01001011
SCM --0000-0
SIMK e 11
SST 10000100
DCH ---00001
OMD 000000-0
DMAU DDC (low) --00-0--
DoC (highy ------ 00
DST xxxx0000
DMK .-

Symbols: x = unaffected; 0 = cleared; 1 = set; (-} = unused.

61




NEC

xPD70208 (V40)
Instruction Set Symbols
Symbols Symbol Meaning
Preceding the instruction set, several tables explain mem8 &bit memary location
symbols, abbreviations, and codes. mem16 16-bit memory location
mem32 32-bit memory location
Clocks memptr16 Word containing the destination address
In the Clocks column of the instruction set, the numbers within the current segment
cover these operations: instruction decoding, effective ~ memptr32 Double word cantaining a destination
address calculation, operand fetch, and instruction address in another segment
execution. mod Mode field (00 to 10)
Clock timings assume the instruction has been pre-  neartabel Label within the current segment
fetched and is present in the four-byte instruction near_proc Procedure within the current segment
gueue. Otherwise, add four clocks for each byte not offset Immediate offset data (16 bits)
present. pop_value Number of bytes to discard from the stack
For instructions that reference memory operands, the reg Register field (000 to 111);
number on the left side of the slash (/) is for byte 8- or 16-bit general-purpose register
operands and the number on the right side is for word reg8 8-bit general-purpose register
operands. reg16 16-bit general-purpose register
For conditional control transfer or branch instructions, regptr 16-bit register containing a destination
the number on the left side of the slash is applicable if address within the current segment
the transfer or branch takes place. The number on the regptr16 Register containing a destinatian address
right side is applicable if it does not take place. within the current segment
If a range of numbers is given, the execution time seg immediate segment data (16 bits)
depends on the operands involved. short_label Label between —128 and +127 bytes from
the end of the current instruction
Symbols sr Segment register
Symhol Meaning src Source operand or address
ace Accumulator (AW or AL) temp Temporary register (8/16/32 bits)
disp Displacement (8 or 16 bits) AC Auxiliary carry flag
dmem Direct memory address AH Accumuiator (high byte)
dst Destination operand or address AL Accumulator {low byte)
ext-dispB 16-bit displacement (sign-extension byte AW Accumulator (16 bits)
+ Bbit displacement) BH BW register (high byte)
far_label I;::;:evr\::thm a different program BL BW register (low byte)
far_proc Procedure within a different program BP BP register
segment BRK Break flag
fp-op Floating point instruction operation BW BW register {16 bits)
imm 8- or 16-bit immediate operand CH CW register (high byte)
imm3/4 3- or 4-bit immediate bit offset cL CW register (low byte)
imm8 8-bit immediate operand cw CW register (16 bits)
imm16 16-bit immediate operand cY Carry flag
mem Memory field (000 ta 111); DH DW register (high byte)
8- or 16-bit memory location DR Direction flag
DL DW register (low byte)
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Symbols (cont) Flag Operations
Symbol Meaning Symbol Meaning
Ds0 Data segment 0 register (16 bits) (blank) No change
DS1 Data segment 1 register (16 bits) 0 Cleared to 0
DwW DW register {16 bits) 1 Setto 1
IE Interrupt enable flag X Set or cleared according to result
IX Index register (source) (16 bits) u Undefined
Y Index register {(destination) (16 bits) R Restored to previous state
MD Mode flag
P Parity flag Memory Addressing Modes
PC Program counter (16 bits) mem mod = 00 mod = Q1 mod = 10
PS Program segment register (16 bits) 000 BW + IX BW + IX + disp8 BW + IX + disp16
PSW Program status word (16 bits) 001 BW + 1Y BW + IY + disp8 BW + 1Y + disp16
R Register set 010 BP + IX BP + IX + disp8 BP + IX + disp16
S Sign extend operand figld o1 BP +1Y BP + 1Y + disp8 BP + 1Y + disp16
e e
operand 101 1Y 1Y + disp8 Y + disp16
S Sign flag 110 Direct BP + disp8 BP + disp16
SP Stack pointer (16 bits) 1M1 BW BW + disp8 BW + disp16
SS Stack segment register (16 bits)
v Overflow flag Register Selection (mod = 11)
w Word/byte field (Oto 1) reg w=0 W=
X, XXX, YYY, 772 Data to identify the instruction code of the 000 AL AW
external floating point arithmetic chip 001 oL CW

XOR Exclusive logical sum 010 m DW
XXH Two-digit hexadecimal value o BL BW
XXXXH Four-digit hexadecimal value 100 AH SP
z Zero flag 101 CH BP

10 DH 1X

m BH 1Y

Segment Register Selection

§r

Segment Register

00 DS1
01 PS
10 SS
1 DSO
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Instruction Set

Opcode Flags

Mnemonic Operand 769543210 7 65 43 2 1 0 Clocks Bytes ACCYV P S Z

Data Transfer instructions

MoV reg, reg 100010 1W 11 reg reg 2 2
mem, reg 1000 100W mod reg mem 71 2-4
reg, mem 1000101 W mod reg mem 10/14 24
mem, imm 110001 1W mod reg mem 9/13 36
reg, imm 101 1W reg 4 2-3
acc, dmem 1010000W 10/14 3
dmem, acc 101000 1W 9/13 3
sr, reg16 10001110 110 sr reg 2 2
sr, mem16 100601110 mod 0 sr mem 14 2-4
reg16, sr 10001100 110 sr reg 2 2
mem16, sr 10001100 med 0 sr mem 12 2-4
DSO, reg16, mem32 11000101 mod reg mem 25 2-4
DS1, reg16, mem32 11000100 mod reg mem 25 2-4
AH. PSW 10011111 2 1
PSW, AH 10011110 3 1 X X X X X

LDEA reg16, mem16 10001101 mod reg mem 4 2-4

TRANS src_table t1 010111 9 1

XCH reg, reg 100001 1W 11 reg reg 3 2
mem, reg 100001 1W mod reg mem 13/21 2-4
AW, reg16 100 10 reg 3 1

Repeat Prefixes

REPC 0110010 2 1

REPNC 01100100 2 1

REP 11110011 2 1

REPE

REPZ

REPNE 11110010 2 1

REPNZ

Block Transfer Instructions )

MOVBK dst, src 1010010W

1
9(9 +8n(W=0)
9(17) + 16 (W =1)

CMPBK dst, src 101001 1W 1 X X X X X X
7(13)+14n (W =0)
7 +2n W=1)

CMPM dst 101011 1W 1 X X X X X X
7(7)+10n(W=0)
7(11) + 14n (W = 1)

LDM src 101011 0W 1
70 +MW=0)
71 +13n(W=1)

STM dst 101010 1W 1
505)+4n (W =0)
5(9) +8n(W=1)

n = number of transfers
String instruction execution clocks for a single instruction execution are in parentheses.
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 765 43 10 765 43 21 0 Clcks Bytes ACCYV P § 2
1/0 Instructions
IN acc, imm8 111001 0W 9/13 2
acc, DW 1110110W 8/12 1
out imm8, acc 111001 1W 8/12 2
DW, acc 111011 1WwW 8/12 1
INM dst, DW 0110110 W 1
9(10)+8n (W=0)
9(18) +16n (W =1)
oUT™ DW, src 0119011 1W 1

9(10) +8n (W =0)
9.(18) + 16n (W = 1)

n = number of transfers

String instruction execution clocks for a single instruction execution are in parentheses.

BCD Instructions

ADJBA 00110111 7 1 X uou
ADJ4A 0010011 1 3 1 X U X
ADJBS 60111111 7 1 X uu
ADJ4S 001011 11 3 1 X u X
ADD4S dst, src o0o001t11 001000600 7+1n 2 u uu
SUB4S dst, src 60001111 00100010 7+19n 2 u uu
CMP4S dst, src 00001111 00100110 7+19n 2 u uu
ROL4 reg8 0o000111t1 00101000 13 3
11000 reg
mem8 00001111 00101000 25 35
mod 0 0 0 mem
ROR4 reg8 00001111 00101010 17 3
11000 reg
mems8 6000111t 1 00101010 29 35
mod 0 0 0 mem
n = number of BCD digits divided by 2
Data Type Conversion Instructions
CVTBD 11010100 00001010 15 2 u u X
CVTDB 1101010t 00001010 7 2 u u X
CVTBW 10011000 2 1
CVTWL 10011001 4/5 1
Arithmelic Instructions
ADD reg, reg 0000O0CO0CTW 11 reg reqg 2 2 X X X
mem, reg 0000O0O0O0W mod reg mem 13/21 2-4 X X X
reg, mem 0 0DOODO T W mod reg mem 10/14 24 X X X
reg, imm t0000O0CSW 11000 reg 4 34 X X X
mem, imm 100000SW mod 000 mem 15/23 36 X X X
acc, imm 000001 0W 4 2-3 X X X
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 7 65 4321 0 Clocks Bytes ACCYV P 8 7
Arithmetic Instructions (cont)
ADDC reg, reg 000100 1TW 1 1 req reg 2 2 X X X X X X
mem, reg 0001000W mod reg mem 13/21 2-4 X X X X X X
reg, mem 000100 1W mod reg mem 10/14 2-4 X X X X X X
reg, imm 100000SW t 1010 reg 4 3-4 X X X X X X
mem, imm 100000SW mod 010 mem 15/23 36 X X X X X X
acc, imm 0001010W 4 2-3 X X X X X X
SUB reg, reg 00t10101t1tw 1 1 reg reg 2 2 X X X X X X
mem, reg 001010 0W mod reg mem 13/ 2-4 X X X X X X
reg, mem 001010 1W mod reg mem 10/14 2-4 X X X X X X
reg, imm 100000SW 1 1101 reg 4 34 X X X X X X
mem, imm 100000GSW mod 1 01 mem 15/23 36 X X X X X X
acc, imm 0010110W 4 2-3 X X X X X X
SUBC reg, req 0001T101W 11 reg reg 2 2 X X X X X X
mem, reg 0001100W mod reg mem 13/21 2-4 X X X X X X
reg, mem 0001101W mod reg mem 10/14 2-4 X X X X X X
reg, imm 100000SW 11011 reg 4 3-4 X X X X X X
mem, imm 100000SW mod 01 1 mem 15/23 36 X X X X X X
ace, imm 00011 10W 4 2-3 X X X X X X
INC reg8 11111110 11000 reg 2 2 X X X X X
mem 111111 1W mod 0 0 0O mem 13/21 2-4 X X X X X
reg16 01000 reg 2 1 X X X X X
DEC reg8 11111110 11001 reg 2 2 X X X X X
mem 11111 11W mod 001 mem 13/21 2-4 X X X X X
reg16 01001 reg 2 1 X X X X X
MULU reg 111101 1TW 11100 reg 21-30 2 uXx x uwuuwu
mem 1111011 W mod 100 mem 26-39 2-4 U X X U uu
MUL reg 1111011 W 11101 reg 33-47 2 U X X U uu
mem 111 1011W mod 1 01 mem 38-56 2-4 ux x uuu
reg16,reg16,imma8 01101011 11 reg reg 28-34 3 U X X U uu
reg16,mem16,imm8 01101011 mod reg mem 3743 35 U X X u uu
reg16.reg16,imm16 01101001 11 reg reg 36-42 4 U X X uuu
reg16,mem16,imm16 01101001 mod reg mem 45-51 4-6 U X X 4 uu
DIVU reg 111101 1W 11110 reg 19-25 2 U Uuuuuy
mem 1111011 W mod 110 mem 24-34 2-4 Uuuuuu
DIv reg 111101 1W 11111 reg 29-43 2 uu U uou
mem 111101 1W mod 111 mem 34-52 2-4 U uuuuuy
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 7654321 0 Clcks Bytes ACCYV P § 2
Comparison Instructions
CMP reg, reg 00t 1T 1T01W 1 1 reg reg 2 2 X X X X X X
mem, reg 0011100W mod reg mem 10/14 2-4 X X X X X X
reg, mem 0011101W mod reg mem 10/14 2-4 X X X X X X
reg, imm 100G O0SW 1T 1111 reg 4 3-4 X X X X X X
mem, imm 100000SW mod 1 11 mem 12/16 3-6 X X X X X X
ace, imm 00+V1110W 4 2-3 X X X X X X
Logical Instructions
NOT reg 111101 1W 1 1010 reg 2 2
mem 111101 tW mod 010 mem 13/ 24
NEG reg tt11 101t 1W 1 1011 reg 2 2 X X X X X X
mem 111101 1W md 01 1 mem 13/21 2-4 X X X X X X
TEST reg, reg 1000010W 1 1 reg reg 2 2 u0D0 x x x
mem, reg 100600 10¢W mod reg mem 9/13 2-4 u 00 x x x
reg, imm 111101 1TW 1 1000 reg 4 3-4 uld0x x x
mem, imm 111101 1W mod 000 mem 10/14 36 u 00 x x x
acc, imm 101010 0W 4 23 u 0D x x x
AND reg, reg 001000 1TW 1 1 reg reg 2 2 u0D0 x x x
mem, reg 0010000W mod reg mem 13/21 2-4 u 00 x x x
reg, mem 0010006 1W mod reg mem 10/14 2-4 g 0 0 x x x
reg, imm 1000000CW 1 1100 reg 4 34 u 00 x x x
mem, imm 1000000W mod 100 mem 15/23 36 u00 x x x
ace, imm 0010010 W 4 2-3 u D0 x x x
OR reg, reg 000010 1TW 1 1 reg reg 2 2 u 00 x x x
mem, reg 00001D0O0W mod reg mem 13/21 2-4 u 00 x x x
reg, mem 000010 1W mod reg mem 10/14 24 u 00 x x x
reg, imm 100000O0W 1 1001 reg 4 34 u 00 x x x
mem, imm 100000O0W mod 0O 1 mem 15/23 36 u 00 x x x
acc, imm 006001 10W 4 2-3 u 00 x x x
XOR reg, reg 001 1001W 1 1 reg reg 2 2 u 00 x x x
mem, req 0 011000W mad reg mem 13/21 2-4 u 00 x x x
reg, mem 001 1D01TW mod reg mem 10/14 2-4 u 0D x x x
reg, imm 100000O0W 1T 1110 reg 4 34 w00 x x x
mem, imm 1000000W mod 110 mem 15/23 36 udO0 x x x
ace, imm 001101 0W 4 2-3 u 00 x x x
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 765 4321 0 Clocks Bytes ACCYV P 8§ Z
Bit Manipulation Instructions
INS reg8, reg8 00001111 001100071 3513 3
11 reg reg
reg8, imm8 00001111 00111001 3513 4
11000 reg
EXT reg8, reg8 00001111 00110011 3459 3
11 reg reg
reg8, imm8 000O0T1T 1T 11 00111011 3459 4
11000 reg
TEST1 reg, CL 0000CT1T1T1T1T 00O0C100O0W 3 3 u 00 uux
11000 reg
mem, CL 60001111 00O0100O0W 7/11 35 u 00 uwu x
mod 0 0 0 mem
reg. imm3/4 00001111 0060110O0W 4 4 u 00 uu x
11000 reg
mem, imm3/4 00001111 0001 10O0W 8/12 4-6 u00uux
mod 0 0 0 mem
SET1 reg, CL 00001111 000101 0W 4 3
11000 reg
mem, CL 0000 1T 111 000101 0W 10/8 35
mod 0 0 0 mem
reg, imm3/4 60001111 0001110W 5 4
11000 reg
mem, imm3/4 00001111 0001 110W 1119 46
mod 0 0 0 mem
cY 11111001 2 1 1
DIR 11111101 2 1
CLR1 reg, CL 00oo0Q0QC 1T 111 0001001W 5 3
11000 reg
mem, CL o000 1T 111 000100 1W 1/19 35
mod 0 0 0 mem
reg, imm3/4 0000T1T 111 000110 1W 6 4
11000 reg
mem, imm3/4 00001111 000110 1W 1220 46
mod 0 0 O mem
cY 11111000 2 1 0
DIR 11111100 2 1
NOT1 reg, CL 000011 11 000101 1W 4 3
11000 reg
mem, CL 0000 11T 1 11 000101 1W 10/18 3-5
mod 0 0 0 mem
reg, imm3/4 6 o001 111 0001 11 1W 5 4
1100 0 reg
mem, imm3/4 00001T1 11 600111 1W 11/19 46
mod O O 0 mem
cY 11110101 2 1 X
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Instruction Set (cont)
Opcode Flags
Mnemonic Operands 76543210 766543 1 0 Clocks Bytes ACCYV P § 2
Shift/Rotate Instructions
SHL reg, 1 1101000W 11100 reg 2 2 ux X X X X
mem, 1 1101000W mod 100 mem 132 2-4 u X X X X X
reg, CL 1101001W 11100 reg 7+n 2 Uu x u x x X
mem, CL 110100 1W med 1 0 0 mem 16/24 +n 24 X U X X X
reg, imm8 11000060W 11100 reg 7+n 3 U x u x x x
mem, imm8 110000 0W mod 1 0 0 mem 16/24 +n 35 u x u x x x
SHR reg, 1 1101000wW 11101 reg 2 2 U X X X X X
mem, 1 110100 0W mod 1 0 1 mem 13/21 2-4 U x X X X X
reg, CL 1101001W 11101 reg 7+n 2 U X u X X X
mem, CL 1101 001W mod 101 mem 16/24 +n 2-4 U X U X X X
reg, imm3 1t100000W 11101 reg 7+n 3 U X u x X X
mem, imm8 11060000W mod 101 mem 16/24 +n 35 U X u x x X
SHRA reg, 1 t101000wW 11111 reg 2 2 U x 0 x x x
mem, 1 1101000W mod 111 mem 13721 2-4 ux 0 x x x
reg, CL t10t001TW t 1111 reg 7+n 2 U X U X X X
mem, GL 110100 1W mod t 1 1 mem 16/24 +n 2-4 U X U X X X
reg, imm8 110000 0W 111114 reg 7+n 3 U x u x X X
mem, imm8 1100000W mod 111 mem 16/24 +n 35 u Xx u x x x
ROL reg, 1 1101000W 11000 reg 2 2 X X
mem, 1 1101 000W mod 000 mem 13721 24 X X
reg, CL 1101001W 11000 reg 7+n 2 X u
mem, CL 110100 1TW mod 000 mem 16/24 + n 2-4 X u
reg, imm 1100000W 11000 vreg 7+n 3 X U
mem, imm 11060000W mod 000 mem 16/24 + n 3-5 X u
ROR reg, 1 11010600W 11001 reg 2 2 X u
mem, 1 110100 0W mod 0 0 1 mem 13/121 2-4 X X
reg. CL 1101001W 11001 reg 7+n 2 X U
mem, GL 110100 1tW mad 00 1 mem 16/24 + 2-4 X u
reg, imm8 1100000W 11001 reg 7+n 3 X u
mem, imm8 1100000¢W mod 0 0 1 mem 16/24 +n 35 X u
ROLC reg, 1 1101000W 11010 reg 2 2 X X
mem, 1 11010600W mod 01 0 mem 13721 2-4 X X
reg, CL 1101001W 11010 reg 7+n 2 X u
mem, CL 1101001W mod 010 mem 16/24 + n 24 X u
reg, imm8 1100000W 11010 reg 7+n 3 X U
mem, imm8 1100000W mod 010 mem 16/24 + n 35 X u

n = number of shifts
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Instruction Set (cont)

Opcode Flags
Mnemonic Operands 76543210 7T 65 43 21 0 Clocks Byles ACCYV P § Z
Shift Rotate Instructions (cont)
RORC reg, 1 1101000W 1 1011 reg 2 2 X X
mem, 1 1101000W med 01 1 mem 13/ 2-4 X X
reg, CL 1101001TW 1 1011 reg T+n 2 X u
mem, CL t1010601W md O 11 mem 16/24+n 24 X u
reg, imm8 1100000W 1 1011 reg 7+n 3 X U
mem, imm8 1t10000D0W mod 01 1 mem 16/24+n 35 X U
n = number of shifts
Stack Manipulation Instructions
PUSH mem16 11111111 md 1 10 mem 23 24
reg16 010 1D reg 10 1
ST 000 sr 110 10 1
PSW 10011100 10 1
R 01100000 65 1
imm 01t1010S¢0 9-10 23
POP mem16 160061111 mod 0 0 0 mem 25 2-4
regié 01011 reg 12 1
sr 000 st 111 12 1
PSW 100 1101 12 1 RRRRRRB
R 61100001 75 1
PREPARE imm16, imm8 110 1000 * 4
*imm8=0:16
imm8 > 1:21 + 16 (imm8 — 1)
DISPOSE 11001001 10 1
Control Transfer Instructions
CALL near_proc 11101000 20 3
regptr 11111111 11010 reg 18 1
memptrié 11111111 med 0 1 0 mem 3 2-4
far_proc 10011010 29 5
memptr32 1t1 111111 mod O 1 1 mem 47 2-4
RET 110000 11 19 1
pop-value 11000010 24 3
11001011 29 1
pop_value 11001010 32 3
BR near_label 11101t001 13 3
short_label 11101011 12 2
reg tt1 11111 t1 10 reg 1 2
memptri6 1T1 111111 mod 1 0 0 mem 23 2-4
far_labe! 11101010 15 5
memptr32 11111111 mod 1 0 1 mem k2] 2-4
BV near_label 01110000 14/4 2
BNV near_label 01110001 14/4 2
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instruction Set (cont)

Opcode Fiags

Mnemonic Operands 76543210 7654321 0 Clocks Bytes ACCYV P § 2
Control Transfer instructions (cont)
BC, BL near_label 01110010 14/4 2
BNC, BNL near_label 011106011 14/4 2
BE, BZ near_label 01110100 14/4 2
BNE, BNZ near_label 01110101 14/4 2
BNH near_label 61 1t10110 14/4 2
BH near_label 01110111 14/4 2
BN near_label 01111000 14/4 2
BP near_label 01111001 14/4 2
BPE near_label 01111010 14/4 2
BPO near_label 01111011 14/4 2
BLT near_label 01111100 14/4 2
BGE near_label 01t 111101 14/4 2
BLE near_label 01111110 14/4 2
BGT near_label o1 111111 14/4 2
DBNZNE near_label 11100000 14/5 2
DBNZE near_label 111060001 14/5 2
DBNZ near_label 111000140 13/5 2
BCWZ near_Jabet 11100011 13/5 2
Interrupt Instructions
BRK 3 11001100 50 1

imm8 11001101 50 2
BRKV imm8 t1001110 52/3 1
RETI 110011 11 39 1 RRRRRR
CHKIND reg16, mem32 01100010 mod reg mem 25/72-75 24
BRKEM imm8 00001111 t1 111111 5 3
CPU Control Instructions
HALT 11110100 2 1
BUSLOCK 11110000 2 1
FPO1 fp_op 11011 XXX 11YYYZ2Z127 2 2

fp_op, mem 1101 1X XX mod Y Y Y mem 14 2-4
FPO2 fp_op 0t10011X 11YYYZZ2Z 2 2

fp_op, mem 0110011X mod Y Y Y mem 14 2-4
POLL 10011011 2+50 1

n = number of times POLL pin is sampled.

NOP 100 0000 3 1
DI 11111010 2 1
Ei 111110611 2 1
DS0:, DS1:, PS:, and SS: 0 01 seg 110 2 1
(segment override prefixes)
8080 Instruction Set Enhancements
RETEM t11 0 1101t 11111101 39 2 RRRRRAE
CALLN imm8 111 0 1101 11101101 58 3
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