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NEC uPD70216 (V50™)
E 16-BIT, HIGH-INTEGRATION
NEC Electronics Inc. CMOS MICROPROCESSOR

PRELIMINARY INFORMATION

Description

TS F9-17-/6

Ordering Information

The uPD70216 (V50™) is' a high-performance, low-  Part Number _ Package 7 Maximum Fraquency
power 16-bit microprocessor infegrating a number of uPD70216R-8 68-pin PGA 8 MHz
cpmmfon!g;used perlpheraltsto dr_la_hmagc::(ll))é reductethe APD70216L-8 88-pinPLCC T 8MHz
size of microprocessor systems. The construc- PDT021668 B0-pin plastic minilat 8 MHz

tion makes the uPD70216 ideal for the design of
portable computers, instrumentation, and process
control equipment. .

The uPD70216 contains a powerful instruction set that

Pin Configurations

is compatible with the #PD70108/uPD70116 (V20™/ 68-Pin PGA i

V30™) and uPD8086/uPD8088 instruction sets. In- Bottarn View

struction set support includes a wide range of arith- 4 )

metic, logical, and contro! operations as well as bit 1 , 000000000

manipulation, BCD arithmetic, and high-speed block

transfer instructions. The uPD70216 can also execute : O00000O0OOOO0

the entire #PDBO8OAF instruction set using the 8080 3] OO ONO;

emulation mode. Also available is the uPD70208 (V40™), . 00 OO0

identical to the uPD70216 but with an 8-bit external

data bus. st OO ONO)

Feat 6 OO0 #PDT0216 ONO)
eatures 1 oo 00

0 V20/v30 instruction set compatible

O Minimum instruction execution time: 250 ns (at sf OO OO0

DsMHf)dd f 1M bytes of | 00 © 0
Direct addressing o ytes of memory

0O Powerful set of addressing modes 10 CNCRORCRORONCRORONC) 90

[ 14 16-bit registers . " ONONONCECNORONONS)

0O On-chip peripherals including

— Clock generator
— Bus interface

— Bus arbitration 32 et oo owangr e Ay e
H 7
— Programmable wait state generator A3__INTPS B10_DMARQO| F11__GND K5 RESET
— DRAM refresh control A4__INTP3 BH1_ADg G1_x1 K6 RESOUT
— Three 16-bit timer/counters AS__INTP1 C1__TCTLz_| G2 CLKOUT | K7__HLDRG
— Asynchronous serial /0 control A6 DMAAKI/TxD | €2 FOLL | GI0 ADs | K8 Aqe/PSy
= Eight-input interrupt control AT DWANRE |10 ADi  {on ADy |K Ames
fght-inp p AB__DWMAAKI Ci_AD; | H1 BUFE Ki0_ AD14
— Four-channel DMA control A9 DMAAKD D1 asy H2_BUFR/W | K1l ADys
O Hardware effective address calculation logic Aw_END/TC | D2 0so H10 AD1p L2 iORD
[0 Maskable and nonmaskable interrupts :; :gb';z g:‘: :5: :‘1“ :3;:_ =% t: :::
0 uPD72191 Floating Point Processor interface 85 INTPS £1 ASTE |4z 1OWA_ |is READY
O IEEE 796 compatible bus.interface B4 INTP4 E2_ UBE J10__AD12 L6 Voo
O Low-power standby mode B5 INTP2 E10_ADs IM_ADy L7 HLDAK
O Low-power CMOS technology 86 '_“3},'%’?_"?" 1 &1t Ans Kt WWR L6 . AEFRG
B7 DMARQ3/R:D | F1__GND | K2 _HRD Lo A/PS;
V20, V30, V40, and V50 are trademarks of NEC Corporation. BS DMARQ2 | F2 X2 K3 BSt L10 A16/PSo
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uPD70216 (V50) . - NEC
L - T 491146

Pin Coﬁf’i'guﬁl‘fiqns (cont)
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uPD70216 (V50)
Pin identification
Symbol Function Symbal Function
A1g-A45/PS3-PSg Multiplexed address/processor status outputs :f;fz :!mer;coun:er :xterr:alﬁlocktlnput
ADy5-ADg Multiplexed address/data bus == Tfm‘” l°°”"t‘” . °°:‘ "i Npy
ASTB Address strobe output T Ulmer ::otun il blou p:' "
BUFEN Data bus transceiver enable output v ;p\t:r yle ena T O‘U put
BUFR/W Data bus transceiver direction output X?DXZ : tpr/wer suplp ): n:u
BUSLOCK Buslock output : rystal/external clock inputs
BS-BSp Bus status outputs Pin Functions
CLKOUT System clock output
DMAAKD DMA channel 0 acknowledge output A19'A_1 6/PS3-PSy [Address/Status Bus]
DMAAKI DMA channe! 1 acknowledge output These three-state output pins contain the upper 4 bits
DMARKS DMA channel 2 acknowledge output of the 20-bit address during T1 and processor status
g op - information during T2, T3, Tw, and T4. During T1 of a
DMAAK3/TxD DMA cr]annel 3 acknowledge output/Serial memory read or write cycle, these pins contain the
transmit data output - upper 4 bits of the 20-bit address. These pins are forced
DMARQO DMA channel 0 request input low during T1 of an I/0 bus cycle.
DMARQ1 DMA channel 1 request input Processor status is output during T2, T3, Tw, and T4 of
DMARQ2 DMA channel 2 request input both memory and I/0 bus cycles. PS; is zero during
DMARQ3/RxD DMA channel 3 request input/Serial receive any CPU native mode bus cycle. During any DMA,
data input refresh, or 8080 emulation mode bus cycle, PS3 outputs
END/TC End input/Terminal count output a high level. PS; outputs the contents of the interrupt
GND Ground fanda_blet (It,tE\) flag in thte CPLi PSW Letg.]i?ter. l:? a'r:d I_”S?
indicate the segment register used to form the physica
HLDAK Hold acknowledge output address of a CPU bus cycle as follows:
HLDRQ Hold request input
ic Internal connection; leave unconnected PS; PSg Segment
INTAK/TOUT1/SRDY  Interrupt acknowledge output/Timer/counter 1 0 - 0 Data segment 1 (DS1)
output/Serial ready output 0 1 Stack segment (S5)
INTP1-INTP7 Interrupt request inputs 1 0 Program segment (PS)
10RD 1/0 read strobe output 1 1 Data segment 0 (DS0)
ﬂR 170 write strobe outqu Thesepinsareinthe higﬁ-impedance state during hold
MRD * Memory read strobe output acknowledge. :
MWR Memory write strobe output
NC No‘connection ’ AD15-ADg [Address/Data Bus]
NMI Nonmaskable interrupt input These three-state pins form the active-high, time-multi-
POLL Poll input zlgxeci\ deress/dt?talbus. :Dsuging ;l'1h o;oabbus cycle,
- 15-ADg output the lower its of the 20-bit memory
05105 oru qu.eue stalus outputs or I/0 address. During the T2, T3, Tw, and T4 states,
READY Ready input AD45-ADg form the 16-bit bidirectiona! data bus.
REF t out
Ad Refresh request output . The memory and I/O address spaces are organized
RESET Reset input into a pair of byte-wide banks. The even bank is
RESOUT Synchronized reset output accessed whenever ADg = 0 during T1 of a bus cycle.

Access to the odd bank is controlled by the UBE pin.

The AD¢5-ADg pins enter the high-impedance state
during hold acknowledge orinternal interrupt acknow-
ledge bus cycles or while RESET is asserted. Pins
AD10-ADg contain the slave address of an external
interrupt controller during the second interrupt ac-
knowledge bus cycle.
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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.

BUFEN [Buffer Enable]

BUFEN is an active-low output for enabling an extérnal
data bus transceiver during a bus cycle. BUFEN is

asserted during T2 through T4 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 [Buffer Read/Write]

BUFR/W is a three-state, active-low output used to
control the direction of an external data bus trans-
ceiver. A high level indicates the uPD70216 wil! perform
a write cycle and a low level indicates a read cycle.
BUFR/W enters the high-impedance state during hold
acknowledge.

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 disabled.

3-164

BS2-BSp [Bus Status) T.q7 ~/7 V/<o

Outputs BS;-8S, indicate the type of bus cycle being
performed as follows.

BS; BSy BSg Bus Cycle
0 0 0 Interrupt acknowledge
0- 0 1 1/0 read
0 1 0 110 write
0 1 1 Halt
1 0 0 Instruction fetch
1 0 1 Memory read (1)
1 1 0 Memory write (2)
1 1 1 Passive state

Note:

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

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

BS,-BSy are three-state outputs and are high imped-
ance during hold acknowledge.

CLKOUT

The CLKOUT output is used to generate all internal
timing for the uPD70216. CLKOUT has a 50-percent
duty cycle at haif 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.

DMAAKS/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.

e« 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 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 controller.
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DMARQ3/RxD [DMA Request 3}/[Serial Receive
Data]

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

o DMARQ3isused byan external peripheral to request
a DMA transfer'cycle for channel 3..

o RxD is the serial 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 1/0 pin, and requires an
external 2.2-kQ pull-up resistor.

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.

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 control 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 [NTAK 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 éutput 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.

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

TORD [I/0 Read)

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

IOWR [I/0O Write]

This three-state pin outputs an active-low 1/0 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. It
enters the high-impedance state during hold acknow-
ledge. .
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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. NMI is sampled by
CPU logic each clock cycle and when found valid for
five or more CLKOUT cycles, the NMI interrupt is
accepted. The GPU 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 NMl 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-QSq [Queue Status] .

The QS4 and QSg outputs maintain instruction synch-
ronization between the uPD70216 CPU and external
devices such as the uPD72191 Floating Point Processor.
These outputs are interpreted as follows.

08¢ 0Sg Instruction Queue 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.

3-166
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READY [Ready]

This active-high input synchronizes external memory
and peripheral devices with the uPD70216. Slow
memory and I/O devices can lengthen a bus cycle by
negating the READY inputand forcing the BlU to insert
Tw states. READY must be negated prior to the rising
edge of CLKOUT during the T2 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 parallél with the internal
uPD70216 wait contro! 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 8-bit refresh row
address is placed on Ag-A during a refresh bus cycle.

RESET [Reset]

The RESET input is used to force the uPD70216 to a
known state by resetting the CPU and on-chip periph-
erals. 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.

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 contro!
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
TOUT?2 is the output of timer/counter 2.
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UBE Upper Byte En

able -

UBE is an active-low output, asserted when the upper
byte of the 16-bit data bus contains valid data, UBE is
used along with Ag by the memory decoding logic to
select the even/odd banks as follows.

Cperatlon BE Ag

Word, even address 0 0

Word, odd address 0 1 (1st bus cycle)
1 0 (2nd bus cycle)

Byte, even address 1 0

Byte, odd address 0 1

UBE is a three-state output and enters the high-

impedance state during hold acknowledge.

Block Diagram

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.

T-4947 /o

t—— TxD
———» SRDY
l¢———— RxD

D A1g-A16/PS3-PSp
<:> AD1s5-ADg
. > BS2-BSp

———» QS1
" Qsg

TOUT2 «— l«— POLL
TouTt < scu weu -+ BUSLOCK
TCTL2 —* ) —» BUFEN
TCLK > BUFR/W
—» OBE
—> ASTB
INTP7 —s! BIU L TOWR
INTPG — L » [ORD
INTP5 —p- > MWR
INTPA—»] ICU > MRD
INTP3 —»] cPU < READY
INTP2 —» —= RESOUT
INTP1 [<+— RESET
INTAK < HLDAK
BAU
NMI l«— HLDRQ
X ¢ca DA
X1 — MU RCU
- CLKOUT
SEEEIEEEE B
HHHHT
akkales E O -
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Absolute Maximum Ratings

T ‘/‘7 17/
AC Characteristics

TA=—1010+70°C; Vpp = +5 V 10%; G = 100 pF

Tpo=+25°C
Power supply voltage, Vpp —05t0+7.0V . Limits Test
Input voltage, V) —05to Vpp+03V Parameter Symbol Min Max Unit  Conditions
CLK input voltage, Vg —05toVpp+1.0V Extern'fxl clock input  tgyx 62 250 ns
Output voltage, Vo 05toVpp+ 03y  Cycletime , _ ,
Operating temperature, Topt —10 to +70°C ‘Ev);;(iane;lligc:]ock pulse  txxH 2 s Vgy=30V
Storage temperature, Tsrg —85 to +150°C External clock pulse txxt 20 ns VgL =15V
Comment: Exposing the device to stresses above those listed in the width, low
Absolute Maximum Ratings could cause permanent damage. The External clock rise 1% 10 ns 15—-30V
device is not meant to be operated under conditions outside the time
limits described in the operational sections of this specification. 8
Exposure to absolute maximum rating conditions for extended tE'Xtemal clock fall txr 0 s 3015V
periods may affect device reliability. ime -
CLKOUT cycle time  tgyk 124 50 ns
Capacitance CLKOUT pulse width, tgnr 05 tovk ns Vky=380V
Ta=125°C,Vpp =0V high -7 :
Limits Test CLKOUT pulse width, tykp 0.5 toyk ns Vg =15V
Parameter Symbo!  Min  Max Unit Conditions low =7
Input capacitance ¢ 5 pF fo=1MH; CLKOUT rise time tkr 7 ns 15—=30V
Output capacitance  Cg 15 F :?;nr?tlz‘rj;gg a;nosv - CLKOUT fall time tkp 7 ns 30—15V
- CLKQUT delay time  tpyk 85 ns
trom external clock
DC Characteristics Input rise time tin 20 ns 0822V
Ta=—1010+70°C, Vpp =16 V £10% (except external
Limits Test clock)
Parameter Symbol  Min  Max Unit Conditions Input fall time tiF 12 ns 2208V
(except external : .
Input voltage, high V|4 22 Vpp+ V clock) )
; 03 Output rise time toR 20 ns 0822V
Input voltage, low V| —-05 08 V (except CLKOUT)
X1, X2 input Vi 39 Vpp+ V Output fall time tor - 2 ns 2208V
voltage, high - ) 1.0 (except CLKOUT)
X1, X2 input Vg 05 06 V RESET setup timeto  tggesk =~ 25 ns
voltage, low S CLKOUT!
Output voltage, high Vgy 0.7 Vpp v loy = —400 A RESET hold time tHKRES B ns
Output voltage, low Vg - 04 Vv loL = 2.5 mA after CLKOUT!
. RESQUT delay time 1t 5 60 ns
Input leakage ILH . 10 wA Vi= VDD DKRES
current, high - : from CLKOUT! .
mputleakage I a0 gh V=0V INTP  FEMVace sk B .
current, low : , - 10. . :l;putop\llnsm cLKOUT!
LiL . - 7! 1= , other . N N
; i READY inactive tHKRYL 25 ns
input pins hold time after
Output leakage ILoH 0 wA Vo=Vpp CLKOUT! .
gurrent, high - READY active setup  tspyHk 15 ns
Output leakage fLoL : -0 A Nog=0V time to CLKOUT?
gurrent, low - READY active hold  tHkRYH 25 ns
Supply current Ipp . 90 mA Normal mode time after CLKOUT?
A Standb: de
0 m andby mo NMI, POLLsetup  fsk 15 ns
time to GLKOUT?
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Limits

Lnke Tost Symbol Wi Wax Unit  ondi
Parameter Symbol Min Max  Unit Conditions :ir;z;mt - tym ! 20" ax__Unit onditions
Data setup timeto  tgpy 20 ns to CLKOSLTTlip time SHOK ns
cLrourd HLDAK delay ti t 10 100
. elay time DKHA ns
Data hold time after tyyp 15 ns A
o
: ress drive dela DKA2 CYK ns
Address delay time  tpya 10 60 s ;
from GLKoUTL E;Z:\’:’: (I:LK(?UT t 10 70
Address hold time _ tyxa 10 ns rom CLKkoU e tokeoa ns
after CLKOUT! e —
PS delay time from tpgp 0 60 ne P CLKg S%'ltlme toxkoa 10 115 ns Cascade mode
cLkour) WR pulse width, 2 DMA extended
- pulse width, twwi  2lgyk — ns extende
PS float delay time  trgp 10 60 ns :
from CLKOUT? :;_:’ ‘D:V'A cy:'s) 0 _ ;’;:: oycle '
- ulse width, t tovk — ns norma
Address setup time  tgast  tkx — 30 ns low ?DMA cycle) Wwz oYK write cycle
to ASTB! = e m
output delay tokTCL ns
Address float delay  tega thkea 60 ns ;
time from CLKOUT ;'_(’}"e:f";": CLtKOUﬂ .
- off delay time tokTCF 0 ns
ASTB! delay time  tpkgTy 50 ns
from CLKOUT ‘ : 'Ti’"‘ cLkourt I _
ASTB! defay time tpKsTL 85 ns __E pulse widih, low _treroL tovk — 15 ns :
from CLKOUT? TC pullup ((!ilag | tDKTCH tkku+ ns é
ASTB puise width, tsrgr gL — 10 ns time from CLKOUT foxk ~
high ) = ‘
- END setup time tSEDK 35 ns
Address hold time  tygra  txky — 10 ns
after ASTB! %““?UT' — - E
Control delay time  tpger 15 60 ns jow pulse width, teveDL ns E
Irom CLKOUT DMARQ setup ti t 35 :
3 RD{ delay time tDAFRL 0 ns 1o CLKO[SJ?T{JD ime Isoak ns
!' from address float TPr oulsa widh t o
‘_ RDI delay time 1DKAL 0 70 s o R heipc ns
4 from CLKoUT! T seor T —
f == - xD setup time to SRX us
RD? delay time tDKRH 15 60 ns cU i I clock !
b from CLKOUT) 2 ;’;“E’;‘_a c °; t 1 ;
1 . xD hold time after  ty us [N
3 Address delay time  tppyp  toyk — 40 ns SCU internal clockl
from RD' SRDY delay i 1 150
= elay time ns ;
: RD pulse width, low tgg 2toyk — ns$ from CLKO{IT l DKSR
3 50 £
3 TxD delay time from  tprx 500 ns HH
1 BUFR/W delay from tppeer  tkkL — ns Read cycle TouT1!
' BuFENt 2 TCTL2 setup i t 50 ns :
. setup time SGX B
tower tK'éb - ns Write cycle from CLKOUT!
E - i
. TCTL setup time t 50 ns
4 Data output delay  tpgp 10 60 ns 1o TCLK! ° SGTK #
: time from CLKOUT} - i
£ TCTL2 hold time tHKG 100 ns BN
1 Data float delay trkp 10 60 ns after CLKOUT! i-
i time from CLKOUT! - L.
= - TCTL2 hold time tHTKG 50 ns ¥
WR pulse width, low tww  2lgyk ~ ns after TOLK? i
b 40 I3
3 TCTL2 pulse width, 50 ns i
] BS delay time toksL 0 6 s high P tacH 3
from CLKOUTt
BSt delay time tDKBH 10 65 ns
from CLKOUT) :
1 3-169 ¢
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AC Characteristics (cont) uPD70216 Clock Input Configurations
R Limits Tost

Paramster Symbol  Min  Max  Uni Canditlons Crystal-Controlled internal Clock
TCTL2 pulse width, tgaL 50 ns — X1
low 15 pF
TOUT output delay  tpkro 200 ns Ul =
time from CLKOUT! 15 pF l X2
TOUT ocutput delay  tprkTo 150 ns
time from TOUT! :
TOUT output delay  tpato 120 ns External Clock 1
time from TCTL2Y - . CLK x1
TCLK rise time kR 25 ns
TCLK fall time trkF . 25 ns
TOLK pulse width, trkrkn 50 ns X2
high ’
TOLK pulse width,  trxtke 50 ns External Clock 2
fo )

u ; etk ————P>o—]x1

TCLK cycle time tey;k 124 D ms

RD!, WRI dellay topArRw  tkkH ns
from DMAAK — Buffers are high-speed
DMAAK! delay tRHDAH tKKL ns : CMOS inverters.
from RD1 - 30 83-004019A ¢
RD1 delay from towHRH 5 ns .
Wrt _ Timing Measurement Points
Input 24V 57 CEAR
fexcept Clock] oav o8 v O-J
f22v 22V
Output 08V 0.8 Lj(
83-001816A |
Timing Waveforms
] le——toyx——»]

Clock Timing
|
\

tXXH

(.

External
Clock
x1]

toxk foxk | ' o™ 1
tovk : |
——— KK —™] F tkR—»
-\ - X
CLKOUT z & JZ :
[ tKKL——
83-001844B
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Timing Waveforms (cont)

Reset and Ready Timing

cLkout ﬂ M

|- tsresk Plﬂxnss
ya
LY 1
-—'DKHES;L «inxnss1

Reset Timing

RESET

2

RESOUT

Ready Timing, No Wait States
T T2 T3 T4 ™
CLKOUT

tHKRYH
1SRYHK
READY

Ready Timng, Walt States

™ 12
CLKOUT _/—\_7

tsRyLK fe— tHKRYH

T W T4

READY

— tHKRYL

83-0027258

3-171



N E C ELECTRONICS INC 98 DE. k427525 001L5083 4 r

6427525 N E C ELECTRONICS INC 980 15083

D
uPD70216 (V50) ' N E C

T-99-1716

Timing Waveforms (cont)

Poll, NMI, and Buslock Timing

CLKOUT
POLL, NMI Input Timing l«—o tsik :

POLL, NMI X

CLKOUT ’
BUSLOCK Output Timing toKA I-—!m
BUSLOCK
! 2@ / l

83-0018318 1
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Timing Waveforms (cont)

7471710

Read Timing
T4 T T2 T3 T4
CLKOUT/ ‘_/ ‘_/
toKA— —> [e—tyca e i
Aqg/PS3. 1
A1g/PSy Alddress | Program Status
tokA —> — toke
tsasy —
tsasT —» —f fe—tpga [+—tspK —
4 R A
2 N 1
: AD45-ADg Address ) Data Input —t
_ 4 _f -
: toKSTH— — —fHsTA tHkp—» -—
E ealh
' /] /
ASTB =i /
toKsTL —» I‘-
—> toker [Note 1] —» e—toKer
4 1y
BUFEN == |
—-+»| toBECT je—
b —> tockt ~P l*—tparaL [+—toker
. - i
BUFRIW /
—»| 4 —{pKRL .
DKR {Note 1] — e —{ipKRH
MRD \ Z‘
{ORD . ¥
tRR [*—toRHA ——¥]
i
B52-850 \
X
—A le— tpkBL — tDKBH Note:

{1} Except internal /0 accesses, 83-0018458
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Timing Waveforms (cont)

Write Timing

T4 T2 T3 T

LY

1

T
alall

CLKOUT /

il X Address Progtam Status

toxka—>] e —» fokp K —»| [+—1Fko
v : - K p
ADy5:ADg 7!" Add Data Output . 1E

. toker E— [Note 1] — Finm
BUFEN =~ .

;usmw —/ ‘ ' \___

—» et
e {Note 1] ¥ fetoker

_ —\~ i

IOWR

r
BS2-BS0 \L / Note:

- l<-|m(g|_ —»|  (e—tpkan 1] Exceptinternal /O accesses.

83-001843B
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Timing Waveforms (cont)

Status Timing

D

749177/

T4

™ T2

wor N/ NN/}

{HKA —»]

- !<— foxe

T3

T4

je— trcp

AqglPS3

toka —>|

—4 [*— toKRL

3
-A1alPSo Address 8 Program Status %
I
foKkA—w] .
UBE x
. F—— tgpx —»
FKA— [4— —»! la— thkp
4 X l
ADy5-ADg Address N g Data Input M
* 4 P '4 X
le— topa —|
ASTB /
—ﬂ rflnxaﬂ
BS2-BS0 \ Bus Status f
—>| toxeL (¢ tDAFRL P k— —» [*—toKAH
MRD, iORD 4
MWR, IOWR N /

Qsi, aso X
1

X

X

83-002721B
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Timing Waveforms (cont)

Interrupt Acknowledge Timing

T 2 T3 T4 T T2 T3 Ti

war/ Y N/

tra—] |e— toka e t—texca ko
[——1s0K

N
AD15-ADg b R (oten) ] - - —_}——

Vector number
[Note 2]
ASTB \ X ﬂ
(uxct—b{—
————— L
- /S
INTAK \

—————, e et S — S — — —— 2 —————————
P (Note 2] \ {Note 2] /
BUFEN

BUFRIW —
— rhu
BUSLOCK 2> /
Note:
(1} Slave addresswhen ptfrom 1PD71059.L dwhen internal ICU Inlerrupt.

{2] Solid line when Interrupl from external zPD71059. Dash line when Internal ICU [nterrupt.
83-0018418
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Timing Waveforms (cont)

HLDRQ/HLDAK Timing, Normal Operation

——, tsHak tsHok

LYY 31
¢ N =X
HLDRQ J

53
Sl
HLDAK od

—»| [ tea toxa
>
—_— ———
(1) Intemal Bus Master ) D ‘; e ter
—_—a 7 —_
_ -—ﬁ P—'FKA foxa

(2) Intemal Bus Master - ) e ‘; Interna! Bus Master

—— | —
NOTES: (1) Atg/PS3-A1eIPSg, ADy5-ADg, BUFEN,BUFR/W,MRD,IORD,MWR,IOWR,UBE
(2) BS2:BS0

83-0018288

HLDRQ/HLDAK Timing, Bus Wait .

HLORQ

—'c

lnxm\—4‘
HLDAK
‘);

A

/L

A o W Wi Wt

e ————tokar —

External Bus Masler
b

> g“ Internal Bus
N Master

—¢

NOTE: “A15/PS3-A18/PS0,AD15-AD0,USE,BUFEN, BUFR/W,MAD,IORD, MWR,OWR,BS2-BSg

83-0018208
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Timing Waveforms (cont)

Refresh Timing

o K
AD15-ADg " S

T4 T T T3 T4
oLKouT ' x__/—\x_/—\.__/ l___\—
— I‘—'DKP .
Aqg/PS3
-A16/PS0 ’ Invalid x
UBE /
tpKA—+l  |+— —»f Le— tHKA )

7

ADg-ADg ral

w_ | /TN

| 2
N
g

—»! {e—tDAFRL

> 1DKRL

MRD V . . . . f —__—

toKCT — ) {DKCT—»]
REFRQ ' ’ '

— |«—tDKBL —> r— tDKBH

BS2-BS0 \ BS2=1, BS1=0, BS0O=1 ;I

83-003617C
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Timing Waveforms (cont)

DMAU, DMA Transfer Timing

T4 T T2 T3 T4
VA SVA T A
1pKBL — —s [«—1DKBH

e 7
S =N N

le—tHKA
—tokp

Aqg/PS3-
A16/PSg K

toKA—»{ |e—

—»! fe—1trKa

&l
NN

2 -
AD1s-ADg s
K 7
IDKHDA ~—+]  [o— — l«—tDKHDA
.
DMAAK : ’ - : ]
: .
tokpL~—p] |e— +—1{DRHDAH
—»| fe—tpaFaL '
{DDARW —»} {RR. {DKRH
MAD, IORD
ik 7
. . toxeT —e]  Je— . —» je—1DKCT — l-—'DKcr
7 tDDARW —-’ twwt ! {DWHRH
« ] ——twwo.
. \ -
. WWR, iOWR }K_Earlywme mode. Y A |

83-0018478
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Timing Waveforms (cont)

DMA Timing

79717/

END/TC Timing
T Y2

T3 T4

cLKoUT / \ - .
{pKTCF
toxTeL
I‘- k—lnxmu

N

[e—rtreTeL:

lsaoxﬂ le— -~ -
[a—tEDEDL
END \

DMA Request Timing

DMARGn

SOaK

—

/

(n=0-3)

Cascade Mode, Normal Operalion

'snox—-——| 7 .
DMARQ )‘ ‘l

T T4
CLKOUT f
tspak .
s 3

tDKLOA
%
1¢

DMAAK

Cascade Mode, Refresh Cycle Insertion

})m

eukour _/—\_/—"‘\_/‘“‘\ /

' - toxoa—+]
., W

DMARQ / .

tokLDA ~>l
7
2

DMAAK

N

83-001826C
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Timing Waveforms (cont)

SCU Timing

RxD S
TOUTY ’

' Y A

- tspx > tHRY ———

YRAv)

16 or 64 TOUTI pulses

[————————16 or 64 TOUT! pulses

™D gl
N

[—— tpTX —

CLKOUT
{oksR—, -

SRBY ‘[(
X

tipipL
INTPn
(n=17)

83-0018498

ICU Timing

83-0040208
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Timing Waveforms (cont)

TCU Timing, Internal Clock Source

98D 15093

NE

T4~ 17/

D

CLKOUT

tsak
. le——tagL—>
TCTL2 3& Z‘ 3
u 7
— le— tpgTo [TOUT2] —»  loKTo [¢—
— r
TOUTn[n=1,2] )t
83-0027228
TCU Timing, TCLK Source
trkr tTkF TKTKH
ra—— toYTK I
TCLK f \ / \
RYKTKL
HTKG
- > tsark
tsaTk le— ﬁ tuTka
TCTL2
\_
| taat
toGTo —* —* tbrkTO
[TOUT2)
TOUTNn (n=1,2]
'

83-0018238

3-182




N E C ELECTRONICS INC 98 DEI k427525 0015094 9 I_

6427525 N E C ELECTRONICS INC

NEC

98D 15094

D
747-/776

uPD70216 (V50)

Functional Description

Refer to the uPD70216 block diagram for an overview
of the ten major functional blocks listed below.

Central Processing Unit-

The uPD70216 CPU functions similarly to the CPU of
the uPD70116 CMOS microprocessor, However, be-
cause the uPD70216 has internal peripheral devices,

: g;eon;'ialgr:g:::tis’fr(\gé?lt (CPU) its bus architecture has been modified to permit
K9 R sharing the bus with internal peripherals. The uPD70216
¢ Bus interface unit (BIU) . \ X -
s . CPU s object code compatible with both the 4uPD70108/
* Bus arbitration unit (BAU) PD70116 and the uPD8086/4PD8088 microprocessors
o Refresh control unit (RCU) H H H P :
¢ Wait control unit (WCU) Figure 1 is the uPD70216 CPU block diagram. A listing
¢ Timer/counter unit (TCU) of the uPD70216 instruction set is at the end of this data
e Serial control unit (SCU) sheet.
® Interrupt control unit (ICU)
¢ DMA control unit (DMAU)
Figure 1. uPD70216 CPU Block Diagram
Internal address/data bus (20)
~ > To8IU
ADM
PS | ] T-State
SS Control
DSy
DSy ) m
PFP Cycle Interrupt  [*— NM|
) DP Decision Control  fe— NT
TEMP (from tICU)
Qo Q4 U
[} Q Q
e Gontral Comiroy [+ GLOCK
L
L e
~ 1 _ _ BCU
o EXU
PC ive Add
vy D E"egle:es l'I;mress
BW
[
. C DW o [ o .
L padd D 2 " |28 Micro data bus
Y ’D Register ROM
BP
sP g
£s
ol |
T8 Shifter ﬂ Instruction Decoder j
ALY
[ ] [ ]
[esw K e

Subdata bus{16)

Maln data bus{16}

83-0018398

3-183



6427525 N E C ELECTRONICS INC

uPD70216 (V50)

N E € ELECTRONICS INC 98 DE. k42?525 0015095 0O l—

98D 15095 E 1C'

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).

Prefetich 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, 85, DSg, DS4]. The uPD70216
memory address space is divided into 64K-byte logical
segments. Amemory 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). 1/0 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 (DSg), and data segment 1 (DS4). The
following table lists their offsets and overrides.

Default
Ssgment Register Offset Override
PS PFP register Invalid
s  Sp register Invalid
§S Effective address (BP-based) PS, DSy, DS4
DSy Effective address (non BP-based) PS, SS, DSy
DSg IX register (1) PS, SS, DSy
DSy IY register (2) Invalid
Note:
(1) Inctudes source block transfer, output, BCD string, and bit field
extraction. -

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

3-184
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General-Purpose Registers. The uPD70216 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 specitfied implicitly in an in-
struction. The implicit assignments are:

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

AL  Byte multiplication/division, byte /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, IY]. 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

IX 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 (Overflow) ¢ MD (Mode)

e S (Sign) ¢ DIR (Direction)

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

o P (Parity)

e CY (Carry)



N E C ELECTRONTCS INC 98 dE]] wuzvsas oousoaw 2 ||

8427525 N E ¢ ELECTRONICS INC

NEC

When pushed onto the stack, the word image of the

88D 15096 D

uPD70216 (V50)

7-97/7-7/6

Figure 2. Dual Data Buses

PSW is as follows:

15 8
[mo' 1" 1"+ T v oR" E BAK]
7 0

I I 1 !
s 'z 0"ac" 0" P T 1 "oy |

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 manlpulated by using the POP PSW
instruction.

Between execution of the BRKEM and RETEM in-
structions, the native mode RET! 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 uPD70216 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 paraliel and avoid the bottleneck of a
single bus. For two-operand instructions and effective
address calculations, the dual data bus approach is 30
percent faster than single-bus systems.

Effective 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.

v s
< Registers <:>
Temporary
Reglsters/Shifters
16 16

N\ /

- )

e LA
Sub data bus Maln data bus
83-0038289

Flgure 3. Effective Address Generator

EA Generator

Effective Address

83-002737A

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

3-185
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Program Counter and Prefetch Pointer. The functions
of instruction execution and queue prefetch are de-
coupled intheyPD70216. 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
4PD70216 has added the following enhanced instruct-
ions. - :

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 Muttiply 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 muitiple

0UT™ OQutput multiple

PREPARE Prepare new stack frame

DISPOSE Dispose current stack frame

Unique Instruction Set

In addition to the uPD70216 enhanced instruction set,
the following unique instructions are supported.

Instruction Funetion

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

NOT1 Complement bit

REPG Repeat while carry set
REPNC Repeat while carry cleared
FPO2 Floating point operation 2

3-186

Bit Fields. Bit fields are data structures that range in
length from 1to 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
fength (0 = 1 bit, 15 = 16 bits) from the AW register to
the bit field addressed by DS1:1Y:reg8 (figure 4), The
bit fieid length can be located in any byte register or
supplied as an immediate value. The value inreg8 is a
bit field offset. A content of 0 selects bit 0 and 15 selects
bit 15 of the word DS0:IX points to. Following execution,
the IY 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 s less than 16 bits, itis 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 DS0:1X points to. Following
execution, the IX and bit offset register are updated to
point o the start of the next bit field.

Packed BCD Strings. These instructions are provided
to efficiently manipulate packed BCD data as strings
(length from 1 to 254 digits) oras abyte datatypewitha
single instruction. :

BCD string arithmetic is supported by the ADDA4S,
SuUB4S, and CMP4S instructions. These instructions
allow the soutce string (addressed by DS0:(X) and the
destination string (addressed by DS1:1Y) to be manip-
ulated with a single instruction. When the number of
BCD digits is even, the Zand CY flags are set according
to the result of the operation. If the number of digits is
odd, the Z flag wili 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 resulit.

The two BCD rotate instructions (ROR4, ROL4) perform
rotation of a single 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 uPD70216 instruction set. The
abllity to test, set, clear, or complementa single bitina
register or memory operand increases code readability
as well as performance over the logical operations
traditionally used to manipulate bit data.
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Figure 4. BIt Fleld Insertion

75991116

15 - 0

w . Y/

l Bitoffset Byte ofiset (I}
- : ~ .
\ /// ) e
4 ‘ .
1 } } !
Byte boundary Segment base (DS1)
83-000106B
Figure 5. Bit Fleld Extraction.
Bittength Bitofiset | Byle offset (IX) =
N : / NN\ -
( ; [// : ( B
t ﬂ 1 1
Byte boundary Segment base (DS0)
15 0
AW 0 / / /
83-000107B

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

A

Floating Point Operation Instructions. Two floating
pointoperation (FPO) instruction types are recognized
by the uPD70216 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.

8080 Emulation Mode. The uPD70216 CPU can operate
in either of two modes; see figure 6. Native mode aliows
the execution of the uPD8086/88, enhanced and unique
instructions. The other operating mode is 8080 emu-
lation mode, which allows the entire uPD808OAF
instruction set to be executed. A mode (MD) flag is
provided to distinguish between the two operating
modes. Native mode Is active when MD is 1 and 8080
emutlation mode is active when MD is 0.

Two instructions are provided to switch from native to
8080 emulation mode and return back. Break for
emulation (BRKEM) operates” similarly to a BRK
instruction, except that after the PSW has been pushed
on the native mode stack, the MD flag is cleared.

3-187
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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, DSg, DSy,
I1X, 1Y, AH and the upper half of the PSW registers are

inaccessible to 8080 programs.

1POBOBOAF pP070216

AL
CH
CL

Registers

DH
DL
BH

BL
BP
PC

cY
Z
S

Flags

P
AC

> -]
BoloNno| 8D |(zmo|ow>

Figure 6. uPD70216 Modes.

7', 6/ ? - / 7 ../¢
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
stack pointer by emulation mode programs.

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.

Either an NMI or maskable interrupt will cause the 8080
emulation mode to be suspended. The CPU pushes the
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.

Native Mode

Bus Hold

Standby Mode

RESET,
NMI, INT,

Emulation Mode

83-0038308

3-188
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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 the same as the BRK instruction
except that the saved PSW indicates 8080 emulation
mode.

To exit 8080 emulation mode, the return from emulation
(RETEM) instruction pops the PS, PC, and PSW from
the native mode stack and execution continues with
the instruction following the BRKEM instruction. Nest-
ing of 8080 emulatlon modes is prohibited.

Inlerrupt Operahon

The #PD70216 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 result of program
execution.

The two types of external interrupts are:

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

The six software exceptions are:

Divide error (DIV, DIVU instructions)

Array bound error (CHKIND instruction)
Break on overflow (BRKYV 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 a program.

Standby Mode

The uPD70216 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 control unit continue to operate as pro-
grammed.

During standby mode, the clock is distributed only to
the circuits required to release the standby mode.
When a RESET, NM|, or INT event is detected, the
standby mode is released. Both NMi and unmasked
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.

Oulpul Signal Status in Standby Mode
TAK, BUFEN, High level
MR , MWR, 10WR,
10RD UBE
BSp-BSg (Note 2) Sends halt status (011),
then remains high (111)
QS4-QSg, ASTB Low level

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

BUFR/W, High or low level

Aqg-A1g/PS3-PS,

AD15-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
000H ° —
Vectoro Divide Error
004H
Vector1 Break Flag
008H
Vector2 NMI Input
00CH [~ Dedicated
Vector3 BRK 3 Instruction
0t0H
Vector4 BARKY Instruction
014H
Vectors CHKIND instruction
018H - -
Vectors
[~ Reserved
07CH
Veclordi ]
080H -
Vector32 General Use
— ¢ BRK imm8 Instruction
® BRKEM Instruction
3FCH ® INT Input {Exlernal}
Vector 255 @ CALLN Instruction
83-000111A
3-189
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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 are required for frequency stability.
Their values can be calculated from the load capaci-
tance (CL) specified by the crystal manufacturer.

C1=C2=2(CL—CS) -

CS Is any stray capacitance in parallel with the crystal,
such as the uPD70216 input capacitance.

External clock sources (figure 9) are also accom-
modated by applying the external clock to the X1 pin
and its complement to the X2 pin. The CG distributes
the clock to the GLKOUT pin and to each functional
block of the uPD70216. The generated clock signal has
a 50-percent duty cycle.

Figure 8. Crystal Configuration

T99-/7 /6
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 BlU is also responsible
for synchronization of the RESET and READY inputs
with the clock. The synchronized reset signal is used
internally by the uPD70216 and provided externally at
the RESQUT pin as a system-wide reset. The synch-
ronized READY signal is combined with the output of
the wait contro! unit (WCU) and is distributed internally
to the CPU, DMAU, and RCU. Figure 10 shows the
synchronization of RESET and READY.

osc
Osclllator

HIH

C1x =RC2

Ci=C2=15t030 pF

. ———
———

{CLKOUT)

cLock _/—\__/—\___

Frequency Divider
+2] cLKOUT

CLOCK (to internat circult)

- ———
——

83-001822B

Figure 9. External Oscillator Configuration

Figure 10. RESET/READY Synchronization

uPD70216
X1 X2

External
Clock

83-002735A

3-190

CLOCK .
> 1
RESET cK{ RESOUT
o—_ D Q
| To internal
1 circuit

To internat
circuit

READY oK
o 4 a L -

83-002728A
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Bus Arbitration Unit

The bus arbitration unit (BAU) arbitrates the local bus
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 highest or
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.

If a 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. The BAU performs bus switching
between internal bus masters without the introduction
of idle bus cycles, enhancing system throughput.

System /0 Area

The 1/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 uPD70216 registers that

determine the 1/0 addressing, enable/disable periph-
erals, and control pin multiplexing.

170 Address Replster Operation
FFFFH Reserved -

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

FFF6H WCY2 Read/Write
FFF5H WCY1 Read/Write
FFF4H wMB Read/Write
FFF3H Reserved -

FFF2H RFC Read/Write
FFFH Reserved -

FFFOH TCKS Read/Write

On-Chip Peripheral Connection Register

The on-chip peripheral connection (OPCN) register
controls multiplexing of the uPD70216 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/SRDY/TOUT1 pins. Bit 0 of the

Figure 11. OPCN Register Format
7 6 6 4 3 2 1 0
|=1=]~=1=]msw | pr |opcn
- —
Pin Function | DMARQ3/RxD | DMAAK3/TxD | INTAKISRDY/TOUTY
00 DMARQ3 DMAAK3 INTAK
01 DMARQ3 DMAAK3 TOUT{
10 RxD T*D INTAK
11 RxD D SADY
—»1 Interrupt Request Switch INT1 INT2
00 INTP1 Pin| INTP2 Pin
01 scU | INTP2 Pin
10 INTP1 Pin| TOUT2
11 SCU TOUT2

83-0018278 |
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OPCN controls the function of the TNTAK/SEDY/ Internal Peripheral Relocation Registers
TOUT1 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
i bit 1 is cleared, DMA channel 3 /O signals will appear
| on the DMARQ3/RxD and DMAAK3/TxD pins. If the
SCU is to be used, bit 1 of the PF field must be set.

The five internal peripheral relocation registers (figure
13) are used to fix the I/O 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 /0
address. The individual DMAU low-address (DULA)
register, ICU low-address (IULA) register, TCU low-
address (TULA) register, and the SCU low-address
The on-chip peripheral selection (OPSEL) register is (SULA) register select the low-order byte of the 1/0
used to enable or disable the uPD70216 internal periph- addresses for the DMAU, ICU, TCU, and SCU periph-
erals. Figure 12 shows the format of the OPSEL erals.

register. Any of the four (DMAU, TCU, ICU, SCU)
peripherals can be independently enabled or disabled

On-Chip Peripheral Selection Register

The contents of the OPHA register are: .

by setting or clearing the appropriate OPSEL bit. 7 ’ OPHA 0
. . T T T T T T T
Figure 12. OPSEL Register Format Ais Aig Aig Az At Ao Ag As
7 6 5 4 3 2 1 0 ) The formats for the individual internal peripheral re-
[=T=]-=1—- [ss|1s|1s [os] opseL gisters appear below. Since address checking is not
performed, do not overlap two peripheral 1/0 address
spaces. - .
7 DULA 0
T T T T ] T T
l Ar A As Ay — - = - I
Peripheral 7 IULA 0
Selected Operation T T T T T ! T
DMAU | A7 A As Ay Az — — ALl
1cU 0 = Disabled
ol Tou | 1=Enabled 7 TULA 0
T T T T T T T
—»| scu . I A7 Ag As. Ay A3 — — Ag I
83-001813A
7 - . SULA 0
T T ] T T T ]
| A7 Ag As Ay A — — Ao J

Figure 13. uPD70216 Peripheral Relocation

64 K byle 1/O space

FFFFH Reserved
System /O Area 256 byte area
FFOOH -
/ST oo
p
— )/ TITIZITT) < roa

oPHAR2sS T sl
oo \ (VB

0000H

83-0027278
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Figure 14. Timer Clock Selection Register

T4T-17 /¢

7 (] 5 4 3 2 1 0

L= - —Jes2[csiJeso]

ps | veks

Internal Clock
Prescale Select Prescaled by:
00 2
01 4
10 8
ikl 16
Clock Selection Clack
for TCTn Input
"o T internal Ciock
1 TCLK Pin

83-0018198

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 is independently select-
ed from either the prescaled CLKOUT signal orfrom 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 outpuiting an 8-bit row
address on address lines Ag-A; and performing a
word-aligned memory read bus cycle. Both UBE and
Ag are asserted to allow the refresh of both the even
and odd memory banks. 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 1/0 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 uPD70216 utilizes a refresh request
queue to store refresh requests and perform refresh
bus cycles in otherwise idle bus cycles.

The RCU normally requests the bus as the lowest-
priority bus requester (normal mode). However, if
seven refresh requests are allowed to accumulate in
the RCU refresh request queue, the RCU will changeto

the highest-priority bus requester (demand mode).
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. ' i

The refresh count interval 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 4PD70216 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 BESET is
asserted.

Figure 15. Refresh Control Register

7 6 5 4 3 2 1 0
RE| — | =] RTM ] arc
Refresh Timer | N (Timer Factor)
00000 17
00001 18
00010 19
00011 20
00100 5
00101 []
11110 N
1111 32
Refresh Enable| F)
0 Disables Refresh
i Enables Refresh
83-001814A

3-103




N E C ELECTRONICS INC 98 DEJj wuavsas oousios o ff

6427525 N E C ELECTRONICS INC 98D 15105 L

NEC

79917 /e

uPD70216 (V50)

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 1/0 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 1/0 area registers that control the
WCU are walit 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 wiil 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 uPD70216 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
space into 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.

7 6 5 4 3 2 1 0
[T v [—] ums jwms
1.
. b;";:: mzmg;; :m'{ g:z: Memory Block Size (KB)
000 32
001 64
010 26
011 128
100 192
101 256
10 384
111 512
FFFFFH Higher Memory Block }Speclﬂad by the UMB Field
Middie Memory Block
Lower Memory Block }Spacllled by the LMB Field
00000H
NOTE: 1. By default, the address space remaining between
the UBM and LBM Is the middle memory block.
83-0018208
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Figure 17. Walit Cycle 1 Register

Figure 18. Wait Cycle 2 Register

76543210
[ low Jumw]mmw]Lmw] wevs

[ Lower Memory Block Wait States

Middle Memory Block Walt States| number of
Upper Memory Biock Wait States | Walt States
110 Wait States

00
01
10
L

WIN|=|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 § 4 3 2 1 0
[=1—=]—=]—=Tomaw T rFw Jwor2

Refresh Walt States| Number of
DMA Wait States Wait States
00 0
01 1
10 2
1 3
83-001815A

u#PD71054 Programmable Timer/Counter. Figure 19
shows the internal biock diagram of the TCU.

The TCU has the following features:

e Three 16-bit timer/counters

¢ Six programmable count modes

¢ Binary/BCD counting

¢ Multiple latch command

e Choice of two clock sources -

TCLK (EXT) GLOCK  1eTLO=High TCTLi=High TCTL2 (EXT,
L
10RD IOWR A4 Ay TUS - . . TOUTO (to ICU) TOUT1 (EXT) TOUT2 (EXT)
rescaler
—» To ICUISCU
Mux Mux
TCTO CLK CLK CLK
B r— = i |
Read/Write Control : {
Clrcult i Control Lagic =l
- |
|
| ' R
| |
{ Status Down Counter (16) | TcT Ter2
| Register |
I . (8) (16) |
] (16)] |
T™D "Le | L8 [
(Mode { Status ._'i(g)_l. ..(_)_. _I’.{.(s.)_l_ 5_)- |
Reglster) Latch —*1 Count Count [+ i
: Register Latch | -
L} e ——_——— | d
ik ~ = 10
) : Intarnal Data Bus . {
83-0035168
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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 /0O instructions to
the 1/0 port addresses programmed in the OPHA and
TULA registers. The individual TCU registers are
selected by address bits Ap and A4 as foliows.

A2 Ay Register Operation

0 0 TCTO Read/Write
TSTO Read

0 1 T OTCT _Read/Write
- TSTH Read

1 0 TCT2 Read/Write
TST2 Read
1 1 TMD 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 tatch 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. )

3-196
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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 3 is 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. For counts of N = 2, use mode 2.

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 uPD70216 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 38.4 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 and transmitter empty interrupts

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 aliows 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.

7471716
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Figure 20. Timer Mode Register

T 47171

7 [:] 5 4 3 2 1 0
D] sc | RwM | CMODE | 8D |
L Blnary or BCD Count
0 Binary
1 BCD
Count Mode Mode
000 [
001 1
x10 2
x11 3
100 4
101 5
He;«:g:h:lte Opsrailor!
00 Counter Latch Command
01 Lower Byte Only
10 Higher Byte Only
1 Lower Byte Foliowed by
Higher Byte
»1 Select C Operation
00 TCT0
01 TCTH
10 TCT2
1" Multiple Latch Command

Note: x = Don't care

7 6 5 4 3 2 1 9 .
o] sc¢ [ofofoJoTool]
SC Counter to be Latched
00| TCTo
ot TCT
10 TCT2
. 7 6 5 4 38 2 1 ¢
™D} 1 | i JcL[st]cra[en]cto] o |

L |

<,

o O )

TCTn not selected

—_

0
1 TCTn selected
Status Latched Operatlion
0 Latched
1 Not Latched i
Count Latched Operation ‘
0 Latched d

1

Not Latched

83-0018178
Figure 21. TCU Status Register
7 [} 5 -4 3 2
Tsm]oL | Nc|[ mrwm | cmopE
Indicates the current mode setting.
The Ing of each field Is the same
as that of the TMD register.
Null Count Count Data
0 - Valid
1 invalid
Ouiput Level Leve!
0 Low
1 High
83-0018218
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Figure 22. TCU Waveforms (Sheet 1 of 3)

Mode 0

cCW 10H

TOUT
Count Value i n I n-1 j| n-2 | 0003H l 0002H l 0001H | 0000H IFFFFH I FFFEH IFFFDHI 0002H

_ B 3 LB 4 N
IOWR \ ’ \ ’ . .
TOUT

CountValue | n .| n-1 |0003H | 0002H | 0004H | 0003H | o002H | o001 | cooon | Freen| Feren
owR 1B 3
TCTL2 \ |
Tout2 - :
CountValie | n | n-1 | 0003H | oo02H | 00ozH [ o001H | ooook | Feren | erren lFFFDHI FFFCH
Mode 1

ez ify 11 ] b1 BT | I

TOUT2
Count Value | n l n-1 I n-2 | 0002H I 0001H | 0000H |FFFFH 0002H | 0001H | 0000H |FFFFH [OOOZH { 0001H I 0002H l 0001H |

— V.a:a[
et ‘|] ﬂ ________________ 1‘. ﬂ _____________________

TOUT2

Count Value I n ] n-1 | n-2 | 0005H l 0004H I 0003H | 0002H l 0003H I0002H ] 0001H | 0000H
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Figure 22. TCU Waveforms (Sheet 2 of 3)

~ Mode 2

o LAV MU AU LU

— LB=3
IOWR

TCTL ‘ ‘

TOUT { ’
Count l n I n-1 I 0003H I 0002H | 0001H | 0003H l 0002H | 0001H | 0003H l 0002H , 0002H l 0003H I 0002H | 0001H

Value

—_— LB=¢ LB=4
IOWR l I
TOUT ’
‘{,g‘,‘l',‘é l n l n-1 I 0006H I 0005H I 0004H ' 0003H I 0002H | 0001H | 0004H l 0003H I 0002H
Mode 3 .
TOWR LB=4

TOUT ) . l _ J . - l—-‘ 0004H

n l n-1 | 0004H ' 0002H l 0004H l 0002H I 0004H l 0002H I 0004H ’ 0004H

TOUT l f
0004H

Count n l 0-1 | 0004H I 0002H I 0000H | 0004H ’ 0002H | 0004H l 0002H l 0000H |
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Figure 22. TCU Waveforms (Sheet 3 of 3)
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IOWR

Count Value

TCTL

TOUT
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TOUT2

Count Value

TCTL2

TOUT2

Count Value

Mode 4
CLK

LB=4

TOUT .

l n I n-1 l-OOOdH I 0003H ‘ 0002H | 0001H . 0000H | FFFFH IFFFEH'FFFDH‘ FFFCH

S L8=4
TOWR —\___f

s

| n l n-1 | 0004H l 0004H l 0004H ‘ 0003Hrl 0002H | 0001H . 0000H | FFFFH l FFFEH

—_— LB=5 L8 =3 -
TOWR U \ [

TOWR

| n I n-1 | 0005H | 0004H l 0003H I 0002H l 0003H l 0002H 10001H l 0000H | FFFFH

I n | n-1 |uoo4H|oooaH|ooozH|ooo1HlooomH|FFFFH|FFFEH|0003H|W02H
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Figure 23. SCU Block Diagram
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F] Read/Write
a Control “ A2
g je————A
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& { gister) S
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3 SRB [ e RTCLK (from TCU)
s (Receive Data (8) Recel ‘Buﬂer)" SRDY
5 Buffer) RAxD
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2
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8 :: > ST8 Transmitt >
& (Transmit Data (8) \ (Ineludi "“er " ™D
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a :;
E
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(Made Register) 'l/ 5
o
0
@
SIMK (interrupt {nterrupt
<:> Mask Register) ™ ™™ Generation Logic J—————"SINT {to ICU}
~J ~J
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Recelver Operation

While the RxD pin is high, the SCU is in an idle state, A
transition on RxD from high to low indicates the start of
anew serial data reception. 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 zero 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

stream (L.SB to MSB) and an optional parity bit. One or
two stop bits are then appended, depending on the
programmed mode. When the character has been
transferred from the STB, the TRBDY bit in 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 SRB s full, and receive
interrupts are unmasked.

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

3-201
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SCU Registers and Commands

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

A2 A Reglster QOperation
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 bit7 is cleared to 0. If programmed
for 7-bit characters, bit 7 of the STB is ignored.

Figure 24. SST Register

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 efror fiag is set, it
remains setuntil aclearerror flags command is issued.

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 ocourrence
of RBRDY and TBRDY interrupts. When an interrupt is
masked, it is prevented from propagating to the inter-
rupt control unit.

7 6 5 4 3 2 1
sst[ 1 Jexo] Fe Jove| PE | 1 [reroY| TBRDY
it Buffer Ready Operation
0 STB Full
1 STB Empty
Recelve Buffer Ready Operation
4 [] SRB Emply
1 SRB Full
Parity Error Operation
" 0 No Error
1 Error Occurred
Overrun Error Operation
0 No Error
1 Error Occurred
Error Operation
0 No Error
Error Occurred
Break Operatlon
0 Normal Reception
1 Break Detected
83-0018328
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Figure 25. SCM and SMD Registers

T-49-17-16

SCM Register

7 [} 5 4 3 2

10
scm[ — T— TwRDY] EcL [serk] RE | — ] 7€ |

i O

p

Transmitter Disabled

Transmitter Enabled

Tt 0 1

P

Recelver Disabled

Receiver Enabled

Send Broak

Operation

Normal Operation

1

XD = 0 (Break)

Error Clear

Operation

SMD Register

0 No Operation

1 Error Fiag Ciear
MRDY Mask Ready

0 SRDY = 1 {Mask)

1

SRDY Output

Normal Operation of

Baud Rate Factor Operation

o- Illegal

10 RTCLK Frequency + 16

11 RTCLK Frequency + 64
Ch ter Length Operation

0 illegal

10 7 Bit Characters

1 8 Bit Characters

Parity Select Operation

-0 No Parity
01 0dd Parity
H Even Parity

Stop Bit Length Operation
-0 filegat
01 1 Stop Bit
11 2 Stop Bits

83-0018368
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Figure 26. SIMK Register . The ICU has the following features.
« Eight interrupt request inputs
7 6 6 4 8 2 109 e Cascadable with uPD71059 Interrupt Controilers
smk[= === =] —]m[r~u] e Programmable edge- or level-triggered interrupts

(TCU, edge-triggered interrupts only)
o Individually maskable interrupt requests

Operation e Programmable interrupt request priority

Trecel o 1 Unmash e Polling mode

Int Mask 1 [ Mask

Transmitter | 0 | Unmask ICU Registers

ntMask  11] Mk Use I/0 instructions to the 1/0 addresses selected by
83-002736A the OPHA and 1ULA registers to read from and write to

. the ICU registers. Address bit Aq and the command

Interrupt Control Unit ) ’ word selects an ICU internal register.

The interrupt control unit (ICU) is a programmable

interrupt controller equivalent to the uPD71059. The ’ A;  Gther Condition Operation
|1CU arbitrates up to eight interrupt inputs, generates a Read 0 IMD selects IRQ CPU < IRQ data
: CPU interrupt request, and outputs the interrupt vector 0  IMD selects lIS CPU «—IIS data
; number on the internal data bus during an interrupt 0 Polling phase CPU < Polling data
: acknowledge cycle. Cascading up to seven external T - CPU «— IMKW
slave uPD71059s permits the uPD70216 to support up Write 0 Dd=1 CPU — 1IW1
to 56 interrupt sources. Figure 27 is the block diagram 0 D4=0andD3=0 CPU — IPFW
for the ICU. 0 D4d=0andD3=1 CPU — IMDW
; 1 During initialization ~ CPU — W2
! 1 CPU — 1IW3
; 1 CPU — lIW4
1 After initialization CPU — IMKW

Note:

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

Figure 27. ICU Block Diagram

Initialize and ———* SAo ——*oADg
N G d Word Slave Contro)  |——— SA; }To BIUJ ——0ADg
ORD ] Reglster Group | +sa, ——+0AD10
OWR-+ Y !
Az>) Read]Write
Are] Contro! — - Control Logle le—————T1NTAK (from CPU)
s 1 |- INT {to CPU)
. ~TOUTO (from TCU}
TOUTH {from TCU)
J SINT {from SCU)
Priority HNTo 1
p, Dele{gg?:non K LINT4 | Mux | INTP¢
In- o | interrupt [NT2 INTP2
service Request [INTa——— —@INTP3
Register Register | INTP, i
(is) (4RQ) INT4 4 tExternal Pins
Interrupt HINTs———°INTP; :
Mask LINTg—————INTPg :
Register H
(MK} INT;—————INTP7 :
\/L U U ':
Y Internal Data Bus Lower 8 Bits b} :
83-0018258
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Initializing the ICU

The ICU is always used to service maskable interrupts
in a uPD70216 system. Prior to accepting maskable
interrupts, the ICU must first be initialized (figure 28).
Following initiaiization, 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 (HW1-11W4) 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 (IIS) register,
and the nesting mode.

The initialization words are written in consecutive
order starting with HW1. IIW2 sets the interrupt vector.
IW3 specifies which interrupts are connected to slaves.
IIW3 is only required in extended systems. The ICU will
only expectto receive I IW3 if SNGL =0 (bit D4 of 1IW1).
1iW4 is only written if 114 = 1 (bit Dg of IIW1).

puPD71059 Cascade Connection

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

Figure 28. Initialization Sequence

slave uPD71059 INT output is routed to one of the
pPD70216 INTP inputs. During the second interrupt
acknowledge bus cycle, the ICU places the slave
address on address lines AD4g-ADg. Each slave com-
pares this address with the slave address programmed
using interruptinitialization word 3 (1IW3). If the same,
the slave will place the interrupt vector on pins AD;-
ADg during the second interrupt acknowledge bus
cycle.

Flgure 29. Interrupt Initializatlon Words 1-4

Bils SNGL and {14 are set.
The default Initialization
is periormed.

SNGL=0, l4=1 SNGL=0, ll4=0

I
I wws T wws |

&= ] A ]

SNGL=1, l14=1 SNGL={1, 14=0

initiatization
Completed

83-001810A

D7 D6 D5 D4 D3 D2 D1 DO

uwt | ~ | — ] ~7] 1 [Lev] — [sne] ua |
|-> Writes {IlwW4 Operation
0 IIW4 Not Required
1 HIW4 Required
Single Mode Mode
o Extended Mode (Slave Controllers)
1 Single Mode (No Siave Controliers)
LevelTriggerad
> Mode Mode
0 Edge Trigger (Rislng Edge)
1 Level Trigger (Active High)

D7 Dg Ds Ds D3 D2 Dy Do

w2l i Vel VvsTvalval =T =T=1]
> Higher 5 bits of interrupt

vector number

D7 Ds Dg Ds D3 D2 Dy Do
||W3I S7 ] Sg I S5 l S4 ‘ S3 I Sz I S I 0 l
L. 1 1 i 1 1 ]

Slave Connection
Status Status
INTh s not a slave
0 Input
1 INTn Is a slave input

Dy Dg Ds Ds Dz D Dy Do

nwal o ! o | o [ExTN] — [ — [sr] 1 |
Self Finish -
Interrupt Operation
0 Fl Command Mode
1 Self Finish Mode
External
Nesling Mode Mode
0 Normal Nesting
1 Extended Nesting

83-0027268
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Figure 30. Command Words
Dy Dg Ds Dy D3 D; Dy Dg
MKW | M7 | Mg | M5 | Mg M3 [ M2 | My | Mo ]
Interrupt Request Mask Operatlon
0 INTn not Masked
1 INTn Masked
D7 Ds Ds Ds D3 D2 Dy Do
rrw fRPsIL] A | o [ o [it2]ifo]
LK K]
[interrupt] 0 | o [ o {invo
Level [o | o[ 1iNTI
041 0 |INT2
01 1 |INT3
1 0| 0 |INT4
1 0] 1 ]INTS
1 1] 0 JINT6
1 1 1 | INT7
A 3
0)0]|1 No Rotation| Normal Fi Command
No Level
11011 Specification j Rotation Normal Rotatlon
Fl Command
Fl
olt |1 No Rotatlon| FI Command
Command for Speclication
Rotate Priority t]l141 Level Rotatlon Specified Bit
Specity Interrupt Level, Specification Rotation FI Command
Finish Interrupt 0j1]o No Rotation| No Operation
M 1]1]o0 Rotation Specified Bit
Nor-Fi Rotation Command
o}o o [Command No Rotation| Self FI Mado
No Level Rotation Reset
Specification
1]o]o Rotation Self Fl Mode
Rotation Set
Do
mow[ — [swmlexcenf o | 1 froL] sr [isir]
Select Register | In-Service/Request Reglst Read Register Selectl
to Read Select
[} —_ No Operation
1 0 IRQ Selection
1 1 11S Selection
Polling Mode Polling
0 No Operation
1 Polling Command
Set Nesting Exceptional Nesting Mode 2
Mode Nesting Mode
0 1 No Operation -
1 0 Exceptional Nesting Mode Rel
1 1 Exceptional Nesting Mode Set
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Figure 31. LPD71059 Cascade Connection
#PD70216
ASTB
A19lPS3-A1/PSq Address |LA4
AD¢5-ADg Latches ) 5 0.Lag
. uPD71059
AD7-ADy D7Dy INTP
INTPy |—
—] Ao INTPz —
1ORD RD  INTP; |—
TOWR WR  INTPs —
—{CS  INTPs|—
INTPg —
INTPn INT__ INTP; }—
INTAK INTAK
SA2-SAp
83-0027388

DMA Control Unit

The DMA Control Unit (DMAU) is a high-speed DMA
controller compatible with the uPD71071 DMA Con-
trolier. The DMAU has four independent DMA channels
and performs high-speed data transfers between
memory and external peripheral devices at speeds as
high as 4 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 controliers
20-bit address registers

16-bit transfer count register

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

Forced termination of service by END input

DMAU Basic Operaiion

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.

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. If
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 reloaded
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)
¢ 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 reads an 1/0 port
and writes the data to memory. During memory-to-I/0
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 — (/0 10WR, MRD

DMA write /0 — Memory T0RD, MWR

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

A Address Incrementer/

DMAU Address Bus (20 Decrementer
Internal Address Bus { (20) ) (20)
Internat Bus ()
Interface
Address
internal Data Bus <LTL> Register | [ Current Address (20x4) Control Reglster Group
| Base Address (20x4) Channel (4]
internal Control Bus ress (20x )‘I I @ I
| Device Control (10} I
BUSRQ «— y A
BUSAK ~—— Ko DMAU Data Bus y [ Status (8) |
() I Mode Control {7x4) |
Count
Register | [ Base Count (16x4) | I Mask (4) ]
DMARQ3-0 |::> [_current Count (16x4) |
Priority Control
DMAAK3-0 ¢ ’ ()
Terminat Count Count
ENDITC B e | N Decrementer {16)

83-0018308

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
that in bus release mode, only one 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 regardless
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.

3-208

Figure 33. Bus Modes

Bus Release Mode

Right to Use ’

Bus cPU

Service DMAU

Channel - CHO CHt CH2 CH3
Bus Hold Mode

Rightto Use

Bus cPU

Service DMAU - - -

Channe! CHOiCH1§CH2§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.

Transfer Moda Termination Conditions

Single After each byte/word transfer
Demand END input
: Terminal count
Inactive DMARQ

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

Block END input
Terminal count
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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 or word,
the DMAU enters the slave mode regardless of the state
of DMA request inputs. [n 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 or word, the DMAU terminates the
channel’s service even if the DMARQ request signal is
asserted. The DMAU will then service any other
requesting channel. If there are no requests from any
other DMA channels, the DMAU 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 that channel 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 after the current channel
service is complete.

Block Mode Transfer. 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. ’

T-49-17-16 -
Byte/Word Transfer

The DMD register can specify DMA transfers in byte or
word units for each channel. Addresses and count

registers are updated as follows during byte/word
transfers.

Byle Transfer Word Transfer
Address register +1 +2
Count register -1 -1

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

Ag UBE Data Bus Sfalus
0 1 Dy7-Dg valid

1 0 D45-Dg valid

0 0 D45-Dg valid

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 count registers 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, channe! 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 channels and the lockout of lower-priority
DMA channels.
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Figure 34. Transfer Modes

Qs Mode Bus Releass Bus Hold
Transfer Mode’
l
DMA Transfsr

|

DMA Transter

o

— 1

i g DMA Trans(er DMA Transfer

Demand
:New seN[ces
DMA Transfer
£
Block ‘
|
i
i

Slave State

Service of
{ Stave State ’ Other Channel

83-001856C
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Cascade Connection

Slave 4PD71071 DMA Controllers can be cascaded to
easily expand the system DMA channel capacity to 16
DMA channets. Figure 36 shows an example of cascade
connection. During cascade operation, the DMAU acts
as a mediator between the BAU and the slave
#PD71071s. All other bus outputs are disabled while a
slave DMA controller is active.

Figure 35. Priority Order

T-49-17-16 -

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 requestsare
held pending while a slave yPD71071 channel is in
service. When the cascaded 4PD71071 ends service
and moves into the slave 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 Rotating Priority Highest
Lowest Lowest
; & w 5 5 5
83-0038198
Figure 36. uPD71071 Cascade Example
f————
DMA1
F——
DMA2
———
DMA3
DMAAK —DO—v HLDAK ™ bma¢
Cascade - —
Channel | pmaRa e HLDRQ N
DMAS
| —————
DMAU .
{(Master) —— DMA6
DMA7
e
rPD71071
(Slave)

83-0018578
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Bus Waiting Operation

The DMAU will automatically perform a bus waiting
operation (figure 37) whenever the RCU refresh request
queue fills. 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 I/0 port address of the DMAU. Addresses
Ag-Ag are used to select a particular register as foliow:

A3 A AN A Register Operation

0 0 0 0 DICM Write

0 0 0 1 DCH Read/Write
0 0 1 0 DBG/DCC (low) Read/Write
0 0 1 1 DBC/DGC (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 /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

3-212

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 OUT
instruction.

Channel Register. Writes to the DMA channel (DCH)
register (figure 39) select one of the four DMA
channels for programming and also 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
register is 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
i ] l | I 1 !
[c; ' ce cs € Cs G Gy Go |
7 3H, IN/OUT 0

T T T | T n T
|C15 Ciy Ciz Ci2 GCi1 Ciw GCg CBJ

Address Register. Use either byte or word 1/O 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 registeris cleared, a
write to the DMA address register updates both the
DMA base address (DBA) and the DMA currentaddress
(DCA) registers with the new address. If bit 2 of the
DCH register is set, a write to the DMA address register
affects only the DBA register.

7 4H, IN/OUT 0
[ a7 A A5 Ac A A AL Ao |
7 5H, IN/OUT 0
LA15' /’~14| /’«13l A12I Ay l A1ol Ag l Asg |
7 8H, IN/OUT 0
I'—I—I_1_IA19IA181A17IA16J




N E ¢ ELECTRONICS INC 948 DEI k427525 0015124 3 r

6427525 N E C ELECTRONICS INC 98D 15124

NEC | ©PD70216 (V50)

T-49-17-16

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 isupdated by two during word transfers and by
one during byte transfers.

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

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-TCyp) or if a
DMA service request is present (RQ3-RQg). The byte
IN instruction must be used to read this register. -

Figure 37. Bus Walting Operation

D

3

Other
Bus Master

Other

I " bMAY RCU | DMAU I Bus Master

oMARe -/ - \
DMA BUSAK / \ / \ .

Approx 2 Clocks

 —

DMA BUSRQ / \ / \

Bus Waiting State
e

83-0018588

Figure 38. DMA Initlalize Command Reglster

Initialize .
7 6 5 4 3 2 1 0
i~ ] -] —T =T —=T—=T1 0o [res]oureyeany

(-]

No operation
Reset

Reset

-

Note:

[1] The DMAU inltializes as follows:
Register Initialization Operation

Initialize Clears all bits

Address No change

Count No change

Channe! Selects channel 0

Mode Control Clears all bits

Device Control  Clears all bits

Status Clears all bits

Mask Sets all hits [masks all channels)

83-0018598
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Channel Register Read
7 6 5 4 3 2 1 0

| = [ — T = [sase]seLs}seLa]seL|seELo] IN  (Byteonty)

0001

Channel 0

calactad | 0010

Channel 1

Channel |0100

Channet 2

1000

Channel 3

0

Base Only

Current (read), Base -
and Current (write)

Base (read/write)

Channel Register Write
7 6 5 4 3 2 1 0
w] =] =T =T —] — [sase] sercH | out(Byteoniy)
| I .
00 | Channel 0
Select 01 } Channet 1
N 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
si [ — [ — Jexw[rot[ = Jooma] — | — | mvour
Disable DMA | 0 | Enable
Operation{!! | 1 | pisable
0 | Fixed
Frlority 1 | Rotational
Extended 0 | Normal
Writing (2} 1 | Extended
7 6 5 4 3 2 1 0
o[ — T —T =T =T — [ — [wev]enp] inour
Bus Mode 0 | Bus Belease
— 1 | Bus Hold
Wait Enable | O | Disable
During Verify®Y { | Enable
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 signat becomes active during T2, T3, and TW [like
the read signall.
[3] Walt states are generaled by the READY signal during a
verify transfer. T
83-0018638
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7 6 5 4 3 2

1]

08H | RQg [ RA2 | Ra1 [ Rag [ TCa [ 1ca [ TC1 [ TCo ] IN  (Byte oniy)
—— T T T

| Terminal L Not ended (for each read)
Count 1 { END or terminal
count
0 | No DMA request active
DMA 1 | DMA request active
Request
83-0018608
Mode Control Register. The DMA mode (DMD) register
(figure 42) selects the operating mode for each DMA Reglster Reset Value
channel, The DCH register selects which DMD register System OPCN ----0000
will be accessed. A byte IN/OUT instruction must be 110 area OPSEL ----0000
used to access this register. wey1 11111111
Mask Register Read/Write. The DMA mask (DMK) i e
register (figure 43) allows software to individually AFC x--01000
enable and disable DM_A channels_. The DMK register SCU SMD 01001011
can only be accessed via byte I/0 instructions. SCM --0000-0
SIMK e 11
Reset 8ST 10000100
The falling edge of the RESET signal resets the [D)l\cn':) 66633303
#PD70216. The signal must be held low for at least four - -
clock cycles to be recognized as valid. DMAU DDG (low) --00-0--
DDC¢high)y  aaee-- 00
DST xxxx0000
GPU Reset State
Register Reset Value DMK oo
PFP 0000H Symbols: x = unaffected; 0 = cleared; 1 = set; (-) = unused.
PC 0000H
Ps FFFFH Output Pin Status
SS 0000H . . . .
0S0 0000H The following table lists output pin status during reset.
DS1 0000H
PSW FOO2H Signal Status
AW, BWﬁCW, bW, Undefined INTAK, BUFEN, BUFR/W, High level
X, 1Y, BP, SP MRD, MWR, END/TC, IOWR, [0RD,
Instruction queue Cleared REFRQ, UBE, BS,-BSg, BUSLOCK,
a RESOUT, DMAAKE—ER‘TFKKU
When RESET returns to the high level, the GPU will 951050, ASTB, HLDAK Low level

start fetching instructions from physical address
FFFFOH.

{nternal Peripheral Devices

Internal periphera! devices initialized on reset are
listed in the following table. I/O devices not listed are
not initialized on reset and must be initialized by
software.

Aqg-A16/PS3-PSg, TOUT2
AD45-ADg
GLKOUT

High or low level

High impedance

Continues to supply clock
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Figure 42. DMA Mode Reglster
7 6 5 4 3 2 1 ]
oaH | Tmooe Jaor|aum| TOR | — | wiE |
L1

Wordibyte | 0 | Byte
transfer 1 | Word

00 | Verify
Trans 01 | 1/0-to-memory
Direction 10 | Memory-to-l/O

11 | Not allowed
Auto- 0 | Disable
Initialize 1 | Enable
Address 0 { Increment
Direction 1 | D

00 | Demand
Teancf 01 | Single
Mode - [ 10 | Block

11 | Cascade

83-001861B
Figure 43. DMA Mask Register
7 6 5 4 3 2 1 0
ofH [ — T — ] — ] — ] ™| m2] mi | mo | mvour (Byteonty)
DMARQ 0 | Not masked
Mask 1 ked
83-0038298
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Instruction Set
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Meaning

3/4-bit immediate bit offset

8-bit immediate operand

16-bit immediate operand

Symbols L Symbal
Preceding the instruction set, several tables explain !mm3/ 4
symbols, abbreviations, and codes. imm8
imm16
Clocks mem

Inthe Clocks column of the instruction set, the numbers

Memory field (000 to 111);
8- or 16-bit memory location

cover these operations: instruction decoding, effective mem8

8-bit memory location

address calculation, operand fetch, and instruction  memis

16-bit memary location

execution. mema32

32-bit memory location

Clock timings assume the instruction has bsen pre- memptri6
fetched and is present in the six-byte instruction

Word containing the destination address
within the current segment

queue. Otherwise, add four clocks for each pair of memptr32
bytes not present.

Double word containing a destination
address in another segment

Word operands require four additional clocks foreach ~ mod

Mode field {00 to 10)

transfer to an unaligned (odd-addressed) memory  near_iabel

Label within the current segment

operand. These times are shown on the right-hand side

f the slash (/ near..proc Procedure within the current segment
0 slas .
e ) offset Immediate offset data (16 bits)
For conditional control t.ransfer.or branc_h mstrgctlong., pop_value Number of bytes to discard from the stack
the number on the left side of the slash is applicable if Register field (000 to 1111 -
the transfer or branch takes place. The numberonthe "9 eister field (W0t 1),
. A o5 s 8- or 16-bit general-purpose register
right side Is applicable if it does not take place. - -
- L . . reg8 8-bit general-purpose register
If a range of numbers is given, the execution time reg16 16-bit general-purpose register
depends on the operands involved. —— — —
regptr 16-bit register containing a destination
address within the current segment
Symbols
regptri6 Register containing a destination address
Symbol Meaning within the current segment
ace Accumulator (AW or AL) seg Immediate segment data (16 bits)
disp Displacement (8 or 16 bits) short_label Label between —128 and +127 bytes from
dmem Direct memory address the end of the current instruction
dst ’ Destination operand or address sr Segment register
ext-disp8 16-bit displacement (sign-extension byte sre Source operand or address
+ 8-bit displacement) ' temp Temporary register (8/16/32 bits)
far_fabel ls.:g::e\rn]/:thin a different program tmpey Temporary carry flag (1 bit)
- AC Auxiliary carry fla
far_proc Procedure within a different program y ry’ g
segment AH Accumulator (high byte)
fp_op Floating point instruction operation AL Accumulator (low byte)
imm 8- or 16-bit immediate operand AND Logical product
AW Accumulator (16 bits) .
BH BW register (high byte)
BL BW register (low byte)
BP BP register [
§
BRK Break flag :
BW BW register (16 bits) ;
CH CW register (high byte)
CL CW register (low byte)
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Symbols (cont) Flag Operations
Symbol Meaning Symbol Meaning
cw CW register (16 bits) (blank) No change
cY Carry flag ¢ Cleared to 0
DH DW register (high byte) 1 Setto 1
DIR Direction flag X Set or cleared according to result
DL DW register (low byte) u Undefined
DS0 Data segment 0 register (16 bits) R Restored to previous state
DS1 Data segment 1 register (16 bits) .
ow DW register (16 bits) Memory Addressing Modes
IE Interrupt enable flag mem mod =00 mod =01 mod = 10
IX Index register (source) (16 bits) 000 BW +IX BW + IX -+ disp8 BW + IX - disp16
M ~ Index register (destination) (16 bits) 001 BW 1Y BW -+ IY + disp8 BW + IY + dispi6
MD Mode flag ) 010 BP +IX BP -+ {X - disp8 BP + IX 4 disp16
OR Logical sum o1 BP +1Y BP + 1Y + disp8 BP + 1Y -+ disp16
P Parity flag 100 X IX + disp8 IX + dispi6
PC Program counter (16 bits) 101 Y 1Y + disp8 1Y + disp16
PS Program segment register {16 bits) 110 Direct BP + disp8 BP 4 disp16
PSW Program status word (16 bits) 111 BW BW + disp8 BW + disp16
R Register set .
S Sign extend operand field Reglister Selection (mod = 11)
S0 Moot e @
operand 000 AL AW
S Sign tiag 001 cL cw
SP Stack pointer (16 bits) 010 DL ow
SS Stack segment register (16 bits) o1t BL BW
v Overflow flag 100 ' AH SP
w Word/byte field (0to 1) 101 CH BP
X, XXX, YYY, ZZ2Z Data to identify the instruction code of the . 110 DH IX
external floating point arithmetic chip m BH Iy
XOR Exclusive logical sum
XXH Two-digit hexadecimal value Segment Register Selection
XXXXH Four-digit hexadecimal value or Segment Reglster
Z Zero flag 0 DS
() Values in parentheses are memory contents ot PS
h Transfer direction 10 SS
+ Addition ” DS0
- Subtraction
X Multiplication
+ Division
% Modulo
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Instruction Set i
- Opcode Flags
Mnemonic Operand - 765432106 7605843210 Clicks Bytes ACCYV P S 2Z
Data Transfer Instructions
MoV reg, reg 1000101W 11 9reg reg 2 2
mem, reg 1000100W mod reg mem 7M1 24
reg, mem 1000101W 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 101000 0W 10/14
dmem, ace 101000 1W 9/13
sr, reg16 10001110 110 sr reg 2
sr, mem16 10001110 mod 0 sr mem 10/14 24
reg16, sr 10001100 110 sr reg 2 2
mem16, sr 10001100 mod 0 sr mem 8/12 24
DSO0, reg16, mem32 11000101 mod reg mem 17125 24
D$1, reg16, mem32 11000100 mod reg mem 1771256 24
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 11010111 9 1
XCH reg, reg 100001 1W 11 reg reg 3 2
mem, reg 100001 1W mod reg mem 13/ 2-4
AW, reg16 10010 reg 3 1
Repeat Prefixes
REPC 01100101 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 (9) + 8n (W = 1, even addresses)

9 (17) + 16n (W = 1, odd addresses)

9 (13) + 12n (W =1, odd/even addresses)

CMPBK dst, src 101001 1W 1 X X X X X X
7(13)+ Un(W=10)
7 (13) + 14n (W =1, even addresses)
7 (21) +22n (W = 1, odd addresses)
7 (17) + 18n (W =1, odd/even addresses)

CMPM dst 101011 1W 1 X X X X X X
7(7) +10n (W=0)
7(7) + 10n (W =1, even addresses) |
7 (1) + 14n (W = 1, odd addresses)
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Instruction Set (cont) .
Opcode Flags
Mnemonic Operand : 76543210 760543210 Clcks Byles ACCYVY P S 2
Block Transfer Instructions (cont)
LDM src 1010110W 1
. 77 +9n(W=0)
7(7) + 9n (W =1, even addresses)
. : 7 (1) + 13n (W =1, odd addresses)
STM dst . : 101010 1W 1
’ 5(6)+4n (W=0)
5 (5) + 4n (W = 1, even addresses)
5 (9) + 8n (W = 1, odd addresses)
n = number of returns
. String instruction execution clocks for a single-instruction execution are In parentheses.
1/0 Instructions
IN acc, imm8 1110010W 9/13 2
acc, DW 1110110W 8/12 1
ouT imm8, acc 111001 1W 8/12 2
DW, acc 111011 1W 8/12 1
INM dst, bW 0110110W 1
9(10) +8n (W=0)
9 (10) + 8n (W = 1, even addresses)
9 (18) + 16n (W = 1, odd addresses)
oUT™ DW, src 011011 1W

1
9(10) +8n (W=10)
9 (10) + 8n (W =1, even addresses)
9 (18) + 16n (W = 1, odd addresses)

n = number of transfers
String Instruction execution clocks for a single instruction execution are in parentheses.
Use the right side of the slash (/) for DMA 1/0 accesses.

BCD Instructions

ADJBA 600110111 7 1 X X uuuu
ADJ4A ooc100111 3 1 X X U X X X
ADJBS 00111111 7 i X X UUuuu
ADJ4S 60101111 3 1 X X U X X X
ADD4S dst, src 00001111 00100000 7+1n 2 U X uuux
SUB4S dst, src oo0o001111 00100010 7+1n 2 U X'UuuuouXx
CMP4S dst, src 00001111 00100110 7+1n 2 U X uuux
ROL4 reg8 s0001111 00101000 W 3
11000 reg
mems8 00001111 00101000 25 35
mod 0 0 0 mem
ROR4 reg8 00001111 00101010 ¥ 3
11000 reg
mem8 p0001111 00101010 29 35
mod 0 0 O mem

n = number of BCD digits divided by 2
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Instruction Set (cont)
Opeode Flags
Mnemonic Operand 76543210 760543210 Clocks Byles ACCYV P § 2
Data Type Conversion Instructions
CVTBD 11010100 00 15 2 UuwuxXxx
CvVTDB 11010101 00 7 2 UuuuXxx X
cvVTBwW 10011000 2 1
CVTWL 10011001 4/5 1
Arithmetic Instructions
ADD reg, reg 0000O0CO0O1TW 11 reg reg 2 2 X X X X X X
mem, reg 0000O0CO0O0OW mod reg mem 13/21 2-4 X X X X X X
reg, mem 0000O0O0T1TW mod reg mem 10/14 24 X X X X X X
reg, imm 1t00000S8SW 11000 reg 4 3-4 X X X X X X
mem, imm 100000SW mod 000 mem 15/23 36 X X X X X X
acc, imm 0000O01O0W 4 2-3 X X X X X X
ADDC reg, reg 00010O01TW 11 reg reg 2 2 X X X X X X
mem, reg 000100O0W mod reg mem 13/21 2-4 X X X X X X
reg, mem 0001T0O0CTW mod reg mem 10/14 24 X X X X X X
reg, imm 100000S8SW 11010 reg 4 34 X X X X X X
mem, imm 100000SW mod 010 mem 1%/23 36 X X X X X X
acc, imm 0001010W 4 2-3 X X X X X X
SuB reg, reg oo0ot1tot1tot1w 11 reg reg 2 2 X X X X X X
mem, reg 0010100W mod reg mem 13/ 2-4 X X X X X X
reg, mem 0010101W mod reg mem 10/14 2-4 X X X X X X
reg, imm 100000SW 11101 reg 4 34 X X X X X X
mem, imm 100000SW mod 101 mem 15/23 36 X X X X X X
acc, imm 0010110W 4 2-3 X X X X X X
SUBC reg, reg 0001T101TW 11 reg reg 2 2 X X X X X X
mem, reg 0001T1060W mod reg mem 13/21 2-4 X X X X X X
reg, mem 0001101TW mod reg mem 10/14 24 X X X X X X
reg, imm 100000SW 11011 reg 4 34 X X X X X X
mem, imm 100000SW mod 011 mem 15/23 36 X X X X X X
ace, imm 0001110W 4 2-3 X X X X X X
INC reg8 11111171011000reg 2 2 X X X X X
mem 111111 1W mod 00 0 mem 13/ 2-4 X X X X X
) reg16 01000 reg 2 1 -X X X X X
DEC reg8 1111111 0¢ 11001 reg 2 2 X X X X X
mem 11111 1t1W mod 001 mem 13/21 24 X X X X X
reg16 0100 1 reg 2 1 X X X X X
MULU reg t111011W 1110 reg 21-30 2 U X X UUuwu
mem 111101 1W mod 10 mem 26-35 24 U X X uuu
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Instruction Set (cont)

Opcode Flags

Mnemontc Gperand ) 76543210 7654321 0 Clcks Bytes ACCYV P § Z

Arithmaetic Instructions (cont)

MUL reg 111101 1W 11101 reg 3347 2 U X X UUwu
mem 111101 1W mod 101 mem 38-52 24 U X X Uuuu
reg16,reg16,imm8 01101011 11 reg reg 28-34 3 U X X uuuy
regi16,mem16,imm8§ 01101011 mod  reg mem 3338 35 U X X uuwu
reg16,reg16,imm16 01101001 11 reg reg 36-42 4 gU'X X U uu
reg16,mem16,imm16 01101001 mod reg mem 4147 4-6 U X X uuu

DIVU reg 1141101 1W 11110 reg 19-25 2 Uuuuuuu
mem 111101 1W mod 110 mem 24-30 24 Uuyuuwvuuwu

DIV reg i111011W 11111 reg 2043 2 U uuuuu
mem 111101 1W mod 111 mem 3448 24 tUuuuuy

Comparison Instructions

cMP reg, reg 001T1T101W 11 reg reg 2 2 X X X X X X
mem, reg 0011100W mod reg mem 10/14 24 X X X X X X
reg, mem 001110 1W mod reg mem 10/14 24 X X X X X X
reg, imm 1000008W 11111 reg 4 3-4 X X X X X X
mem, imm 100000SW mod 111 mem 12/16 36 X X X X X X
ace, imm 0011110W 4 23 X X X X X X

Loglcal Instructions ]

NOT reg 1111011W 11010 reg 2 2
mem 1 111011W mod 010 mem 13/21 24

NEG reg 111101 1W 11011 reg 2 2 X X X X X X
mem 1111011W mod 011 mem 13/ 24 X X X X X X

TEST reg, reg 100001 O0W 11 vreg reg 2 2 u 00 x x x
mem, reg 10000 10W mod reg mem 9/13 2-4 u0o0x x x
reg, imm 1111011W 11000 vreg 4 34 uo0o0x x x
mem, imm 1111011W mod 000 mem 10/14 36 B 00 x x x

. acc, imm 1010100W 4 2-3 v 00 x x x
AND- reg, reg 00100061W 11 reg reg 2 2 ul0o0x x x
) mem, reg 001000O0W mod reg mem 13/ 2-4 u00x x x

reg, mem 001000 1W mod reg mem 10/14 24 uo0o0x x x

reg, imm ioo0o000O0W 11100 vreg 4 34 uo0o0x x x

mem, imm 100000O0W mod 1 00 mem 15/23 36 u00x x X

acc, imm 0010010W ' 4 23 U0 x x x

OR reg, reg 000010 1W 11 reg reg 2 2 uo00x x x
mem, reg 0000 100W mod reg mem 13/21 2-4 u00x x x
reg, mem 000010 1W mod reg mem 10/14 24 vt 00 x x x
reg, imm 1000000W 11001 rg 4 34 w00 x X X
mem, imm 100000O0W mod 001 mem 15/23 36 u00x x X
ace, imm 0010010W 4 2-3 u0o0x x x
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7-49-17-16
Instruction Set (cont)
Opcode Flags
Mnemonic Gperand 76543210 76543210 Ciocks Byles ACCYV P S 2
Loglcal Instructions (cont)
XOR reg, reg 001 1T001TW 11 reg reg 2 2 u 00 x x x
mem, reg 001t1000W mod reg mem 13/21 2-4 vt 00 x x x
reg, mem 0011001W mod reg mem 10/14 24 uo0o0 x x x
reg, imm 1000000W 11110 reg 4 3-4 uo0o0x x x
mem, imm 1000000W mod 110 mem 15/23 36 u00x x x
ace, imm 0010010W 4 2-3 u00x x x
Bit Manipulation Instructions
INS reg8, reg8 00001111 00110001 317/ 3
11 reg reg 35-133
reg8, imm8 60001111 00111001 317/ 4
11000 reg 35-133
EXT reg8, reg8 0000 t11 00110011 25/ 3
11  reg reg 34-59
reg8, imm8 00001111 00111011 285/ 4
11000 reg 34-59
TEST1 reg, CL 00001111 0001000W 3 3 u00uwux
11000 reg )
mem, CL 00001111 000100O0W 7/1 35 uo0o0uux
mod 0 0 0 mem
reg, imm3/4 60001111 0001100W 4 4 u00uux
11000 reg :
mem, imm3/4 00001111 0001100W 8/12 4-6 u00uux
mod 0 0 0 mem
SET1 reg, CL 00001111 00601010W 4 3
11000 reg
mem, GL 00001111 0001010W 10/18 35
moed 0 0 0 mem
reg, imm3/4 60001111 0001t1110W 5 4
11000 reg
mem, imm3/4 00001111 0001110W /19 46
mod 0 0 0 mem
cY 11111001 2 1 1
DIR t1 111101 2
CLR1 reg, CL 60001111 000100 1W 5 3
11000 reg
mem, CL 60001111 000100 1W /19 35
mod 0 0 0 mem
reg, imm3/4 00001111 0001101W 6 4
11000 reg -
mem, imm3/4 00001111 0001101W 12/2 46
mod 0 0 0 mem ’
cY 11111000 2 1 0
DIR 11111100 2 1
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6427525 N E C ELECTRONICS INC

98D 15135

NEC

L

uPD70216 (V50)
T-49-17-16
Instruction Set (cont)
Opcode Flaps
Mnemonic Operands 76 543210 76543 1 0 Clocks Byles ACCYV P 8 Z
Bit Manipulation Instructions (cont)
NOT1 reg, GL 00001111 00010 1w 4 3
11 000 reg
mem, GL 00001111 00010 1 W 10/18 35
mod 0 0 0 mem
reg, imm3/4 poo001111 00011 1W b 4
. 11 000 reg
mem, imm3/4 00001111 00011 1w 119 4-6
mod 0 0 0 mem
cY 11110101 2 1 X
Shift/Rotate Instructions
SHL reg,1' 11o01000w 11100 vreg 2 2 U X X X X X
mem, 1 11-01000W mod 100 mem 13/ 2-4 U X X X % X
reg, CL 1101001W 11100 reg 7+n 2 U X uXx X X
mem, CL 11 01001W mod 100 mem 16/24 +n 24 U X uXx XX
reg, imm8 tfo00000W 11100 reg 7+n 3 U X uXx X X
mem, imm8 11 00000W med 100 mem 16/24 +n 35 U X uXxzxzx
SHR reg, 1 11 01000W 11101 reg 2 2 U X X X X X
mem, 1 11 071000W mod 101 “mem 13/21 2-4 U X X X X X
reg, GL {f101001w 11101 reg 7-+n 2 Uu X u x X X
mem, GL 110100 i1W mod 1 01 mem 16/24 +n 24 U X U X X X
reg, imm8 t100000wW 111601 reg 7+n 3 U X U X X X
mem, imm8 11 00000W mod 101 mem 16/24 +n 3-5 U X U X X X
SHRA reg, 1 1101000wW 11111 reg 2 2 ux 0 x X X
mem, 1 1{101000W mod 11 1 mem 13/21 2-4 ux 0 x x x
reg, CL {1 01001wW 11111 nreg 7+n 2 U X U X X X
mem, CL 11 01001W mod 1 11 mem 16/24 +n 24 U X U X X X
reg, imm8 11 00000wW 11111 reg 7+n 3 U XUKXZXX
mem, imm8 1{100000W mod 111 mem 16/24 +n 3-5 U X UuzxxX
ROL reg, 1 {f101000W 11000 reg 2 2 X X
mem, 1 11 01000W mod 00 C mem 13/21 24 X X
reg, CL 1101001W 11000 nreg 7+n 2 X U
mem, CL 11 01001W mod 000 mem 16/24 +n 24 X U
reg, imm 1100000 W 11000 reg 7+n 3 X u
mem, imm 11 00000W mod 000 mem 16/24 +n 3-5 X U
ROR reg, 1 11 01000W 11001 reg 2 2 X u
mem, 1 11 01000W "med 001 mem 13/21 2-4 X X
reg, CL 11 01001W 11001 nreg 7+n 2 X U
mem, CL 1101001tW mod 0 01 mem 16/24 +n 24 X U
reg, imm8 1100000wW 110601 reg 7+n 3 X U
mem, imm8 11 00000W mod 0 01 mem 16/24 +n 3-5 X U

n = number of shifts
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NEC
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uPD70216 (V50)
T-49-17-16
Instruction Set (cont)
Opcode Flags
Mnemonic Operands 76543210 76543210 Clocks Bytes ACCYV P 8 Z
Shift/Rotate Instructions (cont) .
ROLC reg, 1 t1101000W 11010 nreg 2 2 X X
mem, 1 1101000W mod 010 mem 13/21 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 3-5 X u
RORC reg, 1 11T01000W 11011 vreg 2 2 X X
mem, 1 1101000W mod 011 mem 13/21 2-4 X X
reg, CL 1101001W 11011 reg 7+n 2 X u
mem, CL 1101001W mod 011 mem 16/24+n 2-4 X u
reg, imm8 t100000W 11011 nreg 7+n 3 X U
mem, imm8 110000 0W mod 011 mem 16/24 +n 3-5 X U
) ) n = number of shifts
Stack Manipulation Instructions
PUSH mem16 11111111 mod 1 1 0 mem 15/23 2-4
regi6 01010 reg 6/10 1
sr 000 sr 110 6/10 1
PSW 10011100 6/10 1
R ‘01100000 365 1
imm 01101080 56/910 2-3
POP mem16 10001111 mod 0 0 0 mem 16/24 2-4
regi6 01011 reg 8/12 1
sr 000 sr 111 8/12 1
PSW 1001 101 8/12 1 RRRRRR
R 01100001 43/75 1
PREPARE imm16, imm8 11001000 * 4
*imm8 =0: 12
imm8>1: 17 + 8 (imm8 — 1)
DISPOSE 11001001 6/10 1
Control Transfer Instructions
CALL near_proc 11101000 16/20 3
regptr 11111111 11 010 reg 14/18 1
memptr16 11111111 mod 0 10 mem 23/3t 2-4
far_proc 10011010 21/29 5
memptr32 11111111 mod 0 11 mem 31/47 2-4
RET 11000011 15/19 1
pop_value 11000010 20/24 3
11001011 21/29 1
pop_value 11001010 24/32 3
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T-49-17-16
Instruction Set (cont)
Opcode Flags
Mnemonic Operands : 76543210 7654321 0 Clcks Byles ACCYV P S Z
. Control Transfer Instructions (cont)
E BR near_label 11101001 13 3
5 short_label 11101001 12 2
' reg 11111111 11100 reg 1
i memptri6 11111111 mod 1 0 0 mem 19/23 24
: far_label 11101010 15 5
memptr32 1141411111 mod 101 mem 26/34 24
i BV near_label 01110000 wa 2
BNV near_label 01110001 14/4 2
BC, BL near_label 01110010 14/4 2
BNC, BNL near_label 01110011 14/4 2
BE, BZ near_label 01110100 14/4 2
BNE, BNZ near_label 01110101 14/4 2
BNH near_label 01110110 14/4 2
BH near_label 01110111 14/4 2
BN near_label 601111000 14/4 2
BP near_label 01111001 14/4 2
BPE near_label c 1111010  14/4 2
BPO near_label 01111011 14/4 2
BLT near_label 01111100 14/4 2
BGE near_label 01111101 14/4 2
BLE - near_label 0t1 11110 14/4 2
BGT near_fabel 01111111 14/4 2
DBNZNE near_label 11100000 14/5 2
DBNZE near_label 11100001 14/5 2
DBNZ near_label 1110001090 13/5 2
BCWZ near_label 11100011 13/5 2
Interrupt Instructions .
BRK 3 11001100 38/50 1
imm8 11001101 38/50 2
BRKV fmm8 11001111 40/3 1
RETI 11001110 27739 1 RRRRRR
CHKIND reg16, mem32 01100010 mod reg mem  52-55/ 24 |
. 17-25 |
BRKEM Imm8 0000T1T1 11 11111111 3860 3 |
CPU Control Instructions : |
HALT 11110100 2 1 |
BUSLOCK 11110000 2 1 |
FPO1 fp_0p 1101 1XXX 11YYYZ2Z22Z 2 2
fp_op, mem 11011 XXX mod YYY mem 10/14 24
f FPO2 fp-op 601100141 X 11YYYZ2Z1Z 2 2
| fp_op, mem 0110011 X modYYY mem 1014 24
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NEC uPD70216 (V50)
T-49-17-16
Instruction Set (cont)
Opcode Flags
Mnemonie Operand 7176643210 760543210 Cloks Byles ACCYV P § 2
CPU Control Instructions (cont)
POLL 10011011 2+51 1
n = number of times POLL pin is sampled.
NOP 10010000 3 1
DI 11111010 2 1
Et tT1111011 2 1
DS0;, DSt:, PS:, SS: 001 seg 110 2 1
1 (segment override prefixes)
g 8080 Instruction Set Enhancements
RETEM 11101101 11111101 27739 2 RRRRRR -
i CALLN imm8 11101101 11101101 385 3 %
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