NIE'(: uPD70008/A
. 8-BIT CMOS
NEC Electronics Inc. MICROPROCESSORS
Description Pin Configurations
The uPD70008 and xPD70008A are power saving, high 40-Pin Plastic DIP
performance, general purpose 8-bit microprocessor. It
is a CMOS-process part with a standby mode that
greatly reduces power consumption. A1 NS wPap
ApO2 390 Ag
Az 3 38 1 A
Features au]a 37 A
O High performance PD780 instruction set B ol
O Instruction cycle: o.d 7 uha
1us at 4 MHz (uPD70008, .PD70008A-4) Y= 33 A
0.66 us at 6 MHz (uPD70008A-6) s o npa
U Direct addressing of up to 64 K bytes of memory Lo g apa
O Memory refresh function YoQuno 5 0P
. D, O 12 & 200 GND
U Interrupt functions: o o 18 2 | rEew
— Maskable external interrupt (INT) Dp O] 14 27 B Wi
—Nonmaskable external interrupt (NMi) oigts 26 o AESET
O Low-power standby mode (HALT) INT O} 16 % [ BUSRQ
O CMOS standby mode (HALT) Nwig 2P WAl
. HALT (] 18 23 [ BUSAK
O Single power supply WREG O 19 2P W
. . 10RQ ] 20 21 P RD
Ordering Information 8003364
Part Max Frequency
Number Package Type of Operation 44-Pin Plastic Miniflat
4#PD70008C 40-pin plastic DIP 4 MHz
£PDT0008AC-4 40-pin plastic DIP 4 MHz 38859 8z23%¢
#PD70008AC-6 40-pin plastic DIP 6 MHz
uPD70008AG-4 44-pin plastic miniflat 4 MHz W R
#PD70008AG6 44-pin plastic miniflat 6 MHz e O ]
#PD70008AL-6 44-pin PLCC 6 MHz 3T ]2 3T A
DsC I 4 o[ A3
» D615 21T a2
Absc:lute Maximum Ratings Voo ——] e J— Y E—
Ta=25°C D217 27 [T Ja0
Power supply voltage, Vpg —-0.3Vio +7V o7 1T {8 26T JGND
input voltage, V) ~0.3V 1o Vpp +0.3V ::U::”: :’o : :U:IU:J ;:sn
Output voltage, Vo -0.3VtoVpp +0.3V Ne I 1n 23f 1T JRESET

Operating temperature, Topr
uPD70008
uPD70008A

Storage temperature, Tgyg

-10°Cto +70°C
—45°G 0 +85°C

-65°Cte +150°C

Comment: Exposing the device to stresses above those listed in Abso-
lute Maximum Ratings could cause permanent damage. The device is
not meant to be operated under conditions outside the limits de-
scribed in the operational sections of the specification. Exposure to
absoiute maximum rating conditions for extended periods may affect
device reliability.
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Pin Identification

40-Pin Plastic DIP 44-Pin Plastic Minifiat

No. Symbol Function No. Symbol Function

1-5 At—As Address bus, high bits, outputs 40-44 Ay-Ats Address bus, high bits, outputs

6 CLK Clock input 1 CLK Clock input

7-10 D3-Dg Data bus, bits 3-6, inputs /autputs 2-5 D3-Dg Data bus, bits 3-6, inputs /outputs

1 Vop Power supply 6 Voo Power supply

12 Dy Datra bus, bit 2, input/ output 7 Do Datra bus, bit 2, input/output

13 D7 Data bus, bit 7, input /output 8 Dy Data bus, bit 7, input /output

14,15 Dg, Dy Data bus, bits 0, 1, inputs /outputs 9-10 Dg. Dy Data bus, bits 0, 1, inputs /outputs

16 INT Interrupt input 12 iNT Interrupt input

17 NI Nonmaskable interrupt input 13 NMI Nonmaskable interrupt input

18 HALT Halt / standby mode output 14 HALT Halt / standby mode output

19 MREQ Memory request output 15 MREQ Memaory request output

20 JORQ | /0 request output 16 10RQ |/ 0 request output

2 RD Read strobe output 18 RD Read strobe output

22 WR Write strobe output 19 WR Write strobe output

23 BUSAK Bus acknowledge output 20 BUSAK Bus acknowledge output

24 WAIT Wait input 21 WAIT Wait input

25 BUSRQ Bus request input 22 BUSRQ Bus request input

26 RESET Reset input 23 RESET Reset input

27 M1 Machine cycle 1output 24 m Machine cycle 1 output

28 RFSH Refresh request output 25 RFSH Refresh request output

29 GND Ground 26 GND Ground

30-40 Ag-Ap Address bus, low bits, outputs 28-32,34-38 Ag-Agp Address bus, low bits, outputs
17 IC Internally connected

Pin Functions 11, 33, 39 NC Nat connected

Aq5-Ag (Address Bus)

These three-state output pins form a 16-bit address bus
for addressing memory or peripheral devices. The ad-
dress bus enters the high impedance state when bus
acknowledge is active. In the standby mode, these pins
output high- or low-level signals.

D7-Dg (Data Bus)

These three-state pins form an 8-bit bidirectional data
bus. On this bus data is transferred between the
uPD70008/A and memory or peripheral devices. This
bus enters the high impedance state when bus ac-
knowledge is active. In the standby mode, these pins
are high-level.

INT (Interrupt)

This pin is an active-low interrupt input which can be
masked by software. NMI has a lower priority than NMI
and BUSRQ. INT releases the standby mode.

3-4

NM! (Nonmaskable Interrupt)

This pin inputs an interrupt which is not maskable by
software. NMI is active-low in the xPD70008, and is fall-
ing edge triggered in the uPD70008A. NMI has a higher
priority than INT, but a lower priority than BUSRQ and
RESET. NMI releases the standby mode.

MREQ (Memory Request)

This three-state pin is an active-low output. The
uPD70008/ A asserts MREQ to indicate that the informa-
tion on the address bus is a memory address. This pin
enters the high impedance state when bus acknowl-
edge is active. MREQ is inactive (high) in the standby
mode.
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Pin Functions (cont)

IORQ (/0 Request)

This three-state pin _is an active-low output. The
uPD70008/ A asserts IORQ to indicate that the informa-
tion on the address bus is a peripheral device address.
IORQ is also asserted during a maskable interrupt serv-
ice to request the interrupting device to output its inter-
rupt vector to the data bus. This pin enters the high
impedance state when bus acknowledge is active.
IORQ is inactive (high) in the standby mode.

RD (Read Strobe)

This three-state active-low output provides a read strobe
for the memory and peripheral devices. The pin enters
the high impedance state when the bus acknowledge is
active. RD is inactive (high) in the standby mode.

WR (Write Strobe)

This three-state active-low output provides a write
strobe for the memory and peripheral devices. This pin
enters the high impedance state when bus acknowl-
edge is active. WR is inactive (high) in the standby
mode.

BUSRQ (Bus Request)

This is an active-low input. Peripheral devices assert
BUSRQ to request the uPD70008/A to release control of
the address bus (Ay5-Ag), data bus (D7-Dg) and control
bus (MREQ, IORQ, RD and WR) and assert bus acknow!-
edge. BUSRQ has a higher priority than either INT or
NMI, but is lower in priority than RESET. BUSRQ will
temporarlly suspend the standby mode. The uPD70008/
A leaves standby mode when BUSRQ is asserted, but
returns to the standby mode when BUSRQ is released.

BUSAK (Bus Acknowledge)

This active-low output indicates that the data bus
{D7-Dp), address bus (A15-Ag), and control bus (MREQ,
IORQ, RD and WR) have entered the high impedance
state. This releases the buses from CPU control and
makes them available to the peripheral deviges for data
exchange. This state cannot be released by NMI or INT,
but responds only to RESET or the release of BUSRQ.

HALT (Halt/Standby Mode)

This active-low output is asserted after the halt com-
mand has been executed and indicates that the
uPD70008/A has entered the standby mode.

WAIT (Wait)

This pin is an active-low input. Memory and peripheral
devices assert this is signal to increase read or write ac-
cess time. When WAIT is asserted, the uPD70008/A in-
serts wait states (TW) into the machine cycle until WAIT
is released.

RESET (Reset)

This active-low input is used to reset the uPD70008/A.
The standby mode is released on Reset. Reset has the
highest priority.

INTI < NMi < BUSRQ < RESET

RFSH (Refresh Request)

This pin is an active-low output. The uPD70008/A as-
serts RFSH to trigger the external memory refresh oper-
ation. When RFSH is low, the lower seven bits of the
address bus (Ag-Ag) are a refresh address. This pin is
inactive (high) in the standby mode.

M1 (Machine Cycle 1)

This pin is an active-low output. When M1 is asserted, it
indicates that the uPD70008/ A is in the opcode fetch cy-
cle, M1.

CLK (Clock)
This pin is the system clock input.

Vpp (Power Supply)
Thispinis the +5V power supply input.

GND (Ground)
This pin is the ground pin.
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Block Diagram
Internal Data Bus (8) 4{
[ 8 8 8
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B c Main
Data Bus D E Bx8
D7-Do ;ulm Requester (3) Decoder H L
l_ A F
B S A
D [ 8x8
W v
1(8) R(8)
1X(16)
1Y (16)
SP (16)
PC (16)
Inc!Dec (16)
Latch (16)
18!
Timing & Control
Systom Control Conira” GPU Control orirl | Comers Atter
BEENEEEERE R
Mi MREQ IORG RD WR RAFSH BUSAK BUSRQ INT NMI WAIT RESET HAO CLK Vpp GND Ars-Ag
830033648
DC Characteristics
uPD70008: T = —10°C to +70°C, uPD70008A: Ty = ~40°C to +85°C,
Vpp= +5V=10%
__ lmks Test Limits Test
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions
Input voltage V)1 2.2 Voo vV Except CLK, Supply current
high RESET (Note 1)

Viz Vop-06 Vpp+0.3 V. CLK, RESET uPD70008  Ippy 10 30 mA  toyx=0.25us
nputvoltage Viy  -0.3 08V Except CLK, Ioo 500 wA_ lovk=025p8
low RESET uPD70008A-4 lppy 9 20 mA  toyk=0.25us

Viig =03 0.45 vV CLK, RESET lop2 80 240 pA  toyk=0.25pus
Output voltage  VoH 2.4 V  lgy=—400puA uPD70008A-6 Ipp1 14 30 mA  toyk=0.165us
high po2 120 360 pA  toyk=0.165us
Output voltage Vi 0.4 VvV lgt=2.5mA Note:
low (1) Ippy is normal operating current.

Input leakage T4 10 WA Vi=Vpp Ippg2 is standby mode current.
current high

Input leakage I -10  pA V=0V

current low

Output leakage  lygy 10 wA  Vg=Vpp

current high

Output leakage I oL -10  uA Vp=0V

current low
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Capacitance AC Test Points
Ta=25°C, ic =1MHz
Limits RESET, CLK
Test VDD - 0.6V VDD - 06V
Parameter Symbol Min Typ Max Unit Conditions
CLK input Ck 35 pF {Note 1) X Tost Paints x
capacitance 0.45v 045V
Input G 5 pF {Note 1) OUTPUT, INPUT
capacitance 24 2.2V 22v
Output Co 0 pF {Nate 1) K Test Points 1
capacitance 045
08V o8V
170 capacitance Cjg 10 pF (Note 1) 83.003888A
Note:
{1) Allunmeasured pins returnedto 0 V.
AC Characteristics
uPD70008: Ty = ~ 10°C to +70°C, uPD70008A: Ta= —40°Cto +85°C, Voo =5V £10%
Limits
uPD70008/A-4 1PD70008A-6 Test
Signal Parameter Symbol Min Max Min Max Unit Conditions
CLK Clock period fovk 0.25 (Note 1) 0.165 (Note 8) us
Clock pulse width high tKKH on 200 0.065 200 us
Clock pulse width low tKKL 110 2000 65 2000 ns
Clock pulse rise and fall time kR tkr 30 20 ns
As-Ag Address output delay tDKA 110 90 ns Cp=100pF
Address delay to fioat trka 90 80 ns CL =100 pF
Address stable prior to MREQ, tsam (Note 2) (Note 9) ns G| =100 pF
memory cycle
Address stable prior to I0RG in tsal toyk—70 {Note 10) ns G| =100 pF
I/0cycle
Address stable from RD, WR, thRaA (Note 3) {Note 11) ns CL=100pF
10RQ, MREQ
Address stable from RD, WR trca (Note 4) (Note 12) ns C_=100pF
during float
D7-Dp Data output delay tpkn 180 130 ns CL =100 pF
Delay to float during write cycle  tpyp 90 80 ns CL=100pF
Data setup time to CLK during M1 tgpg 35 30 ns Cy=100pF
cycle
Data setup time to CLK during M2 tgpkr 50 40 ns €| =100 pF
to M5 cycles
Data stable prior to WR (memory  tsmpw toyk—170 (Note 13} ns CL=100pF
cycle)
Data stable priar to WR (1/0 tsiow kL +Hxp — 170 (Note 14) ns CL =100 pF
cycle)
Data stable from WR tren (Note 5) (Note 15) ns CL=100pF
WR WR delay from CLK tto WR low  tpkawL 65 60 ns
WR delay from CLK Vo WR low  topwL 80 70 ns
WR delay from CLK | to WR high  tpewn 80 70 ns
WR low pulse width twwl toyk— 30 {Note 18) ns
M M delay from CLK tto MTlow  toyes. 100 80 ns CL=100pF
Wi delay from CLK tto MThigh  tpkmy 100 80 ns CL=100pF
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AC Characteristics (cont)
4PD70008: To = — 10°C to +70°C, yPD70008A: Ty = —40°C to +85°C, Ve =5V +10%

Limits
WPDT00081A-4 PDT0008A-8 Tost !
Signal Parameter Symbol Min Max Min Max Unit Conditions
RFSH RFSH delay from CLK 4to RFSH el 130 110 ns CL=100pF
low
RFSH delay from CLK 1 to RFSH  tpipr 120 100 ns CL=100pF
high
WAIT WAIT setup time to CLK + tswTk 70 60 ns
HAT HALT delay from CLK § tDKHT 300 260 ns CL=100pF
NT “INT setup time to CLK * tsiTK 80 70 ns
NMI NMI iow pulse width tNL 80 70 ns
BUSRQ BUSRAQ setup time ta CLK 4 tsBoK 50 50 ns
BUSAK BUSAK deiay from CLK  to tDKRBA 100 90 ns CL=100pF
BUSAK low
BUSAK delay from CLK ¢ to tDKFBA 100 ] ns C_=100pF
BUSAK high
RESET RESET setup to CLK tsRsk 60 80 ns
QOther Delay to float (WREQ, TORQ, RD,  teke 80 70 ns
WR)
M1 stable prior to 1ORQ (interrupt  tsmy) (Note 7) {Note 19) ns
acknowledge)
Hold time for setup time 4 0 1} ns
WREQ MREQ delay from CLK ¢ 1o MREQ  tpkemL 85 70 ns C, =100 pF
low
MREQ delay from GLK 1 to MREQ  tpkamu 85 70 ns C =100 pF
high
MREQ delay from CLK § MREQ  tokemy 85 70 ns C_ =100 pF
high
Pulse width MREQ low tmL toyk—30 (Note 16) ns CL=100pF
Pulse width MREQ high tMMH (Note 6) (Note 17) ns C =100pF
TORQ TORQ delay from CLK 110 T0RG  tpkiL 75 65 ns C_=100pF
low
{ORQ delay from CLK $1010RG  tpkpiL 85 70 ns Cp =100 pF
low
TORQ delay from CLK 110 TORG kM 85 70 ns GL=100pF
high
TORQ defay from CLK +1010RQ  ipkiH 85 70 ns C,=100pF
high
RD RD delay from CLK ttoRD low  tpmaL 85 70 ns C_=100pF
RD delay from CLK 4 to RDlow  tpkmrL 95 80 ns C=100pF
RD delay from CLK ttoRD high  tpkpam 85 70 ns CL=100pF
RD delay from CLK $toRD high  tpkrry 85 70 ns C_=100pF
Note: (M tsmn=2tcyk +tkkH +tkr — 65 (14) tsipw = tkkL +tkp— 140
) tovk=tkkH +HikL FiR+1KE ®) toyk=tkkH +tkkL HtkRHiKE (15) tecp =tkkL +tkp—55
@) tsam=1tkkH +1kF — 65 9) tsam=tkkn +tkr—50 (18) tmmL=tcyk —30
@ tira =tk +tHr - 50 (10) tsa1=tcyk — 55 (17) tamH = trkH +tkF ~ 20
) trca=tkkL +ikr—45 (1 tHRA = tkkL +tkr —50 (18) twwi=toyk—30
®) trcp=tkL +tkR =70 (12) tpca=tkkL +tkp—40 (19) tgm1 = 2tovk +ikkh +ike —~ 50

©) tmmH =tkkn +teF —20
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(13) tgmpw =tcyk —14C
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Timing Waveforms
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Register Configuration
Program Counter (PC)

The 16-bit program counter contains the address of the
next instruction to be fetched and executed. It is set to
0000H at reset.

Stack Pointer (SP)

The 16-bit stack pointer stores the first address of the
portion of main memory used as a LIFO stack. SP is de-
cremented when a CALL or PUSH is executed, or when
an interrupt occurs. It is incremented when a RET, POP,
or interrupt return is executed.

Index Registers (IX, 1Y)

These two 16-bit registers are used to perform indexed
addressing.

Accumulators (A, A’)

The PD70008/A has two 8-bit accumulators: the main
accumulator (A) which is used to perform arithmetic
and logic operations, and an alternate accumulator (A’).
The contents of the main and alternate accumulators
can be exchanged using the (EX) instruction. The alter-
nate accumulator can be used for background opera-
tion, or to save the data in the main accumuiator when
an interrupt is processed.

Flag Registers (F, F')

The xPD70008/A has two 8-bit flag registers: main (F)
and alternate (F’) of the format shown in figure 1. The
main flag register (F) has the status fiags resulting from
normal operation. The contents of the main and aiter-
nate registers can be exchanged using the exchange
(EX) instruction. The aiternate (F’) register can be used
for background operation, or to save the state of the
main flag register when an interrupt is processed.

Figure1. Flag Register Format

CLEEE ™
L

Cany
Addition/

Parity/Overtiow

Aucxiliary Carry
Zero

Sign
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General Purpose Registers

The uPD70008/ A has twelve 8-bit general purpose regis-
ters: six main registers (B, C, D, E, H, and L) and six alter-
nate registers (B’,C’, D', E’,H’,and L'). Each register can
be used individually as an 8-bit register, or can be used
in pairs as 16-bit registers (BC, B'C’, DE, D’E’, HL, and
H'LY).

The main registers are used when instructions are exe-
cuted normally. The contents of the main and alternate
registers are exchanged using the EX instruction. The
alternate registers may be used for background opera-
tion or to save the contents of the main registers when
an interrupt is processed.

interrupt Page Address Register ()

This 8-bit register is used to generate addresses in
maskable interrupt mode 2. See figure 2. These ad-
dresses are used with externally input data to reference
an interrupt start address table.

This register is cleared to 00H at reset.

Figure 2. Interrupt Reference Address

10
L o]

83-003890A

Input Data

Memory Refresh Register (R)

This 7-bit register retains the refresh address for the ex-
ternal dynamic memory. The contents of this register
are automatically incremented in each opcode fetch
(M) cycle. The contents of this register are output on
the lower 7 bits of the address bus (Ag-Aq).

This register is cleared to 00H at reset.

Timing

This section describes read and write timing for mem-
ory and 1/0 devices in connection with CPU operation
timing. A single clock cycle (from one leading edge to
the next) is defined as one timing state. The nth state is
represented as Tn. A single instruction consists of two
to six machine cycles. A single machine cycle requires
three to six timing states. The nth machine cycle is rep-
resented as Mn.

Table 1 lists the number of states normally required by
each cycle.
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Table 1. Timing States per Cycle

Number of States
Cycle per Machine Cycle
Opcode fetch 4
Memory read 3
Memary write 3
1/0 read 4
1/0 write 4

The four states for 1/0 read and write include a single
wait state (TW). The uPD70008/A inserts one wait state
in every 1/0 read or write. Slower external devices may
assert the WAIT signal to request longer read and write
access times. This time will be added to the original
number of clock states. The WAIT signal is monitored
on the trailing edge of clock state T2. If WAIT is as-
serted, a wait state (TW) is generated. The xPD70008/A
continues to monitor WAIT on the clock’s trailing edge,
and supplies additional wait states a long as that signal
is asserted. When WATT is released the uPD70008/A
proceeds to the T3 state.

Figure 3. Opcode Fetch Cycle

Opcode Fetch Cycle

The first machine cycle of each instruction, M1, is the
opcode fetch cycle. See figure 3. The opcode is fetched
from memory during the first half of this cycle, and the
dynamic memory is refreshed during the latter half.

The memory outputs the opcode to the data bus when
MREQ, RD, or M1is asserted. It is then read into the CPU
at the leading edge of clock state T3.

The CPU outputs a refresh address onto Ag-Ag during
T3. It is applied to the dynamic memory when RFSH or
MREQ are asserted.

Memory Read Cycle

The memory contents are read out to the data bus when
MREQ or RD is asserted. The uPD70008/A reads data
from the data bus on the trailing edge of T3. See figure 4.

Memory Write Cycle

Write data is output to the data bus between the last
half of state T1 of the current machine cycle and the first
half of state T1 of the next cycle. It is written to memory
when WR or MREQ is asserted. See figure 5.

Figure 4. Memory Read Cycle
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Figure 5. Memory Write Cycle

Figure 6. 1/0 Read Cycle
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1/0 Read Cycle

The contents of an |/0 device are read out to the data
bus when IORQ or RD is asserted. The uPD70008/A
reads the data bus on the trailing edge of the T3 clock
state. See figure 6. To compensate for /O devices with
longer access times, the uPD70008/A generates one
wait state (TW) regardless of the condition of the WAIT
signal. To extend the access time, the CPU must detect
the WATT signal asserted at the falling edge of TW.

110 Write Cycle

Write data is output to the data bus between the last
half of state T1of the current machine cycle and the first
half of T1 of the next machine cycle. It is written to an
11O device when TORQ or WR is asserted. As in the 1/0
read cycle, one wait state is automatically inserted in
the I/O write cycle. See figure 7. The WAIT signalis used
to insert additional wait states in the I/O write cycle in
exactly the same way as in the read cycle.
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Figure 7. 1/0 Write Cycle
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Bus Request State

The bus request causes the xPD70008/A address bus request state. The maskable interrupt can be masked by
(A15-Aq), data bus (D7-Dg), and control bus (MREQ,  software. Itis controlled by setting or resetting the inter-
IORQ, RD, and WR) pins to enter the high impedance rupt enable flip-flop (IFF) using the El or DI instructions.
state.This makes the buses available to external de- Whasalowerpriority than the nonmaskable interrupt.
vices for DMA access. The maskable interrupt will therefore not be acknow!-
The bus request state is controlled by the bus request egg%ogat/me;r: irl1$tha o Ezrs'lr:;asul?slzlgtal?;errupt, or if the
(BUSRQ) signal. See figure 8. The uPD70008/A detects ¥ 1sinfhebusreq '

BUSRQ at the rising edge of the last state of each ma- INTI < NMI < BUSRQ < RESET

chine cycle. If it is active (low) the uPD70008/ A does not

move on the next machine cycle, but enters the bus re-  Nonmaskable Interrupt Operation

quest state. The uPD70008/A asserts BUSAK to indi-

cate that the BUSRQ signal has been received, and the m:rﬁﬁ'tnﬁisf:%i o{_;ﬂe %Lﬂyﬁ;ﬁtzﬂ;ﬁ:’:ﬁﬁg :
three buses have entered the high impedance state. at the rising edge of the last clock state of an instruc-
BUSRQ is checked at the rising edge of all clock states. tion. If it is set, the uPD70008/A transfers control to the
When it becomes inactive the uPD70008/A leaves the nonmaskable interrupt service routine. The interrupt
bus request state, and proceeds to the next cycle. process starts at the opcode fetch cycle, (M1, 5 states)
but the opcode fetched at this point is ignored. The con-
tents of the PC are stored on the stack in the next two
machine cycles (M2, 3 states and M3, 3 states). At the
same time, the address 0066H is loaded into the PC, and
the state of the interrupt enable flip-fiop is saved to an

BUSRQ temporarily suspends the standby mode. When
BUSRQ is asserted, the uPD70008/A leaves the standby
mode and enters the bus request state. When BUSRQ is
released the uPD70008/A returns to the standby mode.

Interrupts are disabled during the bus request state. exclusive flip-flop. The entire interrupt routine requires 3
machine cycles (11 states). The contents of the PC and
Interrupts IFF are restored by the execution of the RETN instruc-

The 4PD70008/A has two types of interrupt: maskable tion at the end of the interrupt procedure.

(INT) and nonmaskable (NMI). The nonmaskable inter-
rupt request cannot be masked by software. It will be ac-
knowledged unless the uPD70008/A is in the bus

Figure 8. Bus Request State
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Maskable Interrupt Operation

Maskable interrupts are processed in three modes. in
each mode, the INT signal is detected at the rising edge
of the last clock state of each instruction. The M1 in-
struction specifies which mode is to be used.

Mode 0. In this mode, the data placed on the bus by the
interrupting device is treated as an instruction. It is
fetched in the opcode fetch cycle (M1, 7 states) and exe-
cuted. The instruction used in this mode is usually a
CALL (3 bytes) or RST (1 byte}.

If a 1-byte RST instruction is executed, the contents of
the PC are saved to the stack. A fixed address specified
by the opcode is loaded into the PC during the next M2
(3 states) and M3 (3 states). The execution of this inter-
rupt requires 3 machine cycles or 13 states.

If a 3-byte CALL instruction is executed, the second and
third bytes are fetched during the M2 and M3 cycles (3
states each). During M4 and M5 (3 states each), the con-
tents of the PC are saved to the stack and the second
and third bytes of the CALL instruction are loaded into
the PC. This interrupt requires 5 machine cyces and a
total of 19 clock states.

Mode 1. In this mode, the data fetched during M1 (7
states) is ignored, and the uPD70008/A proceeds to the
next cycle. During the M2 and M3 machine cycles (K]
states each), the contents of the PC are saved to the
stack and replaced by the interrupt address 0038H. This
interrupt requires 3 machine cycles or 13 states.

Mode 2. In this mode, the data fetched from the inter-
rupting device and the contents of the interrupt page
register (I} are used to reference an interrupt start ad-
dress table. Program execution jumps to the 16-bit ad-
dress referenced by the table. See figure 9. The data is
fetched during the opcode fetch cycle (M1, 7 states).
During M2 and M3 (3 states each) the contents of the PC
are saved to the stack. During the M4 and M5 cycles, (3
states each) the table is referenced and the contents of
the table location are loaded into the PC. This interrupt
requires 5 machine cycles or 19 states.

Standby Mode

The uPD70008/A is provided with a standby mode
(HALT). In the standby mode, power consumption is ap-
proximately 2% of normal operating power consump-
tion. The standby mode is set by executing the HALT
instruction.

In the standby mode, the state of the uPD70008/A is re-
tained. The contents of all registers and the state of all
flags are retained as well. Clock signals are supplied
only to indispensable circuitsin the wPD70008/A to min-
imize power consumption.
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Figure 9. Interrupt Address Table
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83-003897A

External operations such as memery access and mem-
ory refresh are not performed in the standby mode.

Table 2 shows the state of each output pin in the
standby mode.

Table 2. Standby Mode

Pin Status

Data bus High levet, pulled up through internal
D7-Dg resistance

Address bus High or low level signals

A5-Rg

Controlbus __ ___ High level (inactive)

RD, WR, MREQ, I0RQ, M1

RFSH High level (inactive)

HALT Low level (active)

The standby mode is released when a reset or an inter-
rupt occurs. The standby mode is temporarily sus-
pended by a bus request, but not released.

RESET in Standby Mode

When the RESET signal becomes active (low) the
standby made is released and a normal reset is per-
formed.

NMI in Standby Mode

When the NMi signal is asserted (low) the standby mode
is released and normal nonmaskable interrupt process-
ing is performed. The interrupt is not performed in the
bus request state.
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INT in Standby Mode

When the INT signal is asserted (low) the standby mode
is released. If the interrupt is enabled, normal interrupt
processing is performed. I the interrupt is disabled, ex-
ecution resumes at the instruction following the HALT
instruction.

BUSRQ in Standby Mode

The BUSRQ signal is detected at the rising edge of each
clockin the standby mode. If the BUSRQ signal is active
(low) the uPD70008/A Ieaves the standby mode, and en-
ters the bus request state. When BUSRQ is released, the
standby mode is resumed. The standby mode is not re-
leased by the BUSRQ signal.

RESET

The RESET signal must be asserted (low) for over 3
ciock cycles to be recognized. The following steps are
the reset initialization process:

¢ The program counter (PC) is cleared to 0000H.

* The interrupt enable flip-flop (IFF) is reset to 0, disa-
bling maskable interrupts.The interrupt mode is set
to 0.

The interrupt page address register (l) is cleared to
OOH.

¢ The memory refresh register (R) is cleared to OOH.

* The address bus (A5-Ag) and data bus (D7-Dg) are .

set to high impedance.
¢ All control outputs are set in their inactive state.
¢ The standby mode is released.
The following registers are undefined at reset:

Stack pointer (SP)

Accumulators (A,A"}

Flag registers (F,F’)

General purpose registers
(8,B",C,C,D,D’,E,E",H,H/, L, L")

Index registers (IX,1Y)

When RESET is released the program will begin execu-
tion from location 0000H.

Instruction Set

Each operand should be written in the operand column
of an instruction according to the description in table 3.
Capital letters are keywords and should be written as
they appear.

uPD70008/A

Table 3. Operand Description

Indentifier Bescription

addr 16-bit immediate data or labet

fagdr GO0H, 08H, 10H, 18H, 20H, 28H, 30H, 38H
immediate data or label

word 16-bit immediate data or labei

byte 8-bit immediate data or label

bit 3-bit immediate data or label (bit specification of
8-bit register / memary)

d 8-bit displacement (signed 2’s complement)

r A,8,C,D,EH,L

r ALBLCLD L E L H LY

P BC, DE, HL, AF

Pl BC, DE, HL, SP

Tp2 BC, DE, IX, SP

p3 BC, DE, 1Y, SP

[ Displacement for retative jump (signed 2’s

complement)

Selection of Register and Condition

» pl ss,dd ™2  pp m
BC 00 BC 00 BC 00 BC 00
DE 01 DE O DE 01 DE O
HL 10 HL 10 IX 10 Iy 10
AF 11 P SP 1 sP1t
nt nr bit b faddr t
BB 000 0 000 00H 000
cc 001 1 00t 08H 001
DD’ 010 2 010 10H 010
EE’ o1 3 ot 18H on
HH 100 4 100 20H 100
Ly 101 5 101 28H 101
AN m 6 110 30H 110
7 m 38H m

Flag Operation

(Blank): Flag not affected

0: Flag reset

1: Flag set

X: Flag affected according to result of operation
U: Flag unknown
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Structure of Instruction Byte for Addressing

Byte| OpCode | Bye |
(|x+d)or(|Y+d)[ Op Code | Op Code Imspamm.m|
[ opcode | opCode |Dlsplucoment[ opCode |
T T N e T
R I N
T T T
asa[ opCode | Aden | k|
o[ OpCode | e-2 ]
530038584




uPD70008/A

(P1om) — 1
€ 91 0 L 0 L 0 I 0 0 "L+ piom) — H (psom) "1
14 v b0 0 0 0 + 0 0 L 0 b b oL oL oL piom — A| piom ‘A}
4 v L0 0 0 0 + 0 0 L 0 L b ot 0 I plom — | piom ‘x|
£ 04 L0 0 0 P P 0 O piom — (d) piom ‘di
2 6 bbb 00 L 0 0 b b0 kLt v—4Y V'Y
2 6 Lo 0 0 L 0 Lo L0 1L &L 1 v—| vl
0 4 0 x x Z 6 bbb 00 0 b0 Lt H—v H'y
0 441 0 x -x z 6 L I T R S R A B S A | R R T |—Y 'Y
£ gl 0 L 0 0 I L 0 0 ¥ — (piom) v ‘(piom)
} L 0t 0 0 L 0 0 O v— (30 v'(3a)
I 2 0 L 0 0 0 06 0 O v —(08) y '(08)
€ g 0t 0 L 1L I 0 0 (p1om) —= v (p1om) 'y
1 2 0 L 0 4 L 0 0 O ([30) —~v (30) 'y
1 2 0 L 0 L 0 0 06 © (08) —v (08) 'y
nm_u
v 6l 0O L L 0 0 0 1 0 b L oL oL 4o akg —{dsp + A} aka'(p+ A)
dsjp
12 6l 0 L L 0 L v 0 0 L 0O F L L oo L 1 kg — (dsip+ x1)  alAg ‘(P + XI)
Z oL 0 L t 0 I L o0 0 81Aq — (TH) 9Ua ‘(TH)
dstp
£ 61 J L | T R T A A R T J—(dsp + Al 1P+ A
dsip
£ 6l 4 0 L L L 0 L 0 L b ro0 + 1 1— {(dsip + X1) 1P+ Xi)
L ! 1 0 L 4 10 I—(IH) 1'(H)
dsip
€ 6l 0 L J L0 b 0 b b e (dsip + Al) — (P=AN1
dsip
€ 6l 0 1 1 ] L0 L 0L 0L (dsip + X1) — 4 P+ x4
1 . 0 L 1 L0 (H) —=1 (TH) 4
14 L [ R T J 0 0 8k —J sifq 4
3 14 P J 1 0 Py Py an
SUORINASY| Jjsuel] ug-g
9 N AdH Z s ok o) 0 L Z ¢ % § 9 L 0 F T € ¥ S 9 1 uopwisdo spuriedo  ojuouieuy
séelg 70N jooN 9pog uopvIedo

19§ uondNAsu]

3-17



uPD70008/A

14

Z+dS—dS
(1+ dg)— HAl
(ds) — Al

143

Z+dS—dS
1+ ds) —Hxi
(ds) — xi

o

¢=dS—dS
‘(L+ dg) — Hdi
‘(ds) — )

d

d0d

Gl

Z-dS—dS
HAL— (2 = dS)
AN — (= ds)

Al

Gl

Z2-dS—dS
Hy) — (2 — dS)
WX —= {1 = dS)

Xl

Z2-dS—dS
‘Hdr — (2 - dS)
Ty — (L - d8)

d)

HSNd

ol

Al—dS

Al'dS

0L

XI—dS

XI dS

— | |en

o|lo|lo|lo

ol |~

G R U

RN [N U

TH—dS

TH dS

0¢

—

TAL— {piom)
HAL— (1 + piom)

Al “(prom)

02

X1 — (piom)
Hy| — (1 + prom)

Xt “(piom)

0¢

Tids — (piom)
‘Hyds — (1 + piom)

1d) f(paom)

9l

71— (piom)
‘H— (L + piom)

TH ‘(pom)

0¢

(piom) — Al
{1+ paom) — HAY

(paom) ‘Al

0¢

{pJom) — x|
‘(1 + paom) — Hy|

(p1om) X1

0¢

(psom) — i
(1 + piom) — Hid)

(piom) ‘1ds

a1

SUORINIISU| JOJSUBL Yg-udeiXIS

]

N Ald H

sbeg

soikg
100N

20[9
100N

L

0

'

opo uopuiedg

uofleiedQ

spuesedQ

(yuos) 3o8 uononaisuj

©
iy
™



0 =0840(TH) = vy pu3
‘L -08—0d
L+ TH—"H
boX X X x oz {@e/ket 0 6 0 t t 0 L oL o0 L oL o0 L 1 1 (H) - v Hidd

L= 08— 08
LtIH—H
boX X X x gz 9 L 0 0 0 0 L 0 L b 0O t L 0 1 } ‘(H) - ¢ 142

uPD70008/A

SUOIONISU] YIIeBS ¥I0jg

0 =20g4pu3
1-09—04
L ~TH—"TH
T -30—-130
0 0 0 Z Wot/lz o 0 0 L L L 0 L L0 L L0 L b o1 ‘(TH) — (30) 4001

L -08—08
L= TH—H
1-30—~1a
0 x 0 ¢ 9% 0 0 0 L 0 + 0 L L 0 L o0 L oL 4 (IH) — (30) aal

0 =08 #pu3
‘L —08—08
b+ H—TH
I +30 — 30
0 0 0 2 Wasiz 00 0 0 L L0 L b o0 b b o0 b oL o4 ‘(1H) — (30) HIgT

L—08—08
L+ IH—H
1+30—130

0 X 0 ¢ 84 0 0 0 0 O L 0 L L O L L 0 L 1 ¢ ‘(TH) — (30) 107

SUOANJISU| Jajsuell %209

7+dS—dS
HAL <> (L + 4S)
Z ¥4 b0 0 0 b b b b0 b L b Al e (dS) Al “(dS)

2+ dS=—dS
HXI > (L + dS)
? £ L0 0 0 bbb b0 F L L0 L X}« (dS) X1 (dS)

Z+dS~dS
‘H <= (1 + dS)
b 6l L0000 bl 7 <> (dS) TH {dS) X3

THeTH' 30«30
3 |4 b0 0 L L0 b .08« 08 Xx3

3 14 0 0 0 ¢+t 0 0 0 0 ded’ AV Y

TH 30 X3

SUOHIMIISU) UOISIOAUDY) Ejeq

9 N MdH Z s soilg sy 0 I+ z ¢ ¥ S 9 L O F Z € v €& 8 L uoiiesedo spueledo Sjuoleuy

sBeyy jo'oN  jo'oN 8pog uopesedo

(awo09) 308 uoponssSUY

3-19



uPD70008/A

dsip

X LA X X X € 61 0 L0 0 L L 0 [ (dsip+ A=Y —V P+ AD'Y
dsip
X I A X x X g 6l 0 1 L0 0 L L0 Lok 0 (dsp+x)) -y —V p+x)'Y
X | A X X X ! 2 0 I 0+ 0 0 (H) -¥—V (H) ‘v
X L A X X X [/ ! 0 1 [ T T B R § g -y —V alkg 'y
X L A X X X ! ¥ 1 0 L 0 0 | 1-y—Y 1y ans
dsip
X 0 A X X X g 6l 0 1 0 0 0 L 1 0 [ S A A AD+ (dsip+ A+ ¥ — V¥ P+ ANy
dsip
X 0 A X X X € Bt 0 1 00 0 + + 0 [ R | A | A+ (dsip + X))+ ¥ —V p+x0'v
X 0 A X X X ! L 0t L0 0 0 | A+ +Y—V (K 'y
X 0 A X X X z 1 0 ! L0 0 b o} Ad+aka+y —v afq 'y
X 0 A X X X L ¥ 1 L0 0 0 A+I+tYy—=Y 1y aay
dsip
X 0 A X X X € 6l (| 6 0 0 L + o0 [ T ! (dsip+ A+ Y —V¥ P+ A)'Y
dsip
x 0 A X X X £ 6l 0 00 0 + L 0 Lok 0 b (dsp+x)+y—V (p+x)'Y
X 0 A X X X | . 0 00 0 0 (K} +v—V )Y
X 0 A X X X Z ) 0 00 0 4 ¢ aMg+y—y alkq 'y
x 0 A X X X ! 4 J 00 0 0 I+y—y iy oavy
suoanysuj uogesadg anewyuy ug-1y613
0=208l0(H) =vipul
‘L -08—08
1= H—TH
X X X X z @ase L0 bbb 0 b L0 [ T A A ¢ ‘(H) - ¥ ¥ad?
L~ 94904
L= TH-=H
Il X X X X [4 9l 1 0 0 L 0 t L 0 O (H) - v 0dd
. (u02) suonansisu) yaieas ¥0jg
9 N Ad H Z § sedg spod 0 | ¥ § 9 L 0 |} e ¥ § 9 L uopwiedo spusisdg  ojuoweul
sbujd jo'oN  jo'oN opog uopeedo

(yuo9o) jeg uononasuy

o
o9
[5]



uPD70008/A

dsip
0 0 d 0 x x € 6l 0 0 1 + 0 [ N (dsip+ Al HOX ¥V — ¥ P+ AD'Y
dsip
0 0 d 0 x X £ 6l 0 0 L L0 Lt 0 1 (dsip + X1) HOX V¥ — ¥ (p+x0'y
0 0 d 0 x «x b ! 0 ! L0 L 0 ) (M HOXY — v (M) 'Y
0 0 d 0 Xx x z i 0 I [ | N aq HOX ¥ — ¥ afg 'y
0 0 d 0 x x L 14 1 L0 L0 1HOX Y — ¥ 1y HOX
dsip
0 0 d 0 x X £ 6l 0 0 L L 0 bbb (dsip+ rA YOV — v (p+ A 'Y
dsip
0 0 d 0 x x £ 6l 0 0 L L 0 [ N | (dsip+ X OV — v (p+x)'y
0 0 d 0 x x L l 0 1 0 L L 0 1 (H) oY — v (H) 'y
0 0 4 0 x x 2 ) 0 (R N N A SUqHO Y — v ag 'y
0 0 d 0 x x b ¥ 1 0 L+ 0 JHOY —V 1y Ho
dsip
0 0 d |} x x € 6l 0 0 L L 0 [ A (dsip+ A ONVY — ¥ (p+AD'Y
dsip
0 0 d |+ x x £ 6l 0 0 L L 0 L0 b AJ = (dsp + X)) ANV Y — ¥ P+ X'y
0 0 d I x X b i 0 0 0 L 0 (HaNvY —v (H v
0 0 4 LI x x 2 ! 0 1 0 0 + 4ot SUgaANY Y — ¥ alkq 'y
0 0 d I x X | ¥ i 0 0 L+ 0 I 1ONYY — ¥ 1'y aNy
sue[ansu| uopesedg jeaibor ug-ybi3
dsip
X L A X X X £ Bl 0 0 1 1 0 [ O ! A3 —(dsip+ Al) =y —y P+ Ay
dsip
X 1A X X X € Bl 0 0 + 1+ 0 LL 0 b A = (dstp+ X)) — ¥y —= v (p+x)'y
X L A X X X 1 i 0 1 b0 0 L A =-(CH -v—Y (H) 'y
X L A X x X Z i 0 [ N N A -8l -y —vy 8lg 'y
X L A X X X L 12 )| L0 0 L A)—d-y—y 1y 088
(1u02) suonanyisuj uonesadg ayewuy ng-wbig
9 N Ad W Z § seiig syo)p o 9 L 0 |} e v § 9 L uoyjeledg spusiedg  ojuouieul
sbejg 10°ON  jo'oN 9pog uojjesedQ

(1u09) yog uononssu|

3-21



2 o bbb 0 L0 L 0 0 b0 bbb b L= Al—
2 oL LL 0 L0 b0 0 0 b b b0 bt L= Xl —
! 9 L L0 L s s 0 0 L= dr—ds 730
Z o L L 0 0 0 L 0 0 L 0D L b b ok b o L+ Al—
2 o L+ 0 0 0 L 0 O L 0 + b b o0 + 1} L+ X=X
b 9 Il 1L 0 0 s s 0 0 b+ 1A jd) NI
SUORONIISU| Juaweldeq / JUsWAIIU] Ng-ussixig
0 n 4 gl L0 0 b 4 1 0 0 L o0 b b bbbl gdi+ Al — Al gdi Al
0 n 2 Gl L0 0 L d d 0 0 L 0 L o+ b 0 b o} Zdi+ X1 —XI zdi x| aay
L A N x X [ Gl 0t 0 0 S S L 0 L 0 L b 0 Vv b} A= 1dl=TH—TH 11 IH 288
0 A N x X Z gl 6 + 0 L S S L 0 L 0 t L 0 b b AD+ 11+ TH—TH 1) IH aay
0 n | 18 b0 0 L s 8 0 0 1di+ TH — TH td1H aav
suogonajsu| uogesedQ dBWLYIY HG-usoIXIS
dsip
LA X X X £ €2 L0 4+ 0 L L 0 0 L 0 L b b b 1o b= (dsip+ Al) — (dsip + A}) (p+ Al
dsip
LA X X X € €2 b0 L0+ L0 0 b o0 b b obo0 b } = (dsip + X|) — (dsip + X1) (p+x0
LA X X X ! L L0 + 0 b b 0 0 L= (H) — (W) (W)
LA X XX ! [4 Lok J 0 0 f=Je 1 230
dsip
0 A X X X ¢ £2 00 L 0 + L 0 0 b o0 b b b b b} |+ (dsip + Xi) — (dsip + Al) P+ AN
dsip
0 A X X X £ £2 0 00 t 0 + L 0 0O t 0 b b ot 0 b i L+ (dsip + X{) - (dsip + X1) b+ X))
0 A X X X 1 1 0 0 L 0 L L 0 0 b+ (IH) — (TH) (IH)
0 A X Xx X ! t 0 0 1 0 0 b+ l—1 1 ONI
suofanJsu| JUdWSIda( / IuaIBIIY| ..E.Ea_m
dsip
LA X XX € 6l o A A A W | RO A | RO SN S SN S A ¢ (dsp+ A) - ¥ P+ AD'Y
dsip
X 4 A X X X £ Bl o L L+t b b0 L0 b b b o0 bl (dsp + x1) - ¥ (P+x)'Y
X 1 A X X X L L 1 A S T U A (R (H) - ¥ (M) 'y
X L A X X X Z L ) J S A A T T g - vy 3q 'Y
X L A X X X L 12 1 b b0 L 1-y 1y d
(1u09) suoyonnsy) uogieiedg |eaboy ug-1b@
N Ald H 2 § sg w09 0 | T € ¥ § 9 L 0 |+ T & ¥ § 9 U uogrsedg spuiedg  ojuoweuy
sBoy4 PON jooN opog uogeiedg ~

uPD70008/A

(3u09) 105 uoponasyl o



uPD70008/A

3-23

0 L t L 0 0 0 O dsip
0 4 0 x X 14 €2 b0 L0 0 1L L0 bbb b1 (dsip+ A (dsip+ x1) (TH) U P+ A)
0t + I 0 0 0 O dsip
0 d 0 x x 4 €2 L0 L0 0 L L Lo [ (p+x1)
0 d 0 x x Z st 0 + + L 0 0 0 0 + [ R I T (W)
0 4 0 x x Z 8 J L0 0 0 0 L0011 1 O
0 L L 0 I 0 0 0 dsip
0 d 0 x x 4 €2 L b 0 L0 0 L 1t 0 bbb b (dsip+ Al (dsip 4+ x) () U P+ A)
0 L L 0 1 0 0 0 dsip
0 d 0 x x ¥ £z [ T S R S S [ (p+ X0
0 d 0 x X 14 Sl 0O L L 0 L 0 0 0 + } [ S I R (H)
0 d 0 x x 2 8 1 0 L 0 0 0 L 1 L0 0 Lo } Al
0 L L 0 06 0 0 0 dsip
0 d 0 x x 14 4 Lk 0 L0 0 b b b0 bbb b L (dsip+ A dsip+ x1) (W) 1 (p+ Al
0 + L 0 0 0 0 O dsip
0 d 0 x x v £2 b0 L 0 0 L b L0 [ ! (p+xi)
0 d 0 X X [ S 0O L L 0 0 0 0 0 I | [ N (TH)
0 d 0 x X z 8 i 0 0 0 0 0 I 1 [ I B J oY
X 0 0 L 14 Lol Lo 0 0 vHY
0 0 { 14 [T L0 0 0 O vOuY
0 0 L ¥ [N 6 L 0 0 0 vy
0 0 ! 14 [ 0 0 0 0 0 LALL
suoganjsu) ejejoy
0 0 L (4 [T 0 L 1L 0 o0 L— A2 498
0 n L 4 (Y [ A A3 — AD 400
LA X XX Z 8 0 0 L 0 0 0 L 0 + 0 [ R S ! Lty —V 93aN
! b b 4 Lo L 0 L 0 o0 Yy 1d9
d X x x ! 14 [ 0 0 I 0 © Joje|nwinage isnipe [ewaaq wva
SuogonLsu| uoneladq JojeNWNIY
N Ald H 2 ¢ sofkg w09 0 I 2 € ¥ S 9 L 0 & e ¥ 5 9 L uofjesedg spueiedp  JuowIGUN
sBejJ J10°ON  jooN 9po) UojieIedo

(auos) o8 uononiisuy



uPD70008/A

O T O S O« dsip
d 0 4 £ L0 L 0 0 + b L0 (dsip + Al) “(dsip + X1) “(IH) 4 (p+ Al)
[\ J S S T A A I dsip
d 0 4 €2 [ | T A R I A A {0+ x1)
d 0 2 gl 0+ L Lt L 0 0 + I 0 (M)
d 0 ? 8 J bbb 0 0 b} 0 J S
0 L Lt L 0 + 0 O dsip
d 0 4 {4 b 0 L 0 0 F L L 0 (dsip + Al) (dsip + X1) “(TH) 4 (p+ Al
0 L +t L o0 |+ 0 0 dsip
d 0 ¥ €2 b0 L 0 0 L b b0 P+ x1)
d 0 14 Gt 0+ + L 0 L 0 0 + 0 (1H)
d 0 Z 8 1 L0 L0 0 Lo 0 J vdS
0 L L 0 0 + 0 O dsip
d 0 14 €2 L0 L 0 0 b b b0 (dsip + A1) (dsip + Xi} ‘(TH) 4 (p+ Al
6o + + 0 0 + 0 O dsip
d 0 14 £z b0 L 0 0 L b L0 (p+x1)
d 0 2 Gt 0 + + 0 0 L 0 0 + 0 (M)
d 0 4 8 i 0 0 L 0 0 + 0 J V1S
SUONONASY) YIuS
d 0 Z 8l b b0 0 L b0 o 0 axy
d 0 2 8l T | N 0 am
0+ ¢+ L L 0 0 0 dsip
d 0 4 €2 bbb 0 L 0 0 L b b0 {dsip + A1) “(dsip + xi) *(TH) 1 (p+ Al)
o+ L L 1t 0 0 O dsip
d 0 4 £2 b0 L0 0 b b L o0 b (p+x)
d 0 Z Gl 0 L+ L L 0 0 0 + 1 L (IH)
d 0 14 8 J bt 0 0 0 b L J Yy
{1uoa) svoyonnsu; sjejoy
Ald W soikg S0 0 L Z € ¥ S 9 L 0 | £ uopesedo spusiedg  ojuoweul
sbeld Jo"oN  jooN 9po uopeaedo

(1uo9) 198 uonosniisu)

<

o
|

[}



uPD70008/A

£ o 1 S | R S A A | ppe — 24 'L = S| ppe ‘W
) o 0 L 0 0 + b oo ppe — 94 ‘0 = S 4| Jppe g
£ o 0 L 0 L 0 L I 1 ippe — 4 ‘L = d 4l Ippe ‘3d
€ o 0 v 0 0 0 + 4 1 ppe — 94 ‘0 = d| IppE ‘0d
) o 0 L 0 + b o0 1 ppe — 0d 'L = 9 )| Jppe ‘9 dar
£ o 0 L 0 0 + 0 L ippe — 94 ‘0 = 34 ippe ‘N
g o 0 L 0 L 0 0 I 1 ppe —9d ‘L = 7} ippe 'z
€ o 0+ 0 0 0 0 + Jppe — 04 ‘0 = Z 4l Ippe ‘ZN
£ i} L0 0 0 0 L o} ppe — 9d Jppe dr
suogonssuy dwnp
0o + I q 0 dsip
4 £z L L0 0 I S S | e T T A S 1 0~ dsip + AI) (p+ Al}ug
0 L 1 q 0 dsip
4 £ Lo 0 b b0 L0 0— 9(dsip + x1) P+ x1)ug
Z G 0 L 1 q 0 + L b 0 L 0 0 1 1 0— 97H) (1H) 'ug
[ 8 i q 0 L L b0 L 00 0— IR Sy
0o+ q oo dsip
¥ 4 Lo 0 [ S ) B A L ! L — A(dsip + Al) (p+ Al g
0o 1 I q [
14 4 [ S 0 b b0 b b0 | — U(dsip + x1) P+ XD
14 St [ q Lt b0 L0 0 b L — 9(7H) (TH) “¥g
2 8 1 q bbb 0L 00 L — IR 138
0+ 1 q L0 dsip
n ot v 0z oL 0 [ S 1 T O A A A Idsip + A}~ 7 P+ AD'Ng
0 I q L0 dsip
n i v 02 LoLoo 0 [ O T O A 9dsip + x1) — 7 (p+x)na
n o1 4 o 0 L 1 q L0 L b0 L 0 0 b o} M) —z (IH) 'uq
n 14 8 1 q L0 L L0 L 0 0 b oL Y-z 149 118
suonondisu| vonesedg ug
Ald H sokg  swoo)) 0 4 2 [ 9 L 0 } Z & ¥ & 90 L uopesedo spuesedg  djuoweul
sbe)3 10°0N  jo'oN 9pog uopesedo

(yuo9) 198 uonongsu)

3-25



uPD70008/A

(Ghors 2t

I

Jppe — Jd
‘2 —d$—dS ‘19d — (2 — dS)

— (1 — dS) "18uw suo

1ppe ‘0d

(S)oL/ 2t

JppE — 0d
‘2 = dS—dS ‘19d — (2 ~ dS)
*Had

— (1 — dS) ‘19w SuoHIpuod J|

ppe ')

(hor/ 21

Jppe — 0d

‘2= dS—dS 1d— (2 — d9)
*Hod

— (] = dS) "13W suopuoa §|

1ppe ‘ON

(Sho/ L1

ppE — 0d

‘2 = dS—dS 19d — (2 - ds)
*Hod

— (I = dS) ‘19w SUOIPU0d §|

ppe ‘Z

(S)oL/ 4t

Jppe — 0d
‘2 = dS—=dS 10d — (z - dS)
*Hod

— () — dS) ‘18W SUOINPUOD J|

Ippe ‘ZN

)

Jppe — 9d

‘T -ds—ds
a4 — (7 ~ dS)
‘Had — (1 — dS)

Jppe 1v0

suononzisu| eg

(v)eL/8

9+ 9d—02d0#84
t-9—~4

9 INFQ

8

—

(A

8

—0d

(x1)

4

TH—0d

(1) dr

(e)L/21

a+0d—0d'l =0l

30

(€)2/2

8+3d—~0d'0 =04

(€)2/2

9+0d—0d'L =27}l

(€)/a

89+ 03d—=3d'0=2il

afalan|onjou |~ |ovjon e

[4]

ociojo|lo|lo |~~~ |
olojlo|lo|jlojo|o|o |

o|lo|lo|lo(o|o|~|—|o

B e o o e S R Rl R~

~—|lo|lo|~|~ ||~ |—

ale=|r~]=|r|~|a|~]o

olo|lo|lojo|~|~|— |

olo|lojo|lo |~~~ |

9+ 0d— 0d

3 ar

(u03) suopaniysu| dwnp

3

N Aid H 2 § o

sBuid j0'oN

39019
§0'0N

9

o
-

#p03 uofiRIedo

uopeiedo

spusiedg ajuoweuy

(3u02) jo8 uopONAISU|

©
Y

m



nPD70008/A

3-27

bl

8|qeySEeWLoY
‘idnustul wouy uinjay

N13H

vl

JdnLIeIUl Wol) uinjay

1134

(9)s/1

¢+ dS—dS 'L+ dS) — Hod
“(dS) — 194 ‘1w Suompuoa

(9)s /1t

2+ dS—=dS ‘(1 +dS) — Hod
‘(dS) — 194 18W SuONPUOS

(9)s/1

2+ds—=dS ‘(L + ds) — Hod
*(ds) — 104 “18W SuoiIpuOD Jj

id

(9)5/1k

2+ dS — dS ‘(1 + d8) — Hod
‘(dS) — 10d "1ow suompuoa 4

0d

(9)s/u

2+ dS — d§ ‘(L + dS) — Hod
'(dS) — T0d ‘18w suonipuoa §|

(9)5 /1

2+ dS— dS ‘(L + ds) — Hod
"(dS) — T0d "18u suopuOa §|

N

(9)5 /1

Z2+dS—dS ‘(L + 45)— Hod
‘(d) — T0d ‘1w suompuoa j|

(9)s/11

2+ dS — dS ‘(L + dS) — Hod
“(dS) — 70d “18w suompuos |

N

0L

Z+ds—ds
‘(1 + d3) — Hod ‘(dS) — 10d

134

SUOINAISU| UINjey

1ppe} - 1od
00— Hdd 'z = d$ —ds Td
— (g — d$) ‘Hod — (1 - dS)

1ppe} 184

(Shors 21

1ppE — Nd

‘2= dS—dS 10d — (2 — d$)
*Hod

— (1 — dS) "10W SuOHPUD §|

ippe ‘W

(S)oL/ 2

ippe —» 3d

‘2= dS—ds 10d — (2 - dS)
*Hod

— {1 — dS) ‘18w SLONPUO? J|

JppE ¢

(Shoit/ 01

Jppe — 0d

‘7 = dS==dS 10d — (2 — dS)
‘Hod

— (I — dS) ‘18w SUOIPUOI §|

dppe '3d T2

{1uoa) suopanssu| yes

2

N Ald H

shely

so)ig
40°ON

$¥0l9
jooN

0

2

9 L 0 |}

opog uopeiedg

uopeledo

spueiedg ojuowouy

(1u09) 395 UopONAISU|



uPD70008/A

9l

0=g8jpu3‘q—8y-Sy
9 —=Oy-Ly 'L — TH—H
‘1 =9—8°(0H)—(0) 4aino

4

(ar/1e

I

0 =8)pu3 ‘g —By-Sly
‘9 —Oy-dy 't + 14 — TH
L =8—4'(H)— () HILNo

9l

g — 8y-Sly
‘90— Oy-tyL —TH—H
I ~8—4'(1H) —(2) aLno

9l

g —= By-Shy
9= Oy-Ly |+ TH—TH
‘1 -g—g'{H)—(0) 1Lno

at

q— w<lmp<
09— Oy-Lyu—(9) 109)

H

q— w<xm—<
‘afg — Oy-Ly 'y — (a)kq) v ‘aifq 1no

(L9t/12

0

0=gHpu3‘g—8y-Sy
' —Oy-Ly 'L = H—H
I -g—a9)— () HANI

4

(ar/iz

0

0 =gHpul'g—By-Sly
‘9—Oy-ly )+ TH—"H

9l

9l

4]

1

Aid H

sbeyg

soiig
100N

syo0l9
Jo-oN

0+ L0
0 L L 0
0 L L0
0+ 1 0
L0 L 0

Lol
0+ L 0
0 b 0
0 L L 0
0+ L 0
b0 b 0

o
9 L 0
9pog uopeiedo

b -g—8'0) — (TH) YINI
g — 8y-Sy
‘9—Oy-Ly L - H—TH
L—g9—8'(0)— () anl
g — 8y-Sly
"0 Oy-Ly L+ TH—TH
I -g—a'9)—(H) INI
g — By-Sly
‘9 — Oy-Ly *(9) — )y
alfg — 8y-Sly
‘01kq — Oy-Ly
‘(ahg) — v afg 'y NI
{Juco) suonanssuy usnjey
uopesedo spuesedo Sjuoweuy

(uo9) jo§ uononsuj

2]
o
(3¢



xPD70008/A

10U JI G ‘law $) uol

o#gioL'o=aiie (1)
uo2 i 1L (9)

10U Ji 01 ‘J8W S| UORIPUOD Jt /| (G)

o#gHeEL'0=8aH8 ¥

10U 41 2 ‘JoW St uolIpuD 3124 (g)

(IH) = V100 = Dg oL (MH) # v PUR O £ 08 }112 (2)

0=0a)9'0%0841g ()
EOLTY]

2 apow jdnusjul 19g

| apow Jdnuajul 1eg

0 8pow 1dn.isi 185

(b —= 341
sidnuiaju) jqeuy

(0— 440
sydnuayu) ejgesiq

ia

HeH

1VH

uoilesado oN

dON

SUOINISU| [0U0Y 14T

]

N Ald H

S

sBejyg

selig
jooN

syo0[9
j0°0N

0

3

L0 |+ 0
L0 t 0
[ A
Lo
[N
0o I
0 0
8 L 0 I
opog uopesedg

uopiesedo

spueiedg Juoweuy

(1uo09) Jog uononssuj

3-29



