DATA SHEET

NEC / | MOS INTEGRATED CIRCUIT

LPD70136A

16-BIT MICROPROCESSOR

DESCRIPTION

The uPD70136A (V33A) is a 16-bit, high-speed microprocessor whose instruction execution time is approximately
four times faster than that for the uPD70116 (V30™). The HPD70136A has the same instruction set as that for the
uPD70116 native mode. In addition, the uPD70136A is provided with the address expansion function and bus sizing
function.

In terms of exception processing, etc., the uPD70136A is more compatible with the HuPD70116 (vso“‘) when
compared with the uPD70136 (V33™). Furthermore, a floating-point coprocessor is offered.

Detalls are given in the following manuals. Be sure to read when carrynig out design work.
® V33A User's Manual : U10032E
© 16-bit V series™ User's Manual -Instruction : IEU-804 (O. D. No.)

FEATURES

¢ 125-ns minimum instruction execution time at 16MHz
® Address space

* Normal address mode: 1M bytes

» Expanded address mode: 16M bytes

Bus sizing function (16-bit/8-bit selectable): Effective for both memory and /O
#PD70116 (native mode) software compatible
Undefined instruction code exception trapping function
High-speed multiplication/division instructions

* 16-bit multiplication: 12 clocks (0.75 us at 16MHz)
* 16-bit division: 19 clocks (1.19 us at 16MHz)

Bit field manipulation instruction

Packed BCD operation instruction

& CMOS
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uPD70136A

ORDERING INFORMATION

Part number

Package Clock frequency (MHz2)

#PD70136AL-10
uPD70136AL-12
uPD70136AL-16
uPD70136AR-12
uPD70136AR-16

68-pin plastic QFJ ([J950 mif)
68-pin plastic QFJ ({1950 mil)
68-pin plastic QFJ (0950 mil)
68-pin ceramic PGA (seam welding)
68-pin ceramic PGA (seam welding)
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PIN CONFIGURATIONS

68-Pin Plastic QFJ (top view)
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Caution IC: Connect to GND.
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68-Pin Ceramic PGA (top view)

Bottom View Top View
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No. Name No. Name No. Name No. Name
A2 | AEX B9 | CLK F10 | Voo Ke | A12
A3 | HLDAK B10 | D4 F11 | GND K5 | A14
A4 | READY B11| D12 G1 | AD K6 | GND
A5 | IC c1 | UBE G2 | Al K7 | A16
A6 | Voo C2 | BUSST1 G10 | DS K8 | A1B
A7 | CPBUSY cio| D1 G11 | D4 K9 | A20
AB | INT c11| D10 H1 | A2 K10 | A23
A9 | D15 D1 | BUSSTO H2 | A3 K11 | A22
A10| D13 D2 | RW H10 | D3 L2 | A7
B1 | BUSLOCK D10| D9 H11 | D2 L3 | A9
B2 | BCYST D11 | D8 J1 A4 L4 | AN
B3 | BS8/BS16 E1 | w0 J2 | as L5 | A13
B4 | HLDRQ E2 | DSTB J10 | D1 L6 | Voo
B5S | RESET E10| D7 J1 | DO L7 | Al5
B6 | GND E11| D6 K1 | A6 L8 | A17
87 | IC F1 | GND K2 | A8 L | A9
B8 | NM F2 | Voo K3 | A10 L10 | A21
Caution IC: Connect to GND.
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INTERNAL BLOCK DIAGRAM
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1. PIN FUNCTIONS

* 1.1 PIN IDENTIFICATION
Symbol Input/Outpust Function Processing of Unused Pins
CLK Input System clock -
A23-A0 3-state output Address bus Open
D15-DO 3-state input/output Data bus Open
UBE 3-state output Data bus upper byte enabie Open
RW 3-state output Read/write Open
WiO 3-state output Memory/(1/O) Open
BUSST1, 3-state output Bus status Open
BUSSTO
BCYST 3-state output Bus cycle start Open
DsSTB 3-state output Data strobe Open
BUSLOCK Output Bus lock Open
READY Input Ready Connected to GND via resistor
B58/BS16 Input Dynamic bus sizing control Connected to Voo/GND via resistor
AEX Output Address expansion flag Open
HLDRQ Input Bus hold request Connected to GND via resistor
HLDAK Output Bus hold enable Open
INT Input Maskable interrupt request Connected to GND via resistor
NMI Input Non-maskable interrupt request Connected to Voo via resistor
CPBUSY Input Coprocessor busy Connected to GND via resistor
RESET Input System reset -
Voo - Positive supply -
GND - Ground potential -
IC - Intemal connection pin Connected to GND
8
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1.2 PIN STATUS IN SPECIFIC STATUS
Table 1-1 shows the pin statuses in specific statuses such as on bus hold, in standby mode, and on reset.

Table 1-1. Pin Status in Specific Status

Status

Pin Name Vo Bus LatchNote 1

Bus Hold Standby Resst
CLK Input x - - -
A0-A23 3-state output o] Hi-Z L Hi-Z
DO-D15 3-state /0 (o] Hi-2 Note 2 Hi-Z
UBE 3-state output o Hi-Z H Hi-Z
RW 3-state output o) Hi-Z Hi-Z
M0 3-state output e} Hi-Z L Hi-Z
ggggg- 3-state output o Hi-Z H Hi-Z
BCYST 3-state output o] Hi-Z Note 3 Hi-Z
DSTB 3-state output 0 Hi-Z H Hi-Z
BUSLOCK | Output x Note 4 Note 4 Note 5
READY Input x - - -
BS8/BS16 | Input x - - -
AEX Output X Note 6 Note 6 Note 7
HLDRQ Input x - - -
HLDAK Output x H L L
INT Input x - - -
NMI Input - - - -
CPBUSY Input x - - Note 8
RESET input x - - -

Notes 1. O : Latch is provided.
x : Latch is not provided.

The pins provided with a latch retains the status before they go into a high-impedance state until driven
by an external source. Theretore, it is not necessary to pull up or down these pins. However, be sure
to pullup DSTB (1.9-10k(2). Toinvertthe level of a pinin the high-impedance state from an external source,
a drive capability of higher than the latch inverting current (ls, lu) is necessary.

2. Undefined for the duration of the first 2 clocks in the halt acknowledge cycle, and then goes into a high-
impedance state.

3. Low for the duration of the first clock in the halt acknowledge cycle and then goes high.
4. L in either of the following cases, and H in other cases:
+ When an instruction with bus lock prefix is executed on hold
» When HALT instruction with bus lock prefix is executed
. Undefined during reset signal input. H following reset.
. H in address expansion mode, and L in non-expansion mode
. Undefined during reset signal input. L following reset.

o N o O

. Whether the processor is connected or not is judged by sampling the status of this pin on reset.

Remark H: high level L: low level Hi-Z: high impedance
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Figure 1-1. Latch Configuration
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2. REGISTER CONFIGURATION

2.1 PFP (PREFETCH POINTER)
The pretetch pointer is a 16-bit binary counter, which retains the program memory address offset information.
The PFP is incremented each time an instruction is fetched from the program memory. When branch, call, return,
- or break instruction is executed, a new location is loaded into the PFP. In this case, the PFP contents become the same
as for the PC (Program Counter).
The PFP is always used together with the PS (Prog_ra'm Segment) register.

2.2 PQ (PREFETCH QUEUE)

The uPD70136A contains an 8-byte instruction queue (FIFO) which can store up to 8 bytes of pretetched instruction
code.

The queue contents are cleared when a branch, call, return, or break instruction is executed, or when processing
external interrupt, and an instruction at a new location will be prefetched.

Normally, the uPD70136A prefetches instruction, when there is 1 word (2 bytes) or more space in the queue.

When successively executing a number of instructions, if the average instruction execution time is faster than the
number of clock periods necessary to prefetch each instruction code, when an instruction execution is completed, the
next instruction code to be executed by the EXU is already provided in the queue. Therefore, the time necessary to
fetch an instruction from the external memory can be excluded from the instruction execution time. As a result, the
processing speed can be improved, compared to that for a CPU, which fetches and executes an instruction one at a
time. .

The queue effectiveness decreases as the number of instructions which clear the queue increases, or when
instructions, having shorter instruction execution time, have been continued.

2.3 ODR (OPERAND DATA REGISTER)

ODR can be accessed in byte units. Therefore, the upper byte and the lower byte are independently read/written.
Write operation is completed, when data is written in the ODR. Read operation is terminated, upon confirming that data
is transferred form the external data bus to the ODR.

2.4 SEGMENT REGISTERS (PS, SS, DS0, DS1)

In the uPD70136A, memory addresses are divided into logical segments, which are 64K bytes each. The start
address for each segment register is specified by the corresponding segment register. The offset from the start address
is specified by a different register or by the effective address. ’

The uPD70136A contains the following four kinds of segment registers.

Segment Register [ Detault Offset
PS (Program Segment) PFP
SS (Stack Segment) SP, Effective address
DSO (Data Segment 0) IX, Effective address
DS1 (Data Segment 1) Y

B L427525 008LY943 500 W
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12

The PS and the PFP (Prefetch Pointér). and the DS1 and the |Y registers are always paired.

The SS is normally paired with the SP. However, when the BP register is selected as the base register, sffective
address is used as the ofiset.

The DS0 is used together with the IX register for block transfer processing. However, for other general processing,
the effective address is used as the offset.

in addressing using the BP register as the base register and the SS register as the segment register, any one of
three other registers can be selected as the segment selection, using the the segment override prefix instruction (PS:,
DS0:, DS1:). Hdwever, eight or more prefix instructions cannot be attached to other than prefix instructions.

2.5 ADM (ADDRESS MODIFIER)
ADM (Address Modifier) is used for generating a physical address (addition of segment register and PFP or DP),
and increments the PFP (Prefetch Pointer).

2.6 GENERAL-PURPOSE REGISTERS (AW, BW, CW, DW)

The uPD70136A contains four 16-bit registers. Each of these 16-bit registers can be used as a 16-bit register. In
addition, each of these 16-bit registers can be divided into upper and lower 8 bits, so that each can be accessed as
an B-bit register (AH, AL, BH, BL, CH, CL, DH, DL).

Therefore, these registers can be used as 8-bit or 16-bit registers for various instructions, such as transfer, arithmetic
operation, logical operation instruction, etc.

These registers are used as default registers for certain instruction processings as follows:

AW : Word multiplication/division, word input/output, translation, BCD rotation, data conversion
AL : Byte multiplication/division, byte input/output, BCD rotation, data conversion

AH : Byte multiplication/division

BW : Translation

CW : Loop control branch, repeat prefix

CL : Shift instruction, rotate instruction, BCD operation

DW : Word multiplication/division, indirect addressing input/ output

2.7 POINTERS (SP, BP) AND INDEX REGISTER (IX, 1Y)

SP and BP, and IX and |Y are used as the base pointers or index registers, when accessing the memory in the based
addressing mode, indexed addressing mode, based indexed addressing mode, etc.

Inthe same way as for general-purpose registers, these pointers and index registers are used for transfer, arithmetic,
or logical operation instructions. However, in this case, these pointers and index registers cannot be used as 8-bit
registers. '

These registers are used as default registers for certain instruction processing, as follows:

SP : Stack manipulation
IX : Block transfer (source side), BCD string operation
IY : Block transfer (destination side), BCD string operation

B L427525 D0BLI4Y 4u7 M
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2.8 TA/TB (TEMPORARY REGISTER/SHIFTER A/B)

TA/TB is a 16-bit temporary register/shifter used for muttiplication/division, and shift/rotate (including BCD rotate)
instructions.

When executing a multiplication/division instruction, TA and TB are paired to form a 32-bit temporary register/shifter.
When executing a shift/rotate instruction, only the TB serves as the 16-bit temporary register/shifter.

The upper and lower bytes individually for TA and TB can be independently read/written through the internal bus.

TA/TB becomes the ALU input.

29 TC (TEMPORARY REGISTER C)

TC is a 16-bit temporary register, used for multiplication, division, and other intenal processings.
The TC becomes the ALU input.

2.10 ALU (ARITHMETIC LOGIC UNIT)

ALU (Arithmetic Logic Unit) consists of the full adder and the logic operation circuit, and performs arithmetic
operations (addition, subtraction, increment, decrement, and complement operations) and logical operations (test,
AND, OR, XOR, and test, set, clear, and invert in bit units).

2.11 PSW (PROGRAM STATUS WORD)
The program status word consists of six status flags and three control flags.

Status flags
¢ V (Overflow)
* S (Sign)
o Z (Zero)
* AC (Auxiliary Carry)
* P (Parity)
* CY (Carry)

Control flags
* DIR (Direction)
» |E (Interrupt Enabie)
¢ BRK (Break)

These flags are manipulated in the stack in the following word image:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

s | Z 0

o>
o
Y

<0

E PSW

Dy
111l
R

XX1ow

Status flags are automatically set or reset, according to instruction execution results (data value).
The CY flag can be directly set, reset, or inverted by an instruction.
The control flags are set or reset by an instruction, in order to control the CPU operation.

13
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2.12 LC (LOOP COUNTER)
LC (Loop Counter) is a 16-bit register, which counts the number of loops for primitive block transfer, input/output

instructions (MOVBK, OUTM, etc.) controlied by repeat prefix instructions (REP, REPC, etc.), or the number of shifts
for multiple bit shift/rotate instructions. : ‘

2,13 PC (PROGRAM COUNTER)
PC (Program Counter) is a 16-bit binary counter, which retains the offset information for the program memory address

in the instruction to be executed next.
The PCis incremented each time the decoder fetches an instruction byte from the instruction queue. Whenabranch,
call, return, or break instruction is executed, a new address location is loaded into the PC, in this case, the PC contents

become the same as those for the PFP (Prefetch Pointer).

2.14 EAG (EFFECTIVE ADDRESS GENERATOR)
EAG (Effective Address Generator) logic computes an effective address necessary for accessing the memory at high
speed. An address computation is completed in one clock period in any addressing mode.

1 I
mod mem | 2nd or 3rd byte of instruction
EAG
. Effective address

The byte (2nd or 3rd byte) in which the instruction operand is specified is clocked in. If memory accessing is
necessary, the EAG generates a control signal necessary for manipulating the respective register, and computes the
effective address. :

in addition, the EAG initiates a bus cycle (memory read, etc.) as nécessary.

14
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3. BUS CYCLE

3.1 TYPE OF BUS CYCLES

The pPD70136A starts 11 bus cycles of the external bus as shown in the following table, by using the combinations

of the signals shown in the table.

WIO | BUSST1 | BUSSTO | RW Bus Cycle Type
0 1 interrupt acknowledge
0 1 1 1/0 read
1 0 1O write
0
0 1 Coprocessor read
1 0 0 Coprocessor write
1 0 Hold acknowledge
0 1 Instruction fetch
0 1 1 Memory read
1 1 0 Memory write
0 1 Coprocessor memory read
1 0 0 Coprocessor memory write

B Lu427525 0086947 156 I
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3.2 BUS TIMING

(1) Memory read (0 wait)

T1

T2 T1m

ax_ |

UBE
A23-A0

BCYST

DSTB

BUSSTO

BUSST1

AEX

D15-00

X

READY

N/

Remark O indicates sampling timing.

16
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(2) Memory write (O wait)
T T2 T/
ck | B
UBE
A23-A0
N N 7
s | \_|_/ [ \_L
wc |/ i
R\ -
BUSSTO_/ |
BUSST1 _\ i
AEX
DI5DO+mw e = L--.(X ST
READY \ /
Remarks 1. Dashed line indicates high impedance.
2. O indicates sampling timing.
17
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4. ADDRESS SPACE EXPANSION FUNCTION

4.1 OUTLINE

20-bit address space can be expanded to 24-bit address space by EA (Effective Address) generation.

An address relocation method is used as the expansion method.

Relocation is made 16K bytes for each page, and expansion is possible up to 16M bytes.

Expansion is specified by software.

When the expansion address mode is specified, the upper 6 bits for the 20-bit address are expanded to 10 bits, by
referencing the translation table to generate a 24-bit expansion address. '

When the expansion address mode is not specified, 20-bit physical address is output as is, and the upper 4 bits (A23-
A20) output low.

16M bytes
FFFFFFH

CTTTTIITTTTT g 16K bytes
]
]
]
1
]
1
]
1
1
)
1
1
i
1M bytes !
FFFFFH !
1
]
1
:
1
16Kbytess @ [--""- 77 !

00000H - 000000H
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- 4,2 EXPANSION ADDRESS MODE SETTING/RELEASE
The following instructions are used for setting/releasing the expansion address mode (XA mode).

BRKXA instruction
RETXA instruction

The table below indicates the XA flag operation.

Instruction ' Operation XA Mode
BRKXA Reads vector n, and branches. Sets XA flagto 1. Set
RETXA Reads vector n, and branches. Resets XA flag to 0. Reset

Remark The expansive address mode/normal address mode becomes valid starting from the fetch cycle of the
branch destination address when the BRKXA or RETXA instruction is executed.

Whether or not the expansion address mode is set can be determined by bit 0 (XA flag) for the XAM register (FF80H).

XAM
freo)) - | - | - 1 - | - | - | -

l— XA Exbansion Address

[¢] Normal address mode (NA mode)
1 Expansion address mode (XA mode)

The XA fiagis a read-only flag, which can be read by the byte IN instruction. When a reset is input, this flag is cleared
to 0. In the expansion address mode, no accessing should be made to the page register.

19
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4.3 ADDRESS TRANSLATION METHOD

EA19 EA14 EA13 EAOD
i
1
1
6 1 141
Decoder
Translation table

7700

104 .
A23 A14 A13 AOD

T
1
1
1

24 4 Expansion address (16 MB)
FFFFFFH

000000H

20
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4.4 ADDRESS TRANSLATION TABLE

The address translation table inputs the upper 6 bits for the 20-bit address generated by the effective address

generator. It selects one of 64 page registers (PGR) to generate the upper 10 bits in the expansion address.

The page registers (PGRs) are allocated to addresses FFOOH-FF7EH in the I/O space, and can be read/written using

the word IN/OUT instructions.

The page registers must not be accessed in the expansion address mode (XA = 1).

(1) Address translation

A19 | A18 | A17 | A16 | A15 | Al14 Page Register A19 | A18| A17| A16 | A15 | Al4 Page Register
o lof{o oo o PGR 1 1 olo]o]|o]o PGR 33
o oo |o o |1 PGR 2 1 o]l o o] 0| PGR 34
o lo]o o |1 |0 PGR 3 1 lolo o] 1o PGR 35
o oo |o |1 |1 PGR 4 1 1o oo | 1] PGR 36
o lolo |1 oo PGR 5 1 olol1]0o ] o0 PGR 37
o lolo |10 |1 PGR 6 1 ol o] 1|01 PGR 38
o oo |1 1|0 PGR 7 1t ool v ]|1]o0 PGR 39
o oo |1 |1 |1 PGR 8 10 lo 1|1 PGR 40
o o |1 |ololo PGR 9 1 ol v]o|o o0 PGR 41
o o |1 ]lo |0 |1 PGR 10 1ol 1]o0o |0 |1 PGR 42
oo |1 ]|0o1}|1]o PGR 11 1ol 1{o]|1]o PGR 43
o lo |1 o |1 |1 PGR 12 1ol 1] o | 1] PGR 44
o o1 |1 0o |0 PGR 13 1ol 1] 1ol o0 PGR 45
o {o |1 |1 o |1 PGR 14 1 Lo 11 o | PGR 46
o o1 |11 o PGR 15 1t ol 1] 1]1]o PGR 47
o 1o |1 |1 |1 |1 PGR 16 R T A T T I A PGR 48

o l1]lololo]o PGR 17 1111000 o PGR 49
o |1 0o o | o |1 PGR 18 1 1o o] o] 1 PGR 50
o |1 ]|olo 1 ]o PGR 19 11 lojo]| 1] o PGR 51
o |1 lo o 1] PGR 20 R ST A T O O A T PGR 52
o |4 lol1 oo PGR 21 111 lo | 1|0 o0 PGR 53
o |1 o {1 ]o |1 PGR 22 11 lo 1o} PGR 54
o |1 o1 1o PGR 23 11 bo |10 PGR 55
o |1 o |1+ |1 |1 PGR 24 RN TR T S T R R A PGR 56
o |1 |1 1o oo PGR 25 1t 1] 1]o0o]o] o PGR 57
ol 1|1t 1o lo |1 PGR 26 11y o] o | o1 PGR 58
o |l 1|1 1ol 1 ]o PGR 27 11 1o 1] o PGR 59
o |1 |1 o 1|1 PGR 28 HEEEEEEERE PGR 60
o {11111 ]olo PGR 29 Tt 1110 | o PGR 61
o 11 11 11 o |1 PGR 30 IR PGR 62
o |1 1 11 1 ]o PGR 31 1t 1 11 1] PGR 63
RN R PGR 32 S T T T A T A T I PGR 64
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(2) Page registers (PGR1-PGR64)
The page registers are accessed by word IN/word OUT instruction.
The lower 10 bits (D9-D0) of a page register are valid. When the other higher bits (D15-D10) are read, 0 is
read. When data is written to these bits, the data is ignored. The page registers are not affected by reset.
Do not access the page registers in the expansive address mode (XA = 1)

Page registers (PGR1-PGR64)

15 14 13 12 11 10 8 8 7 6 5 4 3 2 1 0 . l/Oaddress RW  Onreset

- =] =1 -=-1=1-|az3|Az2] |A21/A20|A19]{A18[A17|A16|A15/A14] FFOOH-FF7TEH RMW Undefined
C 1 r [ 1 T T T 73
I A23-A14 of expansion address
/0O Address Page Register /O Address Page Register /O Address Page Register

FFOO PGR1 FF2C PGR23 FF58 PGR45
FF02 PGR2 FF2E PGR24 FF5A PGR46
FFO4 " PGR3 " FF30 PGR25 FF5C PGR47
FFO6 ' PGR4 FF32 PGR26 FF5E PGR48
FFO08 PGRS FF34 PGR27 FF60 PGR49
FFOA ' PGR6 FF36 PGR28 FF62 PGR50
FFOC PGR7 FF38 PGR29 FF64 PGR51
FFOE PGR8 FF3A PGR30 FF66 ‘ PGR52
FF10 PGR9 FF3C PGR31 FF68 PGRS53
FF12 PGR10 FF3E PGR32 FF6A PGR54
FFi14 PGR11 FF40 . PGR33 ] FF6C PGR55
FF16 PGR12 FF42 PGR34 Fl F'GE PGRS56
FF18 PGR13 - FF44 PGR35 : FF70 PGR57
FF1A PGR14 FF46 PGR36 FFIé PGR58 -
FF1C PGR15 FF48 PGR37 FF74 PGR59
FF1E PGR16 FF4A PGR38 FF76 PGR60
FF20 PGR17 FF4C PGR39 FF78 PGR61
FF22 PGR18 FF4E PGR40 FF7A PGR62
FF24 PGR19 FF50 PGRa41 FF7C PGR63
FF26 PGR20 FF52 PGR42 FF7E PGR64
FF28 PGR21 FF54 PGR43

FF2A PGR22 FF56 PGR44

Caution Always access page registers (PGR1-PGR64) with word accesses at even addresses.
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4.5 INTERNAL VO AREA

The following two kinds of registers are provided as intemal /O registers for address expansion (refer to 4.1
OUTLINE through 4.4 ADDRESS TRANSLATION TABLE).

e XAM register
* PGR1 to PGR2

Register - I/O address Read/write Access
XAM FF8oH Read only possible Word IN instruction
PGR1-PGR64 FFOOH-FF7EH Read/write possible Word IN/OUT instruction

The method to access internal /0, at FFOOH to FFBOH, differs from normal external I/O access.

External I/O access Internal /O access
Signal (O00H-FEFFH) (FFOOH-FF80H)
A23-A0 Output Output
D15-DO Output (Hi-Z when read) Output (Hi-Z when read)
BCYST Output . Output
DSTB Output No output-
M/iO Output Output
RW Output Output
READY Accepted Not accepted
BS8/BS16 Accepted Not accepted

Caution The page registers (PGR1-PGR64) must not be accessed in the expansion address mode (XA =1).

When accessing a page register (PGR1-PGR64), the word INOUT instruction, which accesses the
page register in page units, must be used. '

23
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5. DYNAMIC BUS SIZING FUNCTION

The uPD70136A has a 16-bit data bus. However, in order to facilitate connection to a system having an 8-bit data
bus, the uPD70136A is provided with the dynamic bus sizing function.

The bus sizing function is effective for both memory accessing and I/O accessing (external /0 only). When the BSS8/
BS16 pin is set 1o low, only the lower 8 bits of the data bus become effective.

When executing a word access to an even address, the second bus cycle is started after the normal first bus cycle,
and the upper 8 bits of data are read/written through D7-DO.

Table 5-1. Access of Data

UBE A0 Operation
] 0 " 16-bit access
0 1 Upper 8-bit access
1 0 Lower 8-bit access
1 1 Second cycle in bus sizing
Table 5-2. Write Operation
__No Sizing __ Sizing
Byte/word | Address| A0 | UBE | Cycle (BS8/BS16 = 1) (BS8/BS16 = 0)
D15-D8 D7-DO D15-D8 D7-D0
Even 0 1 First Undefined Lower byte Undefined Lower byte
Byte
Odd 1 0 First Lower byte Lower byte Lower byte Lower byte
0 0 First Upper byte Lower byte Upper byte Lower byte
Even
1 1 Second No cycle No cycle Upper byte Upper byte
Word
1 0 First Lower byte Lower byte Lower byte Lower byte
Odd
0 1 Second Lower byte Upper byte Lower byte Upper byte
Table 5-3. Read Operation
No Sizing Sizing
Byte/word | Address| A0 | UBE | Cycle (BS8/BS16 = 1) (BS8/BS16 = 0)
D15-D8 D7-DO D15-D8 07-DO
Even 0 1 First - Lower byte —_ Lower byte
Byte
Odd 1 0 First Lower byte —_ - Lower byte
0 0 First Upper byte Lower byte - Lower byte
Even
1 1 Second No cycle No cycle _ Upper byte
Word
1 0 First Lower byte - - Lower byte
Odd
0 1 Second — Upper byte — Upper byte
Caution For memory operand of floating-point operation chip instructions, the dynamic bus sizing must

24

always be set to 16-bit bus.
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Table 5-4. Bus Sizing and Sampling for Bus Cycles
Bus Cycle D15-D0 Pin Valid Bus Size gﬁ:ﬁi;s Pin
Interrupt acknowledge cycle 8 bits -
Extemnal I/O read cycle 8/16 bits o
Internal I/O read cycle 8l1é bits -
External 1/O read cycle ‘8/16 bits (o}
External I/O write cycie 8/16 bits -
Coprocessor read cycle 16 bits -
Coprocessor write cycle 16 bits -
Halt acknowledge cycle Hi-Z (no meaning) -
instruction fatch cycle 8/16 bits o]
CPU memory read cycle 8/16 bits o}
CPU memory write cycie 8/16 bits O
Coprocessor memory read cycle 16 bits Note
Coprocessor memory write cycle 16 bits (] ""'”
Note When bus size is set to 8 bits, operation is not performed normally.
25
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6. INCREASING INSTRUCTION EXECUTION SPEED

The uPD70136A is provided with the following hardware functions in order to reduce the instruction execution time:

EXU internal dual data bus
Effective address generator

16/32-bit temporary register/shifter (TA, TB)

16-bit loop counter (LC)

PC (Program Counter) and PFP (Prefetch Pointer)

6.1 DUAL DATA BUS METHOD

In order to reduce the number of processing steps necessary for instruction execution, a dual data bus concept, with
the main data bus (16 bits) and the sub data bus (16 bits), is employed. With this concept, the processing time is reduced
approximately 30%, compared to the processing time for a single bus system in implementing addition, subtraction,
logic operation, and compare instructions.

(—

Register

(—

16

16

N
—/

Temporary
register/shifter

)

(

Subdata bus

Example ADD AW, BW; AW « AW+BW

Single bus Dual bus
Step 1 ALU « AW ALU « AW, BW
2 ALU « BW AW « ALU

26

3 AW « ALU

)

Main data bus
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6.2 - EFFECTIVE ADDRESS GENERATOR
The effective address generator computes at a high speed an effective address necessary for accessing the memory.
in the microprogram method, it took 5 to 12 clock periods to compute an effective address. However, with this sole
use hardware, an effective address can be computed in one clock period for any addressing mode.

mod r/m

EA GENERATOR

|

Effective address

6.3 16/32-BIT TEMPORARY REGISTER/SHIFTER (TA, TB)
The temporary register/shifter (TA, TB) are provided for multiplication, division, shift, and rotate instructions. With

this circuit, especially, multiplication and division instruction execution speed is increased to approximately 4 time faster
than a method using the microprogram. '

TA + TB: 32-bit temporary register/shifter
{For multiplication/division instructions)
TB: 16-bit temporary register/shifter
(For shift/rotate instructions)

6.4 LOOP COUNTER (LC)

" The loop counter (LC) counts the number of loops for primitive block transfer, and input/output instructions controlled
by the repeat prefix instruction, or counts the number of shifts for the muitiple-bit shift/rotate instructions.
For example, register multiple-bit rotation will be performed as shown below, and the processing speed is increased
approximately 2 time faster than that of microprogram method.

RORC AW, CL,CL=5

Microprogram method LC method
8 + 4 x5 =28 clocks 2 + 5 =7 clocks

6.5 PC AND PFP

With the prefetch pointer (PFP), which addresses the program memory when prefetching an instruction, and the
program counter (PC), which addresses the program memory for the current instruction execution, provided by
hardware, the instruction execution time is reduced by several clock periods for branch, call, return, and break
instructions, compared to that for the PFP only.

27
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7. UNIQUE pPD70136A INSTRUCTIONS

7.1 VARIABLE BIT FIELD MANIPULATION INSTRUCTIONS

The INS (Insert Bit Field) and EXT (Extract Bit Field) instructions are provided as variable bit field manipulation
instructions. These instructions are very effective for computer graphics and high level language. For example, these
instructions are effective for Pascal packed array and record type data structure.

(1) INS reg8, reg87/INS reg8,imm4
Of the 16 bits of data contained in the AW register, the data for the lower bits, specmed by the second operand,
is transferred to the memory area determined by the byte offset addressed by the DS1 segment register and IY
indexed register plus the bit offset specified by the value {0-15) for the first operand.
After the transfer, the IY register and the register, specified by the first operand, are automatically updated
to indicate the next bit field.
Only 0-15 (0 specifies 1-bit length, 15 specifies 16-bit length) are effective as the value for the second operand.

Bit length
15 0
AW % /) ay)
: l . Bitofiset Byte offset _,
,_ A R
: v E o
Byte Segment base
boundary ’ (os )

Bit field data can cross memory byte boundaries.

(2) EXT reg8, reg8/EXT reg8,imm4
" Data for the bit field, whose Iength is specified by the second operand, is loaded from the memory area
determined by the byte oftset addressed by the DSO segment register and IX indexed register, plus the bit offset
specified by the value (0-15) for the first operand to the AW register. .
After the transfer, the 1X register and the register specified by the first operand are éutomatically updated to
indicate the next bit field. '

Only 0-15 {0 specifies 1 bit length, 15 specifies 16 bit length) are effective as the value for the second operand.

28
B L427525 0086L9L0O L9T WM



NEC ©PD70136A

(1IX)

, Bitlength  Bitoffset | Byte offset |
, | | L
4 1 1 27 [ 4
; : v L { Mamory
l Byte Segment base
boundary (DS 0)

15 S0
w[ o 7

Bit-field data can cross memory byte boundaries.

7.2 PACKED BCD OPERATION INSTRUCTIONS

The ADD4S, SUB4S, and CMP4S instructions process packed BCD as strings. The ROR4 and ROL4 instructions
process packed BCD as byte or word format operands.

Assembler macro processing must be used for string processing of rotate instructions.

(1) ADD4S

This instruction adds the packed BCD string, addressed by the IX index register, to the packed BCD string,
addressed by the 1Y index register, and stores the result in the string, addressed by the IY register. The length

of the string (number of BCD digits) is specified by the CL register, and the operation result will affect the zero
(2) and carry (CY) flags.

BCD string (1Y,CL) « BCD string (IY,CL) + BCD string (IX,CL)

(2) SsuB4s

This instruction subtracts the packed BCD string, addressed by the IX index register, from the packed BCD
string, addressed by the IY index register, and stores the result in the string, addressed by the |Y register. The
length of the string (number of BCD digits) is specified by the CL register, and the operation resuit will affect the
zero (2) and carry (CY) fiags.

BCD string (IY,CL) « BCD string (1Y,CL) — BCD string (1X,CL)
(3) CMP4S
This instruction performs the same operation as SUB4S, except that the result is not stored and only the zero

flag (Z) and carry flag (CY) are affected.

BCD string (IY,CL) -~ BCD string (IX,CL)

B Lu42?525 00869L1 52- M
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(4) ROL4

This instruction treats the byte data for the register or memory operand specified by the instruction as BCD
data and uses the lower 4 bits of the AL register (ALL) to rotate that data one BCD digit to the lett.

reg/mem

Upper
AL 4 bits

Lower
4 bits

(5) ROR4

This instruction treats the byte data for the register or memory operand specified by the instruction as BCD
data and uses the lower 4 bits of the AL register (ALL) to rotate that data one BCD digit to the right.

reg/mem

Upper
Al 4 bits

Lower
4 bits
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7.3 STACK MANIPULATION INSTRUCTIONS

(1) PREPARE imm16,imm8

This instruction is used to generate a “stack frame" necessary for a block structure high level language (such
as Pascal and Ada). The stack frame contains the pointers to point frames of variables that can be referenced

- from the procedure, and local variable area.

The following explanation uses the following program example written in a Pascal style language.

program EXAMPLE;
procedure P;
var a,b,c;
procedure Q;
var d,e;
procedure R;
var {,g;
begin
d:=a+f+g;
end;
begin
R
b:=d+e;
end;
begin
a:=b+c;
Q;
end;
(*main program®)
begin
P;
end.

Remark Ali variables are word variables.

In this program, procedure blocks are nested in three levels. Procedure P defines variables a, b, and ¢, procedure
Q defines variables d and e, and procedure R defines variabies t and g. Therefore, a, b, and ¢ are referenced from
procedure Q, and d and e in addition to a, b, and ¢, are referenced from procedure R as global variables.

The PREPARE instruction copies the frame pointer, in order to assure local variable area and enable referencing
to global variables. The first operand specifies the size (bytes) of the area assured for the local variables. The second

operand indicates the depth of the procedure block (this depth is referred to as lexical level).

The base address for the frame generated by the PREPARE instruction is set into the base pointer BP.
When the above EXAMPLE program is compiled, the assembler program, shown on the next page will be created
(the DISPOSE instruction used in the assembler program returns the stack pointer SP and the base pointer BP to the

condition which existed before the PREPARE instruction was executed. Refer to (2)).

BN Lue?525 008L9E3 379 B
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:ASSEMBLER PROGRAM

START: MOV  SP, SPTOP
MOV  BP,SP D <>
CALL P : <2>
BR SYSTEM
P: PREPARE 6, 1 ; <3>
MOV AW, [BP] [B+BLEVEL"2]
ADD AW, [BP] [C+CLEVEL"2]
MOV  [BP] [A+ALEVEL'2], AW
CALL Q
DISPOSE
RET
Q: PREPARE 4, 2 ; <4>
CALL R
MOV AW, (BP} [D+DLEVEL"2]
ADD AW, [BP] [E+ELEVEL*2)
MOV IV, [BP] [BLEVEL'2)
MOV SS:[IY] [B+BLEVEL"2], AW
DISPOSE
RET
R: PREPARE 4, 3 . <5>
MOV AW, [BP] [F+FLEVEL"2]
ADD AW, [BP] [G+GLEVEL"2]
MOV I, [BP] [ALEVEL'2]
ADD AW,.SS:[1Y] [A+ALEVEL"2), AW
MOV  IY, [BP] [DLEVEL"2)
MOV SS:[IY] [D+DLEVEL'2), AW
DISPOSE '
RET
. A=-2 ALEVEL =1
. B=-4 BLEVEL =1
. C=-6 CLEVEL=-1
. D=-2 DELVEL=-2
. E=-4 ELEVEL=-2
. F=—2 FLEVEL=-3
. G=-4 GLEVEL=-3

M L427525 008LY9LY 235 W
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k=
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A W
G 4

SP —»
B8P ——»

<2>
RET

sp—

BP

<i>

B8P, SP —»
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The PREPARE instruction first stores the BP into the stack. This is to restore the BP for the procedure which made
the call, when the procedure is completed. The frame pointers (stored BP) in the range that can be referenced from
the called procedure are then loaded into the stack. The range that can be referenced means a value which is the lexical
level of the procedure minus 1.

If the lexical level is 1 or greater, the own frame pointer is also loaded into the stack. This is to copy the frame pointer
‘for the procedure, which made the call, when copying the frame pointer in the procedure called from this procedure.

The value for the new frame pointer is then set into the BP, and the loca! variable area to be used by the procedure
is assured in the stack. That is, the SP is decremented by the number of local variables.

display = 2nd operand
dynamics = 1st operand

SP = SP—Z;
(SP) = BP,;
temp = SP;

if display > 0 then begin
repeat display-1 times
begin
SP = SP-2;
BP = BP-2;
(SP) = (BP);
end
SP = SP-2;
(SP) = temp;
end
BP = temp;
SP = SP-dynamics

35
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Data Access Method

(a) Accessing local variable
A local variable is allocated in the procedure’s own frame. Therefore, the effective address for the local
variable EA.L can be computed as follows:

EAL = SS:(BP+offset)

Where, offset value is the result of addition of the frame size (base value for the frame that can be
referenced) loaded in the flame, with the offset value from the base value of the local variable area to the
variable.

(b) Accessing global variable
A global variable accesses the base pointer to be referenced from the old base pointers loaded in the stack
frame, then add the offset value to the variable to be referenced to that value. This value is the address at
which the global variable is located. Therefore, the the effective address for the global variable EA.G can be
computed as follows:

EA.G = SS:((SS:(BP+oftset1))+ofiset2)

Where, offset1 is the offset value from the base value (BP value) for the current frame to the address, in
which the base address for frame containing the global variable is stored.

Offset2 is the offset value from the base value for the frame containing the variable 1o be referenced to
that variable.

(2) DISPOSE
The DISPOSE instruction releases one frame from stack frames generated by the PREPARE instruction. The
point value, indicating the previous frame, is loaded into the BP, and the point vaiue, indicating the bottom position
of the frame, is loaded into the SP.

SP = BP;
BP = (SP);
SP = SP+2

36
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. 7.4 CHECK ARRAY BOUNDARY INSTRUCTION
This instruction is used to verity that index values, pointing to the elements of an array data structure, are within the
defined range. If the index value is not between these defined ranges when CHKIND is executed, a BRKS will occur.
When using the CHKIND instruction, the defined value must be setinto 2 words (the 1st word defines the lower limit,

the second word specifies the upper limit) in the memory in advance. The index value should be a register (an arbitrary
16-bit register) used by the array manipulation program.

CHKIND, reg 16, mem 32

When (mem32) > reg16 or (mem 32+2) < reg16
TA « (015H, 014H)

TC « (017H, 016H)

SP « SP-2, (SP+1, SP) « PSW
IE« 0,BRK« 0

SP « SP-2, (SP+1, SP) « PS
PS«TC

SP « SP-2, (SP+1, SP), « PCN'®
PC « TA

\ =BRK 5

J

Note Start address for CHKIND instruction

Memory

U -
pper limit 15 0

L mem32+2 (Upper limit)
T mem32 (Lower limit)

.

:

Lower limit

r 24

Array

37
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7.5 ADDRESS EXPANSION MODE CONTROL INSTRUCTIONS
The pPD70136A has the following two instructions in order to tum on/ftum off the expanded addressing mode (XA

mode):

+ BRKXA instruction
* RETXA instruction

With these two instructions, bit 0 (XA flag) for the XAM register (internal /O port: FF80H) can be set/reset to tum
on/turn off the expanded addressing mode. )

(1) BRKXA instruction
This instruction is used to turn on the expanded addressing mode.
The control is transferred to the address stored in the interrupt vector table entry, specified by the instruction,
and bit 0 (XA flag) for the XAM register (internal I/OAport: FF80H) is set to 1.
Interrupt acknowledge bus cycle will not be executed.
PC, PS, and PSW will not be stored into the stack.

(2) RETXA instruction
This instruction is used to turn off the expanded addressing mode.
The control is transferred to the address stored in the interrupt vector table entry, specified by the instruction,
and bit 0 (XA flag) for the XAM register (internal I/O port: FFB0H) is reset to 0. '
interrupt acknowledge bus cycle will not be executed.
PC, PS, and PSW will not be stored into the stack.

38
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7.6 FLOATING-POINT OPERATION COPROCESSOR CONTROL INSTRUCTIONS

FPO1 fp-op/FPO1 fp-op, mem
FPO2 fp-op/FPO2 tp-op, mem
POLL

These instructions are used to control the external coprocessor uPD72291.
These instructions perform ditferent operations, depending on whether or not the coprocessor is connected.

(1) When coprocessor is connected
Upon fetching the FPO1 or FPO2 instruction, the CPU outputs instructions for coprocessor to perform
operations and the CPU only performs supportive processing for operation chips (effective address computation,
physical address generation, and memory read cycle initiation) necessary for the coprocessor to perform
operations.

in terms of function, FPO1 and FPO2 are identical, except that the type of code is different.

In general, when writing in an assembler language, a mnemonic, corresponding to each instruction tor the
coprocessor, is used rather than FPO1 and FPO2 mnemonics.
When the FPO1 or FPQ2 instruction is fetched, the CPU initiates memory read cycle, if the instruction is

requesting memory accessing. However, the data read out by this operation is to be used by the coprocessor,
so that the CPU will not use clocks in this data.

When the coprocessor needs memory write cycle, the CPU initiates memory write cycle for the coprocessor,.
and the coprocessor accesses the data bus.

When the CPU fetches the POLL instruction, the cPU samples the CPBUSY pin every two clock periods, in
order to synchronize with the coprocessor, and waits for execution until the CPBUSY pin becomes high.

(2)_ When éoprocessor is not connected

When the CPU fetches the FPO1, FPO2, or POLL instruction, vector No.7 interrupt is generated, regardless
of the interrupt enable flag status.

FPO1, FPO2, POLL instruction
{

Reads vector 7 table
d

Fetches interrupt destination

d
Stores PCNt®, ps, PSW

Go to coprocessor, not present routine (user created routine)
Note Start address for the coprocessor control instruction
Whether or not the coprocessor is connected is determined by the CPBUSY pin status.

CPBUSY pin status when reset
CPBUSY (input) = “L" .... Coprocessor not connected

CPBUSY = “H" .... Coprocessor connected

39
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7.7 UNDEFINED INSTRUCTION CODES

Vector number 6 interrupt is generated for any undefined instruction code listed in Table 7-1, regardless interrupt

enable flag states.

Undefined instruction
4
Reads vector € table
1
Fetches interrupt destination
4
Stores PCN°'*, ps, PSW
d

Go to undefined instruction processing routine (user created routine)

Note Trapped undefined code start address

Table 7-1. Undefined Codes List

No. 1st 2nd
1-16 00001111 00000000-00001111
17 00001111 00100001
18-20 00001111 00100011-00100101
21 00001111 00100111
22 00001111 00101001
23-27 00001111 00101011-00101111
28 00001111 00110000
29 00001111 00110010
30-34 00001111 00110100-00111000
35 00001111 00111010
36-39 00001111 00111100-00111111
© 40-185 00001111 01000000-11001110
186-200 00001111 11010000-11011111
201-215 00001111 11100001-11101111
216-230 00001111 11110001-11111111
231 01100011
232-295 10001101 11000000-11111111
296-359 11000100 11000000-11111111
360-423 11000101 11000000-13111111
424-551 110x000x xx110xxx
552-615 1101001x xx110xxx
616 11010110
617-680 1111011x . xx001xxx
681-744 11111114 xx111xxx

40
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8. INTERRUPT OPERATION

The interrupts supported by the PD70136A can be divided into two types; interrupts generated by external interrupt
requests and traps generated by software processing. They are:

(1) External interrupts

(i) NMI input (nonmaskable)

(ii) INT input {maskable)

(2) Software traps

(a) By instruction execution result

Divide error during DIV or DIVU instruction
Array bound error during CHKIND
Undefined instruction

Coprocessor error

Coprocessor not connected

{b) Conditional break instruction

When V = 1 when BRKYV instruction is executed

(c) Unconditional break instruction

1-byte break instruction BRK 3
2-byte break instruction BRK imm8

(d) Flag processing (single step)

Sets the BRK flag by stack manipulation

For any interrupt, one location of the provided |nterrupt vector table is automatically selected or is selected each
time by specification, to determine the interrupt routine start address.

Figure 8-1 shows the interrupt vector table. This table is aliocated to the 1K-byte area for memory addresses 000H
to 3FFH, and can contain interrupt routine start addresses for 256 vectors (4 bytes for each vector).

B L427525 008k973 248 W
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Figure 8-1. iInterrupt Vector Table
000H ' N \
B Vactor 0 —1 Divide error
H ]
004 - 1 —{ Break flag
osH 1 2 -1 NMiinput
00CH ' . ,
— 3 -{ BRK3 instruction
} r Sole use
010H
- 4 -1 BRKYV instruction
014H - 5 — CHKIND instruction
O18H | 6 _| Undefined
instruction trap
01CH ' Coprocessor )
B 7 -1 not present
t h
020H
- 8 —
t
N 3 ¢ Reserved
03CH '
040H '
- 16 - 4PD72291 error
044H ' )
}
b N 4 1 Reserved
07CH '
t g
080H
= 32 -
+ General use
BRK imm8 instruction
+ < 1 INT input (external)
BRKXA instruction
4 RETXA instruction
200H
- 128 -1
; 4
204H
- 129 —{ Reserved
+ N
208H
4 General use
BRK imm8 instruction
NS + > INT input (external)
T BRKXA instruction
} RETXA instruction
3FCH i 255 i
J J
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Vectors 0-7, and 16 are indicated for specific uses, and vectors 8-15, 17-31, and 129 are reserved and cannot be
used for general purpose.

Vectors 32-128, 130-255 can be used for general purposes, and the following 3 can be used.

* Two-byte break instruction - - - - . BRK imm8
» Expansion address mode instruction - - - - - BRKXA, RETXA
* INT input )

Each interrupt vector consists of 4 bytes. The lower 2 bytes are loaded into the PC as offset, and the upper 2 bytes
are loaded into the PS as base.

Example Vector 0

000H 001H

S Sa——

002H 003H

PS « (003H, 002H)
PC « (001H, OCOH)

The programmer must initialize the contents of each vector in the beginning of a program, according to this format.
The following indicates basic steps to jump to an interrupt service routine.

TA « Lower bytes of vector (offset)
TC « Upper bytes of vector (base)
SP « SP-2, (SP+1,SP) « PSW

IE « 0, BRK « 0

SP « SP-2,(SP+1,SP) « PS

PS « TC

SP « SP-2,(SP+1,SP) « PC

PC « TA

Cautions 1. For interrupts generated by the following causes, the PC and PS values, which indicate the start
address for the instruction in which an interrupt is generated, are stored into the stack.

* Undefined instruction code trap
* Coprocessor not present interrupt
e uPD72291 error interrupt

If aninterrupt is generated by other than the above mentioned causes, the PC and PS values, which
indicate the start address for the next instruction among the instructions in which the interrupt
is generated, are stored into the stack.

2. The uPD70136A will not accept other NMI interrupt in the NMI interrupt service routine, until the
RETIlinstructionis executed. However, when the standby mode is initiated, by executing the HALT
Instruction in the NMIi service routine, the NMl interrupt is accepted. Inthis case, the standby mode
is released and an NMI interrupt (vector 2) is generated.
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B L4y27?525 008L975 0LO0 WA



NEC yPD70136A

9. INTERFACING TO THE uPD72291 FLOATING-POINT COPROCESSOR
The following describes interfacing the uPD72291 fioating-point coprocessor to the uPD70136A.

(1) System configuration
- Figure 8-1 shows a system configuration example, in which the uPD72291 is connected to the uPD70136A.

The uPD72291 can be connected to the uPD70136A without an additional external circuit.

Directly connect the input/output signals (CLK, RESET, BUSST1, BUSSTO, M/iO, R'W, DSTB, D15-D0) for
uPD72291 to the uPD70136A, as shown in Figure 9-1 The same clock must be supplied to the clock for the
uPD72291 and that for the uPD70136A.

The uPD72291 CPBUSY signal must be connected to the uPD70136A CPBUSY signal, and must be pulled-
up with a resistor (approximately 2kQ) to Voo.

When only the socket for the uPD72291 is provided, but the yPD72291 is not connected, provnde a switch to
the CPBUSY signal for the pPD70136A so that the CPBUSY pin can be connected to GND by
the switch. The uPD70136A samples the CPBUSY signal when reset. Ifthe CPBUSY pinis low, the coprocessor,
not present exception, will be generated, if an instruction for the uPD72291 is attempted to be executed.
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Figure 9-1. Typical System Configuration
V33A Clock (15 MHZ) ﬂPD72291
CLK CLK
Wi Mo
RW RW
BUSST1 BUSST1
BUSSTO BUSSTO
DSTB DSTB
BCYST BCYST
Voo 4{
—_ ras, CPBUSY
CPBUSY
O—— GND
D15-DO < > D15-DO
RESET RESET

RESET

Cautions 1. The same clock must be supplied to the CLK pin for the uPD72291 and that for the xPD70136A.
When connecting the uPD72291 to the yPD70136A, the .PD72291 CPBUSY signal must be
connected to the uPD70136A CPBUSY pin, and pulled up with a resistor. When only the socket
for the uPD72291 is provided, but the yPD72291 is not connected, provide a switch to the
uPD70136A CPBUSY signal, so that the CPBUSY pin can be connected to GND by the switch.

2. Databus lines forthe uPD70136A and those for the uPD72291 must be directly connected, without

anything including buffers.
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(2) Bus cycle

The following describes coprocessor related bus cycles generated by the uPD70136A.

The uPD70136A generates bus cycles for accessing the memory and I/O. In addition to these bus cycles, the
uPD70136A also generates bus cycles for the coprocessor. The data transfer source and destination are indicated
by the bus status signals (M0, RW, BUSST1, BUSSTO). Table 9-1 indicates the relationship between the bus
status signals and the bus cycles.

Table 9-1. uPD70136A Bus Status Signals and Bus Cycles

Mo RW BUSST1 BUSSTO Bus Cycle Transfer Direction
0 1 1 0 Coprocessor read [COP = CPU]
0 0 1 0 Coprocessor write [CPU — COP}
1 1 1 0 Memory read for coprocessor [Memory — COP]
1 0 1 0 Memory write for coprocessor [COP — memory}
Caution To execute the instruction for the uPD72291, be sure to place the memory operand in an even

address. Specify the 16-bit length by using the dynamic bus sizing function. This is because
the zPD72291 accesses 16-bit data in one bus cycle. Therefore, if a memory sized to be 8 bits
is specified as an operand, the normal operation cannot be performed.

Remark COP is an abbreviation for coprocessor.

(a) Coprocessor read
This bus cycle is used to read the status from the status word port (STWP) for the uPD72291. The address
(A23-A0) output from the uPD70136A has no meaning (the uPD70136A outputé 000008H). The data bus is
driven by the uPD72291.
The bus cycle has two clock periods.

(b) Coprocessor write
This bus cycle is used to write an instruction to the command word port (CMWP) for the the uPD72291.
The address (A23-A0) output from the uPD70136A has no meaning (the uPD70136A outputs 000000H). The
data bus is driven by the uPD70136A.
The bus cycle has two clock periods.

(¢} Coprocessor memory read
- This bus cycle is used to transfer memory data to the source operand word port (SOPWP) for the uPD72291.
~ The address (A23-A0) output from the uPD70136A is the memory address. The data bus is driven by the
memory.
The bus cycle has three clock periods (the bus cycle is automatically extended by one clock by the
uPD70136A). When inserting a wait cycle, set the READY input for the uPD70136A to high.
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(d) Coprocessor memory write
This bus cycle is used to transfer an operation result from the destination operand word port (DOPWP) for
the uPD72291 to the memory. The address (A23-A0) output from the uPD70136A is the memory address.
The data bus is not driven by the uyPD70136A, but by the uPD72291.
The bus cycle has three clock periods (the bus cycle is automatically extended by one clock by the
uPD70136A). When inserting a wait cycle, set the READY input for the uPD70136A to high.

Remark STWP, CMWP, and DOPWP are built-in ports of uPD72291.

M Luy2?525 0086979 ?LL M
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10. RESET FUNCTION
When a low level has been input to the RESET pin for the duration of six clocks and then the RESET pin is made
high, the uPD70136A is reset.

When reset, the CPU is initialized as shown in Table 10-1, and instruction prefetch is started from address FFFFOH.

Table 10-1. Resetting CPU

Target Initial Value Remarks
PFP 0000H Start address: FFFFO
PC 0000H

PS FFFFH

sS 0000H

DSO 0000H

DSt 0000H

PSW

V DR IE BRK
Upper|11l1|1|o]o!o[o|
s z AC P cY
Lower[ooolo|o]ooo|

Qusue Clear
XAM 7 6 5 4 3 2 1 0 XA flag: normal address
T -1 -[-[-1~1~]
PGR1- 15 14 13 12 N 10 9 8 Page register: undefined
rores T -T-T-]
7 6 5 4 3 2 1 0
X x l X | X 1 X x | x I x |

Remark x: Retains status immediately before reset.

11. STANDBY FUNCTION

The uPD70136A offers standby mode to reduce power consumption. The standby mode is entered after executing
a HALT instruction. '

In the standby mode, the internal clock is supplied only to those circuits related to functions required to exit this mode
and bus hold control functions. As a result, power consumption is reduced by several times the normal operation.

The standby mode is exited, when RESET, or when an external interrupt (NMI, INT) is received.

The bus hold function still operates during the standby mode. However, the CPU returns to the standby mode, when
the bus hold request is removed.
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12. INSTRUCTION SET

Table 12-1. Operand Types

Symbol Meaning

reg,reg’ 8/16-bit general-purpose register

reg 8, reg 8’ " 8-bit general-purpose register-

reg 16, reg 16’ 16-bit general-purpose register

dmem 8/16-bit memory location |

mem 8/16-bit memory location

mem 8 8-bit memory location

mem 16 16-bit memory location

mem 32 32-bit memory location

imm Constant (0 to FFFFH)

imm 3 Constant (0 to 7)

imm 4 Constant (0 to FH)

imm 8 Constant (0 to FFH)

imm 16 Constant (0 to FFFFH)

acc Register AW or AL

sreg Segment register

src-table 256-byte conversion table

src-block Block name addressed by register IX

dst-block Block name addressed by register 1Y

near-proc Procedure within the current segment

tar-proc Procedure within a different program segment

near-label Labe! within the current segment

short-label Label between —128 and +127 bytes from the end of the current instruction

far-label Label within a ditferent program segment

memptr 16 Word containing the destination offset address in the current program segment

memptr 32 Double word containing the destination offset address and segment base address in
another program segment

regptr 16 16-bit general-purpose register containing the destination offset address in anothef
sagment

pop-value . Number of bytes to discard from the stack (0-64K, normally an even number)

fp-op Immaediate value to identify the instruction code of the external floating-point arithmetic
coprocessor

R Register set

Table 12-2. Operation Codes
Symbol Meaning

w Byte/word specification bit (0: byte, 1: word). However, when s = 1, even if w = 1, sign
expansion byte data is used as the word operand.

reg.reg’ Register field (000-111)

mem Memory field (000-111)

mod Mode field (00-10)

s Sign expansion specification bit (0: no sign expansion, 1. sign expansion)

X XXX, YYY, ZZZ Data to identify the instruction code for the external floating-point arithmetic coprocessor

B b42?525 008LY9AL 314 WM
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Table 12-3. Operand Types

Symbol

Meaning

DSO
DS1
AC
Cy

w

DIR

IE

\

BRK

XA

(...)

disp
ext-disp8
temp
temp1, 2
TA

B

TC
tmpey
seg
oftset

<>

xxH
XxxxH

Accumulator (16 bits)
Accumulator (upper byte)
Accumulator (lower byte)
Register BW (16 bits)

Register CW (16 bits)

Register CW (low byte)

Register DW (16 bits)

Base pointer (16 bits)

Stack pointer (16 bits)

Program counter (16 bits)
Program status word (16 bits)
Index register (source) (16 bits)
Index register (destination) (16 bits)
Program segment register (16 bits)
Stack segment register (16 bits)
Data segment 0 register (16 bits)
Data segment 1 register (16 bits)
Auxiliary carry flag

Carny flag

Parity flag

Sign flag

Zero flag

Direction fiag

Interrupt enable flag

Overflow fiag

Break flag

Expansion address flag

Memory contents indicated by parentheses
Displacement (8/16 bits)

8-bit displacement sign expanded to 16-bit
Temporary register (8/16/32 bits)
Temporary register (16 bits)
Temporfary register A (16 bits)
Temporary register B (16 bits)
Temporary register C (16 bits)
Temporary carry flag (1 bit)
immediate segment data (16 bits)
Immediate offset data (16 bits)
Transfer direction

Addition

Subtraction

Muitiplication

Division

Modulo

AND

OR

XOR

Two-digit hexadecimal value
Four-digit hexadecimal value
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Table 12-6. 8- and 16-Bit General
Register Selection

Table 12-7. Segment Register

Selection
sreg
00 DS1
] PS
10 S§S
1 DS0

reg, reg’ W=0 W=1
000 AL AW
001 cL cw
010 DL DW
011 BL BW
100 AH SP
101 CH BP
110 DH IX
111 BH Y

Instruction sets are explained in the foliowing pages.

B 427525 0086983 197 EE

1PD70136A
Table 12-4. Flag Operation
Symbol Meaning
{blank) No change

0 Cleared to 0

1 Setto 1

x Set or cleared, according to resuit.

[V} Undefined

R Value saved earlier is restored

Table 12-5. Memory Addressing Mode

mod 00 01 10
mem
000 BW+IX BW4+IX+disp 8 BW+IX+disp 16
001 BW4+lY BW+lY+disp 8 BW4+IY4disp 16
010 BP+IX BP+IX+disp 8 BP+IX+disp 16
011 BP+IY BP+IY+disp 8 BP+IY+disp 16
100 1X IX+disp 8 IX+disp 16
101 Y 1Y +disp 8 IY+disp 16
110 DIRECT ADDRESS BP+disp 8 BP+disp 16
11 BW BW«+disp 8 BWadisp 16
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The number of clocks shown in the table is the time required for the execution unit to execute an instruction and
is under the following conditions:

(1) Excluding prefetch time, pre-decode time, and wait time to use the bus

{2) Itis assumed that know wait state is inserted in memory access, i.e., the number of clocks for one bus cycle

is two

(3) It is assumed that know wait state is inserted in /O access _
(4) Primitive block transfer instruction and primitive IO instruction include the repeat prefix

(5) In the case of the instruction with byte processing and word processing (with W bit), the figure on the left of
the / indicates the value of byte or word processing to and even address, and the figure on the right indicates
the value of word processing to an odd address

(6) The number of clocks when 16 bits are specified for the bus sizing function. To specify 8 bits double the bus
cycle for the word data to an even address

(7) Indicates the normal address mode

For the inter-block transfer instruction, refer to Table 12-8.

Table 12-8. Number of Clocks for Block Transfer Related Instructions

52

Number of Clocks
Instruction
Byte Word Processing (W = 1)
Procassing
(W=20) Odd, Odd Address Odd, Even Address Even, Even Address
MOVBK 6/rep 10/rep 8/rep 6/rep
(6) (10) 8) (6)
CMPBK 12/rep - 1 16/rep — 1 14/rep — 1 12/rep - 1
(11) (15) (13) (11)
CMPM 10/rep — 1 12/rep - 1 10/rep - 1
: (9) (1) (9)
LDOM 3/rep + 2 Sirep + 2 3/rep + 2
®) @ — ®)
ST™ 3/rep S/rep 3/rep
()] (5) 3
When |/O address is odd:
. 12/rep + 8
INM B/rep + 4 14/rep + 8 (20) 8/rep + 4
(12) (22) When memory address is odd: (12)
10/rep + 4
(14)
When I/O address is odd:
20/rep - 6
OUTM 12/rep - 6 22/rep - 6 (14) 12/rep - 6
(6) (16) When memory address is odd: 6)
14/rep - 6
(8)
Remark 1. Value indicated in parentheses applies only for one processing.

2. *frep* gives the repeat count. For execution one time, the repeat count is 1.

M Luy27525 008kL984 023 M



1PD70136A

NEC

glwaw
gjwew—gbes 4 | 44 wew Bes powiL 0L L 0O O 4 ‘gL bes v3al
X|xx x|x HY=AD X 'd'x ‘DY 'x'Z 'S c t 0L L b iLoo HY ‘MSd
AD X 'd 'X'QY ‘X 'Z 'S—HVY 1 } FE L L L OO MSd ‘HY
(e+eewsw)— 159 Zewew
(cewew)—g100) | w101 | vz | wew Bes pow|o 0 4 00 0 4 4 ‘91Be1 150
(2+2cwew)—gsq cewew
‘(2ewew)—>g1Bes | p1/01 ¥-2 wow Bes powli 0 | 0 0 0 + 1 {'91Bes’0sq
B Beis— (9| wew) S/e -2 wew DBess 0 Pow|o 0 t | 0 0 O | |DBess'g wew
B Beis—g|Bes 2 2 Bei boiso | L{O O L 000 1| bess ‘g1 604 m
180 '0Sq ‘ss :Bais (9 wew)—Beis LS -2 wew Bess Q0 powio | L | 0 0 0 | |gwewbes m.
180 '0SQ 'ss :bess gi6es—Beus 2 2 Beuy Bess 0o 1L L]0 L L 1L 0O O +/| 91681 'Bais W
- {wewp) ‘Hy—(1+wewp) ‘| = p ueym W
Iv—(wewp) .on.>> ueym S/e € M1 000 I O )| ooB'wewp W.w.
(wawp)—y ‘(1 +wewp)—rHy ‘L = m usym
(wewp)—y '0=Musum | /5 € MOOOO I 0| wewp'ooe
wuwy— e Z €2 Bes M1 L 04 wuwy ‘Bas
wus—>(wew) S/E 9-€ Wwew 0 0 0 powWiM 1+ 1 0 0 0 1 || wuw 'wew
(wew)—6ei LIS r-e wew ,mS POWIM L O L 00O I woew ‘Bes
Bos—(wew) S/e -2 wew Bes powm o O L 0OODOQ | be. ‘wew
.Bai—Bs 4 2 Bes  Bes b tMLEOLOODO L Bes 'Beu AOW
Z|S|d|A[r0jo¥ 0L ZEVPSOL0L2ZEDL SO L 5
uogeiedo mxw%_o mo..%m puesedp JuUoOWeUW mv m.
sBejy ssquny | Jequny 8poy uoyesedQ 5 wo..
.3

53

B Ly2?525 008L9E5 THT HE



yPD70136A

‘uojianiisu} x|jeid-uou o} paydejie aq jou pinoys suojjaniisu) xpyoid jeadas azow o wbi3 uojne)
'0 # Z ueym 'dooj woyj siix3 ZNd3H
‘@A0Qe S8 BWwes e } oLOO UL L L 3Nd3Y
2d43d
'} # Z puB NdND
10 YAJWD S UORINIISU] 18jSURI XI0(G aApiupd ey usym
‘doo) woJj Shx3 "pessesold s ydnuieiul ey} ‘pioy uo ueaq sey 3434
ydnueju) Aue §) MmO (1-) sluewerep pue ‘sehq eA|SS800NS .m.
oy} J0 Jejsuei) %o0iq eapwpd ey} sendexe "0 # MO eliUM z L LL OO L L bt 43y m
e
g
-0 # AD usym ‘dooj woyy six3 . x
-8AOQE S8 BWES 4 8 00LOO UL L O ozn_mmt
"L # AD ueym
‘dooj woyy syx3 ‘pessesosd s| 1dnuejul eyl ‘pioy uo ueeq sey
ydnusiug Aue §| "D (1) sluewesdep pue ‘sejAq BAISS80INs
U J0 JejsuBs) ¥00|q ARG DYl S8INJGXE ‘0 * MD BIUM (4 ¢ lo+LO0O0 L L O 3d3d
Mv 'g1bes g
gibeiomy | € ' o 0 1L 0O t| giber'my 5
wauw ‘Bes mo
: 2
Gesor(wew) | 21/8 ¥-2 wew Bes pow|m it L 000 O t| Beswew 5
73
Besbel I 2 bes bei1 b timtLt v 0000 I Be1 'Bes HOX w
(-3
(v+ma—wv | S ' Ly s 010+ t| emmas| snwui 3
d A |AD[OV oLzZEVPS9LlOLE2EYS9 L 5
s4o0|0 | selig o2
uoyeredQ 10 jo pueiedQ auowseuy | 3¢
sBerd 1equiny | JequinN epoD uopesedo £ m..
=1

NEC

B Luy27525 008GL98L 9Th HE



yPD70136A

NEC

S-AITPAL L = HIQ '2+AI-PAl (0 = HIQ

MY=(ALLHAD ‘L = mueym | B-2)
- aqey
b=AIDAL L = HIQ L+AIZAL 0 = HIQ 00S
TV-(AN) ‘0 = M ueum 1 ML OO L O L| Yogisp WLS
Z-XI7X1 '} = HIQ ‘2+XI :0 = HIQ
(X1 '1+X)=MY ‘L = mueym | 8-2i
. e|qe)
A=XI7X1 51 = HIQ (LXIPX] 0 = ”Ig 08g
(X)=v ‘0 = m ueym 1 MO L L O O | xog-us wal
Z-AIZPAL L = HIG Z+AI-A) 10 = HIQ o
(AL'L+AD - MV ‘L = Mueym | g2t 3
: ; o|qey F
b=AI=P AL 3L = HIQ L+AIZPALG = HIQ seg o
8
x|x[x|x (AD-1v ‘0 = M usum 1 ML L L O O L] Mogisp WdWd | *
|
Z2-AI—Al ‘Z-X1—X) L = HIg a
@
ZHAISAL ‘ZHXI-X) 20 = HId 5
(%]
(AFL#AD = (XIb+XH) 'L = Musum | 82t g
- e|qeL g
b=AIDAL 1=XI2XI (1 = W0 s8g S
LHAI2AL L4XI2X) 10 = BIQ %001q—-ISp
x|x|x|x (AD = (X1) "0 = M uaym i ML 1L 0O L O V]| ‘woog-ois NAdWD
2-AI—Al '2-X17X1 24 = Hia .
ZHAITAL ‘2HXIOXI 10 = HIQ
(X LHXD2 (AL LHAD ‘L = Musym | B-21
a1qeL
F=AIPAL1-XI12XI 5L = HIQ e8g
FHAIPAL EXIZXE 0 = HIQ ¥20|G-218
(XN—(A) ‘0 = m ueym i MO L OO L 0 L[| "oog-sp MEAOW
d | AAD[OY 0L2Z2EPY SO LIOLZEY SO L 5
001D | seihg [n}-}
uopesedo 0 jo puesedQ auoweuy | 8¢
sbBejy JequinN | Jequiny 8pa) uoyeledo 5 m..
=1

55

B Lu27525 0086987 832 WA



Z-XIX1 1L = HId 2+XI—XI 10 = "ig

uPD70136A

XL X)2(MT'1+MA) ‘L = musuM | 821
]
s|qey 3
1=XI7X) 24 = "I 1+X12X1 (0 = "I ees E
. ¥0|q—2IS H
(x—=(mQ) ‘0 = M usym =
) i M ‘Mma winol ©
3
Z-AIPAL L = HIQ 'Z+AI2AL 0 = HId m.
le]
(MQ ‘1+MQ)(ALI+AD 'L = musym | B2 =4
e|quy 3
L=AI=*AL i1 = HIQ ‘L+AIZAL 0 = HIQ eeg ma
(MQ)—(A) '0 = M usym 1 Mol %o0|q-1Sp WNI
W2 MA HY—2(1+MA) 'L = M uBym
Tv—=(Ma) ‘0=Mueum| S/ i ML s0e'Ma
(B Hy— (L +Bww) ‘| = M UBUM 5
qu-(gwun) ‘0 = M UeYM | S/E 4 ML 1| oo8'guwy ino| 3
(M@)-=V (L+MA)HY ‘| = M UByM m.
2
(Ma)-Iv'o=musym| LS 1 MO ma-ooe 3
(gww) v ‘(1 +guw) SHY 'L = M UBUM
(awwy)->Tv ‘0 =mMueym| LS 2 MOl gwiw)‘ 008 NI
£9-6€/ e
@
POy NG 91 SMVY | 19-62 ¥ OO b | twwi‘gbes o4
- o
€9-6€/ Bes a
©
piey Uq SL—MV | 19-62 > L OOt 1) .86es'gbes 1xal 2
[~ 43
1L-6€/ 6ou S
>
MV—PIeY #a-91 | 69-LE v LOO[L L} pwwy‘gbes m
L1-6€/ Ges W
MVY—Pel Iq 91| 69-LE € L0 OfL Lt .gbes'gbes SNI
§9 L0 2 5
53000 | selig ol
uoyeledo j0 jo pueiedQ ojuowsuy | g 2
JequinN | sequinN epo) uoneiad 5 mw.
=]

NEC

M Luy27525 008L988 779 W

56



uPD70136A

NEC

x| % |x]x AD—WUWI-MV—MY 'L = M UBUM 2z €2 MOL L LOODO wiyy's08
AW —TY (0 = M UBYUM
X|x|[x|x AD—ww—{wew)—(wew) (4973 9-C wew | | O powWiM S 00O0O00O0 wwi'wew
x| x1x|x AD—wwi-Bei—+Bes| 2 v-€ es 1L L O L ILMSO0O0DO0O0O wwy'be
x|xIx|x AD-(wow)-Bei—-Bes|  g/9 p2 | wew Bes powm L O+ |} 00 0 wewbe
x|x|x|x AD-Bei—{wew)>(wew) |  |4/L 2 | wew Bos pow(m 0 O + + 00 0| OGerwew
x|x|[x|x AO—Bei-Bai—be, 2z r4 Bau Bew L LML O L LOOO borbe oans
x| x [x|x WUIEMYMY L= MUBUM) 5 €2 MO L L O L O0O| wwooe
WWi-y—Y "0 = M UM
x|x|{x|x wuwi-(wew)->(wew) | |/ 9€ wew | O L POW M S 00000 || wwwew
X|x|x|x wwi-6a1—-Bes 2z a> Ges L O L L LMS O O0O0O0D0 wuwy'Ge. »
a
x| x1xix (wew)-Bes—bes 8/9 e wew Bes pow(mt O L O L OO wew'bes a
[*]
x|x|x|x Boi—(wew)(wew) | /L ¥z | wew Bes powm 00t 0L OO Bes'wew m
x| x|x|x Boi-BeioBes| 3 2 Bos Bes L LML OLOLOO BesBe ans|
T (2]
x | x [x|x AQHUUIMY MY | =M USUM ) 5 €2 MO O OO0O| wwooe g
AQTWWIHIYTY ‘0 = Mueym| - m
x|x|xx AD+wwiHwew)—(wew) | |47z 9 | wew 0 ) O POW(M S 00000 I| wWuwew 2
X|xix|x AD+wiwi+Bei1—bes 2 yE Ber 0 L O L LMSOO0O0O0O0 wwy'Bes w...
=]
X|x(xix Ao+{wew)+Bei—bes| g9 vz wew 6es powlmt 001 00O wow'ba)
X[x|x|x AD+Ber+(wew)>(wew) [ 47z 2 wew Bes pow(mo 0 0L OOO Beswew
X[x|x;x AD+.Bei+Bai—bBol P z Bes 6esw | LML OOILOOO Besrbas aaav
x x| x| x WwMYMY L= MUSUM | 5 €2 MO L O0O0O0OO| wwooe
WWi+Y—TV ‘0 = M UBUM .
X|x|{x|x wiwp+(wew)—{wew) VL 9-€ wew O 0 O pow|ms 0 00 0 O |} wiw wew
x{x|x|x wwy+Bei—be. 2 =S 6. 0 0O L LIMS OOO0CO0O0 ) wwy‘6as
X{X|x}x (wew)+Beis—Bai 8/9 -2 wew Bes pow|m L 0 0O0CO0O0O wew'Bel
—
X|x|{x|x Bes+(wew)—(wew) [Y¥72 -2 wew Bes pow|m 0 0 00 00O Besweus
x|{x|x|x Ge1+Bei—bes 2 F Bes Bai | LML OOODOOO NEIRGEY aav
d|A[AD|JY 0l 2¢evSsS9 Li0L2EPY SO L 5
syoo[0 | seihg oY
uopeledQ jo jo - puesadQ ojuoweupw mm
sBe|y 1equiny | sequiny epon uonesedQ 5 z
3

57

B Lu27525 0086949 LOS WM



yPD70136A

NEC

‘psZ O} | wolj ebuss ued anjea s} “ie)sifes 10 ey) Busn peiyoeds sy gOa ut sH6IP Jo requnu ey)
Qo4 o subp jo 1equinu eyl Jo jJieH : U

1—91 6819 6a) 2 i Best 0 0 L O 9ibel
NiXIX]|X X
p—(wew)(wew) |  1i/L #2 | wew | 0 0 POWM L L L b+ L} wew 3
X|X|X{X X s
3
@
2
[«
xxlx|xl [x 1-8bas—gbe. H 2 Bes L 0O} O F L L L L LI gbe. 03a| g
o
3
2
x| x|x{x x 1+91681—9} 661 4 8 6eip 0 0 1L O gibes 35
- &
c
, 2
xIx|x|x| |x t+H(wew)—(wew) | L/ pg | wew 0 0 0 POWM L L E E L LI wew s
X[ x[x[x] |x 1 +gBei-rgbes g 2 Bes 0 0 O L L{O L b L L b )} gbes ONI
_i wew 0 0 0 pow
_szs_w&:TI_JKT\_ 61 ¢ [0LOLOLOO[FHELELOOOO guew
weuwi
_I._ TL ey 000 L |
18M0 _0§T||—
a_w v 1511 € |01t 01LOLOO(tt L LOOOO gbes vdoy| B
! le]
f wew 0 0 0 pow m
lomon) _oaan—llt_ 1 o
™ Si s€ (000 LOLOO|b L LOOOO gwew g
wew 2
>
a
_lv_ _I\_ Bex 000 I | 3
1oMO7) 5&:_|v_ 2]
T v 6 € (0001LOLOO[LELELLOOODO gbes SOmm
x(nln|n(x|n .Buuis gog o1s - Bupis a0g ISP | L+uxp) 2 |lotrrootirtoo0j/b L toO0O00O SYdWO
x|inininix|n LBumis gog 215 — Bus @Da Isp—Buiis Q08 Isp | 2+uxgl 2 |01L000LOO|L L ILOOODO s¥ans
x|n{nin|xn Bums gog a1s + Bus qog iIsp—~buins Qo8 1sp | 2+uxgl 2 |000001LO0O0(LLLLLOOODO svaav
Z(s|d|A{A|V 0L Z2E¥ S99 L|0OL2EY SO L 5
400D | seldg oy}
uopeledo jo jo pueledO ojuoweuyy | g @
sbey 1equiny | Jequiny epoD uopessdo £ m..
b=

58

B L427525 0086990 327 M



uPD70136A

NEC

L= A L2 AD "MV 10} uojsusixe ubis = paa
0-A'0—AD ‘MY 10§ uojsuaixe ubig = mQ
(91 wew)xmy—MY'MQ

8191

v-Z

wew

ppow |1 4 &

gjuew

LA L AD SV J0) uojsusixe ubis = ma
0—A'0—AD ‘MY 0} uojsuexe ubis = ma
giBesxmv—mv'ma

4

Bes

[Y8:1J]

LA L 2AD TV 10} uojsuelxe ubis # HY
0—A'0—AD 1V 10j uojsuexe ubis = Hy
(swew)xTy—Mv

14

ve

wiew

tpow - (0 | |

gweuws

LA L AD 1V 10} uojsuelxe ubis # Hy
0—A'0—AD 1TV 10} uoisueixe ubls = Hy
gbex v My

Bes

gbei

NN

I=A L AD (0 # MO
0—A'0—AD 0 = MA
(91 wew)xMy—MV'MA

81/91

woew

Lpow oL

gjuwew

L= A=A 0% MA
0—A'0—AD 10 = MQ
91BeIXMY—MY ‘Ma

cl

Boi

glbes

I2A' 194D 10 # HY
0—A'0AD 0 = HY
{(wew)xy—Mv

4

wew

Lpow 10 L |}

guew

1A L2AD 10 # HY
0—A'0—AD 10 = HVY
ghaixy—omy

Bai

Lbob{o L}

gbeu

nINnn

uogonusul uoiednduny

A

uonesedO

40010
1equinN

seiAg
lequinN

59 (0 2

apo) uogeied

puesedQ

JuoWeUp

dnoig
uononIsu|

59

B Ly27525 008L99L 263 WA



uPD70136A

NEC

‘peyioeds eq 0} pewnsse s| ‘pusiedo 151y oy} 10} peyoeds ‘1eisBes swes eyl 'PeRILO UBYM "PERIWO 6q UBD pueiedo puodes eyy 1

L= A'LPAD 1S1Q 91 < lonpold 9wy
~ 0—A'0—AD 'SHQ 94 519npoid ‘glwew
njxixin glwuw)x(giwew)—giBes| gi/9L gy wew 6es pow |1 0 O ‘gi6es
L= A’ L= AD SUQ 91 < 10Npold 9w z
0—A'0—*AD :SUiq 9} S Jonpoid .('.91601) ww
nix{xn gLwuwix,g|Bes—9)bes 2L v Bes bas L |t 0O 'g) Bey M,
LA LAD SIG 91 < Jonpold guiw m
0—2A'0—AD :8Uq 91 S 19nNpoId ‘gLwew w
nixixin gwwx(giwew)—gibes| gi/91 5-€ wew Ges pow [} | O ‘g 6es w.
L= A'L—PAD 1SHQ 91 < 19NPOid guiuy
0—A'0—AD 519 9} 5 1onpoid {'916e1) [  (pauog)
nlxixin gwuwix 9)Bbei—»grbes| 21 € Bes 6oy L 1|1 L O ‘gi6es NN
diA AoV 0oLeZEev SS9 L0 C 5
uopesedQ mxww_o mm_%m puesedp ojuowBupy mn.v m.
sbeyy lequnp | Jequnp epo) uonesedp = m..
3

B Luy27?525 0086992 ITT A

60



‘uonaNAsuI NAIQ JO SSeIpPE UEIS 810N

1PD70136A

V1-0d' o, 2d—*{dS' 1 +dS)2-dS—dS
01—5d'Sd—(dS 1 +dS)'2-dS—dS
0-Xd8'0—3I'MSd—(dS' 1 +dS)'2-dS—dS
{H200'HE00)— 0L '(HO00'HL00)2VL
‘Hd444 < (91wew)+dwe) usym

(9 1wew)+dwel>pmy ‘(gLwew)e,dwe)—-ma
‘Hd444 5 (91wew)+dwe} usym

MV ‘Mmg-dwel|  sz/ee v-2 wew 0 L iPow |} L L O L b b 9| e

V10d 4oy Id—{dS' H +dS) T-dS—dS
01-8d'Sd~(dS' 1 +dS)'2-dS—dS
0—-XHE'0-23I'MSd—{dS’ 1 +dS) e-dS—dS
(H200'HEQ0)=0 L '(HO00'H00)2VL
‘H4444 < 91 Bas+dwe) ueym

94 Bes+dwel-s My ‘g1 besedwe)—-ma
'H44-44 5 91 Bes+dwe) usym
my'ma-dwel| 61 2z Gax 0 b b b K[L B L O L L L 946es

V10d' 4oy Id—{(dS 1 +dS)'E-dS—dS
01-28d'Sd—*(dS' 1 +dS)'2-dS—dS
0—)HE'0—31'MSd—(dS' 1 +dS)'2-dS—dS
(H200'HEQD) 2L “(HO00'H100) VL

"H44 < (gwew)+dwe} usym
(gwew)+dwe}—1y ‘(gwew)dwel-HyY
‘Hdd 5 (Bwew)+dwe) ueym

My—dwe) Si -2 wew 0 ) bpow (O L L O L L b} gueuw

uoRINIISYI UoISIAP peubisun

V10d' 1o IdHdS L +dS)'E-dSdS
01-Sd'Sd—dS' 1 +dS)'e-dS—dS
03’03 MSd—{dS 1 +dS)'2-dS—dS
{H200'HE00)— 0L '(HO00'H 100)2VL

‘Hd44 < gbei+dwe} ueym

gbes+dwe)—y ‘gbeis,dwe}—=Hy

‘Hdd 5 gbes+dwe) usym

my—dwe) L 2 Bex 0 L L L L|O L L O L L) gbei NAIQ
0L Z2E€EFrPS9L|l0L2EYSIL 5
30010 | seiig 02
uopesedQ jo 0 puesedQ JIUOWBUW | o m
iequiny | JequnN apon uoyesedp 5 5
3

NEC

61

B Luy27525 0086993 036 WM




‘uononaisul Atg Buimojjo} ssesppe eyl 910N

4PD70136A

VI90d 40 dd AT 1 +d5) ¢—dS—dS
01-38d'Sd—dS'1 +dS)'2-dS—>dS
0—%HB'031'MSd(dS 1 +dS) 2-dS—dS
(H200°'HE00) 20 L' (HO00 'HI00) VL

‘1-H3442-0 5 (91wew)+dwe) pue 0 > (gLwew)+dwe} ueym
10 H444Z < (9 wew)+dwe} puw < (9} wew)+duwie} UBYM
(91 wew)+dwel-» My (9} waun%dwe—ma

‘1-H4442-0 < (9 wew)+dwe) pus 0 > (9 wew)+dwe) uaym
10 H444Z 5 (g1 wew)+dwe) pue o < (9| wew)+dwa) Usym .
MY'Ma—dwel| 0£/82 p-Z wew | { ppow |} L L O L L L} glwew

V190d' 0, 0d—{dS 1 +dS) 2-dS—dS
01Sd'Sd—dS'1+dS)'2-dS—2dS
0—XH8'0—231'MSd(dS 1 +dS) ' 2-dS—dS
(H200'HED0)D1'(HO00'H100) VL

‘1-H444.-0 5 916es+dwe) pue g > 94 bes+dwe} usym
10 H444L < 91Bes+dwe) pue o < 9| Bai+dwe) usyp

’ 9t 6es+dwel—py g1 Beicdwel—pma
‘L-H4442-0 < 9ibei+dwe) pue g > 9| Bas+dwe) ueym
10 44442 5 g1Bei+dwe) pue g < 9} Bes+dwe} usym
MY'Ma—dwel| ¢z [ oy L L b oL ML L L O L 94 6es

V120d gy dddS’ 1+ds)'2-dsS—ds
D1-Sd'Sd—(dS 1 +dS) ' 2-dS—dS
0—XHE'03I'MSI—HdS' 4 +dS)'2-dS—dS
(H200'HED0) =01 ‘(HO00'HL00)—V.L

'I—H42-0 5 (gwew)+dwe) pue > (gwew)+dwe) usym
10 H4Z < (gwew)+dwe) pue o < (gwew)+duie) ueym
(gwiew)+dwe}—y ‘(gwew)s,dwe) o Hy

‘1-H42-0 < (gwew)+dwe) pue ¢ > (guwew)+dwe} uaym
10 H42 S (gwew)+dwe) pue g < (gwew)+dwie) ueyp
My—dwe} (174 v-2 wew | | fpow |0 L L O L L L} guew

uogonnsul uoisiAp peubig

V10d' 40 0d 2(dS 1+dS) 2-dS—2dS
01-Sd'Sd—(dS'1+dS)'e—dS—dS
0—H)Y8'031I'MSd(dS 1 +dS)'2—dSdS
(H200'HE00)—D .1 (HO0O'HI00) VL

‘I1-H42-0 S gbes+dwe) pue o > ghei+dwe) ueym
10 H4Z < gbei+dwe) pue g < gbsis+dwe} ueyps
gbeai+dwe)—+y ‘gbesy,dwer—Hy

'1—-H42-0 < gbes+dwe) pue g > gbes+dwe) ueym
10 H4¢, S gbei+dwe) pue g < ghei+dwe) usym
My—dwel|  £1 2z Bes L L L b M[O L L O L L L gba) AlQ

0LZ2EVY SS9 LIOLZEY SO L

$H0[D | selig
0

uopesedQ | 10
jequnN | sequinn apon uopesadp

pueledO ojuoweupy

dnosn
uoRonIsy|

NEC

B (427525 008k994 T72 M

62



LPD70136A

NEC

WWHMY '} = M ueym

x|x|x]|x WWHY ‘0 = M UBUM 4 £2 MO L L L LOD w28 o
X|x|x|x wwi—{wew) 8/9 9-€ wew L L POWM S 0 O0O0O0O0 ) W wew m
x|x|x|x wwi-Be 2 p-€ Bei L b L iMms o0oo000001 wuwy Be M.
n
x|x|x]x (wew)-6ed 8/9 -2 wew Bei powim L 0+ L L 0O wew'beys w
o=
X | x|x]|x Bei—(wewi) 8/9 -2 wew Bes powlm 0 0L L LOO fes'wew S
X{x|x|x Bei-Bes 2 Z Bes Bei Fitmmrotrtieioo Beysbal dWD
H4444—MQ ‘esimByiO "0—2MQa 'HO00B > MV USUM 4 3 1 00 1L £ 00 AMIAD m
&
H44—HY ‘esimieli0 "0—HY 'HO8 > TV UBUM 4 i 00011 L OO MBILAD ]
3
xininin AVHHYOXHY 2TV 0 HY 8 [ 0LOLOOOO(LOLJLOLO I T a8aiAD m
78
xininin HY0% VTV ‘HY0+TVHY 113 2 0LOLOOOGO(OO I OLO L agind| §
12 AD 'HO- VTV
‘b = AD 10 H46 < TV UBYM
120V 'Y )
xX|N|x}x ‘L =0V 0 6 < H40V TV UayMm [ -4 I+t 4+ 401 00O strav
H40v V=1V "OvV—AD
10V 'L-HYHY ‘-v— v ©
ninjx|x ‘+ =0V I06<HJOV IV UeUM| ¥ ' L L LLO0oO sarav| 9
8
L1=AD ‘HO9+ VTV w
'} = AD 10 H46 < TV UBUM m
L0V 9+ Y21V w
xin|x|x ‘L =0V 10 6 < HJ0V TV ueym 4 } L+ LOO0OLLOO vyrav W
[x]
g
HAOV V-V "OV—2AD 2
10V LHHY O HY
nnjxpx 9+Tv—1V 'L = DV 10 6 < HIOV TV UsuMm 4 1 L L L0 10O varav
d{A AV 0 LZ2EVPYSI9 LIOLEZEY SO L 35
- $HH20|D | selg . [n}:4
uopesedp 10 jo pueladO ouoweuw | ac
sbej4 Joqunp | sequinN epo) uoyesedp s m
3

63

B Luy27525 008L995 909 M



yPD70136A

NEC

SLWWIA MY—MY ‘| = M UBUM .
xlofon BWWI A VTV ‘0 = M USUM 2 £-2 MO1L LO0O0DOO wwy'208
x|ojo|n WwiA  (wew)—>{wew) |  1i/L 9€ wew | 0 0 POWM 0 000 00 )| wWwwew
xlo|o(n ww)p Bes—sBes ] € 6es | 00 L LMOOOOOO wuy'Ges
x|lololn (wew) A Bes—Bes 8/9 -2 weus Beis poWwiM L 0L 0 00O wew'Ges
xlojo|n Bo (wew)-(wew)| iz v2 wew Besx powim 0041 0000 Beswew
xlololn fe1p Boi—rBes A 2 Bes Bes .—v MLOLOODOO Hes'Bes HO
LWV MY—MY ‘| = M UBUM sm
xjojo|n BWWIV VIV 0= MusuM| 2 €2 MO 0O 00| wuoaoe g
x|o|oin wwy (wew)—(wew) | §1/L 9-€ wew 0 0 | POWM 0 00000 | wuwew m
xjololn wuwyy Bei—Ges 2 &% Bes 00t L L/MOOOOGOGO wuwy‘Ge, m
x{ololn {wewi) v a!.los 8/9 -2 wew fes powim L 000 1L 0O wew'Bes m
x|ojoln Bony (wew)—(wew)| 112 ¥ wew s powm 00O0O0LL OO Bes'wew .m.
x|lojoln Besy Bes—Bes 2 2 Bes Bes | LML OOO L OO BoesBes ANV 5
LWV MV ‘I = M UBUM
x|ojo|n BWWIV WV 'O=MUBUM| 2 €2 MO O L O L 04| wwooe
xjolo|n wwy (wew) | g/9 9€ | WwWew 0 0 O POWM L L O | | } | wwwew
x{olojn wuwyy Bes 2 p-€ 6es 000 L LML LO L L L wwj'6es
wew'be.
xig{on Basv (wew) 8/9 v-2 wew BoJs powim 0o L 00 0O |} fes'wew
x|0{0o(N Boiv Bas Z 4 e fer L' LMmO L OOOO Ber'bes 1s3L
X|x|x|x pH{wew)(wew) | 1112 ¥-2 wew | L 0 POWM L L O L L L} wew o
X [X|X|X p+Be1bes| 2 [ Bes 4+ Ot EML O L Bed oaN| 3
(wew)—(wew) | /2 vz wew 0 L O Powim ot L O b} wew m
Beibel| 2 z Bos 0 L Ok LML L O L L b Bes LON| @

d|A|Aojov 0OLZEVS9LIlOLZEDP SO L 5

uoyeiedo wv_w%_o md-%m pueiedp | ouoweup m@m
sBeid | sequiny | 1equiny 0pos uopeIedo g 2

B L4y2?525 008L99L &u5 W



LPD70136A

NEC

-
gLWWE A MV—MY 'L = M USum _ 8

xjojo|n gwW| ATV IV 'O=MUSYM| 2 £-2 MO L O | 00| wurooe 8
x(olo[n wwy A (wew)—(wew)| 1kZ | 9€ | wew 0 4 ) POWM O 00000 || Wwwwew 3
xiololn wuwy A Bas—bei 4 ¥-€ Ges 0 4 L L LM OOCOOO0O |} witwy'6Ges m
3

x(ojoln (wew) A Gei—bes 8/9 -2 wew [i:7] powm L 0 0L L 0O wew'beys W
x|lolo|ln bei1 A (wew)—{wew) /L -2 wew Gas poOWwiM 0 0 0 L L 0O Beswew W
[=]

xlololn 081 A Bes—b6es 2 2 bey fes Lt ML OO L OO Beus'bey HoXx| 2
d | A[Ao|ov 0L2€VS9L01LZEYSIL 5
s¥oly | seikg o

uopeiedQ jo jo puesedQ oluowaupy g m
sbej4 1equiny | sequinN apo) uoyeladQ g
=]

65

B E427525 008k997 741 WM



yPD70136A

NEC

ERREEE I [votro i s won| |
H40 = 8lAq st : » .a;m g .o;m puz
PWILON 4Q (91 Wew)-rpww)ON #q (91wew) [  £4/6 9y | wew 0 0 0 Powl} | } | t w9 wew
pwwyr ON 449 94661 puwwrON 1 91604 ¥ v Bes 000 L LiL L L} pwwi‘gjBes
EWWI'ON 19 (Wew)—>gww)'ON g (Bwew) 6 9-v wew 0 0 0 powlo b b | cwwy'gwew
EWWy'ON 11q ghei—sgww) ON 1q gbes ¥ v Bas 000 L Lo 1} gwwy'gbe.
10°ON 4q (91Wew)->79'ON ¥q (9swew) |  £4/6 GEe | wew o0 0 0 powli L I O 19'9 1 wew
79°ON M4 81684—70°0ON 1q g1 6es v € 6es 000t L|L L L O 10'9168s
79°ON 119 (gwew)—10°ON ¥q (gwew) 6 G¢ | wew 0 0 0 POWO L | O 19'gwew
J0°ON 19 8601—719°0ON Uq gies ¥ € Bes 0 0O 1 L|[O L L O 10'gbes }LON
0-Z: | = pWW)'ON 19 (9jwew) @
x|nnfoion 1—Z: 0 = pWWION Ng (9lwew) [ oi/8 9v | wew 0 0 0 pPouwfL 0 O | PG W m
[+]
0—Z : } = pWWON 39 94601 8
xinjnjofon 1—5Z 0 = pWWiON 4q 91681 v v Bea 000 L OO pwwi‘g|Bes S
: >
0—Z : | = SWWyON Uq (swew) m.
xininjoion 1—Z: 0 = EWWION Hq (swew) 8 9 | wew 0 0 0 PoOwo 0 O | cuiwy'gwoew g
-
0—Z: | = gWwWyON Kq 8be)
x|njnfojofn 1—2Z: 0 = EWW'ON 1q 8be) v ¥ Gexa 00014 L|OOO I cwuwy'gbes
0—Z: | =70°ON 14 (g1wew)
*ininjojofn 12Z:0="100NNa (Qrwew)| o1/8 G¢ | wew 0 0 0 POWL.0 O O 10’9 Wwew
0—-Z: 1 ="TO'ON ¥q 9166
xininjojoin 1-Z:0=T00ONuq9lbes| ¥ € e 000 1L L]t DOO 19'g1Bes
0—Z | =1D°ON Iq (gwew) _
xjnnjojon I-Z:0=100NUq (Bwew)| g € | wew 0 0 0 Powlo 0 0 0 10'gwew
0—Z: | =12°ON 1ig gbes
x|ninjojo(n 15Z:0=100NMIB08I| £ Bes 000 L L/0OOO L OOO 10'gbe: 11531
Z|S[d]|A[RNY : 0L2ZEP SO L|OLZEYS 9L 5
syoo0D | seilg o2
uogjesedo jo jo pueledQ ouoweuw | g &
sfayy JequnpN | Jequiny epo) uopeiedQ 5 m..
. 3

66

B L4y2?525 008LYY98 L1l8 HH



uPD70136A

i—yia 2 i L0} gia
L1—AD 2 1 L 00 AD 1138
0—4dia 4 3 00 Hia A
0—AD 2z i coo0o0 AD %) e}
H40=014qIs] : & +814q pug +8¥q puz
I -pWWION NG (91wew) |  £4/6 9v | wew 0 0 O PowW{ 0 |} puwygLwew
1 - pwwiON ¥q 9166 4 1 4 Bes 0 00+ L[4 O} yuwiw‘gy Bes
L EWWON A (gwew) 6 9 | wew 0 0 0 powo O } gwwy'gwew
t—ewwrON g gbes ¥ 14 Bex 000 I L|{O O} gwwy'gbe
1—70°ON Nq (9iwew) |  €1/6 S€ wew 0 0 0 powli O 10’9 wew
I210°ON Mg 9iBes| ¢ £ Bes 000 L 4[L O 10'91 6es @
1—19°ON ¥q (gwew) 6 Sg | wew 0 0 0 POWO O | 10'gwew m
+—=10°0ON Mq gbes 14 € 6es 0001 H|OO 4 10'gbes 1138 m
0—yWWI'ON )G (FLwew) [ €1/6 9y | wew 0 00 POWIL L O uLrgLwew N m
0—pwwyiON Uq 9166s v ¥ Bes 000 L[t L O pwwy'gibes m
0—EWwWON 1q (gwew) 6 9y | wew 0 0 0 powlo I 0 Eww)'gwe ]
0—Ewwy'ON M9 gbey ¥ ¥ 6es 000 1L L|O L O gwwy'gbe)
0—70°ON Hq (9swews) |  €1/6 GE | wew 0 0 0 powi L 0O 10'9Lwew
0-10°ON Uq 91681 ¥ € 6ea 000 L L{F L OO 10'916e)
0-710°0ON 14 (swew) 6 S€ wew 0 0 0 pPowio L 0 O 10'gwew
0—10°0ON }q gbe) 14 € Bes 000 1L LD L OO 10'8be) 1410
ex0010 nugmopwn<mmsovmn e.ku.u.
uopesedQ jo jo pueledQ ooweuy | g 2
JoquinyN | JequinnN apo) uojesedp 5 W..
=]

NEC

67

B L427525 0086999 554 WA




uPD70136A

NEC

SHIS §O JeQuINN :

0—A ‘A0 601 o @SI 10 1q Preu = Beu Jo GSI
1—A :Bes Jo gSW jO 1q Ixeu = Bes Jo gSW
Z+(wew)—(wew) ‘(wew) Jo GSWN—AD

L

Ve

wew

L‘wew

ol.> :Bes jo gSW o Uq Ixeu = Bes jo SN
1—A Bes jo gsw 10 Hq Ixeu = Bes jo GSW
2+Bes—be. ‘Bes Jo gS12AD

Bei

1'Beu

HHS

1—dwe)—dwe)
Zx(wew)—(wew) *(wew) jo GSN—AD

:0 # dwey} ejjym ‘uopeiedo Buimoyjo} sieedes ‘guwi—rdwe)

u+04/9

wew

B wew

—dwej—dwey
gxBes—bes ‘Bel Jo gSN—AD

:0 # dwey eiym 'uoyesedo Buimo)joy sjeedal ‘guiw—dwe}

u+g

-7}

gwwy'Be1

—dwe}—dwe)
Zx(wew)—(wew) ‘(wew) jo GSW—AD
:0 # dwe) ejjym ‘uopsiedo Bumoljo} sjeedes ‘“1D—rdwiey

u+0L/9

wet

J9'wew

—dwel—dwe)
2xbei—bes ‘Bos jo SN AD
:0 # dws) e)iym 'uopesedo Buimolioy sieedes *10—dwe)

u+g

Bel

1o'bes

0—A ‘AD = (wew) Jo gSN UBUM
1A 'AD # (wew) jo gSN ueym
2x(wew)—{weuws) '(wewy) Jo GSW—AD

3772

wew

I POWIM O O

L wew

0—A ‘AD = Bas jo gSW ueym
LA 'AD = Bel jo gSI Usym
2Zubai—bes ‘Bes Jo GSWAD

-7}

L iMoo O

-

Q)]

THS

uoRdnUISUl YIYS

diA

ol f

uopeliedo

$32010
JequIinN

seiig
JequinN

01

S 9.0 1L 2

8po) uoyeladp

pueledQ

JuoWeup

dnos
UoRDNIISU}

68

M Lu427525 0087000 974 N



uPD70136A

NEC

SYIS JO JBQWINN :

u

‘pejosye jou s| pueiedo jo gSW ‘1 —dwei—dwe}
Z+{wew) - (wew) ‘(wew) Jo gS12AD
:0 # dwe) eyym ‘uonesedo Bumoyjoy sieedes ‘guw—duwe)

u+0}/9

wew

QUIL| WoW

‘pejoeye Jou sy pueiedo Jo gSW .—lnEo.ln_Eo.
2+bei—bes ‘Gai j0 gS1—2AD
:0 # dwe) ejym ‘uojiesedo Buimoyioj sieedes ‘guiw—dwe)

u+g

Bei

gwuy‘Ges

-pejosye Jou 8| pueiedo jo gSW ‘L —dwe}—duie}
Z+{wew)(wew) ‘(wew) jo STAD
:0 # dwe) eyym ‘uogeiedo Gumojjo) sieade. JD—dwie)

u+oL/9

wew

10‘wew

x

‘pejoeye Jou s| pueiedo Jo aSK ‘1 —dwel—dws)
2+bes—bes ‘Bei Jo gST1AD
:0 # dwse) eym ‘uopeiedo Bumojjoj sieedes “1D—duie)

u+z

Ges

J0'6es

‘pejoeye jou s) puesedo jo gS
0—A ‘g+{wew)-{wsw) ‘(wew) jo @STAD

LiL

wew

L 'wew

‘pejoeye jou s| puesedo Jo gSW
0—A ‘2+Bei—bes ‘Ges Jo gST2AD

Bes

\'Bei

VYHHS

|—dwey—dwe}
Z+{weuwi)—(wew) '(wew) Jo @ST—AD
:0 # dwsej ejjym ‘uopeiedo Buimojjoj sieedes ‘guii—dwe)

u+oL/9

St

weuw

LW Wew

—dwey—dwey
2+6e1—be1 ‘601 J0 GS12AD
:0 # dwa) ajym ‘uopesedo Buimo)jo} sjeedes ‘guwwi—dwe}

u+g

Bes

gww)‘Ges

| —dwey—dwe)
. Z+{(wew)—(wew) ‘(wew) Jo g§712AD
:0 # dwe) ejjym ‘uoneiedo Bumojio} sieeds) “10—dwie)

u+0i/9

-2

weuw

L powim L 0

q0'wew

}—dwe}—»dwe)
2+Bai—Beu '6a1 J0 gS12AD
:0 # dwe) eyym ‘vogeiedo Bumoo) sieedes “10—rdwel

u+z

Bes

L L LML O

-~

19'Bes

(pJuo2)
HHS

uonoruisul Yius

A

uopeledo

$33010
JequnN

seig
1equiny

§ 9 Lj0 L 2

ll\

epon uojesadp

pueledQ

Jjuoweup

dnoo
uogonnsu|

69

B Luy27525 0087001 800 mm



uPD70136A

NEC

SIIS JO JOQWINN :

u

0.A :6e1j0 @S 40 119 Ixeu = (wew) jo GSW
1.A :Beijo gSK Jo liq Ixeu ¥ (wew) jo ASW

AD.(wew) jo gS
Z+(wew)—3(wew) 10 g51AD

3972

| af4

wew

1'wew

0—A :bes jo aSK Jo 3q ixeu = Bl Jo gSIN
1—A :Be140 SN 10 11q xeu # Bes jo gSW
AD—0e1 j0 S

2+Be1—0be1 j0o g5 AD

Beou

(R L))

HoH

}—dwey—rdwe)
AD+2x(waw)—(wew) ‘(wew) jo GSW—AD

0# nE..w. o|iym ‘uopeiedo Gumoyoy syBades ‘guiwi—dwe}

u+01/9

wew

gl wew

| —dwel—rdwe)
AD+gx6ei—bas ‘Bes Jo GSN—AD

:0 # dws} ojiym ‘uopieiedo Bujmojjo} steede) ‘guiwi—dwe)

u+g

Beus

-

guiwy'beu

|—dwe)—dwey
AD+2x(wew)—(wew) ‘(wew) Jo GSWAD

:0 = dwey eyym ‘uopesedo Buimoljo} syeedes *JH—dwey

u+04/9

¥-Z

wew

19'wew

|—dwie—+dwe)
AD+zxbei—be. ‘Bai Jo GSN—AD

:0 # dwe} 8jiym ‘uopeiedo Bumo)(o} sieedes “1D—dwey

u+g

Boi

J9'6el

0—A :AD = (Wew) Jo GSIN UBYM
L—A 1AD # (wew) jo @SN UBUM
AD+2x{wew)->(wew) ‘(wew) jo GSW—AD

L

v-c

wew

L wew

0—A :AD = BaJ Jo @SN ueym
LA 1AD # Bes jo gSiN uBym
Ao+exBas—bes ‘bes Jo gSWN—AD

Bei

0L iMmoOO

'Ges

04

uononIsSU! 81eIoH

A

sbBej4

uonesedo

$HI0ID
J8qunN

soiig
18QWNN

§9L(0 L 2

epo) uoyesedo

pueiedp

JIUOWIBUW

dnoigy
uononIIsu|

70

BB Luy27525 0087002 747 W



LPD70136A

NEC

SIIS JO lequinp :

7

—dwel—dwe)

Kodwy+gxBes—Bel

6o, Jo SN—AD 'AD—Aodwy

:0 # dwaey eym ‘uogeiedo Bumo)io} sieedes ‘1D—dwe)

u+g

Beu

q9'bes

0—A 1AD = (wew) Jo GS UBYM
LA TAD # (wew) Jo GSI UByYM

Aodun+2x(wew)—+(wew)
(wew) j0 @SW—AD ‘AD—Kaduy

(3774

wews

| 'wew

0—A :AD = 661 jo gSN usum
t—A 1AD # Bai jo gSW usum

Aoduy+gxBes—6e.
BeJ j0 GSN—AD ‘AD—Asduy

Beys

1'Beay

070

}—dwey—dwe)
AQ—{wew) jo gSW
Z+{wew)—(wew) *(wew) jo ST1AD

:0 # dwej} eym ‘uogesado Buimoyjog sjesdes ‘guw—duie)

u+oL/9

wew

-

gluw wew

1—dwe}—dwe)

AD—be1 jo gSN
g+Boai—obei ‘Bos j0 GST1—FAD

0 # dwe} ejiym 'uopeiado Bumoio} sjeedes ‘guiw—dwe}

u+g

[+[)]

-

gwwy'bas

j—dwe}—rdwe}
AD—(wew) jo gsw
Z+{wew)—(wew) ‘(wew) jo gSTAD

:0 # dwse) 8jym ‘voperedo Buimo)|o} .mﬁoa?. ‘19—~ dwie)

u+Q)/9

| ar

wew

1D'wew

}—dwe}—dwe)

AD—bei jo aSN

2+Bei1—bes ‘621 jo g§12AD

:0 # dwe) aiym ‘uogeiedo Buimojjo} syeedel ‘1H—rdwe}

u+Z

Gas

0L LML O

~

10'be:

(pauod)
HOH

uogonsul ejeloy

Ad

sbe)4

uopeiedo

01D
JequinN

seiig
JequinN

S 9 L0 2

8po) uoyeiado

pueied(

Juoweupy

. dnoiny
uonanNsy|

M b42?525 0087003 LA WA



uPD70136A

SYIs JO 18quny :

| —dwey—rdwe}
Aoduny—6el Jo S
2+Bei—beu

Be1 J0 ST AD 'AD—Aodwy
:0 = dwe) epyym ‘vopesedo Bumojjoy syeedes D dwe}

u+g

Be 1

q0'6es

0—A :(wew) jo @SN JO HG Ixeu = (wew) jo GS UeUM
1A (wew) jo S JO 1Iq Ixeu # (wews) jo GSW USUM
Aodun—(wews) jo gSW

Z+{wew)—{wew)

(wew) jo gST-AD ‘AD—Aoduy

(3773

-2

wew |

}'wew

0—A :BoJ Jo gSI Jo 1iq xeu = Bes jo GSN Ueym
L= A :J0 GSW O 1Q Ixeu # Bes Jo gSW usuM
Kodwi—Be1 Jo gSW

2+bBei—bes

6e1 jo 8571 —AD ‘AD—¥odwy

bes i

1'6es

o1 [0)- ]

—dwej—dwe)}

Kadwi+Zx(wew) 3 {wew)

(wew) Jo gSN—AD ‘AD—*Aodun

:0 # dwe) eyym ‘uogeiedo Buimojjo} sjeedel ‘guiw—dwe)

u+04/9

S€

wew ¢

-—

gL wew

}~dwe}—dwe}

Aodus+gxbes—be)

Bes Jo GSN—AD 'AD—Aodug

:0 # dwe) eyym ‘uopeiedo Bumojio} sieedel ‘guiusi—>duwe)

u+Z

6es 0

gwwy'Ges

}—dwej—rdwe}

Aodwij+Zx(wew)—(weuws)

(wew) jo @SW—AD ‘AD—Aoduy

:0 # dwe) ejjym ‘uoperedo Bumoljo} sieedes *JD—dwe}

u+QL/9

wew 0

0 PowWwMm + O

T10'wew

(pauod}

o104d|

uoRonsu ejeloy

AJ

sbeyy

uopjesedp

$H00j0
jo
1equiny

seiig

Jsquiny

(1 A

S 9 L(0L 2

epo) uoyesedQ

pueiedQ

Jjuowsupy

dnoss)
uogoNNsu|

72

M Lyc2?525 00A7004 51T WA



LPD70136A

SYIS JO JequIiny © U

| —dwej—dwe)
Aoduy—(wewy) Jo gSW
Z+(wew)-—+(wew)
(wew) jo ST1—AD ‘AQ—Aoduy
nix :0 # dwe) ejjym ‘uogesedo Bumojjo} siesdes ‘guwy—dwe) | u+0i/9 S€ wew | { 0 POW{M 0 0 0 0 O I || Swwiwew
a o]
=]
o
1 —dwey—dwey T
Aodug—-Bes jo gs w.
2+Bes—bes m
Bes j0 §S1—2AD 'AD—Aoduy . ]
n|x :0 # dwey sjiym ‘uopeiedo Bumoaljo} sieades ‘guiw—dwe) u+g € ey L L O L IEMOODOODOTL L guiun‘bes
{—dwe}—dwe)
Aadwy—(wew) jo gSW
Z+(wew)—(wew)
(wew) j0 gS1AD *‘AD—Aaduy (pyu02)
nix :0 # dway ejiym *uojeiedo Bumoio} sjeedes ‘“10—dwe} | u+01/9 ¥-C wew | | 0 powlm L 00 L O L |} 10'wew oHOd
d [ A |AD[OY 0OL2geEPv SS9 L|I0LZE PSS L 5
$3001D | seldg — on
uopeiado jo jo puesedQ JjUoWaUW m_.nmv
sBe|q . lequiny | JequinN apo) uolesadp 5 z
2

NEC

73

M Gtuc2?525 0087005 456 W




pPD70136A

enjea-dod+ds—dS ‘v+dS—dS

(2+ds'e+ds)—sd
(dsS'++dS)—20d | 9221 € oL O t| enjea-dod
p+dS—dS
(2+ds'e+ds)-sd
{dS'1+dS)0d | 92t t L+ o '
enjea-dod+ds—ds ‘2+dS—dS
(ds’1+dsS)—0d | 2woi £ oL o | enfea-dod 0
o
2+dS—dS .mm..
(dS'1+dS)20d | 2ol ! Lt 10 3 134 m
V1-0d '0d—dS'1 +dS) ‘Z-dS—dS El
816d 'Sd—(dS'1+dS) '2-dS—dS wuw
(z+zendwew)—gy ‘(Zendwew)v1| €2/54 ¥z | wew L opowiji | 4 L gendwew m
185140204 '0d—(dS'1+dS) ‘Z-dS—dS S
Bos—Sd 'Sd—dS'1+dS) 'T-dS—dS| EWE S 010 1 00101}
V1—0d ‘0d—(dS’'1+dS) '2-dS—dS
(9indwew)-vLi S/l -2 | wew L opow (|4 t| 9Ladwew
gjadbes—nd
Od—(dS'1+dS) ‘T-dS—*dS| 6/L 4 bes O I T O Y A O § i g1 ndbes
ds|p+3d—0d
Dd—{dS 1 +dS) ‘2-dS—dS| 6/ € 000 t| ooid-sesu Tvo
Z|s|d|A[rofoy ol SS9 z{01 2 L 5
uopessdo mxwm_o mou%m pueledO OJUOWBUW mn._um.
sbe)y jequny | Jequny 8pon uojeiedo 5 m..
a

NEC

74

BN L427525 006700k 392 EM



{(1 - gwun) g1 + 21} 7{(1 - gwuwn) 8 + G1} 1 T W UBYM
Gi . 10 = U UBYM

uPD70136A

ewel4 ¥oB}S jo asodsig 8/9 } 100+ 0 350dSI1a
awel4 OB|S MaN eledald . v 00014+ 0 gwuirgiww | 3Hvd3dd
%08} 8y} woyj sueisibes dod | e/ 3 L 0000 "
(2-dS'1-dS)—Msd
2+dS—dS| US I O I N A | MSd
(2-ds’1-dS)—beis
1SQ'0Sa'sS :baiss 2+dS—dS|  US l } 1 1 bBass Gais
(2-dS'1-ds)—916as
g+dsS—dS| 4§ i Gas ) g16e)
(2-ds'1-ds)— (g1 wew)
2tdS—dS| 6/§ p-2 | wew 0 0 0 POW|L | L L O gLwaw d0d we..
2-dS—dS m
glwun—+(2-ds'i-ds) | -</e € 001+ O 9w g
uojsuedxa ubis ‘| = §'2-4dS—dS m.
2
uojsuedxa ubis guWI{g-dS 1~dS) ueym | G/ z 0 L0 O gui m
®oeys oY) uo sieisibes ysnd | 9€/02 b 00000 d .w.
MSd—{ds'1+dS)
-dS—dS| 6/ 3 00+ |t MSd
Bais—(ds’1+dS)
2-dS—dS| §/¢ I 0 } Dess Bais
916013(dS'1+dS)
¢-dS—dS S/E ! Basx 0 gtbau
(91wew) +{ds‘1+dS)
2-dS—dS| 6/5 p2 | wew o 1 ) powf)L Lot o4 4 giwew HSNd
poi0 mo;morwmvmmno—.wmv ow.
uonesadQ o nﬁ:z _Bﬁzz opo uoneiad puesadQ oJuowaup mm.
p=J

NEC

75

M L42?7525 0087007 229 M




yPD70136A

NEC

©5|B)/eN) :UOJBULLEISP UOHIPUOD SION

8d5ip-Ne+3d—0d 0=ZAAASIN] €8 k2 [N W W 1eqe|-Hoys 199
8ds1p-x8+Dd—0d 1=ZAAASIH| €M z [ |8Ge)-HoYS 318
8ds1p-1xe+0d—0d 0=AASH| €9 4 O I 18qe|-uoys 398
8dsip-xe+0d—0d L=AASH| €9 2 001 | 1eqe|-uoys 118
8ds|p-ixe+0d—0d o=dNn| €9 4 L Lo} {eqej-uoys oda
8dsip-xe+0d—0d L=di| €9 2 0L 01 1eqe|-uoys ada
gds|p-xe+0d—0d 0=SH| €M 4 100 | {eqe|-uoys gl o
8ds|p-1x8+04—0d L=Si| €8 2 0001 1ege|-uoys NG| 2
8ds|p-Xe8+0d—0d 0=ZAADNR| €M 2 LL 1O |9QE|-HoYs Ha m
8dsip-1xe+0d—0d L=ZAADYN| €9 (4 0L 10 19Ge|-HoYs HNE m
ZNa| S
gdsip-ixe+0d—0d 0=ZH{ €9 (4 1010 |eqej-uoys ang| 3
zal §
gdsip-xe+0d—0d L=2Zul em9 4 0010 {eqej-Loys ag| S
NG
8ds|p-pe+3d—0d 0=A2)| €M 2 LLOO 1eqej-uoys ONg
1a
8ds1P-X8+0d—0d L=A0J| €9 2z 0LO00O 19ge|-uoys o8
gds|p-xe+2d—0d 0=AN| €M 2 1000 18qe|-Loys ANS
gds|p-ixe+0d—0d b=AN| €9 2 0000 19qe|-uoys Ag
(zendwaw)—0d
(z+2endwew)-sd| LIEL vz | wew | 0 } powii b L 4 ¢ Zendwew
195403 0d M
Bos—sd| ¢ g 01010 1eqe|-e; m
(oundwew)—0d| €h/bL | 2 | wew 0 0 } powil L L L} 91ndwew g
g1nd6es—nd L 2 By 0 0 L L L[4 L L LB gindbes m
gdsip-xe+0d—0d L r4 (O O I A {eqe|-Hoys
ds|p+0d—0d L £ L 00 1L O {eqe|-Jeeu He
d]A M 0OLZEePrS9LIOLTEY 5
$H00|) | seifg o2
uopeiedo jo jo puesed ojuoweuy | 3
sbeyd4 JJoquny | Jequiny epon) uogeiedo = wu...

I tu27525 0087008 1b: WM

76



1PD70136A

NEC

£:0=A
92/02: 1L =A 2
AMHE ‘MHE JO uoionIsul Ixau 8y) jo sseippe uelS °| SaIoN
9+dS—dS ($+dS'G+dS)2MSd
Hlyjd(d ‘(2+dS'€+dS)—Sd (dS'1+dS)20d| 61EL } L L LOO L} 1134
V1=0d ‘| aondd—=(dS' 1 +dS) ‘2—dS—dS
018d ‘Sd—(dS'1+dS) ‘e-dS—dS
0—XH8 ‘031 ‘MSd—(dS'1+dS) ‘2-dS—*dS
(HZL0'HEL0)—D4 '(HOLO'HLL0)VL 5
‘I = AUBYM | Z ®ION } 0L L L0O0 L} AMHS8 m
h=]
V10d ‘| aenOd—{dS 1 +dS) ‘'2-dS—dS 5
01-Sd 'Sd—(dS'++dS) '2-dS—dS ‘ =
o
0-%H8 ‘031 ‘MSd—(dS'1+dS) '2-dS—dS S
gww| = u (g+up'g+up) 0L '(up' L+up)ovL | v28i 2 L O L OO+ b (e#)suu
V10d ') wendd{dS 1 +dS) '2-dS—dS
01-8d ‘Sd—(dS'1 +dS) '2-dS—dS
0—)u8 '0—31 ‘MSd—(dS'i+dS) '2-dS—dS
(H300'H400)—91 '(HO00'HA00)2VL| v2/Bl 1 001 1LO0OO |} £ »da
gdsip-1xe+0d—0d 0=MOJl| €9 2z L1 00O h leqe|-uoys Zmo8|
2
0+ MOl g
gdsip-ixe+0d—0d MO =MD| €9 2 0100 1eqe|-Hoys ZNgal 2
]
3
0#MOPUB | =2 S
gds|p-xe+2d4—0d =MD =MD| €/9 4 L0O0O leqe|-Hoys azNea| 3
g
0 MOPUBQO=2) m
gdsIp-Ixe+0d—9d I-MO =MD| E£/9 g 0000O0 ¢ | 1egewoys| 3INZNaa]
d|A[aalov 0LZEVvS9LloLrZEY SO L 5
syoo|n | seiig 08
uogesedp J0 jo puesadQ VTSIV IV TP mm
sbejy Jequiny | JequinN epon uonesedo 5 g
.3

77

B Li27?525 0087009 0T, WA



yPD70136A

NEC

‘uoonAsu gNIYHO Bumolo) ssaippe auy v

p1/2) © POUSIQEIS? U S} UOHIPUOD JdNLIBIUI UBUM
(2e-0¢)/(92-2) : Pous||qelsa si uoppuod jdnusiul UBYM ¢
"palosuuLos §) 10863001400 By} 10U JO JaYIdyM uo Buipuadap Jaj)ip §¥00|0 JO JaquINU 8Yj) T

(2 10)00A
dnueyuy) pajessuab aq jm 1dnusiuy yueseld Jou Jodsaa0.dod € ‘pajd3uucd jou §| 10558201d02 8y} UBYM PaINdaXa §| UOIIONIISUI Z0dd 40 ‘10dd "110d 8wl Ji °} S8loN
‘uoponnsy| xyjeid-uou 0} paydene aq Jou pjnoys sUOINIISU| x|jo4d Jeedas asow Jo W63 uopne)
0L L0 1L 00O ss|§ &
0L 1L L0100 “wawm
0+ LO0O01LOO ;mnm..m
xye.d epluono ewbeg| 2 1 0L L L 1L LOO osa|” ¥
uonesedp ON € ! 0000100 dON
(wow)—snqelEp| ZOION | vZ2 | wew A A A PowiX L L 00 L 1O wew‘do—d)
uope:sdo ON| T @ION T lzzzAaAA L |[XLLOOL VO do—dii ,wow20dd|
(wew)snqejep| zeloN | vz [ wew A A A powiX X X L b O} || wewdod w
uonesedOON| ZeON | 2 (ZZ ZAAA L L[XXX L L O} do—d}| | wentOdd m
Xljaid %207 sng FA 1 00001 L }+ } Mo01sne| 2
=31 z 1 (Y T S S S O _m_w.
0—3 2 ! 0 L0+ b L b} al 3
suoyesedo Budwes uld ASNGJO 10 jequinN U JlBM pUB |jod | ug+e l t1L0L1LO0O ooy 110d
WeHNdD| 2 I 000 L O L L L} 1vH
V1—0d ‘y non0d—{dS' 1+dS) '2-dS—dS 5
01-8d ‘Sd—dS'1+dS) 'T-dS—dS m
0-"H8 ‘031 ‘MSd—(dS'1+dS) '2-dS—dS =)
(H910'HL10)—D1 “(HYIO'HS 10—V w
‘gL6e) > (z+zewew) Jo 91621 < (Zewaw) usym| € 810N v-2 waw 6as pow|o L 0 0 O L | O 2ewawgiba GNINHD | s
Z|S|d|A[roov i 0LZEVPSO L0t 2ZEVY SO L 5
%0010 | seiAg [0}
sbejy uoNeIedo _o&hsz Bn.hsz 8po) uoyesadp puesado oulowsti MW
. =]

78

M L427525 00687010 813 WN



1PD70136A

epoLL SSeIPPR uojsuBdxe esE8|ay
2dwel—-sd ‘1dwel—0d

0—vX

(2 + ¥ xguun '} + ¢ x guiw)—zdwe)

(p x gwwy ‘L + p x guwy)— | dwe} cl € 0000 I} L L LIL L L LOOODO gwuw) vX1l3d

8pow $seippe uojsuedxe sjes
Zdwe)-sd ‘|dwel—+dd
LVX

(2 + ¢ x gww ‘e + p X guiwy)—gdwel

(¥ x guawi ‘) + ¢ x guiw|)— | dwej F48 € 0000O0O L L MELILEILOOODO guwi vXHida
d ARV 0OL2evSs9 201 2EPSI9L 5
40010 | seig (n}73
uopesedp jo 10 puesedp Juoweuy | 8 m
sBel4 lequnp | jequnp 8po) uogeledQ 5 z
' S

NEC

79

B b42?525 0087011 75T A

epow sseJppe uoisuedxe
0] peIedIPep SUOIONJISU|




NEC uPD70136A
13. ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS (Ta= 25°C)
{tem Symbol Conditions Ratings Unit

Power supply voltage Voo —0.51t0+7.0 V v
Input voltage Vi —0.5'to Voo+0.3 Vv
Clock input voltage Vk . -0.5 to Voo+1.0 \
Output voltage Vo =0.5 to Voo+0.3 v
Operating ambient temperature Ta -10to +70 °Cc
Storage temperature Tug —-65 to +150 °C

* Cautions 1. Do not directly connect the output pins of two or more IC products and do not directly connect

80

the output pins to Voo or Vcc and GND. However, open-drain pins or open-collector pins may be
connected directly. Moreover, an external circuit whose timing Is designed to avoid output
collision can be connected to pins that go into a high-impedance state.

2. if even one of the above parameters exceeds the absolute maximum rating even momentarily, the
quality of the program may be degraded. Absolute maximum ratings, therefore, are the values
exceeding which the product may be physically damaged. Use the program keeping all the
parameters within these rated values.

The standards and conditions shown in DC and AC Characteristics below specify the range within
which the normal operation of the product is guaranteed.
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NEC

Remark

CAPACITANCE (Ta = 25°C, Voo = OV)

The power supply current during operation is almost proportional to the operation clock frequency.

Item

Symbol Conditions MIN. TYP. MAX. Unit

Input capacitance C fc = 1tMHz 15 pF
unmeasured pins returned to OV.

10 capacitance Cio 15 pF

B L427525 0087013 522 MM

uPD70136A
DC CHARACTERISTICS (Ta = —10 to +70°C, Voo= 5V * 10%)
Item Symbol Conditions MIN. TYP. MAX. Unit
Input voitage, high Vm 2.2 Voo+0.3 v
Input voitage, low Vi -0.5 0.8 v
CLK input voltage, high Vi 0.8Voo Voo+0.5| Vv
CLK input voltage, low Via =05 0.6 v
Output voltage, high Vo ion = —400uA 0.7Voo v
Output voltage, low Vo loo = 2.5mA 0.45 v
Input leakage current, high lum Vi= Voo 10 HA
Input leakage current, low [T} Vi=0V -10 HA
Output leakage current, high luon Vo = Voo 10 HA
Output leakage current, low Lot Vo =0V -10 HA
Latch leakage current, high Y] Vi = 3.0V =20 -200 UA
Latch leakage current, low lue Vi = 0.8V 20 200 HA
Latch inverse current, [T 200 HA
(LoH)
Latch inverse current, o -200 HA
HoL)
16MHz 100 150 mA
Operation 12.5MHz 75 110 mA
10MHz 75 110 mA
Supply current Ioo
16MHz 25 35
" Standby 12.5MHz 20 30 mA
10MHz 20 30 mA
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NEC uPD70136A

AC CHARACTERISTICS (Ta = =10°C to +70°C, Voo= 5V £ 10%)

(1) uPD70136A-10 (operating frequency = 10 MHz)

(1/2)
Item Symbol Conditions MIN. MAX. Unit

Clock period tevk 100 500 ns
Clock high-level width txr Vi = 3.5V ’ 39 ns
Ciock low-level width o Vie= 1.7V 40 ns
Clock rise time (1.7V to 3.0V) R 1.7V-3.0Vv 5 ns
Clock fall time (3.0V to 1.7V) txe 3.0V-1.7V 5 ns
Reset release delay time (Voo VALID) tovrsT 1 us
Reset setup time (CLK T) tsAsTk 15 ns
Reset hold time (CLK T) tHKRST 15 ns
Reset high-level width twRsTH 6 tevx
CLK | — BCYST delay time toxac 5 40 ns
CLK | — address delay time ) toxka 5 40 ns
CLK | - status delay time tokst . 5 40 ns
CLK T — data output delay timeN™ 1 too 5 45 ns
Floating delay time tex 0 40 ns
CLK T — DSTB output delay time toxos Cu = 100pF .5 40 ns
CLK | — DSTB T output delay toxpsH 5 40 ns
CLK T - HLDAK delay time toxea 5 50 ns
BCYST low-level width tacect tene-10 ns
BCYST high-level width tacecH | e )M 2210 ns
-D_ST_B low-level width tososL tcvx(n.n yNote 2_40 ns
DSTB high-level width : tospsm : : to+tr—10 ns

% Notes 1. This specification applies to the delay times <1>-<3> shown below following the falling edge of the CLK signal.
<1> Address delay time
<2> BUSLOCK delay time
<3> Each of the following signal delay times immediately following bus hold release:
A23-A0, D15-DO, M/IO, BUSST1, BUSSTO, UBE, BCYST, DSTB
2. ‘n' means number of wait clocks to be inserted into bus cycle. However, TC cycle (+1) is added to n in the
case of the coprocessor cycle.
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NEC uPD70136A

(2/2)

item Symbol Conditions MIN. MAX. Unit
Output float - HLDAK delay time toFa texL+txr—15 ns
Address/status — output DSTB { delay time toapst o +bcr=15 ns
DSTB T output — address/status hold time tosHa o +xr—15 ns
{write operation)
— Cu = 100pF
DSTB T output — data output delay time toosHo o +txr—15 ns
DSTB { output — data output floating time touz 0 ns
DSTB 7 output — data output set time oz bow+tkr—15 ns
Address/status output — data output delay time toap boc +bcR—15 ns
Data setup time (CLK 1) tsok 10 ns
Data hold time (CLK {)N°® o 15 ns
Data hold time (DSTB T)N°® boso 0 ns
Data hold time (address/status change point) tHasD 0 ns
READY setup time (CLK T) tsavx 10 ns
READY hold time (CLK T) tiry 20 ns
BS8/BS16 setup time tsasx 10 ns
BS8/BS16 hold time tes 20 ns
HLDRQ setup time (CLK T) tsHaK 10 ns
HLDRQ hold time (CLK T) trco 20 ns
NMI, INT, CPBUSY satup time (CLK 1) 1w 15 ns
NMI, INT, CPBUSY hold time (CLK 1) b 15 ns

Note For tHkp, tHosD, tHasD specifications, at least one of these must be observed.

Remark "tuko means data hold request specification from rising edge of clock.
tmpsp and traso are data hold request specifications from DSTB and address/status change points,
respectively. This means that the DSTB and the address/status signal do not change, until the
uPD70136A completes data read operation. (Address/status means AO-A23, UBE, R/W, M/I0, BUSSTH,
BUSSTO, and AEX.)
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NEC uPD70136A

(2) uPD70136A-12 (operating frequéncy = 12.5 MH2)

(1/2)
ltem Symbol Conditions MIN. MAX. Unit
Clock period tow 80 500 ns
Ciock high-ievel width tack Vin = 3.5V 35 ns
Clock low-level width baw Vi = 1.7V 35 ns
Clock rise time (1.7V to 3.0V) txr 1.7V-3.0V : 5 ns
Clock fall time {3.0V to 1.7V) txF 3.0V-1.7v 5 ns
Reset release delay time (Voo VALID) tovasT 1 Hs
Reset setup time (CLK T) tsRsTX 10 ns
Reset hold time (CLK T) DexRST 15 ns
Reset high-level width twrsTH 6 |t
CLK | — BCYST delay time toec 5 40 ns
CLK | — address delay time™®** ! toxa 5 40 ns
CLK | — status delay time toxst 5 40 ns
CLK T — data output delay time towo 5 . 40 ns
Floating delay time trc 0 35 ns
CLK T — DSTB output delay time toxos CL = 100pF 5 40 ns
CLK { — DST8 T output delay time toxpsH 5 40 ns
CLK T — HLDAK dslay time toKHA 5 40 ns
BCYST low-level width tecect teve=10 ns
% | BCYST high-level width taceom tem(n+1)N0%® 210 ns
~ DSTB low-level width tosost tew(n+1)M**® 210 ns
DSTB high-leve! width tososk . toa+ikR—10 ns

% Notes 1. Thisspecification applies tothe delay times <1>-<3> shown below following the falling edge of the CLK signal.
<1> Address delay time .
<2> BUSLOCK delay time
<3> Each of the following signal delay times immediately following bus hold release:
A23-A0, D15-D0, M/i0, BUSST1, BUSSTO, UBE, BCYST, DSTB
2. ‘n’ means number of wait clocks to be inserted into bus cycle. However, TC cycle (+1) is added to n in the
case of the coprocessor cycle.
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NEC - uPD70136A

(2/2)

item Symbol Conditions MIN. MAX. Unit
Output float — HLDAK delay time toRa toxL+ier—=15 ns
Address/status — output DSTB  delay time toapss tow +xr—15 ns
psTe output — address/status hold time tosHa o +te-15 ' ns
(write operation)
p— Ct = 100pF .
DSTB T output — data output delay time toosHo L +ter—15 ns
DSTB { output — data output fioating time torz ) ns
DSTB T output — data output set time oz e +br=15 ns
Address/status output — data output delay time toap b +txr—15 ns
Data setup time (CLK 1) tsox 7 ns
Data hold time (CLK )™ o 10 ns
Data hold time (DSTB T)N°t tpsp 0 ns
Data hoid timeN°® (address/status change point) tHasD 0 ns
READY setup time (CLK ) tsavk 7 ns
READY hold time (CLK 1) YRy 15 ns
BS8/BS16 setup time tsask 7 ns
BSB/BS16 hold time thes 15 ns
HLDRQ setup time (CLK T) tsmHax 7 ns
HLDRQ hold time (CLK T) troio 15 ns
NMI, INT, CPBUSY setup time (CLK 1) tsx 10 ns
NMI, INT, CPBUSY hold time (CLK 1) o) 10 ns

Note For tHko, tHDsD, thasp specifications, at least one of these must be observed.

Remark tuko means data hold request specification from rising edge of clock.
tvoso and tHaso are data hold request specifications from DSTB and address/status change points,
respectively. This means that the DSTB and the address/status signal do not change, until the
uPD70136A completes data read operation. (Address/status means A0-A23, UBE, R/W, M/10, BUSST1,
BUSSTO, and AEX.)
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NEC uPD70136A

(3) pPD70136A-16 (operating frequency = 16 MHz)

(1/2)

Item Symbol Conditions MIN. MAX. Unit

Clock period tovx 62.5 500 ns
Clock high-level width txxn Vikn = 3.5V 25 ns
Clock low-level width bocL Ve = 1.7V 25 - ns
Clock rise time (1.7V to 3.0V} txr 1.7V-3.0V 5 ns
Clock fall time (3.0V to 1.7V) txr 3.0v-1.7v 5 ns
Reset release delay time (Voo VALID) tovrsT 1 us
Reset setup time (CLK T) tsasTx 10 ns
Reset hold time (CLK 1) BaxRST 15 ns
Reset high-level width twRsTH 6 tevk
CLK | — BCYST delay timeNo™* ! toxse 5 40 ns
CLK | — address delay time toka 5 40 ns
CLK | — status delay time tokst 5 40 ns
CLK T — data output delay time toxp 5 40 " ns
Floating delay time trx 0 30 ns
CLK T — DSTB output delay time toxos C. = 100pF 5 40 ns
CLK | — DSTB T output delay time toxosH 5 40 ns
CLK T = HLDAK delay time toxHa 5 40 ns
BCYST low-level width tscacL terx=10 ns
* BCYST high-level width tBcacH tex(n+1)NO® 299 ns
DSTB low-level width tosost ‘ tom(n+1)Mo* 210 ns
pDSTB high-level width tososH . trxu+txr—10 ns

* Notes 1. This specification applies to the delay times <1>-<3> shown below following the falling edge of the CLK signal.
<1> Address delay time
<2> BUSLOCK delay time
<3> Each of the following signal delay times immediately following bus hold release:
A23-A0, D15-D0, MAD, BUSST1, BUSSTO, UBE, BCYST, DSTB
2. ‘n’ means number of wait clocks to be inserted into bus cycle. However, TC cycle (+1) is added to n in the
case of the coprocessor cycle.
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NEC | LPD70136A

(2/2)

Item Symbol Conditions MIN. MAX. Unit
Output float —» HLDAK dslay time tor toc+ter=15 ns
Address/status — output DSTB { delay time toaost o +br—15 ns
DSTE T output — address/status hold time tHosHA e +cn—15 ns
(write operation)
— C. = 100pF
DSTB T output — data output delay time toosHo bow+txr=15 ns
DSTB | output — data output fioating time toz 0 ns
DSTB T output — data output set time towz o +r=15 ns
Address/status output — data output delay time toao L +txr—15 ns
Data setup time (CLK 4) 150K 7 ns
Data hold time (CLK {)N°% tao 10 ns
Data hold time (DSTB T)N°* tupso 0 ns
Data hold time™°" (address/status change point) traso 0 ns
READY setup time (CLK T) tsavx 7 ns
READY hold time (CLK 1) Ry 15 ns
BSB/BS16 satup time tsask 7 ns
BSB/BS16 hold time tres 15 ns
HLDRQ setup time (CLK T) tsHok 7 ns
HLDRQ hold time (CLK 1) b 15 ns
NMi, INT, CPBUSY setup time (CLK 1) s 10 ns
NMI, INT, CPBUSY hold time (CLK {) i 10 ns

Note  For thko, tHosp, thaso specifications, at least one of these must be observed.

Remark tuko means data hold request specification from rising edge of clock.
tpsp and tuaso are data hold request specifications from DSTB and address/status change points,
respectively. This means that the DSTB and the address/status signal do not change, until the
uPD70136A completes data read operation. (Address/status means A0-A23, UBE, R/W, M/iO, BUSST1,
BUSSTO, and AEX.)
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NEC uPD70136A

AC TEST INPUT WAVEFORMS (except CLK)

24V

04V

AC TEST OUTPUT MEASUREMENT POINTS

22V 22V
Test .
points

os8v 08V

LOAD CONDITION

C= 100pF

ouT

N
h|

. Caution If load capacitance exceeds 100pF due to circult configuration, reduce the load capacitance down
to 100pF or less to this device by inserting a buffer, etc. - '

88
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NEC uPD70136A
CLOCK TIMING
towx
[e—— tixH txr -—J—L— — ter
CLK (input) /
toa
RESET TIMING *
Voo
|_ tovrst
CLK (input)
— tsrRsTX trxrsT
L l)l) —
RESET (input) : / \ '
. . . twRs™
89
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uPD70136A

*

BASIC WRITE TIMING WAVEFORMS A(O wait)

90

T1 T2

(T, TN

wres” N NN\

toxec > toxec | . tecacH ——
X
BCYST (output) \‘
tecact
4 p
A23-A0 (output)
N y.
tDxA [
\ 4 p
Note 1 <
/ N 7z
toxsT
tshAvx >

READY (input) Note 2 \ /
X

Note 2
toosHo “l
iRy
{oapsL tHoSHA
toaps.
toxps tonos
.'L 4
DSTB (output) /
A 7
te— tosost
toao
toxo tx
toan

Hi-Z <‘ f
D15-D0 (Output) == === ==========-=o ><

’}_ HZ
_7

Notes 1. R/W, W0, BUSST1, BUSSTO, UBE, AEX (all outputs)
2. Change range
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NEC uPD70136A

BASIC WRITE TIMING WAVEFORMS (1 wait)

Ti T2 ™ T1. M)
Y {
CLK (input) -/ / . /
toxse ‘ toxac | le tecscH
____\ 3
BCYST (output) K \
tecacL 1
!
4
A23-A0 (output) K
N
{OKA e
NS ‘><
Note 1 i< .
/X | y
toxst
!
tsrvx r—— tsav
READY (input) Note 2 / Note 2 1J/i Note 2
I
toosHo
toADSL \t trxAy *—>1 LAY
tHOSHA
toaost -
toxos { DKDS
7 : s
DSTB (output) / \ /
: K
tosost
toxo o tr
oz " toan
Hi-Z 8
D15-D0 (output) = ==~ e ccccrcccnnnaa ¢ >< -
X

Notes 1. R/W, M/IO, BUSST1, BUSSTO, UBE, AEX (all outputs)
2. Change range
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NEC uPD70136A

BASIC READ TIMING WAVEFORMS (0 wait)

T T2 (T1, )
CLK (input) \ / / \ L__/_\_/_
toxsc toxec fe »le | tacecH
BCYST (output) _\‘ \
tscacL
4 X
* A23-A0 (output) K
N .
tDKA e
\ 4 )><
Note 1 <
/X Z
toksT | o~ {HASD
1sAvx
READY (input) Note 2 \ Note 2
. K Z
tmnv
toxps
Toapsy ™) toaost tHosa e
‘ / 3
DSTB (output) \ / \
. . F '
tvoso
tososH
tsok | trxD
\
D15-DO (input) ’ p
tonz
Hi-Z

D15-DO (output) e b L L L L L LR bl

Notes 1. R/W, M/iO, BUSST1, BUSSTO, UBE, AEX (all outputs)
2. Change range
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NEC

uPD70136A

BASIC READ TIMING WAVEFORMS (1 wait)

CLK (input) \

BCYST (output)

A23-AD (output)

Note 1

READY (input)

DSTB (output)

D15-DO (input)

D15-DO (output)

™

T,

e

i)

2. Change range

toxec toxec tecacH
N
tscecL
!
toxa
BX
; .
toksT p—" traso
tsrvx tsAYK
Note 2 / Notex Note 2
X 2
trcry LRy
toxos
toapsL
. toxosH
1DADSL
N\ /
_| |tHosD
tDSOSH
tsox D i
)X
7
tonz
________________ L
Notes 1. R/W, M/IO, BUSST1, BUSSTO, UBE, AEX (all outputs)
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NEC | uPD70136A

BUS SIZING TIMING WAVEFORMS (0 wait)

T T2 T1,TH)

e N2 | B
D <
- X

tsavx

READY (input) Note 2 \ / Note 2
"l tHxRY

BS8/BS16 (input) Note 2 Note 2

Notes 1. R'W, MO, BUSST1, BUSSTO, UBE, AEX (all outputs)
2. Change range
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NEC

1PD70136A

BUS SIZING TIMING WAVEFORMS (1 wait)

CLK (input) __\_/—\___7/
BCYST (output) \ /

A23-A0 (output)

Note 1

READY (input)

BSB/BS16 (input)

T T2

M. m

avYaYas

N

X

X

tsAve |

tsAvk

Note 2

tsasx

“-’ tHcay

Note 2

Note 2

Notes 1. R/W, M/IO, BUSST1, BUSSTO, UBE, AEX (all outputs)

2. Change range
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NEC LPD70136A

BUS HOLD TIMING WAVEFORMS

NN NNy e

HLDRQ (input)

trce

HLDAK (output)

Note

CLK (input) \ N

HLDRAQ (input) /_\ \
trcia 4—1

HLDAK (output)

toxHa

Note A23-A0, D15-DO, M/IO, BUSST1, BUSSTO, UBE, BCYST, DSTB

* Remarks 1. !f a hold cycle is executed immediately after an external I/O cycle, no idle state is inserted.
2. Pins that go to high impedance on bus hold or reset are internally latched; hence they will maintain their
values if not externally driven. ’
3. If there is a hold request (high level input to the HLDRQ pin) during an I/O read cycle or memory read
cycle, a hold cycle is executed with the DSTB signal at the active level (low level).
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NEC uPD70136A

INPUT SET UP, INPUT HOLD TIMING WAVEFORMS

CLK (input) N

— sk

NMI, INT
CPBUSY
(all inputs)

BUSLOCK TIMING WAVEFORMS

BUSLOCK (output)

;

Remark  When the BUSLOCK signal is output by an instruction with BUSLOCK prefix, the rising edge and
falling edge do not depend on the bus cytle.
The rising edge and the falling edge are determined by the CPU’s internal execution.
Refer to the timing wavetorm chart for the BUSLOCK signal in interrupt acknowledge cycle.
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NEC uPD70136A

MEMORY READ CYCLE FOR COPROCESSOR (0 wait)

Ti TC T2 T, Th)
CLK(input)  \ / / \ L_/—__—
tokec toxsc tececH -
—— ’ _
BCYST (output) S,; r o \
| tecact
Y
A23-A0 (output) o X
toxa fee
r—
we | X X
tnos“rm toxos tososH
toaost toxosH
/N

DSTB (output) / \F
- tsAvx
READY (input) ' \‘_ 4/

tHxRY

Note R/MW, M/IO, BUSST1, BUSSTO, UBE, AEX (all outputs)
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NEC

uPD70136A

MEMORY WRITE CYCLE FOR COPROCESSOR (0 wait)

T

1\ ' 4
BCYST (output) X 42

TC T2

toxse fe—e- tecacH

M.

NN SN AN

*{ tecacL

AZ3-AO (output)
toxa
>§L
Note
N
toxst > toxkDs
- 7 /
DSTB (output) \ 7*2
toanst =i
tsAvx
READY (input) \

toxos

Note R/, M/IO, BUSST1, BUSSTO, UBE, AEX (all outputs)
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14. PACKAGE DRAWINGS
68 PIN PLASTIC QFJ (0950 mil)
A
e B
; HHHHHHH!‘!DHHHHHHHH"’:_T[
q h
g P
g 0 !
g 0
0 p
; b |
g TN
611312 1]
g+ - B oo
g 1]
g 1]
(s 1
g D
g 1l
g 1]
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NOTE ITEM| MILLIMETERS INCHES
Each lead centerline is located within 0.12
mm {0.005 inch) of its true position {T.P.) at A 25.2£0.2 0.99220.008
maximum matenal condition. B 24.20 0.953
c 24.20 0.953
D 25.210.2 0.99220.008
E 1.9410.15 0.076*3%:
F 0.6 0.024
G 4.420.2 0.173:580%8
H 2.820.2 0.110:55%8
| 0.9 MIN. 0.035 MIN.
J 34 0.134
K 1.27(T.P) 0.050 (T.P.)
M 0.40%1.0 0.0163 334
N 0.12 0.005
P 23.1220.20 0.910*33%3
Q 0.15 0.006
T RO.8 R 0.031
u 0.205 08 0.00824 853
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NEC

LPD70136A
68PIN CERAMIC PGA {SEAM WELD)
L A
[ (Bottom View)
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. NOTE ITEM |  MILLIMETERS INCHES
Each lead centerline is located within ¢0.5 mm = 381
(¢0.020inch) of its true position (T.P.} at A 27.9420¢ 1.100-6.81
maximum material condition. D 27.94104¢ 1.10028:818
E 1.27 0.050
F 2.54 (T.P.) 0.100 (T.P.)
G 2.8*03 0.11028:81%
H 0.5 MIN. 0.019 MIN.
] 2.7 0.106
J 4.57 MAX. 0.180 MAX.
K $1.2202 #0.04728:83%
L $0.460-08 $0.018°8:88%
M 0.5 0.020
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NEC uPD70136A

* 15. RECOMMENDED SOLDERING CONDITIONS
For the uPD70136A, soldering must be performed under the following conditions.
For details of recommended conditions for surface mounting, refer to information document "Semiconductor
Device Mounting Technology Manual” (IE-1207).
For other soldering methods, please consult with NEC sales personnel.

Table 15-1. Surface Mounting Type Soldering Conditions

uPD70136AL: 68-pin plastic QFJ ([T]950 mil)

N . - Recommended Condi-
Soldering Method Soldering Conditions tions Reference Code
Infrared reflow Package peak temperature: 235 °C max., time: up to 30 sec. (over IR35-367-2

210 °C), count: twice or less, restriction days: 7"* (atter that, 125

°C pre-bake for 36 hours is necessary)

Precautions:

(1) Reflow a second time should be started when the device
temperature has returned to its normal state after the first
reflow.

(2) Avoid flux cleaning with water after the first reflow.

VPS Package peak temperature: 215 °C, time: 7u££o 40 sec. (over 200 VP15-367-2
°C), count: twice or less, restriction days: {after that, 125 *°C
pre-bake for 36 hours is necessary)

Precautions:

(1) Reflow a second time should be started when the device
temperature has retumned to its normal state after the first
reflow.

(2) Avoid flux cleaning with water after the first refiow.

Pin partial heating Pin temperature: 300°C max., time: 3 seconds max. (per device) -

Note This means the number of days after unpacking the dry pack. Storage conditions are 25°C and 65% RM max.
Caution Do not use one soldering method in combination with another. (howev er, pin partial heating can

be performed with other soldering methods).

Table 15-2. Insertion Type Soldering Conditions A

uPD70136AR: 68-pin ceramic PGA (seam welding)

Soldering Method Soldering Conditions
Wave soldering Solder bath temperature: 260°C max., time: 10 seconds max.
{Oniy for pin)
Pin partial heating Pin temperature: 300 °C max., time: 3 seconds max. {per pin)

Caution The wave soldering must be performed at the pin partonly. Note thatthe solder must not be directly
contacted to the package body.

104

B Luy27525 008703k 027 W



{PD70136A

NEC

APPENDIX DIFFERENCES IN INSTRUCTION EXECUTION OPERATION
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