DATA SHEET

NEC / | MOS INTEGRATED CIRCUIT
/ uPD70136A

V33A™
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 4PD70136A has the same instruction set as that for the
4#PD70118 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 uPD70116 (vso"“) when
compared with the pPD70136 (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 16MH2z
® 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
pPD70116 (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)

e Bit field manipulation instruction

Packed BCD operation instruction

& CMOS

The information in this d Is subj to ch without notice.

Document No. U10136EJ4VODS00 (4th edition) The mark * shows the the major revissed points.
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NEC

pPD70136A

ORDERING INFORMATION

Part number

Package Clock frequency (MHz2)

uPD70136AL-10
puPD70136AL-12
pPD70136AL-16
uPD70136AR-12
uPD70136AR-16

68-pin plastic QFJ (1950 mil)
68-pin plastic QFJ ({1950 mil)
68-pin plastic QFJ (3950 mil)
68-pin ceramic PGA (seam welding)
68-pin ceramic PGA (seam welding)

"MW b4e?525 008L934 574 WM
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NEC

uPD70136A
PIN CONFIGURATIONS
68-Pin Plastic QFJ (top view)
gg2etew 2 gyonc o, g,
iiiAAAARRARARAER
/9876543216867666564636261
A22 O~—10 O 6o—=C A6
A23 Oe—11 59|——=O AS
D0 Oe—e12 58 ——=O A4
D1 O=e—113 57}—=0OA3
D2 Oe—={ 14 56 |—=O A2
D3O=+—»{15 55— At
D4 Oe—>l16 54— A0
D5 Oe—=117 #PD70136AL-10 53[——0O Vo
GND O——] 18 #PD70136AL-12 52— GND
Voo O———] 19 #PD70136AL-16 51 }——=O DSTB
D6 O=——=1 20 50}——=OMm0
07 Oe—=f21 4o}——=ORrw
D8 Oe—n{22 48— BUSSTO
D8 Oe—+f23 47}——0OBUSST1
D10 Oe—]24 46— UBE
D11 Oe—o25 a5} ——s0 BCYST
D12 Oe—n] 26 44} — = BUSLOCK
33 42

O—=8
HLORQ O——=1 8
HLDAK Oe——{ &

D13 Oe—» Y
D14 Oe—ni
D15 O——= B
CLK O—+8
INT O—» &
NMI O—={ @
CPBUSY O——#]
icO—%¢
VmO“‘—g
GND O——1%
iIcO—Y
RESET O—=1 &
O—
AEX O+—&

READY

BS8/BS16

Caution IC: Connect to GND.
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uPD70136A

68-Pin Ceramic PGA (top view)

Bottom View Top View
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00 o O 3
0000000 0OO0OO0O0 2

0O 00000O0O0O0 1
L K J HGF E DG C B A A B C DEF G H J K L

Index mark
No. Name No. Name No. Name No. Name
A2 | AEX B9 | CLK F10 | Voo K4 | A12
A3 | HLDAK 810 | D14 F11 | GND Ks | A14
A4 | READY B11 | D12 G1 | AD K6 | GND
A5 | IC c1 UBE G2 | A1 K7 A16
A6 | Voo C2 | BUSSTt G10 | D§ K8 | A18
A7 | CPBUSY c10| D11 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 Ad L4 ANl
B3 | BS8/BS16 E1 (Y1Te) Jz2 A5 Ls A13
B4 | HLDRQ E2 | DSTB J10 | D1 L6 | Voo
B85 | RESET E10| D7 J11 | DO L7 | AtS
B6 | GND E11!| D6 K1 A6 L8 A17
87 | IC F1 GND K2 | A8 (] A18
B8 | NMI F2 | Voo K3 | A10 L10 | A21
Caution IC: Connect to GND.
4
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NEC uPD70136A

INTERNAL BLOCK DIAGRAM
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uPD70136A

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
YTiTe) 3-state output Memory/(/O) Open
BUSST1, 3-state output Bus status Open
BUSSTO
BCYST 3-state output Bus cycle start Open
DSTB 3-state output Data strobe Open
BUSLOCK Qutput Bus lock Open
READY Input Ready Connected to GND via resistor
Bse/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

B L427525 0086940 ATL HE
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NEC uPD70136A

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 o) Bus LatchNote 1

Bus Hold Standby Resset
CLK Input x - - -
A0-A23 3-state output o] Hi-Z L Hi-Z
DO0-D15 3-state /O 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
Mo 3-state output o} Hi-Z Hi-2
gggge' 3-state output o Hi-Z H Hi-Z
BCYST 3-state output o} Hi-Z Note 3 Hi-Z
DSTB 3-state output o 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. Theretfore, it is not necessary to pull up or down these pins. However, be sure
to puilup DSTB (1.9-10k2). Toinvertthe leve!of apininthe high-impedance state from an external source,
a drive capability of higher than the latch inverting current (I, hui) is necessary.

2. Undefined for the duration of the first 2 ciocks 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 hotd
« 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

M Lu27525 008L®u4l 736 WA
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NEC uPD70136A

Figure 1-1. Latch Configuration

Output Pin
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. -O Output pin
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Input/Output Pin
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NEC uPD70136A

2. REGISTER CONFIGURATION

2.1 PFP (PREFETCH POINTER)

The prefetch 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, retumn,
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 prefetched instruction
code.

The queue contents are cleared when a branch, call, retumn, 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. R

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

11
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The PS and the PFP (Prefetch Pointér). and the DS1 and the 1Y registers are always paired.

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

The DSO0 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 cne of
three other registers can be selected as the segment selection, using the the segment override prefix instruction (PS:,
DSo0:, DS1:). Hdwever, eight or more prefix instructions cannot be attached to other than prefix instructions.

2.5 ADM (ADDRESS MODIFIER)
ADM (Address Madifier) 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 controi branch, repeat prefix

CL : Shift instruction, rotate instruction, BCD operation

DW : Word muttiplication/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 generai-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 008L94Y 4y7?
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2.8 TA/TB (TEMPORARY REGISTER/SHIFTER A/B)

TA/TB is a 16-bit temporary register/shifter used for multiplication/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 intema! 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 (Overtlow)
* S (Sign)
e Z (Zero)
¢ AC (Auxiliary Carry)
» P (Parity)
* CY (Carry)

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

These ﬂégs 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

il b lv!] T
]
&l E

S r4 0

o>
(=]
o

<0

PSW

XD

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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NEC puPD70136A

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. : i

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 PC is incremented each time the decoder fetches an instruction byte from the instruction queue. When a branch,
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 )
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 necessary.

14
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NEC uPD70136A

3. BUS CYCLE

3.1 TYPE OF BUS CYCLES

The uPD70136A 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.

MI0 | BUSST1 | BUSSTO RW Bus Cycle Type
0 1 interrupt acknowledge
0 1 1 /0 read
1 0 /O 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
! 0 0 Coprocessor memory write

15
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3.2 BUS TIMING

(1) Memory read (0 wait)

-
b

T2 TIm l

ax [

UBE
A23-A0

BCYST

BUSSTO

BUSST1

N
~

AEX

D15-D0 Ey
FEHDY \ /[

Remark O indicates sampling timing.

16
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Power ed

(2) Memory write (O wait)

BUSSTO

BUSST1

AEX

D15-D0 « = = = = L__.(X Neei-

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 possibie 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
pommmmoees ~ 16K bytes
]
)
)
)
)
i
1M bytes E
FFFFFH !
|
i
16Kbytes [------------- !
00000H - 000000H
18
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NEC uPD70136A

- 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
BRAKXA 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 cycie 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).

5 4 3 2 1 0

AT T T - - - ]
m

XA Exbansion Address

0 Normal address mode (NA mode)
1 Expansion address mode (XA mode)

The XA flag is 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 EAOQ
i
1
1
6 14 4
Decoder
Translation table

V2%

-

L I

A23 Al4 A13 AO

T
1
1
1

24 4 Expansion address (16 MB)
FFFFFFH

000000H

20
B L427525 00AR952 513 M

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC

uPD70136A

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

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

A19 | A18 | A17 | A16 | A15 | A14 Page Register A19 | A18| A17 | A16 | A15 | Al4 Page Ragister
o {o {0 |0 oo PGR 1 1 oo |o]|olo PGR 33
o | oo |0 |o |1 PGR 2 1 oo jo] o} PGR 34
o oo o |1 |0 PGR 3 1 oo ol 1 ]|o PGR 35
o | oo | o | 1|1 PGR 4 1 oo o | 1{n1 PGR 36
o oo |1 o lo PGR 5 1 lolol1]o0o] o0 PGR 37
o oo |1 |0 |1 PGR 6 1 o] o] 1 {01 PGR 38
o | oo |1 |1 ]o PGR 7 1t lolol1v|11]o0 PGR 39
o o o |1 |1 ] PGR 8 1 oo | 1|1} PGR 40
o o |1 |lo oo PGR 9 1 o]l 1|0 oo PGR 41
o |lo |1 1o |o |1 PGR 10 1 o1 ]o o] PGR 42
o o1 ]|o |1 ]o PGR 11 9l o]l 1{o|1]|o PGR 43
o lo |+ | o |1 ] PGR 12 1ol 1] o] 1] PGR 44
o o |1 |1 {00 PGR 13 1 ol 1] 100 PGR 45
o {o |1 |1 o] PGR 14 1 o] 110 |1 PGR 46
o o |1 |1 |1 ]o PGR 15 1o 1] 1] 1]o PGR 47
o J o |1 |1 |1 | PGR 16 1 Lol 1 b b PGR 48

o {1 |lolololo PGR 17 11100 ]o o PGR 49
o |1 10 o | o |1 PGR 18 11 lolo | o] PGR 50
o |1t o o 1 |o PGR 19 1 1] o o] 1o PGR 51
o | 1+ lo o |1 |1 PGR 20 1 b1 lo ] o1} 1 PGR 52
o |+ 1o l1 oo PGR 21 1 1] ol 1]lo]o PGR 53
o |1 1o {1 |0 |1 PGR 22 1 vl o] 1o PGR 54
o |1 e 1 |1 o PGR 23 1 b1 o1l 1o PGR 55
o |+ o |1 |1 |1 PGR 24 I T T T A O A T A PGR 56
o {1 |1 ]o oo PGR 25 1t 11 ]o0o]olo PGR 57
ol 111 1o |o |1 PGR 26 t 11 oo | PGR 58
ol 1 11 1ot |o PGR 27 1 1 1101 ]o PGR 59
o | 1t |1 ol |1 PGR 28 1 11 o |1 ] PGR 60
o1 |11 oo PGR 29 1 1111100 PGR 61
o [ 1 |1 |1 o |1 PGR 30 11 v e | PGR 62
o |1 1 1 1o PGR 31 1 1t 1 1 1] o PGR 63
o | v |1 v | PGR 32 1 O T 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)

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

15 14 13 12 11 10 9 B 7 6 5 4 3 2 1 0. |/0a&dress RW  On reset
I - I - | - ‘ - [ - ] - 'AzalA22| [A21]A20|A19}A18[A17|A16|A15{A14] FFOOH-FF7TEH RMW  Undefined
T 1 T I T T
A23-A14 of expansion address
I1/O Address Page Register 17O Address Page Register 1/O Address Page Register

FFOO PGR1 FF2C PGR23 FF58 PGR45
FFO2 PGR2 FF2E PGR24 FF5A PGR46
FFO4 PGR3 FF30 PGBZS FF5C PGR47
FF06 PGR4 FF32 PGR26 FF5E PGR48
FFO8 PGRS FF34 PGR27 FF60 PGR49
FFOA PGR6 FF36 PGR28 FF62 PGRS0
FFOC PGR7 FF38 PGR29 FF64 PGRS51
FFOE PGR8 FF3A PGR30 FF66 PGRS52
FF10 PGR9Y FF3C PGR31 FF68 PGRS53
FF12 PGR10 FF3E PGR32 FF6A PGR54
FF14 PGR11 FFa40 PGR33 FF6C PGRS55
FF16 PGR12 FF42 PGR34 FF6E PGRS6
FF18 PGR13 - FF44 PGR35 FF70 PGRS57
FF1A PGR14 FF46 PGR36 FF72 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 PGR41 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 (reter to 4.1

OUTLINE through 4.4 ADDRESS TRANSLATION TABLE).

¢ 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 I/O, at FFOOH to FFBOH, differs from normal external I/O access.

Extemnal I/O access internal /O access

Signal (OCOH-FEFFH) (FFOOH-FF80H)
A23-A0 Output Output
D15-DO Output (Hi-Z when read) OQutput (Hi-Z when read)
BCYST Output . Output
DSTB Output No output-
wWio 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 IN/OUT instruction, which accesses the

page register in page units, must be used.

B L427525 008L955 222 M
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5. DYNAMIC BUS SIZING FUNCTION

The #PD70136A has a 16-bit data bus. However, in order to facilitate connection to a system having an 8-bit data

bus, the uPD701386A is provided with the dynamic bus sizing function.

The bus sizing function is effective for both memory accessing and I/O accessing (external I/O only). When the BS8/

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-DO0.

Table 5-1. Access of Data

UBE A0 Operation
0 0 " 16-bit access
0 1 Upper B-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 | AD | 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 D7-DO
Even 0 1 First —_ Lower byte — Lowaer byte
Byte
Odd 1 0 First Lower byte — - Lowaer 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
o} 1 Second —_ Upper byte _ Upper byte
Caution For memory operand of fioating-point operation chip instructions, the dynamic bus sizing must

always be set to 16-bit bus.

24
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Table 5-4. Bus Sizing and Sampling for Bus Cycles
Bus Cycle D15-D0 Pin Valid Bus Size gi:ﬁf,;s Pin
Interrupt acknowledge cycle 8 bits -
Extemnal I/O read cycle 8/16 bits o}
Internal 1/O read cycle 8/16 bits -
External I/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 fetch cycle 8/16 bits o}
CPU memory read cycle 8/16 bits (]
CPU memory write cycle 8/16 bits O
Coprocessor memory read cycie 16 bits o Now
Coprocessor memory write cycle 16 bits O Nf'“
Note When bus size is set to B 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.

16 16

—'———'\ Temporary
— /| register/shifter

( )

" e

Subdata bus Main data bus

Example ADD AW, BW; AW « AW+BW

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

3 AW « ALU

26
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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 x 5 = 28 clocks 2 + 5 =7 clocks

6.5 PC AND PFP
With the pretetch 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 tor branch, call, return, and break
instructions, compared to that for the PFP only.

27
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7. UNIQUE uPD70136A 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 leve! 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, specnfled 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 l|= Bit offset ’lI Byte offset _i
: %// : : Memory
5 : - T 45— T s
Byte Segment base
boundary ' (DS 1)

Bit field data can cross memory byte boundaries.

(2) EXT reg8, reg8'/EXT reg8,imm4
" Data for the bit field, whose length is spacified by the second operand, is loaded from the memory area
determined by the byte offset 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 I1X 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
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(1X)

, Bitlength  Bitoffset Byte offset |
, | | | . L
a 7 a oo
l Byte Segment base
boundary (DS 0)

15 S0
w[ o U

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
(Z) and carry (CY) flags.

BCD string (IY,CL) « BCD string (1Y,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 |Y 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) fiags.

BCD string (1Y,CL) « BCD string (1Y,CL) — BCD string (IX,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 (1X,CL)

29
B Ly27525 008bL9bL1 526 EE

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC uPD70136A

(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 left.

reg/mem

Upper | Lower
Al 4 bits | 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 | Lower
Al 4 bits | 4 bits

30
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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 f,g;
begin
d:=a+f+q;
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 c, procedure
Q defines variables d and e, and procedure R defines variables f and g. Therefore, a, b, and ¢ are referenced from
procedure Q, and d and e in addition to a, b, and c, 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)).

31
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:ASSEMBLER PROGRAM

START: MOV
MOV

CALL
BR

P: PREPARE
MOV
ADD
MOV
CALL
DISPOSE
RET

Q: PREPARE
CALL
MOV
ADD
MOV
MOV
DISPOSE
RET

R: PREPARE
MOV
ADD
MOV
ADD
MOV
MOV
DISPOSE .
RET

SP, SPTOP

BP, SP ;<1
P ; <2>
SYSTEM

6,1 ; <3>

AW, [BP] [B+BLEVEL"2}
AW, [BP] [C+CLEVEL"2]
[BP] [A+ALEVEL"2], AW
Q

4,2 ; <4>

R

AW, [BP} [D+DLEVEL"2]
AW, [BP} [E+ELEVEL*2)
1Y, [BP) [BLEVEL*2)
SS:[IY] [B+BLEVEL"2], AW

4,3 i <5>
AW, [BP] [F+FLEVEL"2]
AW, [BP] [G+GLEVEL*2)
IY, [BP] [ALEVEL*2]

AW,.SS:[lY] [A+ALEVEL"2}, AW

IY, [BP] [DLEVEL"2)
SS:[1Y] [D+DLEVEL"2}, AW

; A=-2 ALEVEL =-1
; B=-4 BLEVEL =-1

C=-6 CLEVEL =-1
; D=-2 DELVEL=-2
; E=-4 ELEVEL=-2
; F=—2 FLEVEL=-3
i G=—4 GLEVEL=-3

The following shows the process in which stack frames are generated according to the program execution progress.

The numbers correspond to the numbers written in the comment fields.

32
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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 local variable area to be used by the procedure
is assured in the stack. That is, the SP is decremented by the number ot local variables.

display = 2nd operand
dynamics = 1st operand

SP = SP—Z;
(SP) = BP;
temp = SP;

if display > O 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 trame. 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+offset1))+offset2)

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.

Offset? is the offset value from the base value for the frame containing the variable to 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.

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

36
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. 74 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

* =BRK 5
PS « TC
SP « SP-2, (SP+1, SP), « PCN°®
PC « TA
Note Start address for CHKIND instruction
Memory
Upper limit 15 0
L mem32+2 (Upper limit)
= Arra 3 imi
T Yy T mem32 (Lowaer limit)
Lower limit
A

37
B Luz27?525 00&LY9LY 417 HE

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC uPD70136A

7.5 ADDRESS EXPANSION MODE CONTROL INSTRUCTIONS
The pPD70136A has the following two instructions in order to tum on/turn 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/OApon: 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 /O port: FF80H) is reset to 0. '
Interrupt acknowledge bus cycle will not be executed.
PC, PS, and PSW will not be stored into the stack.
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7.6 FLOATING-POINT OPERATION COPROCESSOR CONTROL INSTRUCTIONS

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

These instructions are used to control the external coprocessor pPD72291.
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 for the
coprocessor, is used rather than FPO1 and FPO2 mnemonics.

When the FPO1 or FPO2 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
1

Stores PCN®'®, 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
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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, regardiess interrupt

enable flag states.

Undefined instruction
4
Reads vector 6 table
J
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 11000000-11111111
424-551 110x000x xx110xxx
552-615 1101001x xx110xxx
616 11010110
617-680 1111011x . xx001xxx
681-744 11111114x xx111xxx
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8. INTERRUPT OPERATION

The interrupts supported by the yPD70136A can be divided into two types; interrupts generated by external interrupt
requests and traps generated by software processing. They are:

(1) External interrupts

0] NMI input (nonmaskable)

(i) 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 BRKY 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 aliccated 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 008LY973 244 WA
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Figure 8-1. Interrupt Vector Table
000H ' B
B Vector 0 — Divide error W
004H - 1 —| Break flag
OogH 1 2 -1 NMI input
00CH '
- 3 —{ BRK3 instruction
} r Sole use
H
o10 = 4 -1 BRKYV instruction
014K = 5 — CHKIND instruction
018H | 6 _] Undefined
instruction trap
01CH ' Coprocessor J
B 7 -1 not prasent
; N
020H
- 8 —
t
N 3+ r Reserved
t
03CH
040H j
- 16 - #PD72291 error
044H ' )
}
b S 3. I Reserved
07CH '
t g
080H
= 32 -
t General use
BRK imm8 instruction
+ < ¢ INT input (external)
BRKXA instruction
} RETXA instruction
H
2008 1 128 -
4 4
04H
2 o 129 —| Reserved
+ \
208H
4 General use
BRK imm8 instruction
-+ + > INT input (external)
T BRKXA instruction
1 RETXA instruction
3FCH - o058 |
| 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

002H 003H

PS « (003H, 002H)
PC « (001H, O0OH)

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 1o 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
¢ uPD72291 error interrupt

If an interrupt 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 NMI service routine, the NMl interrupt is accepted. Inthis case, the standby mode
is released and an NM) interrupt (vector 2) is generated.

43
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8. INTERFACING TO THE pPD72291 FLOATING-POINT COPROCESSOR
The following describes interfacing the uPD72281 floating-point coprocessor to the uPD70136A.

(1) System configuration
- Figure 9-1 shows a system configuration example, in which the pPD72291 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/10, 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 2k() to Vob. .

When only the socket for the uPD72291 is provided, but the uPD72291 is not connected, provide a switch to
the CPBUSY signal for the uPD70136A, 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.

I Ly27525 0D08LA7L TH7 N
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Figure 9-1. Typical System Configuration
V33A Clock (16 MHz) #PD72291
CLK CLK
wio M0
RW RW
BUSST1 BUSST1
BUSSTO BUSSTO
DSTB DSTB
BCYST BCYST
Voo 4%7
—_— ra®; 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 uPD70136A.
When connecting the uPD72291 to the uPD70136A, the uPD72291 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. Databuslines for the uPD70136A and those for the uPD72291 must be directly connected, without
anything including buffers.

a5
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(2) Bus cycle

The tfollowing 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, R/W, 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

M/I0 R/W BUSST1 BUSSTO Bus Cycle Transfer Direction
0 1 1 0 Coprocessor read [COP = CPU]
0 0 1 0 Coprocessor write [CPU — COP}
1 1 [4] 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 uPD72291 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.

(c) Coprocessor memory read
- This bus cycle is usedto transfer memory data to the source operand word port (SOPWP) forthe 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 #PD70136A 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 yPD70136A, 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 DQPWP are built-in ports of uPD72291.
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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
DSOo 0000H
DSt 0000H
PSW v DR IE BRK
wper[ 1 [+ ] 1 [ 1o o] o] o]
S 4 AC P cY
Werr0I0|0I0|0]0]0]0|
Quseue Clear
XAM 7 6 5 4 3 2 1 0 XA flag: normal address
[-[-[-T-J]-[-[=]~]|
PGR1- 15 14 13 12 11 10 9 8 Page register: undefined
FoRes [-[-[-T-1-1-[~[~]
7 6 5 4 3 2 1 0
L [l [ T x [ xfx]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 extemal interrupt (NM, 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.

48
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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 IY

near-proc Procedure within the current segment

far-proc Procedure within a different program segment

near-label Label! within the current segment

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

far-label Label within a different 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

ragptr 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 Immadiate value to identity the instruction code of the external fioating-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)

XXXX,YYY . ZZZ Data to identity the instruction code tor the external floating-point arithmetic coprocessor

Bl btuyc2?525 008L9AL 314 W
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12. INSTRUCTION SET
Tabie 12-1. Operand Types
Symbol Meaning
reg,reg’ 8/16-bit general-purpose register
reg B, reg 8’ " 8-bit general-purpose register-
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Table 12-3. Operand Types

Symbol

Meaning

DSO
DS1

AC

cY

P

S

z

DIR

IE

\

BRK

XA

(...)

disp
ext-disp8
temp
temp1, 2
TA

B

< < >

xxH
xoexxH

Accumulator (16 bits)
Accumulator (upper byte)
Accumulator (lower byte)
Registar 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 0O register (16 bits)
Data segment 1 register (16 bits)
Auxiliary carry flag

Carry flag

Parity flag

Sign fiag

Zero flag

Direction fiag

Interrupt enable flag

Overtiow flag

Break fiag

Expansion address flag

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

8-bit displacement sign expanded to 16-bit
Temporary register (8/16/32 bits)
Temporary register (16 bits)
Temporéry 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 Generél
Register Selection

Table 12-7. Segment Register

Selection
sreg
00 DS1
01 PS
10 88
1 DSo

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

Instruction sets are explained in the foliowing pages.
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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 eariier is restored
Table 12-5. Memory Addressing Mode
mod 00 01 10
mem
000 BW+IX BW+IX+disp 8 BW-<+IX+disp 16
001 BW+lY BW+iY+disp 8 BW+IY+disp 16
010 BP4+IX BP.+IX+disp 8 BP+IX+disp 16
011 BP+IY BP+IY+disp 8 BP+IY+disp 16
100 IX IX+disp B IX+disp 16
101 N4 1Y+disp B tY+disp 16
110 DIRECT ADDRESS BP+disp 8 BP+disp 16
AL BW BWa+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) Iltis assumed that know wait state is inserted in memory access, i.e., the number of clocks for one bus cycle

is two

(3) Itis assumed that know wait state is inserted in VO access

(4) Primitive block transfer instruction and primitive IO instruction include the repeat prefix

(5) Inthe 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
Number of Clocks
Instruction
Byte Word Processing (W = 1)
Processing
W=0) Odd, Odd Address Odd, Even Addrass 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
(1) (15) (13) (11)
CMPM 10/rep — 1 12/rep -1 10/rep — 1
' 9 (an @
LDOM 3frep + 2 Sirep + 2 3/rep + 2
®) @ — ®)
ST™M 3/rep 5/rep 3/rep
3) (5) (3)
When /O address is odd:
. 12/rep + 8
INM Birep + 4 14/rep + 8 (20) 8/rep + 4
(12) (22) When memory address is odd: (12)
10/rep + 4
(14)
When I/0O 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. */rep* gives the repeat count. For execution one time, the repeat count is 1,
52
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NEC ~ uPD70136A

13. ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Ta= 25°C)

item Symbol Conditions Ratings Unit
Power supply voltage Voo —0.5t0+7.0 V v
Input voltage Vi —0.5'to Voo+0.3 \4
Clock input voltage Vk . -0.5 to Voo+1.0 v
Qutput voltage Vo -0.5 to Voo+0.3 v
Operating ambient temperature Ta —10 to +70 °C
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
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. i 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

uPD70136A
DC CHARACTERISTICS (Ta = —10 to +70°C, Voo= 5 V + 10%)
Item Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high Vi 2.2 Voo+0.3 \Y
Input volitage, low Vo -0.5 0.8 v
CLK input voltage, high Vi 0.8Voo Voo+0.5| V
CLK input voitage, low Vi -0.5 0.6 v
Output voltage, high Vor fon = ~400uA 0.7Voo v
Output voltage, low Voo loL = 2.5mA 0.45 v
Input leakage current, high [[¥7] Vi = Voo 10 HA
Input leakage current, low [T Vi=0V -10 HA
Output leakage current, high luow Vo = Voo 10 HA
Output leakage current, low lLou Vo = 0V -10 HA
Latch leakage current, high IuH Vw = 3.0V -20 -200 HA
Latch leakage current, low e Vw = 0.8V 20 200 7.3
Latch inverse current, lun ’ 200 BA
(L—H)
Latch inverse current, [I'T8 ~200 HA
H-oL)
16MH2 100 150 mA
Operation 12.5MHz 75 110 mA
10MMHz 75 110 mA
Supply current oo
16MHz 25 35 mA
" Standby 12.5MHz 20 30 mA
10MH2z 20 30 mA
Remark The power supply current during operation is almost proportional to the operation clock frequency.

CAPACITANCE (Ta = 25°C, Voo = 0V)

Iltem Symbol Conditions MIN. TYP. MAX. Unit

Input capacitance C fc = 1MHz 1§ pF
unmeasured pins retumed to OV.

/O capacitance Cio 15 pF
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NEC uPD70136A

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

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

(1/2)
item Symbol Conditions MIN. MAX. Unit
Clock period tev 100 500 ns
Clock high-level width trxH Vin = 3.5V : 39 ns
Clock low-level width bac Vie = 1.7V 40 ns
Clock rise time (1.7V to 3.0V) e 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) tovesT 1 us
Raset setup time (CLK T) tsmsTx 15 ns
Reset hold time (CLK T) tHKRST 15 ns
Reset high-level width twasTH 6 tevx
CLK { — BCYST delay time toxac 5 40 ns
CLK | — address delay time toxa [ 40 ns
CLK 1 — status delay time toksT 5 40 ns
CLK T — data output delay timeNe™ 1 ) 5 45 ns
Floating delay time tex 0 40 ns
CLK T - DSTB output delay time toxos C. = 100pF .5 40 ns
CLK | — DSTB 1 output delay toxosH 5 40 ns
CLK T — HLDAK delay time tokHa 5 50 ns
BCYST low-level width tacect terc-10 ns
BCYST high-level width tacack | tomne )N 2210 ns -
-D_ST_B low-level width tososL tcv«(nh yNot 2_q0 ns
DSTB high-level width : tososw : : tree+tka—10 ns

x 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 toFiA L +xr—15 ns
Address/status — output DSTB | delay time toapse o +bcr—15 ns
DSTB 1 output — address/status hold time tiosHa o +ter—15 ns
{write operation)
N Cu = 100pF
DSTB T output — data output delay time topsHD bow+tke—15 ns
DSTB { output — data output floating time toxz 0 ns
DSTB 1 output — data output set time toz o +br—15 ns
Address/status output — data output delay time toao o +br—15 ns
Data setup time (CLK 1) tsok 10 ns
Data hold time (CLK 1)N°** thxo 15 ns
Data hold time (DSTB '™ teoso 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) LRy 20 ns
BSB/BS16 setup time tsas 10 ns
BS8/BS16 hold time tiws 20 ns
HLDRQ setup time (CLK T) tsHoK 10 ns
HLDRQ hold time (CLK T) oo 20 ns
NMI, INT, CPBUSY setup time (CLK {) tsw 15 ns
NMI, INT, CPBUSY hold time (CLK 1) o 15 ns

Note For tuxp, tpsp, tHasD specifications, at least one of these must be observed.

Remark "tiko means data hold request specification from rising edge of clock.
thosp and tHasp 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, BUSSTI,
BUSSTO, and AEX.)
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Power ed

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

(1/2)
Item Symbo! Conditions MIN. MAX. Unit
Clock period tevk 80 500 ns
Ciock high-level width tacH Vi = 3.5V 35 ns
Clock iow-levet width baa Vie = 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) xF 3.0V-1.7V 5 ns
Reset release delay time (Voo VALID) tovasT 1 s
Reset setup time (CLK T) tsrsTX 10 ns
Reset hold time (CLK T) baxrsT 15 ns
Reset high-level width twrsTH 6 e
CLK | - BCYST delay time toxee 5 40 ns
CLK | — address delay time™®* ! towa 5 40 ns
CLK | — status delay time toxst 5 40 ns
CLK T — data output delay time toxo 5 . 40 ns
Floating delay time trx 0 35 ns
CLK T — DSTB output delay time toxos C. = 100pF 5 40 ns
CLK | — DSTB T output delay time toxosn 5 40 ns
CLK T - HLDAK dslay time tDKHA 5 40 ns
BCYST low-level width tecoct teve=10 ns
* BCYST high-level width tacecH ten(ne1)NO® 210 ns
~ DSTB low-level width tososL tem(n+1)N® 210 ns
DSTB high-level width tosos . txxL+xr—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 A
<2> BUSLOCK delay time
<3> Each of the following signal delay times immediately following bus hold release:
A23-A0, D15-D0, M/ID, 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)

ftem Symbol Conditions MIN. MAX. Unit
Output float — HLDAK delay time toFHa txL+ixR—=15 ns
Address/status — output DSTB | delay time toanst b +ixr—15 ns
psTe output — address/status hold time teosHa tow +ta—15 ' ns
(write operation)
R CL = 100pF -
DSTB T output — data output delay time toosvo txxL +1xp—15 ns
DSTE ! output — data output fioating time torz 0 ns
DSTB T output — data output set time oz tex+ber=15 ns
Address/status output — data output delay time toap bac+tr—15 ns
Data setup time (CLK 1) tsox 7 ns
Data hold time (CLK {)M°" o 10 ns
Data hold time (OSTB T)N°*® tHosD 0 ns
Data hold time™°®™ (address/status change point) tHaso 0 ns
READY setup time (CLK T) tsRvx 7 ns
READY hoid time (CLK T) tcry 15 ns
B5S8/BS16 setup time tsasx 7 ns
BSB/BS16 hold time trkes 15 ns
HLDRQ setup time (CLK T) tsHoK 7 ns
HLDRQ hold time (CLK T) tio 15 ns
NMI, INT, CPBUSY setup time (CLK 1) tsw 10 ns
NMI, INT, CPBUSY hold time (CLK 1) tr 10 ns

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

Remark t4ko means data hold request specification from rising edge of clock.
toso and thasp 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, UFE, R/W, M/10, BUSST1,
BUSSTO, and AEX.)
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NEC uPD70136A

(3) uPD70136A-16 (operating frequency = 16 MHz)

(112)
Item Symbol Conditions MIN. MAX. Unit
Clock period tovk 62.5 500 ns
Clock high-level width txxH Vin = 3.5V 25 ns
Cilock low-level width boxL Vi = 1.7V 25 . ns
Clock rise time (1.7V to 3.0V) txr 1.7V-3.0V 5 ns
Clock fall time (3.0V t0 1.7V) ter 3.0v-1.7v 5 ns
Reset release delay time (Voo VALID) tovrsT 1 us
Reset setup time (CLK T) tsRsTx 10 ns
Reset hold time (CLK 1) tucrsT 15 ns
Reset high-level width tWRSTH 6 tevk
CLK L - BEYST delay time™o™* ! toxac 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 Cu = 100pF 5 40 ns
CLK 4 - DSTB T output delay time toxosw 5 40 ns
CLK T = HLDAK delay time ] torra 5 40 ns
BCYST low-level width tacect ton=10 ns
* BCYST high-level width tacacH tenc(ne+1)NO® 240 ns
DSTB low-level width tosost ‘ teve(n+1)N°* 2-10 ns
DSTB high-level width tososk ' o +txa-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, MIO, 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 tos tixt +txr=15 ns
Address/status — output DSTB | dalay time toaps. o +bR—15 ns
DSTE T output — address/status hold time bosa o+ ben—15 ns
(write operation)
— C. = 100pF
DSTB T output — data output delay time toosHo bow +txr—15 ns
DSTB ! output — data output fioating time torz 0 ns
DSTB T output — data output set time oz o +br—15 ns
Address/status output — data output delay time toao L +ter—15 ns
Data setup time (CLK 1) 1sDK 7 ns
Data hold time (CLK 1)N°% tiwco 10 ns
Data hold time (DSTB T)N°** tupsD () ns
Data hold timeN°*® (address/status change point) traso 0 ns
READY setup time (CLK T) tsavx 7 ns
READY hold time (CLK 1) Ay 15 A ns
BSB/BS16 setup time tsask 7 ns
B58/BS16 hold time twas 15 ns
HLDRQ setup time (CLK T) tsmox 7 ns
HLDRQ hold tiﬁle (CLK T) tHkHo 15 ns
NMi, INT, CPBUSY setup time (CLK 1) tsm 10 ns
NMI, INT, CPBUSY hold time (CLK ) o 10 ns

Note  For tuko, tHosp, thasp specifications, at least one of these must be observed.

Remark tuko means data hold request specification from rising edge of clock.
tipso and tasp 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

o8V o8V

LOAD CONDITION

ez
. 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.
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NEC uPD70136A

CLOCK TIMING

tew

f——  {xKH txr — ] txr

CLK (input) /
toa
RESET TIMING
Voo
tovrst
CLK (input)
— tsrsTx trxrsT
L ‘)(1 n

RESET (input) . 7 \

» twrs™
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NEC uPD70136A

BASIC WRITE TIMING WAVEFORMS A(O wait)

T T2 (T1, T
toxec toxac | . tecacH ——
X
BCVST (output) o \
tacaci
4 X
* A23-A0 (output)
K Z
toxa [
4 p
Note 1 >< ><
N Z
toxsr
. : tsavk Lo
READY (input) Note 2 \ / Note 2
X
toosro “l
tmy
toans. 1 HOSHA
toaosL
toxns toos
__ + 4
DSTB (output) / /
A 7
tosost
T toan
tx
toan
toLz
Hi-Z i i X HZ
D15-D0 (output) == ===—============= -<<.
7

Notes 1. R/W, M/IO, BUSST1, BUSSTO, UBE, AEX (all outputs)
2. Change range
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NEC puPD70136A

BASIC WRITE TIMING WAVEFORMS (1 wait)

T T2 ™ T1, )
Y {
CLK (input) : / / . /
toec ‘ toxec | ol tececH
__\ <
BCYST (output) ‘ \
tecacL 1
4 h
A23-A0 (output) K
\. V.
tOKA 1o
Note 1 D< .
/X | 2
toxst
tsavx ’[4—— tsavc
READY (input) Note 2 / Note 2 :J/ Note 2
1
toosHo
. tHxRY txay
tHOSHA
toanst
1t oxDs toxps
W : 4
DSTB (output) / \ /
: K
tososL
oo toro trc
oz toan
Hi-Z 8
D15-DO (output) = ==~ r rmc e mcc e e e e m = ¢ X -
X

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

BASIC READ TIMING WAVEFORMS (0 wait)

T T2 (T1, 7))
‘CLK (input) \ / / \ L__/—\_/—
toxsc toxec (e - tBececH
BCYST (output) -\‘ \
tecacL |
4 h
* A23-A0 {output) ><
K Z
tDKA a0
N\A ‘K
Note 1 <
/X Z
tDKST jee paro- {HASD
tsavx
READY (input) Note P \ Note 2
; N 2
t""'
toxps
Toapsy ™| 1pADst R
. 4 b
DSTB (output) \ / \
t .
- ‘ tvosp
tososH
tsox | to
\
D15-DO (input) : ;
tonz
Hi-Z
D15-DO (output) m-emmemm——ee— St mmmm e

Notes 1. R'W, M/ID, BUSST1, BUSSTO, UBE, AEX (all outputs)
2. Change range
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Power ed

BASIC READ TIMING WAVEFORMS (1 wait)

T T2 T™W T, T
s N_ NN NS
. toxec toxec | tecacH 4
__\ Y
BCYST (output) K \
tecscL
|
!
A23-A0 (output) K
N
toxa e
\ Y _ S
Note 1 >< .
/ N Z
torsT ) p—utmsn
tsRvx tsAvk
READY (input) Note 2 / Note\z\( ) | Note2
trxRy LAy
toxos
toapsL
. toxosu
1DADSL .
Ve
DSTB (output) \ /
troso
tosDSH
tsox | tmo i
|
D15-DO (input) X
7
torz
Hi-Z
D15DOfoutput) eeeememeeeeme e e e e -
Notes 1. R/W, M/IO, BUSST1, BUSSTO, UBE, AEX (all outputs)
2. Change range
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NEC ’ uPD70136A

BUS SIZING TIMING WAVEFORMS (0 wait)

T T2 T,

e N2
s X D
-TC X

tsAvx

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

BS8/BS16 (input) Note 2 Note 2

Notes 1. /W, M/IO, BUSST1, BUSSTO, UBE, AEX (all outputs)
2. Change range
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NEC puPD70136A

BUS SIZING TIMING WAVEFORMS (1 wait)

T T2 ™ (T, TY)

ek e _\_/—\_J/ N\
BCYST (output) \ / \
A23-A0 (output) X
wi X
tsAYK e tsAvx

s ,
READY (input) Note 2 / \ met / Note 2

“.‘ tHay

tixay

tsasx

BSE/BS16 (input) " Note2 ‘ Note 2

Notes 1. R/W, M/IO, BUSST1, BUSSTO, UBE, AEX (all outputs)
2. Change range
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NEC
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NEC pPD70136A

BUS HOLD TIMING WAVEFORMS

oK o N\ S S

HLDRQ (input)

Lo

HLDAK (output)

Note

CLK (input)

HLDRQ (input) /_\ \

tricia

HLDAK (output)

toxHA

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

+ Remarks 1. If 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 1/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)

5

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 cycle.
The rising edge and the falling edge are determined by the CPU'’s internal execution.
Refer to the timing waveform chart for the BUSLOCK signal in interrupt acknowledge cycle.
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NEC uPD70136A

MEMORY READ CYCLE FOR COPROCESSOR (0 wait)

T TC T2 (T1,TH)
ClK(input)  \ / / Sﬁ__/__—
toxec toxsc tecacH -
— P _
BCYST (output) N ZF N
| tecact
Y
* A23-A0 (output) i X
{oxa e
—
¢ X
tm{m toxos tososH
toaost toxosH L
DSTB (output) / \F / \
. tsRYK
READY (input) ) \‘_ Jv/
trcay

Note R/W, M/IO, BUSST1, BUSSTO, UBE, AEX (all outputs)
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NEC uPD70136A

MEMORY WRITE CYCLE FOR COPROCESSOR (0 wait)

T TC T2 {71, TH
wewa N TN N NS
‘towsc t oxBe pe—e- tecacH
1T\ ' 4
BCYST (output) N 7F \
{ tecacL ’
X
A23-A0 (output) 7K
toxa

v

v | X X
N

toxst > toxos : tHOSHA
DKDS
N "
DSTB (output) / ’ \ %F
{DADSL !
tsavk
READY (input) \t 7/
1 tikRy

Note R/MW, M/IO, BUSST1, BUSSTO, UBE, AEX (all outputs)
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NEC uPD70136A

14. PACKAGE DRAWINGS

68 PIN PLASTIC QFJ ([1950 mil)

A
; B
‘ nnnhnnﬁhhﬁﬁﬁﬂnﬂhn"';T;
L
s D
g P
g D !
g (I
g g
: |
g g ;!
680 1
[: RN - b vo
g u
O p
(s n
g 1
s 1l
g 1]
g 1
(s 1l
UUUUUUUUUI—IUI—II—IUI—I_—';
3 F I -
¥ : T |
i ] ]
[ S n — ! o
o T } =
(Rt
| = Mlr—neroanl T
- K o =.Q .
‘L M= Nw :
P
P6BL-50A1-2
NOTE ITEM| MILLIMETERS NCHES
Each lead centerline is located within 0.12
mm {0.005 inch) of its true position {T.P.) at A 25.2£0.2 0.992+0.008
maximum material condition. B 24.20 0.953
c 24.20 0.953
D 25.220.2 0.99220.008
E 1.9420.15 0.076*33%
F 0.6 0.024
G 4.410.2 0.173:55%
H 2.820.2 0.110:53%
1 0.9 MIN. 0.035 MIN.
J 3.4 0.134
K 1.27(T.P) 0.050 (T.P.)
M 0.40%1.0 0.016%3 3%
N 0.12 0.005
P 23.1220.20 0.910235%8
Q 0.15 0.006
T R 0.8 R 0.031
U 0.203 52 0.008:3 85
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NEC uPD70136A
68PIN CERAMIC PGA {SEAM WELD)
L A
( (Bottom View)

ol cNoNoNoNeNoNoNe) 1n
o©DoooocoooQo|0
© 0 [eNelE:]
OO0 O O|s
o0 O Of7

(a] [o}Ne) OOls
OO0 O0O|s
O 0 O 0Ofs
o0 O 0js3
O@OOOOOOOOO 2
[ ] 000000000 |1
f L KJHGFEDGCSB A
index mark
5
4L ,
= [WUUUTTT
(&)
—— K
CF e
L [B[eM#]
XB8BR-100A-1
. NOTE ITEM |  MILLIMETERS INCHES
Each lead centerline is located within ¢0.5 mm ) ST
(¢0.020inch) of its true position (T.P.} at A 27.94%°¢ 1.100-087
maximum material condition. D 27.94*°4 1.10038:812
E 1.27 0.050
F 2.54 (T.P.) 0.100 (T.P.)
G 2.8%°3 0.11088i%
H 0.5 MIN. 0.019 MIN.
] 2.7 0.106
J 4.57 MAX. 0.180 MAX.
K $1.2202 #0.047-8:36%
L $0.46%008 40.01878.88%
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” (IEI-1207).

For other soldering methods, please consult with NEC sales personnel.

Table 15-1. Surface Mounting Type Soldering Conditions

uPD70136AL: 68-pin plastic QFJ ({Z]950 mil)

Soldering Method

Soldering Conditions

Recommended Condi-
tions Reference Code

Infrared reflow

Package peak temperature: 235 *C max., time: up to 30 sec. {(over
210 °C), count: twice or less, restriction days: 7'"® (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 returned to its normal state after the first
reflow.

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

IR35-367-2

VPS

Package peak temperature: 215 °C, time: ;J.Lto 40 sec. (over 200
°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.

VP15-367-2

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

uPD70136AR: 68-pin ceramic PGA (seam welding)

Soldering Method

Soldering Conditions

Wave soldering
{Only for pin)

Solder bath temperature: 260°C max., time: 10 seconds max. -

Pin partial heating

Pin temperature: 300 "C max., time: 3 seconds max. (per pin)

Caution The wave soldering must be performed at the pin part only. Note that the solder must not be directly
contacted to the package body.
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uPD70136A

NEC

APPENDIX DIFFERENCES IN INSTRUCTION EXECUTION OPERATION
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