CHAPTER 5 BUS CONTROL

The uPD70325 and 70335 have the bus control pins listed in parts (a) and (b of Tabie 5-1.

When using the functions of the shared pins, the desired function must be selected by setting the port mode
control register (PMCn).

Table 5-1. Bus Control Pin Functions

(a) pPD70325

Pin name s} Function Remark
AU-A13 O | Address bus
DO-D7 IO | Data bus
RN O | Readswrite identification
MREG 0 | indicates memory cycie
WSTE 0 Memory read/memory write strobe signal
10STB 0 I/O cycle strobe signat
BEFRG O | Indicates memory refresh cycle
HLDRQ § Bus hold request signal Also used for P27
HLDAK 0 Bus hold acknowledge signal Also used for P26
DMARQCO | DMA request signal Also used for P20
DMARQ1 | DMA request signal Also used for P23
DMAAKD O | Indicates DMA acknowisdge cycle Also used for P21
OMaAKT O | indicates DMA acknowledgs cycle Also used for P24
READY | Wait insertion in bus cycle from external source Also used for P17
INTAK 0 Indicates interrupt acknowledge cycie Also used for P13

and INTP2

The uPD70325's MSTB signal becomes active 1/2 clock cycles behind the MREQ signal and becomes inactive
simultaneously with the MREQ signal. When generating 8 memory access signal, using the MREQ signal instead
cf the MSTB signal enables the memory access signal to bacome active 1/2 clock cycles faster.
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{b} 1PD70335

Pin name O Function Remark

Al 0 Used for address LSB output and low-order memory bank

selection
ASA1-A16/AB{ © 19-bit address output by multiplexing
A17/A18,A19
A18/UBE 0 Address bit 18 output and high-order memory bank selec-

tion signal output by multiplexing
Do-D15 /O | Data bus
RAW O | Readfwrite identification
MREQ O | Indicates that a bus cycle has started. High-order address

strobe signal
MSTB o] Memory read/memory write strobe signal. Low-order

address strobe signal
i0STB IO ¢ycle strobe signal. Low-order address strobe signal
REFRQ 0 Indicates memory refresh cycle
HLDRQ | Bus hold request signal Also used for P27
HLDAK O | Bus hold acknowledge signal Also used for P26
DMARQO | DMA reguest signal Also used for P20
DMARQ! i DMA reguest signal Also used for P23
DMAAKD o] Indicates DMA acknowledge cycle Also used for P21
DMAAK] o] Indicates DMA acknowledge cycle Also used for P24
READY ] Wait insertion in bus ¢ycle from external source Also used for P17
INTAK 0O indicates interrupt acknowiedge cycle Also used for P13

and INTPZ

Because the uPD70335 manages the memory addrasses for each byte and has a 16-bit external data bus, memory
is separated into high-order and low-order banks for connection. Figure 5-1 shows an autiine of the memory bank

structure,

The high-order 19 bits (all except A} of physical addresses are input to the memory address pins of each of the
high-order and low-order banks. The AQ signal is used ta select the low-order memory banks, and the A18/UBE signal

is used to select the high-order memory bank.
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Figure 5-1. Memory Bank Structure
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The uPD70335's memory cycle consists of three states—T1, T2, and T3 (see section 5.5 Bus Timings).
In the T1 state, the first address (high-order address) of a 20-bit address is output onto the external address bus.
in the T2 state, the second address {(low-order address) of a 20-bit address is output onto the external address bus.

in the T3 state, data is read and written.

Wait state TW is inserted between the T2 and T3 states of a read cycle. It is inserted between the T1 and T2

states of a write cycle.

From the T1 state to the T3 state, the least significant bit of a physical addrass is output from the AQ pin. From
the A18/UBE pin, the 18th bit of a physical address is output in the T1 state, and the UBE signal is output in the state

following the T1 state.

Table 5-2 describes the relationship between the AQ and UBE signals.

Table 5-2. pPD70335 Data Access

Access JBE | A0 | Number of bus cycles
Word at even address 8] D 1
0 1
Word at odd address 2
1 0
Byte at even address 1 0 1
Byte at odd address 1] 1 3

The /O read/write cycle timing is the same as the memory readfwrite cycle timing except that IOSTB rather than

MBTE is activated.

in a memory refresh cycle, the MREQ and MS1B signals are inactive.

To access the external memory or /0, the uPD70335 outputs a 20-bit physical address fromn a total of 12 pins

(11 address pins and the A18/UBE pin) in time-division multiplexing, as listed in Table 5-3.
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Table 5-3, Address Time-Division Multiplexing Output

Pin name Memory cycle VO cycle Refresh cycle
First Second First Second

AQ AQ AD AO AD ‘0
A9/A1 Ag Al A9 Al AD
A10/A2 A10 A2 A10 A2 Al
A11/A3 A1l A3 Al A3 A2
A12/A4 A12 Ad A12 Ad A3
A13/A5 A13 A5 A13 A5 A4
A14/AB Al4 AB Al4 AB A5
A15/87 A15 A7 A15 A7 AB
A16/A8 A16 AB s A8 A7
A17/A18 A17 A18 o 0" A8
A19 A19 A9 0" 0 o’
A18/UBE A18 UBE 0" UBE 0
REFRQ ks " " " 0’
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5.1 Programmable Wait Function

For the pPD70325 and 70335, wait state insertion in a bus cycle (except a memory refresh cycle) can be specified
by software. [tis specified for each of the sight 128-Kbyte blocks of the 1-Mbyte memory space and the /O space
by setting the wait control register (WTC) as shown in Figure 5-2. However, the same value is set for memory space

block & {CO00CH to DFFFFH) snd block 7 (EOG00H to FFFFFH).

Wait state specification can be selected among four types listed in Table 5-4 as desired for each block. When
READY pin control is used, port 1 mode control register (PCM1) bit 7 must be set to 1 because the READY pin is
also used for P17. When PMC1 bit 7 is set to 0, the READY state is always set; thatis, two wait states are specified.
When READY pin control is selected, two wait states of TAW are inserted regardless of the READY pin state. The

READY pin is sensed by its level, Wait states are inserted when the pin is low.

Accass to the internal data area is not affected by the programmable wait function. These settings are applied

to all external area access except for memory refresh,
When RESET is input, the WTC register contents are initialized to FFFFH,

Figure 5-2. WTC

1514131211108 87 65 43 21 0 Whenreset RW

IO |BLOCK BLOCjBLOCK BLOCK{BLOCK|BLOCKIBLOCK|
FFFFH  RAW
space | 7,6 | B 4 3 2 1 0

L BLOCKO | 00000M-1FFFFH
BLOCK1 | 20000H-3FFFFH
BLOCKZ | 40000H-5FFFFH
BLOCK3 | &0000H-7FFFFH
BLOCK4 | 8O00DH-SFFFFH
BLOCKS | AQCODH-BFFFFH
BLOCKE,7| COCOOH-FFFFFH
IO space | OOOQH-FFFFH
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Table 5-4. Wait State Settings

BLOCKn, I/O space Wait state
00 0 states
n 1 state
10 2 states

2 states + inserted state(s)
depending on READY pin

1

When wait control with the READY pin is selected in the wait control register (WTC), the CPU in the uPD70325
or 70335 automatically inserts two wait states (TAWS), as described below. Figure 5-3 shows the wait for the READY
pin in the uPD70325 and Figure 5-4 shows the wait for the READY pin in the uPD70335,

uPD7C325: between T1 and T2 states
HPD70335: bstween T2 and T3 staies

The PD70325 and 70335 sample the READY pin state in the first TAW, At that time, wait state (TW) insertion
is enabled or disabled depending on the READY pin's state.

{1) When READY pin is high
This disables wait state (TW) insertion after the automatically inserted TAW. Only set the READY pin high
when disabling wait state insertion; otherwise, set it low.

(2} When READY gpin is low
This adds wait states (TW] after the automatically inserted TAW. TWis inserted as many times as the READY
pin is sampied when low, }f the READY pin is high during the first TAW, a READY wait state (TWW) will not
be inserted afterward even if the next TAW is low.

The pPD70325 and #PD70335 differ in their gutput timing of control signals MREQ, MSTB, and IOSTB. The READY
signal timing in these products is defined as follows.

#PD70325: During the memory read/write cycle, it is definad by the MREQ signal.
During the 1/O readwrite cycle, it is defined by the iOSTB signal.

uPD70335: During the memory read/write cycleNot®, it is defined by the MREQ signal,
During the I/Q readwrite cycle, it is defined by the MREQ and IOSTB signals.

Note In the uPD70335, the memory read cycle and memory write cycle use different MSTB output timing.
Caution No refresh cycle is inserted in the wait state. Accordingly, when the DRAM is refreshed using

the refresh function, if the walt state is prolonged, refrash is not executed at that time and the
DRAM contents may not be retained.
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Figure 5-3, Wait via READY Pin (.PD70325) (1/8)

{a) No addition of wait state to memory read cycle
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When operation frequency is 10 MHz
T=100 ns
tscrvo=T = 80{Max.}=20 ns
tHervo=T(Min.)=100 ns
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Figure 5-3. Wait via READY Pin (1PD70325) (2/8)

{b) Addition of two wait states to memory read cycle
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When cperation frequency is 10 MHz

T=100 ns

Assign 4 to n because the total number of wait states is four.
tscryo=T - BO(Max.}=20 ns
ticavi= (n — 2)T(Min.)=200 ns
tscry=(n — )T - 80{Max.}=220 ns
tacry=(n = 1)T(Min.}=300 ns
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Figure 5-3. Wait via READY Pin (uPD70325} (3/8)

(¢} Mo addition of wait state to memory write cycle
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Figure 5-3. Wait via READY Pin (uPD70325} (4/8)

{d} Addition of two wait states to memoary write cycle
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When operation frequency is 10 MHz

T=100 ns

Assign 4 to n because the total number of wait states is four.
tscrvo=T — 80{Max.}=20 ns

treavi={n — 2)T{Min.}=2C0 ns

tscrv={n — 1)T — B0{Max.}=220 ns

tuery={n - 1}T(Min }=300 ns
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Figure 5-3. Wait via READY Pin (uPD70325) (5/8)

{e} No addition of wait state to 1O read cycle
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Figure 5-3. Waeit via READY Pin (uPD70325} (6/8)

{f} Addition of two wait states to /O read cycle
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When operation frequency is 10 MHz
T=100 ns
Assign 4 to i because the total number of wait states is four.
tschvo=T ~ BO(Max.}=20 ns

thervi={n = 2JT{Min.)=200 ns
tscry=in = 1)T - BO{Max.}=220 ns
tHery=(n - 1)T{Min}=300 ns
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Figure 5-3. Wait via READY Pin (uPD70325) (7/8)

{g) No addition of wait state to /O write cycle
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When operation frequency is 10 MHz
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trcave=T{Min.}=120 ns
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Figure 5-3. Wait via READY Pin {zPD70325) (8/8}

(h) Addition of two wait states to I/O write cycie
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When operation frequency is 10 MH2

T=100 ns

Assign 4 to n because the total number of wait states is four.

tscrvo=T — BO(Max.)=20 ns

tacavi={n = 21T(Min.)=200 ns
tscry=(n = 1)T — 80{Max.)=220 ns
trery=(n - 1)TiMin.)=300 ns
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Figure 5-4. Wait via READY Pin (zPD70335] {1/8)

{a) No addition of wait state to memory read cycle
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Figure 5-4. Wait via READY Pin (:PD70335) (2/8)

(b) Addition of two walt states to memory read cycle
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When operation frequency is 10 MHz

T=100 ns

Assign 4 to n becauss the total number of wait statas is four.
tscrvo=2T - 80(Max.}1=120 ns
theryi={n — 1)T{Min.)=300 ns

tscry=nT - BO{Max.}=320 ns

thery=nT(Min.)=400 ns




CHAPTER S BUS CONTROL

Figurs 5-4. Walt via READY Pin {4PD70335) (3/8}

(c) No addition of wait state to memory write cycie
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Figure 5-4. Wait via READY Pin {(uPD70335) (4/8)

{d) Addition of two wait states to memory write cycle
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When operation frequency is 10 MHz

T=100 ns

Assign 4 to n because the total number of wait states is four.
tscrvo=2T — BO{Max.}=120 ng

tHerni=(n = 1)T{Min.}=300 ns

tscry=nT — BO(Max.}=320 ns

thery=nT{Min.)=400 ns
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Figure 5-4. Walt via READY Pin (4PD70335) {5/8]}

{8) No addition of wait state to 1/O read cycle
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Figure 5-4. Wait via READY Pin {4PD70335) {6/8)

{fy Addition of two wait states to 1/0 read cycle
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When operation frequency is 10 MHz
T=100 ns

Assign 4 to n because the total number of wait states is four.
tscrvo=2T - 80(Max.}=120 ns
twerri=(n = 1)T(Min.}=300 ns
tscry=nT - B0{Max.}=320 ns
thcry=nT{Min.)=400 ns

tssavo=T = 80(Max.)=20 ns

tusavi=(n — 2}TIMin.)=200 ns

tssav=(n — 1)T - B0(Max)=220 ns
thsry=(n = 1}T(Min.})=300 ns
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CLkouT /_\__/

Figure 5-4. Wait via READY Pin (PD70335) {7/8)

{g) No addition of wait state to }/O write cycle
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thsrYo=T(Min.}=100 ns
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Figurs 5-4. Wait via READY Pin {:PD70335) (8/8)

{h) Addition of two wait states to |/Q write cycle
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When operation frequency is 10 MHz
T=100 ns
Assign 4 to n because the total number of wait states is four,

1scrvo=2T — 80(Max.)=120 ns
tHeRv1=ln = 1ITIMIn.)=300 ns
tscry=nT = 80(Max.)=320 ns

tHery=NTIMin }=400 ns
tssavo=T — BO(Max.}=20 ns

tusrvi=(n - 2)TIMin.}=200 ns

tssry=(n - 1}T ~ BO{Max.}=220 ns
tusay=(n - 1JT{Min.}=300 ns
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5.2 Bus Hold Function

The uPD70325 and 70336 each have a bus hold function. High pulse input from an external device to the HLDRQ
pin indicates that an external device has used the bus. When detecting that the HLDRQ pin is high, the pPD70325
or 70235 sets high-impedance output from AO to A19, DO to D7 (DO to D15), REFRC, MREQ, MSTB, 10STB, and
RAN and sats the FLDAK pin fow to inform the external device that the buses are released. Then the V25 or V35
enters the hold mode. During the hold mode, operations such as instruction execution and prefetch interrupt
acknowledgment are stopped and only the on-chip peripheral hardware which does not use the buses is operated.
During the hold mode, the V25 or V35 checks the HLDRQ pin and sets the sets the HLDAKX signal high when HLDRQ
is detected as low 1o inform the external device that the buses are not released. After one clock, the V26 or V35
restarts axecution of instructions.

A bus hold request ¢an also be acknaowledged during the HALT mode {see section 12.2). When the hold mode
is released (if the HLDRQ signal is low), a return is made to the HALT mode.

During execution of a block transfer instruction that has a repeat prefix added, 2 bus hold request can be
acknowledged after each bus cycle.

Bus hold requests are not acknowledged when one instruction following BUSLOCK Not® prefix is being executed
or when an interrupt acknowledgment aperation is being performed.

Inthe hold mode, the #PD70325 or 70235 caninsert a memory refresh cycle by setting refresh mode (RFM) register
HLDRF (bit 6). At every refresh timing, the V25 or V35 farcibly sets the HLDAK signal high and checks that HLDRQ
goes low, then executes a refresh cycle. After this, if the HLDRQ signal goes high, the V25 or V35 again enters the
held mode. If the HLDRQ signal remains low, the hold mode is released and the V25 or V35 restarts execution of
instructions.

The HLDRQ pin is alse used for P27, and the HLDAK pin is also used for P26. To use the bus hold function, set
port 2 mode control register (PMC2) bits and 7 to 1.

Note BUSLOCK
REP
MOVBK
No bus hold requests are acknowledged during block servicing instruction execution in such a program.

5.2.1 Response time from HLDRQ to HLDAK (unit: clock cycles}
The response time from HLDRQ to HLDAK is shown below. However, the following cases are exceptions to this.
* When an interrupt acknowledge cycle is generated by an external interrupt controller
* When a BUSLOCK instruction is executed
* When in STOP mode

MIN, | MAX.
4PD70325 3 T+2W
uPD70335 3 6+W

W Number of wait states
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5.3 Refresh Functions

The uPD70325 and 70335 each have functions for refreshing DRAM and pseude SRAM. These functions include:
* Pariodical refresh cycle insertion function in a series of bus cycles

» Refresh address and refresh pulse output function to refresh DRAM and pseudo SRAM

* Psaurio SRAM power-down self-refresh mode support function

* Refresh cycle generation function during hoid mode or HALT mode

* \Wait state insertion function in a refresh cycie

5.3.1 Refresh mode register (RFM)

The refresh mode register (RFM) is an 8-bit register that controls the refresh function. The register can be written
or read by making an 8-bit or 1-bit memory access.

When RESET is asserted, the RFM register contents are initialized to FCH.

The RFM register format is shown below. The bit functions are described as follows.

7 6 5 4 3 2 1 0
RFLV [HLDRF|HLTRF| RFEN | RFW1 | RFWO0 [ RFT1 | RFTO

mand@ . Refresh cycle specification bits
Refresh cycle can be selected out of output taps 3 to 8 of the time base counter (see CHAPTER 10). A refresh
cycle is generated at intervals listed in Table 5-5.

Table 5-5. Refresh Cycles

When fox = 8 MHz

RFT RFT Refresh cycles
1 0
0 0 2%feLk (2.0 ps)
0 1 25/fcLx {4.0 ps)
1 0 28/fcux (8.0 ps)
1 1 27ffewx {16.0 ps)

land RFW1]: Bits specifying the number of wait states to be inserted in a refresh cycle
The number of wait states inserted in a refresh cycle is specified by setting RFWE and RFW1 as shown in Table
5-6 rather than the programmable wait function described in section 5.1 above.

140



CHAPTER 5 BUS CONTROL

Table 5-6. Number of Wait States Inserted in Refresh Cycle

RFW | RFW .
Wait states
1 0
0 0 0 states
0 1 1 state
1 ¢ 2 states
1 1 2 states

E@I: Bit to enable automatic refresh cycle insertion
When this bit is set to 1, automnatic refresh cycle insertion is enabled. When set to 0, automatic refresh cycle
insertion is disabled. REFRQ pin output is controlled by the RFLV bit contents (for details, see the RFLV bit
description beiow).

: Bit to enable automatic refresh cycle insertion during the HALT mode
When this bit is set to 1, automatic refresh cycle insertion during HALT mode is enabled. When setto 0, it is
disabled. However, when the RFEN bit is set to 0, the automatic refrash cycle insertion is disabled regardless
of the HLTRF bit contents.

[HLDRE]: Bit to enable automatic refresh cycle insertion during the hold mode
When this bit set is to 1, automatic refresh cycle insertion during hold mode is enabled. When settc 0, itis
disabled.
When it is enabled, HLDAR output is forcibly set high at every refresh timing and a refresh cycle is automatically
inserted.

[RELV]: ‘REFRQ signal output level specification bit
Figure 5-5 shows the control circuit that depends upan the RFLY bit contents. Output is determined according
1o the logic listed in Table §-7. When the RFLV bit is read, it becomes the master RFLV output. When this bit
is written, it is written into slave RFLV, Master RFLV is written into when the refresh timing is generated.
The pseudo SRAM power-down self-refresh mode can be supported by using the RFLV bit.

Figure 5-5. Contro! Circuit Depending on the RFLV Bit Contents

RD WR
—~
Data ina l N
v Lants o REFRG
Slave Master
RFLV RFLV
Refresh timing Refresh cydle

RFEN

41



CHAPTER & BUS CCNTROL

Table 5-7. REFRQ Signal Qutput Levels

RFLV | RFEN REFAQ state
0 Y 0
0 1 0
1 0 1
1 1 Refresh pulse output

A refresh cycle is inserted at the refresh timing when the RFEN bit is set to 1. At that time, MREQ, MSTB, and
105TB go high, a refresh address is output to AD to A8, low level is output to AS to A18 (for tha uPD70325; see Table
5-3 for the tPD70335), and & refresh pulse is cutput from the REFRQ pin.

Even if the RFLY bit is written, it does not becoma read data until the next refresh timing.
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Figure 5-6. RFM

7 & 5 4 3 2 1 0 Whenresst R/W
RFLY HLDHF} HLTRFf RFEN | AFW1 ' RFWO } RFT1 | RFTD FCH Rw
! ! | | | L4
Refresh cycle specification (fox = 8 MHz)
RFT1 | RFTO Refresh cycls
0 0 | 2%ox(2.0us
0 1| 2% 4.0 us!
1 0 | 2%fcw (8.0 us
1 1| 2Fex16.04s)
Wait state number specification
RPW1 | RFWO Wait states
¢ C | 0states
0 1 1 state
1 0 2 states
1 1 2 states

Specification of refresh cycle auto insertion during HALT mode

. |HLYRF

Refresh cycle auto insertion

0 Auto insertion disabled

1 Auto insertion enabled

Specification of refresh cycle auto insertion during hold mode

HLDAF Refresh cycle auto insartdon

0 Auto insertion disabted

1 Auto insertion enabled

Specification of REFRQ signal output level

RFLV | RFEN REFRQ stats
¢ 0 0
] 1 ¢
i Q 1
1 1 Refresh pulse output
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5.3.2 Connection to pseudo SRAM
Figure 5-7 shows a circuit example connecting pseudo SRAM equivalent to the pPD42832.

Figure 5-7. uPDA42832 Connection Circuit Example
Address decoder (HC138)

AD-A1S 20 -
7, |
CE
!5> AQ-A14

MREQ o0— 1
DoD7 | a> Do-D7

___ pPD42832
RAW O WE

Dc OEARFSR)

REFRQ &

In this connection example, two modes can be used: pulse refresh mode and power-down self-refresh mode.
In the pulse refresh mode, pulses are given to the DE/RFSH) pin from the REFRQ pin when the TE pin is high. In
the power-down self-refresh mode, the REFRQ pin is set low by software which resets bit 7 (RFLV) to 0 in the refresh
made register {(RFM}.

The power-down self-refresh mode is used when the CPU is in the standby (STOP) mode and cannot perform
pulse refresh operations. Thus, the RFLY bit is reset to 0 just before the CPU enters the standby mode. When the
CPU is restored from the standby mode, the RFLV bit is set to 1 so that pulse refresh operations can be performed.

Caution When resst {RESET pin = ), the REFRQ pin goes to high-impedance.
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5.3.3 Connection to DRAM
Figure 5-8 shows a circuit examples connacting the pPD41256 (256 Kbytes x 1-bit structurel,

Figure 5-8. uPD41256 Connection Circult Example

Multipiexer (HC157}
AD-A19 > AkY Y AD-AB
Address decoder [
(HC138)
-
delay
EN

MREQ ©- f 4#PD41266x8
REFRQ O~ D RAS

MSTE © o CAS

RW O o WE
D
Dn O [

n=07 Doy

In this connection example, refrash operations are performed by RAS only refresh using the 9-bit refresh address
output to the address bus in synchronization with 2 pulse output from the REFRQ pin.
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5.4 Bus Mastership
The bus mastership priority levels for the uPD70325 and 70335 follow the order shown below.

{1} Refresh cycle {see section 5.3)
Whenever refrash cycle insertion is enabled, a refresh cycle is generated. Howsver, during the held mode,
the HLDAK signal is forcibly set high and a wait is made for the HLDRQ signal to go low before a refresh
cycle is executed.
No refresh cycls is started while wait cycles are inserted by the READY pin.

{2} Hold mode {ses section 5.2)
The transition to the hold mode is made except during exscution of one instruction following a BUSLOCK
prefix or interrupt acknowledge cycle,

{3) DMA cycle isse Chapter 6}
(4} Other bus cycles

However, when an chcle is being executed, refresh cycles, hold modes, and DMA cycles are temporarily
held pending. DMA cycles are also held pending during operations of interrupt acknowledgment for internal
interrupts. See section 4.17 Hardware interrupt Response Time for description of time required for interrupt
acknowledgment.

In the STOP mode, the buses do not operate. (See Table 12-2 for the bus state).

Data transfer (block transfer, DMA transfer, macro service, etc.) can be used at the same time with the same
program, but simultaneous execution is not possible because the data transfer uses a single bus,
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5.5 Bus Timings

Figures 5-9 to 5-30 show the main bus timings (except for DMA).
When no bus access is made, the control pins are deactivated and both data bus gutput and address bus output
are undefined.

5.5.1 Bus timing of uPD70325

Figure 5-9. Memory Read Cycle Figure 5-10. Memory Writa Cycle Figure 5-11. 1/0 Read Cycle

T T2 TH T2 nr
cwour A\ cwout MAJ\S CLKOUT /_\JI"'\_/"
soe X1 X acis X T X as XX
RW ] ' AW Y ! RW A
wea T\ /T wwea T\ /T s T\_L/T
e\ wsE T [
) -

- Do-7 -r-{ |

Do-7 ----C:)-- L. D07 oo

Figure 5-12. 1/O Write Cycle Figure 5-13. Memory Read Cycle Figure 5-14. Memory Write Cycle

(when on# wait {when two wait
state is inserted) states are inserted)
™ T2 T TAW T2 TT TAW TAW, T2
cLKouT ,’_\_IV'\_( CLKOUT ,V_\_—/V_\_j-\_/' cLkout /_\_,V_\_f'\_,r\_f
A5 X X a1 Y 4 019 X X
RAV ) [ R f \ AW ) [
s | \_| /| MREG | \ Al MREG |\ Al
wE |\ | /] WSS \ T
oo7 ={ | ¥ po7 -+4--< o d- D07 A~

Remark The broken ling indicates high-impedance.
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Figure 5-15. Memory Write Cycle

T

{during READY pin operation)

TAW

TAW

TW

™ T2

]

CLKOUT

AG-19

AR
( B

R
WREG |\ al
e T a
READY | \

D7 4= J‘r-

Remark The broken line indicates high-impedance.

Figure 5-17. Bus Hold Acknowledgment
Releass Timing

Figure 5-16. Refresh Cycle {when one
wait state is inserted)

Tt

CLKOUT

TAW | T2

AG-8

REFRQ \

Figure 5-18. Refresh Cycle in Hold Mode

{0 wait state)

T

T2

CLKoUT _T{: H/‘\_’/‘\j;ﬂ
L I e S e REE S —
RN Je-eezeees SR S
MREQ [ Y-eeegeee T TS SRS A
MSTB ] Y---ni---- O =
e A e e et A
REFRG _ [ \----t---- freprmmmdeeed T\
D e e {
HLDRQ Y
HLDAK \ g /

Remark The broken line indicates high-impedance.
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HIDAK | \__
[t
HLDRQ 4 /
T | e (I S o
[t
REFRQ " \__ /

Remark The broken line indicates high-impedance.
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Figure 5-19. Bus Hold Acknowledgmaent Release Timing during HALT Mode

LAV AVAVAYLY AV AvAY)
AD-19 bemmm bl m e home
D07 ==mmmmfmmncfonen I N S A
MREQ i e Bl
MSTB S i h 4
— —
AW n...---.() N - o
iOST8 = m = e ceed
{{
HLDRQ [ ” Y
ALDAK
—
During HALT During hold During HALT
e e

Remark The broken line indicates high-impedance.
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5.5.2 Bus timing of uPD70335

Figure 5-20. Memory Read Cycie

T T2 T3

t

CLKOUT ’_\_y—\_/_
AY/AT-A16/A8 :\J,_\—’ ———
4 f Fest ¥
A17/A18, A19 pasasss | Second adcress }\_
AD LSB of address }r-
-
A1UBE  J'sm¥  (JBE signal !E
|
T |
W _J -
MREQ —\ /_
MSTB |/
DO-D15 ==+

.EL'E-.._.{: HF'TZ..-.

Figure 5-22. I/0 Read Cycle

T T T

akour [\ A\

AZ/A1-A16/A8,
AT7fA1B, A19

AQ :)( LSB of address

J;'r‘,‘“ ){ Second addrass}

1

RIRE

=

A

) E signal ,

s §

[

MRES | \

/_

NN

10878

DO-D15 ==
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_/

A

Rz _.

Figure 5-21. Memory Write Cycle

| T1 i T2 . Ta |
CLKOUT
AB/A1-A16/AS, =
AT7/A18, A19  J acoress § S€cond adcress
AD LSB of address
l
A1gUBE  P'amete’¥ UJBE signal
RW Y [
MREQ __\ /_
MSTE \_ f
Do-D15 -3*-'['3-{ VA
Figure 5-23. 1/0 Write Cycle
M T2 T

CLKOUT _J'—\_/—\_/
<A1 .
ASIAAIGIAG '.gf“ Second address’

A1T/AT8, A8
AQ j( 1.5B of address

C

IRIRIRIRE

| J UBE signa!

-
—

MREQ —_\

e,

|§1 °°|

[
/]
TV HZ

d

DO-D1S -1"%';--(
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Figure 5-24, Memory Read Cycle {when one wait state is inserted)

T2 TAW T3

CLKouT /_\_J ’_\_/_
AS/AT-A16/A8, ' \
A17/A18, A19 address) Second address ;C
{ !
AD LSB of address 18
| ] T 3‘;
A18/UBE '::,::** UBE signal A
T \
A -
wREG | \ /]
WST8 \ /]
D015 ==« HrZ_ --.{ Rz

Figure 5-25. Memory Write Cycle (when two wait states are inserted)

T2, TAW  TAW T3

axor [\ A\

Agf A1 'A1 6"#‘81 First

Ai7/A18, AlD adaress Secondladdrass
A0 :): LSB of addrass
AIB/UBE DM —B—E]signal }C
R ) I
WRES | \ T
s T
DO-D15 -5113--( \Hi2
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Figure 5-26. Memory Write Cycle {during READY pin operation)

T Tz | TAW TAW Tw T3

e aVaVaValaVaVa
ity ) SRR
A0 LSB of address }(_
P ulsﬁsienla' L
R\ [_
wEs |\ [T
VST /]

READY | \ /
DO-D15 -b-*i-iz--( s

Figure 5-27. Refrash Cycle (when one wait state is inserted)

L T2  TAW T3
CLKOUT /—\_/—\_/—\_/__
AS/AI1-A16/AB, -
A17/AT8 Refrash address (9 bits} l
§ f

T— —

_/
/

Lt
EXRR
2 4 B 5 3

L
11

e L

-

X
m
|
o v}
@]
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Figure 5-28. Bus Hold Acknowledgment Release Timing

13—+ e T1

CLKOUT _\_j'—\_/—\_[,"/_\_f_\_,
AG/AT-ATEIAS, j__----f‘."?—.ss ............. -
A17/A18, A1S

PO SESEE L R

REFRG j_\'------f.i'_z.()s. ............ |
DO-D15 SN T8 HSOS FE

HLDRQ
HLDAK \ {

—
. A

veTe ,' i
IOSTB j_\ ....... HiZ T Y f"E
' [

L

(_

Figure 5-29. Refresh Cycle in Hold Mode

CLKOUT _/_\_{_\ J_\_/_\_/V—\_/—\_/_\_/_

HLDAK \
£ —
HLDRQ i \ /
AS/A1-A16/A8, Hi-Z - HiZ
atzas T ""??' """""" { Refresh ackiress 9 bits) ) -----

REFRQ " \ /—_
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Figure 5-30. Bus Hold Acknowiedgment Release Timing during HALT Mode

cour [\
AI/AT-ATE/AB,
ATT/AT8, A1S __.) _ )
L -------- e
s _| ) " 55 —
= TR Lo N S e
A18/UBE B St elmmomzmens o=
P Hi-Z ‘
MREQ Lo T e
v S RN S LA M NS W J
_ Hi-Z —
RAW --------I--SS- ..... mmmm—ebamn— -
ioSTE \.1 SR L2 S S et
(4
—_— ) =
moRa [ | -
—— r——
HLDAK j t !;; N
Az
DO-D15 w===-=er=cemata ' --&S—‘ ----- -l ------ e
During HALT During hold During HALT
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