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Notice

When using this document, keep the following in mind:
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This document may, wholly or partially, be subject to change without notice.

All rights are reserved: No oneis permitted to reproduce or duplicate, in any form,
the whole or part of this document without Hitachi’s permission.

Hitachi will not be held responsible for any damage to the user that may result from
accidents or any other reasons during operation of the user’s unit according to this
document.

Circuitry and other examples described herein are meant merely to indicate the
characteristics and performance of Hitachi’ s semiconductor products. Hitachi
assumes no responsibility for any intellectual property claims or other problems that
may result from applications based on the examples described herein.

No licenseis granted by implication or otherwise under any patents or other rights of
any third party or Hitachi, Ltd.

MEDICAL APPLICATIONS: Hitachi's products are not authorized for usein
MEDICAL APPLICATIONS without the written consent of the appropriate officer
of Hitachi’s sales company. Such use includes, but is not limited to, usein life
support systems. Buyers of Hitachi’ s products are requested to notify the relevant
Hitachi sales offices when planning to use the productsin MEDICAL
APPLICATIONS.




Introduction

The H8/300H series are Hitachi-designed high-performance 16-bit single-chip microcomputers
incorporating peripheral functions that are optimal for embedded industrial applications. The
H8/300H CPU is upward compatible with the H8/300 CPU.

The devices incorporate a CPU, RAM, DMA controller (DMAC), bus controller, timers, serial
communication interface (SCI), and other functions that make them suitable for a broad range of
applicationsin small to large systems.

The H8/3003 Interface Application Note gives examples of interfacing between the H8/3003 and
peripheral LSls, and isintended as a helpful reference for users during hardware design.

Although the sampl e tasks described in this application note have been checked for operation, it is
recommended that users carry out their own operational checks before actual use.
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Section 1 Manual Organization

This H8/3003 Interface Application Note describes methods of interfacing the H8/3003 with
peripheral devices (ROM, RAM, timers LSIs etc.). The information for each example in section 3
isorganized as shown in figure 1.1.

1. Specifications

Interface example

2. Description of operations

3. Circuit diagrams

Figurel.1 Organization of the Information in Interface Examples

1.1  Specifications

The specifications section describes the interconnected peripheral device names, circuit
specifications of memory maps, etc.

1.2  Operation

The operation section describes circuit operation using timing charts.

1.3  Circuit Diagrams

The circuit diagram section shows the circuitry of interfaces with peripheral devices.
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Section 2 Bus Control Functions

2.1 Bus Controller

Depending on the operation mode, the H8/3003 can be set for a maximum address space of 16
Mbytes (modes 3 and 4) or maximum of 1 Mbyte (modes 1 and 2). The maximum address space in
the set modeis divided into 8 equal parts, ranging in order from the lower address area O through
area 7. The access data bus width and number of access states can be set for each area using the
bus controller. Wait states can be inserted automatically for interfacing with a slow externa
device, and the bus cycle can also be extended.

Register setting examples for area settings used in the interface examples are described in this
application note. The following registers are used:

* Bus controller’ s bus width control register (ABWCR)
» Access state control register (ASTCR)

» Wait control register (WCR)

» Wait controller enable register (WCER)

Setting these registers sets the access bus width, number of access states, and presence of wait
states for each area. The register functions are described in the following sections.

211 AreaByte/Word Control Register (ABWCR)

An 8-bit register that sets an 8-bit or 16-bit data bus access space for each area (figure 2.1). Bit 0
corresponds with area 0, and areas 0—7 are controlled by bits 0—7. Setting a bit valueto 0 givesa
16-bit data bus access space, and setting to 1 gives an 8-bit data bus access space.

Bit 7 6 5 4 3 2 1 0
ABWCR | ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO |

Initial value  0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
RW RW RW RW RW RW RW RW RW

0: Sets corresponding area to 16-bit
data bus access space

1: Sets corresponding area to 8-bit
data bus access space

Figure2.1 AreaByte/Word Control Register (ABWCR)
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212 Area?2-State/3-State Control Register (ASTCR)

An 8-hit register that sets a 2-state or 3-state access space for each area (figure 2.2). Areas 07 are
controlled by bits 0—7. Setting a bit value to O gives a 2-state access space, and a setting of 1 gives
a 3-state access space.

Bit 7 6 5 4 3 2 1 0
ASTCR | AST7 | AST6 | ASTS | AST4 | AST3 | AST2 | AST1 | ASTO |
Initial value 1 1 1 1 1 1 1 1

R/W R/W R/W R/W R/W R/W R/W R/W R/W

0: Sets corresponding area to 2-state
access space

1: Sets corresponding area to 3-state
access space

Figure2.2 Area2-State/3-State Control Register (ASTCR)

213 Wait Controller Enable Register (WCER)
An 8-hit register that enables/disables WSC operation for external 3-state access space (figure
2.3).

Areas 7-0 are controlled by bits 7-0. Setting a bit value to 0 disables the WSC, and a setting of 1
enables the WSC.

Wait states cannot be inserted for an area set to 2-state access. Therefore, the WCER bits
corresponding to a 2-state access space set by the ASTCR have no meaning.

Bit 7 6 5 4 3 2 1 0
WCER | WCE7 | WCE6 | WCES | WCE4 | WCE3 | WCE2 | WCE1 | WCEQ |
Initial value 1 1 1 1 1 1 1 1

R/W R/W R/W R/W R/W R/W R/W R/W R/W

L 0: WCE disabled in corresponding area
1: WCE enabled in corresponding area

Figure2.3 Wait Controller Enable Register (WCER)

Hitachi 3



214 Wait Control Register (WCR)

The wait control register (figure 2.4) is an 8-bit register that selects the number of wait states and
the wait mode. Bits 1 and 0 (WCO and WC1) specify the number of waits, bits 3 and 2 (WM S1
and WM S0) set wait mode (tables 2.1 and 2.2). Bits 7—4 are reserved bits and are not used.

Bit 7 6 5 4 3 2 1 0
wer| - | - | - | - |wwmsi|wwmso| wci | weco |
Initial value 1 1 1 1 1 1 1 1
R/W - - - - R/W R/W R/W R/W
LSets the
Reserved bits Wait mode number
selection of inserted
wait states
(0-3)

Figure2.4 Wait Control Register (WCR)

Table2.1 Wait Mode Selection

ASTCR WCER WCR

ASTn WCEnN WMS1 WMSO0 Wait Mode

0 — — — Disable

1 0 — — Pin wait mode 0

1 1 0 0 Programmable wait mode
0 1 Disable
1 0 Pin wait mode 1
1 1 Pin auto-wait mode

Table2.2 Wait Modes

Wait Mode Description
Pin wait mode 0 Wait state can be inserted only by WAIT pin.
Pin wait mode 1 Normally, the wait state set by WC1/WCO bits is inserted. Wait state

due to WAIT pin can also be inserted.

Pin auto-wait mode Insertion of wait states set by WAIT pin and WC1/WCO.

Programmable wait mode  Wait state set by WCO/WC1 always inserted. Wait state insertion by
WAIT pin disabled.
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2.2  Refresh Controller
The H8/3003 has a built-in refresh controller that can be connected directly to a x16-bit configured
DRAM. The refresh controller can aso be connected to a PSRAM instead of aDRAM.

The address space that the refresh controller can control isarea 3. Modes 1 and 2 (1-Mbyte mode)
use amaximum of 128 kbytes, modes 3 and 4 (16-Mbyte mode) use a maximum of 2 Mbytes.

221 Refresh Control Register (RFSHCR)

RFSHCR is an 8-bit register (figure 2.5) that selects the refresh controller’ s operation mode.
Setting this register enables selection of connecting device (DRAM/PSRAM), use or hon-use of
refresh, and the selection of access method.

Bit 7 6 5 4 3 2 1 0
RFSHCR| SRFMD |PSRAME| DRAME | cAs/wE | Movs | RFSHE | - | RevcE |
Initial value 0 0 0 0 0 0 1 0
R/W R/W R/W R/W R/W R/W R/W - R/W
0: Prohibits
refresh
cycle
1: Enables
refresh
cycle for
area 3
» Reserved hit
0: Prohibits refresh signal
output from RFSH pin

1: Enables refresh signal
output from RFSH pin

0: Selects 8-bit column method for
DRAM access

1: Selects 9-bit column method for
DRAM access

0: Selects 2-WE method for DRAM refresh
mode

1: Selects 2-CAS method for DRAM refresh
mode

0 0: Usable as interval timer

0 1: DRAM connection possible
1 0: PSRAM connection possible
1 1: Prohibit

0: DRAM/PSRAM self-refresh prohibited during software standby mode
1: DRAM/PSRAM self-refresh enabled during software standby mode

Figure2.5 Refresh Control Register (RFSHCR)

Hitachi 5




222 Refresh Timer Control Status Register (RTMCSR)
RTMCSR is an 8-hit register (figure 2.6) that selects the refresh timer counter input clock.

Bit 7 6 5 4 3 2 1 0
RTMCSR | CMF | CMIE | cks2 | ckst [ ckso | - | - | - |

Initial value 0 0 0 0 0 1 1 1
R/W R/W R/W R/W R/W R/W -

Reserved bits

~

CKS2 CKS1 CKSO Description
0 0 0 Clock input prohibited
1 Count with @/2
1 0 Count with ¢/8
—>< 1 Count with (/32
1 0 0 Count with ¢/128
1 Count with ¢/512
1 0 Count with ¢/2048
1 Count with ¢/4096

N~

Used when employing refresh
controller as interval timer

Figure2.6 Refresh Timer Control Status Register (RTMCSR)
2.2.3 Refresh Timer Constant Register (RTCOR)
RTCOR is an 8-hit register (figure 2.7) that sets the refresh timer counter’s clear cycle.

Refresh timer counter and refresh timer constant register values are continually compared, and the
refresh timer counter is cleared when the two values match.

Bit 7 6 5 4 3 2 1 0
RTCOR | | | | | | | | |
Initial value 1 1 1 1 1 1 1 1

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Figure2.7 Refresh Timer Constant Register (RTCOR)
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2.3

Bus Controller and Refresh Controller Setting Examples

Figure 2.8 shows the area map for the interface examples provided in this document.

H'000000

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'5FFFFF
H'600000

H7FFFFF
H'800000

H'9FFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FFFFFF

Register Set
value Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO0

HFO 1 1 1 1 0 0 0 0
HFC 1 1 1 1 1 1 0 0

H50 O 1 0 1 0 0 0 0

name
ABWCR

ASTCR
WCER

Area 0
16-bit data bus
2-state access

Wait prohibit

A

Area 1l
16-bit data bus
2-state access

Wait prohibit

A

Area 2
16-bit data bus
3-state access

Pin wait mode O

Area 3
16-bit data bus
3-state access

Pin wait mode O

A

Area 4
8-bit data bus
3-state access

Set by WCR

A

Area 5
8-bit data bus
3-state access

Pin wait mode O

Area 6
8-bit data bus
3-state access
Sort by WCR

A

Area 7
8-bit data bus
3-state access

Pin wait mode O

A

Figure2.8 AreaMap
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The WCR (wait control register) setting differs depending on the connecting device. Table 2.3 lists
settings for various devices used with the examples provided in this document.

Table2.3 WCR Settings

Connecting Device Wait Mode Number of Waits WCR
DPRAM Pin wait mode 2 states HFA
LCD H'FA
UPP 1 state HF9
PIO Programmable wait mode HF1

8 Hitachi



Figure 2.9 shows register settingsto set the areas for the interface examples covered by this

application note.

( Start

)

Stack pointer setting

HFO - ABWCR

H'FC - ASTCR

H'50 - WCER

H'F9 - WCR

Setport8to CS
signal output

H'5D - RTCOR

H'OF - RTMCSR

H'23 - RFSHCR

Secure time for
DRAM initialize

( To user program

)

R

e

Data bus width setting

Reference number of
states setting

Wait active/inactive setting

Setting of wait mode and
number of inserted waits

DRAM refresh cycle setting

Set area 3 for DRAM
interface area

Figure2.9 Register Settings
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Section 3 Interface Examples

31 SRAM (HMG62832H-45) Interface
MCU: H8/3003

Function: Mode 4 (16-bit data bus, 16-Mbyte address space)

311 Specifications

The H8/3003 mode 4 (16-bit data bus, 16-Mbyte address space) interface with an SRAM
(HM62832H-45) is shown in figure 3.1.

H8/3003 HM62832H-45
Cst1 » CS
RD » OE
HWR » WE
Dg—D15 < > Do-D7
A1—Ass > Ag—A14
Oscillator _
12 MHz > HM62832H-45
» CS
» OE
LWR > WE
DD/ K | Do-D7
I— YV

Figure3.1 Block Diagram of H8/3003 and HM 62832H-45 | nterface

10 Hitachi




Asshowninfigure 3.2, area 1 (H'200000—H'3FFFFF) of the 16-Mbyte memory space is alotted.
The area 1 bus controller settings are as follows:

» Databuswidth: 16 bit bus
* Number of states. 2 states
» Wait mode: wait disabled

H'000000
H'1FFFFF

Area 0

H'200000
H'3FFFFF

Area l

H'400000
H'5FFFFF

Area 2

H'600000

H'200000

HM62832H-45

H'20FFFF

Figure3.2 Memory Map
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3.1.2 Operation

Data Read/Write: Figure 3.3 shows the read/write timing chart. When directly connecting the
H8/3003 and HM 62832H-45, check whether the following timing conditions are satisfied:

» H8/3003:
— taccel andtaccs (read data access times)
— trpH (read data hold time)

« HM62832H-45:
— tpw (datasetup time)
— tpH (data hold time)
— tcw (chip select time)
— twp (write pulse width)

Figure 3.3 shows the timing as follows:

* H8/3003:
— tacci andtacces
tacct = tacs (Max)
= 45 ns <80 ns (H8/3003 tacey)
taccs = toe (Max)
= 20ns <40 ns (H8/3003 tACC3)
— tRDH
tron = tonz (Min)

= 0ns=0ns (H8/3003 trpn)

» HM62832H-45:
— tpw adtpy

tow = twpsi (Min)
= 60 ns =20 ns (HM62832H-45 tpy)

toy = twpn (MiN)
= 20ns=0ns (HM62832H-45 t)

— tcwandtyp
tew = Ty +Ta+tap (Min) —tap (Max)
= 83.3+83.3+0-35
= 1316 ns 2 25 ns (HM62832H-45 toyy)

twp = twswi (Min)
= 55ns 2 25 ns (HM62832H-45 ty,p)

12 Hitachi



A
Y
A
\ 4

‘ teye ‘
A e
(H8/3003) ‘ ‘
Azz—Ao ‘
(H8/3003) >< ‘ : >C
tAD <—> tCW : <—> tAD
csT —\ | |
(H8/3003) ‘ | /
tacs] ‘
=D « tacca . ‘ ‘
(H8/3003) \v | | /
taccs ‘ : tRDH
D15—Do s ‘ ‘ ‘
(HM62832H-45 < >7
~ H8/3003) tsp ‘
twp
3 twswi _
HWR, LWR \‘ 'jz—
(H8/3003) /
tow | {oH|
5 twps1 . twon
D15—Do 7: > :
(H8/3003 - { —

HM62832H-45)

|:| . AC characteristics of HM62832H

Figure3.3 Read/Write Timing Chart
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Circuit Diagram
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Figure3.4 Circuit Diagram
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3.2 EPROM (HN27C256-70) I nterface
MCU: H8/3003

Function: Mode 4 (16-bit data bus, 16-Mbyte address space)

321 Specifications

The H8/3003 mode 4 (16-bit data bus, 16-Mbyte address space) interface with an EPROM
(HN27C256-70) is shown in figure 3.5.

H8/3003 HN27C256-70
CS0 » CE
RD » OE
Dg-D1s < Dg-D7
Ar-Ass > Ao—A14
Oscillator -
12 MHz - HN27C256-70
» CE
» OE
E— VY
Dg—D- < Dg-D7

Figure3.5 Block Diagram of H8/3003 and HN27C256-70 I nterface
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Asshownin figure 3.6, area 0 (H'000000—H'1FFFFF) of the 16-Mbyte memory space is allotted.
The area 0 bus controller settings are as follows:

» Databuswidth: 16 bit bus
* Number of states: 2 states
» Wait mode: wait disabled

H'000000

Area 0
H'1FFFFF H'000000

H'200000 R
Area 1l
HSFPPFF HN27C256-70
H'400000 e
Area 2 )
H'SFFFFF H'0OFFFF
H'600000

Figure3.6 Memory Map
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3.2.2 DataRead

Figure 3.7 shows the data read timing chart. When directly connecting the H8/3003 and
HN27C256-70, check whether the following timing conditions are satisfied:

» H8/3003:
— taccl and taccs (read data access times)
— trpH (read data hold time)

Figure 3.7 shows the timing as follows:

» HB8/3003:
— tacct andtaccs
tacct = tce (Max)
= 70ns <80 ns (H8/3003 taccy)
taccs = toe (Max)
= 40ns <40 ns (H8/3003 taccs)
— RDH
tron = tpon (MIN)
= 5ns =0 ns (H8/3003 trpH)
Azz—Ao
(H8/3003) >< ><
5 tacci R
CSO A g
(H8/3003) \‘
|
3 taccs R ‘
RD 2 N
(H8/3003) X : /
-
D15-Dg 74 tRDH
(HN27C256-70 { ‘
~ H8/3003)

|:| . AC characteristics of HN27C256-70

Figure3.7 Read Timing Chart
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Circuit Diagram
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Figure 3.8 HN27C256-70 Interface
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3.3 DPRAM (HDG63310RP20) I nterface
MCU: H8/3003

Function: Mode 4 (16-bit data bus, 16-Mbyte address space)

331 Specifications

The H8/3003 mode 4 (16-bit data bus, 16-Mbyte address space) interface with a DPRAM
(HD63310RP20) is shown in figure 3.9.

H8/3003 HD63310RP20
CS4—
74AC32
‘ —_—
&D D) » RDS(A)
74AC32
» WRS(A
HWR ——E> A
Ag » RS(A)
Oscillator | 74AC74 TAACTA
12 MHz 74AC32 Q DQ D READY(A)
74AC08 c | ¢
Q Q
WAIT 74AC32
0
Ag=Ao > Ag—Ao(A)
D15—Dg | AD-ADG(A)

Figure3.9 Block Diagram of the H8/3003 and HD63320RP20 I nterface
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Asshownin figure 3.10, area 4 (H'800000—H'9FFFFF) of the 16-Mbyte memory spaceis allotted.
The area 4 bus controller settings are as follows:

« Databuswidth: 8 bit bus
* Number of states: 3 states
» Wait mode: pin wait mode 1
* Number of waits: 2 states

H'600000

Area 3
H'7FFFFF H'800000

H'800000 o
Area 4

H'OFFFFF HD63310RP20

H'400000 '
Area 5

H'AFFFFF H'8001FF
H'B0O000O

Figure3.10 Memory Map
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3.3.2 Wait Signal Generator

Figure 3.11 shows the wait signal generator circuit. Figure 3.12 shows the wait timing chart. When
the H8/3003 and HD63310RP20 are connected, read/write from the H8/3003 is not conducted
correctly while the HD63310RP20 is performing other processes. Therefore, await cycleis
inserted in the read/write cycle until the HD63310RP20’'s READY signal falling edge, effecting a
wait period to the end of HD63310RP20 processing.

RDS
WRS
74AC74 T4ACT4
74AC32 Q D—Q D}l—READY
74AC08 _CH |_C
Q Q
WAIT +— 74AC32 J
9
Figure3.11 Wait Signal Generator
Tl T2 TW*l TW*l TW*Z TW*Z T3
®
RDS
(HD63310RP20)

READY Q @ @ o]
(HD63310RP20) Q 4
WAIT
(H8/3003) 'S,
WRS
(HD63310RP20) ;3
READY Q O O O
(HD63310RP20)
WAIT M
(H8/3003)

Notes: 1. Set by wait controller.
2. Set by WAIT signal.

Figure3.12 Wait Timing Chart

The WAIT signal isdriven low at the falling edge of RDS and WRS. The READY signd is
detected at the @ clock rising edge, and after detection of low level, the read cycletimeis delayed
by one clock, the write cycle follows immediately, and the WAIT signal isdriven high.
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3.3.3 DataRead/Write

Figure 3.13 shows the data read timing chart and figure 3.14 the write timing chart. When
connecting the H8/3003 and HD63310RP20, check whether the following timing conditions are
satisfied:
+ H8/3003:

— trps (read data setup time)

— trpH (read data hold time)

» HD63310RP20:
— tpsw (datainput setup time)
— tpHw (datainput hold time)

During the read cycle, HD63310RP20 data output timing is dependent on the READY signal
falling edge. When calculating trps, the READY signal falling edge timing becomes important,
but as this timing varies widely due to HD63310RP20 operating conditions, tRpg calculation has
been performed using a to indicate the time from the READY signal falling edge to the next clock
rising edge.

Figure 3.13 shows the timings as follows:

* H8/3003:
— trpsand tRpH
tros = a(min) + Ty + Ty +tgy (MiN) —tppr (Max)
= 0+83.3+83.3+30-120
= 76.6 ns > 20 ns (H8/3003 trps)
tron = tppr (Min) + tpg g (Min)

= 10+0
= 10ns=0ns (H8/3003 tRDH)

» HDG63310RP20:

— tpsw and tpHw
tosw = To+Tw x2+tey (Min) +tgp (Min) + tpg 2 (MIN) — twsp (Max) + twpsy (Min)
= 833+833x2+30+0+0-35+10
= 254.9 ns =60 ns (HD63310RP20 tpgyy)

torw = twpn (M) —tpg o (Max)

= 20-85
= 11.5ns=0ns (HD63310RP20 tpyw)
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Tw ‘ Ta ‘

‘ T, ‘ T,  Tw ‘
o) 7 N\ | "

>
Ag—Ag — ‘ ‘
(H8/3003) >< « : ‘
))
CS4
(H8/3003) )
RD —\ 7L—
(H8/3003) . :
=K
— -
RDS \ 7C
(HD63310RP20) ) :
‘<—>‘ [of
READY 5&
(HD63310RP20) ‘
. Wait state insert :
WAIT ‘ M —
(H8/3003) \ ~ [towe]
‘ —> -«
P Ibpr L trDs ‘
< > > trpH
D7—Do « va >7
(H8/3003) 7 X

toeL1 © RDS signal generator delay time
[ ]: AC characteristics of HD63310RP20

Figure3.13 Read Timing Chart
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Ag—AO : )) : ><
(H8/3003) >< ‘ G
CS4 —\ :
(H8/3003) : (
<~ twsp > tsp

HWR :
(H8/3003) L —(

)

tpEL2 > <

WRS ‘ ‘ ¢—‘ ‘
(HD63310RP20) \\ — s
READY : )3\
(HD63310RP20) ‘

Walt state insert

WAIT A\ M‘ —

tWDsz - >ty

% ;&
(( .

))

D;-Do
(H8/3003)

AN

toeL2 : WRS signal generator delay time
[ ]: AC characteristics of HD63310RP20

Figure3.14 Write Timing Chart
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Circuit Diagram
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34 Mask ROM (HN62444BNP) Interface
MCU: H8/3003

Function: Mode 4 (16-bit data bus, 16-Mbyte address space)

34.1 Specifications

The H8/3003 mode 4 (16-bit data bus, 16-Mbyte address space) interface with amask ROM
(HN62444BNP) is shown in figure 3.16.

H8/3003 MH62444BNP
CSs2 > CE
RD > OE
Oscillator |
12 MHz
A18_Al 4 Al7_A0
D15—D0 < Dl5_D0

Figure3.16 Block Diagram of H8/3003 and HN62444BNP Interface
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Asshowninfigure 3.17, area 2 (H'400000—H'SFFFFF) of the 16-Mbyte memory space is allotted.

The area 2 bus controller settings are as follows:

» Databuswidth: 16 bit bus
* Number of states: 3 states
» Wait mode: pin wait mode O

H'200000
H'3FFFFF

Area 1l

H'400000

H'400000

H'5FFFFF
H'600000

Area 2

HN62444BNP

Area 3
H'7FFFFF

H'800000

H'47FFFF

Figure3.17 Memory Map
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3.4.2 DataRead

Figure 3.18 shows the read timing chart. When directly connecting the H8/3003 and
HN62444BNP, check whether the following timing conditions are satisfied:

» H8/3003:
— taccez andtaccy (read data access times)
— trpH (read data hold time)

From figure 3.18, the timings are as follows:

» H8/3003:
— tacce andtacca
taccz = tace(max)
= 120 ns <160 ns (H8/3003 tacca)
tacca = toe (Max)
= 55ns <120 ns (H8/3003 tacca)
— tRDH
tron = tpuo (Min)

= 0ns =0ns (H8/3003 tgpn)

ooy X X

tace
> tacce R
CSs2 ‘ ‘
(H8/3003) ‘
tacca R ‘
RD v g
(H8/3003) X : #
>
D15—DO : tRDH
(HN62444BNP < >7
— H8/3003) | ‘

I:I . AC characteristics of HN62444BNP

Figure3.18 Read Timing Chart
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Circuit Diagram
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Figure3.19 Circuit Diagram
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35 Dummy SRAM (HM65256B-10) Interface
MCU: H8/3003

Function: Mode 4 (16-bit data bus, 16-Mbyte address space)

351 Specifications

The H8/3003 mode 4 (16-bit data bus, 16-Mbyte address space) interface with adummy SRAM
(HM65256B-10) is shown in figure 3.20.

H8/3003 74AC32 74F08 HM65256B-10
CS3 ) __
RD » OE
RFSH ' "I CE
HWR > WE
/1
D15-Dg [\ > 1/07-1/00
A15—A1 > A14_A0
Oscillator _
12 MHz > HM65256B-10
» OE
» CE
LWR » WE
D7Dy > 1/07-1/00
> A14-Ag

Figure3.20 Block Diagram of H8/3003 and HM 65256B | nterface
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Asshownin figure 3.21, area 3 (H'600000—H'7FFFFF) of the 16-Mbyte memory space is allotted.

The area 3 bus controller settings are as follows:

» Databuswidth: 16 bit bus
* Number of states: 3 states
» Wait mode: pin wait mode O

* Refresh controller: dummy SRAM mode

H'400000

H'5FFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

Area 2

Area 3

Area 4

H'600000

HM65256B-10

H'60FFFF

Figure3.21 Memory Map
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35.2 DataRead/Write

Figure 3.22 shows the read/write timing chart. When connecting the H8/3003 and HM 65256B-10,
confirm whether the following are satisfied:

» H8/3003:
— trps (read data setup time)
— trpH (read data hold time)

« HM65256B-10:
— tpw (datainput setup time)
— tpH (datainput hold time)
— tp (chip enable pre-charge time)
— tce (chip enable pulse width)
— tre (random read/write cycle time)

Figure 3.22 shows the timing as follows:

* H8/3003:
— trpsand trpH
tros = To +tep (Min) —tagp (Max) —tpg (Max) —toga (Max)
= 83.3+30-35-14.8-40
= 23.5ns 210 ns (H8/3003 trps)
troH = towz (Min) + tpey (Min)

= 25+4
= 29ns=0ns (H8/3003 tRDH)

* HM65256B-10:

— tpw andtpH
tow = Ta+tcy (min) —tywsp (Max) + typsy (Min)
= 83.3+30-35+10
= 88.3ns=20ns (HM65256B-10 tpy)
toy = twpn (Min)

= 20ns=5ns (HM65256B-10 tpy)
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— tp,tcE, andtre
tp = tgp(min)
= 55ns =50 ns (HM65256B-10 tp)

tce = teL (Min) + Ty + toy (Min) + traps (MIN) — trapy (Max)
= 30+83.3+30+0-30
= 113.3 ns =100 ns (HM65256B-10 t¢)

tre = teL (Min) + Ty + toy (MiN) + traps (MiN) —traps (Max) + tgp (Min)

= 30+83.3+30+0-30+55
= 168.3 ns =160 ns (HM65256B-10 trc)
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Figure3.22 Read/Write Timing Chart




353 Refresh Timing

Figure 3.23 shows the refresh timing. The HM65256B-10 refresh is conducted by the
HM65256B -10' s auto-refresh function using the H8/3003' s refresh controller. The HM65256B-10
refresh runs at 256 cycles/4 ms, therefore the refresh cycle is 4 ms/256 = 15.625 pis.

To satisfy this refresh cycle, the refresh controller drives the REFS signal low every 15.5 ps (12
MHz/2 x 93).

Check that the following conditions are satisfied for timing design during refresh:

« HM65256B-10:
— tpp (refresh pre-charge time)

tp = te (Min) + Ty + trapo (Min) + tpg (Min) — traps (Max) — tpgy (Max)
= 30+83.3+0+25-30-6.6
= 79.2 ns = 30 ns (HM65256B-10 trp)

— tpap (refresh command pulse width).

teap = Ti+ toy (MiN) +trapg (MiN) + togy (MIN) — trapz (MaX) — tpgr (Max)
83.3+30+0+3-30-6.3
80 ns = 80 ns (HM65256B-10 tepp)
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AC characteristics of HM65256B-10

Figure3.23 Refresh Timing
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Circuit Diagram
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Figure 3.24 Circuit Diagram
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3.6 DRAM (HM514260-7) Interface

MCU: H8/3003

Function: Mode 4 (16-bit data bus, 16-Mbyte address space)

3.6.1 Specifications

The H8/3003 mode 4 (16-hit data bus, 16-Mbyte address space) interface with aDRAM
(HM514260-7) is shown in figure 3.25.

H8/3003

Oscillator
12 MHz

Ag—Aq

CS3

RD

D15—Dg

HM514260-7

Ag—Ag

RAS
OE

WE

UCAS

LCAS

AN

3
N A A \4 l_:r N\

1/015-1/00
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Figure3.25 Block Diagram of H8/3003 and HM 514260-7 I nterface




Asshown in figure 3.26, area 3 (H'600000-H'7FFFFF) of the 16-Mbyte address space is alotted.

The area 3 bus controller settings are as follows:

» Databuswidth: 16 bit bus
* Number of states: 3 states
* Wait mode: Pin wait mode O

» Refresh controller: 2CAS method, 4-Mbit DRAM

H'3FFFFF
H'400000

H'5FFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

Area 2

Area 3

Area 4

H'600000

HM514260-7

H'67FFFF

Figure3.26 Memory Map
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3.6.2 Data Read/Write

Figure 3.27 shows the read/write timing chart. When directly connecting the H8/3003 and
HM514260-7, check that the following are satisfied:

» H8/3003:
— tcac (CAS accesstime)
— taa (address accesstime)
— trac (RAS accesstime)
— trpH (read data hold time)

« HM514260-7:
— tps (datainput setup time)
— tpH (datainput hold time)
— tRC (random read/write cycle time)
— trp (RAS pre-charge time)

Since the DRAM uses an address multiplex system, confirm that the following conditions are
satisfied:
* HM514260-7:

— tasr (row address setup time)

— traH (row address hold time)

— tasc (column address setup time)
— tcaH (column address hold time)
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Figure 3.27 shows the timing as follows:

» H8/3003:

— tcac.taa, trac, and trpH

teac

taa

trac

troH

« HM514260-7:
— tps,tpH, tre, and trp

tps

toH

trp

« HM514260-7:
— tASR tRAH tASC, and tcaH

tASR

traAH

tasc

tcan

tcac (max)
20 ns <40 ns (H8/3003 tcac)

tan (max)
35 ns <55 ns (H8/3003 tap)

tRAC (max)
70 ns < 120 ns (H8/3003 tgac)

torF1 (min)
0 ns =0 ns (H8/3003 trpn)

twps3 (min)
40 ns > 0 ns (HM514260-7 tps)

teL (miny * ter min) t tsp min) T twoH (min) — tasp (max)
30+30+0+20-30
50 ns = 15 ns (HM514260-7 tpy)

teL min) + T2 + T3 + tey min) *+ tasp min) — tAsD (max)
30+83.3+83.3+30+0-30
196.6 ns = 130 ns (HM514260-7 trc)

tRP (min)
55 ns = 50 ns (HM514260-7 tps)

tAS1 (min)
10 ns = 0 ns (HM514260-7 tasr)

tRAH (min)
15 ns > 10 ns (HM514260-7 tgay)

tas1 (min)
10 ns = 10 ns (HM514260-7 tasc)

T2 + T3 + tap (min) — tAD (max)
83.3+83.3+0-35
131.6 ns > 15 ns (HM514260-7 teay)
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« HM514260-7:
— tras tcas tcsH, and trRsH

tras

tecas

tesH

tRsH
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teL (min) + T2 + teH (min) * tRAD3 (min) — tASD (max)
30+83.3+30+0-35
108.3 ns = 70 ns (HM514260-7 tras)

teL min) * teH (min) t tsp min) — tasp (max)
30+30+0-35
25 ns > 20 ns (HM514260-7 tcas)

teL (min) + T2 + teH (min) * tsD (min) - tASD (max)
30+83.3+30+0-35
108.3 ns = 70 ns (HM514260-7 tcgp)

teL (min) * teH min) + IRAD3 (min) — tASD (max)
30+30+0-35
25 ns 2 20 ns (HM514260-7 trsy)



Ag—Aq
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CS3 (RAS)
(H8/3003)

HWR (UCAS),

LWR (LCAS)
(H8/3003)
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|:| . AC characteristics of HM514260-7

Figure3.27 Read/Write Timing
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3.6.3 Refresh

Figure 3.28 shows the CAS before RAS timing chart. When directly connecting the H8/3003 to
the HM514260-7, check that the following are satisfied.

» HM514260-7:
— tcr (CAS setup time)
— tcHr (CAShold time)
— tcpy (CAS pre-chargetime)
— tre (random read/write cycle)
— tras (RAS pulse width)

Figure 3.28 shows the timing as follows:

* HM514260-7:

— tcsRyteHR- tepns tRes and tras
tcsk = tcsr (min)
= 15ns =10 ns (HM514260-7 tcsr)

T2 + tcH (min) + tsp (min) — tRAD2 (max)
= 83.3+30+0-30
= 83.3ns =10 ns (HM514260-7 tepr)

tehr

teL (min) + T2 + teH (min) * tasp (min) — tsb (min)
= 30+83.3+30+0-30
= 113.3ns 2 10 ns (HM514260-7 tcpy)

tepn

tre = T2+ T3+ tcy min) + tRADL (min) — tRAD2 (max)
= 83.3+83.3+30+0-30
= 166.6 ns =130 ns (HM514260-7 tgc)

tras = T2+ tcH (min) * tRAD3 (min) — tRAD2 (max)

= 833+30+0-30
= 83.3ns2=70ns (HM514260-7 tras)
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Read/write cycle Refresh cycle Read/write cycle
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I:I . AC characteristics of HM514260-7

Figure 3.28 Refresh Timing
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3.6.4 Circuit Diagram
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3.7 UPP (HD63143) Interface
M CU: H8/3003

Function: Mode 4 (16-bit data bus, 16-Mbyte address space)

371 Specifications

The H8/3003 mode 4 (16-hit data bus, 16-Mbyte address space) interface with the UPP
(HD63143) is shown in figure 3.30.

H8/3003 HD63143
o 74AC32
AS D_, cs
74AC32

oss —) > e

RD ®7aacos "|CF
. DS .
Oscillator L, < Oscillator

12 MHz 74AC32 16 MHz

74ACT4
‘_G_ QD READY
c
o]

T
=
T

|

3
>
_|

@
AlO_AO > AlO_AO
D15-Dg < > D7—Do

Figure3.30 Block Diagram of H8/3003 and HD63143 Interface
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Asshownin figure 3.31, area 6 (H'CO0000—H'DFFFFF) of the 16-Mbyte memory space is
allotted. The area 6 bus controller settings are as follows:

« Databuswidth: 8 bit bus

* Number of states: 3 states

» Wait mode: pin wait mode 1
* Number of waits: 1 state

H'OFFFFF
H'A00000
Area 5

H'BFFFFF H'C00000

H'C00000 B
Area 6

H'DFFFFF HD63143

H'E00000
H'FFFFFF

Area 7 H'CO07FF

Figure3.31 Memory Map
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3.7.2 Wait Signal Generator

Figure 3.32 shows the wait signal generator and figure 3.33 the wait timing chart. When the
H8/3003 and HD63143 are directly connected, read/write from the H8/3003 is not conducted
correctly while the HD63143 is performing other processes. Therefore, await cycleisinserted in
the read/write cycle until the HD63143' s READY signal rising edge, effecting await period to the
end of HD63143 processing.

The READY signal’slevel is detected and a WAIT signal generated.

CS6
74AC32

- G_ 74AC74
WAIT < Q D READY
“c

5

¢
Figure3.32 Wait Signal Generator Circuit
Tl T2 TW*l TW*Z TW*Z TW*Z T3
cS —
(HD63143)

READY — I I I I I I I
(HD63143) g /i f/g §
S W
(H8/3003) : : 1 : : : :

Notes: 1. Set by wait controller.
2. Set by WAIT signal.

Figure3.33 Wait Timing Chart
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3.7.3 DataRead/Write

Figure 3.34 shows the read/write timing chart and figure 3.35 shows read/write timing for other
than RAM. When connecting the H8/3003 and HD63143, check that the following are satisfied:

» H8/3003:
— trps (read data setup time)
— trpH (read date hold time)

« HD63143:
— twps (write data setup time)
— twpH (write datahold time)
— twop (write data delay time).

During read cycles other than RAM, the HD63143' s data output timing depends on the READY
signal falling edge. READY signal falling edge timing isimportant when computing t Rps.
However, READY signal timing differs greatly depending on the operating state of HD63143.
Because of this, trps calculation is conducted using the time (o) from the READY signal falling
edge to the rising edge of next clock.

Figures 3.34 and 3.35, show the timing as follows:

» H8/3003:
— trpsandtgrpH during RAM read cycle
tros =t (MiN) + Ty + Ty +tgy (Min) —tagp (Max) — torpp (Max)
= 30+83.3+30-35-80
= 111.6 ns = 20 ns (H8/3003 tgps)
tron = torow (MIN)

= 10 ns =0 ns (H8/3003 trpH)

— trpsandtrpH at times other than RAM read cycle

trps = O (min) + Ty +tgy (Min) — trrpp (Max)
= 0+83.3+30-60
= 53.3ns2 20 ns (H8/3003 trps)

tron = torpw (Min)

= 10ns=20ns (tgpy)
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» HDG63143:

— twps and twpH
twos = T2+ Tw *toq (Min) +tsp (Min) — tysp (Max) + twpsz (Min)
= 83.3+83.3+30+0-35+10
= 171.6 ns =100 ns (HD63143 typs)

twon = twpon (Min) —tpgy (Max)
= 20-85
= 11.5ns25 ns (HD63143 typp)

— twoD
twop = —tpeLL (MiN) —twpsz (Min)
= -0-10
= _10ns < 120 ns (HD63143 typp)
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Circuit Diagram
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Figure3.36 Circuit Diagram
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3.8 PIO (TMP82C55AP-10) Interface
MCU: H8/3003

Function: Mode 4 (16-bit data bus, 16-Mbyte address space)

381 Specifications

The H8/3003 mode 4 (16-hit data bus, 16-Mbyte address space) interface with PIO
(TMP82C55AP-10) is shown in figure 3.37.

H8/3003 TMP82C55AP-10
CS6 > CS
RD > RD
Oscillator | g
12 MHz HWR "|WR

D15-Dg < > D;-Dg

A1—Ag

A4

Figure3.37 Block Diagram of H8/3003 and TM P82C55AP Interface
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Asshown in figure 3.38, area 6 (H'CO0000—H'DFFFFF) of the 16-Mbyte memory space is
allotted. The area 6 bus controller settings are as follows:

« Databuswidth: 8 bit bus

* Number of states: 3 states

» Wait mode: programmable wait mode
* Number of waits: 1 state

H'OFFFFF
H'A00000
Area 5

H'BFFFFF H'C00000

H'C00000 L
Area 6

H'DEEEEE TMP82C55AP-10

H'E00000
H'FFFFFF

Area 7 H'C00003

Figure3.38 Memory Map
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3.8.2 DataRead/Write

Figure 3.39 shows the read/write timing chart. When directly connecting the H8/3003 and
TMP82C55AP-10, check whether the following timing conditions are satisfied:

» H8/3003:
— tacces (read data accesstime)
— trpH (read data hold time)
* TMP82C55AP-10:
— tpw (input data setup time)
— twp (input data hold time)
— tar (address setup time during read)
— taw (address setup time during write)

From figure 3.39, the timings are as follows:

» H8/3003:
— tacca and trpH
tacca = trp (Max)—Ty
= 100-83.3
= 16.7ns< 120 ns (H8/3003 tACC4)
troy = tpr (Min)

= 0ns <0 ns (H8/3003 tgpH)

* TMP82C55AP-10:

— tpw and twp
tow = To+Tw+tey (Min) +tgp (MiN) —twsp (Max) + twpsy (Min)
= 83.3+83.3+30+0-35+10
= 171.6ns>100 ns (TMP82C55AP-10 tpy)

two = twpn (Min)
= 20 ns =0 ns (TMP82C55AP-10 typ)

— tar andtawy
tAR = tASl (mln)
10 ns 2 0 ns (TMP82C55AP-10 t pR)

taw = tasp (min)
50 ns > 0 ns (TMP82C55AP-10 t ay)
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Figure3.39 Read/Write Timing Chart
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Circuit Diagram
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3.9 RTC (HD64610) Interface
M CU: H8/3003

Function: Mode 4 (16-bit data bus, 16-Mbyte address space)

39.1 Specifications

The H8/3003 mode 4 (16-bit data bus, 16-Mbyte address space) interface with a calendar-clock
usage device (HD64610) is shown in figure 3.41.

H8/3003 HD64610
CS5 » CE
RD » OE
Oscillator o P Oscillator
12 MHz HWR ™ WR 32.768 kHz
Dis5-Dg | 108-1/01
As—Ag Dl Ag—Ao

Figure3.41 Block Diagram of H8/3003 and HD64610 I nterface

60 Hitachi




Asshown in figure 3.42, area 5 (H'A00000—H'BFFFFF) of the 16-Mbyte memory space is
allotted. The area 5 bus controller settings are as follows:

» Databus width: 8 bit bus
* Number of states: 3 states
» Wait mode: pin wait mode O

H7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF

Area 4

Area 5

Area 6

H'A00000

HD64610

H'AOO000F

Figure3.42 Memory Map
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39.2 DataRead/Write
Figure 3.43 shows the read/write timing chart. When directly connecting the H8/3003 and
HD®64610, check whether the following timing conditions are satisfied:

» H8/3003:
— taccs (read data accesstime)
— trpH (read data hold time)

« HD64610:
— tpw (input data set time)
— tpH (input data hold time)

Figure 3.43 shows the timing as follows:

* H8/3003:
— tacca and trRpH
tacca = toe (Max)
= 45ns <120 ns (H8/3003 taccs)
troH = tonz (Min)
= 0ns =0ns (H8/3003 tRDH)
« HD64610:
— tpw and tpH
tow = To+tey (Min) +tgp (Min) — twsp (Max) + twpsz (Min)
= 833+30+0-35+10
= 88.3ns=40ns (HD64610 tpyy)
tow = twpn (Min)

= 20ns 20ns (HD64610 tpy)
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Ti=tcye T T3

A

(H8/3003)
Azz—Ag
(H8/3003) ><:
CS6
(H8/3003)
|
3 - tacca R
RD ) -
(H8/3003) X /
: tonz
‘ tRDH
1/107-1/00 : y; ‘ -
(HD64610 >_
_ H8/3003) x ‘
‘1
- <+ lwsp 42
HWR ‘ 7z
(H8/3003) N |
WDS2
> tow ‘ m
< »<> twpH
D15-Dg ‘
(H8/3003 - —< >7
HD64610) ; :

|:| . AC characteristics of HD64610

Figure3.43 Read/Write Timing Chart
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Circuit Diagram
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Figure 3.44 Circuit Diagram
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310 LCD(LMO032L) Interface
MCU: H8/3003

Function: Mode 4 (16-bit data bus, 16-Mbyte address space)

3.10.1 Specifications

The H8/3003 mode 4 (16-bit data bus, 16-Mbyte address space) interface with LCD (LMO32L) is
shown in figure 3.45.

H8/3003 LMO032L
D15—Dg < > D7-Do
Ao » RS
> RIW
5V
74HC4017 A
Oscillator | 08 74HCT3
12 MHz — 1J
i c 1ck 19 *E
csaitH o 7anco9 | | 13K O
raHcs2 74HCO09 _: 2J
74HCO04 2CK
) D 2CLR
1 74HC32
WAIT ‘ E (
74HC32

Figure3.45 Block Diagram of H8/3003 and LM032L Interface
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Asshown in figure 3.46, area 4 (H'800000—H'9FFFFF) of the 16-Mbyte memory space is allotted.
The area 4 bus controller settings are as follows:

« Databuswidth: 8 bit bus
* Number of states: 3 states
» Wait mode: pin wait mode 1
* Number of waits: 2 states

H'600000

Area 3
H'7FFFFF H'800000

H'gooo0O | |
Area 4

H'OFFFFF LMO32L

H'A00000

H'BFFFFF
H'C00000

Area 5 H'800001

Figure3.46 Memory Map
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3.10.2 E Clock Generator

Figure 3.47 shows the E clock generator and figure 3.48 the E clock timing chart. When
connecting the H8/3003 and LMO32L, it is hecessary to synchronize timing according to the E
clock. Therefore, a @ clock count is made by decimal counter (74HC4017) to generate the E clock.
Also, 9 wait states must be inserted to satisfy the E clock cycle time. With the H8/3003, insertion
of more than 3 wait states is under control of the WAIT signal.

5V
74HC4017 4 2ancT3
Q8 o 1J
¢ ——C 1ck 1IQ—~E
—4
AS ’_D' 74HC09 ¢ 1K
CS4 M. ncan| QO —+ 1CLR
74HC09 o 2]
74HCO04
- =
HWR [>o Lok 2Q
2CLR
74HC32

-

S

74HC32

Figure3.47 E Clock Generator Circuit
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*1

)
(H8/3003)

CS4-—
(H8/3003)

*2

T3 Ty T Tw Tw Tw Tw Tw . Tw Tw . Tw Tw T3 Tp .
D o L Lt o L o

AS

(H8/3003)
R

(7aHca017) |\

Qo :
(74HC4017) —H

Q8

(74HC4017)

2Q (WAIT) =
(74HC73

Iy

Read

(74HCT3
(H8/3003)

1J

Write (74Hc7347é |

Q€| )

|(74HC73)

Notes: 1. Set by wait controller.
2. Set by WAIT signal.

Figure3.48 E Clock Timing Chart
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3.10.3 DataRead/Write

Figures 3.49 and 3.50 show the read/write timing chart. When connecting the H8/3003 and
LMO32L, check that the following are satisfied:

» HB8/3003:

— trps (read data setup time)
— trpH (read data hold time)

* LMO32L:

— PWpgq (enable pulse width)
— tpsw (read data accesstime)
— tH (write accesstime)

» E clock:

— tcyc (enable cycletime).

From figure 3.49 and 3.50, the timings are as follows:

» H8/3003:
— trpsand trpH
tros = to (Min) + Ty X9 +tgy (Min) —tpg 1 (Max) — tpgo (Max) — tppr (Max)
= 30+83.3x9+30-46-30-320
= 413.7 ns > 10 ns (H8/3003 trps)
trRoH tpeLa (MiN) + tpgo (MiN) + ty (Min) — tagp (Max)

0+0+30-30
0 ns = 0ns (H8/3003 tgps)

+ Determine for LMO32L:
— PWpgq andtcyc from the following equations:

PWen

teve

tor (Min) + Ty X9 +tgy (Min) + tpgrg (Min) + tpg 2 (MIiN) — tpg . (Max) — tpeio
(max)

30+833x9+30+0+0-46-30

733.7 ns = 450 ns (LM032L PWey,)

tCYC x 12
83.3x 12
1000 ns = 1000 ns (LMO32L tcyc)

— tpsw and ty from the following equations:

tpbsw

To+ Ty X7 +tey (Min) + tpgra (MiN) + tpgo (MiN) — twsp (Max) + tyspz (Min)
83.3+833x7+30+0+0-30+10
676.4 ns = 195 ns (LMO32L tpsy)
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ty = toL (Min) + Tyg +tcy (MiN) +tagp (MiN) + tywpy (MIN) —tpgr (Max) — tpero
(max)
= 30+83.3+30+0+20-46-30
= 87.3ns=20ns (LMO32L ty)

P T 0 T o Twa s Twe i Twa: Twa: Tws: Twe: Twz: Twe: Two: T3 ¢

LT

<->tCL tCH -p
Az2—Ao X ‘ ‘ X
(H8/3003)
cs4 |
(H8/3003) ]
"‘tDELl I “tDELl
Lo Lefefsfefsfefrfefofolt]
- <« IpeL2 PWen DEL2 > <
£ —
(- LMO032L) / | j[
WAIT —
(= H8/3003) /
tASD-F -«
RD
(H8/3003) 7[ i
> -
3 tboR L RDs o
. t g .
DlS_DO 7L RDH “_"
(LM032L { | ;57
_ H8/3003) |

tpeL1 : Decimal counter delay time
tpeL2 : E signal generator delay time

|:| . AC characteristics of HM62832H-45

Figure3.49 Read Timing Chart
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Ty T i Twa i Twe Twa  Twa Tws  Twe  Twz i Twe i Twe | T3 ¢

)
(H8/3003) | | L
{cH <
«tcL
Axz—Ag X X:
(H8/3003)
CS4
(H8/3003)
ety — < lpg1
comer otz f4afsfefrsfofo]s
counter : ‘
~1pEL2 PWey o Ipg o
(- LM032L) |
WAIT ‘ j ‘
(- H8/3003) | | :
L . tasp
= twsp Lo *
AWR, LWR | | |
(H8/3003) l }
- < tysp2 tpsw o

(H8/3003 4< ‘ }
- LMO032L)

tpeLr : Decimal counter delay time
tpee : E signal generator delay time

|:| . AC characteristics of LM032L

Figure3.50 Write Timing Chart

Hitachi 71




3.10.4 Circuit Diagram
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Figure3.51 Circuit Diagram
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Section 4 AC Characteristics of the H8/3003

Table 4.1 lists bus timing under various conditions within the H8/3003.
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Table4.1 BusTiming (1) (Units: ns)

Condition
Axl Condition B*2

8 MHz 10 MHz 12 MHz 16 MHz
Item Symbol Min  Max Min  Max Min  Max Min  Max
Clock cycle time teye 125 500 100 500 83.3 500 62.5 500
Clock low pulse width ta 40 — 40 — 30 — 20 —
Clock high pulse width tH 0 — 0 — 30 — 20 —
Clock rise time tr — 20 — 10 — 10 — 10
Clock fall time tcr — 20 — 10 — 10 — 10
Address delay time taD — 60 — 40 — 35 — 30
Address hold time taH 25 — 20 — 15 — 100 —
Address strobe delay time  tagp — 60 — 40 — 35 — 30
Write strobe delay time twsp — 60 — 40 — 35 — 30
Strobe delay time tsp — 60 — 40 — 35 — 30
Write data strobe pulse twswi3 85 — 70 — 55 — 35 —
width 1
Write data strobe pulse twswe = 150 — 120 — 95 — 65 —
width 2
Address setup time 1 tasy 20 — 15 — 10 — 10 —
Address setup time 2 taso 80 — 65 — 50 — 40 —
Read data setup time trRDs 50 — 20 — 20 — 20 —
Read data hold time trROH 0 — 0 — 0 — 0 —
Write data delay time twop — 75 — 65 — 60 — 60
Write data setup time 1 twos1 90 — 7B — 60 — 35 —
Write data setup time 2 twps2 15 — 10 — 10 — 5 —
Write data hold time twoH 25 — 20 — 20 — 20 —
Read data access time 1  taccp+ — 110 — 100 — 80 — 55
Read data access time 2 tace3 — 230 — 200 — 160 — 115

Notes: 1. Condition A: V =2.7-5.5V, AV =2.7-5.5V, Vref = 2.7-AVc, Vgs =AVgs =0V, @
= 2-8 MHz, Ta = -20 to +75°C (normal specification), Ta = —40 to +85°C (wide
temperature range specification)

2. Condition B: Vcc = 5.0 V £10%, AVcc = 5.0 V £10%, Vref = 4.5-AV ¢, Vgg = AVgg =0
V, @ = 2-16 MHz, Ta = -20 to +75°C (normal specification), Ta = —40 to +85°C (wide
temperature range specification)

3. See note 3 following table 4.2
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Table4.2 BusTiming (2) (Units: ns)

Condition
Axl Condition B*?

8 MHz 10 MHz 12 MHz 16 MHz
Item Symbol Min  Max Min  Max Min  Max Min  Max
Read data access time 3 taccz™3 — 55 — 50 — 40 — 25
Read data access time 4 tacca®S — 160 — 150 — 120 — 85
Precharge time tpey*3 85 — 70— 55 — 40 —
Wait setup time twrs 0 — 35 — 25 — 25 —
Wait set hold time twTH 10 — 10 — 5 — 5 —
Bus request setup time  tgrgs 0 — 40 — 0 — 40 —
Bus acknowledge delay  tgacp: — 60 — 50 — 40 — 30
time 1
Bus acknowledge delay  tgacpz — 60 — 50 — 40 — 30
time 2
Bus floating time tezD — 70 — 60 — 50 — 40

Notes: 1: Condition A: Vs =2.7-5.5V, AV =2.7-5.5V, Vref = 2.7-AVcc, Vss =AVgs =0V, @
=2-8 MHz, Ta = -20 to +75°C (normal specification), Ta = —40 to +85°C (wide
temperature range specification)

2. Condition B: VCC =5.0V £10%, AVCC =5.0V £10%, Vref = 4-5_AVCC1 VSS = AVSS =0
V, @ = 2-16 MHz, Ta = -20 to +75°C (normal specification), Ta = —40 to +85°C (wide
temperature range specification)

3: During 8-MHz operation the following times are dependent on the clock cycle time as

indicated:
tacct = 1.5 x teyc — 78 (ns) twswi = 1.0 x teyc — 40 (ns)
tacce = 2.5 x teyc — 83 (ns) twswz = 1.5 % teyc — 38 (ns)
taccz = 1.0 x teyc — 70 (ns) tpey = 1.0 X teye — 40 (ns)

tACC4 = 2.0 x teye — 90 (ns)

During-10 MHz operation the following times are dependent on the clock cycle time as

indicated:
tacct = 1.5 % teyc — 50 (ns) twswi = 1.0 x teyc — 30(ns)
taccz = 2.5 x teye — 50 (ns) twswz = 1.5 % teyc — 30 (ns)
tacca = 1.0 x teyc — 50 (ns) tpey = 1.0 X teye — 30 (ns)

tACC4 =2.0x tcyc -50 (ns)

During-12 MHz operation the following times are dependent on the clock cycle time as

indicated:
tACCl =15x tcyc - 45 (nS) tWSWl =1.0x tcyc - 28 (nS)
tacc2 = 2.5 x tcyc —48 (ns) twsw2 = 1.5x tcyc -30 (ns)
taccz = 1.0 x tcyc —43 (ns) tpcy = 1.0 % tCyC — 28 (ns)

taccs = 2.0 x tcyc — 47 (ns)
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During 16-MHz operation the following times are dependent on the clock cycle time as
indicated:

taccy = 1.5 % tcyc -39 (ns) twswi = 1.0 x tcyc — 28 (ns)
taccy =2.5x tcyc — 41 (ns) twswe = 1.5 % tcyc — 28 (ns)
taccs = 1.0 x tcyc -38 (nS) tpcy = 1.0 x tcyc -23 (nS)

tACC4 =2.0x tcyc -40 (nS)

Table4.3 BusTiming (Refresh Controller) (Units: ns)
Condition
Axl Condition B*?

8 MHz 10 MHz 12 MHz 16 MHz
Item Symbol Min  Max Min  Max Min  Max Min  Max
RAS delay time 1 trADL — 60 — 30 — 30 — 30
RAS delay time 2 trAD2 — 60 — 30 — 30 — 30
RAS delay time 3 traD3 — 60 — 30 — 30 — 30
Row address hold time tra3 25 — 20 — 15 — 15 —
RAS precharge time trp3 85 — 70 — 55 — 40 —
CAS to RAS precharge  tcgps3 85 — 70 — 55 — 40 —
time
CAS pulse width teas 110 — 40 — 40 — 40 —
RAS access time trac3 — 160 — 150 — 120 — 85
Address access time tan — 105 — 55 — 55 — 55
CAS access time teacs3 — 50 — 50 — 40 — 25
Write data setup time 3 twoss 75 — 40 — 0 — 0 —
CAS setup time tegre3 20 — 15 — 15 — 15 —
Read strobe delay time trsD — 60 — 30 — 30 — 30
Notes: 1. Condition A: Vc = 2.7-5.5V, AVcc= 2.7-5.5V, Vref = 2.7-AVc, Vss = AVgs =0V, ¢=

2-8 MHz, Ta = —20 to +75°C (normal specification), Ta = —40 to +85°C (wide
temperature range specification)

2. Condition B: Vcc = 5.0 V £10%, AVcc = 5.0 V £10%, Vref = 4.5-AV ¢, Vgs = AVgg =
0V, @=2-16 MHz, Ta = -20 to +75°C (normal specification), Ta = —40 to +85°C (wide
temperature range specification)

3. During 8-MHz operation the following times are dependent on the clock cycle time as
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indicated:
tran = 0.5 x teyc — 38 (ns) tcac =1.0 X teyc — 75 (ns)
trac = 2.0 X teyc — 90 (ns) tesr = 0.5 X teye — 43 (ns)
trp =tcrp = 1.0 X teyc — 40 (ns)



During 10-MHz operation the following times are dependent on the clock cycle time as
indicated:

tran = 0.5 x teyc — 30 (ns) tcac = 1.0 X teyc — 50 (ns)

trac = 2.0 x teyc — 50 (ns) tcsr = 0.5 x teye — 35 (ns)

trp =tcrp = 1.0 X teye — 30 (ns)

During 12-MHz operation the following times are dependent on the clock cycle time as
indicated:

tray = 0.5 % tcyc — 27 (ns) tcac = 1.0 x tcyc —43 (ns)
trac = 2.0 x tcyc - 47 (nS) tcsr = 0.5 x tcyc - 27 (nS)
trp =tcrp = 1.0 x tcyc - 28 (nS)

During 16-MHz operation the following times are dependent on the clock cycle time as
indicated.

tRaH = 0.5 x tcyc -16 (nS) tcac = 1.0 x tcyc - 38 (nS)
tRAC =2.0x tcyc —-40 (nS) tCSR =0.5x tcyc - 16 (nS)
tRp = tCRP =1.0x tcyc - 23 (nS)
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Section5 Memory AC Characteristics

51 HMG62832H-45 AC Characteristics

Measuring Conditions:

* Voo =5V £10%, Ta=0to +70°C
* Input pulselevel: Vggto 3.0V
Input rise/fall time: 5 ns

1/0 timing reference level: 1.5V
Output load: seefigure 5.1

Output load circuit B

Output load circuit A (tcHz, terzs tonz: toLz: twhz: tow)
+5V +5V
480 Q 480 Q
Dout Dout
255 Q 30 pF* 255 Q 5 pF*

Note: Includes scope and jig impedance.

Figure5.1 Output Loading Conditions
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Table5.1 BusTiming (Read)

HM62832H-25 HM62832H-35 HM62832H-45
Item Symbol Min Max Min Max Min Max Units
Read cycle time tre 25 — 35 — 45 — ns
Address access time  taa — 25 — 35 — 45 ns
Chip select access  tacs — 25 — 35 — 45 ns
time
CS output set time toLz 5 — 5 — 5 — ns
Output enable toe — 12 — 15 — 20 ns
access time
Output toLz 0 — 0 — 0 — ns
enable/output set
time
Chip deselect/output  tcpz« 0 12 0 15 0 20 ns
floating time
Output tonz+ 0 12 0 15 0 20 ns
disable/output
floating time
Output hold time ten 5 — 5 — 5 — ns

Note: Transition is measured at £200 mV from the high impedance voltage due to load circuit (B)

(figure 5.1). This parameter is not measured for all items but is a sample value.
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Address
oF NN 7
‘ toe : | toH \

_ : . oLz . : :
‘ ¢ Lo toHz .
5 ACS R L - >
< : > 3 tcHz L
‘ oLz ‘ < ; >

Figure5.2 Timing Waveforms (Read)
Table5.2 BusTiming (Write)

HM62832H-25

HM62832H-35

HM62832H-45

Item Symbol Min Max Min Max Min Max Units
Write cycle time twe 25 — 35 — 45 — ns
Chip select time tow 15 — 20 — 25 — ns
Address valid time taw 20 — 30 — 40 — ns
Address setup time  tag 0 — 0 — 0 — ns
Write pulse time twp 15 — 20 — 25 — ns
Address hold time twr — — — ns
Output tonz+ 12 15 20 ns
disable/output

floating time

WE/output floating  tyyz= 0 12 0 15 0 20 ns
time

Input data set time tow 12 — 15 — 20 — ns
Input data hold time  tpy 0 — 0 — 0 — ns
WE output settime  toy 5 — 5 — 5 — ns

Note: Transition is measured at 200 mV from the high impedance voltage due to load circuit (B)
(figure 5.1). This parameter is not measured for all items but is a sample value.
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Address >< ><
‘ ‘ tWR*Z :
+—>

o /// X

tew

(@)
wn
/I/A :
*
N
\4

- taw R
W tAS SR XX 71
«—
tonz* ‘ tywp*t
«—
Dout
tow toH

Notes: 1. Write conducted during the overlap (typ) when CS is low and WE is low.

2. tyr specified for the end of the write cycle from whichever transition comes earlier,
the WE or CS high transition.

3. 1/O pin in output mode during this period. At this time, a data input signal of inverse
phase to the output must not be applied.

4. When the CS low transition occurs simultaneously with WE low transition or after it,
output stays at high impedance.

5. ﬁ = V||_
6. Drive WE or CS high during address transition.

Figure5.3 Timing Waveforms (Write)
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52  HN27C256HG-70 AC Characteristics
Table5.3 BusTiming (Read)

HN27C256HG-70 HN27C256HG-85
Item Symbol Min Max Min Max Units
Access time tace — 70 — 85 ns
CE /output delay time tee — 70 — 85 ns
OFE/output delay time toe — 40 — 45 ns
Output disable delay time  tpg 0 30 0 30 ns
Data output hold time ton 5 — 5 — ns

Note: tpg defined as the condition when the release state is reached and the output level can no

longer be referenced.

Address >< ><

CE Standby 3: Active mode % ‘ Standby
mode ‘

mode

tOE : : : tDF :
«—> h EE—
t
tacc R <y
Dout Valid data
output

Figure5.4 HN27C256HG-70 Timing Wavefor ms (Read)
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53  HNG62444BNP AC Characteristics
Table54 BusTiming

Item Symbol Min Max Units
Cycle time tre 120 — ns
Nibble cycle time the 70 — ns
Address access time taa — 120 ns
Nibble address access time tha — 70 ns
CE access time tace — 120 ns
OE access time toe — 55 ns
Address/output hold time tpHA 0 — ns
CE /output hold time tore 0 — ns
OE/output hold time tpHo 0 — ns
CE /output floating time tepze — 40 ns
OE/output floating time tonzr — 40 ns
CE /output set time toz 5 — ns
OE/output set time toLz 5 — ns

Note: tcyz and toyz are specified as times until output reaches the release state, and are not
determined by output voltage level.
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tre

Address >< ><
‘ >

tan toHA
‘ tace ‘
__ «— ‘
CE ‘ / :
N\ - lchz
«—
- toz ‘ -~ toHe
-« ! -«
OE \ ‘ | ZZ
-« OE lonz
torz - ‘ ' IbHo
o ‘ -—>

igh- ‘ ‘ ‘ ‘Hi h-z
Dout High-Z O<><>< Valid data W

Figure5.5 HN62444BNP Timing Wavefor ms (Read)
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54
Table55

Item

BusTiming

Sym-

HM65256B-10

HM 65256B-12 AC Characteristics

HM65256B-12

HM65256B-15

HM65256B-20

bol Min

Max

Min Max

Min

Max

Min

Max

Units

Random
read/write
cycle time

te 160

190 —

235

310

ns

SC mode
read/write
cycle time

trsc 55

80

105

ns

Chip enable
access time

tcea —

100

— 120

150

200

ns

Address
access time

tan —

50

75

100

ns

Output
enable
access time

toea —

40

60

75

ns

Chip disable/ tqy —

output delay
(high z)

25

30

35

ns

Chip enable/
output delay
(low 2)

taz 30

30 —

35

40

ns

Output
enable/
output delay
(low 2)

toz 10

10 —

10

10

ns

Output
disable/
output delay
(high 2)

oz —

25

30

35

ns

Chip enable
pulse width

tce 100n

am

120n am

150n

4m

200n

4m

Chip enable
pre-charge
time

60 —

75

100

ns
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Table5.5

Sym-

Item bol

HM65256B-10

Bus Timing (cont)

HM65256B-12

HM65256B-15

HM65256B-20

Min

Max

Min

Max

Min

Max

Min

Max

Units

Address tas
setup time

0

0

0

0

ns

Row address tran
hold time

20

20

25

30

ns

Column tcan
address hold
time

100

120

150

200

ns

Read com-  tgrcs
mand setup
time

ns

Read com-  tgrey
mand hold
time

ns

OUtpUt tOHC
enable hold
time

ns

Output tOCD
enable/

chip enable

delay time

ns

Output hold  ty
time (from
column

address)

10

ns

Write com-  typ
mand pulse
width

25

25

30

35

ns

Chip enable tgy
time

100

120

150

200

ns

Column tasw
address

setup time

(for write)

ns

Column tAHW
address hold

time (after

write)

0

ns
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Table55 BusTiming (cont)

Sym- HM65256B-10 HM65256B-12 HM65256B-15 HM65256B-20
Iltem bol Min Max Min Max Min Max Min Max

Units

Input data  tpy 20 — 20 — 25 — 30 —
set time

ns

Input data  tpy 0 — 0 — 0 — 0 —
hold time
(after write)

ns

Write disable/tgy 5 — 5 — 5 — 5 —
output delay
(low 2)

ns

Write enable/ tyyy — 25 — 25 — 30 — 35
output delay
(high z)

ns

Transiton  tt 3 50 3 50 3 50 3 50
time (rise/fall)

ns

Refresh com- tgep 50 — 60 — 75 — 100 —
mand delay
time

ns

Refresh pre- tp 30 — 30 — 30 — 30 —
charge time

ns

Refresh com- tepap 80 10000 80 10000 80 10000 80 10000
mand pulse

width (auto-

refresh)

ns

Auto-refresh tgc 160 — 190 — 235 — 310 —
cycle time

ns

Refresh com- tpag 10000 — 10000 — 10000 — 10000 —
mand pulse

width (self-

refresh)

ns

Refresh set tgrg 160 — 190 — 235 — 310 —
time (self-
refresh)

ns

Refresh cycletger — 4 — 4 — 4 — 4

Notes: 1. Measuring conditions (Vcc =5V % 10%, Ta = 0to +70°C)
Input pulse level =2.4V, 0.4V
Input rise and fall time =5 ns
Input timing reference level = 2.2V, 0.8 V
Output reference level =V =2.0V, Vo =08V
Output load = 1TTL + 100 pF (including jig and scope)
2. teyz. tonz @nd, twyz are specified as times when output has reached open circuit
condition.
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3. Sample value under conditions of tr = 5 ns for tc 7, to z, @and toy . This value is not
measured for all items.

4. Write is conducted in the overlap when CE and WE are low.

5. When CS low occurs simultaneously with WE low or after it, output stays at high
impedance.

6. When an input signal of inverse phase to the output is applied in the write cycle, OE or
WE must disable the output buffer prior to applying data to the device. Then data input
must be floated before the output buffer's OE or WE is asserted.

7. Vi (min) and V_ (max) are input signal measurement timing reference levels.
Therefore, the transition time is measured between VI, and V.

8. Standby for 100 us or more after power on, and add at least 8 initialize cycles.

9. When self-refresh ends, fix CE and OE High during self-refresh set time (trs) to reset
self-refresh operation in RAM. When conducting an auto-refresh following a self-refresh,
drive OE low on completion of tgrg at the start of auto-refresh.

tre
tce tp

tas: | tRaH
-
Address ><><><
Ag—A7 ‘
tas tcan ‘ ‘
- - >
Ag—A14 D : ‘
tres ' tReH
> >
WE / “ tcea L ‘ \
fone ‘
« TN
‘ < toEa >
't : '
-l tonz tchz
tCLZ <+—> <+—>

Dout / Valid data X X
QXXX Vo ) 7

Figure5.6 HM65256B-12 Timing Wavefor ms (Read)
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ot X /—\
‘tAS‘ tRAH
Address
Ao-A7
: t .
‘<-> < CAH >
honzs XXX XXX
Ag-A14 ‘ ‘ 7
_ tcw o - tAnw >
- ‘ WP : L
WE : \ /
o tocp:
OE / \ \
: tDW‘ tDH :
‘ ! : ‘ toLz. Lt ‘
teLz tOHZ : t > 4%
‘ ow
Dout \/\/\V \/\/\/\/\/\Q

Figure5.7 HM®65256B-12 Timing Waveforms (Write)

CE / trpp tec L tec A\
-«

P L tFAP trp <P, A

o /N N/ 1/////

Figure5.8 HM65256B-12 Timing Wavefor ms (Refr esh)
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55 HM514260 AC Characteristics
Table5.6 BusTiming (Common)

HM514260A-7 HM514260A-8 HM514260A-10
HM51S4260A-7 HM51S4260A-8 HM51S4260A-10

Item Symbol  Min Max Min Max Min Max Units
Random read/write tgc 130 — 150 — 180 — ns
cycle

RAS precharge time trP S0 - 60 — 70 — ns
RAS pulse width tras 70 10000 80 10000 100 10000 ns
CAS pulse width tcas 20 10000 30 10000 25 10000 ns
Row address setup tasr 0 — 0 — 0 — ns
time

Row address hold  tran 10 — 10 — 15 — ns
time

Column address tasc 0 — 0 — 0 — ns
setup time

Column address tcan 15 — 15 — 20 — ns
hold time

RAS CAS delay trep 20 50 20 60 25 75 ns
time

RAS column trAD 15 35 15 40 20 55 ns
address delay time

RAS hold time tRsH 20 - 20 — 25 — ns
CAS hold time tesH 70 — 80 — 100 — ns
m m tCRP 15 — 15 — 15 — ns
precharge time

OFE/data input delay opp 20 - 20 — 25 — ns
time

OE delay time from !pzo 0 — 0 — 0 — ns
data input

CAS delay time from tozc 0 - 0 — 0 — ns
data input

Transition time tr 3 50 3 50 3 50 ns
(rise/fall)

Refresh cycle tRer — 8 — 8 — 8 ms
Refresh cycle (L tREF — 128 — 128 — 128 ms
version)

Note: Measuring Conditions (Ta =0 to +70°C, Vcc =5V £ 10%, Vg5 = 0V)
Input rise and fall time =5 ns
Input timing reference level = 2.4V, 0.8 V
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Output load =2 TTL + C_ (100 pF) (including jig and scope)
Table5.7 BusTiming (Read)

HM514260A-7 HM514260A-8 HM514260A-10
HM51S4260A-7 HM51S4260A-8 HM51S4260A-10

Item Symbol  Min Max Min Max Min Max Units
Access time from trac — 70 — 80 — 100 ns
RAS

Access time from tcac — 20 — 20 — 25 ns
CAS

Access time from tan — 35 — 40 — 45 ns
address

Access time from OE toac — 20 — 20 — 25 ns
Read command tres 0 — 0 — 0 — ns
setup time

Read command hold tgcy 0 — 0 — 0 — ns
time (for CAS)

Read command hold tggy 0 — 0 — 0 — ns
time (for RAS)

Column traL 35 — 40 — 45 — ns
address/RAS read

time

Output buffer turn-off toery 0 15 0 15 0 20 ns
time

Output buffer turn-off torrs 0 15 0 15 0 20 ns
time (for OE)

CAS/data input tcop 15 — 15 — 20 — ns
delay time
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Table5.8 BusTiming (Write)

HM514260A-7
HM51S4260A-7

HM514260A-8
HM51S4260A-8

HM514260A-10
HM51S4260A-10

Item Symbol  Min Max Min Max Min Max Units
Write command twes 0 — 0 — 0 — ns
setup time
Write command hold tyycy 15 — 15 — 20 — ns
time
Write command twp 10 — 10 — 20 — ns
pulse width
Write command/RAS try 20 — 20 — 25 — ns
read time
Write command/CAS toy 20 — 20 — 25 — ns
read time
Data input setup tps 0 — 0 — 0 — ns
time
Data input hold time tpy 15 — 15 — 20 — ns
CAS/OE delay time tcop — 0 — 0 — 0 ns
Table59 BusTiming (Refresh)
HM514260A-7 HM514260A-8 HM514260A-10
HM51S4260A-7 HM51S4260A-8 HM51S4260A-10
Item Symbol  Min Max Min Max Min Max Units
CAS setup time tcsr 10 — 10 — 10 — ns
(CAS before RAS
refresh cycle)
CAS hold time (CAS tcpr 10 — 10 — 10 — ns
before RAS refresh
cycle)
RAS precharge/CAS tgpc 10 — 10 — 10 — ns
hold time
Normal mode/CAS  tcpy 10 — 10 — 10 — ns

precharge time
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5 trAS % ‘
RAS § 7Z : \
tv : t s 1 :
I« < RSH > « RP_
P trep tcas o terp
L tcsh R
UCAS | X /
LCAS tAsr t ‘ t S
>0 5,  RA >
VtraH tasc!
e —> ﬁtCAH
Address >< Row §< ><Co|umn§<
: tRCS . . ‘tRCH .
) ‘ PRN
WE / \ tcac ‘ D &;
e
. o - > torr1
: High-Z /
Dout : ; Dout
- trAC > > torr
ot ‘ ot  teop |
DZC ‘ OAC ‘
— Highz | Y =
Din % ; ‘ N

¢ ' tobp
DZO ‘

= £
I:I . VlH or V||_

A

Figure5.9 HN5116640 Timing Waveforms (Read)
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A A

> trAS N
RAS \ <« RP
T—> - < tRSH »
trcD r tcas % tcrp %
- - lesh i
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tasr | RAH tasc: = Tcan
Address >< Row >< >< Column X
_ Ctwes tweH ‘
WE \:—» « =7/
tps oH

Din X Din X

Dout High-Z

Figure5.10 HN5116640 Timing Wavefor ms (Write)
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6.1

Section 6 Peripheral LS| AC Characteristics

HD63310RP20 AC Characteristics

Table6.1 BusTiming

Num- HD63310RP20
ber Item Symbol Min Max Units
1 Address setup time (AO-A9) tas — ns
2 Address hold time (A0—-A9) taH — ns
3 Address setup time (RS) tasrs 0 — ns
4 Address hold time (RS) tAHRS 15 — ns
5 Address setup time (AS) tasas 40 — ns
6 Address hold time (AS) taHAS 0 — ns
7 AS input Low pulse width tasLw 40 — ns
8 AS setup time tass 0 — ns
9 READY delay time (during read) trRYRD — *1 ns
10 READY release time (during read) tRYRH 0 60 ns
11 Data output delay time Direct addressing toor — 120 ns

mode

Indirect — 170 ns

addressing/FIFO mode
11A  Accesstime *2 Direct addressing tacc — 200 ns

mode

Indirect — 250 ns

addressing/FIFO mode
12 Data output hold time toHR 10 — ns
13 Data output 3-state off time toTorF — 60 ns
14 Data output 3-state on time toTon — 60 ns
15 READY delay time (during write) trywD — *1 ns
16 READY release time (during write) tRyWH 0 60 ns
17 Data input setup time tbsw 60 — ns
18 Data input hold time torw 0 — ns
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Table6.1 BusTiming (cont)

Num- HD63310RP20
ber Item Symbol Min Max Units
19 RDS hold time Direct addressing mode tgpsy 120 — ns
Indirect 170 — ns
addressing/FIFO mode
20 WRS hold time Other than FIFO mode  tygrsh 120 — ns
During FIFO mode 170 — ns
21 RDS recovery time trre 70 — ns
22 WRS recovery time twre 70 — ns
23 RDS x WRS recovery time tRWRC 70 — ns
24 WRS x RDS recovery time twrrC 70 — ns

Notes: 1. The READY signal is for synchronization, and the output delay time varies according to
the access request state of both ports. For example, if a read request is sent out from
two ports simultaneously, one waits for request accepted, a wait is generated, and

READY assert is late.
2. Timing when two ports are not accessed simultaneously.
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Figure6.1 Timing Waveforms (Read)
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(Input)

@

<—>

Valid data

8

Figure6.2 Timing Waveforms (Write)
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6.2 HD63143 AC Characteristics
Table6.2 BusTiming

Item Symbol Min Typ Max Units
Oscillator stable time tre — — 20 ms
Operating frequency fopr 1.0 — 4.0 MHz
Output clock frequency foik — fopr x2  — MHz
Output clock high level pulse width towH 55 — — ns
Output clock low level pulse width towL 55 — — ns
Output clock rise time tq — — 10 ns
Output clock fall time tor — — 10 ns
Address setup time tas 30 — — ns
Address hold time taH 5 — — ns
Delay time from CS low to READY low (excluding tcrD1 — — 60 ns
RAM)
Delay time from DS low to READY high UDR twaT — — 3 s

(UPC)*

Others — — 750 ns
Delay time from DS high to READY low tcro2 — — 80 ns
DS high pulse width towH 80 — — ns
R/W setup time trs 10 — — ns
R/W hold time = 5 — — ns
Read data delay time (RAM) troD — — 140 ns
Delay time from READY high to read data tRRDD — — 60 ns
Delay time from OE to read data torDD — — 80 ns
Read data hold time tROH 10 — — ns
Time from OE high to read data hold toRDH 10 — — ns
Write data delay time twopp — — 120 ns
Write data setup time twps 100 — — ns
Write pulse hold time from READY high twH 120 — — ns
Write pulse low width (RAM) twwL 100 — — ns
Write data hold time twpH 5 — — ns
READY turn-off time from CS high trro — — 50 ns

Note: Inverse proportion to fq, when fqy = 4 MHz.
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2.0
Ao~A1o >< 08 ><

tas tam
_ < 2.0 7
CS X 0.8 7ZL
_ 2.0 7 ‘ - ‘
RIW / 1 | \

‘ tRS : [ tRH
«—p
. /f20 . 2.0 B
DS : \ 0.8
‘ towH tRoD ‘ tRDH
-— pe————————»p <>
OE 0.8 | /
© torDD ‘ ‘
<> <> tORDH

READY ; ; High-Z

2.4 )
_ Valid
Do-D7 ><:0.8 3

Note: tag, trs, and tgpp preset to the low transition point of whichever is later, CS or DS .
tan, try, and trpy preset to the low transition point of whichever is earlier, CS or DS .

Figure6.3 Timing Waveforms (RAM Read)
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2.0
poio X G X

t ‘ t
AS _AH

cs ~ X 20 7 7
08~ | 7
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‘ ‘tRS L s tRH ‘
<> <>
: 2.0;&Y 2'07ZL
DS 0.8 0.8
‘ ‘ ' tRDH
S =

. A /

‘ : torDD ‘ ‘
tcro1 ‘ twaT ‘ <4+—>1orpH - trTO
—> <« -
: 24, : :
READY W 0.8 : : :
tRRDD ‘
-«

Fa4
Do-D- ><0_8 valid y———

Note: tas, trs, and tyar preset to the low transition point of whichever is later, CS or DS .
tan, try, and tgpy preset to the high transition point of whichever is earlier, CS or DS .

Figure6.4 Timing Waveforms (Read other than RAM)
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Ao—A10

R/W

READY

Do-D7

0.8

twwiL

ARl

twos

- twpH

4
N

Valid

:

Note: tag preset to the low transition point of whichever is latest, CS, R/W, or DS .
twwL preset to the low transition point of whichever is earliest, CS, R/W, or DS, and the

high transition point of whichever is the earliest, CS, R/'W, or DS .

tan preset to the high transition point of whichever is earliest, CS, R/W, or DS .

Figure6.5 Timing Waveforms (RAM Write)
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Ag—A10

RIW

twarr

READY 0.8%

twpp

Note: tas, trs, twpp,and twar preset to the low transition point of whichever is later, CS or DS .
tan, try, and typy preset to the high transition point of whichever is earlier, CS or DS .

Figure6.6 Timing Waveforms (Write other than RAM)
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6.3 TMP82C55AP-10 AC Characteristics
Table6.3 BusTiming

AP-2/AM-2 AP-10/AM-10
Symbol Item Min Max Min Max
tar Address setup time against RD falling edge 0 — 0 —
tra Address hold time against RD rising edge 0 — 0 —
ter RD pulse width 160 — 150 —
tro Delay time from RD falling edge to definite data — 140 — 100
output
toe Time from RD rising edge until data bus floating 0 40 0 40
try Time from RD or WR rising edge to the next 200 — 150 —
RD MR rising edge
taw Address setup time against WR falling edge 0 — 0 —
twa Address hold time against WR rising edge 0 — 0 —
tww WR pulse width 120 — 120  —
tow Bus data setup time against WR rising edge 100 — 100 —
two Bus data hold time against WR rising edge 0 — 0 —
twe Time from WR rising edge to definite data output — 350 — 350
tr Port data setup time against RD falling edge — —
tR Port data hold time against RD rising edge — —
tak ACK pulse width 300 — 300 —
tsr STB pulse width 350 — 350 —
tps Port data setup time against STB rising edge 0 — 0 —
tpH Port data hold time against STB rising edge 150 — 150 —
taD Time from ACK falling edge to definite data output — 300 — 300
tko Time from ACK rising edge until port (mode 2, 25 250 20 250
port A) is floating
twos Delay time from WR rising edge to OBF falling — 300 — 300
edge
taos Delay time from ACK falling edge to OBF rising — 350 — 350
edge
tsig Delay time from STB falling edge to IBF rising — 300 — 300
edge
tRiB Delay time from RD rising edge to IBF falling — 300 — 300
edge
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Table6.3 BusTiming (cont)

AP-2/AM-2 AP-10/AM-10
Symbol Item Min Max Min Max
triT Delay time from RD falling edge to INTR falling — 400 — 400
edge
tor Delay time from STB rising edge to INTR rising — 300 — 300
edge
taT Delay time from ACK rising edge to INTR rising — 350 — 350
edge
twiT Delay time from WR falling edge to INTR falling — 450 — 450
edge
Input operation : trR .
" 5 /
T SR
X X
‘ tAR - tRA :
<« -

2
>
oZl>

>
ot

Figure6.7 Timing Waveforms (Read)
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Output operation : tww

t AW ‘ tWA

Output ‘ ><

Figure 6.8 Timing Waveforms (Write)

6.4 HD64610 AC Characteristics

Unless otherwise specified: Voc =5V £10%, Vsgs =0V, Ta=-20to +75°C (hormal
specification), Ta=—40 to +85°C (wide temperature range specification).

Table6.4 BusTiming (Read)

Item Symbol Min Max Units
Read cycle time tre 85 — ns
Address access time tan — 85 ns
Chip select access time tacs — 85 ns
Output enable access time toe — 45 ns
Output hold time ten 10 — ns
Chip select/output set time torz 10 — ns
Output enable/output set time toz 5 — ns
Chip deselect/output floating toHz 0 35 ns
Output disable/output floating tonz 0 35 ns
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% \\\\ s
tOE tOH :
> : <t
ot : : ) :
<« 22, : : g
‘ tacs ‘ ; tonz >
teiz tehz
Dout >< Data valid />/ >
Figure6.9 Timing Waveforms (Read)
Table6.5 BusTiming (Write)
Item Symbol Min Max Units
Write cycle time twe 85 — ns
Chip select time tow 75 — ns
Address valid time taw 75 — ns
Address setup time tas 0 — ns
Write pulse width twp 60 — ns
Address hold time twr 10 — ns
WE/output floating twHz 0 35 ns
Input data set time tow 40 — ns
Input data hold time toH 0 — ns
Output disable/output floating tonz 0 35 ns
WE/output set time tow 5 — ns
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> twe %
Address >< ><

R

g -«

OE f
> tew .

« TS I
St : ;
DS, :
< : faw >

O \\\ /

‘ twp*t ‘

tonz*> . 5

« ;

Dout
: tow i ToH

X XXX

Notes: 1. Write operation conducted in the overlap (typ) between CS = low and WE = low.
2. tywr measured from the high transition point of whichever is earlier (CS or WE) to
the end of the write cycle.

3. 1/0 pinis in output state during this period. Input signals must not apply an inverse
phase to that of the output.

Figure6.10 Timing Waveforms (Write)
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6.5 LMO32L AC Characteristics
Table6.6 BusTiming

Item Symbol Min Typ Max Units
Enable cycle time teye 1.0 — — Us
Enable pulse width PWen 450 — — ns
Enable rise/fall time te, te — — 25 ns
RS and R/W setup time tas 140 — — ns
Data delay time topor — — 320 ns
Data setup time tosw 195 — — ns
Hold time tH 20 — — ns

ns [22V 22V
0.6V 0.6V -
W 22V : l\z.zv
/ : PW, oty
< EH <>
c H22V 2.2V |
06V~ 0.6V S tg Lo6V

g < tDDR ) ‘ ty
t—» >
‘ 2.4V\ _ /2.4V
DBy-DB; ‘ 04V Valid data 04V
‘ tcyc

v

Figure6.11 Timing Waveforms (Read)
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—» <+ g tosw ty :
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Figure6.12 Timing Waveforms (Write)
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