HD64401CP

Frame Buffer Interface Controller (FBIC)

Description

The HD64401 framc buffer interface controlier
(FBIC) is an interface 1C for use bctween the
HD64400 graphic data processor (GDP) and [rame
buffcrs consisting of MP-DRAMSs (multi-port
DRAMs). The FBIC generates timing for MP-
DRAM rcad, write, refresh, read data transfer, and
scrial rcad, which arc necessary for the GDP draw (CP-68)

refresh, and display opcrations.

* The FBIC multiplexes the frame buffer address Pin Arrangement
sent from the GDP and outputs it as the MP-

DRAM row address and column address. The
FBIC also receives the frame buffer status (FBS)
signal from the GDP and gencratcs MP-DRAM
control signals such as RAS, CAS, WE, and
DT/OE and shifter interface signals such as SC,
SOE, and LD. The number of parts in the GDP
graphics processing system can be kept to a mini-
mum this way.

Features

«  Conuol of the MP-DRAM display, drawing,
and refresh operations according to FBS sig-
nals from the GDP
— MP-DRAM row/column address generation

(multiplexing of addresses output from
GDP)
— Generation of timing signals such as RAS,

CAS, DT/OE, WE, SOE, and SC
— Generation of LD timing signals for the
shift registers
»  Superimpose function by using two FBICs
— Basc display mode or superimpose mode
(sclectable by the BASE pin)
» Sclection of 4-bit/pixel, or 8-bit/pixel display
by using the SCRATE pin
— 1 bit/pixel, 2 bits/pixel, and 16 bits/pixel
can be enabled by external circuits
= Control of up to four MP-DRAM banks with
RASO—-RTS3 and SOEo—S_O—E3
» Frame buffer expansion through use of multi-
ple FBICs
» TTL-compatible inputs/outputs
«  CMOS process
* +5 V single-level power voltage
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HD64401CP

Pin Description

Item Symbol Pin No. /O Description
Power supply Vee 1,32,35 _— Power supply
Vgs 17, 18, 39, — Ground
51,52, 63
Frame buffer RAS,~-RAS; 47, 48, 45, O Row address strobe
access 44
CAS 49 o Column address strobe
DT/OE 48 O Data transfer/output enable
WEO, WE, 62, 61 (@] Write enable
SC 38 (o} Serial clock
SOE;-SOE3 43, 42, 41, (@] Serial output enable
40
Ag—-Ag 60, 59, 58, o] Address
57, 56, 55,
54, 53, 50
GDP RAg—-RAg 16, 15, 14, i Row address
interface 13, 12, 11,
10,9, 8
CA,—CAg 27, 26, 25, | Column address
24, 23, 22,
21,20, 19
BSEL,, 7.6 | Bank select
BSEL,
MAO 28 | Frame buffer address
FBS,-FBS; 2,3,4,5 | Frame buffer status
sT8 34 | Strobe
SCLK 33 | S clock
DISP 29 1 Display timing
cs 67 | Chip select
Programming BASE 30 i Base display
SCRATE 31 ! Serial clock rate
Shifter LD-T 36 (0] Load data-T
interface LD 37 e} Load data
Bufter ﬁo, -B_E1 65, 64 (o] Buffer enable
control DIR 66 @) Direction control
System control RES 68 | Reset
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Pin Functions
Power Supply

Vcee: Power supply pins. Connect all three to +5
V.

Vgs: Ground connection pins. Connect all six to
ground.

Frame Buffer Access

RAS,-RAS;: Output the RAS signals for the MP-
DRAMSs. All the pins are active low during the
refresh operation.

CAS: Outputs the CAS signal for the MP-
DRAMs.

DT/OE: Outputs the DT/OE signal for the MP-
DRAMs according to the FBS input and controls
data transfer and random port output.

WE,, WE,;: Output the WE signals for the MP-
DRAMs according to the FBS and MAGO signals.

SC: Outputs the synchronizing signal for the seri-
al port output of the MP-DRAMs.

Ag—-Ag: Output the multiplexed address for the
MP-DRAMSs. They indicate RAg-RAg at the RAS
falling edge, and CAp—CAg at the CAS falling
edge.

GDP Interface

RA(-RAg: Connect to the upper address pins of
the frame buffer address signals (MA) of the GDP.

CA(y—CAg: Connect to the lower address pins of
the frame buffer address signals (MA) of the GDP.

BSELg, BSEL,: Connect to the two bits of the
frame buffer address signal pins (MA). According
to these signal inputs, the FBIC selects a bank by
using RAS;-RAS; and SOE(-SOE;.

MAg: Inputs the frame buffer address signal MA,
of the GDP.

FBS(,-FBS3: Inputs signals FBSy—FBS3 of the
GDP. The FBIC decodes the signals and generates
the frame buffer control signals.

STB: Inputs signal STB of the GDP. It specifies
the latch timing of the GDP signals such as MA or
FBS.

SCLK: Inputs signal SCLK of the GDP. STB and
this signal arc used as the base clock of the FBIC.

DISP: Inputs signal DISP; of the GDP in base dis-
play modc, and inputs signal DISP, in superim-
pose display modec.

CS: Reccives the decoded signals of the upper
frame buffer address (MA) of the GDP when mul-
tiple FBIC's arc uscd.

Programming
BASE: Sclects the FBIC operation mode.

» High lcvel: Base display mode
»  Low level: Superimpose display mode

SCRATE: Sclects the SC, LD, and LD-T clock
cycle.

» High lcvel: Two outputs per memory cycle
» Low level: Onc output per memory cycle

Shifter Interface

LD-T: Outputs thc load signal to the external shift
registers in the G2 state when SCRATE is low, and
in the G2 and G6 statcs when SCRATE is high.

LD: Outputs the load signal to the external shift
registers in thc G3 state when SCRATE is low, and
in the G3 and G7 states when SCRATE is high.

Buffer Control

BE,, BE;: Output the enable signals for the exter-
nal bus controller.

DIR: Outputs the direction signal for the external
bus controllcr.

System Control

RES: Rcscts the FBIC.
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System Configuration Example
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HD64401CP

Frame Buffer Configuration

The FBIC controls frame buffers consisting of MP-
DRAMs (multi-port DRAMs). The frame buffer
address signal lines from the GDP are divided into
the column address, row address, bank sclect, and
chip select signals 1o be input to the FBIC (figure
1). The connection between the GDP frame buffer
address pins and the FBIC address pins according
to thc MP-DRAM type (HM53461, HM534251,
and HM538121) is shown in table 1,

In MP-DRAM, the data in the row selected by the
row address is transferred to the serial access mem-
ory (SAM) during the read transfer cycle (DT/OE
= low at the RAS falling edge). The data is thcn
serially transferred to the serial port from the
address selected by the column address.
Therefore, the lower address MA pins of the GDP
must be connected to the column address (CA)
pins of the FBIC, and the upper MA pins must be
connected to the row address (RA) pins.

The FBIC can control up 10 four memory banks by
using pins RAS)~-RAS; and SOE(-SOE; (table 2).
The RAS and SOE signals sclect a bank according
to the MA address assigned to pins BSEL; and
BSEL,.

The FBIC outputs the RAS signal corresponding to
the bank mcmory selected by the bank select bits
of the frame buffer address during the GDP draw
and display cycles. The SOE signal is switched
during thc memory cycle following the display
address output cycle.

Multiple FBICs can be used to expand frame
buffers by applying the decoded upper frame
buffer address (MA) signal, which is output from
the GDP, to the TS pins of the FBICs.

MA ,, 16 15

N\

T O L T
g

MA,

Column address (CA)

Row address (RA)

Bank select (BSEL)

Chip select (CS)

Notes 1: The configuration is for the HM534251 MP-DRAM (256k x 4)
2: MAjis used for accessing by word.

Figure 1 Frame Buffer Address Configuration
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HD64401CP

Table 1 Frame Buffer Address Connection According to MP-DRAM Types

MP-DRAM Type

1-Mbit 1-Mbit 256-kbit

(256k x4) (128K x8)  (64k x 4) FBIC Pin Name

HMS534251 HMS538121  HM53461  Input Output

MA18 MA17 - RAg Ag Valid at the RAS falling
MA17 MA16 MA16 RA; A, edge
MA16 MA15 MA15 RAg Ag

MA15 MA14 MA14 RAs As

MA14 MA13 MA13 RA, A,

MA13 MA12 MA12 RA; As

MA12 MA11 MA11 RA, Ay

MA11  MAT10 MA10 RA, Ay

MA10 MA9 MAQ RA, Ao

MA9 — — CAg Ag Valid at the CAS falling
MAS MA8 MAS CA, A, edge
MA7 MA7 MA7 CAg As

MAB MAG MAG CAs As

MAS MAS MAS5 CA, A,

MA4 MA4 MA4 CAs As

MA3 MA3 MA3 CA, A,

MA2 MA2 MA2 CA, A,

MA1 MA1 MA1 CA, Ao

Note: This table applies when using a 32-bit frame buffer bus.
Unused input pins RAg and CAg must be fixed high or low when using the HM538121 or HM53461.

Table 2  Bank Select

Bank Select Signal
BSEL, BSEL, Selected Bank Number

0 0 0
0 1 1
1 0

1 1 3
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Frame Buffer Read/Write Control

The FBIC, as the interface between the GDP and
frame buffers, receives timing signals such as STB
and SCLK and frame buffer status (FBS) informa-
tion from the GDP and generates the read and write
cycles for the frame buffers. Table 3 shows the
GDP status and FBIC operation.

Read Cycle (FBS = 4y, 6y)

The GDP sends the frame buffer address and mem-
ory read status in the GO state during the drawing
cycle. The FBIC receives the signals at the STB
falling edge and generates the frame buffer read
cycle (figure 2).

The FBIC sends row address RAg-RAg through

pins Ag-Ag from the STB falling edge until the G4
state, and pulls RAS low in the G3 state, to provide
the row address fetch timing for the MP-DRAM.
The FBIC then sends column address CAg—CAg
through pins Agp-Ag in the G4 state, and pulls CAS
low in the GS stale to provide the column address
fetch timing.

The FBIC also pulls DT/OE low from G4 state
until the next GO state to generate memory read
timing for thc MP-DRAM.

The MP-DRAM outputs onto the frame buffer data
bus thc drawing data in the memory cell selected
by the row and column addresses. The GDP reads
the data in the G7 state.

G G5 G7T GO Gl R B G G G7 &0 Gl @&

SCLK

MpNpEpupNpEnEnNNN

MA
(GDP output) l [

FBS
(GDP output) ] [

STB
(GDP output) J l

MD
(GDP read)

SCLK

e

O
>
w

A

T/OE (OF)

MP-DRAM (I/O)

=

Figure 2 Memory Read Timing

@ HITACHI
198 Hitachi America, Ltd. » Hitachi Plaza » 2000 Sierra Point Pkwy. @ Brisbane, CA 94005-1819 o (415) 589-8300

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



HD64401CP

Table 3 GDP Status and FBIC Operation
Status
FBS, FBS, FBS, FBS, GDP Operation FBIC Operation
0 0 0 0 No access to the frame buffer No access to the frame buffer
0 0 o] 1 Memory write in write-only mode  No access to the frame bufter
o] 0 1 o] Not defined No access to the frame buffer
0] 0 1 1 ADOUT instruction execution No access to the frame buffer
0 1 0 0 Memory read for drawing Memory read
by word
o] 1 0 1 Memory write for drawing Memory write
by word
0 1 1 0 Memory read for drawing Memory read
by long word
0 1 1 1 Memory write for drawing Memory write
by long word
1 0 Refresh address output Refresh
1 1 Refresh address and attribute Refresh
output
1 1 o] Not defined No access
1 1 1 Not defined No access
1 1 0 o] Base display address output Timing generation for the read
transfer and serial read cycles
1 1 0 1 Superimpose display address Timing generation for the read
output transfer and serial read cycles
1 1 1 o] Not defined No access
1 1 1 Not defined No access

Write Cycle (FBS = 5y, 7y)

state to gencratc the memory write timing for the
MP-DRAM (figure 3).

The FBIC multiplexes the frame buffer address

and gencrates the MP-DRAM row and column
addresses by using the same timing uscd in the
read cycle. Then the FBIC pulls WE low in the G5

The drawing data, output to the framc buffer bus
by the GDP, is written to the MP-DRAM memory
cell sclected by the row and column addresses.
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Figure 3 Memory Write Timing

Display Operation (FBS = Cy, Dy)

For screen display, the FBIC controls the MP-
DRAM rcad transfer during the GDP display
addrcess output cycle, and then controls the scrial
read (figure 4). The GDP outputs the display sta-
ius and the display address of the frame buffer dur-
ing the first cycle of the screen display and rcal-
time rcad transfer cycles (that is, after the last bit
of the data register in the SAM has been read).
The FBIC decodes the display status and controls
the rcad transfer and the scrial read.

Read Transfer Control

The FBIC receives the display address and display
status at the STB falling edge during the display
address output cycle. Next, the FBIC multiplexcs
the display address and generates the row address
and SAM starting address. The MP-DRAM
receives the row address at the RAS falling edge in
the G3 state and the SAM starting address at the
CAS falling cdge in the G5 state. The FBIC pulls
DT/OE low in thc G2 state beforc the RAS falling
edge (G3 state) and keeps it low until the G7 state,
to control the MP-DRAM read wransfer.

The MP-DRAM reads the data in the row selected
by the row address and transfers it to the SAM data
register at thec DT/OE rising edge in the G7 state.

Serial Read Control

The FBIC pullts SOE low in the G1 state during the
memory cycle following a read transfer, and the
MP-DRAM cnters serial read mode. The MP-
DRAM outputs the display daia serially from the
SAM starting address to the serial port after receiv-
ing the SC signal from the FBIC.

The display data sent from the serial port is loaded
into the cxternal shift registers at the timing given
by the shift load signal (LD or LD-T) from the
FBIC. Then the data in the shift registers, to be
uscd as dot data, is output synchronously with the
dot clock signal of the system.

The LD or LD-T signal can be selected as the shift
load signal depending on the delay time of the seri-
al data output from the MP-DRAM (figure 6). The
SC signal is regularly sent from the FBIC.
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GO G1 G2 G3 G4 G5 G6 G7 GO G1 G2 G3 G4 G5 G6 G7 GO
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Note: Put the FBIC in base display mode and set SCRATE low.

Figure 4 Display Timing
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Display Operation Mode

The FBIC operation mode can be selected from the
base display or supcrimpose display mode by set-
ting the BASE pin. The GDP has two frame buffer
access modes: the single-access and dual-access
modcs.

When the single-access mode is sclected in the
GDP, the display period is one memory cycle, and
only the base screen is displayed. In this case,
BASE of the FBIC is sct high, and DISP, of the
GDP is input to DISP of the FBIC. In this sctling,
the FBIC sets SOE low and outputs LD in the
mcmory cycle after the DISP input goes low.

When the dual-access mode is selected in the GDP,
the display period is two memory cycles. The first
of the two memory cycles is for base display, and
the sccond is for superimpose display. When the
FBIC is used for basc display, BASE of the FBIC
is sct high, and DISP, of the GDP is input to DISP
of thc FBIC. When the FBIC is uscd for superim-
posc display, BASE is sct low and DISP, of the
GDP is input to DISP.

Horizontal Smooth Scrolling: The scrolling
function scrolls the display in one-display period
units when the starting address is changed in the
GDP.

The horizontal smooth scrolling function scrolls
the display in one-dot units. This function is per-
formed by controlling the display starting dot loca-
tion with the starting dot address, which is attribute
control information output from the GDP and
latched in an external circuit.

To smooth scroll in one-dot units, dot data for one
additional display period must be sent as display
data. By using external circuits 1o delay thc DISP
risc time for onc display period, the LD and SOE
output period is extended for one display period,
and dot data for onc more display period can be
obtaincd. Additional circuits, such as display loca-
tion sclect circuits and shifters for parallel input
and output, must be installed for smooth scrolling.

Because of the high drawing efficiency in a system
using MP-DRAMs, the horizontal smooth scrolling
function can be cxecuted with the copy command
of the GDP.

Table 4  FBIC Operation Mode Selection
BASE Input DISP Input
Display Mode Level Signal
Base High DISP,
Superimpose Low DIspP,
G HITACHI
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Single access modfe
BASE = high (biase display mode)

1 aisplay périod
FBs Y B Y 0 X 0 X 0 X B X XX X

DISP 4

DISP 2

SOE

o nonnn

Dual access mode

BASE = high (base display mode)
1 display period : :

s XXX X XXX

o o n n

BASE = low (superimpose display mode)

s YT XS XXX E XS XX

& Ln.n_n

Figure 5 SOE and LD Output Period
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Clock Cycle Selection

The number of SC and LD (LD-T) output cycles
can be sct to one or lwo per memory cycle with the
SCRATE pin of the FBIC (table 5).

Eight pixels of data must be displayed during onc
memory cycle in a standard system where the dis-
play dot clock is input to CLKIN of thc GDP.
Thercfore, the systcm nceds 32-bit display data in
4-bit/pixel display mode and 64-bit display data in

8-bit/pixcl display mode. When a system using
MP-DRAMs has a 32-bit frame buffer bus, each
bank outputs 32-bit serial data. When the SC sig-
nal is input to the MP-DRAM once per memory
cycle, the MP-DRAM sends 32-bit display data
during onc memory cycle, and the system displays
4 bits/pixcl. When the SC signal is input twice, the
MP-DRAM scnds 64-bit display data during one
memory cycle, and the system displays 8 bits/
pixel.

Table 5 Clock Cycle Control

SCRATE Pin Clock Cycles
Level During a Memory Cycle
Low 1
High 2
GO Gt & &BB &4 & & G7 GGl & B B G
SCLK l | I l I | I l

SCRATE = low

sC [

SCRATE = high

[

—

LD-T

[1 [

LD r_l

[

Figure 6 Clock Cycle Control for Shifter Interface

Frame Buffer Serial Output Control

FBIC Bank Access: The FBIC can control up to
four memory banks by using pins RAS;-RAS; and
SOE(-SOE3. Signals RAS;-RAS; as well as
SOE(-SOEj see correspond to bank memorics
0-3, (see table 3) and are controlled by thc BSEL,
and BSEL, input signals.

The FBIC, using BSELj and BSEL, inputs to
select a bank, controls the serial output from the
four MP-DRAM banks with the SOE signal. The
serial output pins of the MP-DRAMs can be wired-
ORed, so that their output is input to the shift
registers.

Serial Output Control by CS: To prevent data
conflicts by wire-ORing the serial output pins of
thc MP-DRAMs when inultiple FBICs are used,
CS controls thc SOE signals. The CS signal is
generated by decoding the frame buffer address
during the display address output cycle.

The FBIC sclected by CS pulls SOE low (active)
during thc mcmory cycle following the display
address output cycle, and the deselected FBIC
pulls SOE high during the memory cycle following
the display address output cycle.
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Figure 7 Bank Control by RAS and SOE Example
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Refresh

The FBIC receives the refresh address of the frame
buffers and the refresh status, which are output
from the GDP during the refresh cycle, at the STB
falling edge. The FBIC generatcs MP-DRAM
refresh timing with the RAS-only refresh method
(figure 8). With the RAS-only refresh method, the
RAM memory cells in the row specified by the
row address are refreshed when the DT/OE and
CAS signals arc high at the RAS falling cdge.

The FBIC multiplexes the refresh address sent
from the GDP, and outputs row address RAg-RAg
through pins Aj-Ag. Then, the FBIC pulls the
RAS,-RAS; signals low simultaneously in the G3
state and rcfreshes the (rame buffers. Becausc
RAS,~RAS; signals arc output independently of
CS and BSEL, all memory devices can be
refreshed regardless of the number of bank memo-
rics. Even during the reset period, the GDP out-
puts the refresh status.  According to this status,
the FBIC controls MP-DRAM refresh.

e [ L

MA

G G5 G7 GO Gl &2 BB G4 G5 GB G7 GO G1 & (B3 4

I Y

(GDP output) ] I

FBS | ] [ :

(GDP output)

56,95 ] |

STB
(GDP output)

MD
(attribute)

SCLK

High

High

High

Figure 8 Refresh Timing
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Bus Control

When multiple FBICs are used to expand frame
buffers, the number of memory devices connected
to the frame buffer bus (the MD bus of the GDP)
increases. Since the load capacitance then increas-
es, bus buffers must be used. To control bus
buffers, the FBIC outputs the BEj, BE,, and DIR
signals.

In a standard system using a 32-bit frame buffer
bus, the GDP exccutes long-word reads and long-
word writes. Bus buffers used in this situation are
controlled with BEy and DIR.

As shown in table 6, BE; is low (active) when
MAOB1, while the frame buffer status (FBS) indi-
cates a word read or a word write. In word write
status, WE; is low (active) when MAO is 1 and
WE, is low (active) when MAQ is 0. These condi-
tions cnable word accesscs.

When the 16-bit CPU accesses words in the 32-bit
frame buffer bus by using the HALT signai,

the data location accessed can be switched
between the upper and lower words in the bus for
every word access by using the BE; signal. When
the external HALT control circuit sends a HALT
request to the GDP, the GDP sets MA, MD, and
FBS-FBS; signals at high impedance and releas-
cs the frame buffer bus for one memory cycle.
The external HALT control circuit generates the
same MA and FBSy-FBS; signals as the GDP, and
the FBIC controls the frame buffer according to
these signals.

Control of Word Access

The FBIC provides write enable signals WEgq and
WE, to enablc word accesses of the upper or lower
frame buffer data. WEg and WE; depend on MAO,
which is the lowest bit of the frame buffer address
and is input to the MAO pin of the FBIC.

Table 6 Write Enable and Bus Control Signals
Frame Buffer Status MAO Wf1 WEO EE, Eo DIR
Word Read 0 1 1 1 0 1
1 1 1 0 1
Write 0 1 0 1 0 0
1 0 1 0 1 0
Long word Read " 1 1 1 0 1
Write * 0 0 1 0 0
Refresh " 1 1 1 1 1
Display i 1 1 1 1 1
Note: *indicatesOor 1.
Reset

The FBIC has a reset function (see table 7), acti-
vated by RES input, 1o prevent malfunctions dur-
ing the reset period after power on. The GDP per-
forms refresh even during the reset period, to retain

data in mcmory. The FBIC controls MP-DRAM
refresh with RASp-RAS; and Ay—Ag, according to
the refresh status of GDP.
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Table 7 Output Signal Status at Reset

Item Symbol Status
Frame buffer access R—ASO—R_AS3 Refresh operation according to the GDP
CAS High
DT/OE High
WE,, WE, High
SC Not affected
SOE,~SOE, High
Ao—Ag Not affected
Shifter interface LD-T Not affected
LD
Buffer control BE,, BE, High
DIR High

Electrical Characteristics

Absolute Maximum Ratings

Item Symbol Rating Unit Notes
Supply voltage Vee ~-0.310 +6.7 \ 2
Input voltage Vin —0.3to Vgc + 0.3 \ 2
Maximum output llo] 5 mA 3
current

Operating temperature Topr -20 to +70 °C

Storage temperature Tsig -55 to +125 °C

Notes: 1. Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation
must be under recommended operating conditions. If these conditions are exceeded, the LSI
may malfunction or its reliability may be affected.

The voltage is with respect to Vgg = 0 V.

3. The maximum output current is the maximum current flowing into or out of any output pin.

e

Recommended Operating Conditions

Item Symbol Min Typ Max Unit
Supply voltage Vee 4.75 5.0 5.25 \
Input low voltage ViL 0 — 0.8 )
Input high voltage Vin 2.2 — Vee \
Operating temperature Topr 0 25 70 °C

Note: All voltages are with respect to Vgg = 0 V.
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DC Characteristics (Voo = 5.0 V£5%, Vg (GND) = 0 V, Ta = =20 to 70°C, unless otherwise specified)

ltem Symbol Min Max Unit Test Conditions

Input high voltage Vin 2.2 Vee \

Input low voltage Vi -0.3 0.8 Vv

Input leakage current hN -1.0 +1.0 pA Vipto Oto Ve

Output high voltage VoH 35 — \ lon = —350 A

Output low voltage VoL — 0.5 \ lop=1.6 mA

Input capacitance Cin — 15 pF Vin =0V, Ta=25°C
f=1MHz

Current lee — 100 mA

AC Characteristics (Ve = 5.0 V5%, Vg =0V, Ta = =20 to 70°C, unless otherwise specified)

Item Symbol Min Max Unit Test Conditions
STB setup time tss 10 — ns Figure 9, figure 11
Memory address tMAS 0 — ns
setup time
Memory address tMAH 0 — ns
hold time
Frame buffer address tap — 55 ns
output delay time
RAS delay time tro — 50 ns
CAS delay time tco — 50 ns
V—VEdeIay time two - 50 ns
DT/OE delay time top — 50 ns
Bus buffer control tspD — 65 ns
delay time
DISP input setup time tos 10 — ns Figure 10, figure 11
SOE output delay time tsoep — 55 ns
SC output delay time tsco — 55 ns
LD output delay time t oo — 55 ns
~
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Note on Use ated by wiring when the application board is

designed. The conditions for buffer installation are
Buffers may be required depending on the number shown in table 8.

of memory devices and the load capacitance gener-

Table 8 Conditions for Buffer Installation

Number of Banks (MP-DRAMSs)

Conditions 1 2 3 4 Note
Load capacitance 64 128 192 256
Buffer instaliation  Not required Required (Note 3) Required Required 2

Notes: 1. Excluding wiring capacitance.
2. Memory input capacitance is estimated at & pF
3. Wiring capacitance is 50 pF.

GO0 G1 G2 G3 G4 G5 G6 G7 GO Gi G2 G3 G4 S

SCLK AR Y AR

Iss

(FBIC input) taans\ /, \ [

MAS|  tMAH

MA g : : v
(FBIC input) < ; - Dy

>

t RD

0|
>
7

Note: ViN=13V,Vgu=22V, V5 =08V

Figure 9 Frame Buffer Control Timing
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Figure 10 Serial Output Control Timing
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Figure 11 Test Load Circuit
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Figure 12 Output Signal Rise Time

Treatment Before Use

When the LSI is mounted on the application board
by a total device heating method such as the vapor
phase reflow method, the moisture absorbed from
the atmosphere into the package during storage is
vaporized by the quick heating, and package
cracks may form.

To decrease the possibility of this problem occur-
ring, Hitachi delivers the LSIs in an inner package
sealed with vinyl plastic. To further improve the
reliability, prebaking the LSIs at 125°C for 16 to
24 hours before mounting is also recommended.
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