HM538121 Series

131,072 x 8-Bit Multiport CMOS Video Random Access Memory

B DESCRIPTION

The HM538121 is a 1-Mbit multiport video RAM equipped with a 128k-word x
8-bit dynamic RAM and a 256-word x 8-bit SAM (serial access memory). Its RAM
and SAM operate independently and asynchronously. It can transfer data between
RAM and SAM and has a write mask function. It is suitable for a graphic processing
buffer memory.

B FEATURES

* Multiport Organization
Asynchronous and Simultaneous Operation of RAM and SAM Capability
RAM: 128k-word x 8-bit and SAM: 256-ward x B-bit

e Access Time RAM ..................... 100 ns/100 ns/120 ns/150 ns (max)
SAM ... 30 ns/35 ns/40 ns/50 ns (max)
* Cycle Time RAM ... ... ..ol 190 ns/190 ns/220 ns/260 ns (min)
SAM ... 30 ns/40 ns/40 ns/60 ns (min)

* Low Power
Active RAM . e 495 mW (max)
SAM . e 468 mW (max)
Standby . ... e 40 mW (max)

¢ High-Speed Page Mode Capability
¢ Mask Write Mode Capability
* Bidirectional Data Transfer Cycle between RAM and SAM Capability
¢ Real Time Read Transfer Capability
* 3 Variations of Refresh (8 ms/512 Cycles)
RAS Only Refresh
CAS Before RAS Refresh
Hidden Refresh
e TTL Compatible

H ORDERING INFORMATION

Part No. Access Time Package
RAM SAM
HM538121JP-10 100 ns 30ns 400 mil
HM538121JP-11 100 ns 35ns 40-pin
HM538121JP-12 120 ns 40 ns Plastic SOJ
HM538121JP-15 150 ns 50 ns (CP-40D)
H PIN DESCRIPTION
Pin Name Function
Ap-Ag Address Inputs
1/0p-1/09 RAM Port Data Inputs/Outputs
S1/0p-SI/O7 SAM Port Data Inputs/Qutputs
RAS Row Address Strobe
CAS Column Address Strobe
WE Write Enable
DT/OE Data Transfer/Output Enable
SC Serial Clock
SE SAM Port Enable
Yec Power Supply
Vss Ground
NC Non Connection
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HM538121 Series
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B PIN FUNCTION

RAS (input pin): RAS is a basic RAM signal. It is active in
low level and standby in high level. Row address and signals
as shown in Table 1 are input at the falling edge of RAS.
The input level of those signals determine the operation cy-
cle of the HM538121.

¢ Table 1. Operation Cycles of the HW538121

Input Level at the
Falling Edge of RAS Operation Cycle
CAS DT/OE WE SE
H H H X RAM Read/Write
H H L X Mask Write
H L H X Read Transfer
H L L H Pseudo Transfer
H L L L Write Transfer
L X X X CBR Refresh

Note: X: Don’t care.

CAS (input pin): Column address is put into chip at the fall-
ing edge of CAS. CAS controls output impedance of 1/0 in
RAM.

Ag—Ag (input pins): Row address is determined by Ag-Ag
level at the falling edge of RAS. Column address is deter-
mined by Ag—A7 level at the falling edge of CAS. In transfer
cycles, row address is the address on the word line which
transfers data with SAM data register, and column address
is the SAM start address after transfer.

WE (input pin): WE pin has two functions at the falling edge
of RAS and after. When WE is low at the falling edge of
RAS, the HM538121 turns to mask write mode. According to
the 170 level at the time, write on each 170 can be masked.
(WE level at the falling edge of RAS is don't care in read

cycle.) When WE is high at the falling edge of RAS, a nor-
mal write cycle is executed. After that, WE switches read/
write cycles as in a standard DRAM. In a transfer cycle, the
direction of transfer is determined by WE level at the falling
edge of RAS. When WE is low, data is transferred from
SAM to RAM (data is written into RAM), and when WE is
high, data is transferred from RAM to SAM (data is read
from RAM).

1/0g-1/C7 (input/output pins): I/0 pins function as mask
data at the falling edge of RAS (in mask write mode). Data
is written only on high 1/0 pins. Data on low 1/0O pins are
masked and internal data are retained. After that, they func-
tion as input/output pins as those of a standard DRAM.

DT/OE (input pin): DT/OE pin functions as DT (data frans-
fer) pin at the falling edge of RAS and as OE (output en-
able) pin after that. When DT is low at the falling edge of
RAS, this cycle becomes a transfer cycie. When DT is high
at the falling edge of RAS, RAM and SAM operate indepen-
dently.

SC (input pin): SC is a basic SAM clock. In a serial read cy-
cle, data is output from an SI/O pin synchronously with the
rising edge of SC. In a serial write cycle, data on an SI/O
pin at the rising edge of SC is put into the SAM data regis-
ter.

BE (input pin): SE pin activates SAM. When SE is high, SI/O
is in the high impedance state in serial read cycle and data
on SI/0 is not put into the SAM data register in serial write
cycle. SE can be used as a mask for serial write because
internal pointer is incremented at the rising edge of SC.

SI/0p-SI/07 (input/output pins): SI/Os are input/output
pins in SAM. Direction of input/output is determined by the
previous transfer cycle. When it was a read transfer cycle,
SI/0 outputs data. When it was a pseudo transfer cycle or
write transfer cycle, SI/O inputs data.
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HM538121 Series

B OPERATION OF HM538121
¢ Operation of RAM Port

RAM Read Cycle (DT/OE high, CAS high, at the falling
edge of RAS)

Row address is entered at the RAS falling edge and col-
umn address at the CAS falling edge to the device as in
standard DRAM. Then, when WE is high and DT/OE is low
while CAS is low, the selected address data is output
through /O pin. At the falling edge of RAS, DT/OE and
CAS become high to distinguish RAM read cycle from trans-
fer cycle and CBR refresh cycle. Address access time (taa)
and RAS to column address delay time (tgap) specifications
are added to enable high-speed page mode.

RAM Write Cycle (Early Write, Delayed Write, Read-
Modify-Write) (DT/OE high, CAS high at the falling edge of
RAS)

« Normal Mode Write Cycle (WE high at the falling edge of
RAS)

When CAS and WE are set low after RAS is set low, a
write cycle is executed and I/0 data is written at the select-
ed addresses. When all 8 1/0s are written, WE should be
high at the falling edge of RAS to distinguish normal mode
from mask write mode.

If WE is set low before the CAS falling edge, this cycle
becomes an early write cycle and I/O becomes high imped-
ance. Data is entered at the CAS falling edge.

If WE is set low after the CAS falling edge, this cycle be-
comes a delayed write cycle. Data is input at the WE falling
edge. 1/0 does not become high impedance in this cycle, so
data should be entered with OE in high.

If WE is set low after towp (min) and tawp (min) after the
CAS falling edge, this cycle becomes a read-modify-write cy-
cle and enables write after read to execute in the same ad-
dress cycle. In this cycle also, to avoid I/O contention, data
should be input atter reading data and setting OE high.

* Mask Write Mode (WE low at the falling edge of RAS)

If WE is set low at the falling edge of RAS, the cycle be-
comes a mask write mode cycle which writes only to select-
ed 1/0. Whether or not an I/0 is written depends on I/0
level {(mask data) at the falling edge of RAS. Then the data
is written in high 1/0 pins and masked in low ones and inter-
nal data is preserved. This mask data is effective during the
RAS cycle. So, in high-speed page mode cycle, the mask
data is preserved during the page access.

High-Speed Page Mode Cycle (DT/OE high, CAS high at
the falling edge of RAS)

High-speed page mode cycle reads/writes the data of the
same row address at high speed by toggling CAS while RAS
is low. Its cycle time is one third of the random read/write
cycie and is higher than the standard page mode cycle by
70-80%. This product is based on static column mode,
therefore, address access time (tas), RAS to column ad-
dress delay time {trap). and access time from CAS pre-
charge (tacp) are added. In one RAS cycle, 256-word mem-
ory cells of the same row addrass can be accessed. It is
necessary to specify access frequency within trasp max
(100 ps).

* Transfer Operation

HM538121 provides the read transfer cycle, pseudo
transfer cycle, and write transfer cycle as data transfer cy-
cles. These transfer cycles are set by driving DT/OE low at
the falling edge of RAS.

They have the following functions:

(1) Transfer data between row address and SAM data regis-
ter (except for pseudo transfer cycle)

(2) Determine direction of data transfer
RAM — SAM
({b) Write transfer cycle: RAM <« SAM
(3) Determine input or output of SAM 1/0 pin (SI/0)

(a) Read transfer cycle:

Read transfer cycle: SI/0 output
Pseudo transfer cycle,
write transfer cycle: SI/0O input

(4) Determine first SAM address to access (SAM start ad-
dress) after transferring at column address.

Read Transfer Cycle (CAS high, DT/OE low, WE high at
the falling edge of RAS)

This cycle becomes read transfer cycle by setting DT/OE
low and WE high at the falling edge of RAS. The row ad-
dress data (256 x 8-bit) determined by this cycle is trans-
ferred synchronously at the rising of DT/OE. After the rising
edge of DT/OE, the new address data outputs from SAM
start address decided by column address.

This cycle can execute SAM access serially even during
transfer (real time read transfer). In this case, the timing
tspp (min) is specified between the last SAM access before
transfer and DT/OE rising edge, and tgpy (min) between the
first SAM access and DT/OE rising edge (see Figure 1).

If read transfer cycle is executed, SI/O becomes output
state. When the previous transfer cycle is either pseudo
transfer cycle or write transfer cycle and SI/O is in input
state, uncertain data is output after tgy 7 (min) after the RAS
falling edge. Before that, input should be set high imped-
ance to avoid data contention.

Pseudo Transfer Cycle (CAS high, DT/OE low, WE low,
and SE high at the falling edge of RAS)

Pseudo transfer cycle is available for switching SI/O from
output state to input state because data in RAM isn't rewrit-
ten. This cycle starts when CAS is high, DT/OE low, WE
low, and SE high, at the falling edge of RAS. The output
buffer in SI/0 becomes high impedance within tggz (max)
from the RAS falling edge. Data should be input to SI/0 lat-
er than tg)p (min) to avoid data contention. SAM access be-
comes enabled after tgpp (min) after RAS becomes high. In
this cycle, SAM access is inhibited during RAS low, there-
fore, SC should not be raised.

Write Transfer Cycle (CAS high, DT/OE low, WE low, and
SE low at the falling edge of RAS)

Wirite transfer cycle can transfer a row of data input by
serial write cycle to RAM. The row address of data trans-
ferred into RAM is determined by the address at the falling
edge of RAS. The column address is specified as the first
address to serial write after terminating this cycle. Also in
this cycle, SAM access becomes enabled after tggp (min)
after RAS becomes high. SAM access is inhibited during
RAS low. In this period, SC should not be raised.
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HM538121 Series
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Figure 1. Real Time Read Transfer

e SAM Port Operation
Serial Read Cycle

SAM port is in read mode when the previous data trans-
fer cycle is read transfer cycle. Access is synchronized with
SC rising, and SAM data is output from SI/O. If SE is set
high SI/0 becomes high impedance and internal pointer is
incremented at the SC rising edge.

Serial Write Cycle

If previous data transfer cycle is pseudo transfer cycle or
write transfer cycle, SAM port goes into write mode. In this
cycle, SI/O data is programmed into data register at the SC
rising edge like in the serial read cycle. If 3E is high, SI/O
data isn't input into data register. Internal pointer is incre-
mented according to the SC rising edge, so SE high can
mask data for SAM.

© Refresh
RAM Refresh

RAM, which is composed of dynamic circuits, requires re-
fresh to retain data. Refresh is performed by accessing all
512 row addresses every 8 ms. There are three refresh cy-
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR)

refresh cycle, and (3) Hidden refresh cycle. Besides them,
the cycles which activate RAS such as read/write cycles or
transfer cycles can refresh the row address. Therefore, no
refresh cycle is required for accessing all row addresses ev-
ery 8 ms.

RAS Only Refresh Cycle: RAS only refresh cycle is per-
formed by activating only RAS cycle with CTAS fixed to high
by inputting the row address { = refresh address) from ex-
ternal circuits. To distinguish this cycle from data transfer cy-
cle, DT/OE should be high at the falling edge of RAS.

CBR Refresh Cycle: CBR refresh cycle is set by activating
TAS before RAS. In this cycle, refresh address need not to
be input through external circuits because it is input through
an internal refresh counter. In this cycle, output is in high im-
pedance and power dissipation is lowered because CAS cir-
cuits don’t operate.

Hidden Refresh Cycle: Hidden refresh cycle performs re-
fresh by reactivating RAS when DT/OE and CAS keep low
in normal RAM read cycles.

SAM Refresh

SAM parts (data register, shift register, selector), orga-
nized as fully static circuitry, don’t require refresh.
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HM538121 Series

B ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit Note
Terminal Voltage V1 -10to +7.0 v 1
Power Supply Voltage Vee —0.5t0 +7.0 v 1
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg —55t0 + 125 °C
Note: 1. Relative to Vsg.

B ELECTRICAL CHARACTERISTICS
¢ Recommended DC Operating Conditions (T4 = 0 to +70°C)

Parameter Symbol Min Typ Max Unit Note
Supply Voltage Vee 4.5 5.0 5.5 \4 1
Input High Voltage Viu 24 — 6.5 \4 1
Input Low Voltage ViL - 0.5 — 0.8 Y 1,2
Notes: 1. All voltages referenced to Vgs.
2. — 3.0V for pulse width < 10 ns.
¢ DC Electrical Characteristics (T4 = 0to +70°C, Vo = 5V £10%, Vgg = 0V)
HM538121-10 | HMS538121-11 | HM538121-12 | HM538121-15 . Test Conditions
Parameter | Symbol - - - - Unit Note
Min Max Min Max Min | Max | Min | Max RAM Port SAM Port
. Icct — 90 - 90 — 80 — 70 | mA|RAS. CAS |SE = Vi, SC = VL
Operating Cycling _ [SE = Vyy, SC Cycling | |
Current _ - _ — . = VIL yeling
Iccr 160 160 140 120 |mA tre = Min |t = Min
1 — 7 — 7 — 7 — 7 |mA|_—_ ___ [SE=Vg,SC=V
Standby S RAS,CAS | vm oo =
Current 1 - 85 — 70 — || — | 55 |mA|=VH = V1L, St Lycling
ccs tscc = Min
RAS Only Iccs — 90 - %0 — [ 80 | — | 70 | mA|RASCycling|SE = Vin, SC = Vi,
Refresh CAS = ViH|SE = Vyq, SC Cyclin; 1
I — o | — o | — |} — [110ma = Mi IL, 5% Lycing
Current CC9 tre = Min tscc = Min
I — 115 — 115 — 105 — 95 | mA [CAS ing |SE = Vi, SC =V
Page Mode CC4 gﬁg C_ycl‘llxlxi = VIH <o liIL |
- = VIL, cling
Current Iccio | — 185 — 185 — 160 | — 140 1 mA |y, = Min fscc = Min
TAS I — 80 — 80 — {70 | — | 60 |mA|l___ SE = Vg, 5C=V
gig ]';Zt;:h ICCS 130 130 110 90 A :::(\:S'Eyﬂi;g SE = Vi:l, SCCycli:; !
Current CCil | — - - - ™ tscc = Min
Data Iece — 115 — 115 — 110 — i00 | mA [RAS, CAS SE = Vi, SC = Vi
Transfer Cycling SE = Vyp, SC Cycling | !
Current Icciz — 185 — 185 — 160 — 140 |mA tRC = Min [tgoc = Min
Input Leakage _ _ _ _
Current Iy 10 10 10 10 10| 10 10 10 [pA
Output Leakage _ _ _ _
Current ILo 10 10 10 10 10 10 10| 10 [ pA
Output High . _ _ - —
Voltage Vou 24 — 24 24 24 v lon 2mA
Output Low =
Voltage VoL — 0.4 — 0.4 —_ 0.4 — 04 | V Ior = 42mA
Notes: 1. Icc depends on output loading condition when the device is selected. Icc max is specified at the output open condition

(o = Isiyo = 0 mA).
2. Address can be changed less than three times in one RAS cycle.

w

4. Address must be fixed.

1134

. Address can be changed once or less while CAS = V.
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HM538121 Series

¢ Capacitance (Tp = 25°C, Vgc = 5V, f = 1 MHgz, Bias: Clock, I/0 = Vgg, Address = Vgg)

Parameter Symbol Min Typ Max Unit
Address Cn — — 5 pF
Clocks Cp — — 5 pF
1/0, 81/0 Cr0 — — 7 pF

® AC Characterlistics (Tp = 0 1o +70°C, Voo = 5V +10%, Vgg = OV)1, 11
Test Conditions

Input Riseand Fall Time .......................... 5ns
Outputload ...............ooviiiinn.n.. See Figures
Input Timing Reference Levels ............... 0.8V, 2.4V
Output Timing Reference Levels ............. 0.4V, 2.4V
Output Load (A) Output Load (B)
Igy=-2z4 +3 V Igg=-2=4 +3 V
_— 2 —_—
Igp=4.22A g
(—-—-——
1/0 ——-—o—(_v;-i—.l SI/C
L v
é T100pF g
| 3
e T
0087-4 0087-5
Note: 1. Including Scope and Jig.

Common Parameters

HMS538121-10 HMS538121-11 HM538121-12 HMS538121-15 .
Parameter Symbol " - - - Unit Note

Min Max Min Max Min Max Min Max
Random Read or
Write Cycle Time | RC 1% - 19 - 220 i B ns
RAS Precharge
Time tRp 80 — 80 —_— 90 — 100 — ns
RAS Pulse Width | tras 100 10000 100 10000 120 10000 150 10000 ns
CAS Pulse Width | tcas 30 10000 30 10000 35 10000 40 10000 ns
Row Address
Setup Time tASR 0 - 0 - 0 - 0 - s
Row Address
Hold Time tRAH 15 — 15 — 15 —_ 20 — ns
Column Address
Setup Time tasc 0 - 0 - 0 - 0 - ns
Column Address
Hold Time tCAH 20 — 20 — 20 — 25 - ns
RAS to CAS
Delay Time tRCD 25 70 25 70 25 85 30 110 ns 56
RAS Hold Time tRSH 30 — 30 — 35 — 40 — ns
CAS Hold Time tcsH 100 — 100 — 120 — 150 — ns
CAS to RAS
Pre-charge Time fcrp 10 - 10 - 10 - 10 - s
Transition Time
(Rise to Fall) tT 3 50 3 50 3 50 3 50 ns 8
Refresh Period tREF — 8 — 8 — 8 — 8 ms
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HM538121 Series

Common Parameters (continued)

Parameter

Symbol

HM3538121-10

HMS538121-11

HM538121-12

HM538121-15

Min Max

Min Max

Min Max

Min Max

Unit

Note

DT to RAS
Setup Time

tDTS

0 _

0 —

0 —_

0 _

ns

DT toRAS
Hold Time

{DTH

15 —

20 —

ns

Data-in to OF
Delay Time

ipzo

Data-in to CAS
Delay Time

tpze

ns

Read Cycle (RAM), Page Mode Read Cycle

Parameter

Symbol

HM538121-10

HM538121-11

HM538121-12

HMS538121-15

Min Max

Min Max

Min Max

Min Max

Unit

Note

Access Time
from RAS

1RAC

— 100

— 100

— 120

— 150

ns

2,3

Access Time
from CAS

fcac

—_ 30

— 30

— 35

— 40

ns

3,5

Access Time
from OE

toAacC

— 30

— 30

— 35

— 40

ns

Address
Access Time

L7V

- 45

— 45

- 55

ns

3,6

Output Buffer
Turn-off Delay
Referenced to CAS

tOFF1

— 25

— 25

— 30

ns

Output Buifer
Turn-off Delay
Referenced to OE

tOFF2

ns

Read Command
Setup Time

RCS

ns

Read Command
Hold Time

tRCH

ns

12

Read Command Hold
Time Referenced
to RAS

IRRH

ns

12

RAS to Column
Address Delay Time

tRAD

20 55

20 55

20 65

25 80

ns

56

Page Mode
Cycle Time

tpc

55 —

65 —

80 —

ns

CAS Precharge
Time

tcp

10 —

20 —

ns

Access Time from
CAS Precharge

tacp

ns

RAS Pulse Width
in Page Mode

tRASP

0.1 100

0.1 100

0.12 100

us
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Write Cycle (RAM), Page Mode Write Cycie

HM538121 Series

HM538121-10 HMS538121-11 HM538121-12 HM538121-15 .
Parameter Symbol - - - Unit | Note
Min Max Min Max Min Max Min Max
Write Command
Setup Time twes 0 - 0 - 0 — 0 — ns 9
Write Command
Hold Time wCH 2 - 25 — 25 — EN) — s
Write Command
Pulse Width twp 15 — 15 — 20 — 25 - ns
Write Command to
RAS Lead Time IRWL 0 - 30 - 35 — 40 — ns
Write Command to
TAS Lead Time tewr 30 — 30 — 35 — 40 - ns
Data-in
Setup Time tps 0 - 0 — 0 — 0 — ns 10
Data-in
Hold Time 'DH 25 - 25 - 25 - 30 - ns 10
WE to RAS
Setup Time tws 0 - 0 - 0 — 0 — ns
WE to RAS
Hold Time twH 15 — 15 — 15 — 20 - ns
Mask Data to
RAS Setup Time Ms 0 - 0 e 0 — 0 — ns
Mask Data to
RAS Hold Time MH 15 — 15 — 15 - 20 — ns
OE Hold Time
Referenced to WE | 'OEH 10 - 10 - 15 — 20 — ns
Page Mode
Cycle Time tpc 55 — 55 — 65 — 80 — ns
CAS Precharge
Time tep 10 —_ 10 — 15 — 20 — ns
RAS Pulse Width
in Page Mode tRASP 0.1 100 0.1 100 0.12 100 0.15 100 us
Read-Modify-Write Cycle
HMS538121-10 HM538121-11 HMS538121-12 HM538121-15 .
Parameter Symbol - - - Unit | Note
Min Max Min Max Min Max Min Max
Read-Modify-Write
Cycle Time tRwC 255 — 255 — 295 — 350 — ns
RAS Pulse Width tRWS 165 10000 165 10000 195 10000 240 10000 ns
CAS to WE Delay tcwD 65 — 65 — 75 — 90 — ns 9
Column Address
to WE Delay tAWD 80 - 80 — 93 — 120 — ns 9
OE to Data-in
Delay Time topp 25 - 25 — 30 — 40 _ ns
Access Time
from RAS IRAC - 100 — 100 — 120 — 150 ns | 23
Access Time
from CAS fcac - LY - 30 — 35 — 4 ns | 3,5
Access Time
from OF toac - 30 - 30 — 35 — 40 ns 3
Address
Access Time tAA - 45 - 45 — 55 — 70 ns 3,6
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HM538121 Series

Read-Modify-Write Cycle (continued)

Parameter

Symbol

HM538121-10

HMS538121-11

HM3538121-12

HM538121-15

Min Max

Min Max

Min Max

Min Max

Unit

Note

RAS 1o Column
Address Delay

RAD

20 35

20 55

20 65

25 80

ns

5,6

Output Buffer
Tum-off Delay
Referenced to OE

tOFF2

ns

Read Command
Setup Time

tRCS

ns

Write Command to
RAS Eead Time

tRWL

ns

Write Command to
CAS Lead Time

tcwL

30 —

30 —

35 —

ns

Write Command
Pulse Width

twp

20 —

25 -

ns

Data-in
Setup Time

tps

ns

10

Data-in
Hold Time

tDH

25 —

30 —

ns

10

WE to RAS
Setup Time

tws

ns

WE to RAS
Hold Time

twH

20 -

ns

Mask Data to
RAS Setup Time

tMs

ns

Mask Data to
RAS Hold Time

tMH

ns

OE Hold Time
Referenced to WE

tOEH

20 —

ns

Refresh Cycle

Parameter

Symbol

HM538121-10

HMS538121-11

HM538121-12

HM538121-15

Min Max

Min Max

Min Max

Min Max

Unit

Note

CAS Setup Time
(CAS Before
RAS Refresh)

tcsr

10 —

10 —

10 —

10 —

ns

CAS Hold Time
(CAS Before
RAS Refresh)

tCHR

ns

RAS Precharge to
CAS Hold Time

tRPC

ns

Transfer Cycle

Parameter

Symbol

HM538121-10

HM538121-11

HM538121-12

HM538121-15

Min Max

Min Max

Min Max

Min Max

Unit

Note

WE to RAS
Setup Time

tws

0 —

0 —

0 —

Q —

ns

WE to RAS
Hold Time

twH

15 —

20 —

ns

SE to RAS

Setup Time IES

ns

SE to RAS

Hold Time | ‘EH

ns

RAS 10 SC
Delay Time

{SRD

30 —_

30 —

35 —

ns
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HM538121 Series

Transfer Cycle (continued)

HMS538121-10 HM538121-11 HMS538121-12 HMS538121-15 .
Parameter Symbol - - - - Unit | Note

Min Max Min Max Min Max Min Max
SCto RAS
Setup Time tSRS 30 — 40 — 40 — 45 — ns
g(‘:‘mHI:ESTxme RDH 80 _ 90 —_ 90 — 110 — ns
ELH%T‘"‘E tcDH 20 — 30 — 30 — 45 — ns
Last SC to
DT Delay Time tsDD 5 — 5 — 5 — 10 — ns
First SC to
DT Hold Time tsDH 0 - % - B - 0 - ns
g;;"TmS — 50 - 50 — 50 — 50 - ns
DT Hold Time
Referenced to tDTHH 20 — 25 — 25 — 30 — ns
RAS High
DT Precharge Time tpDTP 30 — 35 — 35 — 40 — ns
Serial Data Input
Delay Time from RAS tsip 30 - 60 - 60 - 73 - ns
Serial Data Input
to RAS Delayx’)l‘ime tSZR - 10 - 10 - 10 - 10 ns
Serial Output
Buffer Turn-off tsRzZ 10 50 10 60 10 60 10 75 ns 7
Delay from RAS
RASt0S OW-Z,
Delay Ti I‘I’l‘: (Low-Z) tRLZ 5 — 10 — 10 — 10 — ns
Serial Clock
Cycle Time tscc 30 - «0 - 0 - 60 - ns
Serial Clock
Cycle Time tscc2 40 — 40 — 40 — 60 — ns 13
ggfn“ssg 1me tscA — 30 — 35 - 40 — 50 ns 4
Serial Data-out
Hold Time tSOH 7 — 7 — 7 — 7 — ns 4
SC Pulse Width tsc 10 — 10 — 10 — 10 — ns
SC Precharge Width tscp 10 — 10 — 10 — 10 — ns
Serial Data-in
Setup Time tsis 0 - 0 - 0 - 0 - ns
i;"giglg:::"" tSIH 15 — 20 - 20 — 25 — | oms

G HITACHI
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HM538121 Series

Serial Read Cycle

HMS538121-10 HM538121-11 HM538121-12 HMS538121-15 .
Parameter Symbol - - - Unit | Note
Min Max Min Max Min Max Min Max
Serial Clock Cycle Time | tgcc 30 — 40 — 490 — 60 — ns
Access Time from SC tsca — 30 — 35 — 40 — 50 ns
Access Time from SE tSEA — 25 — 30 — 30 — 40 ns
Serial Data-out
Hold Time tsoH 7 - 7 - ? - 7 — | oms ] 4
SC Pulse Width tsc 10 — 10 — 10 — 10 — ns
SC Precharge Width tscp 10 — 10 — 10 — 10 — ns
Serial Qutput
Buffer Turn-off tSEZ — 25 — 25 — 25 — 30 ns 7
Delay from SE
Serial Write Cycle
HMS538121-10 HM538121-11 HM538121-12 HMS538121-15 .
Parameter Symbol - - - - Unit | Note
Min Max Min Max Min Max Min Max
Serial Clock
Cycle Time Iscc 0 - 40 - “© - €0 i
SC Pulse Width tsc 10 — 10 — 10 — 10 — ns
SC Precharge Width | tgcp 10 — 10 — 10 — 10 — ns
Serial Data-in
Setup Time tsIs 0 — 0 — 0 — 0 — ns
Serial Data-in
Hold Time tSIH 15 — 20 — 20 — 25 _ ns
Serial Write
Enable Setup Time tsws 0 - 0 - 0 - 0 - ns
Serial Write
Enable Hold Time | 'SWH 30 - 3 - 3 - 30 e
Serial Write Dis-
able Setup Time tSWIs 0 - 0 - 0 - 0 - ns
Serial Write Dis-
able Hold Time tswin | 30 - » - 3 - 0 e
Notes: 1. AC measurements assume tT = 5 ns.
2. Assumes that trcp < trep (max) and tgap < trap (max). If trep or tpap is greater than the maximum recommended
value shown in this table, tgsc exceeds the value shown.
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF.
4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF.
5. When trep 2 trep (max) and trap < tRaD (max), access time is specified by tcac.
6. When trep < trep (max) and tRap 2 tRap (max), access time is specified by taa.
7. topF (max) is defined as the time at which the output achieves the open circuit condition (Voy — 200 mV, Vor + 200 mV).
8. Viy (min) and Vyj, (max) are reference levels for measuring timing of input signals. Transition times are measured between
VIH and vIL-

N=

1140

. When twcs 2 twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance)

condition. When tawp 2 tawp (min) and tcwp 2 tcwp (min), the cycle is a read-modify-write cycle; the data of the
selected address is read out from a data output pin and input data is written into the selected address. In this case, imped-
ance on 1/0 pins is controlled by OE.

. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or a read-

modify-write cycles.

. After power-up, pause for 100 ps or more and execute at least 8 initialization cycles (normal memory cycles or refresh

cycles), then start operation.

. If either trcy or tRRH is satisfied, operation is guaranteed.

. tocy is defined as the last SAM cycle time before read transfer in read transfer cycle (1).

. When I/0 or SI/O is in the output state, data input signals must not be applied to 170 or SI/0.

. When SE is low after power on, SI/Q is in the output state. Data input signals must not be applied to S1/0 in this time.

. When CAS and DT/OE are both low after power on, it is possible that I/0 is in the output state. Data input signals must

not be applied to 1/0 in this time.

@ HITACHI
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H TIMING WAVEFORMS

HM538121 Series

¢ Read Cycle
S tRAS - \
s [ TASH —-- L ____l\—__
o :AS_R tm\f : spsc | [Zomm _ri
Mdress {ﬁ_ nou -K////\; | tﬁawm -K// // / / / / /7//
s T ey L [777T]
tRAC " woer1 __1
(mlégun oot VALID —
oo T s
me [/ N[ [L1]] [I]]]
ZZ3; pon't care s
¢ Early Write Cycle
thC -
WS | TRCD wed -';—m,P_;\_
- — ‘\“--—=CAS ;_sz(? i
__iL ﬁ“—‘_i.i —-:\sc tCAd _: l _
AddressM ROV (////// COLUMY _ g/////////
- SI _"—‘4 - tHCS Jl toCH |
« I — NIy 1T,
=S e T
o o
£DTS = W~
B/t LT,
ZZ2; bon't care

Note:

are not written except for the case that the 1/0 is high at the falling edge of RAS.

Hitachi America, Ltd. « Hitachi Ptaza ® 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-8300
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*1. When WE is high level, all the data on 1/Os can be written into the memory cell. When WE is low level, the data on I/Os
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HM538121 Series

¢ Delayed Write Cycle

. —AQ RAS " }T
- _ TR ——] l +CRP

& - - | !

o e I
Address _//\ R0¥ V\/Zl{ LJLUNN K// // /l /

tvsl__—ilﬂAH | ![—'ngL‘chx ‘ l
w U NN — ]I T,
o | o I LTTTTTTT]
((Ixégr'ur) 3| @ VALID DATA_IN V/ [ / / / / / / / /J
(Kgun HIGH-z

0087-8

Note: *1. When WE is high level, all the data on 1/0s can be written into the memory cell. When WE is low level, the data on 1/0s
are not written except for the case that the 170 is high at the falling edge of RAS.

¢ Read-Modify-Write Cycle

RAS

Address

LT

o
(IveUT)

1/0
(outeuT)

R
LRYL
tRYS

[ tRP__ ]

—|\__
tCRE, By Tesh —
1/ | R
tASR $AAH 1 eASC  |hetAEi— tRSH i
1 — —_ -l
T e W TTITTT1 [TTT]
t:u_,s” tﬁii b tRCS -::RC‘;{:—'-!
TITIL o Y]] T]
M5 i-_-ts'itDZC——-k tAWD L0 A
T S IITTTTT,
tRAC «cmj 2
X VALK
ol tA:m: g;:t'( tog_‘

tDTS
—
DT/UE l l l /l

WML

ZZ3; von't cars

0087-¢

Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os
are not written except for the case that the 1/0 is high at the falling edge of RAS.

1142
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HM538121 Series

¢ Page Mode Read Cycle

—tHC —
tRASP
RAS . o _.___tlu’_ﬂ\_
tCSH [———tPC f ~— tHSH —

[ THCD e tCAS r=— tCAS e LCAS ——m e O ————]
. LRAI} LASC Z 1 i ] i
TS ] S rop—jt. |

s || uan { [T pisq[ B8 wsdl| Tca

mMJﬂmwﬁaWNU//NV / mmu“ZLLU%yX///////////

l e FRCH H\Eﬁ _,"_'E}C" 'J* I__tllf_'} ==t

—— LRCI ——

. / [ / / / M tCAC | 1ECAC M tCAC \
VE 1~ |
<tRAC tOFFL ~tA tOFF1 thk WFFL
| B tach — | tach ]
1/0 | I VALID viLID i VALID
(OUTPUT) Dout y Dout. Dout
LDIC thc e
e  —
1/0 \ /] N
(neuT) /[, tDZ0 14
TS ] toac tOFF2 020 1OFF2 4020 LOFF?
T )]:‘ 0AC - I LOAC |
DT/O—EU/‘ W ////// 7// /l//[H
! I

Z7A; von't care

00B7-10
* Page Mode Write Cycle (Early Write)
tRC
I tRASP
— | e
RAS \. B \
tCSH tPC = thSH | JL_ tChP——r]
[~tRCO tCAS —1 tCAS—=— _tcas |
cis JHe—teP —i / N B
easit || enan easc [T ecan 1 ase  [[Tom s |[rem
S e

Address m WI_; ct::::u kjjﬂi / / / /):c::_uun Ktzvﬁ“[ [/ [t[ucsxz (M.ll\l‘_.IK_Ll_L[/// // / // / //1
TITTTTITT

1%

NS -- | i t! ! [ t! : | o tl]'fn__
i TH e LN e YIITTIIT
1/0 HIGH-2
(OUTPUT)

LDH mm

o 1 N//////////////////////////////////////

74} non't care

0087-11

Note: *1. When WE is high level, all the data on 1/0s can be written into the memory cell. When WE is low level, the data on 1/0s
are not written except for the case that the I/O is high at the falling edge of RAS.
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HM538121 Series
¢ Page Mode Write Cycle (Delayed Write)

Address

tom

-
et s KL
1/0 HIGH-Z
(OUTPUT) ore N <’|_ -
M N

m; Don’t care

0087-12

Note: *1. When WE is high level, all the data on I/0s can be written into the memory cell. When WE is low level, the data on 1/0s
are not written except for the case that the I/0 is high at the falling edge of RAS.

* RAS Only Refresh Cycle

- _"_"- 1 tRP "\_—
= 117 NI T I]]

tRAH

“571_
) R (i

]

awon [N LTI LT,

tDTH

we TN I

; Don't care

@ HITACH!
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HM538121 Series

* CAS Before RAS Refresh Cycle

<—*RP—>

m—"-]'-RPC A \— ‘

tcrp —

——

s N ;
saass /1111171111111
we T
weos /LTI

1/0 HIGH-Z
(outPuT)
T,

m ; Don't care

0087-14

@ HITACHI
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HM538121 Series

¢ Hidden Refresh Cycle

1146

tRC tRC
7 tRAS tRP tRAS T tRP_1
s £CRP | A
L4RCD tRSH—— [~ tCHR !
tASR | [eRAR ; |
Asci | teai i
AddressﬂRO‘ﬁCﬂLm(/////////////////////
c#‘c_s_ tRRH
ﬁ /1 NI
[ £0FF1
thd
/0
{ouTPUT) l \ VALID DATA OUT Y
DTS { tRAC— tOFFZ
DTH tCAC
R (/[ A
D10 ]
thZC
/0 HIGH-Z
(INPUT)
m; Don't care
G HITACHI

Hitachi America, Ltd. * Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300




« Read Transfer Cycle (1) 1, 2

HM538121 Series

tRC
tRAS —
. T__tRP
RAS L y! \
tRCD tRSH
i} ' tCRP
. ‘ tCAS
CAS tASR tRAH N [
tASC {{ tCAH I
! i i
v | SAM START I n
AG\-.‘QSS]; ACY _W ADD. /////////,///// /’,/.-/r/
I' - . tCSH . ] l
o | | il
= i
t¥S t¥H
tDTL
1/0 HIGH-Z
(OUTPUT) tCDH
o [/ /L
(INPUT) / / /
tDTHH
t0Ts tRDH
o tDIP
DT/0E
tew— tSCC ————e=—t—- tSDD ——| | tSDH
tSCC2.
sC \ }-tSC ;—\__‘[ \ / \__
£SOl
S1/0 VALID VALID YALID VALID
(OUTPUT) Sout Sout )(/ ; [ x Sout Sout }( [ [ l
tSCA | Previous Rov——q [—=-Neu Row
S1/0 HIGH-Z
(INPUT)
ZZ3; ton't care
0087-16
Notes: 1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1).
2. SE is in low level. (When SE is high, SI/O becomes high impedance.)
@ HITACHI
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HM538121 Series
© Read Transfer Cycle (2) 1, 2

tRC
tRAS Z tAP }
N J \
tRCD tRsH tCRP
}
R X tCAS 3
A[Si' r}}‘lﬂ tasc __\ TCAR /
Address/—ﬁ Row ] SA:D;?ARTCSH (// / //] //// / ///////

rril

|
T T T

LWl

| _+0TL
I .

qm,noxaxvxdﬁoxé%nyncyof
e 1) - mfP(HHHH/
. EITIIIVITRARTY, P\
o T T = YT,
Y ——
e

Notes: 1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2).
2. SE is in low level. (When SE is high, SI/O becomes high impedance.)

1148
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HM538121 Series
¢ Pseudo Transfer Cycle

tRC

3RAS, o |
s [ FRCD . S N CRP —
s tASR |t?AscK , |V
R
waeess L L e T
e TNAC VT T T T T

018 £0TIl

l
we I I
s O I T T

S 114 Ve D
i 1 ——TLIT ™% I
iy tS “tSR..

pTa—
1/0 ; Don't care
ZZ4; pon't caze
m; Inhibit rising transient

G HITACHI
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HM538121 Series

¢ Write Transfer Cycle

tRC

tRAS

tRP

|—*tRCD

tRsH

tCAS

tCRP

IN

tRAH tASC

|

CAN

i
g

\ SAN START
ROW ADD.

M////////////////

'tCSrl‘

ot
[
wn

]//7///////////////////////

LDTH

//////////////////////////

LEH

3
;%ﬁ.a%%_#%

|
[T
F_LRQ_

TTTTITTITT,

R e LU e e S
o B AT T T
EZ2; pon't care

m; Inhibit rising transient

1150

@ HITACHI

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




HM538121 Series

fe— a5
— tDTS totH '_/—
s 7//N L N
53 / oo 2D
tsce tsce
e tsc ke tsc - tsc "I

sC J (n-1) f (n) (n+1H (n+2) \ /
tscp4 tscp tscp

| [ tsEa —» |4— tsoH
sif0 T VALID VALID
(OUTPUT) Sout
(n-1) fe— tsca —
tsca }TS:Z—
m ; Don't care
0087-20
Note: 1. Address 0 is accessed next to address 253.
o Serial Write Cycle
le— tRas
o YotH w_
RAS
tors '
B i
sivee 777/ /111111
SE tg tg
tsce tswn-—| R l-—‘sws —
« ‘scctsc ‘sr:c"S |
cP P CP
© _Js = s -
| 1 ]
(N s S (I B2
‘s tsiy tsis tsin
—IS— m; Don't care
0087 -21

Note: 1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented.
2. Address O is accessed next to address 255.
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HITACHI/ LOGIC/ARRAYS/MEMN S53E D ME 4495203 001831y T55 MHIT?
B PACKAGE INFORMATION ’

- 90-20

¢ Dual-in-line Plastic Unit: mm (inch) Scale 3/2
*DP-16B * DP-18B
19.2(0.756 ’
22.0 (0.866)
20.32max{0.800max) 72.86max(0.900max)
ﬁnl-ll-lﬂl‘ll—ll'gl e % 8 10 =~
or, 8 N MM e 8. %
S|2E ~fxE
D o 2|58 b SES
e A o) élng

. == = = gy o= gy ) I.al 1 d— S |§|
-IL—-“’ 1.3 7.62(0.300) 0.89 13
(0.035)" " {0.051) 7.62(0.300,

< = 0.035) ' (0.051 = -
fx E | (0.035) ~ "(0.051) 5 x é
—E S
E = NE /=
S dls €l ble
£l £F £ €T
| £ 8% / B |
3 i 8 .11 FE— 40,11
2.5420.28 048s010 © N 5./ | 02588 ! 4820, S ~% 0.2528:3
(0.100t0070)  (0.01920.004) T o%s (0010%8:883) | (0.100%0070) 0.0190.008) S e ooy
«DP-18C * DP-20N
22.26(0.876)
27.85max{0.900max) - 2‘4.5 (%9::3 )
— .4 max(]. max,
1BI-II-|I—II_II_II_|F‘II1_°| g'g 20 1M =~
NIXE nmnmonooomaan $ 0%
b SiEG NIXE
ol ) SIER
o e o oS
1.3 - 7.6200.300 Yloss |13 7.62(0.300
(0.057) 5 = ] (0.035) "~ (0.059) 3 %
] E % 3B
S € S_g E
=y ulg — £ vls
£ T £ £l F
£ay f \ | £ et i
2582025 S w2 0.2548:4 2544025 bassaso S ™ 3 0.2548:31
(0.10010.010) 0.01920.004) = o%s (0.010285885) (g 100t0.010) 0.01920.004) ~ (0.010*8'388)
* DP-20NA ¢ DP-20NC
24.8 (0.976)
25.40 max(1.000max) 29.88(1.176)
30.48, 1.200 )
%‘ql-ll_lﬁﬁl-lhhﬂ;']l ;6;’,-? u max( max al
nN[XE Amooooonoonn S %
D S5 SEE
o 2Re e
= ) | 2 gy oy o ~
1 114 13 10 7.62(0.300 ' uuuuuuuuuuﬁ
2 L O - 1.14 1.3 7.62(0.300
(0.045) (0.051) 3 ] T0.045 "u?ﬁm) T =
E E_% H
g S &
s gl A3
T i T
E E EE )
2 . B +9.
: 0-25¢8:31 S N3 D___.ﬂ._-::&s?; e

{0.100£0.010) 0.019£0.004) (0.0028:384) {0.100£0.010) 0.01920.004)

G HITACHI
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. HITE
PACKAGE INFORMATION — SJE D 44945203 0018315 991 .

* Duakin-line Plastic HITACHT/ LOGIC/ARRAYS/MEM  Unit mm (inch) Scale 3/2
g e . L
« DP-22N *DP-22NB T-90-20
27.08 (1.066) 27.08 (1.066)
27.90max(1.098max) 27.90max(1.098 max)
x ~
¥ 3|88
o %55 >o 258
NG "] r\c_i'
_U.m 1.3 7.62(0.300 0.88 1.3 7.62(0.300
(0.035) ' (0.057) T = (0.035) " " (0.087) 5
&
g g  — g
sl 38 £ } 13 [ T
< )
£ g
' 3 %53&“ 25420.28 ‘3 “—-ﬂi—'zs:&“
{0.10020.010) 0.019£0.004) = 0%qsT (0010:8:883) | (0.10020.010) 0.0190.004) = 0%y (001028383)
* DP-24 * DP-24A
31.6(1.244
32.5max{1.280max) ,i ::.::(1.‘55)
g AN nNnnnNnnn :"I £ 2 48max(1.200max) 13
u’; [claleinlialicliclelc il =Xl
85 R
D g ; it
| e "N§
a4 o g
I'_ll_l\_l I_l\_ll-ll_ll-ll_ll_ll‘_; 1;9“““ ;uuuuﬂ
1.2 (0.035) (0.051) T =
(0047 T 15.24(0.600 i é é
£« —
i f g [ \ I
| =N = W e
= we | W < € =
HEEE £ E|T
e—3E . —a—3§
2.84£0.2: s &3 ﬂ~152.82u! © « g
(2.100£0010) 0.019£0.004) S aE Gooig 6.100£0.010) =
* DP-24N * DP-28
35.6(1.402)
30.4(1.187) 36.5max{1.437 max)
37.75max(1.250max) 2 oo ooos
o
2] blNg
o) LY | = =y mo G gy %
' 0.88 1.3 © oY TOoOOoOOTU OO OO
10.035) (0.051) T = T4 "
H —~
s (0.047' E
] 3
8 H
"E‘ £
1] 5844 :
2.540.25 0.48£0.10 3 9:25G:08,},. 2
(0.100£0010) 0.01320.004) e ta.mo2gges) (0.100%0.010)
@ HiITACHI
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S5LE D WM 449,203 001831k dcd MBHITE _ packAGE INFORMATION

Ll

!
0. Sl‘lmln
2.54min

. ~in-| o .
Dual-in-line Plastic HITACHT/ LOGIC/ARRAYS/ME” Unit: mm (inch) Scale 3/2
» DP-28C . ¢ DP-28N T-90-20

34.70(1.386)
35.56max(1.400max) 36.0(1.417)
B oo mananal 37.32mex(1.470max)
= 28 J_% s 2
gl - B oo nonnoaandd
: HE il
e 353 o iR
1 uuuDuuuuuuuuu ‘T"-'l-"—' |.—'|—‘|—‘|—‘I—IUI-JI-III-‘I
" ‘?g.':ags) f0.051) = - (:1:51)
£.7
8| El=
R
st

(0.10020.00) 0.01920.004) (0.10020.010) 0.01910.004)

@ HiTaCcH!
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PACKAGE INFORMATION
* Zigzag-in-fine Plastic

HTTACHT/ LOGIC/ARRAYS/MEN

53 E D WE u4uSb203 0018317 7b4 EEHITE

Unit: mm (inch) Scale 3/2

T-90-20

/ PRI msonaon
iy gy

|
&

||-|-|-|-|-|-|-|-|-|-|-|-.

o

*ZpP-28

35.58 (1.%0
36.57max(1.440max)

b

LR ALL

0.5028-
(0.02023:338)
OO ) O ;B
LU U U vy y U Uy i

* ZP-40

(] ’: £

@ HITACHI
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.5} D WN 4496203 0018318 LTO MEHIT2 —_ PACKAGE INFORMATION
*Flat Package (M-bend Leads)  77ACHT/ LOGIC/ARRAYS/MEM  Unit mm (nch Scelo 3/2

o CP-20D » CP-20DA T-90—20

@ T o

430, .27{0. 6.71%0.28
LA fo.2sa0.011)

* CP-24D

&
)

(0.13840.010,

13.520.26

LA} n
0.4310.10.
(o.o‘gﬁo_ar": 0.004) ™

i
. 0.43+0. ,27(0.0S0
oSl s}
[[0.10(0.004)]

* CP-40D

A TATAYATATATA[ATATA[ATATA|4A[A]4]
s s n'aglainian

ok » [1.270.050)
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PACKAGE INFORMATION —
* TSOP (Thin Small Outline Packagr*

* TFP-20DA
8.0(0.315)

8.2 max
(0.323 max)| 4 |

20

18.40 (0.724)

110
0.50 (0.020]

SIE D B 4486203 0018319 537 EBHITR

HITACHT/ LOGIC/ARRAYS/MEN‘Unn:mm(inch)Scaues/z

* TFP-20DAR
8.0 {0.315)
8:2 max
11](0.323 man o

18.40 (0.724)

1

T-90-20

1.20aax
0.1720.05

9.22:0.2

0.50:0.10

1.20max

—0.20:0.10. | [$ 5,080,009 §5] ,_20.020.2(0.78720.008 ~020:010. (5 508 0.0031 @] ,_20.020.2(0.787:0.008
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