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HM538123 Series

131,072-Word x 8-Bit Multiport CMOS Video RAM

T-H6-22-20

W DESCRIPTION HIMS538123 Series
The HM538123 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. In addition, it has two new functions.
Flash write clears the data of one row in one cycle in RAM. Special read transfer
internally detects that the last address in SAM is read and transfers the next data of
one row automatically from RAM if a transfer cycle has previously been executed.
These functions make it easier to use the HM538123.
3DCP40D
B FEATURES (CP-40D)
» Multiport Organization
Asynchronous and Simultaneous Operation of RAM and SAM Capability B PIN OUT
|27, 128k-word x 8-bit HM538123JP Series
BAM Lt it e 256-word x 8-bit
* Access Time scq] Vss)
RAM L\ itiietiie e i ttaaean s 100 ns/120 ns/150 ns (max) siood 2 SI/07
BAM .t 30 ns/40 ns/50 ns (max) si/o1g 3 S1/06
¢ Cycle Time siyoz2q 4 S1/0S
RAM ... 190 ns/220 ns/260 ns (min) siv03g s $1/04
L iAM ........................................... 30 ns/40 ns/60 ns (min) 5T/5EY 6 st
. Low A;‘i'\l/eer wood 7 1/01
{271, e 385 mW (max) yorg 8 1/06
SAM - o e ettt 275 mW (max) iyozq 9 1/05
SANADY + 11 vreemnn it e 40 mW (max) /034 10 1/04
 High-Speed Page Mode Capability Vet 4 M7 Vas2
* Mask Write Mode Capability WEQ DSF
« Bidirectional Data Transfer Cycle between RAM and SAM Capability Ne O NC
« Special Read Transfer Cycle Capability s d s
« Flash Write Cycle Capability N QsF
» 3 Variations of Refresh (8 ms/512 Cycles)
RAS Only Refresh A8 Ad
TAS Before RAS Refresh A6 At
Hidden Refresh As (] A2
¢ TTL Compatible Yy A3
W ORDERING INFORMATION Vee2 § AT
X - P X Di11-1
Part No, Access Time ackage (Top View)
HMS538123JP-10 100 ns 400 mil
HMS5381231P-12 120 ns 40-pin
HM5381237P-15 150 ns Plastic SOJ (CP-40D) @ PIN DESCRIPTION
Pin Name Function
Ag-Ag Address Inputs
1/0p-1/07 RAM Port Data Inputs/Outputs
SI/0p-S1/07 SAM Port Data Inputs/Outputs
RAS Row Address Strobe
CAS Column Address Strobe
WE Write Enable
DI/OE Data Transfer Output Enable
sC Serial Clock
SE SAM Port Enable
DSF Special Function Input Flag
QSF Data Register Empty Flag
Ve Power Supply
Vss Ground
NC No Connection
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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 HM538123.

¢ Table 1. Operatlon Cycles of the HM538123

ﬂ)ut Li‘fl :ﬂhc Fa.lﬂlg Edg of RAS Operation Cycle
CAS | DT/OE | WE | SE | DSF
H H H X L RAM Read/Write
H H H X H Color Register Set
H H L X L Mask Write
H H L X H Flash Write
H L H X L Special Read
Initialization
H L H X H Special Read
Transfer
H L L H X Pseudo Transfer
H L L L X Write Transfer
L X 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 TAS. TAS controls output impedance of 10 in
RAM.

Ag-Ag (input pins): Row address is determined by Ap—Ag
level at the falling edge of RAS. Column address is deter-
mined by Ag-Ayz 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 HM538123 turns to mask write mode. According to
the 1/0 level at the time, write on each 1/0 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 cy-
cle, 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).

1/00-1/07 (input/output pins): I/0O pins function as mask
data at the falling edge of RAS (in mask write and flash
write mode). Data is written only on high 1/0 pins. Data on
low 170 pins are masked and internal data are retained. Af-
ter that, they function as input/output pins as those of a
standard DRAM.

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

SC (input pin): SC is a basic SAM clock. In a serial read cy-
cle, data is output from an Si/0 pin synchronously with the
rising edge of SC. In a serial write cycle, data on an SIVO
pin at the rising edge of SC is put into the SAM data regis-
ter.

SE (input pin): SE pin activates SAM. When SE is high, SI/0
is in the high impedance state in serial read cycle and data
on 8I/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.
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§1/0p-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 special read transfer
cycle or special read initialization cycle, S1/0 outputs data.
When it was a pseudo transfer cycle or write transfer cycle,
S1/0 inputs data.

DSF (input pin): DSF is a special data input flag pin. It is set
to high when new functions such as color register set, spe-
cial read transfer, and flash write, are used.

QSF (output pin): The HM538123 has a double buffer orga-
nization which includes two SAM data registers to relax the
restriction on timings of DT/OE and SC in real time transfer
cycle. QSF flag turns high when output from one of SAM
data registers finished (data register empty fiag). If the con-
dition is detected and special read transfer cycle is execut-
ed, data is transferred to the empty register. SC (serial
clock) and data transfer cycle can be set asynchronously
because detection of the last address in SAM and change of
data register are executed automatically in the chip. It
makes the system design flexible.

B OPERATION OF HM538123
« Operation of RAM Port

RAM Read Cycle (DT/OE High, CAS High, DSF Low 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 1/O pin. At the falling edge of RAS, DT/OE and
TAS become high to distinguish RAM read cycle from trans-
fer cycle and CBR refresh cycle. Address access time (tan)
and RAS to column address delay time {trap) specifications
are addad to enable high-speed page mode.

RAM Write Cycle

(Early Write, Delayed Write, Read Modify Write)
(DT/OE High, CAS High, DSF Low at the Falling Edge of
RAAS)

+ Normal Mode Write Cycle

(WE High at the Falling Edge of RAS)

When CAS and WE are set low after driving RAS low, a
write cycle is executed and 170 data is written in the select-
od 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 TAS falling edge, this cycle
becomes an early write cycle and I/O becomes in high im-
pedance. Data is entered at the TAS falling edge.

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

HM538123 Series

If WE is set low after tcwp (min) and tawp (min) after the
TAS falling edge, this cycle becomes a read modify write cy-
cle and enables read/write to execute in the same address
cycle. In this cycle also, to avoid 1/0 contention, data should
be input after reading data and driving 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 170. Whether or not an 1/O is written depends on 1/0
level (mask data) at the falling edge of RAS. Then the data
is written in high 170 pins and masked in low ones and inter-
nal data is preserved. This mask data is effective during the
AAS 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,
DSF Low 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
cycle and is higher than the standard page mode cycle by
70-80%. This product is based on static column mode,
therefore, address access time (taa), RAS to column ad-
dress delay time (irap), and access time from TAS pre-
charge (tacp) are added. In one RAS cycle, 256-word mem-
ory cells of the same row address can be accessed. It is
necessary to specify access frequency within trag max
(10 ps).

Flash Write Function (See Figure 1)

« Color Register Set Cycle (CAS-DT/OE-WE High, DSF High
at the Falling Edge of RAS)

In color register set cycle, color data is set to the internal
color register used in flash write cycle. 8 bits of internal col-
or register are provided at each 1/0. This register is com-
posed of static circuits, so once it is set, it preserves the
data until reset. The data set is just as same as in the usual
write cycle except that DSF is set high at the falling edge of
RAAS, and early write and delayed write cycle can be execut-
ed. In this cycle, memory array access is not executed, so it
is unnecessary to give row and column addresses.

« Flash Write Cycle (CAS-DT/OE High, WE Low, DSF High
at the Falling Edge of RAS)

In a flash write cycls, a row of data (256 x 8 bit) is
cleared to 0 or 1 at each 170 according to the data of color
register mentioned before. It is also possible to mask 1/0 in
this cycle. When CAS-DT/OE is set high, WE is low, and
DSF is high at the falling edge of RAS, this cycle starts.
Then, the row address to clear is given to row address and
mask data is to 1/0. Mask data is as same as that of a RAM
write cycle. High /0 is cleared, low 1/0 is not cleared and
the internal data is preserved. Cycle time is the same as
those of RAM read/write cycles, so all bits can be cleared in
1/512 of the usual cycle time.
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Figure 1. Use of Flash Write
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* Transfer Operation

The HM538123 provides the special read initialization cy-
cle, special read transfer cycle, pseudo transfer cycle, and
write transfer cycle as data transfer cycles. These transfer
cycles are set by driving DT/OE low at the falling edge of
RAS. They have following functions:

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

{2) Determine direction of data transfer

(a) Special read initialization cycle,
Special read transfer cycle: RAM — SAM
(b) write transfer cycle: RAM <« SAM

(3) Determine input or output of SAM 1/0 pin (SI70)

Special read initialization cycle: 8170 output
Pseudo transfer cycle,
write transfer cycle: S1/0 Input

(4) Determine first SAM address to access (SAM start ad-
dress) after transferring at column address. When SAM
start address is not changed, neither CAS nor address
need to be set because SAM start address can be
latched internally.

Special Read Initialization Cycle (CAS High, DT/OE
Low, WE High, DSF Low at the Falling Edge of RAS)

1f CAS is high, DT/OE is low, WE high, and DSF low at
the falling edge of RAS, this cycle becomes a special read
initialization cycle. Special read initialization is used (1) to
start special read transfer operation and (2) to switch SAM

input/output pin (S1/0) set in input state by pseudo transfer
cycle or write transfer cycle, to output state.

if the clock js set as mentioned before, address of SAM
transfer word line is set to row address and first SAM ad-
dress to access (SAM start address) to column address, it
becomes possible to execute SAM read after tgrp (min) af-
ter RAS is high. In this cycle, SI/O outputs uncertain data
after the RAS falling edge. So when SAM is in input state
before executing this cycle, it is necessary to stop input be-
fore the RAS falling edge.

SAM access is inhibited while RAS is low in this cycle. SC
should not be raised during RAS low.

Special Read Transfer Cycle (CAS High, DT/OE Low,
WE High, DSF High at the Falling Edge of RAS)

Ordinary muttiport video RAM has some problems; (1) se-
vere limitation on timings between processor clock DT/OE
and CRT clock SC, (2) complicated external control circuit to
detect SAM last address externally and to insert transfer cy-
cle synchronously. Special read transfer cycle makes it pos-
sible to relax the timing limitations and to set serial clock
(SC) and transfer cycle perfectly synchronously.

Figure 2 shows the block diagram for a special read
transfer. SAM double buffers are composed of two data reg-
isters (DR). When data is read out from DRO serially, special
read transfer cycle transfers a row of RAM data, which will
be read from SAM next, to DR1.

The end of data read from DRO is detected internally and
data register switching circuit automatically switches to DR1
output. So data can be output continuously.

R 7| an
R Pointer
M R

way (X o | |2 [+

Array a a ‘g

£

(I PIIS 7 @

DR : Data Register
S Detect SAM
Last Address
Sout(DRO)

01114

Figure 2. Block Diagram for Special Read Transfer
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Figure 3 shows special read transfer operation sequence.
QSF flag indicates that reading out from data register has
finished (data register empty flag), and special read transfer
can be executed while QSF is high. At first, special read op-
eration starts by executing a special read initialization cycle.
So QSF becomes high, the processor gives row address
and SAM start address, which is nesded next, to the memo-
ry, and inserts a special read transfer cycle. Data register
becomes full after a special read transfer cycle, so QSF be-
comes low during the cycle. When the last SAM address is
accessed, QSF becomes high and the data register, which
outputs from the next SAM address, changes, and serial ac-
cess can be executed.

By executing these handshakes, serial clock and transfer
cycle can be executed perfectly asynchronously, and flexibil-
ity of the system design is improved.

Special read transfer cycle is set by making CAS high,
DT/OE low, WE high, and DSF high at the falling edge of
RAS (same as for special read initialization cycle except
DSF). Like in other transfer cycles, the address of the word
line to transfer into data register is specified by row address
and SAM start is specified by column address. When the
last SAM address data is output, the next data is output
from the SAM start address specified by this RAS cycle.
This transfer cycle can be executed asynchronously with

T-46-23-20—
SAM cycle. However, it is necessary to execute SAM access
after RAS becomes high after SAM start address is speci-
fied by RAS cycle. (Ses Figure 4).

QSF should be high at the falling edge of RAS to execute
a special read transfer cycle. A cycle whose QSF is low is
neglected (refresh is executed). When the previous transfer
cycle is a pseudo transfer or write transfer cycle and SI/O is
in input state, special read transfer cycle cannot be used
(neglected). Special read initialization cycle is required to
switch SI/0 to output state.

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/0 from
output state to input state because data in RAM isn't rewrit-
ten. This cycle starts when CTAS 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,
like in the special read initialization cycle. In this eycle, SAM
access is inhibited dunng RAS low, therefore, SC should not
be raised.

RAM RAM

- DR1
Multiport o

RAM
= DRO

Video RAM
Operation

o o e ey = e

RAM Read

)8

Cycle

/(:obmn :ddre[s

QSF

_f\\ﬂ

PV

mn address

Y=2% Y=i i+ Y=285 Y=} j+1

Si/0
(Output)

X Output from DRO X Ou@tlmmDRi X

01§

Figure 3. Special Read Transfer Operation Sequence
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tsen Row address Xj data
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Figure 4. The Restriction of Special Read Transfer

Write Transfer Cycle (CAS High, DT/OE Low, WE Low,
and SE Low at the Falling Edge of RAS)

Write transfer cycle can transfer a row of data input by
sorial 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 tsgp (min)
after RAS becomes high. SAM access is inhibited during
RAS low. In this period, SC should not be raised.

* SAM Port Operation

Serial Read Cycle

SAM port is in read mode when the previous data trans-
fer cycle is special read initialization cycle or special read
transfer cycle. Access is synchronized with SC rising, and
SAM data is output from SI/0. When the last address is ac-
cessed at the state of QSF low (data register is full), it is
signaled to extemal circuits that special read transfer is en-
abled by making QSF high. Next, after SAM access, output
data register is switched, then the row address data given
by previous special read transfer cycle is output from the
SAM start address. If special read transfer isn’t performed
(QSF high), the column address 0 of the same row address
is accessed after the last address is accessed.

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 SE is high, SI/0
data isn't input into data register. Internal pointer is incre-
mented according to the SC rising edgs, so SE high can be
used to 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 CAS fixed to high
by inputting the row address (= refresh address) from exter-
nal circuits. In this cycle, output is high-impedance and pow-
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er dissipation is less than that of normal read/write cycles
because TAS internal circuits don't operate. To distinguish
this cycle from data transfer cycle, DT/DE should be high at
the falling edge of RAS.

CBR Refresh Cycle: CBR refresh cycle is set by activat-
ing 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 impedance and power dissipation is lowered like in

B ABSOLUTE MAXIMUM RATINGS

RAS only refresh cycles because CAS circuits 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.

Parameter Symbol Rating Unit Note
Terminal Voltage Vr —10to +70 v 1
Power Supply Voltage Vce -05t0 +7.0 v 1
Power Dissipation Pt 10 w
Operating Temperature Topr Oto +70 °C
Storage Temperature Tag —355to +125 °C
Note: 1. Relative to Vgg.
M ELECTRICAL CHARACTERISTICS
¢ Recommended DC Operating Conditions (T, = 0 to +70°C)
Parameter Symbol Min Typ Max Unit Note
Supply Voltage Vee 45 5.0 55 v 1
Input High Voltage Vin 24 — 6.5 v 1
Input Low Voltage i =05 — 0.8 v 1,2

Notes: 1. All voltages referenced to Vgg.
2. = 3.0V for pulse width < 10 ns.

* DC Electrical Characteristics (Ty = 0 to +70°C, Voo = 5V £10%, Vgg = 0V)

HM538123-10 HM538123-12 HM538123-15 X Test Conditions
Parameter Symbol - - - Unit Note
Min Max Min Max Min Max RAM Port SAM Port
3 Icct — 70 — 60 — 50 mA RAS, CAS SC = Vlbﬁ = Vg
Cunen":‘g Cycling SE = Vrg, SC Cycling
Locy — 120 — 100 — 80 | mA oo Min tsce = Min
1 -— 7 — 7 - 7 |mA|___ SC=vi,SE=V
Standby €2 RS, SC = Vi, dL
Current lccs | — | %0 | — [ 490 | — | 30 |ma|CAS=v|SE= Vi SCCycling
tgoc = Min
RAS Only Iccs | — 60 ~ 0 — | 4 | mA | RAS Cycling | SC = Vi, 5E = Viy
Refresh CAS = Vi | SE = Vy, SC Cydlin
Current Ioco — 110 - 90 - 70 mA tre = Min tsce =I}%ﬁn Cyeling
Icca — 65 — 55 45 | mA | TAS Cycling | 5C = Vi, 5E = Vi
Page RAS = Vi [3E = vy, SC Cycling
Mode Iccio | — 115 - 95 5| mA | tpe = Min | oo = Min
CAS ®as | I — 60 — 50 0 |mA|___ 8C = Vi, §E = ¥,
g‘;f:f oreRAS | ce8 RAS Cycling |— vIL < .ﬁnm
Current Iccu | — 110 — % 70 | mA | tRc = Min s = Via Cycling
Data Iecs | — % — 50 % |mA |RAS,CAS |[SC=VILSE=Viy
Transfer Cycling 8E = Vyr, SC Cycling
Current Icc1z — 125 — 125 125 | mA tre = Min tscc = Min
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o DC Electrical Characteristics (Ty = 0 to +70°C, Vgg = 5V £10%, Vgs = 0V)

T-46-23-20
HM538123-10 HM538123-12 HM538123-15 i .
Parameter Symbol - - - Unit Test Coaditions Note
Min Max Min Max Min Max
Input Leakage
c§ . I —-10 10 - 10 10 -10{ 10 |pA
Output Leakage _ _ _
Cument Iio 10 10 10 10 0] 10 | pA
Output High _ _
Voltage Von 24 — 2.4 — 24 — V |[Iopg= —2mA
Output Low _
Voltage VoL - 04 — 04 — 04 | Vv |IoL =42mA

e Capacitance (To = 25°C, Voo = 5V. f = 1 MHz, Bias: Clock, 1/O = Vg, Address = Vgg)

Item Symbol Min Typ Max Unit
Address Cn — — 5 pF
Clock Cn — — 5 pF
1/0,81/0 Cro — — 7 pF

* AC Characteristics (T4 = 0 to +70°C, Vgg = 5V £10%, Vgg = OV)1, 11
Test Conditions

Input Rise and Fall Time: 5ns
Output Load: See Figures
Input Timing Reference Levels: 0.8V, 24V
Qutput Timing Reference Levels: 0.4V, 2.4V
Output Load (A) Output Load (B)
+5v +5v
lon=—2mA Yon=—2mA
—l —_—
1o=4.2mA lou=4.2mA
1/0 sifo _ T — 1
_L N
J,; S0pF*?
oMn-7 o1t1-8

Note: 1. Including scope & jig.
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Common Parameter

HMS538123-10 HM538123-12 HMS538123-15
Parameter Symbol - - Unit | Note
Min Max Min Max Min Max
gy“:lde"l'f‘imne”d or Write tRC 19 — 220 - 260 - us
RAS Precharge Time trRp 80 — 9% — 100 — ns
RAS Pulse Width tRAS 10000 100 120 10000 150 10000 ns
CAS Puise Width tcas 30 10000 35 10000 40 | 10000 ns
Row Address Setup Time tASR 0 — 0 — 0 — ns
Row Address Hold Time tRAH 15 — 15 — 20 - ns
Column Address Setup Time tasc 0 — 0 — 0 — ns
Column Address Hold Time tcaH 20 — 20 — 25 — ns
RAS to CAS Delay Time tRCD 25 70 25 85 30 110 ns 5,6
RAS Hold Time tRsH 30 — 35 - 40 — ns
CAS Hold Time tosH 100 — 120 - 150 — ns
CAS to RAS Precharge Time tCRP 10 — 10 — 10 — ns
Transition Time (Rise to Fall) tr 3 50 3 50 3 50 s
Refresh Period tREF — 8 — 8 — 8 ns
DT to RAS Setup Time tpTs 0 — 0 — 0 — ns
DT to RAS Hold Time tDTH 15 —_ 15 - 20 —_ ns
DSF to RAS Setup Time tsrs 0 — 0 — 0 — ns
DSF to RAS Hold Time tSFH 25 — 25 —_ 30 — ns
Data-in to OE Delay Time tpzo 0 — 0 — 0 — ns
Data-in to CAS Delay Time tpze 0 — 0 - 0 — ns
Read Cycle (RAM), Page Mode Read Cycle
HM538123-10 HMS538123-12 HM538123-15
Parameter Symbol - - - Unit Note
Min Max Min Max Min Max
Access Time from RAS tRAC - 100 — 120 — 150 ns 2,3
Access Time from CAS tcac — 30 — 35 —_ 40 ns 3,5
Access Time from OE toac — 30 — 35 — 40 ns 3
Address Access Time taA — 45 — 55 — 70 ns 3,6
&ﬁ;&&ﬁ:&“’;‘gfﬁ tOFF1 0 25 0 30 0 40 as 7
Dt |om | o | 5 | o | w | o | 0 | m]
Read Command Setup Time tRCS 0 - 0 — 0 — ns
Read Command Hold Time tRCH 0 — 0 — 0 — ns 12
poad Command Hold Time | 4o 10 - 10 — 10 - mo | 1
ﬁy“}ﬂm Address {RAD 2 55 2 65 25 80 s | 56
Page Mode Cycle Time . tpc 55 — 65 — 80 — ns
CAS Precharge Time tcp 10 — 15 — 20 — ns
%%?;T:rf;:m tace - 50 - 6 - 75 ns
O HITACHI
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HITACHI/ LOGIC/ARRAYS/M S5LE D ER 449L203 0019518 35T EM HITE
HM538123 Series

Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle T-46-23-20
HMS538123-10 HM538123-12 HMS538123-15 T
Parameter Symbol - - - Unit Note
Min Max Min Max Min Max
Write Command Setup Time twcs 0 — 0 — 0 — ns 9
Write Command Hold Time twCH 25 — 25 — 30 — ns
Write Command Puise Width twp 15 — 20 — 25 — ns
Write Command to RAS Lead Time | trwL 30 — 35 — 40 — ns
Write Command to CAS Lead Time | tcwr 30 — 35 — 40 — ns
Data-in Setup Time tns 0 — 0 — 0 — ns 10
Data-in Hold Time iDH 25 — 25 — 30 — ns 10
WE to RAS Setup Time tws | .0 — 0 — 0 — ns
WE to RAS Hold Time twH 15 — 15 — 20 —_ ns
Mask Data to RAS Setup Time thms 0 - 0 — 0 —_ ns
Mask Data to RAS Hold Time tMH 15 — 15 — 20 — ns
OF Hold Time Referenced to WE toEH 10 —- 15 — 20 — ns
Page Mode Cycle Time tpc 55 — 65 — 80 — ns
CAS Precharge Time top 10 — 15 — 20 — ns

Read-Modify-Write Cycle

HM538123-10 HMS538123-12 HM538123-15

Parameter Symbol - - - Unit Note
Min Max Min Max Min Max
Read-Modify-Write Cycle Time tRWC 255 — 295 — 350 — ns
RAS Pulse Width tRWS 165 10000 195 10000 240 10000 ns
RAS to WE Delay tcwD 65 — 75 — 90 — ns
Column Address to WE Delay tAWD 80 — 95 — 120 — ns
OE to Data-in Delay Time toDD 25 — 30 — 10 - ns
Access Time from RAS tRAC — 100 —_ 120 —_ 150 ns 2,3
Access Time from CAS tcac — 30 — 35 — 40 ns 3,5
Access Time from O~ toAC — 30 — 35 — 40 ns 3
Address Access Time taa —_ - 45 — 55 S - 70 ns 3,6
RAS to Column AddressDelay | tRaD 20 55 20 65 25 80 ns 56
g:f?;:lf;ﬁg Syra-off Delay {OFF2 0 25 0 £ 0 40 1
Read Command Setup Time trRCS 0 — 0 — 0 — ns
Write Command to RAS Lead Time | trwL 30 — 35 — 40 — ns
Write Command to CAS Lead Time | tcwL 30 — 35 — 40 - ns
Write Command Pulse Width twp 15 — 20 — 25 — ns
Data-in Setup Time tps 0 — 0 —_ 0 — ns 10
Data-in Hold Time tDH 25 - 25 - 30 — ns 10
WE to RAS Setup Time tws 0 _ ()} — 0 - ns
WE to RAS Hold Time twH 15 — 15 —_ 20 — s
Mask Data to RAS Setup Time tMs 0 — 0 — o | - ns
Mask Data to RAS Hold Time tMH 15 — 15 — 20 — ns
OE Hold Time Referenced to WE tOEH 10 — 15 — 20 _ ns
G HITACHI
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HITACHI/ LOGIC/ARRAYS/M 51E D WR 4436203 0019519 29 EE HITZ2
HM538123 Series
Refresh Cycle . T-46-23-20
HM538123-10 HM538123-12 HMS538123-15 i
Parameter . Symbol - - Unit Note
Min Max Min Max Min Max
CAS Setup Time
(CAS Before RAS Refresh) tosr 10 - 10 - 10 - s
CAS Hold Time
(CAS Before RAS Refresh) ICHR » - 25 - %0 i
RAS Precharge to CAS Hold Time | tgpc 10 — 10 - 10 — ns
Transfer Cycle
HM538123-10 HM538123-12 HMS538123-15 i
Parameter Symbol " - - Unit Note
Min Max Min Max Min Max
WE to RAS Setup Time tws ) — 0 — 0 — ns
WE to RAS Hold Time twH 15 - 15 — 20 — ns
SE to RAS Setup Time tgs 0 — 0 - 0 — ns
SE to RAS Hold Time tEH 15 - 15 - 20 — ns
RAS to SC Delay Time tSRD 25 — 30 — 35 — s
SC to RAS Setup Time tSRS 30 — 40 - 45 — ns
RAS to QSF Delay Time tROD — 100 — 120 — 150 ns 4
RAS to QSF (High) Delay Time tRQH - TBD — TBD — TBD ns
Serial Data Input Delay Ti
from mls oput Lelay Time tsID 50 - 60 - 75 — ns
Serial Data Input to RAS
Delay Time tSZR — 10 —_ 10 - 10 ns
Serial Output Buffer Turn-off
Delay from RAS tsrZ 10 50 10 60 10 75 s 7
RAS 10 Syt (Low-Z)
Delay Ti!;’l: trRLZ 5 — 10 — 10 — ns
Serial Clock Cycle Time tscc 30 — 40 — 60 — ns
Access Time from SC 1SCA — 30 — 40 — 50 ns
Serial Data-out Hold Time tSOH 7 — 7 — 7 — s
SC Pulse Width tsc 10 — 10 — 10 — ns
SC Precharge Width tscp 10 — 10 — 10 - ns
Serial Data-in Setup Time ts1S 0 — 0 — 0 —_ ns
Serial Data-in Hold Time tSTH 15 - 20 — 25 —_— ns
Serlal Read Cycle
P cter Symbol HM538123-10 HM538123-12 HM538123-15 Unit Note
arami nil
i Min Max Min Max Min Max °
Serial Clock Cycle Time tsoc 30 — 40 — 60 — ns
Access Time from SC tsCcA —_ 30 — 40 —_ 50 ns 4
Access Time from SE SEA — 25 - 30 - 40 ns 4
Serial Data-out Hold Time tSOH 7 — 7 —_ 7 — ns 4
SC Pulse Width tsc 10 —_ 10 —_ 10 - ns
SC Precharge Width tscp 10 — 10 — 10 —_ ns
Serial Output Buffer Turn-off
Delay from SE tSEz 0 25 0 25 0 30 ns 7
Last SC to QSF Delay Time tsQD —_ TBD — TBD — TBD ns 4
G HITACHI
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HM538123 Series

Serial Write Cycle T-46-23-20
HM538123-10 HM538123-12 HM538123-15 ‘
Parameter Symbol - - - Unit Note
Min Max Min Max Min Max
Serial Clock Cycle Time tscc 30 —_ 40 — 60 — ns
SC Pulse Width tsC 10 — 10 — o — ns
SC Precharge Width tscp 10 — 10 — 10 - ns
Serial Data-in Setup Time tg1s 0 — 0 — 0 — ns
Serial Data-in Hold Time 1SIH 15 —_ 20 — 25 — ns
Serial Write Enable Setup Time tsws 0 — 0 — 0 — ns
Serial Write Enable Hold Time tSWH 30 ~— 35 — 50 — ns
Serial Write Disable Setup Time tSWIS 0 — 0 — 0 — ns
Serial Write Disable Hold Time tSWIH 30 —_ 35 — 50 — ns
Flagh Write Cycle
HMS538123-10 HMS538123-12 HM538123-15
Parameter Symbol - - Unit Note
Min Mazx Min Max Min Max
Flash Write Cycle Write tRCFW 230 — 265 — 310 — ns
RAS Pulse Width tRCSFW 140 — 165 — ' 200 — ns
WE to RAS Setup Time tws 0 — 0 — 0 _ ns
WE to RAS Hold Time twH 15 — 15 —_ 20 — ns
Sl e |y | o | = | m | - | » | - | =
Mask Data to RAS Setup Time tMs 0 — 0 —_ 0 = ns
Mask Data to RAS Hold Time | tmu 15 — 15 — 20 — ns

Notes: 1. AC measurements assume t = 5 ns.
2. Assume that tcp S trep (max) and tRaD < tRAD (max). If trcp Of tRAD iS greater than the maximum recommended
value shown in this table, trsc exceeds the value shown.
Measured with a load circuit equivalent to 2 TTL load and 100 pF.
Measured with a load circuit equivalent to 2 TTL load and 50 pF.
. When trcp 2 trcp (max) and tRap S trap (max), access time is specified by tcac.
. When tgcp < trep (max) and tRAD 2 tRAD (max), access time is specified by toa.
. toFp (max) is defined as the time at which the output achieves the open circuit condition (Vou — 200 mV, VoL +
200 mV).
8. Vi (min) and Vi (max) are reference levels for measuring timing of input signals. Transition times are measured between
Vi and Vi1
9, When twecs 2 twcs (min), the cycle is an early write cycle, and 1/0 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 out pin and input data is written into the selected address. In this case, impedance
on 1/0 pins is controlled by OE.
10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read-
modify-write cycles.
11. 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.
2. If either troy or trRy is satisfied, operation is guaranteed.

NOw W

—
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HM538123 Serles

B TIMING WAVEFORMS T-46-23-20
* Read Cycle
tae
WS T tnas 0
S
t tasn
= tesn _4 torr,
Tas e teas] |
taas N %
tase Lann tasc teay
Address 9{ Row Column
taeg) 1] tacn .
WE 7777;/ / teac b
tuac | torn
taa
1/0 "
(Output) ) Yald
01¢ it |.“
1o 7
(Input) {/// //'///_ toz0 . @
ora. oFF2
wor TNz
tars) i
DsF @ : Don't care.
0111-9
« Early Write Cycle

: Don't care.

0111-10

Note: *1. When WE is high level, all the data on L/Os can be written into the memory cell. When WE is low level, the data on 1/Os

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

@ HITACHI
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HITACHI/ LOGIC/ARRAYS/M 31kt D

¢ Delayed Write Cycle
tag
4 toas m
.75 - 3
taco topn torr
oz tcas
b s =
L i L ry
Address Row Column
tw taan hs twgu
WE .l twe
pro| Jo-tom-oy -
o/oE J p h
1 ) l“
1/0 NI /7
Yy, EKX p@( wid owa 0 W7TTTI7Y
1/0 High-2Z
(Output)
v tyrn
DSF

s

: Don't care.

o1t-11

B 44°7bLcld3d UULA5ce 00U MW HITE

HM538123 Series

T-46-23-20

Note: *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/0s

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

* Read-Modify-Write Cycle
tawe )
ws ) ot Facx N
tom] [+ tosn—
&= 7 . BRI - f
tasal 14 a
e s toan
Address Row Column
w 720 KO | [
3D o Aut. t
t 3
1/0 =1 I alid
(1nput) _ X I ; to Din
tasc —
/0 1 Valid
{Output) tory | RS Dout Lot
BY/E
Sprs torn
DSF
[/7] . Don't care.

ot11-12

Noge: *1L. ‘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/0s

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

Hitachi America, Ltd. « Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300
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HITACHI/ LOGIC/ARRAYS/N S51E D mm 4yy9L203 0019523 7317 M HITZ2
HM538123 Series '

* Page Mode Read Cycle T-46-23-20
wm N . N

e Yo WXL 777 WieieeK 17 1T TR 17T 77T,

—[ t feftacs tacu tecs tacw tan
trcs ! e

t il taa
T teac torn |tmr:v lese] torr tace jen} teac Loers
1/0 1 Valid F Vand X F  vad Y
(Output) k_ Dot K % Dout £ ' Dout >_—
toze toze t
Pt —

o 7 K

(Input) Fltozo A
or ﬁ At

ost /3 ‘1(///////////////////////////////////,

. Don't care.

01t1-13

* Page Mode Write Cycle (Early Write)

3 13 o 1
= N — e
1 ac ! tcas ' tcas '.“_.l tenr
teas
oS Tran 2 ter
tasn --l I(nc -_#.;Au tare 2{ tase Scan
Address Zg Row Column Column Colema
tws| 1w I!-u ’h-eu t L fwon hﬁ;r twen
w X 07777ﬁ // ]477777/
Lus tus 'QL e l...'" to t—ﬁ:ﬁm tonjued :1|'—q
(Input) } k2 Din Din__ 4 Z
1/0 High-Z
(Output)

tore] (tamn

- .
e I || NLLLLLLLL L T T T T 777777
ot Zﬁ lj"/////////////////////////////////_/[/f/

2 Don't care.

o111-14

Note: *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 1/0s
are not written except for the case that the 1/0 is high at the falling edge of RAS.
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HITACHI/ LOGIC/ARRAYS/M 51E D HH 4496203 0019524 kL33 W HITCE

HM538123 Series
¢ Page Mode Write Cycle (Delayed Write)
. T-46-23-20

w N . |

e H:“FQ—“
Addrass T Row "C:Iumn Column / o.un /4.C£ﬂ‘£5‘?ﬂ
o A2 o 5 =
(omn) tons) He m-
oroe /// Wﬂ

L A
o 7 L‘J,/////////////////////////////////////////////////,
' FZ7] : Don't care.

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

+ RAS Only Refresh Cycle
tre
wm ) o, -
ten] | b
= 71 S
Epn taan
1/0
(Output)
', — I
(Input)
torn
D1/0E j
ue ’ln
DSF @
: Don't care.
0111-18
@ HITACHI
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nlTACHL/ LOGIC/ARRAYS/M 51E D

HM538123 Series :
« CAS Before RAS Refresh Cycle T-46-23-20

M 4495203 po19s52s 59T mm HITZ2

Address

1/0-
(input)

1/0 High-Z
(Output)

DY/OE

OF 777 70,
: Don't care.

011-17

¢ Hidden Refresh Cycle

tac tac

oE Y taas Y e t%
i g -
oS _// ‘f{ j_j}

Address Row Column

tacs tann

d

w

A

/0 : y, " :
(Ovtput) —q Vafid Data Out e
tors |t e Teac torsz
™~
o1/oE Jff .

020
t/0 ﬁ’l High-Z
(Input)
tars| {teen)

: Don't care.

ol111-t8
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HITACHI/ LOGIC/ARRAYS/M oLkt D m {R{°bcU3 UULASce Scb &8 Rllc
HM538123 Series

« Special Read Initialization Cycle (1)1, 2 T-46-23-20
s tatn LT | i:.:\————
teas N
oS e i
tasn 4% 1 tasc }i tean

wE 4 tws]| twn ffZZZZfoZZZZZ£

Q5F ]
tors|| torn
BT/0F /A
e o toee
s .
[Tt et
) s'/o) Varid
Output!
1l vy /77 . Don't care

Sout Soul
|
T
ses {} taru 500CA : Innibit rising transient
DSF 1/0 : Don't care

0111-18

Notes: *1. When the previous data transfer cycle is a special read transfer cycle or special read initialization cycle, it is specified as
special read initialization cycle (1).
*3. SE is in low level. (When SE is high, SI/O becomes high impedance state.)
*3. ©AS and SAM start address don't need to be specified every cycle, if SAM start address is not changed.

o Special Read Initialization Cycle (2)'1 2

tae
taas
s F S
taco tasn tonr
ac s = |
33 . A

tasn AlﬂL‘ toam
4 F

address ) Row S W I L

togn

w T R IT TTL l

tus P

CAR/IITTHTIH T

tors

14 toru

ovoe 7] | .‘!//////////////// W

tsnp

]
S t gt ——
S1/0 tmr ftaer ] Tsce pu il
{Output) P 0
tn
- taza
$1/0 Valid
(input) i ¥Z7J : Don't care
L8 1OCR - inhibit rising transient
o5 T A e

0111-20

Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is specified as special read initialization cycle
Q@- —
*3. SE is in low level. (When SE is high, SI/O becomes high impedance state.)
*3. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed.

O HITACHI
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HITACHI/ LOGIC/ARRAYS/M S51E D mm 4496203 0019527 3L2 B HITZ
HM538123 Series )

 Special Read Transfer Cycle 1, *2
T-46-23-20 m
tac
T
- R~
 Toco, - Tasn. - IILE'{
[ 19 ¢ hmA
& tage '“'
Address Row
L CEM, |
NS
1/0 High-Z
(Output)
'/0 4 ’
(nput) L
[ 7 4
s\l [
‘—F‘u
(o) D(rﬁ:«_t'@wm TSR 1) CED Y,
BCA
51/0 High-2
(input) 1 [
|
s tans tarn
DSF m E77] : Don't care.
o=

Notes: *1. When QSF is low level at the falling edge of RAS, the special read transfer cycle is not performed.
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.)
*3. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed.
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HM538123 Series

¢ Pseudo Transfer Cycle

tac
tass
— ]
RAS -
e 220 -0 Can Yo ‘\
T 131
CAS Lage|[than
R e
Address H SAM Start Address
tws LA ——
WE Z& ' ™
Tors] toru
. . e
oT/0k
1
§E ﬂ‘u ten
e e e
F oo ooy L 40 g
sC ROQOOORONNASN 11er 1
Fengl s 1 4
s/a Valid Sin
(Input) . Yanr
si/0
(Output) Y — 7z  Don't carn
. i"—' ——-1 OO  inhitut rising transient
QSF 1/0 : Don't care
0111-22

Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed.
* Write Transfer Cycle

tae
tasy | ap
S T 3 { tene|
bl | " teas!
oS tasll o tasc Tcan i
Address Row Addrass
tws | Ton t —— '
WE ﬂ— VT
tors torm
DT/0E 1
tes ten
SE
Lans ] H ts
o A= XOOOCOO00OR
S1/0 =
(1nput)
s1/0 High-2
{Output) .
—= [ZIR - Don't care
QSF EY¥3 : Inhibit rising transient

a111-23

Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed.
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HITACHI/ LOGIC/ARRAYS/M 5LE D WEE 449kL203 0019529 135 WM HITZ
HM538123 Series
¢ Serial Read Cycle T- 46-23— 20

toas

|
TS towm

tors|

woe [T LTI

i34
‘_l_—/ 1 taee }
tac ad tsc
s (n—1) m (n+1) S" r‘ (n+2) \ /

. tane e g
St/0 ;:: m ;:n‘
4 Tsea
(Ot t =) e ey
teez
. Don't care.
011124
* Serial Write Cycle *1, *2
| ' taas
DTN
S tors
& tamns  tswm
e 77T t o—{swi—t
sc teer i 15 § oy
_A {n—2) (n—1) (n) (n+1)
L L 3
(Is,l‘{:) Sinin - 2) - ;i':(n-l) V§A=(n+1)
" Tom tss  lsm
: Don't care.
o111-26

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 0 is accessed next to address 255.
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HM538123 Serles

+ Serial Read Cycle (Around Address 255 in SAM) T-46-23-20

teoc tso

S rzs_s)_\l. JT\ m I
s g i iy
(m) ) L X e 1[ (1 X(m)

—

Note: *1. Address (i) is the SAM start address provided in the previous special read transfer cycle. When special read transfer cycle
isn’t executed (QSF remains in high level), address 0 is accessed next to address 255.

« Color Register Set Cycle (Early Write)

QSF

0111-26

o 74

o
- T =3

tos

ey TITTTTITTTIIN =
wee T XTI
w T

tase taan
G 11D

: Don't care.

=27

Note: *1. The level of address pin is don’t care, but cannot be changed in this period.
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TMJJ0 1£3 deries
Color Register Set Cycle (Delayed Write) T-46-23-20

s e b -

ws 4 _
)
W /za tws [ = / fA

tos)

(Irln{:t) i . "‘"“,""’mm

e T R

tars tarn

o //f LTI,

S/ SR /I

: Don't care.

011128

Note: *1. The level of address pin is don't care, but cannot be changed in this period.
¢ Flash Write Cycle

trorw

o —— \ Laasrw - A \__

t Laan
5 __L.I
Row
s I Y/

w t 1/ T,

Cus) -

T T

tors| | torm

wee 77774 || T,

ters | [tsru

: Don't care.

o111-29
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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)
2°‘32'“"‘(°'8°°"‘""9 72.86max(0.900max)
ﬁnnﬁnnnn e % 8 10 =~
or, 8 N MM e 8. %
slgs ~f3E
D o) GloN b SIER
e A o) élng

1 | == = | == L= = I-al OO o iy e g ey gy
0,89 1.3 7.62(0.300) o890 1.3 ? 7.62(0.300

(0.035) ~ "{0.051) %‘ x 3 (0.035) ' (0.051) T .=
E = ¢ ) E X 8
—E S __eg . E
[ I m— g §I§ /—
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* Duakin-ine Plastic HITACHT/ LOGIC/ARRAYS/MEM  Unit mm (inch) Scale 3/2
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* TSOP (Thin Small Outline Packagr*
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