A=
s~

o

T- B;14:23  ; (R)BUMEHT y805Fd XTUFE xeUE-GHEIHAL/SP ;0423-27-8623

HB526A25672EA Series

131,072-word x 72-bit X 2-bank Synchronous Dynamic RAM
Module

HITACHI

ADE-203-61< (2)
Preliminary

Rev. 0.0

Jul. 5, .396

Description

The HB526A25672EA belougs to 8byte DIMM family., The HBS526A25672EA is a 128k x 72 x 2
banks Synchronous Dynamic RAM Module, mounted 5 pieces of 4-Mbit SDRAM (HMS241605CTT)
sealed in TSOP package, 1 piece of 20-bit register (SN74ALVCH 16721) sealed inTSSOP package, und 1
piece af 12-bit PLL clock driver (CDC2586PAH) sealed in TQFP package. An outline «f the
HB526A25672EA is 200-pin Dual tabs socket type package. The HBS26A25672EA provides cotr.non
data inputs and outputs. Decoupling capacitors are mounted beside TSOP on the module board.

Features

* 200-)in socket type package (Dual read out) _
— Cudine: 153.70 mm (Length) x 38.10 mm (Height) x 3.80 mm (Thickness)
— I zad pitch: 1.27 mm
* 3.3V power supply
* Clock frequency: 80 MHz /66 MHz / 57 MHz
* LVTTL interface
« Databus width: x 72 (ECC) bit
« Single pulsed RAS
+ 2 Banks can operates simulaneously and independendy
» Burs read/write operation and burst read/single write operation capability
* Programmable burst length: 1/2/4/8/full page (256)
* Prog ammable burst sequence
— Sequential/interieave
= Full page burst length capability
— Szquential burst
—— FEurst stop capability
» Prog-ammable CAS latency: 2/3/4
» PLL and register buffered except DQ
Preliminary:The specificadon of this device are subject to change without notice. Please contact your
neares( Hitachi's Sales Dept, regrding specification.
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HBS26A25672EA Series

* 1024 refresh cycles:16 ms
* 2 variadons of refresh

—— Auto refresh

— Self refresh

Ordering Information

Type N». Frequency Package Contact psd
HB526,\25672EA-12 80 MHz 200-pin DIMM (dual read out Gold
HB526,\25672EA-15 66 MHz socket type)

HB526A256872EA-17 57 MHz

Pin Arrangement

Front side

1}
1pin 16 pin 17 pin

101 pin 116 pin 117 pin
K

78 pin 79 pin 100 pin

178 pin 179 pin 200 pin
e,

Back side

HITACHI
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HB526A25672EA Servies

Pin Arrangement (cont.)

Front side Back side
Pin Noa. Pin name Pin Na Pin name Pin Noa Pin name Pin Na. Pin name Pin Na. Pin name Pin Na Pin name
1 Voo 35 Vs 69 DQ2s 101 NC 135 DQ39 168 DQ22
2 NC 36 pDQ41 70 DQ24 102 NC 136 DQ38 170V,
3 NC 37 DQ4o 71 Ve 103 Vg 137 Vg 171 DQ21
4 NC 38 Voo 72 DQls 104 NC 138 DQ37 172 DQ2o
s NC an A4 73 DQ18 105 NC 138 DQ38 173 Vg
& 01 40 A5 74 Voo 106 NC 140V, 174 NC
7 D2 41 Via 75 bDQ17 107 D3 141 As 175 NC
8 Ve 42 A8 76 DO1s 108 DQ71 142 A7 178 Vi,
9 DQ87 43 NC 77 Vg 108 DQ7o 143 Vs 177 NC
10 2Qs66 44 Veo 78 NC 110 Vg 144 A9 (BS) 178 Vg
11 Voo 45 NC 79 NC 111 DQ69 145 NC 179 Vg
12 DQes 46 CKEO B0  V, 112 DQ68 146 V,, 180 NC
13 nQe4 47 Vs 81 DQ15 113 V,, 147 DQM 181 NC
14 Vas 48 CAS 82 DQ14 114 NC 1486 WE 182 V,,
15 Dass 49 NS 83 Vi 115 Vg 149V, 183 DQN
16 Dae2 50 Voo 84 DQ13 118 NC 150 NC 184 DQ10
17 NC 51 Vea 85 DQi2 117 DQAsS3 151 CKoO 185 Vg
18 DQe1 52 RAS 86 Voo 118 DQS8 182  V, 186 DQS9
19 Daso 53 Vs 87 baz 119 V. 183 NC 187 DQs
20 Voo 54 NC a8 DQs 120 DQs7 154 S0 188V,
21 NC 55 NC 89 V. 121 DQs6 155V, 189 DQz
22 NC 56 Voo 90 pDas 122 Vg, 156 NC 196 DQz
23 /. 57 AQ 91 DQ4 123 DQss 157 NC 191V,
24 NC 58 Al 92 Voo 124 DQs4 158V, 192 DOy
25 Ko} 59 Vea 93 PDE 125 Ve 159 A2 193 DaQC
26 Voo 80 DQ3s 94 PD1 126 DQ53 160 A3 194 PDE
27 Dast &1 DQ34 85 PD2 127 DQ52 161 Vg 185 PD6
28 Daso 62 Voo 98 PD3 128 Vg 162 DQ31 186 PDV
29 Vo a DQ33 97 PD4 120 DQ47 163 DQ30 197 POa
30 DQ49 64 0Q32 98 NC 120 DQ48 164 V, 198V,
31 bQ4s &5 Ves 99 NC 131 Vg 165 DQ29 199 NC
32 Ve 66 DQ27 100 V. 132 DQ45 166 DQ28 200 NC
33 DQ4a3 &7  DQzs 133 DQ44 167 Vg )
34 DQ42 68 Voo 134 V,, - 168 DQ23

HITACHI
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HBS526A25672EA Series

Pin Description

Pin narne Function

A0 to A9 Address input
— Row address A0 to A8
— Column address A0 to A7
— Bank selact address A9 (BS)

DQO to DQ71 Data-input/output

S0 Chip select

RAS Row address asserted bank enable

- CTAS Column address asserted

WE Write enable

baMm Input/output mask

CKo Clock input

CKEO Clock enable

PD11to PDa Presence detect

PDE Pressnce detect enable

D1, 102, ID3 ID bit

Voo Power supply

Vae Ground

NC No connection

HITACHI
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HB526A25672EA Series

PD Matrix*'

PDE = Low PDE = High
Pin name Pin NO. Function described <12 18 A7 Al Comments
PD1 94 Module configuration and SDRAM TBD™ TBD*? TBD™ High-Z

organization
PD2 95 TBD™ TBD*? TBD® High-Z
PD3 96 TBD™ TBD? TBD* High-Z
PD4 97 TBD™ TBD™? TBO™ High-Z
PD5 194 Speed (1) o 1 78D High-Z
PD6 195 1 1 TBD™ High-Z
PO7 198 Interface 1 1 1 High-Z Buffered
PDs 197 Write mode 1 1 1 High-Z word T
Notes: 1. 0:driven Low, 1: driven High
2. Depend on customer requirement
ID Matrix*!
Pin narne Pin NO. Function described ID Comments
D1 6 Command interval 1 1 clock _
ID2 7 Read precharge timing Early RAS
1D3 107 Power level 0 Normal -
Note: 0: GND, 1: NC
HITACHI
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HB526A25672EA Series

Block Diagram

56 o LAY
CKEO O 3§ A
RAS, CAS 5
WE, pam O] & [V
AQ to AS O- LAAA
—
/00 ta /015
0Q56 to DQT1 b0
NO to N3
T T 171
1/00 to VO15
0Q40 to DASS o1
N4 to N7
1 1 {1
CKo o—{ PLL
/00 to VO15
DQ16 to DQ31 D3
[FEEDBACK N8 to N11
N -
VOO to VO15
DQC to DQ1S 04
N12 10 N15
1T i T T
LDaM
DQ32 o DQ39 Voo to l/O7 -
. N16, N17 02
Voo VOB to /018
AN —1VDQOM
068 YF 1000 pF DO to D4, COC2586, 1D to [D2
VoD 91T LV244PW,ALVCH16721  NCorVss e DO 1o 42
T T T
Vss —a DO to D4, CDC2588,
0.1 pF 6.8 uF LV244PW, ALVCH16721
DO to D4: HMS241605CTT
PD1 to PDB PLL: CDC25868PAH

VpD orF V 55 e——{>—p=— PD1 to PD8

LV244PW

Registar: SN74ALVCH16721
NOto N17: 100

HITACHI
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HBS526A25672EA Series
Absolute Maximum Ratings
Parameter Symbol Valua Unit Notes
Voltage on any pin ralative to V_, V, —0.5t0V,,+ 0.5 \' 1.2 -
Supply voltage relative to Vg Voo ~0.5 to +4.6 v 1
Shorn cireuit output current fout 50 mA
Power dissipation Pr 8 w -
Operating temperature Topr 0 to +70 °C
Storage temperature Tstg ~55 to +128 °C

Notes: 1. V,, (max)= 5.5V for pulse width £ 5 ns.
2. Respectto V.

Recommended DC Operating Conditions (Ta = 0 to +70°C)

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Voo 3.0 3.3 36 Y/ 1

Vas 0 0 0 v
Input high voltage Vi, 2.0 _— 4.6 v 1,2
input lov. voltage Vi -0.3 — 0.8 Vv 1.3

Notes: 1. All voltage referred to V,,
V,, (max)= 5.5 V for puise width < 5 ns
.V, (min) = ~1.0 V for pulse width s 5 ns

FSANS |
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DC Characteristics (Ta =010 70°C, Vpp =33V 03V, Vi =0V)

HB526A25672EA
~12 -18 A7
Parameter Symbol Min Max Min Max Min Max Unit Test conditions Notas
Operating current leey — 770 — 720 — 670 mA Burstlength=1 1.2, 4
Tuc = MIN
Standby current leea ~— 155 — 155 — 155 mA CKEO=V,, 5
(Bank Disable) tex = min
— 11 — 11 — 11 mA CKEo=V, 6
CKO=V, orV,
Fixed
— 430 — 460 — 445 mA CKEO=V,, 3
NOP command
e = min
Active standby current | — 175 — 175 — 175 mA CKEO=V, 1.2
(Bank active) 1o = Min,
DQ = High-Z
— 495 — 485 — 450 mA CKEO=V,, 1,23
NOP command
te = min,
DQ = High-Z
Burst operating current
(CAS Latancy = 2) focs — 620 — 620 — 595 MA tc=min,BL=4g 1,2 4
(CAS Latency = 3) beca — 795 — 795 — 770 mA
(CAS Latency = 4) lees — 885 — 820 — 770 mA
Refresn current lees — 720 — 645 — 620 mA I, =min
Seit refresh current lece — 305 — 305 — 305 mA V,2V,-02 7
.V, s02V
Input leakage current l -10 10 -10 10 ~-10 10 pA 0SS VinsV,,
Output leakage current |4 =10 10 =10 10 =10 10 MA 0sVoutsV,
0OQ = disable
Qutput high voltage Von 24 — 24 — 24 — V loy = =2 MA
Output low voltage Voo — 04 — 04 — 04 V Ig=2mA

Notes: 1.

output open condition.

R NS

One bank operation.
Input signal transition is once per two CKO cycles.
Input signal transition is once per one CKO cycle.
After power down mode, CKO operating current
After power down mods, no CKO operating currant.
Aftor seolf refresh mode set, self refresh current.

HITACHI

l.c depends on output load condition when the device is selected.

lec (Max) is specified 2L the



30"

I= 3,160 v R, DU TEHPRD AT/43 ATUmz™IB@ENAL/SC

sURec3™¢/~B0es

HBS526A25672EA. Series
Capacitance (Ta = 25°C, V,, =33V 03V)
Parameter Symbol Max Unit Notes
Input capacitance (Address) C. 14 pF 1,3
Input capacitance (RAS, TAS, WE, CK0, CKED) C, 14 pF 1.3 -
Input cepacitance (S0) C. 14 pF 1,3
Input capacitance (DQM) Cx 14 pF 1,3
Input/Output capacitance (DQO to DQB3) Coo 27 pF 1,2,3

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.

2. DQM = V,, to disable Dout.

3. This parameter is sampled and not 100% tested.

AC Characteristics (Ta=0t670°C, V=33V 203V, V=0V)

HB526 A25672EA
-12 -15 =17
Parameter Symbol Min Max Min Max Min Max Unit Notes
System clock cycle time
(CAS Latency = 2) tex 30 — 30 — 35 — ns 1
(CAS Latency = 3) e 15 —_ 15— 175 -
(CTAT Latency == 4) tex 125 — 15 — 175 —_
CKOQ high pulse width tewn Q.45 xtye — 045 xt,, — 048 xty — ns 1
CKO low pulse width Toa 0.45%ly — Q&S xly — Q4 xt, — ns 1 o
Access time from CKO
(CAS Latency = 2) tie — 26.6 — 30.6 — 348 ns 1,2
(CAS Latency = 3) e —_ 13.6 — 156 — 17.1
(CAS Latency = 4) Le — 11.6 — 136 — 16.1
Data-out hold time o
(CAS Latency = 2) Tow 3.4 — 3.4 — 3.4 — ns 1,2
(CAS Latency = 3, 4) tow 2.4 — 24 — 2.4 — )
CKO 1o Data-out low impedance t, -0.6 — 0.6 — 0.6 — ns 1,2
CKO to Data-out high impedance -
(CAS Latency = 2) | 4 — 12.6 — 156.6 — 176 ns 1,3
(CAS Latency = 3, 4) b -~ 96 — 10.6 — 12.6
Data-in sstup time 1oa 4. — 4.6 —_ 4.6 — ns 1 -
Data in hold time | 2.1 — 2.6 — 2.6 -  ns 1
Address setup time s 3.7 — 37 — 37 -—  ns
Address hold time Tan 0.6 —_— 0.6 -— 0.6 — ns 1
CKEO setup time tces 37 —_ 37 - 3.7 — ns 1,4 b

HITACHI
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HBS526A25672EA Series

AC Characteristics (Ta=01t070°C, V ;=33 V203V, Vi =0V) (cont)

HB526 A25672EA

-12 -18 -17
Parameter Symbol Min Max Min Max Min Max Unit Notes
CKEO setup time for powaer Teasr A7+ Ny ~— 37+ g — 374+ Ng = ns 1,5 -
down exit
CKEQO hold time tean 0.6 — 0.8 — 0.6 — ns 1
CKEO hold time for CKEO teenr 3.7+ 1ty — A7+ Mg — A7+ 1ty — ns 1,6
function exit
Command (50, RAS, CAS, 1., 37 —_ 37 — 3.7 — ns 1
WE, DQM) setup time
Command (30, RAS, CAS,  t., 0.6 — 0.5 — 0.6 —_ ns 1
WE, DQM) hold time
Ret/Active 1o Rel/Active tae 110 -— 110 —_ 120 — ns 1
command period
Actlive 10 precharge command 1., 70 10000 70 10000 75 10000 ns 1 -
period
Active to precharge on full tausc —  B000O— 80000 — 80000 ns 1
page mode
Active command to column taco 30 — 30 — 35 —_— ns 1
command (same bank)
Precharge to active command t,, 30 _ 34 _ 34 —_ ns 1
period
The last data-in the precharge t,,, 25 —_ 30 — 35 — ns 1
lead time
Active () to Active (L) teno 25 _— 30 —_ 35 —_ ns 1

command period

Transition time (rise to fall) 1

5 1 5 1 5 ns

Refresh period taer —_— 16 —_ 16 — 16 ms

Notes:

10

{J

A}

s

"

AC measurement assumas t, = 1 ns. Relerence level for timing of input signals is 1.40 V.
Access time is measured at 1.40 V. Load condition is G = 50 pF with current source.

t,. (max) defines the time at which the outputs achives + 200 mV. Load condition is C, = £ pF
with current source. .
tees dofine CKEO setup time to CKO rising edge except power down exit command and active

clock suspend exit command.
e define CKEO setup tima to CKO rising edge for power down exit command and activa clock

suspend oxit command.
e define CLK rising edge to CKEQ hold time for self refresh exit command, power down exit

command and active clock suspend exit command,

HITACHI
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HB526A25672EA Series
Test Conditions
+ Input and outpu: timing reference levels: 14V
* Input waveform and output load: See following figures
Qutput
out 28V o . 80% vo 500 0
© Vss m 54 T W—0 414V
—— i [l 1
o o cL
————ag— e —
tr tr
Relationship Between Frequency and Minimum Latency
HB526 A25672EA
Parameter -12 -15 -17
Frequency (MH2) 80 40 66 33 57 288
1. (nS) Symbol 125 25 15 30 17.5 35 Note
Active command to c¢olumn command taco 3 2 2 1 2 1 1
(sams bank)
Active command to active command tac 9 5 8 5 7 4 = [taas + Tow)
(same bank) 1
Active command to precharge command t,,, 6 3 5 3 s 3 1
(same bank)
Precharge command to activa command 1., 3 2 3 2 2 1 1
(sarme bank)
Last data input to precharge command  te., 2 1 2 1 2 1 1
(samne bank)
Active command to active command taao 2 1 2 1 2 1 1
(different bank)
Last data in to active command I oo 5 3 5 3 4 2 = [tuan *+ tup)
{Auto pracharge, same bank) -
- Self refresh exit to command input lsec 9 5 8 4 7 4 = (tad]
Precharge command to high impedance
(CAS latency = 4) lozp 4 4 4 4
(CAS latency = 3) lap — 3 3 3 3 3
(CAS latency = 2) bw — - - 2 —_
Last data out to active command (auto
precharge) (same bank)
(CAT lataricy = 4) |ion 2 1 2 1 1 0
(CAS laiency = 3) IA'H 2 1 2 1 — 1
{CAS latency = 2) lion —_ — = 2 — 1 ={tp] =1
HITACHI
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Relationship Between Frequency and Minimurm Latency (cont)

HBS26A25672EA
Parameter 12 -15 -17
Frequency (MHz) 80 40 66 33 57 285
tex (nS) Symbol 125 25 15 30 175 35 Note
Last data out to precharge (early
precharge) (CAS latency = 4) lep 2 2 -2 -2 =2 =2
{CAS latency = 3) len LI IS R (R [ |
(CAS latency = 2) leo —_— = = 0 — 0

Column cormmand to column command 1., 1 1 1 1 1
Write ccmmand to data in latency lweo 1 1 1 1 1 1
DQM 10 data in lom 1 1 1
DQM to data out looe 3 3 3 3 3 3
CKEO to CKO disable lewe 1 1 1 1 1 1
Register set to active command thaa 2 1 2 1 2 1
S0 to command disable l oo 0 0 0 ] o 0
Power down exit to cornmand input loge 1 1 1 1 1 1
Burst stop to output valid data hold

(CAS tatency = 4) laan 3 3 3

(CTAS latency = 3) lesn 2 2 2

(CAS latency = 2) losa - — - 1 — 1
Burst stop to cutput high impedance T

(CAS latency = 4) l pan 4 4 4 a 4 4

(CAS latency = 3) lasn 3 3 3 3 3 3

(CAS latency = 2) fas 2 2 2 2 2 2
Burst stop to write data ignore lagw 2 2 2 2 2 2
Note: 1. ta, tot,,, are recommmended value,

HITACHI
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HB526A25672EA Series

. Pin Functions

CKO (input pin): CKOis the master clockinpur tothis pin. The other input signals are referred at CKO
rising edge.

S0 (input pin): When SO is Low, the command input cycle becomes valid. When SO is High, all
inputs are ignored, However, internal operations (bank active, burst operations, etc.) are held.

RAS, CAS, and WE (input pins): Although these pin names are the same as those of conventional
DRAM rmodules, they function in a different way. These pins define operation commands (read, write,
etc.) depending on the combination of their voliage levels. Fordetails, referto the command operation

section.

A0 to A8 (input pins): Row address (AX0to AX8) is deternined by AO to A8 level at the bank active

" command cycle CKQrsing edge. Column address (AYOto AY7) is determined by AQ (o A7 level at the

read or writc command cycle CKO rising edge. And this column address becomes burst access stan
address. A8 defines the precharge mode. When A8 = High at the precharge command cycle, both
banks are precharged. But when A8 = Low at the precharge command cycle, only the bank that is
selected by A9 (BS) is precharged.

A9 (input pin): A9 is a bank select signal (BS). The memory array of the HB526A25672EA is
divided into bank O znd bank 1, both which contain 512 row X 256 column x 72 bits It A9 is Low, bank
0 is selected, and if A9 is High, bank 1 is selected.

CKEO (input pin): This pin determines whether or not the next CKOQ is valid, If CKEOD is High, the
next CKO rising edge isvalid. If CKEO is Low, the next CKO rising edge is invalid. This pin is used

for power-down and clock suspend rnodes.

DQM (input pins): Read operation: If DQM is High, the output buffer becomes High-Z. L the
DQM is Low, the output buffer becomes Low-Z,

Writwe operation: If DQM is High, the previous dala is held (the new data is not written). If DOM is
Low, the data is wriuen.

DQO to DQ71 DQ pins): Data is input to and output from these pins. These pins are the sat.e as
those of a conventional DRAM module.

Vyop (powersupply pins): 3.3 V is applied.

Vss (power supply pins): Ground is connected.

HITACHI
13
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HB526A25672EA Series

Command Operation

Command Truth Table

The synchronous DRAM module recognizes the following commands sepcified by the SO, RAS, CAS,
WE and address pins.

CKEo A0

Function Symbol n-1 n S0 RAS CAS WE A9 A8 toA7
Ignore command DESL H x H x x x x x x

No operation NOP H x L H H H x x x
Burst stop in full page BST H x L H H L x x x
Column address and read command READ H x L H L H v L \%
Read with auto-precharge READA H x L H L H V H v
Column address and write command WRIT H x L H L L Vv L v
Write with auto-precharge WRITA H x L H L L v H v
Row address strobe and bank act. ACTV H x L L H H \% \ v
Precharge select bank PRE H x L L H L v L ®
Precharge all bank PALL H x L L H L x H x
Refresh AEF/SELF H Y L L L H x x x
Mode register set MRS H x L L L L v " v

Note: H: V. L V,.xx V,orV,. V: Valid address input

Ignore command (DESL]): When this command is set (SO is High), the synctironous DRAM module
ignore command imput at the clock. However, the internal status is held.

No operation [NOP]: Thiscommand is not an execution command. However, the intemal operations
continue.

Burst stop in fulkpage [BST]: This command stops a full-page burst operation (burst length = full-
page (256)), and is iliegal otherwis. Full page burst continues until this command is input. Wheir data
input/output is completed for a full-page of data (256), it automatically returns to the start address, and

input/ourput is performed repeatedly.

Column address strobe and read command [READ]: This command starts a read operation. In
addition, the start address of burst read is determined by the columa address (AYOto AY7) and the bank
select address (BS). After the read operation, the output buffer becomes High-Z.

Read with auto-precharge [READ A}: This command automatically performs a precharge operation
after a burst read with a burst length of 1, 2, 4, or 8. When the burst length is full-page (256), this
command is illegal.

HITACHI
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HB526A25672EA Series

Column address strobe and write command [WRIT'): This command stans a write operation.
When the burst write mode is selected, the column address (AY0 to AY7) and the bank select address
(A9) become the burst write start address. When the single write mode is selected, data is only written
10 the location specified by the column address (AY0 to AY7) and the bank select address (A9).

Write with auto-precharge [WRIT A]: This command automatically performns a precharge operation
after a burst write witha leagthof 1, 2, 4, or 8, or after a single write operation. When the burst length
is full-page (256), this command is illegal.

Row address strobe and bank activate [ACTV]: This command activates the bank that is selecied by
A9 (BS) and determines the row address (AX0to AX8). When A9 is Low, bank 0 is activated. When
A9 is High, bank 1 is activaced.

_" Precharge selected bank [PRE]: This command starts precharge operation for the bank selectad by
- A9, If A9isLow, bank 0 isselected. If A9 is High, bank 1 is selected.

Precharge all banks [PALL): This command starts a precharge operation for all banks,

Refresh [REF/SELF]: This command starts the refresh operation. There are two types of refresh
oepration, the one is auto-refresh, and the other is setf-refresh. For details, refer to the CKEO truth table

section.

Mode register set [MRS]): Synchronous DRAM module has a mode regiser that defines how it
operates. The mode register is specified by the address pins (AOto A9) ar the mode regisierset cycle,
For details, refer to the mode regiser configuration. Afeer power on, the contews of the mode regiser
are undefined, execute the mode register set command to set up the mode register.

DQM Truth Table

CKEO0
Function Symbol n-1 n paMm
Write enable/output enable ENB H x L
Write inhibit/output disable MASK H x H

Note: H: V. L V.x V,orV,.
lnoo 18 Needad.

The HB 526 A25672EA series can mask inputoutpur data by means of DQM  During reading, the cutput
buffer is set 1o Low-Z by setting DQM to Low, enabling data output. On the other hand, when DGM is
set (o High, the output buffer becomes High-Z, disabling data oucput. During writing, data is writtiu by
setting DQM toLow. When DQM is set 1o High, the previous data is held (the new data is not wriien).
Desired data can be masked during burst read or burst write by setting DQM. For details, refer «5 the
DQM ccntrol secdon of the HBS26A25672EA operaling instructions.

HITACHI
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HBS26A25672EA Series
CKEO Truth Table
CKEO
Current state  Function -1 n 50 HAS TAS WE Address
Active Clock suspend mode entry H L H x x x
Any Clock suspend L L x x x x x
Clock suspend Clock suspend mode exit L H x x x x x
ldle Auto refresh command REF H H L L L H x
ldle Self refresh entry SELF H L L L L H x
Ide Power down entry H L L H H H x
. H L H x x x x
Self-refras Self refresh exit SELFX L H L H H H x
L H H x x x x
Power down Power down exit L H L H H H x
L H H x x x x

Note: H: V. L Vi.x Vg oV,

Clock saspend mode entry: The synchronous DRAM module enters clock suspend mode from active
mode by setting CKEO to Low. The dock suspend mode changes depending on the current stzius (1
clock before) as shown below, '

ACTIVE dock suspend: This suspend mode ignores inputs after the next clock by internally
maintaining the bank active status.

READ suspend and READ A suspend: The data being output is held (and continucs to be output).

WRITE suspend and WRIT A suspend: In this mode, external signals are not accepted. However,
the internal state is held.

Clock suspend: During clock suspend mode, keep the CKEO to Low.

Clock suspend mode exit: The synchronous DRAM modul¢ exits from clock suspend mode by sztting
CKEO t0 High during the clock suspend state.

IDLE: In this state, all banks are not selected, and completed precharge operation.

Auto refresh command [REF]: When this command is input from the IDLE state, the synchicnous
DRAM module starts auto refresh operation. (The auto refresh is the same as the CBR reffesh of
conventional DRAM module) During the auto refresh operation, refresh address and bank selec
address zre generawed inside the synchronous DRAM module. For every auto refresh cycle, the ini¢mal
address counteris updated. Accordingly, 1024 times are required to refresh the entire memmory. Before
exicuting the auto refresh command, all the banks must be in the IDLE state. In addition, since the
precharge for all banks is automatically performed after auto refresh, no precharge command is recuired
after auto refresh. :

Self refresh entry [SELF]: When this command is input during the IDLE state, the synchrc:ous
DRAM module starts self refresh operation. Afeer the execution of this command, seif refresh contrues

while CKEO is Low. Since self refresh is performed intemally and automarically, external refresh
operatioas are unnecessary.

HITACHI
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Power down mode entry: When this command is executed during the IDLE state, the synchronous
DRAM module enters power down mode. In powerdown mode, power consumption is suppressed by
cutting off the initial input circuit.

When this command is executed during self refresh mode, the synchronous DRAM
After exiting from self refresh mode, the synchronous DRAM

Self refresh exit:
module can exit from self refresh mode.
module enters the IDLE state.

Power down exit: When this command is executed at the power down mode, the synchronous DRAM
module can exit from power down mode, After exiting from power down mode, the synchronous
DRAM module enters the IDLE state.

* Function Truth Table

" The following table shows the operations that are performed when eacﬁ command is issued in cach mode

of the synchronous DRAM module.

Current state 50 HRAS CAS WE Address Command Operation
Precharge H x x x x DESL Enter IDLE after t,,
L H H H x NOP Enter IDLE after tg,
L H H L x BST NOP
L H L H BA, CA, A8 READ/READ A ILLEGAL
L H L L BA, CA, A8 WRIT/WRIT A ILLEGAL
L L H H BA, RA ACTV ILLEGAL
L L H L BA, A8 PRE, PALL NOP
L L L H x REF, SELF ILLEGA
L L L L MODE MRS ILLEGAL
idle H x x x x DESL NOP
L H H H x NOP NOP
L H H L x BST NOP
L H L H BA, CA, A8 READ/READ A ILLEGAL
L H L L BA. CA, A8 WRITWRIT A ILLEGAL
L L H H BA, RA ACTV Bank and row active
L L H L BA, A8 PRE, PALL NOP
L L L H x REF, SELF Refresh
L L L L MODE MRS Mode register set
HITACH!
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Current state 50 RAS TAS WE Address Command Operation
Row active H x x x x DESL NOP
L H H H x NOP NOP
L H H L x BST NOP
L H L H BA, CA, A8 READ/READ A Begin read
L M L L BA. CA, A8 WRITAWRIT A Begin write
L L H H BA, RA ACTV Other bank active
ILLEGAL on same bank™
L L H L BA, A8 PRE, PALL Praecharge
L L L H x REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Read H x x x X DESL Continue burst to end
L H H H x NOP Continue burst to end
L H H L x BST Burst stop to full page
L H L H  BA CA A8 READ/READ A Continue burst read to CAS
latency and new read
L H L L BA, CA, A8 WRITWRIT A Term burst read/start write
L L H BA, RA ACTV Other bank active
ILLEGAL on same bank*’
L L H L BA, AB PRE, PALL Term burst read and Precharge
L L L H x REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Read with H x x x x DESL Continue burst 1o end and
auto- : precharge
precharge
L H H H x NOP Continue burst to end and
precharge
L H H L x BST ILLEGAL
L H L H BACAAS READ/READA ILLEGAL T
L H L L BA, CA. A8 WRITWRIT A  ILLEGAL
L L H H BA, RA ACTV Other bank active
ILLEGAL on same bank*®
L H L BA, A8 PRE, PALL ILLEGAL
L L x REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
HITACHI
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HBS526A25672EA Series
Current state S0 RAS CAS WE Address Command Operation :
Write H x x x x DESL Continue burst to end
L H H H x NOP Continue burst to end
L H H L x BST Burst stop on full page
L H L H BA, CA, A8 READ/READ A Termburst and new read
L H L L BA, CA, A8 WRIT/WRIT A Termburst and new write
L L H H BA. RA ACTV Other bank active
ILLEGAL on same bank™®
L L H L BA, A8 PRE, PALL Term burst write and
precharge®*
L L L H x REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
. Write with H x x b x DESL Continue burst to end and
auto- precharge :
precharge
L H H H X NOP Continue burst to end and
precharge
L H H L x B8ST ILLEGAL
L H L H BA, CA, A8 READ/READ A ILLEGAL
L H L L BA, CA, A8 WRIT/WRIT A ILLEGAL
L L H H BA, RA ACTV Cther bank active
ILLEGAL on same bank™
L L H L BA, A8 PRE, PALL ILLEGAL
L L L H x REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Retresh H x x x x DESL Enter IDLE after t.
(auto refresh)
L H H H x NOP Enter IDLE after t.
L H H L x BST Enter IDLE after 1,
L H L H BA, CA A8 READ/READ A ILLEGAL
L H L L BA, CA, As WRITWRIT A ILLEGAL
L L H H BA, RA ACTV ILLEGAL
L L H L BAAs PRE, PALL  ILLEGAL T
L L L H x REF, SELF  ILLEGAL T
L L L L MODE MRS ILLEGAL
Notes: i. H: V,. L: V.. xx V,orV,

The other combinations are inhibit.

e

3. If tegy is not satistied, this operation is illegal.

HITACHI

2. An interval of t.,, is required between the final valid data input and the precharge comma-id.
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From [PRECHARGE]

To [DESL]), [NOR] or [BST]: When these commands are executed, the synchronous DRAM module
enters the IDLE state after tge has elapsed from the completion of precharge.

From [IDLE]
To [DESL), [NOP], [BST], [PRE] or [PALL]: These commands result in no operation.
To [ACTV): Thebank specified by the address pins and the ROW address is activated.

To [REF), {SELY]: The synchronous DRAM module enters refresh mode (auto refresh or self refrash).

. To [MRS]): The synchronous DRAM module enters the mode register set cycle,

From [ROW ACTIVE]

To [DESL], [NOP] or [BST): These commands resultl in no operation.

To [READ], [REAY) A): A read oepration starts.  (However, an interval of ipey is requried.)
To [WRIT], [WRIT A]: A write operation starts.  (However, an interval of tp, is required.)

To{ACTV): Thiscommand makes the other bank sctive. (However, an interval of tgpy is required.)
Attempting to make the currently active bank active results in an illegal command.

To [PRE], [PALL]: Thes commands set the synchronous DRAM module to precharge niode
(However, an interval of [y, is required.)

From [READ]
To [DESL], [NOP): These commands continue read operations until the burst operadon is complered.
To [BST): Thiscommand stops a full-page bursc

To [READ], [READ A): Dam outputr by the previous read command continues to be output. After
CAS latency, the data output resulting from the next command will start. '

To [WRIT], [WRIT A]: These commands stop a burstread, and start a write cycle.

To[ACTV]: This command makes other banks bank active. (However, an interval of tegp is requried.)
Auempting 1o make the currently active bank active resuits in an illegal command.

To [PRE], [PALL): Thes commands stop ‘a burst read, and the synchronons DRAM module eaers
precharge mode.

HITACHI
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From [READ with AUTO PRECHARGE]

To [DESL], [NOP]: These commands continue read operations until the burst operation is comp!eted,
and the synchronous DRAM module then eniers precharge mode.

To[ACTV]: Thiscommand makes other banks bank active. (However, an interval of tesn is required.)
Attempting to make the currently active bank active results in an illegal command,

From [VWWRITE]
To [DESL]), [NOP]: These commands continue write operations until the burst operation is complered.

" To[BST]: Thiscommand stops a full-page burst.

" To[READ], [READ A): These commands stop a burst and start a read cycle.

To [WRIT], [WRIT A): These commands stop a burst and start the next write cycle.

To [ACXYY]): This command makes the other bank active. (However, an iaterval of tgpy is required.)
Auempting to make the currently active bank active results ip an illegal command.

To [PRE], [PALL): These commands stop burst write and the synchronous DRAM module then enters
precharge mode.

From [WRITE with AUTO-PRECHARGE]

To [DESL], [NOP]: These commands continue write operaijons until the burst is completed, anc the
synchrosous DRAM module enters precharge mode.

To [ACXV]): This command makes the other bank active. (However, an interval of . is required.)
Attempting to make the currendy active bank active results in an illegal command

From [REFRESH]

To [DESL], [NOP), [BST]: Afer an auto-refresh cycle (after tgo). the synchronous DRAM madule
automatically enters the IDLE state. ,

HITACHI
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Simplified State Diagram

SRENTR
REXIT

MODE MRS REFRESH 1
RARGISTER o] L
seT

CKE
CKE

1OLE
POWER
DOWN

asT
{on ull page)
AD n..a

CKE. a
" EADA
T\ SUSPEND
RECHARGE | PRECHAR
SOWER 5
APPLIED PRECHARGH
PRECHARGE

——»= Automatic transition aflar complation of command.

—— Transition resulting from command input.

Nota: 1. :lig:é the auto-refresh operation, precharge operation is performed automatically and enter the
ctate.

HITACH!I
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Mode Register Configuration

The mode regiser is set by the input to the address pins (A0 1o A9) during mode register set cycles. The
mode register consists of five sections, each of which is assigned to address pins.

AY and A8: (OPCODE): The synchronous DRAM module has two types of write modes. One is
the burst write mode, and the other is the single write mode. These bits specify write mode.

Burstread and BURST WRITE: Burst write is performed for the specified burst length starting from
the columnn address specified in the write cycle.

Burst read and SINGLE WRITE: Dau is only written to the column address specified during the
write cycle, regardless of the burstlength. '

A7: Keep this bit Low at the mode register set cycle,
A6, AS, A4: (LMODE): These pinsspecify the CAS latency.

A3: (BT): A burst type is specified. When full-page burst is performed, only ‘Sequential” can be
sclected. ‘

A2, A1, A0: (BL): These pins specify the burstlength.

po | as | a7 [ ae [ as [ae | as [ a2 | a1 | a0
OPCODE 0 LMODE 8T BL
A6 | AS| A4[CAS Latency A3 | Burst Type Burst Length
ol ol o R 0 | Sequential AZ| AT 1 AO BT =0|BT =1
a9l of 1 2 1| Interleave 0j o]l o 1 1
o] 1] o 3 ol o] 1 2 2
[v] 1 1 4 0 1 a 4 4
11 x| x R ol 1 1 2] 8
——— 1] o] o A R
Aa| AB| Write mods 1] 0] 1 R R
0| 0| Burst read and burst write 11 1] 0 R R
o 1 R 1 1 1 F.P. R
1| O | Burstread and SINGLE WRITE F.P. = Full Page (256)
1 1 R R is Reserved (inhibit)
x=0or1

HITACHI
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Burst Sequence

Burst length = 4

Burst length = 2

ol | <

ol &3 ool -

S|V m| o

gl ||~

LS alm
=

cl o] ~| «~
El=
0
3 d .
:mﬂ m] Of

ol ol | -
.mmZSO
]
gl S~ il @
R4 .
< $| o] ~| o
MMOQIO
o
£
mmoo-.l
(2]

o
HER
gl &[]
I
Q N
3M0¢I
o<
(2,

2l 8
al | .
2l 8|~ o
R -4
Ol of -]
ASO4I
o

<

o o] of -
El <

h

o

Jud

o

=8

Burst length

7,

6,

S

4,

3,

2,

1.

o

o N @] w| ot o] o] <

u| < N @| ~| o] o] o

<| w| o] | o] ~| ] &

o| o] ~| o] | 6] v} «

ma,&nw.u.&7.4.5.

2| | o] @] i ] <| ~] 6
®

E| 0| | o oo | wi| S| N

~| o] = ol &) | wi| &

w| &~ o] «~| il | ] w

= S R T N ™ D

m w| o} N o] | N m] @

.w 9| vl o] K| St <] o] &

3 |9 <] vl 6|~} o] A

cle|l o 4 4 | d4. 4 -

.&m23456701
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Operation of HB526A25672EA Series

Read/Write Operations

Bank active: Before executing a read or write operation, the corresponding bank and the row address
must be activated by the bank active (ACTV)command. Either bank O or bank 1 is activated according
to the status of the A9 pin, and the row address (AX0 to AX8) is activated by the AQ to A8 pinsat the
bank active command cycle. An interval of tzop is requried between the bank active command input and
the following read/write command input.

Read operation: A read operation starts when a read command isinput.  OQutput buffer becomes Low-

. Z inthe (CAS Latency-1)cycle after read command set. HB526A25672EA series can perform a burst

read operation. The burstlength canbe set to 1, 2, 4, 8 or full-page (256). The start address for a burst
read is specified by the column address (AY0 to AY7) and the bank select address (A9) at the read
command set cycle. In a read operation, data output starts after the number of cycles specified by the
CAS Latency. The CAS Lamency can be setto 2, 3 or4, When the burst lengthis 1, 2, 4, or 8, the

" Dout buffer automatically becomes High-Z at the next cycle after the successive burst-length dara has

been output. When the burst length is full-page (256), data is repeatedly output until the burst stop
command is input. The CAS latency and burst length must be specified at the mode register.

CAS Latency

wo [ Lot
i tmcp

commend Xaore X XaeaX_ . -
aaaross X X XaumoX T

] Cout 0 X out1 Xourz X our3)

S A out 0 X out 1X out 2 X our 3
CL=4 {out 0 Y out 1 X our 2 ) out 3 ) ——
cL: TAS Latency
Burst Length « 4
HITACHI
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HB526A25672EA Series

Burst Length

itrco ¢

Gonro 8 XXX
Addres 1 D.CM .........
\ BL=1 (eu o -

BL=2 (e OXout)

Oout D CE O Gl o L T - I

{ La8 -

e rrrremy CLI) CIID I QT QD D T (TR C1) S

BLa hill 256
T Bt 11
‘ rs

Write operation:  Burst write or single write mode is selected by the OPCODE (A9, A8) of the ..ode
register.

Burst w -ite

A burst arite operation is enabled by setting OPCODE (A9, A8) to (0, 0). A burst write starts it the
same cycle as a write command set. (The latency of data inputis 0.) The burstlengthcan be set to 1, 2,
4, 8, and full-page, likeburst read operations. The write start address is specified by the column address
(AY0Qt0.AY7) and the bank select address (A9) at the write command set cycle.

TN T 1 1 T U U U A I -
i tacp :

adarass. XEarX X S ———

— s -
B0 S
noXmi )p—mMmm - cem s e -
BL=2 1
Din Sz X (e — e ——
BL=6 inG in DG 2(n 3 Xin 4 Xin 5 )Xin 8 Xin 7 )= re=eememeee s oo - oo
in 0X(in DXz Xin 3 Xm OGS X8 X Dr-==-==== ) XD CEY
BL = full page (256) TASLatency =2, 3, 4

HITACHI
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HBS526A25672EA Series

Single write

A single write operation is enabled by seuting OPCODE (A9, A8) t0(1, 0). In a single write operation,
data is olny written to the column address (AY0 to AY7) and the bank selea address (A 9) specified by
the write command set cycle withour regard o the burst length seuing. (The latency of data input is 0.

ﬂ_ﬂ_ﬂ_ﬂ_ﬂﬂﬂﬂ

i, trep !

Command YACTVX )(wnrr)(
Address Xﬂ)w X XColumnX

Din - ing )=
CAS Latency = 2, 3, 4
Burst Length = 1, 2, 4, 8 full page

HITACHI
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HBS526A25672EA Series

Auto Precharge

Read with auto precharge: In this operation, since precharge is automarically performed after
completing a read operation, a precharge command need not be executed afier each read operation. The
command executed for the same bank after the execution of this command must be the bank active
(ACTV) command. In addition, an interval defined by I,z is required before execution of the next

command.

TAS latency Precharge start cycle

4 2 cycle before the final data is output
3 1 cycle betfore tha final data is output
2 same cycle as the final data is output

I_Wl—lf—lr—]f—ll'—ti—ll—lmi“]

CL=2 Camvnang :>( aeat X X aciv X
' 1
! +
Dowt { oo X o1 X oz X ous H»—
[
¢ PR
' 1
. : .
cL.:wD(ngax X actv X
1 : i
Dout { out X o1t X a2 X oud e
: -
: © lapr !
. ‘
Clm=é Comwnand XHEAD X X 2TV x:‘___
L] *+ b
s ' . *
Oout —( oum X outt X e X ould )_:'—..-_
i~
¢ lapa !

Note: Intemnal auto-precharge stanis al the tlming indicated by * ¢ *.
At CLK = 50 MHz (1 opp changes depending on the oporaling froquency.)

" HITACHI
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Write with auto precharge:

In this operation, since precharge is automatically performed after

completing a burst write or single wrile operation, a precharge command need not be executed after each

write operation.

The command executed for the same bank after the execution of this command must be

the bank active (ACTV)command. In addition, an interval of 1w is requried between the final valid

data input and input of the next command.

Burst Write (Burst Length = 4)

SRS p N s I s Y e Y e Y s O Y O s B
Commard _X_WRIT_X ‘ X :‘CTV X —
oin —————r . X 1 X w2 X 'lﬂs > - :
' >

lapw

Single Write

o _ T L1 1

1
Comman X wair /<

L]

L}

Ol —————— In >
p : gt

' 5,
AFW

HITACHI
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HBS26A25672EA Series

F;xll-page Burst Stop

Burststop command during burst read: The burst stop (BST) command is used to stop data output
during a full-page burst. The BST command sets the output buffer to High-Z and stops the full-page
burst read. The timing ffom command input to the last data changes depending on the CAS latency
sercing.  In addition. the BST command is valid only during full-page burst mode, and is invalid with
burstlengths 1, 2, 4 and 8.

CAS latency BST to valid data BST to high impedance
2 1 2
3 2 3
4 3 4

CAS Latency = 2, Burst Length = full page

wo L LT L LT
Command X 8sT X : : . J—

Dout X _out X out X out X outt X ot X out >
1 ]

P g =2cyce

IBSFl = 1 cycle

CAS Lztency = 3, Burst Length = full page

wo 4 L L1 L4 L LJ |

R N

B

Commend X__ 8T X -
[} L]
1] . § .
! ] 1

Dot X} out X out X out X eut X out X ot X out S —

: . >
: V,I =3 cycy:
* IBsﬁazwdo :'8SH

HITACHI
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HB526A25672EA Series

CAS Latency = 4, Burst Length = full page

oo I LT LT LI L L L 1]
Commard X_:BSTJ

T
’
’

pout Y et X oot X aumw X ow X :'ml X_out X ot X om
I —
—ﬂlasﬂx'tcyclo

. IBSR=3cydo

" Burst stop command at burst write: The burst stop command (BST command) is used to stop data

input during a full-page burst write. No daia is written in the same cycle as the BST command aad in
subsequent cycles. In addition, the BST command is only valid during full-page burst mode, and is
invalid with burst lengths of 1, 2, 4 and 8. And an interval of tzw, is requried between the BST
command and the next precharge command.

Burst Length = full page

wo _ T pu i g B Bl
Command X BsT 3'( XeeepaX
Din T m X n X _n X _n > —

Il gsw =2cycle
1

tRWL

HITACHI
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HBS526A25672EA Series

Command Intervals
Read command to Read comunand interval:

Same bank, same ROW address: When another read command is executed at the same ROW address
of the same bank as the preceding read command execution, the second read can be performed after an
interval of no less than 1 cycle. Even when the first command is a burstread that is not yet finished, the
data read by the second command will be valid.

READ to READ Command Interval (same ROW address in samme bank)

CKn I ’ l
Command XCEm XX maXmesX -

Address : : i —_
(AQ-AS) D@D@%’; I i
BS(A0) _ N\ | /N ¢ ; \
Dout i - :
Barkd  Column ek Column e Column ~A Conumn =8 TAS Latency
Active Read Read Daut Dout g:‘r‘skt Length : t‘.

Same bank, different ROW address: When the ROW address changes on same bank, conse:iiive
read corimands cannot be executed; it is necessary to separa® the tworead commands with a preci:arge
comman I and a bank-active command.

Differentbank: When the baok changes, the second read can be performed after an interval of nc less
than 1 cycle, provided that the other bank is in the hank-acdve state. Even when the first comman:' isa
burst rea:i that is not yet finished, the data read by the second command will be valid.

READ t.) READ Command Interval (differeni bank)

Command 3-<:>--< - 7

(R :>G;}>< — o
BS (A9) 514 /;\2/;\\\ .
; P NN
Dout ; — 4 A0Ypun 80Xt B1 Yz B2Xow B3 -
a;v n a' Sanict Bankd a.;m CAS Latency =:
Ac;':: ::1:: :a.':: Aead Dot Dowt Burst Length =
HITACHI
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HBS26A25672EA Series

Write command to Write command interval:

Same bank, same ROW address: When another write command is executed at the same ROW address
of the same bank as the preceding write command, the second write can be performed after an interval of
no lessthan 1 cycle. In the case of burst writes, the second write command has priority. i

i
'

WRITE toWRITE Command Interval (same ROW address in same bank)

coo [ LU LU UL UL ULt
Command Xag X XWADXWAITX —

Rorey X e Aemmd

8S(A9) _\ !/ \

o —
Bar;ku Calu-nn'-A Calumn =3 Burst Write Mode
Active Weits Write gm:ou"gm =4

Same bank, different ROW address: When the ROW address changes, consecittive wrile comniands
canuot be executed; il is necessary to separate the (wo write commands with a precharge command and a
bank-acrive command.

Differentbank: When the bank changes, the second write can be performed after an interval of n: less
than 1 cycle, provided that the other bank is in the bank-actve state. In the case of burst wrii:, the
second write command has priority.

WRITE to WRITE Command Interval (different bank)

Command Macv ([ YacTvXwRIT XwritX .—
Address : : . :
(AG-AS)

BS(AS) _\ } /

Din

Banko 8ank1 Bank0 Bank)
Active Active Writa  Write

Burst Write M> e
Burst Length :: |
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HB526A25672EA Series

Read ccinmand to Write command interval:

Same bank, same ROW address: When the writs command is executed at the same ROW add: .ss of
the same bank as the preceding read command, the write command can be perforrned after an inter-al of
no less than 1 cycle. However, DQM must be set High so that the output buffer becomes High-Z t2fore
datainpat.

READ io WRITE Command Interval (1)

exo ML LML

Command T |
Cl=2 _ / AN /—————
pam | CL=3 _ / N\ /———————
ClL=4 N\ .
Din (e X e Xme Xn e ———
Dout ) High-Z gz:: i.ver;egth =4

READ to WRITE Command Interval (2)

S uligiginiginipinlplglialplpl

Command XReEAOX XwamX_
DaM T\ ; :
2 clock i
cL-2 XXX o2
I
Dour| CL=3 XX —+—Hih2
! .
CLes X
Din CoXCX X

Same bank, different ROW address: When the ROW address changes, consecutive write commrands
cannot be executed; it is necessary to separate the two wrile commands with a precharge command or a
bank-active command. '

Differentbank: When the bank changes, the write command can be performed after an interval of no
less than 1 cycle, provided that the other bank is in the bank-active state. However, DQM must "¢ set
High so that the output buffer becomes High-Z betore data input.
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HB526A25672EA Sc¢ries

Write command to Read cornmand interval:

Same bank, same ROW address: When the read command is executed at the same ROW address of
the sarce bank as the preceding write command, the write command can be performed after an interval of
no less than 1 cycle. However, in the case of a burst write, data will continue to be written uniil one
cycle before the read command is executed.

WRITL to READ Command Interval (1)

°K°[Ll[!|!|||||l|[L'|[L
Command X WRIT X RE,;D X

boM T\ i : /

Din { InA0 ) : —
. _\~—.—/ : ;
Dout : : /o B0 X —
o T ! \o‘ue X ou‘t81X out82 out B3
Column=A | TASLlatency ! Burst Write tMcde
Write cff———(— m Latency 11 2
Column=8 Column=B Burst Length - ¢
Reead Oout Bank O

WRITE. to READ Comunand Interval (2)

ewo L L LS L L

i

Cormmar 3 Xwﬁn' X X naio X .

el— L/ =

Oin < in AC x ln.Al > : Jo—
Dout : , { our8o X outB1 Xoul BZX out B3 )———----—

Colurmn = A ! CASLaency ! Burst Write M~de

Wrile pr— —— CASLawncy 22
Column = 8 Columa = 8 BurstLengty =4
Read Oout Bank 0

Same b:nk, different ROW address: When the ROW address changes, consecutive write com.r-ands
cannot be executed; it is necessary to separate the two write commands with a precharge command nd a
bank-acrive command.

Differentbank: When the bank changes, the write command can be performed after an interval - ¥ no
less than 1 cycle. provided that the other bank is in the bank-active state. However, in the case of a vurst
write, daza will continue to be written until one cyc!2 before the read command is executed (as in the: case
of the same bank and the same address).

.
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HB526A25672EA Series

Reud command to Precharge command interval (same bank): When the precharge command is
executed for the same bank as the read command that preceded it. the minimum interval between the two
commands is one cycle. However, since the output buffer then becomes High-Z after the cycles defined
by Lz there is a possibility that burst read data output will be interrupted, if the precharge command is
input during burst read. To read all data by burst read, the cycles defined by I, must be assured as an
interval from the final data output to precharge command execution.

READ to PRECHARGE Command Interval (same bank): To output all data

CAS Latency =2, Burst Length = 4

exo [ l_! L] Wm
Command X reao X _XPREJPALL)L

Oout : L“' AOAX aul A1 X out A2 X out M\
|——..
T=2 lgp = o cycle

CAS Latency = 3, Burst Length =4

oo LT L LS LI
Command - X READ X X’"E"'EX ' - —
Dout J\ our A0 X' ou:ALX oul A2 X outA3 y .

-‘—_
CL=3 lgp = -1 cycle

CAS Latency = 4, Burst Length = 4

cko mm 1 L__i l—r——
Commansd Xnao X ' XPF-FJ'ALLX ‘ T

Dout ( uuo)( out A1 Xouuzx ouAI y—— —

; _
Cl=4g | EP = -2 cycie
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HB526A25672EA Series

READ to PRECHARGE Command Interval (same bank): To stop ourput dara

CAS Latency =2, BurstLength=1,2,4,8

exwo | L] L] L_I_l_J"‘LF—L_I_l_F"‘I ML 1L
Comma-d X READ PHEJPALLX

i ——\ Migh-Z
Dout : { cutAd )} ‘? —_—
¢ o~
1HZP =2

CAS Latency = 3, Burst Length=1, 2,4, 8

cxo [ N (N U [ VSO [ Y T Y D Y B O e
Camma 3 AX READ )@na;uu.x -

AS Lat:ncy =4, BurstLength=1,2,4, 8

cKa i_l__t’m_J | l____! A O S T
Command ~ X Reap Xmanu.)( T

Dout - { ocutA0 ) Hv?h-Z

*

I zp=4
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HB5.16A25672EA Series

Write command to Precharge command interval (same bank): When the precharge command is
exccuted for the sarme bank as the write command that preceded it, the minimum interval between the two
commaunds is 1 cycle.

WRITE to PRECHARGE Command Interval (samebank): However, if the burst write operation is
unfinished, the input data must be masked by means of DQM for assurance of the cycle defined by tpyy.

WRITE to PRECHARGE Command Interval (same bank)

Burst Length = 4 (To stop write operation)

SR e W o I e Y e N Y e Y s Y e Y e S s Y e WO
Commard X wart XPRE).PAW

ooMm / :

Cla —\ :
— ?
w [ L LT L LI g

H
: :
ooM . R
. +

Qin n Ao n A1 g . —

Burst Length =4 (To write ali data)

o ML L L LT L L L L
Commans X war X ' —X'"E'."”'X o
w T /=

On <I|AOXhAIXhA2 'nA.‘lf 7
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HBS526A25672EA Series

Bank z :tive command interval:
Same bank: The interval between the two bank-active commands must be no less than t,c.

In the case of different bank-activecommands: The interval between the two bank-active com:nands
must be no less than tepp.

Bank active to bank active for same bank

o L LML LYy L L
conrase Yo X | X X
s rovw X ) X
wun T\ / i N

Bankq

Banka
Actve

Bank active to bank active for different bank

oo L[ LT L[ LTI LTI L._
command X cw XX Ac:w X ~
i Crome ) X(row X B}
o N\ [ /7 T\ ._

1
1
]
g

e g
; tRRD ;
Bank 0 Bank 1
Active Active
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HB526A25672EA Series

Mode register set to Bank-active command interval: The interval between setting the mode register
and execuring a bank-active command must be no less than tgs..

CKo

[ S S O

L]

Command X MRS >< X ACTV ><

Yas s row)(

40

Address
paoress X _cooe X
— >
H ‘HSA H
Mode Bank
Register Set Active
HITACHI
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HB526A25672EA Se;t'ies

DQM Control

The DQM mask the lower and upper bytes of the DQ data, respecdvely. The timing of DQM is
different during reading and writing.

Reading: When data is read, the output buffer can be controlled by DQM. By setting DQM to Low,
the output buffer becomes Low-Z, enabling data output. By seuing DQM to High, the output buffer
becomes High-Z, and the corresponding data is not output. However, intemal reading operations
continue. The latency of DQM during reading is 3.

Ko L T L 1]
opaMmM  _ /. \ E

]
ETTTID ST S gy Sa—

i
1
1
§
1

Oout

'

'
1
1
]
[
1
1
'
t
I
1

lpop = 3 Latency

Writing: Input daia can be masked by DQM, By seting DQM to Low, daa can be writter. In
addition, when DQM is set to High, the corresponding data is not written, and the previous data is aeld.
The lateacy of DQM during writing is 1.

CKo J_] ﬁ l ‘ ] I'—_]

QM

Din Cno X1 Y2 _ins >———
e

|DlD =1 Latency

I
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HBS5S26A25672EA Series

Refresh
]

Auto-refresh: All the banks must be precharged before executing an auto-refresh command. Since
the aute-refresh-command updates the interval counter every time it is executed and determines the banks
and the ROW addresses to be refreshed, external address specification is notrequried. The refresh cycle
is 1024 cycles/16ms. (1024 cycles are required to refresh all the ROW addresses.) The output buffer
becomes High-Z after auto-refresh start. In addition, since a precharge has been completed by an
intemal operation after the auco-refresh, an additional precharge operation by the precharge command is
not requried. ‘

Self-refresh: After execuring a self-refresh command, the self-refresh operation continues while CKEO
is held Low. During self-refresh operation, all ROW addresses are refreshed by the intemal refresh
timer, A self-refresh is terminaed by a self-refresh exit command. Afer the self-refresh, since it is
impossible to deterrnine the address of the last ROW 1o be refreshed, an auto-refresh should immediately
be perfocmed for all addresses (1024 cycles).

Others

Power-down mode: The synchronous DRAM module enters power-down mode when CKEO goes Low
in the IDLE state. In power down mode, power consumplion is suppressed by deactivating the .nput
inidal circuit. Power down mode continues while CKEQ is held Low. In addition, by setting CKEO 1o
High, the synchroncus DRAM module exits from the power down mode, and command input is enabled
from the next cycle. In this mode, internal refresh is not performed.

Clock suspend mode: By driving CKEO to Low during a bank-active or read/write operation, the
synchronous DRAM module enters clock suspend mode. During clock suspend mode, external input
signals are ignored and the internal state is maintained. When CKED is driven High, the synchronous
DRAM module terminates clock suspend mode, and command input is enabled from thenextcycle. For
details, refer 1o the “CKEO Truth Table™. '

Power-up sequence: During power-up sequence, the DQM and the CKEO must be set to High. ‘/hen
200 ps has past after power on, all banks must be precharged using the precharge command. Aficr top
delay, set 8 or more auto refresh commands. And set the mode register set command to initializs the

mode register.

Stabilization time: The PLL requires a stabilization timne to achicve phasc lock of the feedback signal
to the reference signal. This stabilization time is required following power on. PLL needs dammy
cycle for 50 ys after power omn.
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HBS5S26A25672EA Series
Timing Waveforms
Read Cycle
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HB526A25672EA Series

Write Cycle
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HB526A25672EA Series

Mode Register Set Cycle

0 1 2 4 7 10 .4 ] 13 14 15 18 17 18
CKCMD 1] 1 1] 1 1] . . 1 1] f 1] t + —{m-lr—]
ek = Vg b —
SN TN TN T N N T
RRY 0 07 | ] 7, :

Tz
NS Yr77777;777777 NG 7777774 7727227 L
aseross: 2NN X e X e T TN R X 0 7 T
oam 5 —_t | ! \ gz
i e S S s m w0 ¢S S C) D CED N TS

Din L : > Hiq'h-Z ] [ 1 B A : : <

prem—— 08 b

. H t H M : M E M v . . . . : H .
$ Rp * R$A+ 'Reo 4 Queut mask taco » 3
Precharoe Mode  Bank! Benk | CAS Latency 3
t ctive Raad
t neoded ';«9.“' Al Burst Length  +
BZA= Vi or « |
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HB526A25672EA Series

Read Cycle/Write Cycle

(] 1 3 4 5 6§ 7 B 9 10 11 12 13 14 15 1§ 17 18 19 20

Burst Length = ¢
Eda Vi or Vi,

Burst Length =4
A= Vmor Vi,

HITACH!
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HBS526A25672EA Series

Read/Single Write Cycle

[°] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 18 17 18 19 20

cKo mmumwuummmmwmm

CKEOo T 1 Vin

% \ | AL //////////, 27 X2
Addrass Z277) XCaX ; m@'/////////////// //////

AS(BS) g 2\
Address ZZXCAXTT7 1@’/&@9’/[// ///I/// @’/I/@I/I/ / 7777

Read/Single write
AASCTAS delay »- 3
CAS Latency = 3
BurstLength = 4
A= Vetor Vi,
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HB526A25672EA Series

Read/B arst Write Cycle

0 1 2 3 4 S5 6 7 8 9 10 11 42 13 14 15 46 17 18 19 20

A9(BS) 7 //7\ /7W/,7\E ! : 1Lz
Address 77778 a7 m@l//m' L XCaX L 77
DOM 777 A L L Y A L mm VISP

oo L (DenERe

Dout

]
] [l
I
1

1
l

| Bako
.Am

CKED —"Vn.‘

"
1
:

WE 4/4//5 \AAS LI}
A(BS) ZUAL F77777 WW
Address 777 XEaX 2777 CaXTNED /////////////A-WMZ_/_M/A/A

00M7/'77/'77W/'A /'—\ /7/7/77% P

—i— aa+3 —

Y
"
' ' . , . '

Din — .

. v
A , : Pt T
Dout = T T L T a_Xa+ @3 : T M | S R A
. H ' ‘ ‘ ' ¢ . . . . . H ! * * ‘ . N . .
Bark 0 Bek 0 Bank 1 Banx 0 Back ©
Acive Reny Actva Wrles Precharge

Read/Burst write
BAS-CAS delay -+ 3
CAS Latency = 2
Burst Length = <
=ViyorVi,
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HB526A25672EA Series

Full Page Read/Write Cycle

A2(BS) Z2ZON!
Addtase /X0 X/ /Al D @ S m '/////////////
paM TPZTPTTITTI77 A : :
Oaut - —
w?"'“?s"-:":‘?a'é‘a'f i ‘?2 55‘-- =
CK‘D-JVME — i!: T 11 T 1 | Writa cycle
5 —\} : ("""'" W —— — 7 H , H 1 : mm«m.:
: ; . s l_luncy-:
m // (27T, 2 /I//I/II/II//. /I////I/////// - 7777 Burs Langth = fullprge
7 E3= Vi or v,
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HBS526A25672EA Series

Auto Refresh Cycle

(At
'
Adgdress ////m’/// //////////// /////////// //////////Am///m/// //

vam 77777, ///////// P

' ) . v ' v

Din — —— . : —— — — : : - o : .
: R ! ' . : H f H H f H i . i : H H i i
ot : . : : : : : H 7 : ! H H : . : o
! H Y tpp H ' H Vel ! A H Volge ¢ ‘ ' H : !
4 4 4 4 4
s St Rote s Patresn Bk o Froni 2:2:’" c'y‘cla and
celaym2
CAS ialancye
Burst length=¢
A= Vaq0r Vy.

Self Refresh Cycle

_HJ'U mﬂmﬂJ‘LrLFLBUU‘L_SL__FU‘U‘UU"LJI

CKEG *——*———\ CKE Low {1 cmmu A
—\Jw TN\_LBYT \_/ é

RAY WWW

CAS : WW

WWWW
A9(BS) WWWW

nosress DN X720 O A T 2T P F P T T L.
oaM ZMWWWW

Din Tt ))
H l + .
S e e ——
'ac $ 4+ Sselfrefresh cyc's.
®rucharge cormmand vann enmry Seff reiresh exft Next 8ok refresh oniry Next Auw ~ RAS-CAS delay « 3
" :’r:snpcr.\ﬂm :rbn:h - xb CAS Lamncy = 3
Burst Length = 4
SV‘H or V|L
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HB526A25672EA Series

Clock Suspend Mode
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HBS526A25672EA Series

Power Jown Mode

cKo _J”T__F"L_f'1_1'1_J—1_J—1_J"TJU"L_F_L_f'l_f"l_f"lmf'1_J'T

CKE Low (1 /

e

CKEO :
=) \\
RAS 2L 55

PRSI

g
il

TN\ 222

reedenn-daa

WE.: EWW’W..

A9(8) WW

Addiess 7777 @’/// ///// AV /////GD’///////'

Din — 1§ T
Cout : ' : { §— High-2 : — ; .
e SR
A * ‘ Power down cycle
Precharge command  Power down ontry P%\;ar down RAS-CAS delay=2
" cled Xl
nes e & actve Bank o CAS latency=2
Burst length=4
3= Vi or Vg

Power Up Sequence

48 49 50 51 52 53 54 55

cko — ummw Lru'l_n_ru-i_m_m

e — v :

‘IY;
T T

5
AAS W

m%@gﬁﬁﬁmmmm@%mmﬁﬂwﬂz

address 228 a7 7 A 7 ka2 et

o i
Oivout —jy T T i T e :
All banks  Auto Refresh Auto Relfresh Mode register Bank actve
Procharge Set It needed
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HB526A25672EA. Series

Physical Outline
Unit: mm/inch

153.70 380max ,
3.00 147.70 6.051 0.150 max
0.118 5815
% / .
/ e o
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T—;— 3 ()
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[ . I 27=0.
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Notice

When using this document, keep the following in mind:

L.
2.

This document may, wholly or partially, be subject to change without notice.

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

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

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

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

MEDICAL APPLICATIONS: Hitachi’s products are not authorized for use in MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi’s sales
company. Such use includes, but is not limited to, use in life support systems. Buyers of
Hitachi’s products are requested to notify the relevant Hitachi sales offices when
planning to use the products in MEDICAL APPLICATIONS.
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{BM Engineering
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IBM
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REPRESENTATIVE SALES OFFICES

(613) 591-1990

(403) 278-1881

The Novus Group, Inc. (205) 534-0044 Huntsville, AL Strategic Sales, Inc. (201) 833-0099 Teaneck, NJ
System Sales of Arizona, Inc. (602) 464-9989 Mesa, AZ  System Sales of New Mexico (505) 889-2901 Alburquerque, NM
QuadRep Southern, Inc. (619) 755-1188 San Diego, CA  Technology Sales, Inc. (716) 223-7500 Fairport, NY
QuadRep Incorporated {408) 432-3300 San Jose, CA  Thompson & Associates, Inc. (614) 877-4304 Orient, OH
QuadRep Southern. Inc. (714) 727-4222 Irvine, CA  Thompson & Associates, Inc. (216) 831-6277 Beachwood, OH
Parker-Webster Co. (303) 841-4888 Longmont, CO  Thompson & Associates, Inc. (513) 435-7733 Dayton, OH
Technology Sales, Inc. (203) 269-8853 Wallingford, CT ~ West Associates/Corporate Oaks (918) 492-4300 Tulsa, OK
EIR. Inc. (407) 660-9600 Maitland, FL.  QuadRep Crown, Inc. (503) 620-8320 Portland, OR
The Novus Group, Inc. (770) 263-0320 Norcross, GA  Strategic Sales (215) 830-8650 Willow Grove, PA
Wes Tech Associates (319) 393-9790 Cedar Rapids, IA  The Novus Group, Inc. (423) 995-2365 Friendsville, TN
QuadRep Crown, Inc. (208) 375-9868 Boise, I West Associates (214) 680-2800 Richardson, TX
Sumer Incorporated (708) 991-8500  Rolling Meadows, IL  West Associates (512) 343-1199 Austin, TX
M. Gottlieb Assaciates, Inc. (317) 455-0444 Kokomo, IN  West Associates (713) 9990101 Houston, TX
Electronic Sales & Engineering (317) 849-4260 Indianapolis, IN  Parker- Webster Company (801) 266-9939 Murray, UT
Electri-Rep (913) 649-2168 Overland Park, KS  QuadRep Crown, Inc. (206) 453-5100 Bellevue, WA
Technology Sales, Inc. (617) 890-5700 Waltham, MA  Sumer Incorporated (414) 784-5641 Brockfield, W1
Robert Electronic Sales (410) 995-1900 Columbia, MD  Longman Sales, Inc. (403) 295-5324 Albertu, Canada
Thompson & Associates, Inc. (810) 476-0505 Farmington Hills, M  Longman Sales, Inc. (604) 454-0044 B.C., Canada
TekRep. Inc. (612) 832-0277 Mineapolis, MN  Longman Sales, Inc. (905) 670-8100 Ontario, Canada
Electri-Rep (314) 993-4421 St. Louis, MO Longman Sales, Inc. (613) 596-9625 Ontario, Canada
The Novus Group, Inc. (919) 460-7771 Cary, NC  Longman Sales, Inc. (514) 694-3911 Quebec, Canada
The Novus Group, Inc. (704) 846-4044 Weddington, NC  Mycros Electronica 011(52)5-255-3389 D.F., Mexico
The Novus Group, Inc. (704) 599-9313 Charlotte, NC  Technology Sales, Inc.

(809) 892-4745  San German, P. Rico

DISTRIBUTORS

Marsh Electronics « Marshall Industries + Milgray Electronics « Reptron Electronics ¢ Sterling Electronics

(800) 558-1238  (800) 522-0084 (800} 476-9002 (800) 800-5441 (800) 745-5500
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