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256Kx32bit Synchronous Graphics RAM

HY588321 Series

Introduction

Overview

The eight megabit Synchronous Graphics RAM
(SGRAM) is a single port, application specific
memory device designed for graphics
applications. It is organized as 128K words per
bank x 32 bits per word x 2 banks. Internally, the
SGRAM is organized as two separate banks,
each comprising 512 rows x 256 columns x 32
bits per data word. To refresh the SGRAM, the
512 rows of each bank, 1024 rows in total, must

PRELIMINARY

interval. The synchronous interface of the
SGRAM is similar to that of Synchronous
DRAMs (SDRAMs) and is designed to achieve
very high data rates. For a wide range of
workstation and personal computer applications,
the single 32 bit data port delivers sufficient
bandwidth to refresh a video display while
concurrently aliowing rapid updates of the frame
buffer by a graphics controlier device.

be accessed within every 16 millisecond refresh

Features
 Fuily synchronous up to 100MHz. All signals referenced to a positive clock edge.
o JEDEC standard 3.3 V power supply.
¢ LVTTL compatible with multiplexed address.
« Dual Banks for continuous high speed data streams.
* MRS cycle with address key programs.
- Programmable CAS Latency (1, 2, 3)
- Programmable Burst Length (1, 2, 4, 8 & Full Page)
- Programmable Burst Type (Sequential & Interleave)
e Programmable three stage pipeline delivers best tradeoff between peak data rate and read
latency.
Byte control by DQMi.
Automatic Precharge including block write simplifies control.
2 variation of refresh : Auto & Self Refresh.
16ms Refresh period (1024cycle).
High density package : 100 pin, 20mm x14mm Plastic Quad Flat Pack .
Graphics Features
- SMRS cycle : Load mask register, Load color register.
- Persistent Write Per Bit (WPB) operation allows individual write control to each 1/O.
- Block Write (8 column) function with column address mask.

o

ORDERING INFORMATION

Part No. Max. Frequency Package
HY588321QF-10 100MHz 20 x 14mm? 100pin PQFP
HY588321QF-12 83MHz 20 x 14mm? 100pin PQFP
HY588321QF-15 66MHz 20 x 14mm? 100pin PQFP

This document is a general product description and is subject to change without notice. Hyundai Electronics does not
assume any responsibility for use of circuits described. No patent licenses are implied.
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pin Description Pin Description
A7 - AD Row and Column Address WE Write Enable
AB/AP Row Address / Auto Precharge Flag DQM3 - DQMO  Data Byte Mask Enable
BS/A9 Bank Select & Column Address DSF Special Function Select
DQ31 - DQO input / OQutput and Write Per Bit Mask VDD Supply Voltage, 3.3V
CLK System Clock vDDQ Supply Voltage, Q Output, 3.3V
CKE Clock Enable VSS Ground
cs Chip Select VSSQ Ground, Q Outputs
RAS Row Address Strobe NC No Connect
CAE. Column Address Strobe “VREF Input Reference Voltage

Figure 1. Pin Diagram and Nomenclature.

Note: *Future Version.

(HSTL, LVCTT interface)
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XYUNDAI HY588321 Series

Terms and Conventions

10i, DQi, planei : The individual I/Os comprising the 32 bit DRAM port. DQi may also be used to refer
to the specific package pin corresponding to 1/0i (planei).

byte 0 refers to data stored in or accessed from DQ7-DQO controlled by DQMO.
byte 1 refers to data stored in or accessed from DQ15-DQ8 controlled by DQM1.
byte 2 refers to data stored in or accessed from DQ23-DQ16 controlled by DQM2.
byte 3 refers to data stored in or accessed from DQ31-DQ24 controlled by DQM3.

write mask, or write mask register: A register comprising 32 bits, each bit controlling a write
operation to one of the 32 planes. In write per bit mode, write mask bit i enables or disables a write
operation to 10i (planei). The write mask is thus a write control register.

signal(CLK): The state of signal when CLK goes high.

address mask, column mask, or column address mask: The mask formed by DQO-DQ7 for byte
0, DQ8-DQ15 for byte 1, DQ16-DQ23 for byte 2, and DQ24-DQ31 for byte 3 which replaces the
column address bits AO-A3 during Block Write operations. The address mask contains only address
information.

A signal is said to be asserted when it is in its active state, regardless if the signal is active high or
active low. A signal is said to be negated if it is in its inactive state, regardless if the signal is active
high or active low.

long word: the 32 bits of data, DQ0-DQ31 corresponding to a single memory address.

don’t care state: designates that a signal can be in either the logic low state ( < a specified minimum
voltage) or in the logic high state( > a specified maximum voltage).
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«NYUNDAI HY588321 Series

PIN DESCRIPTION
PIN NAME TYPE FUNCTION

CLK INPUT [ CLK is driven by the system clock. All SGRAM inputs are sampled on
the positive edge of CLK.

CLK also controls the output registers.

CKE INPUT | CKE determines validity of the next CLK. If CKE is high, the next CLK
rising edge is valid, otherwise it is invalid. If the CLK rising edge is
invalid, the intemal clock is not asserted and the HY588321 suspends
operation.

When the SGRAM is not in burst mode and CKE is negated, the device
enters power down mode.

During power down mode, CKE must remain low. In Self refresh mode,
low level on this pins also used as part of the input command to specify
Self refresh.

cs INPUT | CS low starts the command input cycle. When CS is high, commands
are ignored but operation continue.

RAS -CAS INPUT | CAS, RAS and WE define the command being entered.

DSF INPUT | DSF is part of the graphic command of the SGRAM. If DSF is inactive, the
SGRAM operates as same as SDRAM.
20 - A8 INPUT | Row address is determined by AQ - A8 at the CLK rising edge in the

activate command cycle.

Column address is determined by AO - A7 at the CLK rising edge at the
read or write command cycle.

A8 defines the precharge mode. When A8 is high in the precharge
command cycle, both banks are precharged; when A8 is low, only the
bank selected by A9 is precharged.

When A8 high in read or write command cycle, the precharge start
automatically after the burst access.

BS/A9 INPUT | A9 is the bank select signal(BS). In command cycle, A9 low selects bank 0
and A9 high selects bank1.
DQMO - INPUT | DQM controls I/O buffers. DQMO controls DQO to DQ7, DQM1 controls
DQM3 DQ8 to DQ15, DQM2 controls DQ16 to DQ23, DQMS3 controls DQ24 to
DQ31.

tn read mode, DQM controls the output buffers like conventional OE pin.
DQM high and DQM low tum the output buffers off and on, respectively.
The DQM latency for the read is two clocks.

In write mode, DQM controls the word mask. Input data is written to the
memory cell if DQM is low but not if DQM is high.

The DQM latency for the write is zero.

DQ0 - DQ31 | INPUT/ | Data I/O; Data bus. The I/Os are byte-maskable during read’s and write’s.
OUTPUT | The DQs also serve as column/byte mask inputs during block write’s.

VeeQ SUPPLY | DQ Power: Provide isolated power to DQs for improved noise immunity.
VssQ DQ Ground: Provide isolated ground to DQs for improved noise immunity.
Ve Power Supply: 3.3V + 0.3V

Vss Ground
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HY588321 Series
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Figure 2. Simplified Block Diagram
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<HNYUNDAI HY588321 Series

Description of Functional Units

The block diagram shown in Figure 2-1 should be referenced for discussions of the major functional
blocks.

Input Block

All input to the SGRAM are registered at the positive edge of the system clock CLK. Two separate
internal clock systems exist, one gated by the clock enable signal CKE and the other ungated. The
gated clock system controls the various internal blocks, including RAM bank access, the state
machine, and the read/write paths. The ungated clock is used to strobe the CKE input master slave
DQ flip flop so that the gated internal clock can be internally disabled and re-enabled. The latched
address, data, and control inputs are input to the state machine and command decode to select and
control a cycle to be executed.

Command Decode and State Machine

The Command Decode consists of state registers and an instruction decoder. The Command Decode
combines with the registered input block to form the state machine of the SGRAM. The state machine
accepts new control inputs from the input block on each cycle to selectively change the state of the
state machine and issue a new command to the SGRAM according to Tables 2 and 3.

Programmable Pipeline

To optimize performance for a wide variety of applications, the SGRAM has a programmable pipeline
which adjusts the number of stages, and thus the access latency of data read from DRAM. The
SGRAM can be programmed via a Mode Register Access to one, two, or three cycles of latency
relative to CLK. Figure 8 shows how the three possible latencies for read and write operation are
programmed via the mode register. Higher latency allows faster clock cycles to be used, which for
relatively long data bursts results in substantial bandwidth improvements.

Mode Register

The mode register is a ten bit register used to program theCAS Iatency for burst read operations and
the burst length for read and write bursts. The mode register is loaded using the address pins, A8/PC-
A0 plus the bank select input BS during Mode Register Access operations. See Table 2 for details on
invoking a Mode Register access. The mode register is shown in Figure 8.

Write Mask Register

The write mask register is a 32 bit register used to control the internal write enables to each IO, or
plane, in RAM. The write mask register is loaded during a Special Register “Load write Mask
Register” (LMR). Once a Load Mask Register cycle is executed, the SGRAM goes into “persistent”
write per bit mode, and will use the contents of the write mask on every write per bit write cycle
thereafter until another LMR cycle is executed.

Color Register

The color register is a 32 bit register used as an alternate data source during block write operations.
The register is loaded from the DQi inputs during Special Register “Load Color Register” (LCR) cycles
and is used as data during block write cycles. Once loaded, the color register cannot be altered
except by another LCR cycle.

Refresh Counter
The Refresh Counter is a 10-bit counter used for auto refresh and self refresh operations. During

refresh cycles, the refresh counter is input to the row decoder instead of the outputs of the row
address buffers. The refresh counter increments after each refresh cycle, cycling through all 512 rows
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NYUNDARI HY588321 Series

of each bank, or 1024 rows in total. Refresh is performed in a ping pong manner between DRAM
banks. That is, refresh cycle will alternate between bank 0 and bank 1 on successive refresh cycles.

Column Address Mask

During block write cycles, A8-A3 select a group of eight contiguous columns for write operation using
the color register as the data source. The column mask is loaded from the DQ inputs at write time and
is used to enable any arbitrary subset of these eight columns in RAM to be written using the contents
of the color register. Separate 8-bit mask are loaded on DQ7-0, DQ15-8, DQ23-16, and DQ31-24,
meaning that the subset of columns written to memory can be different for each byte. The column
mask can be changed during each CAS cycle.

Timing
The timing block contains the various clock and control signals used to perform the various functions

of the SGRAM. These signals are generally referenced to the input CLK signal and control
addressing, sensing, and the read and write datapaths within the SGRAM
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ABSOLUTE MAXIMUM RATINGS'

PARAMETER SYMBOL RATING UNIT
Voltage on VDD, VDDQ pins relative to ground VDD, VDDQ -1.0t0 4.6 v
Voltage on any pin relative to ground Vin, Vout -1.0t0 4.6 \'4
Short circuit output current los 50 mA
Power Dissipation Pp 1.1 W
Storage temperature (plastic package) TSTG -55 to 125 °C

Note : 1. Stresses greater than those listed above may cause permanent damage to the device.
This is a stress rating only and functionai operation of the device at these or any other
conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect

reliability.
RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

Voo, Voba | Supply voltage 3.0 3.3 3.6 \'
Vin High-level input voltage 2.0 3.0 Voo+0.3 \'
Vie Low-level input voltage -0.3 0 0.8 \'4
Ta Operating free air ambient temperature 0 70 °C
CL External foad capacitance on DQ 30 pF

Note : 1. Undershoot is Vss-1.5V and Overshoot is Vss+1.5V at pulsewidth 10ns or less

PIN CAPACITANCE VALUES

SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT
Cic Input capacitance: CLK, CKE, RAS . CAS .CS WE .DSF, 2 6 pF
DaM
Cia Input capacitance: BS/AG, A8/AP, A7 - A0 2 6 pF
Cio Input/Qutput capacitance: DQ 2 7 pF
DECOUPLING CAPACITANCE GUIDE LINE
Recommended decoupling capacitance added to power line at board.
PARAMETER SYMBOL VALUE UNIT
Decoupling Capacitance between VDD and Vss Coc1 0.1+0.01 wF
Decoupling Capacitance between VDoa and Vssa Coc2 0.1+0.01 wF

Notes : 1. VDD an VDDa pins are separated each other.

All VDD pins are connected in chip. All VDDQ pins are connected in chip.

2. Vss and Vssa pins are separated each other.

All Vss pins are connected in chip. All Vssa pins are connected in chip.

1SC01-01-NOV96
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OPERATING CURRENTS

(TA=0°C to 70°C, V DD=3.3V+10%, Vss=0V, unless otherwise noted)

SYMBOL PARAMETER/CONDITION SPEED __ ynit|noTE
A0 |12 | 15

RAS Operating Current per bank
iDD1 No CAS activity 185 (160 [ 140 | mA | 1,2
tRC>IRC(Min), lot=0mA
Precharge Stand-By Current
Iop2PDS | in Power-down mode 3 3 3 | mA
CKE<ViL{max), tck=15ns
Precharge Stand-By Current
IoD2PS | in Power-down mode 3 3 3 | mA
CKE<ViL(max), CLK<ViL(max), tck=
Precharge Stand-By Current
iDD2NP | in Non Power-down mode 45 | 45 | 45 | mA
CKE>ViH(min), tck=15ns, CS>VIH(min)
Input signals are changed one time during 30ns
Precharge Stand-By Current
IDD2NS | in Non Power-down mode 20 | 20 | 20 | mA
CKE>VIH(min), CLK<ViL{max) tCK=
Input signals are stable
Active Stand-By Current
ID23PD | in Power-down mode 3 3 3 | mA
CKE<ViL(max), tck=15ns
Active Stand-By Current
IDJ23PS | in Power-down mode 3 3 3 | mA 3
CKE<ViL(max), CLK<ViL(max), tck==
Active Stand-By Current
Ipe3NPS | in Non Power-down mode 80 | 50 | 50 | mA 3
CKE>VIH(min), tck=15ns, CS>ViH(min)
Input signals are changed one time during 30ns
Active Stand-By Current
IDP3NS | in Non Power-down mode 25 | 25 | 25 | mA 3
CKE=>ViH(min), CLK<VIL(max) tck==
Input signals are stable

Burst Mode Operating Current 3 | 280 | 260 | 230

lob4 loL=0mA CAS Latency 2 260|220 | 180 | mA | 24,5

All bank activated
tcco=tcco(min)

1 190 | 160 | 130

I1DDS Auto-Refresh Current, tRc2trc(min) 185 | 160 | 140 [ mA
10D8 Self-Refresh Current, CKE<0.2V 2 2 2 | mA
Inp7 Block Write Operating Current 220 | 200 | 190 | mA 6

tck>tek(min), loL=0mA, tBwc(min)

Notes: 1. ‘No CAS activity’ means that the operating cycle activates row circuits only while it does not
command any read or write cycle, what could be called, CAS aclivity.

. Measured with outputs open.

. Assuming that one bank is active.

. Assumes minimum column address update cycle tccb(min).

. Specified values are obtained with the timing that a burst cycle is completed upto its
resisted burst length without any interrupt cycle. Interrupted burst cycle may consume more
power.

6. Assumes minimum column address update cycle tBwc(min).

g W
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DC ELECTRICAL CHARACTERISTICS

SYMBOL PARAMETER TEST CONDITION MIN. | MAX. | UNIT
Vou High - level output voltage IOH = -2 mA 2.4 \'A
VoL Low - level output voltage loL=2 mA 0.4 \'4
Input leakage current 0<Vin< 4.0V
| = - - +
Y All other pins at ground 10 10 pA
iLo Output leakage current 0 < Vout< VoD, DQ disabled | -10 +10 BA
AC OPERATING TEST CONDITIONS
PARAMETER VALUE
AC input levels VIH/VIL=2.4V/0.4V
Input timing measurement reference level 1.4V
Input rise and fall time trAf=1ns/ins
Output measurement reference level 1.4V
Output load condition See figure (b)
3.3v Vref = 1.4V
1200 s50Q
Output O . & J_ Output
8700 30pF 30pF
Zo=50Q

VOH(DC)=2.4V 10= -2mA

w

Vour(DC)=0.4V 10= 2mA

(a) Output load circuit for DC measurements

(b) Output load circuit for AC measurements

15C01-01-NOV96
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HY588321 Series

AC CHARACTERISTICS
TIMING PARAMETERS AND DIAGRAMS

SYNCHRONOUS TIMING PARAMETERS (CLOAD = 30pF)

-10 12 -18
PARAMETER SYMBOL UNIT |[NOTE
min. |max.| min. |max.| min. [max.
CAS latency=3 tcK3 10 - 12 - 15 - ns
Clock cycle time CAS latency=2 tck2 15 - 18 - 225 - ns 1
CAS latency=1 tcki 30 - 36 - 45 - ns
CAS latency=3 tac3 - 9 - 11 - 13 ns
Access time from CLK | CAS latency=2 tac2 - 13 - 16 - 17 ns 1,2
CAS latency=1 tact - 28 - 32 - 36 ns
CLK pulsewidth high tchw 35 - 4 - 45 - ns 3
CLK pulsewidth low tcLw 35 - 4 - 45 - ns 3
Data-out hold time toH 3 - 3 - 3 - ns 2
Cata-out low impedance time hz 3 - 3 - 3 - ns 2
CAS latency=3 - 9 - 10 - 11 ns
Pn;";:;;’a“r:c':gﬁr:ne CAS latency=2|  tHz nwl| - 2] - [13]ns ] -
CAS latency=1 - 16 - 17 - 18 ns
Data tos
Set-up time to CLK Address tsu | tas 3 - 35 - 4 - ns 3
Command tcs
P
S e O e | 5 || || o | |~
Data toH
Hold time to CLK Address tH | taH 1 - 15 - 2 - ns 3
Command tCH
Self-refresh Exit time tsre 10 10 - 10 - ns -

Notes: 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (ir/2 - 0.5)ns should be added to the parameter.

3. Assumed input rise and fall time (tr & tf)=1ns.

If tr & tf is longer than 1ns, transient time compensation should be considered.

l.e. [(tr+tf)/2 - 1]ns should be added to the parameter.

4. A time of tsuckp has to elapse after asserting CKE to resume normal operation when exiting
power down mode.

162
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OPERATING AC PARAMETER
(AC operating conditions unless otherwise noted)

PARAMETER SYMBOL -10 12 -15 UNIT NOTE
Row active to Row active delay tRRD(Min) 20 24 30 ns 1
/RAS to /CAS delay trRcD(min) 30 36 45 ns 1
Row precharge time tRP(min) 30 36 45 ns 1
Row active time tRAS(min) 70 72 90 ns 1
tRAS(Max) 200 us -
Row cycie time tRC(min) 100 | 108 | 135 ns 1
Last data in new col. Address delay tcoL(min) 1 CLK 2
Last data in to Row precharge tRWLMIN) 1 CLK 2
Last data in to burst stop teoL(min) 0 CLK 2
Col. Address to col. Address delay tcep(min) 1 CLK 3
Block write cycle time tBWC(min) 20 | 24 | 30 ns 1,4
CAS latency=3 2
Number of valid output data CAS latency=2 1 - 5
CAS latency=1 9]

Notes: 1. The minimum number of clock is determined by dividing the minimum time required with
clock cycle time, and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every column address change except block write cycle.
4. This parameter means minimum /CAS to /CAS delay at block write cycle only.
5. In case of Row precharge interrupt, Auto precharge and Read burst stop.
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Table 1. Relationship Between Frequency and Minimum Latency

-10 -12 -15
Parameter SymbolICL | 3 | 2 | 1 3 21 1] 3 2 1 Notes
tck |10 1530 | 12 |18 )38 16| 225 | 45
Read command to output valid data tcas 3 1 3 1 3 2 1
Active command to column command lels] 1 3 1 2 1
(same bank)
Active command to active command tRC 91613 9 61319 6 3 =({RAS*+RP)
{same bank)
Aclive command to precharge command tras 6|4]|]2]|]6|4]2]|¢6 4 2
-(same bank)
Pracharge command to active command trP 3|2 1 3 2 1 3 2 1
(same bank)
Last data in to precharge command tRwL 1 1 1 1 1 1 1 1 1
(same bank)
Block write to precharge command {BwWL 22|72 2 21212 2 2 =(tRwL+1)
Active command to active command tRRD 2 2 1 2 2 1 2 2 1
(different bank)
Last data in to active command(Auto tapw 4 3 2 4 3 2 4 3 2 =(tRwi+trP)
precharge, same bank)
Block write to active command(Auto tapaw S 4 3 5 4 3 5 4 3 =(tBwL+trRP)
precharge, same bank)
Self refresh exit to command input tsREX 9 3 9 6 3 3 =trc
Precharge command to high impedance tHze 3 1 312]1 1
Last data out to active command taPr 1 1 1 1 1 1 1 1 1 =(ter+trP)
Last data out to precharge tep 2] -1 0 2] 0|2 -1 0
Column command to column command tceo 1 1 1 1 1 1 1 1 1
Write command to data in latency twco ocjJo|oO [ [ 0 0
Block write cycle time tewc 2 2 1 2 2 1 2 2 1
Special mode register set to block write tsew 1 1 1 1 1 1 1 1 1
DQM to data in toio o] 0 0 0 0 0 0 0 0
DQM to data out toon 2 2 2 2 2 2 2 2 2
CKE to CLK disable tce 1 1 1 1 1 1 1 1 1
Burst stop to output valid data hold tasr 2 1 0 2 1 0] 2 1 0
Burst stop o output high impedance tasH 3 2 1 3 2 1 3 2 1
Burst stop to write data ignore tesw 0 Q 0 0 0 0 [ 0 [
MRS to active command trsa 1 1 1 1 1 1 1 1 1
SMRS to active command tssa 1 1 1 1 1 1 1 1 1
_.;.:t'rve command to SMRS tass 3121 3 2|1 3 2 1
MRS to data in latency tMsD 0 0 0 0 0 0 0 0 0
SMRS to data in latency tsse g 0 4] 0 g| o 0 0 o]
Register set to register set tRR 1 1 1 1 1 1 1 1 1
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Table 2. State and Function Truth Table for Selected Bank '

Current CLK 4
state of Action to selected bank
Selected | — | —— |—— | — | DSF BS A8 | A7 - | DQMi DQi Unless otherwise noted
Bank cs |RAS |CAS | WE e ¢ ™ )
L L L L L opcode X X Mode Register set
L t L H X X op X X Special Register set
code
L H H H X X X X X X
ldle H X X X X X X X X X NOP
L L H L L BA RA X X
L L H H L BA RA RA X Activate Row, Bank
Deselect WPB Mask
L L H H H BA RA RA X Activate Row, Bank
Select WPB Mask
L L L L H X X op X X Special Register Set
code
L H H H X X X X X X NOP
H X X X X X X X X X
L L H L L BA L X X X Precharge selected Bank
L L H L L X H X X X Precharge Both Banks
Row L H L L L BA L CA byte data
Active enable in Begin Write
L H L L H BA L CA byte addr Begin Block Write
enable mask
L H L L L BA H CA byte data Begin Write,
enable in Auto Precharge
L H L L H BA H CA byte data Begin Block Write,
enable in Auto Precharge
L H L H L BA L CA byte data Begin Read
enable out
L H L H L BA H CA byte data Begin Read,
enable out Auto Precharge
L H H H X X X X X data out NOP, continue burst to
H X X X X X X X X data out end —>» Row Active
L L H L L BA L X X data Term Burst,
out Precharge selected Bank
L H L L L X H X X data Term Burst,
out Precharge Both Banks
L H L L L BA L CA X data Term Burst,
out Begin Write’
Read L H L L L BA H CA X data Term Burst, Begin Write,
out Auto Precharge’
L H L L H BA L CA X data Term Burst,
out Begin Block Write?
Term Burst,
L H L L H BA H CA X data Begin Block Write,
out Auto Precharge’
L H L H L BA L CA X data Term Burst, Begin
out New Read
L H L H L BA H CA X data Term Burst, Begin New
out Read, Auto Precharge
L H H L L X X X X data out Term Burst—> Row Active

1SC01-01-NOV96
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Table 2. State and Function Truth Table for Selected Bank '(Continued)

Current CLK
state of Action to selected bank
Selected = |l |7 — i i
Bank cs |rRas |cas | wE DSF | BS A8 I:TD - | pami DQi (Unless otherwise noted)
L H H H X X X X X data in NOP, continue burst
H X X X X X X X data in toend —>»Row Active
L L H L L BA X X X Term Burst, Precharge
Selected Bank
L L H L L X H X X X Term Burst, Precharge
Both Banks
Write L H L L L BA L CA X X Term Burst,
Begin New Write
L H L L L BA H CA X X Term Burst, Begin New
Write, Auto Precharge
L H L L H BA L CA X X Term Burst,
Begin New Block Write
L H L L H BA H CA X X Term Burst, Begin New Block
Write, Auto Precharge
L H L H L BA L CA X X Term Burst, Begin New Read
L H L H L BA H CA X X Term Burst, Begin New Read,
Auto Precharge
L H H L L X X X X X Term Burst —> Row Active
Read, L H H H X X X X X data out NOP, continue burst to
AutoPrchg [ X X X X X X X X data out end —> Precharge’
Write,Blk L H H H X X X X X data in NQP, continue burst to
Write, H X X X X X X X X data end —> Precharge’
Auto Prchg in *
Precharg- L L H L X BA L X X X NOP —> [dle after trP
ing L H H H X X X X X X NOP — idle after trp
- H X X X X X X X X X
Row H X X X X X X X X X NOP —> Row Active
Activating | L H H H X X X X X X after trco”
Mode Reg. L H H H X X X X X X NOP
Accessing H X X X X X X X X X
Special L H H H X X X X X X
Mode Reg. NOP
Accessing H X X X X X X X X X

Notes: 1. Assumes CKE high on the previous clock cycles.

2. Read burst must terminate one cycle before the start of a write sequence. This can be
accomplished in one of two ways. First, if the last bit of the burst is output two cycles
before the start of the write sequence, the burst will terminate and the output will
tristate during the cycle before the write command is issued. Second, the burst can be
terminated by bringing DQM:i high and issuing a terminate burst command two cycles
before the write  command. This will also guarantee that the output will tristate and the

read pipeline will be flushed during the cycle before the write command is issued.
3. Within a Read or Write burst sequence with Auto Precharge selected, no Read or Write

commands are allowed to the opposite bank. However, a read or write burst (with or
without auto precharge selected) can be invoked in the opposite bank on the clock cycle
corresponding to the last address of the burst in progress in the current bank.

4. trRcD specifies the minimum period beginning from the start of a row activate command and
the start of a read burst, write burst, or block write command in the same bank. Only NOP
commands are allowed during this period to the selected bank. After the tRCD minimum
period has expired, but before the minimum row activation period tRAS has expired, no
precharge or burst terminate commands can be invoked on that bank. This is analogous to
the minimum trRAS period found in previous generation asynchronous DRAMs.
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Table 3. State and Function Truth Table, Operation involving Both Banks
Current CLK 4
state CKE Cs | RAs |Ccas | wE | DSF | A9 | A8 | A7-A0 | DaMi | DQi Action
prev | curr
L L X X X X X X X X X X Maintain Power Down
Power | L H L H H H X X | x | X X X Exit Power
Down L H H X X X X X X X X X Down —>BBI
L L X X X X X X X X X X Maintain Self Refresh
Self L H L H H H X X X X X X Exit Self
Refresh' | L H H X X X X X X X X X Refresh —> 881
H L L H H H X X X X X X Enter Power Down
H L H X X X X X X X X X Enter Power Down
H L L L L H X X X X X X Enter Self Refresh
Both H H L H H H X X X X X X NOP
Banks H H H X X X X X X X X X NOP
Idle(BBI) H H L L L L L op code X X | Mode Reg. Access
H H L L L L H X X op X X Special Register
code Access
H H L L L H L X X X X X Auto Refresh
CLK L L X X X X X X X X X X Maintain CLK Suspend
Suspend L H X X X X X X X X X X Exit CLK Suspend
Auto H H L H H H X X X X X X
refresh- NOP —> Both Banks
ing H H H X X X X X | X X X X Idle after trc
Any state H L Any valid command for specified state Enter CLK Suspend2
otherthan | H H | | I | I [ l I See Table2
above

Notes: 1. Exiting Self Refresh occurs by asynchronously bringing CKE from low to high.

2. The valid command specified during the Enter CLK Suspend cycle will be executed, and the

next clock cycle will be ignored as well all subsequent clock cycles until CLK Suspend is
exited.
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Summary of Functions and Function Invocation

oLk / \

BS

A8/AP - AO
DQ31-DQO
DQM3-DQMO

Figure 3. General Cycle Invocation Scheme for SGRAM

General Cycle Select

The available functions of the SGRAM are selected according to the values of the various control
inputs at each rising edge of CLK and the internal state of the SGRAM at that time. Figure 3 shows how
each control input must be valid with an adequate set up and hoid time relative to the rising edge of
CLK to perform the desired command. Tables 2 and 3 show the complete state table and command set
for the SGRAM.

General State Transition and Command Sequence for One Bank

With few exceptions, the two banks of the SGRAM operate autonomously according to which bank is
selected by the BS/A9 signal for any given cycle type. Figure 4 shows a simplified arrangement of the
possible state transitions for each bank operating separately. Normally, a row of DRAM in one of the
two banks is activated. While the bank is activating, only NOP cycles are allowed to that bank. After a
certain time period, the bank enters its active state, designated by “Row Active”. Once in the Row
Active state, commands for executing Read, Read with Auto Precharge, Write {including block write
and write per bit), and Write with Auto Precharge can be executed, which transition the bank to the
appropriate state and allow read or write bursting to occur. Reads and Writes can be intermixed along
the same row, or page address, however certain timing parameters and clock cycle latencies must be
obsarved when switching between the read and write states. Read and Write operation to the selected
bank(without Auto Precharge selected) can be terminated in one of four ways:

1) By issuing a precharge command to the selected bank
—> Goes to Precharging state
2) By issuing a burst terminate command
—> Goes to Row Active state
3) By issuing a read or write command to the opposite bank
—> Current bank goes to Row Active state
4) By reaching the end of the burst (burst length=1, 2, 4, or 8 only).
—> Goes to Row Active state

NOTE: If the burst length is set to full page, the burst will not terminate even after all addresses in the
full page burst have been read or written. The burst can only be terminated by issuing one of
commands 1-3 above.
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Read anq Write operation to the selected bank(with Auto Precharge selected) can be terminated only
by reaching the end of the selected burst, after which that bank goes to the precharging state. Auto
Precharge is nat supported for burst length equal to full page.

/
\“
z

0
ad
i

Figure 4. Simplified state transition diagram for each bank.

After precharge of the selected bank is invoked, that bank enters the “Precharging” state for some
specified period of time during which only NOP cycles can be executed to that bank. After the specified
precharge interval is expired, the bank re-enters the Idie state. it is important to note that while either
bank is transitioning from one state to another according to Figure 4, the opposite bank can be active.
Due to the single read and write port of the SGRAM, the two banks cannot be reading or writing
simultaneously. For example, if bank 0 is in the read state and bank 1 is in the row active state, a new
read command given with bank 1 selected by BS/A8, will cause bank 1 to enter the read state and bank
0 to terminate its burst and enter the row active state. While a bank is in the row active, read, or write
state, the clock signal can be suspended. This causes the external clock signal to be ignored and all

cycles to be decoded as NOPs. Suspending the clock affects both banks, regardless of which ones are
active.
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Operation(cycle description, timing overview)
1.1 Mode Register Programming
Description of Register Functions

The SGRAM has an on chip mode register which is programmed by the user to select the read latency,
burst length and burst type to be used during read / write operations to the DRAM.

To achieve very high data rates, the SGRAM is equipped with a read pipeline which can be
programmed by the user to operate with one, two, or three cycles of clock latency. Read latency is
defined as the number of the first positive clock edge following the initial read invocation cycle (which
we arbitrarily define as clock 0) at which the first piece of data is guaranteed to be valid. Figure 5
illustrates read latencies of one, two, and three. The higher the latency, the higher the clock frequency
the SGRAM can run at, and the higher the peak data rate.

ik B

o Yo X+ Xz etoncy=1
o Xo X7 Xz atoncy=2
oa Xo X7 Xz atoncy=3

Figure 5. Definition of Read Latency with Examples

Whenever a read (or write) command is invoked, the SGRAM Initiates a read (or write) to the
appropriate column address selected by A7-AQ. This is defined as the beginning of the read (or write)
burst. Subsequent clock cycles can be used to perform high speed reads (or writes) to column
addresses adjacent to the column address supplied on A7-A0 when the read or write was invoked. The
number of column addresses which can be read or written, including the original address supplied on
A7-AQ is defined as the burst length. The SGRAM supports burst lengths of one, two, four, eight, and a
full page of column addresses.

The SGRAM supports both sequential and interleave mode address bursting. In burst mode, read or
write is done to the address selected by A7-A0 at the beginning of the burst. On successive burst
cycles, the column address is intemally incremented and a read (or write) is performed to the
incremented address. The process can continue until a read{or write) to the mast significant address in
the burst has been executed. On the next burst cycle, the internal address will wrap to the least
significant address of the burst and a read (or write) to that address will be executed. Successive burst
cycles will cause the column address to internally increment and a read (or write) to the incremented
address will occur until reads (or writes) to all addresses in the burst have been executed.
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For all burst lengths, except full page, the burst have beey) read (or written). For full page mode, the
burst must be explicitly terminated by a separate command. Table 4 show the sequence of burst
addressing for burst lengths of two, four, eight, and full page.

Table 4. Address sequence for different burst lengths

Burst Length = 2

Starting column address Sequential Interleave
Al{decimal)
0 0,1 Not support
1 1,0 Not support
Burst Length = 4
Starting column address Sequential Interieave
A1 - A0(decimal)
0 0,1,23 0,1,2.3
1 1,2,3,0 1,0.3,2
2 2,301 2,3,0,1
3 3,012 321.0
Burst Length = 8
Starting column address Sequential Interleave
A2 - AD(decimal)
0 0,1234,567 0,1,2,34,586,7
1 1,2,3,4,586,7,0 1,03,254,7.6
2 2,3,4,56,7,01 23,016,745
3 34567012 32107654
4 458670123 45670123
5 56,7,0,1,234 54,76,1,03.2
6 6,70,1,234,5 6,7,4,5,2,3.01
7 7,0,1,2,3,456 7,6,54,3,2,1,0
Burst Length = full page
Sequential
Starting column address
A7 - A0(decimal)
0 0,1,2,....,.255
1 1,2,3,...,255,0
2 2,34,...,255,0,1
3 34,5,...,255,0,12
255 255,0,1,....,.254

15C01-01-NOVS6
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Loading the Mode Register

Figure & shows the general timing and control for loading the mode register per Table 2. Figure 8
shows the assignment of the op code bits to the mode register and how the mode register bits control
latency and burst operation. The figure also shows the assignments for entering Hyundai vendor

specific test functions(to be determined).

ZKE=H

CLK

Control,
Address

Bom
state banks banks
|d|e idie

cs =L
AAS =L
CAS =L
WE =L
DSF  =x
B8s =X

AB/AP =op code
A7-AD =o0p code

Figure 6. Timing of mode register access (Program latency and burst length)
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1.2 Special Mode Operations (loading the color register, WPB mask)

To support write per bit and block write operations, the SGRAM has a write per bit mask register and a
color register. Every Special Register Access allows one of these registers to be written with the
contents of the DQ pins. The write per bit register and the color register are not byte writable. The DQM
pins have no impact during Special Register Access operations. Write per bit operation is not available
when loading the write per bit mask register or the color register. Special Register Access cycles are
invoked as described in Table 2 and can only be invoked when both banks are in either the idle or row
active state. Figure 7 shows the general timing and control for the Special Register Access cycle and
illustrates how the opcode supplied on address bits A6 and A5 determine which of the two registers, the
write mask register or the color register, gets loaded from the DQ pins. A6 and A5 are used to
determined whether loading color data or mask data, other pins shouid be low, color data and mask
data are loaded through DQ pins into the color register and the mask register repectively.

Load Color Reg
tHegal

T
|
'
'
T
|
‘v ' A8 AS
T | T
\ / o Q NOP
|
oAs : ‘ ' [o] 1 Load Wre Mask Reg
| | 1 [}
~— 1 1

Figure 7. Timing and control for special register access cycle
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Mode Register Configuration

A9 | A8 | A7 | A6 | A5 [ AT A3 AZT]A1]AO

OPCODE(RFU) [FUNC| X LMODE BT BL
/A5 A4 | CAS Latency A3 |Burst Type Burst Length
olo R 0 |Sequential A2 [ A1 A0 BT=0|BT=1
011 1 1 | Interleave ojo|]o 1 R
1 0 2 o0 1 2 R
1 1 3 0|1 0 4 4
0 1 1 8 8
1 0oj]o R R
A7 | Function(Test Mode) 1 0 1 R R
0 Mode Reg. Set 1 1 0 R R
Vendor Use Only 1 1 1 [FP1] R
Note:
1.Sequential Burst Type Only
2.1f both LC and LM are high, data of mask and color register
will be unknown
Special Mode Register Configuration
A9 A8 A7 A6 A5 A4 A3 A2 A1l AD
0 0 0 LC LM 0 0 0 0 0]
A5 | Function
LoadMask [ O | Disable
1 | Enable?

A6 | Function
Load Color | O Disable
1 Enable?

Figure 8. Loading of the mode register and special mode register
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2. Row activate

A single row in either bank of DRAM can be activated using a row activate command. A bank can be
activated even when the opposite bank is active. A row activate command cannot be given to a bank if
that bank is already active. Also, a row activate command cannot be given to either bank if the SGRAM
is currently in the power down, self refresh, auto refresh(for the period specified by trRc), or clock
suspend states. Once a row activate command has been issued to the bank selected by the bank
address (supplied by BS/A9), the selected bank leaves its idle state and goes into its row activating
state. Accordingly, the row address is latched and the appropriate row in the bank is selected. Data
from that row of memory is sensed and latched by the bank’s sense ampilifiers, to be used for later read
(or write) operations. Figure 89 shows a row activation cycie per Table 2 with and without write per bit
selected. tRcD specifies the minimum period beginning from the start of a row activate command and
the start of a read burst, write burst, or block write command in the same bank. Only NOP commands
are alliowed during this period to the selected bank. After the tRcD minimum period has expired, but
before the minimum row activation period tRAS has expired, no precharge or burst terminate commands
can be invoked on that bank. This is analogous to the minimum trRAs period found in previous
generation asynchronous DRAMSs.

CKE=H _
88 =L
RAS =L
CLK CAS =H
_— — WE =H
DSF =L deselect write per bit
Control . 7 85 Lssecibanko
Address / ., > =H select bank 1
AB/AP =row address
A7-AO=row addrees
RCD
- @@

Figure 9. Row activate command to idle bank
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3. Read Operation with Programmable Pipeline
3.1 Normal Read Bursts (Auto Precharge deselected)

Figure 10 shows the basic timing and control for initiating a burst read operation without Auto
Precharge selected. Output of data depends on the read latency and burst length selected (See Mode
Register Access, for details.). The higher the latency, the higher the operating frequency the SGRAM
can fun at, and the higher the peak data rate. See Figures 26 through 28 for details. Figures 26
through 28 illustrate burst writes following burst reads on the same page. The examples assume a burst
length of four but burst lengths of 1, 2, 4, 8, or full page can also be used. By issuing NOPs after the
initial read command, the SGRAM will continue reading data starting from the starting column address
to the end of the read burst. Data will be read to the DQ outputs(assuming the corresponding DQM
signails remains enabled low) until the last address in the burst has been read out. On the next clock
cycle (burst length=1, 2, 4, or 8), the DQ outputs will go to hi-z and the bank will re-enter the row active
state. If burst length is set to full page, the active bank does not automatically return to the row active
state, even after all addresses within the burst have been read or written. The internal column address
will continue to increment modulo 256 and read operation will continue.

NOP.cortinue
1 end of burst
swae i @ =

Figure 10. Burst read sequence, Auto Precharge Deselected

While in a read burst with Auto Precharge deselected, the user can issue the following command
sequences.

1. Issue NOPs, continue reading data starting from the starting column address to the end of the read
burst. Data will be read to the DQ outputs (assuming the corresponding DQM signals remains
enabled low) until the last address in the burst, defined by the burst length and type, has been read
cut. On the next clock cycle, the DQ outputs will go to hi-z and the bank will re-enter the row active
state.

2. Initiate another read command (with or without Auto Precharge selected) before the end of the burst
and begin a new read burst starting from any column address. The burst in progress is terminated
and the first address of the new burst is read to the output after a number of clock cycles defined by
the CAS latency. See Figure 11 for details.
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CLK

CAS

-

el
A7-AD w . w
o%e) —4—(‘ mo X ‘ M1 X

|
T
I
t
| 1
T
|
|
|
i

:

no X N1 X N2

burst N CAS latency=2, Burst Length>2

Figure 11. Timing of read initiation with read burst in progress

3. Initiate a new write burst or block write command before the end of the burst and begin a new write
burst or block write starting from any column address. The burst in progress is terminated and the
first address of the new write burst or block write is written. Figure 12 illustrates the timing and
control for this sequence. The appropriate DQMi read/write byte enable signals must be asserted two
clock cycles before the write command is issued (JEDEC specifies DQM latency is always two,
regardless of the CAS latency). The DQ outputs are guaranteed to be in hi-z after a period tHz from
the beginning of the clock cycle following the clock cycle in which DQMi is asserted.

ox LI
- T

W

t
T T 1
WE ! ' \1 ’ OKE =H
| i | : o8 =L
' 1 } | | W-H
1 1 | I
A7-AD ___XEX ! i I XEX i
T T T T T
I | | Fﬂ.‘ | | 4
4 | | T T
= (=X D G
1 1 T
1 1 1

DQMi / ' \

CAS latency=2, Burst Length>2

Figure 12. Timing of write initiation with read burst in progress
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4. Issue a terminate burst command and return to the row active state. The timing and controi for this
sequence is shown in Figure 13 for the case where CAS latency is three and burst length is greater
than two. Note that in this example the terminate burst command occurs on the third clock cycle
after the initial read command. The terminate burst command causes the data associated with the
burst counter address at the beginning of the burst terminate cycle (M2 in Figure 13) to be output to
DQ after the number of clock cycles defined by the clock latency. On the next clock cycle, DQ goes
to hi-z and the bank goes to the row active state.

CLK MO [ M1 | M2 ] Mﬂ ] l ]
= \L/

" | S =
RAS=H

r Mi=L
AT - AD )CEX , Dam

I \ 10+ |
v R
DQ ( Mo X X w2 )
Terminate
CAS Latency=3, Burst Length>2 burst M

Figure 13. Timing of burst terminate command with read burst in progress
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UUUUL

Command

Burst Length=Full Page

CAS Latency=1

tBSH=1

o UUUUuU UL

Command

Burst Length=Full Page

oo -O0000CO0O0
CAS Latency=2

L/
msHe2

—
tBSR=1

U Uu U

Command

DQout
CAS Latency=3

Burst Length=Full Page

tBSR=2

I —{tBSH=3

W

Figure 13-1. Full page burst stop

Burst stop(BST) command is used to stop data output during a full-page burst read. This command sets
the output buffer to high-Z and stops the full-page burst read. The timing, from command input to the
last data, depends on CAS latency. BST command is legitimate only in case full page burst mode,

and is illegal in case burst length 1,2,4 and 8.

CAS latency BST to valid data BST to high impedance
1 0 1
2 1 2
3 2 3
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5. Issue a precharge command (for the selected bank or for both banks), depending on the logic level
of A8/PC terminate the burst, and return to the idle state after the precharge interval trRpP. Like the
terminate burst command, the last data read out is that associated with burst address during the
precharge command cycle. The major difference between a precharge command and a burst
terminate command is that the burst terminate command returns the bank to its row active state
while the precharge command returns the bank to its idle state after the designated precharge
interval. The timing and control for the precharge cycle is shown in Figure 14 for the case where

CAS latency is two and burst length is greater than two.

CLK

RAS

CAS

A7 - AD

DQ

MO|

Mll

L/

CKE=H
cs=L
DaMi=L

XWX

—

|

CAS Latency=2, Burst Length>2

terminate
burst M,
precharge

Figure 14. Timing of precharge command with read burst in progress

8. Suspend the clock. Suspending the clock can be done in accordance with the Table 3. While in the
clock suspended state, the state of both banks will remain unchanged.
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3.2 Read Burst with Auto Precharge Selected

Read with Auto Precharge can be selected with burst length set to 1, 2, 4, or 8 and is similar to normal
read (Auto Precharge deselected) operation except that the read burst cannot be terminated by issuing
another command. Once the read with Auto Precharge command is invoked within a bank, only NOP
commands can be issued to that bank. At the clock cycle comresponding to the last column address in
the burst the bank will enter precharge and return to the idle state after the trp period has expired. Data
will appear at the output according to the setting of the cag read latency. Note that while a burst read
with Auto Precharge selected cannot be terminated, data can be prevented from appearing at the DQ
outputs by masking it off with the DQM control inputs. Figure 15 illustrates a burst read sequence with
Auto Precharge selected for the case where CAS latency is two and burst length is two.

CLK JM"I [ m | L l [ |

| t
| t | i
| ! 1 i
RAS I ' I I
| 1 1 1
1 I i |
| i 1 T
! | 1 CKE =H
| ' | o8 =L
i , i DQMI=1
1

'|

AB/AP [\
|

DQ { MO x r\:m >7

CAS tatency=2, Burst Length=2

Figure 15. Read burst with Auto Precharge selected
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IR gs
1RCD }
gf=m1mand (de ﬁ o7
\ p
DQout | FRY
i COOEOT——
Command
Command :XA:ETX ¢ad @X
X=X
DQout <ox

Note. Internal Auto-precharge starts at the timing indicated by " { "

=

Figure 15-1. Burst read with auto precharge followed by an active command

In this operation, since precharge is automatically performed after completion a read operation, so no
precharge commands are necessary after each read operation. The command next to this command
must be a bank active(ACTV, ACTVM) command. in addition, see Figure 15-1, an interval defined by
taPR is required before execution of the next command.

CAS latency Precharge start cycle
3 2 cycle before the last data out
2 1 cycle before the last data out
1 0 cycle before the last data out
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4. Write Operation

There are several variations of write operation to the two banks of DRAM. Wirite bursts can be initiated
to either bank with and without Auto Precharge selected. Also, write per bit and block write operations
can be invoked. The basic write operation showing the relationship to the programmed TAS latency
and burst length will be described first, and the variations for Auto Precharge, write per bit. and block
write will be described subsequently. It is important to note that Auto Precharge, write per bit, and block

write are orthogonal variations to the basic write operation. That is, each of them can be invoked
independently of the others.

4.1 Write Operation with Auto precharge Deselected

The latency for write operation is defined as the clock cycle difference between the clock where write
command and column address are asserted and the clock cycle where the first data to be written is
presented and is always equal to zero. That is the data for a write operation is presented on the same
clock cycle as the corresponding address, regardless of what value of CAS latency is programmed into
the mode register. Figure 16 shows this relationship.

ST = Iy O = B e
s T\

|
wE T\ I
I I
| |
e XX :
| |
| |
(E’)nQ out) _< Mo >< M1 X M2 XM3 \f

row active - write - row active

CAS latency=1,2, or 3; Burst Lengthw4

Figure 16. Write burst with Auto Precharge deselected.
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4.2 Write Operation with Auto Precharge

Write operation with Auto Precharge can be selected with burst length set to 1, 2, 4, or 8 and is similar
to write operation without Auto Precharge except that once initiated the write burst cannot be
terminated by another command. To complete the burst, NOPs must be executed and data input
supplied for each address in the burst until the end of the burst has been reached. Alternatively, the
DQM controt inputs can be asserted to prevent writes from occurring during the burst sequence. On the
clock cycle following the last address in the burst, the bank will begin precharging and will re-enter the
idle state after the precharge period, IRP. Figure 17 illustrates the sequence.

oLk el el fwl | L |
| 1 | i |
R ’\ IF II ‘\ : CKE =H
CAS 1/ | | | | S8 =L
! ' ‘ ’ ) iy
1 i | | !
WE i il | i l
'. ', 1
ano XX |
: , ‘ A P
E)nqput) —(Cm X X X )
row active > write - - ide
precharging
CAS latency=1,2, or 3; Burst Length=4

Figure 17. Write burst Auto Precharge selected
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Burst Write(Burst Length=4)

Command ﬁﬁx
Address x
ow
tAPW
b

Internal precharge

starts here
Single Write

ULLULIUIL
Command W&EX %ETX
£

Address X::X
dol

< 1APW

o)
©

Internal precharge
starts here

Figure 17-1. Write burst with Auto Precharge followed by an active command

Write with Auto Precharge

In this operation, since precharge is automatically performed after completion of a burst write or a
single write operation, so no precharge commands are necessary after the write operation. The
command next to this command must be a bank active command(ACTV, ACTVM). In addition, an
interval of taPw is required between the last valid data input and the next command.
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4.3 Write Operation With Write Per Bit

The SGRAM features a write per bit capability similar in functions to previous generation Video RAMSs.
Write per bit allows the write to each of the 32 DQs to be controlled individually by employing a 32 bit
write per bit mask(or write mask) register which can be dynamically loaded via a Special Register
Access cycle. The 32 bits in the write mask register have a one to one comespondence with the 32
DQs. A logic level 1 in bit position i in the mask register enables a write to DQi during write per bit write
cycles. A logic level 0 in bit position i masks off, or disables, the write to DQi during write per bit write
cycles.

To invoke write per bit write cycles, the write per bit function must be selected when activating a row /
bank. So long as that bank remains active, all subsequent write cycles to that row / bank will use the
write mask to control which DQs get written with the input data present on the DQ pins during the write
cycles. Figure 18 iliustrates write per bit operation. The figure shows that Auto Precharge is deselected
although Auto Precharge can be selected in exactly the same way as in other write operations
previously discussed.

CLK l I

]
kS
3
£

2]
»

+ CKE =M
RAS —\_:_f ) T8 =L
' AAS —H
: DQOMI=L.

1

CAS

T
| |
| |
l |
-
I \ | ’ |
1 '
|
T
|
|
|

|
A7-AO :)@@/j,l’/ Z /‘)2 X T Y77
AB/AP X 77777772272, e

ose [T\

DQ { e
(Input) AN Mo X M X
acttvate row begin write burst
select wpb Auto Precharge
dessiactad

CAS latency=1,2, or 3; Burst Length>2

Figure 18. Write burst with Write Per Bit, Auto Precharge deselected

5. Block Write Operation

5.1 Block Write with auto precharge deselected

The SGRAM features a block write function similar to that of previous generation Video RAMs. Block
write allows as many as eight times the number of bits to be written in a single cycle compared to
standard write operations previously described. A 32 bit on chip color register can be loaded via_ a
special register cycte. Once loaded, the color register acts as a data source for subsequent block write
operations. The DQ pins then act as address pointers and are coliectively known as an “address mask”,
replacing the three least significant column address bits, A2-A0. Each byte has its own independent
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address mask. DQ31-DQ24, DQ23-DQ16, DQ15-DQ8, and DQ7-DQO serve as address masks for
bytes 3, 2, 1, and 0 respectively.

Considering byte 0, for example, DQ7-DQO act as individual address pointers to the eight column
addresses represented by the eight binary combinations of A2-A0. Rather than using A2-A0 to select
one address out of the possible eight to be written with the contents of the color register, the eight DQ7-
DQO lines allow write selectability to each of the eight addresses represented by the eight combinations
of A2-A0. A logic high level on DQi causes the appropriate address in memory to be written with the
contents of the color register while a logic low level on DQi inhibits the appropriate address from being
written. In essence, any subset of the eight column addresses(for each byte) can be written in a single
block write cycle. Considering all four bytes represented by DQ31-DQO, as many as 256 bits(8 bits x 8
column addresses x 4 bytes) can be written with the contents of the color register in every block write

cycle. Figure 19 shows the write data and control for block write operation to all four bytes of the
SGRAM.

Block write can be combined with write per bit and byte write (via the DQM pins) control to achieve full
byte and bit mask-ability for the 256 bits selected during block write cycles. In other words, any subset
of 256 bits can be written during every block write cycle. Furthermore, biock write cycles can be
intermixed with read cycles and non block write cycles while a bank / row is selected, however the
block write command period tewc must be observed. For high frequency operation, this could result in
one additional clock cycle at the end of a sequence of block write cycles. Since block write can
conditionally write to eight adjacent column address locations at once, there is no provision for
performing burst block writes by invoking a block write cycle followed by NOPs. in other words, each
time a block write operation is desired, a block write command including the block address A7-A3 must
be invoked. Figure 20 shows the timing and control for block write. In this example, write per bit
operations is selected during the row activation cycle. During the subsequent block write and write
cycles, the write per bit mask register will serve as a plane mask to the 32 pianes, or I/Os of the
SGRAM. During the block write cycles, the DQ pins serve as address mask bits while the color register
serves as the input data source. Block write commands are not burstable. For each block write
operation, a new block write command must be issued.
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Figure 19. Diagram of block write operation
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1
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i
awc ! |
! '
T ! CKE =H
Crs ! / C8 =L
' \ ) FAS =M
! ' ! DQMi =L
T .
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1 T
1 AB-AD AT-A3 ! AT-A3 A7-AD
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oa (e = e

activate row » -
block write block write starts write write
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Note :At high speed CLK rate an additional CLK cycle is required to satisfy tBWC timing.

Figure 20. Timing and control for block write cycles

Special mode register set in active state and block write

Command ' ﬁ

Address ﬁ

DQin

1SS 1sBwW

Figure 20-1. Special mode register set in active state and block write

Special mode register are set through address pins during IDLE, ACTV or ACTVM state. AS and A6
pins are used to determine whether loading color data or mask data. Other pins should be low. Color
data and mask data are loaded through DQ pins into the color register respectively. When special
mode register set command is issued, if both A5 and A6 are equal to 1, then neither color nor mask
data is assured.

See * 1.2 Special Mode Operations “.
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5.2 Block write with auto-precharge

In this operation, since precharge is automatically performed after completion of a block write
operation, so no need to execute precharge command. The command next to this command must be a

bank active command(ACTV, ACTVM). In addition, an interval of taPBw is required between the last
valid and the next command.

See “special mode register operation (1. 2)"

CLK

Command

Address

| I 1APBW

Figure 21. Timing of Block Write with auto precharge selected
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6. Refresh Operation

Since the SGRAM is a dynamic memory device, the stored data must be refreshed periodically or it will
be lost. To avoid data loss, all rows in both banks must be accessed during the maximum refresh
interval specified by tREF. A row of data in either bank of RAM is refreshed whenever that row is
activated. For example, activating a row for the purpose of reading or writing addresses along that row
causes the data in that row to be refreshed. In addition to normal read and write operation, the SGRAM
has two modes of refreshing the banks of memory: Auto Refresh and Self Refresh.

6.1 Auto Refresh

Auto Refresh is similar tocag before RAS refresh found on previous generation asynchronous
DRAMSs. One Auto Refresh cycle refreshes one row of memory using a 10 bit, on chip refresh counter
as the row address and bank select. The refresh counter is incremented during each Auto Refresh
cycle. The upper nine bits of the counter supply the address of one of the 512 rows in each bank to be
refreshed and the least significant bit selects the bank in which the refresh will occur. Thus, successive
Auto Refresh cycles alternate between the two banks. Because Auto Refresh operation alternates
between banks, both banks must be idie when Auto Refresh commands are invoked. Figure 22 shows
two successive Auto Refresh cycles. Once an Auto Refresh cycle has been invoked, it is controlled
internally until its duration. NOP cycles must be inserted during the entire Auto Refresh cycle time
defined by tRC.

CLK
| | | | |
— CKE=H
o \._/ | \._/ Aveae
' DSF=X
_ DQ=X
e L/ \_/
CAS \-_/ \_I
WE : | A7T-A3 | AT-A3 A7-AD
| |
" RC
S| 5] T
both banks auto refreshing both banks auto refreshing
idle = banks 0(1) ™ idle - ’ banks 1(0)

Figure 22. Timing and control for Auto Refresh Operation

6.2 Self Refresh

The SGRAM features an on chip refresh cycle timing generator which can be used in conjunction with
the row refresh counter to refresh the two banks of DRAM entirely under intemal control. Self Refresh
can be invoked only when both banks are idle. While the device is in Self Refresh mode, CKE is the
only enabled input to the device. All other inputs, including the clock are disabled and any input is
ignored. Self Refresh mode is entered by invoking an Auto Refresh command with CKE iow. Once this
command is invoked, the cycle timing generator performs a burst refresh, sequencing through all 1024
rows(512 rows in each bank, altemating each refresh cycle between banks) with a per row refresh cycle
time of approximately 1 microsecond. To conserve power, once the burst refresh has been compieted
to ail 1024 rows the cycle timing generator automaticaily siows down to a per row refresh period of
approximately 16 microseconds and refresh operation continues until Seif Refresh mode is exited.
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important:Upon exiting Self Refresh mode, the time elapsed since the least recently refreshed row was
refreshed can vary from a few milliseconds to 16 milliseconds. It is thus imperative that the least
recently refreshed row be refreshed immediately and that the most recently refreshed row be refreshed
within the specified maximum refresh period. One way for the user to ensure this is to perform a burst
of 1024 Auto Refresh commands immediately after exiting Self Refresh mode. This is especially critical
for those systems employing burst refresh. For systems employing distributed refresh, a single Auto
Refresh operation should be performed immediately. Since Self Refresh and Auto Refresh operations
use the same internal row address counter, the first row to be refreshed by the Auto Refresh cycle will
be the row least recently refreshed when Self Refresh was exited. From then on, distributed refresh
should guarantee that the row most recently refreshed when Self Refresh was exited is refreshed within
the specified maximum refresh interval. Self refresh mode is exited by starting the clock(if the clock
had been stopped) and then asserting CKE after the clock waveform has stabilized. The low-to-high
transition of CKE will re-enable the clock and other inputs asynchronously. A minimum time, specified
by tsREx, must be satisfied before any command other than Exit Self Refresh is invoked. Figure 23
shows how Self Refresh mode is entered and exited. See Table 3 for more information.

CKE \ , /_‘_,___
‘ I it Belf h
— Refresh . k;_/__iiﬂb.llzg_cms“k_;‘exn elf Retres
cs N\ AR R |
2 ——— — AB-AD=X
RAS L LIREOSSENNE —7 AB-AO
i DQ=X
@ N\ T
WE T —/f—— _ : —
. PR !
—
both banks self refreshing tSRE both banks
idle - both banks _— idle

Figure 23. Timing and control for Self Refresh Operation
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7. Power Down

The SGRAM has two internai clock buffers. A low current capacity clock buffer feeds the CKE input
buffer while a high current clock buffer feeds the state machine and all DRAM circuits. During the
Power Down state, the large clock buffer is disabled but the small clock buffer is not. In contrast to the
Self Refresh state, entering and exiting Power Down is completely synchronous with respect to CKE.
That is, CKE is sampled on every clock cycle, rather than asynchronously changing the state of the
SGRAM. Power Down is the lowest power state available. During Power Down, the SGRAM is not
refreshed. Therefore, the minimum refresh interval specification must be observed during power down
‘or else data will be lost. Figure 24 shows an example of the timing and control for entering and exiting
Power Down. Exiting Power Down requires one clock cycle, as shown in the figure, other commands
can be issued on the clock cycle following the Exit Power Down command cycle.

CKE \ N /
7/ i
e LI TMLTL ,T1LILITLLLITLIL
Sower Bower
=< own /2 own
cs \"'I.» o /.;, ' /:,'/_/}/"’/ g vz ’//'{, V- //] I
(4
RAS A : AB-AD=X
A A S LG / DSF=X
. DQ=X
CAS N S R A s s g AN e .
— L4
WE 14 _
L4
—4 |4 tSUCKP
both banks Power Down both banks
idle - " — idle

Figure 24. Example timing and contro! for Power down operation
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8. Clock Suspend

Clock Suspend is very similar to Power Down, except that the Clock Suspend command is invoked by
sampling the CKE signal low while one or both banks are not idle. While the clock is suspended, only
the CLK input to the small CLK buffer and the CKE input are enabled, and the state of CKE is sampled
on every clock cycle. Intemally, the banks remain in the state they were in when the clock was
suspended. For example, if bank 0 was in the middie of a read burst when the clock suspend command
was invoked, the read state wili be maintained while the clock is suspended and the intermnal burst
address counter will not increased. The final read before clock suspension will be initiated at the clock
cycle in which the clock suspend command was invoked. All subsequent clock cycles leading up to the
exit clock suspension command will be ignored. On the clock cycle following the cycle in which the exit
clock suspend command is invoked, the burst can be resumed from the next memory location
designated by the burst length programmed in the Mode Register, or other legal commands can be
issued to the active or both banks. While the clock is suspended, the SGRAM is not refreshed.
Therefore, the minimum refresh interval specification must be observed to prevent loss of data. Figure
25 illustrates how Clock Suspend is entered and exited. See Table 3 for more information.

CKE —\ ryl
o JTLL1LTLTL ML fLIL
enter | exit
clock ! SU— e—glock d
= Suspend uspen
C et £
S VoA XN A f 74
— " DSF=X
RAS \$ S R e I N, DQ=X
L4
CAS \N O SRR O 0 I A
v L4
— ‘ 14 ! [
WE N R e i e s s 7T .
r{ama T !
row active previous state,
read, write — clock suspend % new command
mode reg,
spec mode reg

Figure 25. Example timing and control for Clock suspend operation
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9. DQM control

The DQM:i (1=0,1,2,3) controls the ith byte of DQ data. DQM control operation for read and for write are
different in terms of operation timing.

Reading

When data is read, output buffer can be controlled by DQMi.

By setting DQM:i to low, the corresponding DQ output buffers become active.

By seiting DQMi to high, the corresponding DQ output buffers are made floated so that the ith byte of
data are driven out. The latency of DQM operation for read operation is 2.

Writing

Input data can be controlled by DQMi.

While DQM; is low, data is driven into the HY588321.

By setting DQM:i to low, the corresponding ith byte of DQ input data are kept from being written to the
HY588321 and previous data are protected. The latency of DQM control operation is 0.

Reading

DM ﬂ

& tDOD=2 Latency

Writing

DQM /_\

bQin 3’_?)( 3)

tDID=0 Latency
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10. Power - on sequence

During power - on sequence, DQMO, DQM1, DQM2, DQM3 and CKE must be set to high. When 100us
has past after power-on, all banks must be precharged using precharge command. After tRP delay, set

the mode register. And after tRSA delay, execute two auto - refresh commands as dummy, an interval
of tRC is necessary between two auto - refresh commands.
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Figure 27. Timing of pipeline operation, latency = 2, burst length = 4
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Figure 28. Timing of pipeline operation, latency = 3, burst length =4
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Figure 29. Power - On Sequence (using ¢cg = H as chip deselect)
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Command Intervals

oLk s
Command X‘CT réa ‘_:.dX
A9(BS) "\ [\ /
BEEEE—
b Bank ofRCD E LA ColB ¢ xfoc CASW3
an ol o, . . P
Active read read D(c))u* D%ui g:::::ﬂgfh#

CLK

UUUUL

o tRRD

i
Command :XECT CT rEX
XXX
NN
DQout M

Bank 0 Bank 1 Col.A Col.B Bank 0 Bank 1 /CAS latency=3
Active Active read read  Dout  Dout Burst length=4

Address

A9(BS)

/‘5‘2&@5

W

« Read command to read command interval

1. Operation for column in the same row (page): Within the same row (page), read command can be
issued every cycle.
Note that the last read command has the priority to the preceding read command, that is, any read
command can interrupt the preceding burst read operation to get valid data aimed by this
interruption.

2. Operation for column in other row of the same bank: To read data of other row of the same bank, it
is necessary to execute a precharge command and a bank active command before executing the
next read command.

3. Operation for another bank: For another bank in active state, burst read command can be executed
in the next cycle after the preceding read command is issued. If another bank is in idle state, a bank
active command should be executed before executing a read command.
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Command Intervals{cont.)

CLK | | | I | I |
Command XAEI)C)@M rit
pddress XXX
now B
fRCD
A9(BS) _\ / \
DQout ——(so (E@@ B3
Bank 0 Col.A Col.B Burst write mode
Active write write g:rr:(téenmh=4
Command :X
Address _B__X
A9(BS) \
DQout <0><$30 (81) BZXEE\r
Bank O Bank 1! Burst write mode
Active Active Burst length=4

Ba n?(O Ba n§<e

Wri wrl

« Write command to write command interval

1. Operation for column in the same row (page): Within the same row (page), write command can be
issued every cycle.
Note that the last write command has the priority to the preceding write command, that is, any write
command can interrupt the preceding burst write operation to get valid data.

2. Operation for column in other row of the same bank: To write data of other row of the same bank, it
is necessary to execute a precharge command and a bank active command before executing the
next write command.

3. Operation for another bank: For another bank in active state, burst write command can be executed
in the next cycle after the preceding write command is issued. If another bank is in idle state, a bank
active command should be executed.
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Command Intervals(cont.)

CLK

Command

Address

& J Burst Length=1,2,4,8,F.P.
Bank0 Col B
Active Block Write/Write

CLK H__I_H_

1RRD

Command XACT |

Address :X:w
wes N\ /TN

Bank0 Bankl Col A Col B
Active  Aclive Block Block Write/Write
Write

BRSEOE=

Burst Length=1,2,4,8,F.P.

Block Write command to write or block write command interval

g

. Operation for column in the same row (page): Within the same row (page). It is necessary to take no

less than tBwc between a block write and another block write/normal write. If icK is less than
tewc, NOP command should be issued for the cycle between block write command and the
foliowing write or block write command.

. Operation for column in other row of the same bank: To execute write command or another block

write command for other row of the same bank, it is necessary to execute a precharge command and
a bank active command before write or block write operation.

. Operation for another bank: To execute write command or another block write command for another

bank in active state, tBwc interval to the next command is necessary. If another bank is in idle

state, a bank active command should be executed. If tck is less than tswc, NOP command

should be issued for the cycle between a block write command and the following write or block write
command.
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Command Intervals{cont.)

Command @.@
ast [\ /
oam | o= 7\ /
0\ /

* Read command to write or block write command interval

1. Operation for column in the same row : Write or block write command following the preceding read
command can be performed after an interval of no less than 1 cycle. To set DQ output High - z when

data are driven in, DQM must be used depending on /CAS latency as the timing shown above.
Note that the last write or block write command has the priority to the preceding read command, that
is. any write or block write command can interrupt the preceding burst read operation to get valid
data.

. Operation for column in other row of the same bank: To execute write or block write command for

other row of the same bank, it is necessary to execute a precharge command and a bank active

command before executing these commands.

3. Operation for another bank: For another bank in active state, burst write command can be executed
from the next cycle after the preceding write command is issued. If another bank is in the idle state,

a bank active command should be executed.
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Command Intervais{cont.)

Write to Read Command Intervals(1)

CLK I | | I | | | |
Command >< .
DQM \ /

S
g

ea

DQin o)
\L/
DQout (ko @ @ 83
[ } Burst Write Mode
Col.A P| /CAS Latency ICAS Latency=1
write Col.8 Col.B Burst Length=4
read Dout Bank O

Wirite to Read Command Intervals(2)

CLK | | | | | | | |
Command % .
DQM \ /

DQin ——-(:\0 Al

UYL

oo EEEE
\Vie Burst Write Mode
Col A I— /CAS Latency /CAS Latency=1
wrile Col.B Col.B Burst Length=4
read Dout Bank 0

¢ Write command to read command interval

1. Operation for column in the same row : Read command following the preceding write command can
be performed after an interval of no less than 1 cycle.
Note that the last read command has the priority to the preceding write command, that is, any read
command can interrupt the preceding burst write operation to get valid data.

2. Operation for column in other row of the same bank: To execute read command for other row of the
same bank, it is necessary to execute a precharge command and a bank active command .

3. Operation for another bank: For another bank in active state, burst read command can be executed
from the next cycle after the preceding write command is issued. If another bank is in the idie state,
a bank active command should be executed prior to execute the following read command.
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Command Intervals(cont.)

QIR nns

. 1BWC |

pam \ /

Col.A B1/CAS Latency g:As Latenﬁy=1
Block ColB Co.8 urst Length=4
Write read Doul

¢ Block Write command to read command interval

1. Operation for column in the same row (page): Within the same row (page). It is necessary to take no
less than tBwc between a block write and the following read command. If tcK is less than tBwc,

NOP command should be issued for the cycle between block write command and the following read
command.

2. Operation for column in other row of the same bank: To execute red command for other row of the
same bank, it is necessary to execute a precharge command and a bank active command before
write or block write operation.

3. Operation for another bank: To execute read command for another bank in active state, tBwc
interval to the next command is necessary. If another bank is in idle state, a bank active command
should be executed. If tckis less than tswc, NOP command should be issued for the cycle
between a block write command and the following read command.
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Command Intervals(cont.)

¢ Read command to precharge command interval

The minimum interval between read command and precharge command is 1 cycle. However, since
the output buffer then becomes High - Z after the cycles defined by tHze, 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 tEP must be assured as an interval from the final
data output to precharge command execution.

Command X

DQout

/CAS Latency=1, Burst Length=4

CLK I | | | | I I I |
Command 4&, Gb
DQout | 0 n‘g D

.
{CAS Latency=2, Burst Length=4 CL=9 1P = 1 eycle

UuuyuuyuyuuyL
X
A ——

W

Command X PEX
XDG

CL=3 tEP = 2 cycle

/CAS Latency=3, Burst Length=4

¢ Read command to precharge command intervai(same bank): Output all data.
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Command Intervals{cont.)

Command @,(B
|

DQout 0 Hizz

/CAS Latency=1, Burst Length=4 tHZP = 1

Command @4@

DQout |/ O\ Hi-z
-/
JCAS Latency=2, Burst Length=4 TH}(’Z;FJ =2

Command FEX

[\ Hi-z
DQout 0
{CAS Latency=3, Burst Length=4 1HZP =3

+ Read to precharge command interval(same bank): To stop output data.
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Command Intervals(cont.)

CiK

Command QE@
DaM 5 /
DQin :)GE/\

Burst Length=4 (To stop write operation)

\_
X
\

Command @ {' re.

DQM

DQin A1

Uy yuUUi U
Command >d
DaM _\

in
. 0000,
L
Burst Length=4 (To write all data) RWL

¢ Write command to precharge command
The minimum interval between write command and the following precharge command. However, if
the burst write operation is not finished, input must be masked by means of DQM for assurance of
the cycle defined by tRwL.
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Command Intervals(cont.)

+ Block Write command to precharge command interval

The minimum interval between block write command and the following precharge command is
tawlL.

CLK

Command

1BWL

» Block Write to precharge command interval (same hank)

« Register set to register set interval

The minimum interval between two register sets( mode/special mode) is tRR.

Command RS XSMR

Address -AGRAD, A

DQin oy
{RR

« Mode register set to special mode register interval

« Special mode register set to block write /write interval

The minimum interval between special mode register set and block write/write is tsBw.

Command

Address

DQin

Burst Length=2

« Special mode register set to burst write interval

208

1SC01-01-NOV96



*YUNDAI

HY588321 Series

Timing Waveforms

Read Cycle
X
Ry L) ‘
cLk VAVAVAVAVAVAVAVAVAVAVAVAYAVAW
VIK o
CKE
1RAS o ([ n "
cs S U/
H:: H'J
RAS A A . NN 2z
__ i Sl
CAS oo d | dzn A Xz
WE il "
YA | L A
18 g O e
A9 s S i\ i A A [ s L A p/ /:/;,
A A
o o o
A8 777774 | F X1 77777 s
A 1AH 1a8| WK 'A HAH oo
Address 7 7 I I A > =
Dam N LA s
\
1/O(input)
} | 14 q&a e
I/O(output) "}
| ““2; 9o
Bank 0 Bank 0 ™ Bank 0 Burst length=4
Active Read Precharge (B;fﬂkz 0 Access
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«HYUNDAI HY588321 Series
Write Cycle
e
1oL
CLK
ANV AVaVAVaVa VWl
CKE VH R
- 1RAS jc; frP
cs N Ll
HJ L/
RAS H 21N
RAS o // / Av l /{/,’,ﬂv l/ .,
cAs N s, _
./' - '/ d W /'///_/7] ‘Y/ S //',
—_— Ll Ic
WE A L?/ 22 A
e g
A G Gt MW 5. Sl
25 | AW a5 tam
AB & g J_I//;IZA ! p’/ //’/Xn%ty/,///
A5 | an
Address s T / T i ﬁ(/
| I
: et |
DQM | ;// // /// / ,I// //
{DH il)?\ 1VDHr IDSr 'DHF
1/O(input) } )
RWL
I/O(output)
Bank 0 Bank 0 Bank 0 Burst length=4
Active Write Precharge Bank 0 Access

210
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«NYUNDAI HY588321 Series

Mode Register Set Cycle

Q 1 2 3 4 7 8 9 10 11 12 13 14 15 16 17 18 13 20
CLK {umwquhfummnmm FLJ‘urLrLrl_ﬂ_!'u-l_
CKE | Vit ; | |
cs ™\ T\ LT\ \|_/ L/
RAS TA LA T T\ 47T A | WA A I
CAS 17 T \ Al AT 7
WE T\ 7 7 T AL £
A9(BS) AN 75 NI V590 SR 10 R 500 7557 B V35 S
Address R ) A, D UL ;R:b X X L

DQM B S T RS EeE A / ﬁ T
1/O(input) ‘ : &) XA H—
I/O(output) ‘ Hign-7 ‘ ‘
3t e J e @ t—te ‘ cod
T e T tRSA T Output mask RCD=3
Prachorge  Mode register  Bank 1 Bank 1 CAS Latency=3
i needegd set i Active Read Burst Length=4
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X YUNDAI HY588321 Series

Read Cycle/Write cycle
| 4 7 13 14 15 16 17 18 18 20
CLK ] AL
niffiif AU L
CKE I Lo 1 Reod cycle
—_ RAS.CAS delay=3
cs w \_/_\ \ \L/ \l €75 Lotency=3
! Bursl Length=4
—_— | | |
RAS G55\ 27 | 75 7T TN AL L
——— 1 |
CAS 7 SIS ) N 05195, A ‘ 7 X
WE 44 Ad N N - T.//I‘ Vl A -A‘ £
I . N |
AsBs) AL LT T\ AT T T
{
Address :;_YR:&: 10 m—ﬁ? 2255 DG (T3 162 (TS 1 50 S A G T
DOM B O S D 72 \‘ | \
VO(input) - ‘; DN ERED)
I/1O{output) — | High-7 .
| Bahkd Bopk0 | Bahk: BqukI tankd Bohik! | Bomk! Bank1 )
Acfive | kepg Acfive Ro?d Precharge Repd Repd i ‘ Prechorge
v : : )
CXE ! o | :Insh C:c(liaelmy:S
- . | "'\J . ~f CAS Latenc =3
cs _\}J—_\.‘r__/—\ \._/.\T_/_-\_ N ! : \T—J Burst Length=4
RAS BN /‘ AL AT Al 7T B/ % \;
! |
CAS 177X AT \ 77 W] : j‘ AV
WE R v\ N \W A\, \ T
| i || ; |
A9(BS) i VAR / i/ A! HA S A
7 7 AF T Xd "~ |
Address _tx; 0 . ) xl
DQM -
11O(input) ; 3 b@-ﬁ————
O(utput)  F——+—+— i +— g~ | y ?
Bork0 Bank( Bank!1 Bank1 Bankd Bank? 3ank1 Bonk!
Active Write Active Wrile Precharge Wwrite Write Precharge

212 18C01-01-NOVS6



«NYUNDAI HY588321 Series

Read / Burst Write Cycle
ax  TAAARAARARAARA AR
CKE \l
= T aaWa il M\
RAS 7 o q P\, 7 CA A 7T
CAS 27 A A L d| | Wi
WE 7 7 2 . V. AL/ .
A9(BS) p A 2 \W Al 2 2
Address 2N P () A D ) .
DQM STASIATIIDN
HO(input) - s (B, 11} ') /T
/O (output) 1 {OeE=E - ‘
RN | e e Etdrge B2bge
CKE L
S "‘\FJ M\ \ '
RAS A, 77T A RIS |
CAS T &zl 27 z A
WE 37 ZiR' A 7
A9(BS) *”\ A k' LN A .
Address TARa A ) g D) 17,
DQM Az ' /
I/O(input) DAY
/O (output) l } — (e —
il G o R Bederge e Mg
Bl o=,

g
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«HYUNDAI HY588321 Series

Read / Single Write Cycle

| 13 14 1 16 17 18 19 20
cLk gl Fun{m_p_rL
CKE ‘
cs / \Jr_/r\‘_){—
RAS v R
CAS |
CAS T
e A [ [
- | 1

A9(BS) W NI v s NI 70, v o v IR I v 100 o\ 1 { B 1

=~ Y=
Address ZKR:O Z ngw LA ".’;". .m Lo 9 - % P R s
T

DQM T [TZZ777A f7A S Y

|IO(Input) T—T "E : ‘T

1O (output) - ‘ D O EDH——
o B‘,’L"" FHI Sk om0 Bhdeche Pelcherge
1 vh | L

CKE 1 N L] ‘

‘ + ' |
cs /L B YA Y/ ma |
== - — - | | ‘

RAS ‘AL Y{L‘ ; NG A L,
_ l f
CAS PO ARG EN 7. Al AA 7T 7
WE 4od | ez 7 - AL A T 7
ao@s) AL LA [TTTTATUIA LA 70N [T
‘ e <
Address A KR Xk XCo X AR X7 1 o XL:o) 3@@ £ A P DA
DaM T o\ W a5\ R S e
‘ “ b
VO(nputy = ; { Y —
L N Lol
1/0(output) T (Ot D — T
ggm ggg;o Egm; efiﬂto B\"I]rr:}(e0 g’urriv':O rechorge I%e_od /SlArISgI:e‘\:;ne3
CAS Latenc 3
Burs Length=
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*XYUNDAI

HY588321 Series

Full Page Read / Write Cycle

cak  nfinfafiihhh AARRARA R A
CKE
cs TN TN \L/\/
RAS A 7 L7777 ” T 77
Chs 7 7 T | iz
WE =7 Zi' AL A g
AS(BS) A 7T7A > i —
Address  ZZXRo X z —
DQM SAAN / o TS
I/O(input) CEEXEX . ([ (LD (1) (28 (RLS (1
I/O(output) bigh-

Rotve Robe” | Repla form furst - Bomndo
CKE
S o m VI \/T\Ls
RAS 7B 7T 4 A
CAS 7 7 W
WE 7 AL BT
ASBS) T Al 77 7 7
Address  ZXENTZTAETAFEN A
DQM %\ Vs
1/O(input) (2 (3D (T8 (D) (2 XSS ‘
1/O(output) T High-4 1

ol Ve Ko o Burst B orge

Read Cycle

RES.TAS delay=3

CAS Lotency=3

Burst Length=full page

Write Cycle

. deloy=1

TAS Lalency=3

Burst Length=full page

15C01-01-NOVS8
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N YUNDAI HY588321 Series

Auto Refresh Cycle

0 1 2 3 4 5 6 7.8 9 10 IL 12 13 14 15 16 17 18 19 20
CLK JFL,"UI'LFL"LJWH_FUHJ q Ly
CKE 1 | i : ; i
\ [
— i | |
cs ‘\H \H \/ \l_/
RAS 7 4 A 77 T T\
— |
CAS 2 A gz | L T T A AT
\
_ L ;
WE 'I /' 7 4 ‘/ 7 [ 7 [ 3 /I I /I ’ ‘.‘J
h I . |
1
A9(BS) T YT B A P A A s v o NI 55\ f
A —_— ' —
Address = = 3 .’/{/ /}]’7«' YA :ax Co X -1 ,fr
DQM SN A l —
|
N — —
e
1/O(output) f HighTZ : { —{Ja Yet1
o e T
T P T fRC T the T T Refresh cycle ond
fruchorgs Ao Reresh Ao Refresh bt Dot FRCR deag=2
lalency=
Burst anq'L:A
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*JIYUNDAI HY588321 Series

Self Refresh Cycle
CLK ﬂ_JFLrLJFLl’Lﬂ_I'l J‘I_I‘L.['I_J'I_I'U'I_I'LI'UI'UI'UFIJ'I_JF'I_J'L
|
CKE i \ CKE Low /
cs
\|_/ L Z \l
RAS Al LA [ . o \W.
|
CAS o AW A
WE A, T 2 7
A9(BS) E’ Y
Address Z = 4 4
DQM 7
1/O(input)
1/O(output) High-Z
Self Refresh cycl
I | t e 1 RISTAS deloyes
Precharge command  Self refresh Self refresh exit Auto Refresh CAS lotency=
it needed entry command Burst length=4
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«NYUNDAI HY588321 Series

Clock Suspend Mode

ICH (%]
01 3 4 7 1 1 2 13 14 15 16 17 18 13 2
ax ARy AL
CKE T /*—*—*—‘[ T | | |
! T
— 1 d
cS —\F/ LA /T_\‘—-/ \ 305 % T [ \_/ ll :’i%.CTCSZC:ieeIuy:Z
CAS Lotancy=2
?RA‘S - ~ T AW = \ |/ Burst Lenglh=4
Cas 7 A I ot \| T
WE 9% I (7 T | T\ A2\ /
A8(BS) h Al Y 2 7| 17
Address  T7XFa 275 (T A [ XX
DQM L A 5\ Jin £
i
liOginput)  +—tm—— ] 1’10 T3 (BN XMEH—EOE2DE—
!
|/O(output) —— High-Z
. :;AJ I . LL. . 4 3 . —_Flnlf PN 4
Agava SSL;nd r?ﬁ;( :ﬁts‘;:nd sxoi}kg 3\50 Agir;;::gﬂendem: sggﬂrnd: ;?‘55351 Io:LkIL?H;E ?J:uk-‘ju ge
b |
CKE L i
] \-J—a——/ : \‘ RL_AE'!CK dd‘eklyzz
—_ -
cs pa N m 05552 s I I 23 595 55427 I / \_/ urs Lenghhes
— ] : |
RAS I vos e s pun\ W e ] T\ LA [T
CAS =7 X ﬂ“?\[/\ T T T
—_— 1
|
WE 7 ™\ A [T T
ASBS) 1 \ TN\
Address —L—ﬁﬁn _ﬁ—‘ 0 X ‘m ‘ /."A:u
DQM TA [ SN ; [ |
) ‘ l
1O(input) E ‘ ‘ — g1 - “
iOoutput) - ‘ KB (T (1) TOENEEEDED ‘
AR A S AR B R e
Bank0 Active clock Aclive  ciock BankOBank! w-ite  clock  Write  clockBank 1 Bank0 Bank1
Aclve suspend enlry suspend exit Wrife Active suscendentry suspendexit W-ite Prechorge Precharge
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«NYUNDAI HY588321 Series

Power Down Mode

=note 1 *note 2
CLK J_\_1—'IJ_LJF'UF—LJ_U_LJ_LFL_ELJ L L{ LI
1SUCK
CKE (KL Low i
_— " * note 3 — ‘ |
cs \__/ LT N\LS

CAS —7

WE AL AT

]

~N
r(/\

R

| |
A9(BS) , T - — /
Address X AB=t X T ,_",XJQ:O RO
; -
X 7 S Vi % / A /.
DOM 7 p - 5 -
1/O(input) 1
! !
I/O(output) - High-Z
4 RP i ._L: PN
Precharge command Power down entry Power down  Active Bank0
If needed Mode exit
1.if needed All bank shouid be in idle stale priér fo entering prechorge power down mode . ;%;egrgo::luilcge
2.CKE should be set high af least 1PDE prior to entering Cemmand. TAS latency=3

3.Can not vicate minimum refresh spec.(16ms) Burst length=4

B
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<NYUNDAI HY588321 Series

Power On Sequence

’()_l—Jh—Z 3 4 mhmh mﬂ» 14 15 16 (7 18 19
CLK {U FLT_L]‘L]LU HI_’_U I_LP_ L
i
oE AEn | 1
= 4 | | | i |
CcS !
N N n v
RAS ‘H\ 7, Al / 522 2 NN S AL A o
chs 9% 597} A 7
\ 1
WE *’."M[ A A7 \/l | S I | 27| 603
Address 08 (T A (D P 7 T.//mulid 7
|
am 1 A R O
| ] EREREEE
o N SN A A I |
‘ ; ™ o VoF ke ? | " ke t |
All Banks Mode Reg ster Auto Refresh Auto Refrash Bank Active
Precharge sel If needed
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<NYUNBAI HY588321 Series
Mask Register Set Cycle
i 4 7 1 1 1 13 14
ik mﬁmiMWm"uMﬁuW
CKE
cs |/ ST\
RAS LA £ AL LD | A | [T A% 4
CAS 7 | & N | L |\ L / L
WE Al L A L | Xgd |\ Z A .
DSF T T CT D es| £ Y
A9 . R A% Z A | v T\ & s Ao
A8 A | 2 722X Ra XXRON_| L7 L
no-aT 2727777 M= WX Ra XAZX B XTo X7 X b
bam 2770777 AT Al /TN | /T
DQin @) \_DQZ@@(#E)GD(EMZ
g 1RP rﬁ‘] tRSA 4‘ T 4 4
Precharge Mask Register Bank0 Bank1 Bank0 Bank1
1t necessory Set ACTVM ACTV  Write per bit Write

1SC01-01-NOVS8



*HYUNDAI

HY588321 Series

Color Register Set Cycle

g i 2 3 4§ 5 §_LJ7 8 LI_J‘ { 1 13 14
cLK _ru“l_rL_—l_p_m—u Y
| ! T
_ |
cs |/ \IVAL I I W S I W A I

i | j
RAS LA | L2770\ | TN | LA | s
cAs 7 [T&Z A L7 TN T\ /’/%?! AL\ | 77077
2 W 7557 W 5 g N 7 W . A
DSF i A \.’Tﬂ Mbsi (L7 Mask v ‘@fé/ =~
|

A9 TN | TN ' LA T T X
A8 TN | 7T X_RG_)C"D('HF\ | L\ | 2770777
AO-AT L 7 B= WX Ra X2 b X Qo X222 XA X Qe Y477
DM S AR A R IAA S g A y 7 s
DQin (E}D | EN 5% &N

e 1RP L—F Rsa + F F

P'gcharge Calor kegisrer Bank0 Bank! Bank0 Bank1

If necessary Set ACTVM ACV Mask Block Block write

write
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*NYUNDAI

HY588321 Series

Write Cycle (with /O

Mask)

1 4 7 1 1 1 13 14
oK _ruLl_FLﬁ_f‘ummLumLuﬁfuhﬁ_m_—l_
CKE
cs ~ U/ N\ -/ \_/

RAS AN A LS 7 | X o 27 e
CAS 777 oA 1 £ AL 74 G
WE 2o | | L A L 2/
DSF 227 | \EA AL 7

|
A9 . S 2727 B 7R AL 2
A8 77X R N\ | 2 AW/ A L ~
A0-AT 722X Ra XZ7ZX B XTa X2 X ThXZ
baM 777 /M I\ Z 7
DQin O EEDARED

Ny N PaN PN

Bank0 Bank!  BonkQ Bonk1t Bank0

ACTVM ACTV  Write per bit wrile Precharge
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NYUNDAI HY588321 Series

Block Write Cycle
) 6 7 10 11 1 13 14
oIk ﬂﬁ_ﬂ_‘w_mmm—uﬁuﬁﬂ_mim_m
CKE
cs N/ T\ anuanuYanuVanuy;
RAS AL O\ [ 7 7 7 A | LI
CAS T AT T\ 2R | T | B AL
WE |\ O | 0| 7
DSF 7 1T XA |/ | &S %Y 7 A 00
A9 d VN LA | £2d | & | A L0
A8 ZZZGD@Z('AF\ o\ | Z V27N A |/ /-
acA7 DRI X QX X Qe XX ABAA O
DQM  Zoiiiihiy 7 G A A A A R O
DQin m 3 m )
4 & ﬁwc ‘f‘ . A
Bank0 Bonk1 Bank0 Bank0 Bank1 Bank0
ACTVM ACTV Mo:k Block Na_ik Block Block write Precharge
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*AYUNDAI HY588321 Series

PACKAGE INFORMATION

20 x 14 mm’ Plastic Quad Flat Package (PQFP) mm (Inch)
| 24 150(0 851)
23 650(0 931)
- 20 100(0 791)
19.900(0.783) o

Hid

AR

& @
Ay

MAX 3 40(0 134) |
-

I 0.380(0.015)
0 220¢0.008)

18.850(0.742)
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