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SIEMENS

Overview HYB 39S13620TQ-6/-7/-8
* High Performance: » Special Mode Registers
6 7 7 8 Units Two color registers
foo 166 1125 1125 | 125 | MHz » Burst Read with Single Write Operation

* Block Write and Write-per-Bit Capability
» Byte controlled by DQMO0-3

latency |3 2 3 3 -

teks 6 8 7 8 ns

» Auto Precharge and Auto Refresh Modes
tacs 55 |55 |55 |6 ns

» Suspend Mode and Power Down Mode

« Single Pulsed RAS Interface * 2krefresh cycles/32 ms

* Programmable CAS Latency: 2, 3

Fully Synchronous to Positive Clock Edge

Programmable Wrap Sequence:

e t,c=5ns

Latency 2 @ 125 MHz

Sequential or Interleave « Random Column Address every CLK

* Programmable Burst Length: (1-N Rule)

1, 2, 4, 8 and full page for sequential * Single 3.3V + 0.3 V Power Supply

1, 2, 4, 8 for interleave _ _
* LVTTL compatible inputs and outputs

The HYB 39S163200TQ are dual bank Synchronous Graphics DRAM’s (SGRAM) organized as
2 banks x 256 Kbit x 32 with built-in graphics features. These synchronous devices achieve high
speed data transfer rates up to 143 MHz by employing a chip architecture that prefetches multiple
bits and then synchronizes the output data to a system clock. The chip is fabricated with an
advanced 64MBit DRAM process technology.

The device is designed to comply with all JEDEC standards set for synchronous graphics DRAM
products, both electrically and mechanically.

RAS, CAS, WE, DSF and CS are pulsed signals which are examined at the positive edge of each
externally applied clock. Internal chip operating modes are defined by combinations of these
signals. A ten bit address bus accepts address data in the conventional RAS/CAS multiplexing
style. Ten row address bits (AO - A9) and a bank select BA are strobed with RAS. Column address
bits plus a bank select are strobed with CAS.

Prior to any access operation, the CAS latency, burst length and burst sequence must be
programmed into the device by address inputs during a mode register set cycle. An Auto Precharge
function may be enabled to provide a self-timed row precharge. This is initiated at the end of the
burst sequence. In addition, it features the write per bit, the block write and the masked block write
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SIEMENS HYB 39S16320TQ-6/-7/-8

functions. By having a programmable Mode register and Special Mode register, the system can
select the best suitable modes to maximize its performance.

Operating the two memory banks in an interleave fashion allows random access operation to occur
at higher rate than is possible with standard DRAMSs. A sequential and gapless data rate of up to
143 MHz is possible depending on burst length, CAS latency and speed grade of the device.

Auto Refresh (CBR) and Self Refresh operation are supported.
These devices operate with a single 3.3 V £ 0.3 V power supply and are available in 100 pin TQFP
package.

Ordering Information

Type Ordering Code Package Description

SDR LVTTL-Version

HYB 39S16320TQ-6 on request TQFP-100-1 256k x 2 x 32 SGRAM
HYB 39S16320TQ-7 on request TQFP-100-1 256k x 2 x 32 SGRAM
HYB 39S516320TQ-8 on request TQFP-100-1 256k x 2 x 32 SGRAM
HYB 39S16320TQ-10 on request TQFP-100-1 256k x 2 x 32 SGRAM
Features

» All signals fully synchronous to the positiv edge of the system clock
* Programmable burst lengths: 1, 2, 4, 8 or full page

» Burst data transfer in sequential or interleaved order

* Burst read with single write

« Programmable CAS latency: 2, 3

» 8 column block write and write-per-bit modes

* Independent byte operation via DQM 0 ...3 interface

» Auto precharge and auto refresh modes

» 2k refresh cycles/32 ms

e LVTTL compatible 1/O

» Hidden auto precharge for read bursts
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100 pin TQFP
20 x 14 mm?
0.65 mm pitch
(Marking side)
N oo 4 : 58 2
OmOOOOOUOOOOOOQ %O’O’%O’
O>SNOCOOQO>SZ2ZZ2Z2ZZ2Z2Z2222Z22>200>0M
/100 95 9 85
DQ3 ] 1 80 [ DQ28
Yoo O )
DQ4 T} T DQ27
DQ5 [T T1 DQ26
Vssq CH 5 - Vssg
DQ6 [T} 75 [0 DQ25
DQ7 [T 11 DQ24
VDDQ (- [ T1 VDDQ
DQ16 ] T3 D15
DQ17 ] 10 T3 D14
VSSQ - 70 (O VSSQ
DQ18 ™ 1 D13
DQ19 [T T1 D12
VDDQ (- [T VDDQ
VDD (- 15 (11 VSS
VSS T 65 [ VDD
DQ20 171 DQ11
DQ21 171 DQ10
Vssq 1 Vssq
DQ22 ] 20 T3 DQY
DQ23 [T 60 1 DOS
VDDQ [T [T VDDQ
DQMO 171 MCH
DQM2 £ 1 DQM3
WE T 25 T3 DQML1
CAS 55 [T CLK
RAS ] T3 CKE
CS [ T1 DSF
BA 11 N.C.
A9 T 30 [T A8 /AP
35 40 45 50
O AN ™M O3 ¢3¢3¢3¢3¢3¢3¢3¢5¢3 VWO OIS
ST 02222222222 9<<<< SPP03942
Pin Configuration
Semiconductor Group 3 1998-10-01



SIEMENS

HYB 39S516320TQ-6/-7/-8

Pin Definitions and Functions

CLK Clock Input DQO to DQ31 Datalnput/Output

CKE Clock Enable DQMO to DQM3 | Data Mask

CS Chip Select Voo Power (+ 3.3 V)

RAS Row Address Strobe Vss Ground

CAS Column Address Strobe Vooo Power for DQ’s (+ 3.3 V)
WE Write Enable Vsso Ground for DQ’s

A0 - A9 Address Inputs NC Not connected

A8 - AP Auto Precharge DSF Special Function Enable
BA Bank Select MCH Must Connect High

Semiconductor Group
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HYB 39S516320TQ-6/-7/-8

Signal Pin Description

Pin

Type

Signal

Polarity H

function

CLK

Input

Pulse

Positive
Edge

The system clock input. All of the SGRAM inputs are
sampled on the rising edge of the clock.

CKE

Input

Level

Active
High

Activates the CLK signal when high and deactivates the
CLK signal when low. By deactivating the clock, CKE low
initiates the Power Down mode, Suspend mode, or the Self
Refresh mode.

Input

Pulse

Active
Low

CS enables the command decoder when low and disables
the command decoder when high. When the command
decoder is disabled, new commands are ignored but
previous operations continue.

RAS
CAS
WE

Input

Pulse

Active
Low

When sampled at the positive rising edge of the clock,
CAS, RAS, and WE define the operation to be executed by
the SGRAM.

AO - A9

Input

Level

During a Bank Activate command cycle, AO-A9 defines the
row address (RAO-RA9) when sampled at the rising clock
edge.

During a Read or Write command cycle, A0-A7 defines the
column address (CAO0-CA7) when sampled at the rising
clock edge.

In addition to the column address, CA8 is used to invoke
autoprecharge operation at the end of the burst read or
write cycle. If A8 is high, autoprecharge is selected and BA
defines the bank to be precharged (low = bank A,

high bank B). If A8 is low, autoprecharge is disabled.
During a Precharge command cycle, A8 is used in
conjunction with BA to control which bank(s) to precharge.
If A8 is high, both bank A and bank B will be precharged
regardless of the state of BA. If A8 is low, then BA is used
to define which bank to precharge.

BA

Input

Level

Selects which bank is activated. BA low selects bank A and
BA high selects bank B.

DQO -
DQ31

Input
Output

Level

Data Input/Output pins operate in the same manner as on
conventional DRAMSs, with the exception of the Block Write
function. In this case, the DQx pins perform a masking
operation.

Semiconductor Group
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HYB 39S516320TQ-6/-7/-8

Signal Pin Description  (cont’d)
Pin Type |Signal Polarity Function
DOMO - |Input |Pulse |- During Read, DQM = 1 turns off the output buffers.
DQM3 During Write, DQM = 1 prevents a write to the current
memory location.
DQMO corresponds to DQO - DQ7
DQML1 corresponds to DQ8 - DQ15
DQM2 corresponds to DQ16 - DQ23
DQMS corresponds to DQ24 - DQ31
Voo Supply | — — Power and ground for the input buffers and the core logic.
Vss
Voo Supply | — - Isolated power supply and ground for the output buffers to
Vsso provide improved noise immunity.
DSF Input | Level |- DSF is part of the input command to the SGRAM. If DSF is

low, SGRAM operates in the same way as SDRAMs. When
DSF is high it enables the block write and masked write
and special mode register setup cycle.

Semiconductor Group
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Functional Block Diagrams

Column Addresses Row Addresses
A0 - A7, A0 - A9,
AP, BA BA
Column P Column Row Address | Refresh
Address Counter | Address Buffer Buffer Counter
n——————l l______l
| A4 | A4
Row | Row |
| Decoder | | Decoder |
| A 4 I I | A 4 I I
2 | | Memory | & | | Memory |
(e I M
110+ | 8|5 |
| 2 5 Bank 0 | 2 5 Bank 1
LEE L ELE
= =]
S| 5| 02x | S| =[] 1002x |
| (2] (72}
SH 256x | | SH 256x |
| 1] 328it | 1] 328it |
[_u____! I__A____‘
A
Color Register Control Logic & Timing Generator
Mask Register v 'y
I Input Buffer | Output Buffer |<—<
4 v
I DQO - D3t I DQMxDSF CLKCKE CS RAS CAS WE
SPB03936
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Functional Description

General

The 16 Mbyte SGRAM is a dual bank 1024 x 256 x 32 DRAM with graphics features of Block Write
and Masked Write. It consists of two banks. Each bank is organized as 1024 rows
x 256 columns x 32 bits.

Read and Write accesses are burst oriented. Accesses begin with the registration of an Activate
command which is then followed by a Read or Write command. The address bits registered
coincident with the Active command are used to select the bank and the row to be accessed. BA
selects the bank and address bits A9 - A0 select the row. Address bits A7 - AO registered coincident
with the Read or Write command are used to select the starting column location for the burst
access.

Block Writes are not burst oriented and always apply to eight column locations selected by A7 - A3.
DQs registered at Block Write command are used to mask the selected columns. DQs registered
coincident with the Load Special Mode Register command are used as Color Data (LC-Bit = 1) or
Persistent Mask (LM =1). If LC and LM are both 1 in the same Load Special Mode Register
command cycle, the data of the Mask and the Color Register will be unknown.

Initialization

The default power on state of the mode register is supplier specific and may be undefined. The
following power on and initialization sequence guarantees, that the device is preconditioned to each
users specific needs.

The following sequence is recommended:

* During power on, all Vp, and Vppq pins must be built up simultaneously to the specified voltage
when the input signals are held in the “NOP” state.

» The power on voltage must not exceed Vpp + 0.3 V on any of the input pins or Vp supplies.
* The CLK signal must be started at the same time.

< After power on, an initial pause of 200 us is required.

» The pause is followed by a precharge of both banks using the precharge command.

e To prevent data contention on the DQ bus during power on, it is required that the DQM and
CKE pins be held high during the initial pause period.

» Once all banks have been precharged, the Mode Register Set Command must be issued to
initialize the Mode Register.

* A minimum of eight Auto Refresh cycles (CBR) are also required.

It is also possible to reverse the last two steps of the initialization procedure:
First send at least 8 CBR commands, then the LMR command.

Failure to follow these steps may lead to unpredictable start-up modes.

Semiconductor Group 8 1998-10-01



SIEMENS HYB 39S16320TQ-6/-7/-8

Mode Register Programming

The Mode Register is used to define: a Burst Length, a Burst type, a Read Latency and an operating
mode. The mode register is programmed via the Load Mode Register command and will retain the
stored information until it is programmed again or the device looses power. The mode register must
be loaded when both banks are idle and the controller must wait the specified time before initiating
the subsequent command. Violating either of these requirements may result in unknown operation.

Burst Length

Read and Write operations to the SGRAM are burst oriented, with the burst length being
programmable. The burst length determines the maximum number of column locations that can be
accessed for a given Read or Write command. Burst lengths of 1, 2, 4, or 8 locations are available
for both the sequential and the interleaved burst types and a Full Page Burst is available for the
sequential type. The Full Page Burst is used in conjunction with the Burst Terminate command to
generate arbitrary burst lengths.

When a Read or Write command is issued, a block of columns equal to the burst length is selected.
The block is defined by address bits A7 - A1 when the burst length is set to 2, by A7-A2 for burst
length set to 4 and by A7 - A3 for burst length set to 8. The lower order bit(s) are used to select the
starting location within the block. The burst will wrap within the block if a boundary is reached.

Burst Type

Accesses within a given burst may be programmed to be either sequential or interleaved and the
type is selected based on the setting of BT bit in the mode register. If BT is set to “0”, the burst type
is sequential, if BT is “1”, the burst type is interleave.

Read Latency

The Read Latency is the delay in clock cycles between the registration of a Read command and the
availability of the first piece of output data. The latency can be set to 2 or 3 clocks. If a Read
command is registered at clock edge n and the Read Latency is 2 clocks, the data will be available
by clock edge n + 2. The DQs will start driving already one cycle earlier (n + 1).

Color Register

The Siemens 16M SGRAM offers two Color Registers. If Bit M7 is set to “1”, two Color Register
mode is specified.

Operation Mode

In normal operation, the bits M8 and M9 of Mode Register (MR) are set “0”. The programmed burst
length applies to both read and write bursts. When bit M8 is set to “1”, burst read and single write
mode is selected.

Test modes and reserved states should not be used because unknown operation or incompatibility
with future versions may result.
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Load Special Mode Register (LSMR)

The Special Mode Register command is used to load the mask and color registers, which are used
in Block Write and Masked Write cycles.The data to be written to either the color registers or the
Mask Register is applied to the DQs and the control information is applied to the address inputs.
During a LSMR cycle, if the address bit A6 is “1”, and all other address inputs are “0”, the Color
Register 0 will be loaded with the data on the DQs. If the address bits A6 and A7 are both set equal
to “1” and Mode Register M7 bit was already set to “1”, Color Register 1 will be loaded with the data
on the DQs.This color data is used for Block Write cycles. Similarly, when input A5 is “1”, and all
other address inputs are “0” during a LSMR cycle, the mask register will be loaded with the data on
the DQs. Never Set bit A5 to “1” when A6 and/or A7 are set equal to “1” in the same Load Special
Mode Register cycle to avoid unknown operation.

Color Registers

Two Color Registers (Color Register 0 and Color Register 1) are available in the devices. Each color
register is a 32-bit register which supplies the data during Block Write cycles. The Color Register is
loaded via a Load Special Mode Register command, as shown in the Function Truth table and will
retain data until loaded again with a new data or until power is removed from the SGRAM.

Mask Register

The Mask Register (or the Write-per-Bit mask register) is a 32-bit register which acts as a per-bit
mask during Masked Write and Masked Block Write cycles. The Mask Register is loaded via the
Load Special Mode Register command and will retain data until loaded again or until power is
removed from the SGRAM.
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Commands

The Function Truth Table provides a quick reference of available commands.

Operation CKE |CKE |CS RAS |CAS |WE |DSF |DQM |BA A8 AO -
n-1|n A7

Device Deselect H X H X X X X X X X X

(INHBT)

No Operation (NOP) | H X L H H H X X X X X

Load Mode Register | H X L L L L L X X OPCODE

(LMR)

Load Special Mode H X L L L L H X X OPCODE

Register (LSMR)

Row Activate (ACT) H X L L H H L X BA Row Addr

Row Active with WpB | H X L L H H H X BA Row Addr

(ACTM)

Read (RD) H X L H L H X X BA L Col.

Read with Auto H X L H L H X X BA H Col.

Precharge (RDA)

Write Command H X L H L L L X BA L Col.

(WR)

Write Command with | H X L H L L L X BA H Col.

Auto Precharge

(WRA)

Block Write (BW) H X L H L L H X BA L Col.

Block Write with Auto | H X L H L L H X BA H Col.

Precharge (BWA)

Burst Terminate H X L H H L X X X X X

(BST)

Precharge Single H X L L H L X X BA L X

Bank (PRE)

Precharge All Banks | H X L L H L X X X H X

(PREAL)

Auto Refresh (REF) | H H L L L H X X X X X

Self Refresh Entry H L L L L H X X X X X

(SREF (EN)

Self Refresh Exit L H H X X X X X X X X

(SREF (EX) L H L H H H X X X X X

Power Down Mode H L H X X X X X X X X

Entry (PDN-EN) H L L H H H X X X X X

Power Down Mode L H X X X X X X X X X

Exit (PDN-EX)
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Notes

1. All inputs are latched on the rising edge of the CLK.

2. LMR, REF and SREF commands should be issued only after both banks are deactivated
(PREAL command).

3. ACT and ACTM command should be issued only after the corresponding bank has been
deactivated (PRE command).

4. WR, WRA, RD, RDA should be issued after the corresponding bank has been activated

(ACT command).

Auto Precharge command is not valid for full-page burst.

. BW and BWA commands use mask register data only after ACTM command. DQM byte masking

is active regardless of WPB mask.

7. Loading Mask Register: Initiate an LSMR cycle with address pin A5 = 1 to load the mask register
with the mask data present on DQ pins. Except A5, all other address pins must be “0” during
LSMR cycle while loading the mask register.

8. Loading Color Register: Initiate an LSMR cycle with address pin A6 = 1 to load the color register
with the color input data on DQ pins. Address pin A7 selects color register. Except A6 and A7, all
other address pins must be “0” during LSMR cycle while loading a color register. If one color
register mode is enabled, all address pins, except A6, must be “0” during LSMR cycle.

9. If BW or BWA operation is initiated and 2-Color Register Mode is initialized by the mode register,
address A0 selects the desired color register for the operation. If AO = 0, color register 0 will be
used, if AO =1, color register 1.

10.Any Write or Block Write cycles to the selected bank/row while active will be masked according
to the contents of the mask register, in addition to the DQM signals and the column/byte mask
information (the later for Block Writes only).

11.Block Writes are not burst oriented and always apply to the eight column locations selected by
A7 - AS.

12.Addressline A9 is always “X” with the exception of two commands:

In LMR and LSMR commands it provides opcode (see description Mode and Special Mode
Register). In ACT and ACTM commands it provides the address bit 9 of the row address.

o o
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Address Input for Mode Set (Mode Register Functions)
A9 | AB| AT A6 | A5S| A4 | A3 | A2 | AL | AO
I Address Bus (Ax)
y
Write Mode CR| CASLatency | BT | BurstLength
* * Mode Register (Mx)
Operation Mode Burst Type
M9 | M8 Mode M3 Type
0|0 Normal 0 Sequential
o |1 Multiple Burst 1| Interleave
with Single Write
Color Register
M7 | Registers Burst Length v
Length
0 | One Color register M2 | M1 | MO
- Sequential Interleave
1 | Two Color register
— 0o[0]0 1 1
CAS Latency
0101 2 2
M6 | M5 | M4 Latency
0f1]0 4 4
0010
Reserved ol 111 8 8
001
Reserved 11010 Reserved Reserved
0110 2
11011 Reserved Reserved
011 3
11110 Reserved Reserved
11010 Reserved
11111 Full Page Reserved
1101 Reserved
SPB03935
111]0 Reserved
111]1 Reserved

Address Input for Mode Set (Mode Register Functions)
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Burst Length and Sequence

Burst of two

Starting Address
(Column Address A0)

Sequential Addressing
Sequence (decimal)

Interleave Addressing
Sequence (decimal)

0

0,1

0,1

1

1,0

1,0

Burst of four

Starting Address
(Column Address Al - AO)

Sequential Addressing
Sequence (decimal)

Interleave Addressing
Sequence (decimal)

0 0,1,2,3 0,123
1 1,2,3,0 1,0,3,2
2 2,3,0,1 2,3,0,1
3 3,0,1,2 3,2,1,0
Burst of eight

Starting Address
(Column Address Al - AO)

Sequential Addressing
Sequence (decimal)

Interleave Addressing
Sequence (decimal)

0 0,1,2,3,4,5,6,7 0,1,2,3,4,56,7
1 1,2,3,4,5,6,7,0 1,0,3,2,5,4,7,6
2 2,3,4,56,7,0,1 2,3,0,1,6,7,4,5
3 3,4,56,7,0,1,2 3,2,1,0,7,6,5,4
4 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
5 56,7,0,1,2,3,4 5,4,7,6,1,0,3,2
6 6,7,0,1,2,3,4,5 6,7,4,52,3,0,1
7 7,0,1,2,3,4,5,6 7,6,54,3,2,1,0

Full page Burst

Full Page Burst is an extension of the above tables of sequential addressing with the burst length

being 256.

Semiconductor Group
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Special Mode Register Functions

Address Bits Functions
A9 A8 A7 A6 A5 A4 A3 A2 Al A0
0 0 0 0 1 0 0 0 0 0 Load Mask Register
0 0 0 1 0 0 0 0 0 0 Load Color Register 0
0 0 1 1 0 0 0 0 0 0 Load Color Register 1

Note: If only one Color Register is in use, A7 is Don’t Care.

Special Mode Register Naming Conventions

Address bit name $pecial name Hunction

A5 LM Load Mask Enable
A6 LC Load Color Enable
A7 SCR Select Color Register

Device Deselect (INHBT)

The device deselect or inhibit function prevents commands from being executed by the SGRAM,
regardless of whether the CLK signal is enabled. The device is effectively deactivated (CS is high).

No Operation (NOP)

The NOP command is used to perform a no operation to an SGRAM which is selected (CS is low).
This prevents unwanted commands being registered during idle or wait states. The execution of the
command(s) already in progress will not be affected.

Load Mode Register (LMR)

The Mode Register is loaded via address input pins A9 - A0 . The LMR command can only be issued
when both banks are idle, and a subsequent executable command can not be issued until 2 CLK
cycle Latency is met.

Load Special Mode Register (LSMR)

LSMR command is used to load either the Color Register(s) or the Mask Register at a time. The
control information is provided on inputs A9 - A0, while the data for the Color or Mask Register is
provided on the DQs. The LSMR command can be issued when both banks are idle, or one or both
are active but with no Read, Write or Block Write accesses in progress.

Semiconductor Group 15 1998-10-01



SIEMENS HYB 39S16320TQ-6/-7/-8

Active (ACT)

The ACT command is used to open (or activate) a row in a particular bank. The value on BA selects
the bank and the address provided on input pins A9 - AO selects the row. This row remains open
for accesses until a Precharge command is issued to the bank. A Precharge command must be
issued before opening a different row in the same bank.

Active with WPB (ACTM)

ACTM command is similar to the ACT command, except that the Write-per-Bit mask is activated.
Any Write or Block Write cycles to the selected bank/row while active will be masked according to
the contents of the Mask Register.

Read (RD)

The Read command is used to initiate a burst read access from an active row. The value on BA
selects the bank and the address provided on inputs A7 - AO selects the starting column location.
The value on A8 determines whether or not Auto Precharge is used. If A8 is “1”, Auto Precharge is
used. If Auto Precharge is selected, the row being accessed will be precharged at the end of the
read burst; if Auto Precharge is not selected, the row will remain open for subsequent accesses. If
a particular DQM was registered high, the corresponding DQs appearing 2 clocks later on the
output pins will be High-Z.

Write (WR)

The Write command is used to initiate a burst write access to an active row. The value on BA selects
the bank and the address provided on inputs A7 -AO selects the starting column location. The value
on A8 determines whether or not Auto Precharge is used. If A8 is “1”, Auto Precharge is used. If
Auto Precharge is selected, the row being accessed will be precharged at the end of write burst; if
Auto Precharge is not selected, the row will remain open for subsequent accesses. If a particular
DQM is registered high, the corresponding data inputs will be ignored and the write will not be
executed to that byte location.

Block Write (BW)

The Block Write command is used to write a single data value to the block of eight consecutive
column locations addressed by inputs A7 - A3 . The data is provided by the Color Register which
must be loaded prior to the Block Write cycle by invoking LSMR cycle. If the two Color Register
option is enabled, the address line AO is used to select the desired Color Register. A “0” at AO
selects Color Register 0, a “1” Color Register 1. The input data on DQs which is registered
coincident with the Block Write command is used to mask specific column/byte combinations within
the block. The DQM signals operate the same way as for Write cycles, but are applied to all eight
columns in the selected block.
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Precharge (PRE)

The Precharge command is used to deactivate the open row in a particular bank or the open row in
both banks. The bank(s) will be available for row access some specified time (tzp) after the
Precharge command is issued. Input A8 determines whether one or both banks are to be
precharged, input BA selects the bank. If A8 is “1”, both banks are to be precharged and BA is “don't
care.” Once a bank is precharged (or deactivated), it is in the idle state and must be activated prior
to any Read, Write, or Block Write commands being issued to that bank.

Auto Precharge (PREA)

The Auto Precharge feature allows the user to issue a Read, Write, or Block Write command that
automatically performs a precharge upon the completion of the Block Write access or Read or Write
burst, except in the Full Page Burst mode, where it has no effect. The use of this feature eliminates
the need to “manually” issue a Precharge command during the functional operation of the SGRAM.

Burst Terminate (BST)

The Burst Terminate command is used to truncate either fixed-length or Full Page Bursts.

Auto Refresh (REF)

Auto Refresh is used to refresh the various rows in the SGRAM and is analogous to CAS-before-
RAS (CBR) in DRAMs. This command must be issued each time a refresh is required. The
addressing is generated by the internal refresh counter, therefore, the address bits are “don't care”
during a CBR cycle. The SGRAM requires that 2048 rows to be refreshed every 32 ms (tzgg). This
refresh can be accomplished either by providing an Auto Refresh command every 15.6 ps or all
2048 Auto Refresh commands can be issued in a burst at the minimum cycle rate (tzc) once every
32 ms.

Self Refresh (SREF)

The Self Refresh command can be used to retain data in the SGRAM, even if the rest of the system
is powered down. When in the Self Refresh mode, the SGRAM retains data without external
clocking. Once the SREF command is registered, all the inputs to the SGRAM become “don't care”
with the exception of CKE, which must remain low. Once SREF mode is engaged, the SGRAM
provides its own internal clocking, causing it to perform its own Auto Refresh cycles. The SGRAM
may remain in Self Refresh mode for an indefinite period. The procedure for exiting requires a
sequence of commands. First, the system clock must be stable prior to CKE going high. Once CKE
is high, the SGRAM must have NOP commands issued for tggy, because of the time required for the
completion of any bank currently being internally refreshed.
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Detailed Description of WRITE COMMANDS (WR, Masked Writes, Block Write)

Write Command (WR)

The following pages illustrate the Write operations for various cases.

Summary Write Commands

Mnemonic |[CKE €S RAS |CAS |WE DSF |DQM |BA A8 Address

Lines
WR H L H L L L 0 BA L Column
WRA H L H L L L 0 BA H Column
BW H L H L L H 0 BA L Column
BWA H L H L L H 0 BA H Column
Notes

1. Input data at DQ pins at Block Write command is registed as a column mask for that block of
columns
2. Explanation of Mnemonics:
WR: Write Command
WRA:  Write Command with Auto Precharge
BW: Block Write
BWA: Block Write with Auto Precharge
BA: Bank Select

Write bursts are initiated with a Write command. The starting column and bank address is provided
with the Write command, normal or Block Write is selected, and Auto Precharge is either enabled
or disabled for that access. If Auto Precharge is enabled, the row being accessed is precharged
automatically at the completion of the burst.

During Write bursts, the first valid data-in element will be registered coincident with the Write
command. Sub-sequent data elements will be registered on successive positive clock edge. Upon
completion of a fixed-length burst, assuming no other commands have been initiated, the DQs will
remain High-Z, and any additional data will be ignored. A full-page burst will continue until
terminated (at the end of the page, it will wrap to column 0 and continue).

A fixed-length Write burst may be followed by, or truncated with a subsequent Write burst or Block
Write command (provided that Auto Precharge was not activated) and a full page Write burst can
be truncated with a subsequent Write burst or Block Write command. The new Write or Block Write
command can be issued on any clock following the previous Write command, and the data provided
coincident with the new command applies to the new command. To truncate a Block Write, the tg,c
parameter has to be met.

A fixed-length Write burst may be followed by, or truncated with a subsequent Read burst (provided
that Auto Precharge was not activated) and a full-page Write burst can be truncated with a
subsequent Read burst. Once the Read command is registered, the data inputs will be ignored, and
writes will not be executed.
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A fixed-length Write burst may be followed by, or truncated with a Precharge command to the same
bank (provided that Auto Precharge was not activated) and a full-page Write burst may be truncated
with a Precharge command to the same bank. The Precharge command should be issued x cycles
(x = tyr/tck rounded up to the next whole number) after the clock edge at which the last desired
input data element is registered. In addition, the DQM signals must be used to mask input data,
starting with the clock edge following the last desired data element and ending with the clock edge
on which the Precharge command is entered. A Precharge command issued at the optimum time
provides the same operation that would result from the same fixed-length Burst with Auto
Precharge.

Disadvantages of Write Command with Auto Precharge

1. Back to back Read/Write bursts can not be initiated. The Read/Write command with Auto
Precharge will automatically initiate a precharge of the row in the selected bank. Most of the
applications require subsequent Read/Write bursts in the same page.

2. The Auto Precharge command does not allow truncation of fixed-length bursts. It also does not
apply to Full Page bursts.

Terminating a Write Burst

The fixed-length or Full-Page Write bursts can be truncated with the Burst Terminate command.
When truncating a Write burst, the input data applied one clock edge prior to the Burst Terminate
command will be the last data written.

Masked Writes

Any Write performed to a row that was activated via an Active with WPB command is a Write-per-
Bit-Mask (WPBM). Data is written to the 32 cells at the selected column location subject to the mask
stored in the WPB mask register. The data to be written in the DRAM cell will be according to the
following mask:

Write Masking Function Representation

DQM MR DRAM Cell
0 0 Mask
1 0 Mask
1 1 Mask
0 1 Write
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Symbolic Representation of Write Masking Function

DQ DRAM
D Cell
DM | &

MR

SPS03710

If a particular bit in the WPB mask register is a “0”, the data appearing on the corresponding DQ
input will be ignored, and the existing data in the corresponding DRAM cell will remain unchanged.
If a mask data is a “1”, the data appearing on the corresponding DQ input will be written to the
corresponding DRAM cell. The overall Write mask consists of a combination of the DQM inputs,
which will mask on a per-byte basis, and the WPB mask register, which masks on a per-bit basis.

If a particular DQM signal was registered high, the corresponding byte will be masked. A given bit
is written if the corresponding DQM signal registered is “0"and the corresponding WPB mask
register bit is “1”.

Note that the DQM Latency for Write is zero.

Block Write (BW)

Each Block Write cycle writes a single data value from a Color Register to the block of eight
consecutive column locations addressed by A7 - A3. If Single Color Register Mode is enabled, the
content of Color Register 0 is written. If both Color Registers are enabled, address pin A0 selects
the desired Color Register. Address AO = 0 selects Color Register 0, address pin A0 =1 Color
Register 1. The information on the DQs which is registered coincident with the Block Write
command is used to mask specific column/byte combinations within the block.
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Bit Mask mapping of DQ bits

Address Byte within Data Word

within Written

Block Byte 3 Byte 2 Byte 1 Byte 0
0 DQ24 DQ16 DQS8 DQO
1 DQ25 DQ17 DQ9 DQ1
2 DQ26 DQ18 DQ10 DQ2
3 DQ27 DQ19 DQ11 DQ3
4 DQ28 DQ20 DQ12 DQ4
5 DQ29 DQ21 DQ13 DQ5
6 DQ30 DQ22 DQ14 DQ6
7 DQ31 DQ23 DQ15 DQ7

The table shows the masking of data caused by the registered value on the DQ pins, when data is
transfered from Color Register to the 8 succeeding memory locations addressed in the Write Block

command.

When a “1” is registered, the Color Register data will be written to the corresponding DRAM cells,
subject to the DQM and the WPB masking. The overall Block Write mask consists of a combination
of the DQM signals, the WPB mask register and the column/byte mask information.

Block Write Timing Considerations

A Block Write access requires a time period of tg,, to execute, so in general, the cycle after the
Block Write command should be a NOP. However, Active or Precharge commands to the other
bank are allowed. When following a Block Write with a Precharge command to the same bank, tgp,

must be met.

Semiconductor Group
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‘} Write Data Color Register
O Mask write, keep original data T
: Color Data
Mask Register |
MDQ7-MDQO | T * S U TS W RN Y
01001011
DQO=1 —»
x DQl=1 —»
© 9]
E o DQ2=1 —» 2
wn =
g § DQR3=0 —» 2
82 pQa=0 = () £
o =
5= DQ5=1 = . S
o
S R0 000
DQ7=0 —» "
Write-per-Bit
Mask Data = Mask Register + DQMi SPS03711

Block Write lllustration

Note: Only single Color Register and Byte 0 of Color Register is used in this example.
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Electrical Characteristics

Absolute Maximum Ratings

Operating teMPETALUIE FANGE ......uueeieieeeiiiitiiieie e e e e et e e e e e e e s aabbb e e e e e e e e e s anbarereeeeeesaannnnnes Oto+70°C
StOrage tEMPEIALUINE FBNGE... ... uruurriiriirerrereeeeeeeee e e e e e e e e e e e e e e e e e et e e e et e aeaaaaaaaaaaaaaaaeaaens —55to + 150 °C
INPUL/OULPUL VOITAIGE .o -0.3toVpp +0.3V
Power supply voltage Vipp/Vppg .« eceeeerriniiiiiiiii s -03to+4.6V
POWET DISSIPALION .....eeeiiiie ettt e e e e e s et e e e e e s s bbb e e e e e e e e e aanbbbneeeeaeeeeeeaannns 1w
Data out current (SNOM CIFCUIL) .......ooiiiiiiiiieie et e e e e enees 50 mA

Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent
damage of the device. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Recommended Operation and DC Characteristics
To=01t070°C; Vgs=0V; VppVppg =33V 0.3V

Parameter Symbol Limit Values Unit Notes
min. max.

Input high voltage Vi 2.0 Vpp+03 |V |12

Input low voltage A -0.3 0.8 v oo|t2

Output high voltage (Ig,r = — 2.0 mA) Vou 2.4 - Vv

Output low voltage (Io,r = 2.0 mA) Vo, - 0.4 Vv

Input leakage current, any input Ly -5 5 HA

(0V <Vjy<3.6V,allotherinputs =0 V)

Output leakage current low -5 5 HA

(DQ is disabled, 0 V < Vo1 <Vpp)

Notes

1. All voltages are referenced to Vgg

2. V,, may overshoot to Vp, + 2.0 V for pulse width of < 4 ns with 3.3 V. V|, may undershoot to
—2.0 V for pulse width < 4 ns with 3.3 V. Pulse width measured at 50% points with amplitude
measured peak to DC reference.
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Capacitance
T,=0t070°C;Vpp=3.3V+0.3V, f=1MHz
Parameter Symbol max. Values  Unit
Input capacitance (AO to A9, BA) Cu 4 pF
Input capacitance Co, 4 pF
(RAS, CAS, WE, CS, CLK, CKE, DQM, DSF)
Output capacitance (DQ) Co 6 pF
Operating Currents
T,=0t070°C, Vpp =33V 03V
(Recommended Operating Conditions unless otherwise noted)
Parameter & Test Symb. [-6 |-7 |-8 |Unit |Note
Condition max.
Operating current 2
CAS Latency = 3 | tae 2trcquny, lcer 200 | 200 | 180 | mA
CAS Latency = 2 |t 2 tekving 1o = 0 MA 180 | 180 | 170
Precharge standby current | CKE <V, yax) tex = tekuiny | lecr |3 3 3 mA | ?
in Power Down Mode CKE < V| (wax ) tex = infinite | lceops |2 2 2
Precharge standby current | CKE 2V\yin ) tex 2tekuings | lccon |60 |60 |60 | mA 2
in Non Power Down Mode | input changed once in 30 ns
no input change
Active standby currentin | CKE <V ax)» tex Stekminy | lecar |3 3 3 mA
Power Down Mode CKE <V max) ek = infinite | lcegps |3 3 3 mA
Active standby currentin | CKE 2V, ok 2tekuing | lecan |90 |90 |90 | mA
Non-Power Down Mode input changed every 30 ns
CKE 2V yminy tox = infinite, | [ceays |30 |30 |25 | mA
no input change
Burst Operating Current 2,3
CAS Latency = 3 | Burst Length = full page lcca 200 | 200 {190 | mA
trc = infinite
CAS Latency = 2 | tex 2 tegminy o = 0 MA,
2 banks interleave 200 | 200 {190 | mA
Auto (CBR) Refresh 2
Current
CAS Latency = 3 | trc 2trcminy lecs 170 | 170 | 160 | mA
CAS Latency = 2 160 | 160 | 160
Self Refresh Current CKE <0,2V 2 2 2 mA
Operating Current tox = tokminy 1o = 0 MA 200 | 200 {190 | mA
(Block Write) tawe = tBWC(MlN.)
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Notes

1. All values are preliminary and subject to future change

2. These parameters depend on the cycle rate and these values are measured by the cycle rate
under the minimum value of t;, and tyc. Input signals are changed one time during t.

3. These parameters depend on output loading. Specified values are obtained with output open.
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AC Characteristics

T,=0t070°C;Vgg=0V;Vpp =33V£03V,t;=1ns

Parameter Symb. Limit Values Unit Note
-6 -7 -8
min. |max. |min. max. min. max.
Clock and Clock Enable
Clock Cycle Time
CAS Latency = 3 |ty 6 - 7 - 8 - ns
CAS Latency = 2 | ty, 8 - 8 - 10 - ns
System frequency
CAS Latency =3 | — - 166 |- 143 |- 125 | MHz
CAS Latency =2 | — - 125 |- 125 |- 100 | MHz
Clock Access time
(for 30 pF load)
CAS Latency =3¢, ., — 55 |- 55 |- 6 ns |2
CAS Latency =2 |t, _, - 55 |- 55 |- 6 ns |2
Clock High Pulse width tey 25 |- — 3 - ns
Clock Low Pulse width toL 25 |- 25 |- 3 - ns
CKE Setup time teks 2 - — 25 |- ns
CKE Hold time tekn 1 - - 1 - ns
Transition time (rise and fall) | t; 0.5 10 0.5 10 0.5 10 ns
Common Parameters
Command Setup time tes 2 - 2 - 25 |- ns |
Command Hold time ten 1 - 1 — 1 — ns
Address Setup time tas 2 - 2 - 25 |- ns |3
Address Hold time tan 1 - 1 — 1 - ns
Active to Read or Write treo 18 |- 21 |- 24 |- ns |4
delay
Cycle time tre 66 |- 70 |- 80 |- ns |*
Active to Precharge tras 48 | 100k |49 |100k |56  [100k |ns |*
command period
Row Precharge time trp 18 - 21 - 24 - ns 4
Active Bank A to Active trro 12 |- 14 |- 16 |- ns |4
Bank B command period
CAS to CAS delay time teen 1 - 1 — 1 — CLK
(same bank)
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AC Characteristics  (cont'd)
To,=01t070°C;Vgg=0V;Vpp=33V+03V,t;=1ns

Parameter Symb. Limit Values Unit Note
-6 -7 -8

min. |max. |min. max. min. max.

Refresh Cycle

Self Refresh Exit time tspex |2 - 2 - 2 -~ CLK |°
Total Self Refresh Exit time | — 2 CLKs + tge - >
Refresh Period for toer - 32 |- 32 |- 32 |ms |°

Non-Self Refresh

Read Cycle

Data Out Hold time ton 25 |- 25 |- 3 - ns
Data Out to Low Impedance |t 0 - 0 - 0 - ns

time

Data Out to High Impedance |t 3 8 3 8 3 8 ns !
time

Write Cycle

Data In Setup time tos 3 - 2 - 25 |- ns
Data In Hold time ton 1 - 1 — 1 — ns
Write recovery time twr 6 - 7 - 8 - ns

Block Write Cycle

Block Write Cycle Time tawe 12 - 14 — 16 - ns
Block Write to Precharge tewr 12 - 14 - 16 - ns
delay

Miscellaneous

Mode Register command to | tggc 2 - 2 - 2 - CLK
command
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Notes

1.

AC timing tests have V|| = 0.4 V and V, = 2.4 V with the timing referenced to the 1.4 V crossover
point. The transition time is measured between V,; and V,. All AC measurements assume
t; = 1 ns with the AC output load circuit shown.

—= loy

24V
CLOCK 7 04V
tr
tCL —— ——
t —=lhop
SETUP
~ SPS03140
INPUT 14V
- [ —— - o —m
— - [LZ — - tOH
OUTPUT >E >€ 14V o .
p
-t — T "
Measurement conditions for
SPT03404 tac and to,

w N

. If clock rising time is longer than 1ns, a time (t;/2 — 0.5) ns has to be added to this parameter.
. If tyis longer than 1 ns, a time (t; — 1) ns has to be added to this parameter.
. These parameter account for the number of clock cycle and depend on the operating frequency

of the clock, as follows: Number of clock cycle = specified value of timing period (counted in
fractions as a whole number)

. Self Refresh Exit is a synchronous operation and begins on the second positiv edge after CKE

returns high. Self Refresh Exit is not complete until a time period equal to ty. is satisfied once the
Self Refresh Exit command is registered.

. Any time that the refresh Period has been exceeded, a minimum of two Auto (CRB) Refresh

commands must be given to “wake-up” the device.

. Referenced to the time which the output achieves the open circuit condition, not to output voltage

levels.

Semiconductor Group 28 1998-10-01



SIEMENS HYB 39S16320TQ-6/-7/-8

Clock Frequency and Latency

Parameter Symbol Speed Sort Unit
-6 -7 -8

Clock Frequency max. - 166 [125 |143 |125 |125 |MHz
Clock Cycle time min. tek 6 8 7 8 8 ns

CAS Latency min. tan 3 2 3 2 3 CLK
RAS to CAS delay min. tren 3 3 3 3 3 CLK
Bank Active Cycle time min. tras 8 6 7 6 7 CLK
Bank Active Cycle time max. tras 100 |100 |100 |100 |100 |ps

Precharge time min. trp 3 3 3 3 3 CLK
Bank Cycle time min. tre 11 9 10 9 10 CLK
Last Data In to Precharge min. twr 1 1 1 1 1 CLK
Last Data In to Active/Refresh | min. twr tlrp |4 4 4 4 4 CLK
Bank to Bank delay time min. trrD 2 2 2 2 2 CLK
CAS to CAS delay time min. teeo 1 1 1 1 1 CLK
Write Latency fixed L 0 0 0 0 0 CLK
DQM Write Mask Latency fixed thow 0 0 0 0 0 CLK
DQM Data Disable Latency fixed thoz 2 2 2 2 2 CLK
Clock Suspend Latency fixed test 1 1 1 1 1 CLK
Block Write Cycle time fixed tswe 2 2 2 2 2 CLK
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Package Outlines

Plastic Package, P-TQFP-100
(20 x 14 mm?, 0.65 mm lead pitch)
Thin Small Outline Package, SMD

O

100
1
Index Marking

i il
o8| tH
©]0.08
+
022088 . #70.08 WA-BIDICJ100x
1410
—=p[D
[
A B

1) Does not include plastic or metal protrusion of 0.25 max. per side

051015

Sorts of Packing

Package outlines for tubes, trays etc. are contained in our

Data Book “Package Information”.
SMD = Surface Mounted Device
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Timing Diagrams

1 Bank Activate Command Cycle

2 Burst Read Operation

3 Read Interrupted by a Read

4 Read to Write Interval

4.1 Read to Write Interval

4.2 Minimum Read to Write Interval

4.3 Non-Minimum Read to Write Interval

4.4 Single Bit Write Cycle

5 Burst Write Operation

5.1 Burst Write

5.2 Load Mode Register and Block Write Cycle

5.3 Read and DQM Function

54 Write and DQM Function

6 Write and Read Interrupt

6.1 Write Interrupted by a Write

6.2 Write Interrupted by a Read

7 Burst Write and Read with Auto Precharge

7.1 Burst Write with Auto Precharge

7.2 Burst Read with Auto Precharge

8 Burst Termination

8.1 Termination of a Full Page Burst Read Operation

8.2 Termination of a Full Page Burst Write Operation

9 AC Parameters

9.1 AC Parameters for Write Timing

9.2 AC Parameters for Read Timing

10 Mode Register Set

11 Power on Sequence and Auto Refresh (CBR)

12 Clock Suspension (Using CKE)

12.1 Clock Suspension During Burst Read CAS Latency = 2
12.2 Clock Suspension During Burst Read CAS Latency = 3
12.3 Clock Suspension During Burst Write CAS Latency = 2
12.4 Clock Suspension During Burst Write CAS Latency = 3
13 Power Down Mode and Clock Suspend

14 Self Refresh (Entry and Exit)
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Timing Diagrams (cont’d)

15

16
16.1
16.2

17
17.1
17.2

18
18.1
18.2

19
19.1
19.2

20
20.1
20.2

21
21.1
21.2

22
22.1

Auto Refresh (CBR)

Random Column Read (Page within same Bank)
CAS Latency =2
CAS Latency = 3

Random Column Write (Page within same Bank)
CAS Latency = 2
CAS Latency =3

Random Row Read (Interleaving Banks) with Precharge
CAS Latency =2
CAS Latency = 3

Random Row Write (Interleaving Banks) with Precharge
CAS Latency = 2
CAS Latency =3

Full Page Read Cycle
CAS Latency =2
CAS Latency = 3

Full Page Write Cycle
CAS Latency = 2
CAS Latency =3

Precharge Termination of a Burst
CAS Latency =2
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Bank Activate Command Cycle

(CAS latency = 3)

TO T1

CLK

* A A
Bank B

Bank B
Col Addr.

Address '<Row Addr. >-< >-< >-<

Bank A Bank B
Row Addr. Row Addr,

H—% trep H—H

B nk B "te B nk A B nk B
Command ( X wor X wor H i b === = - ~« ganer M Nop ){ Saks »—
tre -
llHll Or. IILII
SPT03784
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2. Burst Read Operation

(Burst Length = 4, CAS latency = 2, 3)

T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK _* A A 4 4 A A A A |_
| | | | | | | | |
Command  {Read A} l‘\lOP pad I‘\IOP H I‘\IOP H I‘\IOP H I‘\IOP H r‘\|op H l‘\IOP H l‘\IOP »>
I I I I I I I I I
| | | |

\ \
| | | | \ \
| \ | |
DOUT A0 X DOUT A1 XDOUT A2 XDOUT A3
\ \ X X X /| \
| | |
\ \ \
\
1

\

CAS |
latency = 2 ;
tck, DQ's |
\

\

|

| | | |
CAS \ | | | ‘ |
| \

‘ {DouT AOXDOUT AlXDOUT AZXDOUT A3

latency = 3
teks: DQ's

SPT03712
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3. Read Interrupted by a Read

(Burst Length = 4, CAS latency = 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK * VL4 L Ld L L g Ld L

| | | | | | | | |
Command < Read A} Read B )4 l‘\lOP H l‘\IOP H I‘\IOP H l‘\lOP H I‘\JOP H l‘\lOP H l‘\lOP >
=t andeande e

|

CAS

| | | |
| | | | | | | |
atency =2 — ; {DOUT AOXDOUT BOXDOUT BLYDOUT B2XDOUT B3) ; ;
teko, DQ's \ \ \ \ \
| | | | | | | | |
CAS | | | / | | | | |
atency =3 — ‘ } {DoUT AOXDOUT BOX DOUT BLY DOUT B2XDOUT B3 }-——
feks: DQ's SPT03713
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4. Read to Write Interval

4.1. Read to Write Interval

(Burst Length = 4, CAS latency = 3)

T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK * A A A A A A A4 A |_
\
\
\
1
\
[
\

| Minimum delay between the Read and Write | | |
- ™ \

Commands =4 + 1 =5 cycles 1 ‘
\ \ \

\ | \

1 \ T T i | Write latency pqy 0f DQMX
| \ | / \ | | \ I |

! \ \

‘ |

‘*" \ \

Command ( NOP )—(Read A l‘\IOP H NOP )—( NOP bt I‘\IOP )—(wme B)—( NOP pad NOP >
I I

| | | |
| | | | |
) | | | |
DQ's ‘ ‘ ‘ ‘ DOUT A0 DIN BO)—( DIN Bl)—(DIN B2 )

Must be H| Z before
the Write Command

"H" or "L"

SPT03787

Semiconductor Group 36 1998-10-01



SIEMENS HYB 39S16320TQ-6/-7/-8

4.2. Minimum Read to Write Interval

(Burst Length = 4, CAS latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK _+ A 7 A A A 7 7 A |_
\ \ \ \ \ \
| ‘ ‘ " Wiite latency oy Of DQMX
QW
DOM | | | | P
QM / | | | W
| | \
\

\ »1 1 Clk Interval —

Command  { NOP H E;I”Vka{*e )—( NOP )—( NOP )—(ReadA)—(Wme A)—( NOP )—( NOP H NOP >

\ \ \ \ Must be H| Z before \
CAS | | | | the Write Command |
| | |
\ \ \

latency = 2 ; } {DIN A0>—<DIN Al)—(DIN A2>—<DIN A3 )

tCKZ ) DQ‘S

"H" or "L"

SPT03413
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4.3. Non-Minimum Read to Write Interval

(Burst Length = 4, CAS latency = 2, 3)

Command ( NOP )—(Read A NOP H NOP )—(Read A NoP )—(Wnte Dal NOP H NOP )—

‘ ‘ Must be H| Z before ‘ ‘
‘ | the Write Command |

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK _+ A A A A A A A A |_
\ \ \ \ \ \ \ \
| | | ‘ | | Write latency tpq, 0f DQMX
\ \ \ \ \ \ \ bow
DQMx X | | / | | | \ A\/ | |
| | \ \
| \ \

| | |
CAS | | -,
_ | | |
Itatench—y S2 ‘ ‘ —pout AOXDOUT A1>‘—<DIN Bo)-( DIN Bl)—( DIN Bz)—
CK21 | ‘ ‘ ; ; |
S \ \ \ |
CAS | | | | [
latency =3 —— ‘ ‘ ——(Dour A0 DIN Bo DIN Bl)—( DIN Bz)—
tcks: DQ's

"H"or "L"

SPT03714
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4.4. Single Bit Write Cycle

(Burst Length = 4, CAS latency = 2, 3)

T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK * A A A A A A A A |_

o _V_/ \ \ \ / \ \ \ \

I
| | |
Command ( NOP )—(BankAcw)—( l‘\IO )—( NOP )—(vvnte B)—( NOP )—( NOP )—( NOP )—( NOP )—
I
|
|
|
|

| |

| |

| |

‘ ‘ \DIN BO)—( DIN Bl)—(DIN BZ)—(DIN Bs>4—
T T SPT03715

Bank Activate Burst Write
with Write per Bit Enable

\
|
DQ’s ;

||H|| or ||L||
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5. Burst Write Operation

5.1. Burst Write

(Burst Length = 4, CAS latency = 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK _* A A A A A A A A |_
\ \ \ \ \ \ \ \ \
conmang { w0m Wne W wvor W wor W wor W wor W vor W wor W wor -
\ \ \ \ \ \ \ \ \
\ \ \ \ \ \

DQ's HDIN A0 ) DIN AL ) DIN A2 ) DIN A3 ){dorltcare)

The first data element and the Write Extra data is ignored after
are registered on the same clock edge. termination of a Burst. SPT03790
Semiconductor Group 40
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5.2. Load Mode Register and Block Write Cycle

(Burst Length = 8, CAS latency = 2, 3)

TO T1 T2 T3 T4 T5 T6 T7

CLK _+ A A A A A A A |_
| | \ \ | ‘ |
\ \ \ \
o _ /“\ | A=A
| | ‘ | |
\ \ \ \
Command-( LMR )—( NOP )—( ACT )—( NOP )—( NOP )—(BIockWn )—( NOP )—(BlockWnte)—
\ \ \ \ \
| | | | |
| | | | | Column Column
DQx | | | | | Mask |
| | | | |
| | | | | }
\
A0 \ |/
\

! ! ! !

Load Mode Register Bank Activate Block Write Block Write
Burst Length set with Color Reg. 0 with Color Reg. 1
Both Banks must be idle

H"or’L SPT03716
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5.3. Read and DQM Function

(Burst Length = 4, CAS latency = 2)
T0 T1 T2 T3 T4 T5 T6 7 T8

CLK _+ A A A A A A A A |_
| | | | | | | |
Command  { l‘\IOP H F‘eead H r‘\|op H r‘\|op H I‘\IOP H I‘\IOP X I‘\IOP H I‘\IOP >
I I I I I I I
| |

\
tooz

| |
| | |
DQ7..0 ; ; ; @@Hmw)—(mw)
\ \
. / N
| | |
w T
| | | | | | |
| | | | | } |
DQ 15..8 } } } (Data 0 )—( Data 1)@
\ \ |
| | | | | | |
| | | | |
DQM1 | | | | | | |
| | |
| | |
| | 1 | | |
DQ23.16 — } } { Data 1 ) Data 2 ) Data 3 }
| | | \ \ \
| | |
| |
|

oo m/

\

\

\

|

|

\

: . . \
(DataO)—( Datal)—(DataZ) ‘
T T T \
\ \ \

|

|

|

\

gt

DQ 31..24

DQM3 |

SPT03717
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5.4. Write and DQM Function

(Burst Length =4, CAS latency = 2)
T0 T1 T2 T3 T4 T5 T6 7
CLK _+ A A 4 A A A A
|
|
|
Command ( NOP )—( NOP )—( NOP )—( erte )—( NOP )—( NOP )—( NOP )—( NOP )— |
| | | ‘ }
| | | | | | | |
| | |
DQ7..0 ‘ ‘ ‘ @@Hmu)—(mw Hﬁ ‘
| | | | T | | | |
| | | | | | | |
| | | |
DQMO | | | L 1 | 1
T T T | \ | | T ‘
| | | | | | | | |
| | | | | |
| | | / | |
DQ15.8 — ‘ —( D?ta o X D'Tlta 1)—‘
| | | |
| | | } } } | }
| | | |
DQM1 | | | | L | |
| | | |
| | | } } ‘ } | }
| | | |
| |
| | | |
DQ23.16 — ‘ ‘ ‘ ( Datal)—(Dataz)-(Datas —- |
o I
| | | |
/ \ \ \ \ \ |
DQM2 1 1 1 | | | | 1 |
| | | \ | | \ | |
| | | | | | } | }
| | L/ \ | |
DQ31.24 — ‘ —(Data 0 ) Data 1 )X Data2 ) " ‘ |
| | | |
| | | } } } | }
| | | |
| | | | |
DQM3 | | | | | | / | \ |
‘ ‘ l \ \ \ \ ‘ \
| | SPT03718
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6. Write and Read Interrupt

6.1. Write Interrupted by a Write

(Burst Length = 4, CAS latency = 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK _+ A A A A A A A A |_
Command  { NOP )—(Wme A)—(vvnte B)—( NOP )—( NOP )—( NOP )—( NOP )—( NOP )—( NOP >

\ »\ 1 Clk Interval W \ \ \
\ \ \ \
| | |
| | |

DQ's —‘—(DIN AO)—(DIN BO)—(DIN Bl)—(DIN BZ)—(DIN BB)

SPT03791

6.2. Write Interrupted by a Read

(Burst Length = 4, CAS latency = 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK * 4 A A A A A A A |_

Command § NOP )—(Wnte A)—(Read B)—( NOP H nop )—( NOP )—( NOP )—( NOP )—( NOP >

CAS \ \ | | ‘
Itatencg(; 2 —:—<DIN A0 )—(don't care)HDOUT BOXDOUT BlXDOUT BZXDOUT B3>47
ck2r IS \ \ T

| | |
o | | | | 1 1 1 1 |
ltency = 3 ————— DIN A0 }{dont care)-{dorit care)HDOUT BOX DOUT BLYDOUT B2XDOUT B3
tCK3, DQ,S '

V Input data must be removed from the DQ's
at least one clock cycle before the Read data

Input data for the Write is ignored. appears on the outputs to avoid data contention.
SPT03719
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7. Burst Write and Read with Auto Precharge

7.1. Burst Write with Auto Precharge

(Burst Length = 2, CAS latency = 2, 3)

T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK * A A A A A 4 A A
\ \ \ \ \

Command { B;g,kvg\ )—( NOP )—( NOP )—(AUXV;:Lih‘;ge)-( I‘\IOP pad l‘\lOP H I‘\IOP H I‘\IOP H I‘\IOP —
\ \ \ \ \

Ly wt——————fgp — =

CAS ‘

I
| | |
| | | |
_ | | | / \ |
atency =2 — ‘ ‘ {DIN A0 ) DIN AL ) ]
| | | |
| | | |
| | |
| \ \

\ \ \
| | |
- N
_ ‘ }‘ tWR —— ‘ pr ‘ ‘
CAS \ \
I I

|
latency = 3 /DIN AO)—(DIN AL
DO's ‘ ‘

Begin Auto Precharge

Bank can be reactivated after tzp SPT03720
7.2. Burst Read with Auto Precharge
(Burst Length =4, CAS latency = 2, 3)
TO Tl T2 T3 T4 5 T6 T7 T8

CLK 4 A A A 4 A A A 4 |_

Command (@ﬁﬁ% )—( NOP )—( NOP )—( NOP H NOP )—( NOP )—( NOP )—( NOP )—( NOP >

- | \ H—H tre R |
CAS \ \ \ | \ \ \
latency = 2 ; ; (DOUT AOXDOUT A1XDOUT AZXDOUT A3> ; ; ;
feko, DQ'S | | | ¢ | | |
i | | } | =~ RP ] = |

| | | |
latency =3 — ‘ ; {DouT AOXDOUT A1XDOUT AZXDOUT A3} ‘ ‘
tCKS‘ DQ,S '

Begin Auto Precharge
Bank can be reactivated after tgp SPT03721
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HYB 39S16320TQ-6/-7/-8

8. Burst Termination

8.1. Termination of a Full Page Burst Read Operation

(CAS latency = 2, 3)
T0

T1

T2 T3 T4 T5 T6 T7 T8

CLK

b

A A A A A A A |_

| | | |
Command -(Read A)—( NOP )—( NOP )—( NOP )—(Te?;{ﬁgte)-( l‘\IOP H l‘\IOP H l‘\IOP H l‘\IOP >
\ \ \

CAS

\
{

latency = 2

CAS

|
Y |
\D‘OUT AOXDOUT AlXDOUT A2XDOUT D

\
\
|
tcko, DQ's }
\
\
\

latency = 3
tCKa, DQYS

I I

\ \

\ \

| | \ \

/| | |
|

|
| |
| \

‘ {Dout AOXDOUT AlXDOUT AZXDOUT Da

The burst ends after a delay equal to the CAS latency.
SPT03722

8.2. Termination of a Full Page Burst Write Operation

(CAS latency = 2, 3)

T0

T1

T2 T3 T4 T5 T6 T7 T8

CLK

A A A A A A A |_

B

\
CAS |

DQ's

| | | |
Command NOP )—(wme A)—( NOP )—( NOP }(ngw){ I‘\IOP A I‘\IOP A r‘\|op A l‘\IOP >
\ \ \ \

atency =2, 3 —‘—(DIN Ao>-( DIN A1>—< DIN A2 )—(don’t care )

Input data for the Write is masked. SPT03419
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SIEMENS

9. AC Parameters

9.1. AC Parameters for a Write Timing

2

(7o [ Tu| T2 T3 T4 | 75| T6 | T7 | T8 | TO |Ti0| Tat|Ti2| 13| T14| T15 | T16 | T17| T18 | Ti0 | T20| T21| T22 |

4, CAS Latency

Burst Length

CLK

Begin Auto
Precharge
Bank B

Begin Auto
Precharge
Bank A

WE
BA
AB/AP
Addr

Activate
Command
Bank A

Precharge
Command
Bank A

Write

Command
Bank A

Activate
Bank A

Command
Bank B

Write with
Auto Precharge  Command

Activate
Bank B

Command
Bank A

Write with
Auto Precharge  Command

Activate
Command
Bank A

SPT03723
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SIEMENS

9.2. AC Parameters for a Read Timing

=2

2, CAS Latency

o | te | T2 | ||t |6 | 7| T8 | To | TwO| THL| TI2 | TIB

Burst Length

CLK

Activate
Command
Bank B

cs
RAS
WE
BA
ABIAP

Addr.

Activate
Command
Bank A

Read with
Auto Precharge

Read with
Auto Precharge

Activate
Command
Bank A

Command
Bank B

Command
Bank A

SPT03724

1998-10-01
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SIEMENS

10. Mode Register Set

2

|70 | Te| T2 T3 | T4 |5 |6 | T7 | T8 | To|Ti0| T1a| T2 | T18|T1a | T15| T16| T17| T18| T20 | T20 | T2 | T2 |

CAS Latency

CLK

\/
\ /
\ /
\ /
\ /
XX
Address Key
o

|
|
|
\
|
|
\/
|
/
|
|
N\
|
/
|
|
;
\
|
\
|
I
L
\
Precharge
Command
All Banks

WE
DSF
AO0-A7

SPT03725

Mode Register
Set Command

1998-10-01

49

Semiconductor Group
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SIEMENS

11. Power on Sequence and Auto Refresh (CBR)

[To [T T2 T3 T4 | 75| 16 | T7 | T8 | To |Ti0| Tat|Ti2| 13| T14| 15 | 16| T17| T8 | T19 | T20 | T21| T22 |

— [{=]
I 5
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ L 8
_T %
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ ——F- -
f ==
{ _ 2 g
Fi>eoesa ot
= =
1S > | ©
R N 3 E A N S N S B S . <L+l - 1
S @ | o=
\\\\z\\V\V \V‘\V{VLWMMLWM \\\\\ |« BE
$ 1 1 1 — =2 ] =3
| 83
““““““““““““““““““““““ ‘_“ =
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ b
I
|
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ f-p-
|
N NNNNE——-— S
2 |
= =
-_ -5 -—4+--—-+r++-1-+r-1--r+r14r—rr-1— 4+ -+ - — 4 —- 7%}
e I £2
e S NNPLLEL L .
8 | 1 DN 1 g
—_ AO
W. l— dc
-—-&-t——+t rt+ Ittt -F1——1trrt—-— L g
5
N D S I () NN I N SN N N U S DN RN N R R
£ i
N DU S NN SN N SR N S N S N SR DR S B S N
o
= |
SN NN S AN N I U O N R (N S I a1
= |
= |
|
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ L =
I 85
\\\\\\ V\V B I < I I IR O I IO
o
1 1 DN ﬁ _7 Mm
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ -r— Rz
&
“‘m ““““““““““““““““““ ‘—“ LT
Vd w
2 N NP N — L] <« EEE
58 I 852 23
\\\\\\ =111t 1—1-1 \,\.-\\\\\\\\\dn — g5
A S N & 2 — «———E5
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ (- 25
N =3
> T
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[NN) (7)) )
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2

\To\Tl\Tz\m\m \ T5 \ T6 \ 17 \ T8 \ 79 \Tlo\m\T12\T13\T14\T15\T16\T17\T18\T19\T20\T21\T22\

4, CAS Latency =

Burst Length

2

HYB 39S16320TQ-6/-7/-8

Latency

CLK

12.1. Clock Suspension During Burst Read CAS

12. Clock Suspension (Using CKE)

SIEMENS

SPT03727

/
Ax3

Clock
Suspend
3 Cycles

| |
/\
| |
|
|
\
|
I
I
L
I
|
|
1
|
I
\
I
1
\
|
I
|
\
’<7
-]
Ax2
T T T T T T T T T T T
Clock
Suspend
2 Cycles

Clock
Suspend
1 Cycle

d
I\
D/
T\
0\ /
aV,
x
-
Read
Command
Bank A

CKE _/i i
M
AL
7

A
A

A8/AP ‘

Addr |

DQMx-\i |

T |
Command
Bank A

1998-10-01
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HYB 39S16320TQ-6/-7/-8

12.2. Clock Suspension During Burst Read CAS  Latency =3

CLK

CKE

Burst Length = 4, CAS Latency = 3

|70 Te| T2 T8 T4 |5 | e | T7 | T8 | T |T10| 12| 12| Te3|T1a | T15 | T16 | T17 | T18| TI0| T20 | T21| T2 |

Activate Read Clock Clock Clock
Command Command Suspend Suspend Suspend
Bank A Bank A 1 Cycle 2 Cycles 3 Cycles SPT03425
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HYB 39S16320TQ-6/-7/-8

SIEMENS

=2

Latency

12.3. Clock Suspension During Burst Write CAS

2

|70 e T2 T3 T4l 5 |6 | T7 | T8 | To|Ti0| T1a| T2 |T18|T14| T15| T16 | T17| T18| T2 | T20 | T2 T2 |

4, CAS Latency

Burst Length

CLK

S \W\\\\V‘\V\\/\\\/\\W\\\
W N, 1 1 1
HSNFENss ||
1 ™ 1 =
w %) %) W =5 z
S 8 B e s 8 2 % g

Activate
Command
Bank A

SPT03728
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SIEMENS

HYB 39S16320TQ-6/-7/-8

12.4. Clock Suspension During Burst Write CAS ~ Latency = 3

| —o [ o3 [ma— |

CKE }

Burst Length = 4, CAS Latency = 3

(70 [ Te| 2| T38| T4 | 75| 76 | T7 | T8 | TO |Ti0| Tat|T12| 18| T14| T15 | T16 | T17| T18 | Ti0 | T20| T21| T22 |

Activate Clock Clock Clock
Command Suspend Suspend Suspend
Bank A 1Cycle 2 Cycles 3 Cycles
Write
Command SPT03427
Bank A
Semiconductor Group 54 1998-10-01



SIEMENS

HYB 39S16320TQ-6/-7/-8

13. Power Down Mode and Clock Suspend

Burst Length = 4, CAS Latency = 2
|70 [ TL| 2| T38| T4 | 75| T6 | T7 | T8 | TO |Ti0| Tat|T12| 13| T14| T15 | T16 | T17| T18 | T19 | T20 | T21| T22 |
| |
|

CKE ‘
|
cs !
| |
RAS 9,
|
cAs | W
| |
WE | ()
| |
BA ! ("
| | |
ABIAP () (")
Addr. () ()
| Lo I
DQMx ‘ \ 1 L L ‘
| | | | | |
\ } I S .
ol A I
S
|
S U G T T T A A f
Activate Active Read Clock Mask Precharge Precharge Any
Command Standby Command Start Command Standby Command
Bank A Bank A Bank A
Clock Suspend ~ Clock Suspend Power Down Power Down
Mode Entry Mode Exit Mode Entry Mode Exit
SPT03938
Semiconductor Group 55 1998-10-01



HYB 39S16320TQ-6/-7/-8

SIEMENS

14. Self Refresh (Entry and Exit)

|70 | Te| 72| 73| T4 |5 | 76| T7 | T8 | TO |Ti0| Tt T12| 13| T14|T15 | Ti6 | T17 | T18| 9| T20 | T21| T2 |

Begin Self Refresh
Exit Command

Self Refresh

All Banks
must be idle

Entry

Self Refresh

Self Refresh Exit
Command issued

Exit

SPT03429
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2

(7o [T T2 T3 T4 | 75| T6 | T7 | T8 | To|Ti0| Tit|T12| 13| T14| T15 | Ti6 | T17| T18 | Ti0 | T20| T21| 22|

4, CAS Latency =

Burst Length

HYB 39S16320TQ-6/-7/-8

CLK

15. Auto Refresh (CBR)

SIEMENS

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ T -

\\\\\\\ i . . v o wmes

SELC I 3 99 -3}
““““““““““““““““““““ *\‘
|
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ L

v
A/
7\
7\
\ /
Command

N -

|
|
|
|
|

\/
|
/
[
|
/
T
|
'\
|
|
I
f
|
I
1
|
|

tRe —— - p——1— 1

|
|
T
|

— * —
|

Auto Refresh
Command

|

|

|

|

|
\/

|
/

[

|
/

T
\

|

|

I

|

I

1

|

|

|

|

T

|
—r —

|

Auto Refresh
Command

| —]

| |

| |

| |

\ |

| |

_\1/ \

| !

/|

I I

L L

N

| T

| ;

/|

T |

| |

I I

AN

| I

1 1

| |

| |

r—lrp

| |

pomx [\ | |

T T

Z | |

—==t

| |
Precharge
Command

Addr.

SPT03729
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HYB 39S16320TQ-6/-7/-8

2

(7o [ 7o 2| T3 T4 | 75| T6 | T7 | T8 | TO |Ti0| Tat|T12| 13| T14| T15 | T16 | T17| T18 | Ti0 | T20| T21| T22 |

4, CAS Latency =

Burst Length

2

CLK

16. Random Column Read (Page within same Bank)

16.1. CAS Latency

SIEMENS

D
SPT03730

oRaniXpw2X A A X AYO AYLRAZXAY)
!
Read

Read
Command
Bank A

\
|
Activate
Command
Bank A

Precharge
Command
Bank A

Bank A

Command  Command

Read
Bank A

\
|
Activate
Command
Bank A

Addr.

\

DQMx
DQ

1998-10-01
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3

|70 | Te| T2 T3 T4 s | 6| T7 | T8 | To|T10| T0a| 12| Te8|T1a| T15 | T16 | T17 | T18| TI0| T20 | T21| T2 |

4, CAS Latency =

Burst Length

HYB 39S16320TQ-6/-7/-8

3

16.2. CAS Latency

SIEMENS

uoRanIXAw2X AKX X AYORAYIRAZXAYE)

CLK

SPT03432

1998-10-01

Read
Command
Bank A

Activate
Command
Bank A

Precharge
Command
Bank A

Bank A
59

Read
Command

Read
Command
Bank A

Read
Command
Bank A

Activate
Command
Bank A
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2

\To\Tl\Tz \ T3 \ T4\T5\T6\T7\T8 \ 79 \Tw\m\m\m\m\ns\ne\m\T18\T19\T20\Tzl\Tzz\

4, CAS Latency =

Burst Length

HYB 39S16320TQ-6/-7/-8

2

CLK

17. Random Column Write (Page within same Bank)

17.1. CAS Latency

SIEMENS

\
|
\
\
|
\
\
|
\
I
L
\
I
|
\
I
\
!
\
\
1
\
\
\
|
\
DerOXDEeL X622 )
SPT03731

v
/'\
\ /
\ /
7\
\/
WIte
s

v
A/
7\
7\
7\
ActIate
s

\\\\\ SANAR Al |4t
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ i ao
\\\\\\\\\\\\\\\\\\\\\\\\\\\ @ ]
\\\\\\\\ Py 1@ .
\\\\\ V/\\/\WM ‘T,w.mm
\\\\\ PRAdndE |8
\\\\\\\\\\\\\\\\\\\\\\\\\\\ W ]
\\\\\\\\ PANASECASEC R EC R
\\\\\ Wr‘ﬂ\\\‘\\lﬂ\\\\\W\\\ S ‘Tmmm

v
A/
7\
7\
7\
Actljate
s

Addr.
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HYB 39S16320TQ-6/-7/-8

SIEMENS

17.2. CAS Latency

=3

3

|70 | Te| T2 | 73| T4 |75 | 76 | T7 | T8 | To |Ti0|TaL|T12|T18|T14|T15 | Ti6 | T17| T18| Ti9 | T20 | T21| T2 |

4, CAS Latency

Burst Length

CLK

Write
Command

I
|
-———
|
Activate
Command

|

|

|

|

|

===

|
Precharge
Command

o
D) () D) . D)

Write Write

Command  Command

Write
Command

I
\
--
|
Activate
Command

Bank B Bank B

Bank B

Bank B

Bank B

Bank B

Bank B

SPT03434
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2

[T | e T2 T3 | 4|75 | 6| T7| 78| To|Ti0| T11| T2 | 13| T14 | T15 | T16|T17|T18 | Ti9 | T20 | T2L | T22 |

8, CAS Latency =

Burst Length

HYB 39S16320TQ-6/-7/-8

2

CLK

18. Random Row Read (Interleaving Banks) with Precharge

18.1. CAS Latency

SIEMENS

Activate
Command
Bank B

Precharge
Command
Bank B

|

Read

Activate
Command
Bank A

|
Activate
Command
Bank B

1998-10-01
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Command
Bank A
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SIEMENS HYB 39S16320TQ-6/-7/-8

18.2. CAS Latency =3

Burst Length = 8, CAS Latency = 3
\ 70 \ T1 \ 2 \ T3 \ T4 \ 15 \ T6 \ 17 \ T8 \ 19 ‘TlO‘ Tll‘ T12‘ T13\ T14\ T15\ T1e\ T17\ Tls\ T19\ Tzo\ T21‘ Tzz\

\
|
CKE H@h}
\

T T T T

Activate Read Activate Read  Precharge Activate Read Precharge
Command Command Command Command  Command Command Command  Command
Bank B Bank B Bank A Bank A Bank B Bank B Bank B Bank A
SPT03436
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HYB 39S16320TQ-6/-7/-8

SIEMENS

19. Random Row Write (Interleaving Banks) with Precharge

=2

19.1. CAS Latency

=2

8, CAS Latency

[To [T T2 T3 T4 | 75| T6 | T7 | T8 | To |Ti0| Tat|Ti2| 13| T14| T5 | T16 | T17| T8 | T10 | T20 | T21| T22 |

Burst Length

CLK

Write

Precharge
Command
Bank B

|

Activate
Command
Bank A

|

Command
Bank B

Activate
Command
Bank B

Write
Command
Bank A

Activate
Command
Bank A

L T Ot | a8
““““ QEZAPRPACAC A &)
\\\\\ > ICRLR 29 (@
\\\\\\\\\\\\\\\\\\\\\\\\\\\\ G}
\\\\\\\\\\\\\\\\\\\\\\\\\\\\ G
\\\\\\\\\\\\\\\\\\\\\\\\\\\\ a8
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19.2. CAS Latency =3

Burst Length = 8, CAS Latency = 3
\ 10 \ T1 \ 2 \ T3 \ T4 \ 15 \ T6 \ 17 \ T8 \ 19 ‘TlO‘T11‘T12‘T13‘T14‘T15‘TlG‘TU‘TlB‘TlQ‘TZO‘T21‘T22‘

\
|
CKE  High }
|

TT TTTTTT

Activate Write Activate Write Precharge Activate Write Precharge
Command Command Command Command ~ Command Command Command Command
Bank A Bank A Bank B Bank B Bank A Bank A Bank A Bank B
SPT03438
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SIEMENS

20. Full Page Read Cycle

=2

20.1. CAS Latency

=2

Full Page, CAS Latency
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Activate
Command
Bank B

Bank B

Read
Command  Command

Bank A

Activate
Command
Bank A

terminate when the burst length is satisfied;
the burst counter increments and continues

Full Page burst operation does not

The burst counter wraps
from the highest order
page address back to zero
during this time interval.
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bursting beginning with the starting address.
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SIEMENS

HYB 39S16320TQ-6/-7/-8

20.2. CAS Latency =3

Burst Length = Full Page, CAS Latency = 3

[T | e T2 T3 | T4 |75 | 6| 7| T8 | TO|Ti0| T1L| T12| T13| T14| T15| T16 | T17 | T18 | T19 | T20 | T21 | T22 |
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Activate Activate Read Burst Stop  Precharge Activate
Command Command Command Command Command Command
Bank A Bank B Bank B Bank B Bank B
Read The burst counter wraps Full Page burst operation does not
Command from the highest order terminate when the burst length is satisfied;
Bank A page address back to zero the burst counter increments and continues
during this time interval. bursting beginning with the starting address. SPT03440
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Full Page, CAS Latency

Burst Length

HYB 39S16320TQ-6/-7/-8
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21. Full Page Write Cycle

21.1. CAS Latency
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terminate when the burst length is satisfied;
the burst counter increments and continues
bursting beginning with the starting address.

Full Page burst operation does not

The burst counter wraps
from the highest order
page address back to zero
during this time interval.
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21.2. CAS Latency =3

Burst Length = Full Page, CAS Latency = 3
\ 10 \ T1 \ T2 \ T3 \ T4 \ T5 \ T6 \ 17 \ T8 \ 79 ‘Tlo‘Tll‘TlZ‘T13‘T14‘TlS‘TlG‘Tﬂ‘TlB‘TlQ‘TZO‘T21‘T22‘

Activate Activate Write Datais  Burst Stop Activate
Command Command Command ignored. ~ Command Command
Bank A Bank B Bank B Bank B
Write Precharge
Command Command
Bank A Bank B
The burst counter wraps Full Page hurst operation does not
from the highest order terminate when the burst length is satisfied;
page address back to zero  the burst counter increments and continues
during this time interval. bursting beginning with the starting address. SPT03442
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8 or Full Page, CAS Latency

Burst Length

HYB 39S16320TQ-6/-7/-8
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22. Precharge Termination of a Burst

22.1. CAS Latency

SIEMENS
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Write

Command
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Precharge Termination
of a Read Burst.

Activate
Command
Bank A

Activate
Command
Bank A
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Precharge
Command
Bank A

of a Write Burst.

Precharge Termination
Write Data is masked.

Bank A Bank A

Activate
Command
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