SIEMENS

16 MBit Synchronous DRAM

Preliminary Information

+ High Performance: « Multiple Burst Read with Single Write
CAS latency = 3 -10 -12 | Units Operation
« Automatic and Controlled Precharge
fCK 100 83 MHz Command
1CK3 10 12 ns « Data Mask for Read / Write control (x4, x8)
AC3 B 10 s « Dual Data Mask for byte control (x16)
« Auto Refresh (CBR) and Self Refresh
- Single Pulsed RAS Interface + Suspend Mode and Power Down Mode
+» Fully Synchmonous to Positive Clock Edge » 4096 refresh cycles / 64 ms
= 0to 70 °C operating temperature = Random Column Address every CLK
- Dual Banks controiled by A11 ( Bank Select) (1-N Rule)
» Programmable CAS Latency: 1,2, 3 + Single 3.3 V +/- 0.3 V Power Supply
« Programmable Burst Length: 1, 2, 4, 8 and *+ LVTTL compatible
full page - Plastic Packages:
- Programmable Wrap Sequence : Sequential P-TSOPII-44 400mit width (x4, x8)
or Interleave P-TSOPII-50 400 mil width x16)

The HYB39S16400/800/160T are dual bank Synchronous DRAM's organized as 2banks x2MBit x4,
2 banks x 1MBit x8 and 2 banks x 512kbit x16 respectively. These synchronous devices achieve
high speed data transfer rates up to 100 MHz by employing a chip architecture that prefetched
multiple bits and then synchronizes the output data to a system clock. The chip is fabricated with
SIEMENS’ advanced 16MBit DRAM process technology.

The device is designed to comply with all JEDEC standards set for synchronous DRAM products,
both electrically and mechanically. All of the control, address, data input and output circuits are
synchronized with the positive edge of an externally supplied clock.

RAS, CAS, WE and CE 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
and a command decoder initiates the necessary timing for each operation. A twelve bit address bus
accepts address data in the conventional RAS / CAS multiplexing style. Eleven row address bits
(AD-A10) and a bank select a (A11) are strobed with RAS. Column address bits plus a bank select
(A11) 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 AO-AS during a mode register set cycle. In addition,
it is possible to program a multiple burst sequence with a single write through cache operation.
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
100 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
3.3V +/- 0.3V power supply and are available in TSOPI! packages.
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SIEMENS HYB 39516400/800/160T-10/-12

16MBit Synchronous DRAM
Ordering Information
Type Ordering Code Package Description
HYB 395164007-10 Q67100 - Q1244 | P-TSOP-44-1 (400mil) 100MHz 2B x 2M x 4 SDRAM
HYB 39516400T-12 Q67100 - Q1245 | P-TSOP-44-1 (400mil) 83 MHz 2B x 2M x 4 SDRAM
HYB 385168007-10 Q67100 - Q1248 | P-TSOP-44-1 (400mil) 100MHz 2B x 1M x 8 SDRAM
HYB 39S5168007-12 Q67100 - Q1249 | P-TSOP-44-1 (400mil) 83 MHz 2B x 1M x 8 SDRAM
HYB 39$161607-10 Q67100 - Q1252 | P-TSOP-50-1 (400mil} 100MHz 2B x 512k x 16 SDRAM
HYB 38S516160T-12 Q67100 -Q1253 | P-TSOP-50-1 (400mit} 83 MHz 2B x 512k x 16 SDRAM

Pin Description and Pinouts:

CLK Clock Input DQ Data Input /Output

CKE Clock Enable DQM, LDQM, UDQM Data Mask

cs Chip Select vdd Power (+3.3V)

RAS Row Address Strobe Vss Ground

CAS Column Address Strobe Vddq Power for DQ's (+ 3.3V)

WE Write Enable Vssq Ground for DQ's
A0-A10 Address Inputs NC not connected
At1(BS) Bank Select
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SIEMENS HYB 39516400/800/160T-10/-12
16MBit Synchronous DRAM

Pin Configuration

(top view)
VDDE 1'0 44p Vss Vad 0 10 4401 Vs
N.Cc.O2 430N.C. pQo[ 2 431 0Q7
VSSCI gs 4201 l/ssq Vssq s 20 Vssq
pDQo 0 4 411 DQ3 DQ1[] 4 41[1 DQ6
Vdqu 5 40 j Vddq Vddq[: 5 40 j Vddq
N.C.0O 6 39 N.C. DQ2[] 6 3911 DQ5
Vg 47 380 Vsq Yy 38 Vegq
pQiO 8 37 DQ2 Da3[] 8 371 D04
Vagg O 9 36 [ Vyag Vaaqd 9 360 Vadq
N.c.O10 350 N.C. N.C.OQ 10 35[N.C.
N.C.O 11 34[N.C. N.e.O 34[N.C.
WEOQ 12 330 DOM WEL 12 33[3DOM
cASO 13 320 clK CAS[ 13 3200 CLK
RAS[ 14 311 CKE RAS[] 14 31 CKE
s 5 30 NC. ¢S s 30{IN.C.
A1l 18 291 A9 At1 16 290 A9
Atol 17 281 A8 a0 17 28[1A8
A0 18 27 A7 A0[]18 270 A7
A1l 19 260 A6 At 19 26[1 A6
a2l 20 250 as A2 20 2501 A5
A3 21 241 A4 A3[] 21 2411 A4
Voo 22 23 Vss Vea[ 22 23 Vss
SPP02819 SPP02820
HYB 395164007 HYB 39S516800T
2 bank x 2MBit x 4 2 bank x 1MBit x 8
TSOP(-44 TSOPU-44
(400 mil x 725 mil) (400 mul x 725 mit)
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SIEMENS HYB 39516400/800/160T-10/-12

16MBit Synchronous DRAM
Pin Configuration
(top view)
Vaa O 1o so P Vss
peo 2 490 DQ15
pQ1 3 480 DQ14
Vesq [] 4 47 0 Vss
pez0s 46 [1 DQ13
pe3 e 450 bQ12
Y ddq 0z 4411 Vddq
DQ4 ] 8 430 DQ11
Dosé 9 420 pqio
Vssq O 10 41 Vegq
pQ6 ] 11 40 0 pQ9
pa7j 12 39 pQs8
Vddq 13 381 Vddq
LboM 14 37 N.C
WEL 15 36 3 uDMQ
CAS[ 16 35 CLK
RAS[O 17 340 cke
cs]18 33 N.C
a11] 19 320 A9
ato[ 20 310 a8
Ao 21 30 A7
Al 22 29 As
A2 23 280 Aas
A3[] 24 27 0 A4
Vaa [ 25 26 0 Vss
SPP0O2821

HYB 39S16160T
2 bank x §12ihit x 16

TSOPII-50
(400 mil x 825 mif)
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SIEMENS

HYB 39516400/800/160T-10/-12
16MBit Synchronous DRAM

Signal Pin Description

Pin | Type | Signal | Polarity Function
Positive | The system clock input. All of the SDRAM inputs are sampled on the rising
CLK Input | Pulse Edge |edge of the clock.
Active Activates the CLK signal when high and deactivates the CLK signal when
CKE Input | Level High low. By deactivating the clock, CKE low initiates the Power Down mode,
g Suspend mode, or the Self Refresh mode.
. Active CS enables the command decoder when low and disables the command
CS Input | Pulse Low decoder when high. When the command decoder is disabled, new
commands are ignored but previous operations continue.
RAS Active |Wh d at the positive rising edge of the cl S. RAS. and WE
CAS input | Pulse ctive en sample at the positive rising edge of the clock, CAS, ,and WE
WE Low |define the operation to be executed by the SDRAM.
During a Bank Activate command cycle, A0-A10 defines the row address
(RA0-RA10) when sampled at the rising clock edge.
During a Read or Write command cycle, A0-A9 defines the column
address (CA0-CAn) when sampled at the rising clock edge.CAn depends
from the SDRAM organisation.
4M x 4 SDRAM CAn = CA9
2M x 8 SDRAM CAn = CA8
2(1)6 Input | Level _ 1M x 16 SDRAM QAn = CA7
In addition to the column address, A10 is used to invoke autoprecharge
operation at the end of the burst read or write cycle. If A10 is high,
autoprecharge is selected and A11 defines the bank to be precharged
(low=bank A, high=bank B). If A10 is low, autoprecharge is disabled.
During a Precharge command cycle, A10 is used in conjunction with A11
to control which bank(s) to precharge. If A10is high, both bank A and bank
B will be precharged regardless of the state of A11. if A10 is low, then A11
is used to define which bank to precharge.
At1 Selects which bank is to be active. A11 low selects bank A and A11 high
®s) | 'MPut | Level | — o lects bank B.
DQO - | Input Level Data Input/Output pins operate in the same manner as on conventional
DQ15 | Output - DRAMS.
The Data Input/Output mask places the DQ buffers in a high impedance
DoM state when sampled high. In Read mode, DQM has a latency of two clock
LDQM input | Puise Active |cycles and controls the output buffers like an output enable. In Write
ubaMm P Low |mode, DQM has a latency of zero and operates as a word mask by
allowing input data to be written if it is low but blocks the write operation if
DQM is high.
VDD, | supp P d for the i ffers and th logi
VSS upply ower and ground for the input bufters and the core logic.
vDDQ Supol _ _ Isolated power supply and ground for the output buffers to provide
V83Q pRYy improved naise immunity.
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SIEMENS HYB 39S16400/800/160T-10/-12
16MBit Synchronous DRAM

CKE —I| CKE Buffer | T
Self
Refresh Clock 2048 x 1024
Row Decoder Memory Bank A l-
! 2048
Row v Il J_g L
Address Rows/Cqumn A4
Counter elect ]
Y Sense Amplifiers 1
QK CLK Butter 1 H Column Decoder |||
:‘1 1 Predecode A I and DQ Gate
AQ
Al r— L —
A2 ~ 3| Sequential — =
A3 g — Control Data Latches
:; § Bank A " g l¢» DQO
2 =
¥ 33 e =3l w
2 -
A8 £ Mode Register .§ » DQ2
A9 = <
A10 =
A1 (gS) N 8 3 [ |
r 3" q -
—A Control £
TS m B | Bank B Data Laiches |1y
. = =
2 1 8
RAS RAS Bufter 9 & #{P." ‘BI Ly
(=]
§ 11 =® : Column Decoder
] and DQ Gate 1
TAS 4’| TAS Buffer I»—' E Sonk B
| | 8 Row/Column | Sense Amplifiers
Select
WE WE Buffer {19 1024
- I
—
e |
2048 N
SPB02835

Block Diagram for HYB 39516400T (2 banks x 4M x 4 SDRAM)
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SIEMENS HYB 39S16400/800/160T-10/-12
16MBit Synchronous DRAM

CKE ‘il CKE Buffer |
Self A I
Refresh Clock ) 2048 x 512 i
Memory Bank A
1 |
Row Bank A 512 Lﬁ‘
Address Row/Column ) &)
Counter Select
CLK CLK Buffer 1 8, I Column Decoder l“
and DQ Gate
A0 i
Al — LLLL
A2 o~ 3 Sequential
A3 ~ :r\v Control Data Luiches
M £ Bank A 7 £ Do
s 2 E=H 4
A7 2 5 DQ3
T s o
5 DQ6
A11 (BS » e
@) 1 M3 Sequential < ba7
=N Controt £
— 5
5
2 I 11 |.
w5 o 11 § . _‘
Q p ==
s 1= 8 Column Decoder
o g and DQ Gate
CAS TAS Butfer 1™ E Bonk B | |||
| | 8 Row/Column
Select N 1
WE WE Buffer 1% ILLﬂ-
5] wemory Bank B
2048
SPB02836

Block Diagram for HYB 39516800T (2 banks x 1M x 8 SDRAM)

Semiconductor Group 841




SIEMENS HYB 39516400/800/160T-10/-12
16MBit Synchronous DRAM

CKE 4" CKE Buffer |

Salf - EEEEEEE——
Refresh Clock ) 2048 x 256
¢ ErA
| ST
Row Bank A 16 |_|1|_|.|-'
Address Row/Column B
Counter Select
7

Column Decoder
and 0Q Gate

=

Date L

11
Predecode A

Sequentia!
Control
Bank A

Mecde Register

DQo
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DQ8
DQg
DQ10

L3N
V]

It

Data input/Output Buffers

| = bQ1
y ‘7 3 Sequential B Da12
- — —A Contral pQ13
[ By | | Bank B Data Latches DQ14
<y DQ15
4 Y
— — - 11 I_Il-
: o ==
(=1
. | = 16 Column Decoder
o — ] and DQ Gate
AS CAS Buffer 1+ E Bank B
8 Row/Column
Select
WE E Buffer [T

LDOM DQM Buffer

o} —
o]

SPB02837

Block Diagram for HYB 39S16160T (2 banks x 512k x 16 SDRAM)
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SIEMENS HYB 39516400/800/160T-10/-12
16MBit Synchronous DRAM

Operation Definition

All of SDRAM operations are defined by states of control signals CS, RAS, CAS, WE, and DQM at
the positive edge of the clock. The following list shows the most important operation commands.

Operation [ RAS | CAS | WE (LUDQM
Standby, Ignore RAS, CAS, WE and Address H X X X X
Row Address Strobe and Activating a Bank L L H H X
Column Address Strobe and Read Command L H L H X
Column Address Strobe and Write Command L H L L X
Precharge Command L L H L X
Burst Stop Command L H H L X
Self Refresh Entry L L L H X
Mode Register Set Command L L L L X
Write Enable/Output Enable X X X X L
Write Inhibit/Output Disable X X X X H
No Operation (NOP) L H H H X

Mode Register

For application flexibility, a CAS latency, a burst length, and a burst sequence can be
programmed in the SDRAM mode register. The mode set operation must be done before any
activate command after the initial power up. Any content of the mode register can be altered by re-
executing the mode set command. Both banks must be in precharged state and CKE must be high
at least one clock before the mode set operation. After the mode register is set, a Standby or NOP
command is required. Low signals of BAS, CAS, and WE at the positive edge of the clock activate
the mode set operation. Address input data at this timing defines parameters to be set as shown in
the following table.
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SIEMENS HYB 39S516400/800/160T-10/-12
16MBit Synchronous DRAM

Address Input for Mode Set (Mode Register Operation)

IBS [A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 ] A2 | Al |Ao ’ Address Bus (Ax)

Y

Operation Mode CAS Latency | BT | Burst Length | Mode Register (Mx)

Operation Mode Burst Type
M11|M10| M9 | M8 | M7 Mode M3 Type
ofo0]JoOoj0fo0 Normal 0 Sequential
Multiple Burst 1 Interteave
X| X|[{1]0}0 with Single
Write

Burst Length

CAS Latency -—
M2 M1 MO Length
M6 | M5 | M4 Latency Sequential | Interleave
0 0 0 Reserve 0 0 0 1 3
L I 1 0| 0| 1 2 2
0 ! 0 2 0| 1] o 2 2
0 ! ! 3 o | 1 | 1 8 8
! 0 0 Reserve 1 0 0 Reserve | Reserve
! 0 1 Reserve 1 ) 1 Reserve | Reserve
! 1 0 Reserve 1 1 0 Reserve | Reserve
! 1 ! Reserve 1 1 1 Full Page | Reserve
Sequential Burst Addressing Interleave Burst Addressing
1 2 3 4 5 6 7 01 2 3 4 5 6 7
12 3 45 6 7 0 1 0 3 25 4 7 6
2 3 45 6 7 0 1 2 3 01 6 7 4 5
3 45 6 7 01 2 3 210 7 6 5 4
4 5 6 7 01 2 3 4 5 6 7 0 1 2 3
56 7 01 2 3 4 5 4 7 6 1 0 3 2
6 7 01 2 3 4 5 6 7 4 5 2 3 0 1
7 01 2 3 4 5 6 7 6 5 4 3 210
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SIEMENS HYB 39516400/800/160T-10/-12
16MBit Synchronous DRAM

Read and Write Access Mode

When RAS is low and both CAS and WE are high at the positive edge of the clock, a RAS
cycle starts. According to address data, a word line of the selected bank is activated and all of sense
amplifiers associated to the word line are fired. A CAS cycle is triggered by setting RAS high and
CAS low at a clock timing after a necessary delay, tRCD, from the RAS timing. WE is used to define
either a read (WE = H) or a write (WE = L) at this stage.

SDRAM provides a wide variety of fast access modes. In a single CAS cycle, serial data read
or write operations are allowed at up to a 100 MHz data rate. The numbers of serial data bits are the
burst length programmed at the mode set operation, i.e., one of 1, 2, 4, 8 and full page. Column
addresses are segmented by the burst length and serial data accesses are done within this
boundary. The first column address to be accessed is supplied at the CAS timing and the
subsequent addresses are generated automatically by the programmed burst length and its
sequence. For example, in a burst length of 8 with interleave sequence, if the first address is ‘2',
then the rest of the burst sequenceis 3,0, 1,6,7,4,and 5.

Similar to the page mode of conventional DRAM's, burst read or write accesses on any column
address are possible once the RAS cycle latches sense amplifiers. The maximum tRAS or the
refresh interval time limits the number of random column accesses. A new burst access can be
done even before the previous burst ends. The interrupt operation at every clock cycles is
supported. When the previous burst is interrupted, the remaining addresses are overridden by the
new address with the full burst length. An interrupt which accompanies with an operation change
from a read to a write is possible by exploiting DQM to avoid bus contention.

When two banks are activated sequentially, interleaved bank read or write operations are
possible. With the programmed burst length, alternate access and precharge operations on two
banks can realize fast serial data access modes among many different pages. Once two banks are
activated, column to column interleave operation can be done between two different pages.

Refresh Mode

SDRAM has two refresh modes, a CAS before RAS (CBR) automatic refresh and a self
refresh. All of banks must be precharged before applying any refresh mode. An on-chip address
counter increments the word and the bank addresses and no bank information is required for both
refresh modes.

The chip enters the automatic refresh mode, when RAS and CAS are held low and CKE and
WE are held high at a clock timing. The mode restores word line after the refresh and no external
precharge command is necessary. A minimum tRC time is required between two automatic refresh
in a burst refresh mode. The same rule applies to any access command after the automatic refresh
operation.

The chip has an on-chip timer and the self refresh mode is available. It enters the mode when
RAS, CAS, and CKE are low and WE is high at a clock timing. All of external control signals
including the clock are disabled. Returning CKE to high enables the clock and initiates the refresh
exit operation. After the exit command, at least one tRC delay is required prior to any access
command.
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SIEMENS ' HYB 39S16400/800/160T-10/-12
16MBit Synchronous DRAM

DQM Function

DQM has two functions for data /O read write operations. During reads, when it tumns to high
at a clock timing, data outputs are disabled and become high impedance after two clock delay. It
also provides a data mask function for writes. When it activates, the write operation at the next clock
is prohibited (zero clock latency).

Suspend Mode

During normal access mode, CKE is held high and CLK is enabled. When it is low, it freezes
the intemal clock and extends data read and write operations. One clock delay is required for mode
entry and exit.

Power Down

In order to reduce standby power consumption, a power down mode is available. Bringing CKE
low enters the power down mode and all of receiver circuits are gated. All banks must be
precharged before entering this mode. One clock delay is required for mode entry and exit. The
Power Down mode does not perform any refresh operation.

Precharge

Two methods are available to precharge SDRAM. In an automatic precharge mode, the CAS
timing accepts one extra address, CA10, to determine whether the chip restores or not after the
operation. When CA10 is high, it enters the precharge operation automatically at three clocks from
of the last burst data in writes and at the same clock as the first burst data in reads. If CA10 is low,
the chip needs another way to precharge. In this mode, a separate precharge command is
necessary.When RAS and WE are low and CAS is high at a clock timing, it triggers the precharge
operation. Two address bits, A10 and A11, are used to define banks as shown in the following list.
The precharge command can be imposed at the first data of burst reads. Writes require a time tDPL
from the last burst data to apply the precharge command.

Bank Selection by Address Bits

A10 At1
Bank A Only Low Low
Bank B Only Low High
Both Aand B High Don’t Care

Power Up Procedure

All Vdd and Vddq must reach the specified voltage no later than any of input signal voltages. An
initial pause of 100usec is required after power on. All banks have to be precharged and a minimum
of 2 auto-refresh cycles are required prior to the mode register set operation.

Semiconductor Group 846



SIEMENS HYB 39516400/800/160T-10/-12
16MBit Synchronous DRAM

Absolute Maximum Ratings

Operating temperature FANJGE .........ccoiii et se e s re e e e Oto+70°C
Storage temperature FaNgE..........cccociiiiieoimie e e s ser et e e aen -55t0+ 150 °C
INPU/OULPUL VORAGE ..ot -10to+46V
Power supply voltage VDD / VDDQ ~10to+46V
POWET DISSIDALION ......ceiviiieeee ittt et s s ae st st e e et e e nae e b e se e s e ene e s ensennees 1W
Data out current (SO CIrCUIL) ........coieeiiiiiciee et 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; Vpp Vppg =33V 03V

Parameter Symbol Limit Values Unit
min. max.

Input high voltage Viu 2.0 Ve +0.3 |V

Input low voltage Vi -0.3 0.8 \

Output high voltage (Ioyr = — 2.0 mA) Von 2.4 - \

Output low voltage (/oyr = 2.0 mA) Voo - 0.4 \

Input leakage current, any input Iy, -1 1 pA

{0V <Vy<3.6V,allotherinputs =0 V)

Output leakage current Ioyy -1 1 LA

{DQis disabled, 0 V < V1 < Veo)

Capacitance
T,=01t070°C; Vpp =3.3V+03V,f=1MHz

Parameter Symbol Limit Values Unit
min. max.

Input capacitance (A0 to A11) (o - 4 pF

Input c_z@c_:itaﬂ:e_ Co - 4 pF

(RAS, CAS, WE, CS, CLK, CKE, DQM)

Output capacitance (DQ) Cpo - 5 pF
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SIEMENS HYB 39516400/800/160T-10/-12
16MBit Synchronous DRAM

Operating Currents (7,=01070°C, V;c =33V 03V

(Recommended Operating Conditions Unless Otherwise Noted))

Parameter Symbol Test Condition CAS -10 -12 Note
Latency | max. | max.

Precharge Standby lcc1P | CKE<=VIL(max), tCK=15 ns 3 3 |[mA

Current in Power Icc1PS | CKE<=VIL(max), ICK=Infinity 2 2 |mA

Down Mode

Precharge Standby lcciN | CKE>=ViIH(min), tCK=15 ns 30 30 [mA|CS=

Currentin Non-power Input Change in every 30ns High

down Mode IccINS | CKE>=VIH(min), tCK=Infinity 15 15 |mA

No Input Change

Active Standby lcc2P | CKE<=ViL(max), tCK=15 ns 3 3 |mA

Current in Power Icc2PS | CKE<=VIL(max), tCK=Infinity 2 2 |maA

Down Mode

Active Standby lcc2N | CKE>=VIH(min), tCK=15 ns 35 35 |mA|CSs=

Current in Non-power Input Change in every 30 ns High

Down Mode Icc2NS | CKE>=VIH(min) tCK=Infinity 20 | 20 |mA

No Input Change

Auto (CBR) Refresh lce3 | tRC>=tRC(min) 1 85 75 [mA| 1,2

Current 2 [105 | 90 [mA[ 12
125 110 |mA| 1,2

Self Refresh Current lcc4 | CKE=<0,2V 2 2 mA| 1.2

Operating Current lcc5 | BurstLength =1 1 95 85 |mA| 1.2

tRC>=trc (min.)

tek>=tck(min.), lo = 0 mA 2 130 | 115 |mA| 1,2
2 bank interleave operation 3 145 125 |mA| 12
Burst Operating lcc9 | Burst Length = full page i 55 45 |mA| 1,2
tre = infinity
Current tck >= tck (min.), lo =0 mA 2 90 80 |mA| 12
2 banks activated 3 135 120 |mA| 1.2
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SIEMENS HYB 39516400/800/160T-10/-12
16MBit Synchronous DRAM
AC Characteristics 3)4)
To=0t070°C; Vgs=0V; Vc=33V+03V,5r=1ns
Parameter Symbol Limit Values Unit | Note
-10 -12
min max | min max

Clock and Clock Enable
Clock Cycle Time o fex

CAS Latency =3 10 12 ns

CAS Latency =2 15 18 ns

CAS Latency = 1 30 36 ns
Clock Access Time L tac

CAS Latency =3 - 8 - 10 |ns |4

CAS Latency = 2 - 10 - 13 |[ns

CAS Latency =1 - 27 - 27 |ns
Clock High Pulse Width ten 35 - 4 - ns
Clock Low Pulse Width toL 3.5 - - ns
Clock Enable Setup Time texs 3 - 35 - ns
Clock Enable Hold Time texn - 1.5 - ns
Transition time (rise and fall) t 1 30 1 30 |ns
Common Parameters
Command Setup time tes 3 - 3.5 - ns
Command Hold Time e 1 - 1.5 - |ns
Address and Bank Select Setup Time tas 3 - 3.5 - ns
Address and Bank Select Hold Time tan 1 - 1.5 - ns
RAS to CAS delay trco 30 - 30 - Ins
Cycle Time tre 80 120k 96 120k |ns
Active Command Period taas 50 120k 60 120k [ns
Precharge Time trp 30 - 36 - ns
Bank to Bank Delay Time frRD 20 - 24 - ns
CAS to CAS delay time (same bank) Ieco 1 - 1 - |CLK
Refresh Cycle
Self Refresh Exit Time t3Rex 2CLK - 2CLK - ns |5

+re Hpro

Refresh Period Iner - 64 - 64 |ms |6
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HYB 39S516400/800/160T-10/-12
16MBit Synchronous DRAM

Parameter Symbol Limit Values Unit | Note
-10 -12
min max | min max
Read Cycle
Data Out Hold Time ton - 3 - ns
Data Out to Low Impedance Time to - 0 - ns
Data Out to High Impedance Time tiz 7
CAS Latency =3 - 6 - 8 ns
CAS Latency =2 - 8 - 11
CAS Latency =1 - 25 - 25
DQM Data Out Disable Latency toaz 2 - 2 - CLK
Write Cycle
Data In Setup Time tos 3 - 3 - ns
Data in Hold Time ton 1 - 1.5 - ns
Data input to Precharge top 2 - 2 - CLK
Data In to Active/refresh toa 5 - - CLK |8
DQM Write Mask Latency thaw 0 - 0 — CLK
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SIEMENS HYB 39516400/800/160T-10/-12
16MBit Synchronous DRAM

Clock Frequency and Latency

Parameter Symbol Speed Sort Unit
-10 -12

Clock Frequency max. tex 100 66 83 66 MHz
Clock Cycle Time min. tex 10 15 12 15 ns

CAS Latency min. tan 3 2 3 2 |CLK
RAS to CAS Delay min. taco 3 2 3 2 CLK
RAS Latency min. taL [5) 4 6 4 CLK
Bank Cycle time min, the 8 5 8 7 CLK
Bank Active Cycle Time min. taas 5 3 5 4 CLK
Bank Active Cycle Time max. tras 120 120 120 120 |pus

Precharge Time min. tap 3 2 3 3 CLK
Data In to Precharge min. topL 2 1 2 2 CLK
Data in to Active / Refresh min. toaL 5 3 5 5 CLK
Bank to Bank Delay Time min. trrD 2 2 2 2 CLK
CAS to CAS delay time min. toen 1 1 1 1 CLK
Write Latency fixed tw 0 0 0 0 CLK
DQM Write Mask Latency fixed toaw 0 0 0 0 CLK
DQM Data Disable Latency fixed toaz 2 2 2 2 CLK
Clock Suspend Latency fixed tosL 1 1 1 1 CLK

Semiconductor Group 851




SIEMENS HYB 39516400/800/160T-10/-12

16MBit Synchronous DRAM

Notes:

wN

. The specified values are valid when addresses are changed no more than once during 7, {(min.)

and when No Operation commands are registered on every rising clock edge during zgc(min).

. The specified values are valid when data inputs (DQ’s) are stable during zgc(min.).
. Aninitial pause of 100 us is required after power-up, then a Precharge All Banks command must

be given followed by 8 Auto Refresh (CBR) cycles before the Mode Register Set Operation can
begin.

. AC timing tests have V, = 0.8 V and V,, = 2.0 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
tr= 1 ns with the AC output load circuit shown.

20v
CLOCK y y
.__/ o.8v

r

+14V
tSETUF| IHOLD )
} ‘| 50 Ohm
INPUT 1.4V -
2=50 Ohm
o -
le— tac le— tac L L 50 pF
1z T

QUTPUT 1.4V

HZ

. 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.

. Self Refresh Exit is a synchronous operation and begins on the 2nd positive clock edge after

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

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

levels.

. IpaL IS equivalent to fpp + fap.

Semiconductor Group 852



SIEMENS HYB 39S16400/800/160T-10/-12
16MBit Synchronous DRAM

Package Outlines

P-TSOPII-44 (400 mil, 0.8 mm lead pitch) 8| o E
{Thin Small Outline Package) LIRS 10.16¢0
Hado
05+01
03535 1178102

— el Plo2® 44x {01

Index Marking

o
w0
«x
[Te)
1) Does not include plastic or metal protrusion of 0.25max. per side %
[0]
. |
[ P-TSOPII-50 (400 mil, 0.8 mm lead pitch) 8| o 2 83 \
(Thin Small Outfine Package) gl gl & 10.18:043 29'}
ol &=
041
Index Marking g
g
1) Does not include plastic or metal protrusion of 025 max. per side §
Sorts of Packing
Package outlines for tubes, trays etc. are contained in our
Data Book “Package Information”.
SMD = Surface Mounted Device Dimensions in mm
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Timing Diagrams Page
AC Parameters for Write Timing 856
AC Parameters for Read Timing ........ 857
Mode Register Set 858
Power on Sequence and Auto Refresh (CBR) 859
Clock Suspension During a Burst Read (Using CKE)

CAS Latency = 1 860

CAS Latency = 2 861

CAS Latency = 3.......ccco.... 862
Clock Suspension During a Burst Write (Using CKE)

CAS LAONCY = 1 ..eoeevoereecoressenessesssssssnss s e 863

CASLatency =2....cccooomrremn.n. 864

CTAS Latency = 3 ..vueveeeeeeeeersernenneeeans 865
Power Down Mode and Clock Mask 866
Auto Refresh (CBR)..........cceveeervnrenrire e 867
Self Refresh (Entry and Exit) 868
Random Column Read (Page within same Bank)

CAS Latency = 1 869

CAS Latency =2...... 870

CAS Latency = 3... 871
Random Column Write (Page within same Bank)

CAS Latency = 1 872

CAS Latency =2 873

CAS Latency=3......... .. 874
Random Row Read (Interleaving Banks)

CAS Latency = 1 et AR eeE AR Rt AL RS Re SRR RS RSB R RS SRS e 875

CAS Latency =2 876

CAS Latency = 3 877
Random Row Write {Interleaving Banks)

CAS Latency = 1 878

CAS Latency = 2 879

CAS Latency = 3 880
Read And Write Cycle

CAS Latency = 1 881

CAS Latency = 2 882

CAS Latency = 3 883
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'i'iming Diagrams Page

Interteaved Column Read Cycle
CAS Latency = 1
CAS Latency = 2
CASLatency =3....
Interleaved Column Write Cycle
CAS Latency =1 ...
CAS Latency = 2.
CAS Latency =3 ....
Auto Precharge after a Read Burst
CAS Latency = 1.
CAS Latency =2 .... .
CAS LAENCY = B ..ooveeeeeeeceeesese e eeeeeeess e eessssess e e s eseeessees e eens s sene e es e e resasan s eonasr e
Auto Precharge after a Write Burst
CAS Latency = 1
CAS Latency = 2
CAS Latency = 3
Full Page Read Cycle
CAS Latency = 1
CAS Latency =2 ....
CAS Latency =3 ....
Full Page Write Cycle
CAS Latency =1 ....
CAS Latency = 2 .
CAS Latency =3 ....cccceeee P OSSPSR O PRI 901
Byte Write Operation
Burst Read and Single Write Operation...
Full Page Burst Read and Single Write Operation.
Random Row Read (Interieaving Banks)
Full Page Random Column Read
Full Page Random Column Write
Precharge Termination of a Burst
CAS Latency =1 ...
CAS Latency =2.... .
CAS LABNCY =3 ooovooreeeeeeoeeceeeoeeee e sve e soeses st eeses s ssss s resss s st s st 910
€S Function (Only CS signal needs to be asserted at MIniMUM FALE)............c..orrerierseceeseessrmessereeeeressasessssessseennes 911
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Complete List of Operation Commands
SDRAM FUNCTION TRUTH TABLE

CURRENT (CS |RAS |CAS |WE |[BS Addr |[ACTION
STATE'
Idle H X X X X X NOP or Power Down
L H H H X X NOP
L H H L BS X ILLEGAL2
L H L X BS X ILLEGAL2
L L H H 8S RA Row (&Bank) Active; Latch Row Address
L L H L BS At0 NO!
L L L H X X Auto-Refresh or Self-Refresh®
L L L L Op- |Code |Mode reg. Access®
Row Active |H X X X X X NOP
L H H X X X NOP
L H L H BS CA,A1 | Begin Read; Latch CA; Determine AP
L H L L BS 0 Begin Write; Latch CA; Determine AP
L L H H BS CAA1 |ILLEGAL?
L L H L BS o] Precharge
L L L X X X ILLEGAL
A10
X
Read 'H X X X X X NOP (Continue Burst to End;>Row Active)
L H H H X X NOP (Continue Burst to End;>Row Active)
L H H L BS X Burst Stop Command > Row Active
L H L H BS CA,A1 | Term Burst, New Read, Determine AP®
L H L L BS 0 Term Burst, Start Write, Determine AP?
L L H H BS CAA1 |ILLEGAL2
L L H L BS 0 Term Burst, Precharge
L L L X X X ILLEGAL
A10
X
Write H X X X X X NOP (Continue Burst to End;>Row Active)
L H H H X X NOP (Continue Burst to End;>Row Active)
L H H L BS X Burst Stop Command > Row Active
L H L H BS CA A1 | Term Burst, Start Read, Determine AP?
L H L L BS 0 Term Burst, New Write, Determine AP®
L L H H BS CAA1 ILLEGAL?
L L H L BS 0 Term Burst, Precharge®
L L L X X X ILLEGAL
A10
X
Read H X X X X X NOP (Continue Burst to End;> Precharge)
with L H H H X X NOP (Continue Burst to End;> Precharge)
Auto L H H L BS X ILLEGAL?
Precharge |L H L H BS X ILLEGAL?
L H L L X X LLEGAL
L L H H BS X ILLEGAL?
L L H L BS A10  |ILLEGAL?
L L L X X X ILLEGAL
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SDRAM FUNCTION TRUTH TABLE (cont'd)

CURRENT [CS |RAS [CAS |WE |BS Addr |ACTION
STATE'
Write H X X X X X NOP (Continue Burst to End;> Precharge)
with L H H H X X NOP (Continue Burst to End;> Precharge)
Auto L H H L BS X ILLEGAL?
Precharge |L H L H BS X ILLEGAL?
L H L L X X ILLEGAL
L L H H BS X ILLEGAL2
L L H L BS A10  |ILLEGAL2
L L L X X X ILLEGAL
Precharging |H X X X X X NOP;> Idle after tRP
L H H H X X NOP;> Idle after tRP
L H H L BS X ILLEGAL2
L H L X BS X ILLEGAL2
L L H H BS X ILLEGAL?
L L H L BS A0 |NOP*
L L L X X X ILLEGAL
Row H X X X X X NOP;> Row Active after tRCD
Activating  |L H H H X X NOP;> Row Active after tRCD
L H H L BS X ILLEGAL2
L H L X BS X ILLEGAL?
L L H H BS X ILLEGAL?
L L H L 8S A10  |ILLEGAL?
L L L X X X ILLEGAL
Write H X X X X X NOP
Recovering |L H H H X X NOP
L H H L 8S X ILLEGAL?
L H L X 8S X ILLEGAL?
L L H H 8S X ILLEGAL?
L L H L BS A10 | ILLEGAL?
L L L X X X ILLEGAL
Refreshing (H X X X X X NOP;> Idle after tRC
L H H X X X NOP;> Idle after tRC
L H L X X X ILLEGAL
L L H X X X ILLEGAL
L L L X X X ILLEGAL
Mode H X X X X X NOP
Register L H H H X X NOP
L H H L X X ILLEGAL
Accessing L H L X X X ILLEGAL
L L X X X X ILLEGAL
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CLOCK ENABLE (CKE) TRUTH TABLE:

CAS

(v}
rad
m
al
/]
X
>
o

STATE(n) CKE Addr | ACTION

3
0
-

Self-
Refresh®

INVALID

EXIT Self-Refresh, Idle after tRC
EXIT Self-Refresh, Idle after tRC
ILLEGAL

ILLEGAL

ILLEGAL

NOP (Maintain Self-Refresh)

INVALID

EXIT Power-Down, > Idle.

EXIT Power-Down, > Idle.
ILLEGAL

ILLEGAL

ILLEGAL

NOP (Maintain Low-Power Mode)

Refer to the function truth table
Enter Power- Down

Enter Power- Down

ILLEGAL

ILLEGAL

ILLEGAL

Enter Self-Refresh

ILLEGAL

NOP

Refer to the function truth table
Begin Clock Suspend next c:ycle8
Exit Clock Suspend next cycie®,
Maintain Clock Suspend.

Power-Down |

All. Banks
Idie”

Any State
other than
listed above

rIrXrecrecerrrrrr I F T I IIIX|CFIIIIINRS

XXXX | XrrrrrrIX(XrerrrIX|IXrerrrr IX
XXXX|XFFFITIIXX|XFTTTXX|X-ITIIXX
XXX K| XFFICTIXX| XX TTIxXX|xxXxr-IIXX
[:xxx X IXXrTIXX| XXX TIXX|XXXr-TIXX ﬁ|
X 3¢ 3¢ 5| X 53X X X X X XK | XX XK X XK X M| X X X X X X X

r—rII rIIIIIITIFCrCCceIxFccrrrrE X

ABBREVIATIONS:
RA = Row Address BS = Bank Address
CA = Column Address AP = Auto Precharge

Notes for SDRAM function truth table :

1. Current State is state of the bank determined by BS. All entries assume that CKE was active (HIGH} during the preceding clock
cycle.

2. lllegal fo bank in specified state; Function may be legal in the bank indicated by 8BS, depending on the state of that bank.
3. Must satisfy bus contention, bus turn around, and/or write recovery requirements.

4. NOP to bank precharging or in Idle state. May precharge bank(s) indicated by BS (and A10).

5. llegal if any bank is not Idie.

6. CKE Low 1o High transition will re-enable CLK and other inputs asynchronously. A minimum setup time must be satisfied before any
command other than EXIT.

7. Power-Down and Self-Refresh can be entered only from the All Banks Idle State.
8. Must be tegal command as defined in the SDRAM function truth table.

Semiconductor Group 914



