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PIN CONFIGURATIONS
66 pin TSOP - Type Il for x16

voo [[]1@ 66 [ 1] Vss
DQoO [T] 2 65 [ 1] bQ1s
vooQ [I] 3 64 [ 1] vssQ
pai [I] 4 63 [ 1] DQ14
pa2 [T] 5 62 | 1] bQ13
vssQ [T] 6 61 [1] vopQ
DQ3 [T] 7 60 | 1] DQ12
DQ4 [T] 8 59 [ 1] pQ11
vooQ [I] 9 58 [ 1] vssQ
DQs [T] 10 57 | 1] bQ1o
DQs6 [I] 11 56 [ 1] DQ9
vssQ [I] 12 55 [ T] vopQ
DQ7 [T] 13 54 [ T] DQs
NC [T] 14 53 [1] NC
Vooa [T] 15 52 [ T] Vssa
LDQs [T] 16 51 [1] ubQs
NC [T] 17 50 [ 1] NC
vDD [T] 18 49 [ T] VREF
DNU [T] 19 48 [ 1] vss
LDM [T] 20 47 [ 1] ubpm
WE [T] 2 46 [ 1] CK
CAS [T] 22 45 [1] cK
RAS [T] 23 44 I'T] CKE
CS [T 4 43 [ 1] NC
NC [T] 25 2T A2
BAO [T 26 4 1] A1
BA1 [T] 27 40 [ 11 A9
A0 [T] 28 39 [ 1] A8
A0 [T 29 38 [ 1] A7
A1 [T] 30 37 [1] A6
A2 [T 81 36 [ 1] A5
A3 [T] 32 35 [T] A4
VDD [T] 33 34 [1] vss
PIN DESCRIPTIONS
A0-A12 Row Address Input WE Write Enable
A0-A9 Column Address Input LDM, UDM x16 Input Mask
BAO, BA1 Bank Select Address LDQS, UDQS Data Strobe
DQO0toDQ15 Data I/O Vb Power
CK,CK System Clock Input Vss Ground
CKE Clock Enable Vbba Power Supply for I/O Pin
Ccs Chip Select Vssa Ground for I/O Pin
RAS Row Address Strobe Command VREF Input Reference Voltage
CAS Column Address Strobe Command DNU Do Not Use
NC No Connection
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Pin Function

CK, /ICK (input pins)

The CK and the /CK are the master clock inputs. All inputs except DM, DQS and DQs are referred to the cross point
of the CK rising edge and the /CK falling edge. When a read operation, DQS and DQs are referred to the cross point
of the CK and the /CK. When a write operation, DQS and DQs are referred to the cross point of the DQS and the
VREF level. DQS for write operation is referred to the cross point of the CK and the /CK. CK is the master clock
input to this pin. The other input signals are referred at CK rising edge.

/CS (input pin)
When /CS is low, commands and data can be input. When /CS is high, all inputs are ignored. However, internal
operations (bank active, burst operations, etc.) are held.

IRAS, /ICAS, and /WE (input pins)
These pins define operating commands (read, write, etc.) depending on the combinations of their voltage levels.
See "Command operation".

AOQ to A12 (input pins)

Row address (AX0 to AX12) is determined by the A0 to the A12 level at the cross point of the CK rising edge and the
/CK falling edge in a bank active command cycle. Column address (See “Address Pins Table”) is loaded via the A0
to the A9, and A11 at the cross point of the CK rising edge and the /CK falling edge in a read or a write command
cycle. This column address becomes the starting address of a burst operation.

[Address Pins Table]

Address (A0 to A12)

Row address Column address

AXO0 to AX12 AYO to AY9

A10 (AP) (input pin)

A10 defines the precharge mode when a precharge command, a read command or a write command is issued. If
A10 = high when a precharge command is issued, all banks are precharged. If A10 = low when a precharge
command is issued, only the bank that is selected by BA1/BAO is precharged. If A10 = high when read or write
command, auto-precharge function is enabled. While A10 = low, auto-precharge function is disabled.

BAO and BA1 (input pins)
BAO, BA1 are bank select signals (BA). The memory array is divided into bank 0, bank 1, bank 2 and bank 3. (See
Bank Select Signal Table)

[Bank Select Signal Table]

BAO BA1
Bank 0 L L
Bank 1 H L
Bank 2 L H
Bank 3 H H
Remark: H: VIH. L: VIL.
4 Integrated Silicon Solution, Inc. — www.issi.com
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CKE (input pin)

This pin determines whether or not the next CK is valid. If CKE is high, the next CK rising edge is valid. If CKE is
low. CKE controls power down and self-refresh. The power down and the self-refresh commands are entered when
the CKE is driven low and exited when it resumes to high. CKE must be maintained high throughout read or write
access.

The CKE level must be kept for 1 CK cycle at least, that is, if CKE changes at the cross point of the CK rising edge
and the /CK falling edge with proper setup time tIS, by the next CK rising edge CKE level must be kept with proper
hold time tIH.

LDM and UDM (input pins)

DMs are the reference signals of the data input mask function. DMs are sampled at the cross point of DQS and
VREF. DMs provide the byte mask function. When DM = high, the data input at the same timing are masked while
the internal burst counter will be count up. In x16 products, LDM controls the lower byte (DQO to DQ7) and UDM
controls the upper byte (DQ8 to DQ15) of write data.

DQO to DQ15 (input/output pins)
Data is input to and output from these pins (DQO to DQ15).

LDQS and UDQS (input and output pins)
DQS provides the read data strobes (as output) and the write data strobes (as input). In x16 products, LDQS is the
lower byte (DQO to DQ7) data strobe signal, UDQS is the upper byte (DQ8 to DQ15) data strobe signal.

VDD, VSS, VDDQ, VSSQ (Power supply)

VDD and VSS are power supply pins for internal circuits. VDDQ and VSSQ are power supply pins for the output
buffers.
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Electrical Specifications

¢ All voltages are referenced to VSS (GND).

o After power up, wait more than 200 ys and then, execute power on sequence and CBR (Auto) refresh before
proper device operation is achieved.

Absolute Maximum Ratings

Parameter Symbol Rating Unit Note
Voltage on any pin relative to VSS VT -1.0to +3.6 \%

Supply voltage relative to VSS VDD -1.0to +3.6 \%

Short circuit output current 10S 50 mA

Power dissipation PD 1.0 W\

Operating ambient temperature TA 0to +70 °C

Storage temperature Tstg -55to +125 °C

Caution

Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the limits
described in the operational section of this specification. Exposure to Absolute Maximum Rating
conditions for extended periods may affect device reliability.

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

Parameter Symbol Speed min. typ. max. Unit  Notes

Supply voltage VDD, VDDQ DDR400 2.5 2.6 2.7 \Y 1
VDD, VDDQ DDR333,266 2.3 25 2.7 \Y 1
VSS, VSSQ 0 0 0 \Y

Input reference voltage VREF 0.49 x VDDQ 0.50 x VDDQ 0.51xvbbQ V

Termination voltage VTT VREF - 0.04 VREF VREF + 0.04 \

Input high voltage VIH (DC) VREF +0.15 — vDDQ + 0.3 \Y 2

Input low voltage VIL (DC) -0.3 — VREF -0.15 \Y 3

'C”E“;n";'/tg&e"']i‘ﬁ's VIN (DC) 03 — VDDQ+03 V4

e o VX (0C) I

Input differential voltage, VID (DC) 0.36 . vDDQ + 0.6 Vv 56

CK and /CK inputs

Notes: 1.

VDDQ must be lower than or equal to VDD.

2. VIH is allowed to exceed VDD up to 3.6V for the period shorter than or equal to 5ns.

o ok~ w

if measurement.

VIL is allowed to outreach below VSS down to —1.0V for the period shorter than or equal to 5ns.
VIN (DC) specifies the allowable DC execution of each differential input.
VID (DC) specifies the input differential voltage required for switching.

VIH (CK) min assumed over VREF + 0.18V, VIL (CK) max assumed under VREF - 0.18V
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DC Characteristics 1 (T A =0°C to +70°C, VDD, VDDQ = 2.6V + 0.1V, VSS, VSSQ = 0V) [DDR400]

Parameter Symbol Grade x 16 Unit Test condition Notes
Operating current CKE = VIH,
(ACT-PRE) IDDO 120 mA tRC =tRC (min.) 1.2,9
Operating current CKE 2 VIH, BL = 4,
(A%T_REiD_PRE) IDD1 160 mA  CL=3, 1,2,5
tRC = tRC (min.)
Idle power down standby IDD2P 5 mA CKE < VIL 4
current
Lo CKE > VIH, /CS > VIH
Floating idle standby current IDD2F 30 mA DQ, DQS, DM = VREF 4,5
o CKE 2 VIH, /CS =2 VIH
Quiet idle standby current IDD2Q 25 mA DQ, DQS, DM = VREF 4,10
Active power down standby IDD3P 30 mA CKE < VIL 3
current
. CKE > VIH, /CS > VIH
Active standby current IDD3N 60 mA {RAS = tRAS (max.) 3,5,6
Operating current CKE > VIH, BL = 2,
(Burst read operation) IDD4R 215 mA CL=3 1.2,5.6
Operating current CKE= VIH, BL = 2,
(Burst write operation) IDDaw 215 mA CL=3 12,56
tRFC = tRFC (min.),
Auto-refresh current IDD5 220 mA Input <VIL or > VIH
Self-refresh current IDD6 5 mA Input > VDD - 0.2V
Input <0.2V
Operating current IDD7A 400 mA  BL=4 1,5,6,7
(4 banks interleaving)
DC Characteristics 1 (T A =0°C to +70°C, VDD, VDDQ = 2.5V £ 0.2V, VSS, VSSQ = 0V) [DDR333, 266]
Parameter Symbol Grade x 16 Unit Test condition Notes
Operating current -6 105 CKE = VIH,
(ACT-PRE) IDDO 7 95 MA {RC = tRC (min.) 1.2,9
. CKE=>VIH,BL=4
Operating current -6 140 ’ ’
IDD1 mA CL=2.5, 1,2,5
(ACT-READ-PRE) -7 130 {RC = tRC (min.)
Idle power down standby \DD2P 5 mA CKE <VIL 4
current
Lo -6 30 CKE > VIH, /CS = VIH,
Floating idle standby current IDD2F 7 o5 mA DQ, DQS, DM = VREF 4,5
L CKE = VIH, /CS = VIH,
Quiet idle standby current IDD2Q 20 mA DQ, DQS, DM = VREF 4,10
Active power down standby IDD3P 30 mA CKE < VIL 3
current
. -6 CKE > VIH, /CS 2 VIH
Active standby current IDD3N 7 55 mA {RAS = tRAS (max.) 3,5,6
Operating current -6 185 CKE > VIH, BL = 2,
(Burst read operation) IDD4R -7 155 mA CL=25 1.2,5.6
Operating current -6 185 CKE>VIH,BL =2,
(Burst write operation) IDDaw -7 160 mA CL=25 1.2,5.6
-6 205 tRFC =tRFC (min.),
Auto-refresh current IDD5 7 195 mA Input < VIL or  VIH
Self-refresh current IDD6 5 mA Input > VDD - 0.2V
Input<0.2V
Operating current -6 380 _
(4 banks interleaving) IDD7A -7 345 mA BL=4 1.5.6,7
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Notes: 1. These IDD data are measured under condition that DQ pins are not connected.
One bank operation.

One bank active.

All banks idle.

Command/Address transition once per one clock cycle.

DQ, DM and DQS transition twice per one clock cycle.

4 banks active. Only one bank is running at tRC = tRC (min.)

The IDD data on this table are measured with regard to tCK = tCK (min.) in general.
Command/Address transition once every two clock cycle.

10 Command/Address stable at = VIH or < VIL.

©PNDG A WN

DC Characteristics 2 (TA = 0°C to +70°C, VDD, VDDQ = 2.6V + 0.1V, VSS, VSSQ = 0V) [DDR400]
(TA = 0°C to +70°C, VDD, VDDQ = 2.5V + 0.2V, VSS, VSSQ = 0V) [DDR333, 266]

Parameter Symbol min. max. Unit Test condition Notes
Input leakage current ILI -2 2 pA VDD = VIN 2VSS

Output leakage current ILO -5 5 MA vDDQ = VOUT 2 VSS

Output high current IOH -15.2 — mA VOUT =1.95V

Output low current IOL 15.2 — mA VOUT = 0.35V

Pin Capacitance (TA = +25°C, VDD, VDDQ = 2.6V + 0.1V, VSS, VSSQ = 0V) [DDR400]
(TA = +25°C, VDD, VDDQ = 2.5V + 0.2V, VSS, VSSQ = 0V) [DDR333, 266]

Parameter Symbol Pins min. typ. max. Unit Notes
Input capacitance Cl1 CK, /ICK 2.0 — 3.0 pF 1
Cl2 All other input pins 2.0 — 3.0 pF 1
Delta input capacitance Cdi1 CK, /ICK — — 0.25 pF 1
Cdi2 All other input-only pins — — 0.5 pF 1
Data input/output capacitance Cl/o DQ, DM, DQS 4.0 — 5 pF 1,2
Delta input/output capacitance  Cdio DQ, DM, DQS — — 0.5 pF 1

Notes: 1. These parameters are measured on conditions: f=100MHz, VOUT = VDDQ/2, AVOUT = 0.2V.
2. DOUT circuits are disabled.
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AC Characteristics (TA = 0°C to +70°C, VDD, VDDQ = 2.6V £ 0.1V, VSS, VSSQ = 0V) [DDR400]

-5
Parameter Symbol min. max Unit Notes
Clock cycle time tCK 5 8 ns 10
CK high-level width tCH 0.45 0.55 tCK
CK low-level width tCL 0.45 0.55 tCK
CK half period tHP Z‘é”H oL
DQ output access time from CK, /CK tAC -0.7 0.7 ns 2,11
DQS output access time from CK, /CK tDQSCK  -0.55 0.55 ns 2,11
DQS to DQ skew tDQSQ — 0.4 ns 3
DQ/DQS output hold time from DQS tQH tHP — tQHS — ns
Data hold skew factor tQHS — 0.5 ns
f?g;?-g&t, t/wngI:-impedance time tHZ . 07 ns 511
Eg;fg? '/"C"‘}’;impedance time Lz 07 07 ns 611
Read preamble tRPRE 0.9 1.1 tCK
Read postamble tRPST 0.4 0.6 tCK
DQ and DM input setup time tDS 0.4 — ns 8
DQ and DM input hold time tDH 0.4 — ns 8
DQ and DM input pulse width tDIPW 1.75 — ns 7
Write preamble setup time tWPRES 0 — ns
Write preamble tWPRE 0.25 — tCK
Write postamble tWPST 0.4 0.6 tCK 9
Write command to first DQS latching transition tDQSS 0.72 1.28 tCK
DQS falling edge to CK setup time tDSS 0.2 — tCK
DQS falling edge hold time from CK tDSH 0.2 — tCK
DQS input high pulse width tDQSH 0.35 — tCK
DQS input low pulse width tDQSL 0.35 — tCK
Address and control input setup time tIsS 0.6 — ns 8
Address and control input hold time tiH 0.6 — ns
Address and control input pulse width tiPW 2.2 — ns 7
Mode register set command cycle time tMRD 2 — tCK
Active to Precharge command period tRAS 40 120000 ns
Active to Active/Auto-refresh command period tRC 55 — ns
Q::;—(;efresh to Active/Auto-refresh command {RFC 70 . ns
Active to Read/Write delay tRCD 15 — ns
Precharge to active command period tRP 15 — ns
Active to Autoprecharge delay tRAP tRCD min. — ns
Active to active command period tRRD 10 — ns
Write recovery time tWR 15 — ns
ﬁ;t: precharge write recovery and precharge {DAL EI\éVS{tcClgﬁ . tcK 13
Internal write to Read command delay tWTR 2 — tCK
Average periodic refresh interval tREF — 7.8 V5]
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AC Characteristics (TA = 0°C to +70°C, VDD, VDDQ = 2.5V * 0.2V, VSS, VSSQ = 0V) [DDR333, 266]
-6 -7

Parameter Symbol ~ min. max. min. max. Unit Notes

Clock cycle time

(CL=2) tCK 7.5 12 75 12 ns 10

(CL =2.5) tCK 6 12 7.5 12 ns

CK high-level width tCH 0.45 0.55 0.45 0.55 tCK

CK low-level width tCL 0.45 0.55 0.45 0.55 tCK

. min min

CK half period tHP (tCH, tCL) — (tCH,1CL) tCK

DQ output access time from CK, /CK tAC -0.7 0.7 -0.75 0.75 ns 2,11

/DC(3<S output access time from CK, {DQSCK -0.6 06 ~0.75 0.75 ns 211

DQS to DQ skew tbQsQ — 0.45 — 0.5 ns 3

DQ/DQS output hold time from DQS tQH tHP —tQHS — tHP — tQHS — ns

Data hold skew factor tQHS — 0.55 — 0.75 ns

Data-out high-impedance time from

CK, /CK tHZ - 07 — 0.75 ns 5, 11

Data-out low-impedance time from

CK, /CK tLZ -0.7 0.7 -0.75 0.75 ns 6,11

Read preamble tRPRE 0.9 1.1 0.9 1.1 tCK

Read postamble tRPST 04 0.6 0.4 0.6 tCK

DQ and DM input setup time tDS 0.45 — 0.5 — ns 8

DQ and DM input hold time tDH 0.45 — 0.5 — ns 8

DQ and DM input pulse width tDIPW 1.75 — 1.75 — ns 7

Write preamble setup time tWPRES 0 — 0 — ns

Write preamble tWPRE 0.25 — 0.25 — tCK

Write postamble tWPST 04 0.6 0.4 0.6 tCK 9

erte. 9ommand to first DQS latching {DQSS  0.75 195 0.75 1.05 tCK

transition

DQS falling edge to CK setup time ~ tDSS 0.2 — 0.2 — tCK

DQS falling edge hold time from CK  tDSH 0.2 — 0.2 — tCK

DQS input high pulse width tbQSH 0.35 — 0.35 — tCK

DQS input low pulse width tbQSL  0.35 - 0.35 — tCK

Address and control input setup time tIS 0.75 — 0.9 — ns 8

Address and control input hold time  tIH 0.75 — 0.9 — ns 8

Address and control input pulse width tIPW 2.2 — 2.2 — ns 7

Mode register set command cycle tMRD 2 . 2 . tCK

time

Active to Precharge command period tRAS 42 120000 45 120000 ns

Active to Actlv.e/Auto-refresh {RC 60 . 65 . ns

command period

Auto-refresh tg Active/Auto-refresh {RFC 72 - 75 . ns

command period

Active to Read/Write delay tRCD 18 — 20 — ns

Precharge to active command period tRP 18 — 20 — ns

Active to Autoprecharge delay tRAP tRCD min. — tRCD min. — ns

Active to active command period tRRD 12 — 15 — ns
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Parameter Symbol ~ min. max . min. max Unit Notes
Write recovery time tWR 15 — 15 — ns
i + +
T o S - A
Lnet:aar;al write to Read command WTR 1 . 1 . tCK
Average periodic refresh interval tREF — 7.8 — 7.8 us
Notes: 1. On all AC measurements, we assume the test conditions shown in the next page. For timing parameter
definitions, see ‘Timing Waveforms’ section.

2. This parameter defines the signal transition delay from the cross point of CK and /CK. The signal
transition is defined to occur when the signal level crossing VTT.

3. The timing reference level is VTT.

4. Output valid window is defined to be the period between two successive transition of data out or DQS
(read) signals. The signal transition is defined to occur when the signal level crossing VTT.

5. tHZ is defined as DOUT transition delay from Low-Z to High-Z at the end of read burst operation. The
timing reference is cross point of CK and /CK. This parameter is not referred to a specific DOUT voltage
level, but specify when the device output stops driving.

6. tLZ is defined as DOUT transition delay from High-Z to Low-Z at the beginning of read operation. This
parameter is not referred to a specific DOUT voltage level, but specify when the device output begins
driving.

7. Input valid windows is defined to be the period between two successive transition of data input or DQS
(write) signals. The signal transition is defined to occur when the signal level crossing VREF.

8. The timing reference level is VREF.

9. The transition from Low-Z to High-Z is defined to occur when the device output stops driving. A specific
reference voltage to judge this transition is not given.

10.tCK (max.) is determined by the lock range of the DLL. Beyond this lock range, the DLL operation is not
assured.

11.1CK = tCK (min) when these parameters are measured. Otherwise, absolute minimum values of these
values are 10% of tCK.

12. VDD is assumed to be 2.6V = 0.1V (DDR400), 2.5V + 0.2V (DDR333, 266). VDD power supply variation
per cycle expected to be less than 0.4V/400 cycle.

13.tDAL = (tWR/tCK)+(tRP/tCK)

For each of the terms above, if not already an integer, round to the next highest integer.
Example: For —5C Speed at CL = 3, tCK = 5ns, tWR = 15ns and tRP= 18ns,

tDAL = (15ns/5ns) + (18ns/5ns) = (3) + (4)

tDAL = 7 clocks
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Test Conditions

Parameter Symbol Value Unit
Input reference voltage VREF VDDQ/2 \'%
Termination voltage VTT VREF
Input high voltage VIH (AC) VREF + 0.31 \
Input low voltage VIL (AC) VREF - 0.31 \
!nput differential voltage, CK and /CK VID (AC) 062 Vv
inputs
Input differential cross point voltage,
CK and /CK inputs VIX(AC) VREF v
Input signal slew rate SLEW 1 Vins
) tCK i VDD
CK vip ‘ VREF
/CK tcL tCH VSS
VIX
VDD
I VIH VREF
VIL]
< VSS
At

SLEW = (VIH (AC) — VIL (AC))/At

VTT
Measurement point RT = 500
DQ
CL = 30pF

il

Input Waveforms and Output Load

12
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Timing Parameter Measured in Clock Cycle
Number of clock cycle

tCK 5ns 6ns 7.5ns

Parameter Symbol min. max. min. max. min. max. Unit
Write to pre-charge command delay \WPD 1+BL2 1+BL2 1+ BL/2 {CK
(same bank) +tWR +tWR +tWR

Read to pre-charge command delay {RPD BL/2 - BL/2 . BL/2 - tCK
(same bank)

Write to read command delay {WRD 1+BL2 1+BL2 1+BL2 {CK
(to input all data) +tWTR +tWTR +tWTR

Burst stop command to write

command delay tBSTW — — — — 2 — tCK
(CL=2)

(CL=2.5) tBSTW — — — 3 — tCK
(CL=3) tBSTW 3 — 3 — 3 — tCK
Burst stop command to DQ High-Z {BSTZ . . . . 9 9 tCK
(CL=2)

(CL=2.5) tBSTZ — — 25 25 2.5 25 tCK
(CL=3) tBSTZ 3 3 3 3 3 3 tCK
Read command to write command

delay (to output all data) tRWD — — — — 2+BL2 — tCK
(CL=2)

(CL=2.5) tRWD — — 3+BL2 — 3+BL2 — tCK
(CL=23) tRWD 3+BL2 — 3+BL2 — 3+BL2 — tCK
Pre-charge command to High-Z

(CL=2) tHZP — — — — 2 2 tCK
(CL=2.5) tHZP — — 25 25 2.5 25 tCK
(CL=3) tHZP 3 3 3 3 3 3 tCK
Write command to data in latency tWCD 1 1 1 1 1 1 tCK
Write recovery tWR 3 — 3 — 2 — tCK
DM to data in latency tDMD 0 0 0 0 0 0 tCK
Self-refresh exit to non-read {SNR 15 _ 12 . 10 . tCK
command

Self-refresh exit to read command tSRD 200 — 200 — 200 — tCK
Power down entry tPDEN 1 1 1 1 1 1 tCK
Power down exit to command input  tPDEX 1 — 1 — 1 — tCK
Active to Precharge command period tRAS 8 — 7 — 6 — tCK
Active to Actl\{e/Auto-refresh {RC 11 L 10 L 9 L tCK
command period

Auto-refresh tg Active/Auto-refresh {RFC 14 . 12 . 10 . {CK
command period

Active to Read/Write delay tRCD 3 — 3 — 3 — tCK
Precharge to active command period tRP 3 — 3 — 3 — tCK
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Command Operation

Command Truth Table

DDR SDRAM recognize the following commands specified by the /CS, /RAS, /CAS, /WE and address pins. All other
combinations than those in the table below are illegal.

CKE

Command Symbol n-1 n /ICS /RAS /CAS /WE BA1 BAO AP  Address
Ignore command DESL H H H X X X X X X X
No operation NOP H H L H H H X X X X
Burst stop in read command BST H H L H H L X X X X
Column address and read command READ H H L H L H \Y \% L \Y
Read with auto-precharge READA H H L H L H \% \% H \%
Column address and write command WRIT H H L H L L \Y \% L \Y
Write with auto-precharge WRITA H H L H L L \% \Y H \%
Row address strobe and bank active ACT H H L L H H \ \Y \Y \
Precharge select bank PRE H H L L H L \% \Y L X
Precharge all bank PALL H H L L H L X X H X
Refresh REF H H L L L H X X X X

SELF H L L L L H X X X
Mode register set MRS H H L L L L

EMRS H H L L L L L H L \

Remark: H: VIH. L: VIL. x: VIH or VIL V: Valid address input
Note: The CKE level must be kept for 1 CK cycle at least.

Ignore command [DESL]

When /CS is high at the cross point of the CK rising edge and the VREF level, every input are neglected and internal
status is held.

No operation [NOP]

As long as this command is input at the cross point of the CK rising edge and the VREF level, address and data
input are neglected and internal status is held.

Burst stop in read operation [BST]
This command stops a burst read operation, which is not applicable for a burst write operation.

Column address strobe and read command [READ]

This command starts a read operation. The start address of the burst read is determined by the column address
(See “Address Pins Table” in Pin Function) and the bank select address. After the completion of the read operation,
the output buffer becomes high-Z.

Read with auto-precharge [READA]
This command starts a read operation. After completion of the read operation, precharge is automatically executed.

Column address strobe and write command [WRIT]

This command starts a write operation. The start address of the burst write is determined by the column address
(See “Address Pins Table” in Pin Function) and the bank select address.

Write with auto-precharge [WRITA]
This command starts a write operation. After completion of the write operation, precharge is automatically executed.

14 Integrated Silicon Solution, Inc. — www.issi.com
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Row address strobe and bank activate [ACT]

This command activates the bank that is selected by BAO, BA1 and determines the row address (AX0 to AX12).
(See Bank Select Signal Table)

Precharge selected bank [PRE]
This command starts precharge operation for the bank selected by BAO, BA1. (See Bank Select Signal Table)
[Bank Select Signal Table]

BAO BA1
Bank 0 L L
Bank 1 H L
Bank 2 L H
Bank 3 H H

Remark: H: VIH. L: VIL.

Precharge all banks [PALL]
This command starts a precharge operation for all banks.

Refresh [REF/SELF]

This command starts a refresh operation. There are two types of refresh operation, one is auto-refresh, and another
is self-refresh. For details, refer to the CKE truth table section.

Mode register set/Extended mode register set [MRS/EMRS]

The DDR SDRAM has the two mode registers, the mode register and the extended mode register, to defines how it
works. The both mode registers are set through the address pins (the AO to the A12, BAO to BA1) in the mode
register set cycle. For details, refer to "Mode register and extended mode register set".

CKE Truth Table

CKE
Current state Command n-1 n /CS /RAS /CAS /WE  Address Notes
Idle Auto-refresh command (REF) H H L L L H X 2
Idle Self-refresh entry (SELF) H L L L H X 2
Idle Power down entry (PDEN) H L L H H H X
H L H X X X X
Self-refresh Self-refresh exit (SELFX) L H L H H H X
L H H X X X
Power down Power down exit (PDEX) L H L H H H X
L H H X X X X
Remark: H: VIH. L: VIL. x: VIH or VIL.
Notes: 1. All the banks must be in IDLE before executing this command.
2. The CKE level must be kept for 1 CK cycle at least.
Integrated Silicon Solution, Inc. — www.issi.com 15
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Function Truth Table

The following tables show the operations that are performed when each command is issued in each state of

the DDR SDRAM.

Current state /ICS /RAS /CAS /WE Address Command Operation Next state
Precharging*’ H X X X X DESL NOP Idle

L H H H X NOP NOP Idle

L H H L X BST ILLEGAL*" —

L H L H BA, CA,A10  READ/READA ILLEGAL*" —

L H L L BA, CA,A10  WRIT/WRITA ILLEGAL*" —

L L H H BA, RA ACT ILLEGAL*" —

L L H L BA, A10 PRE, PALL NOP Idle

L L L x X ILLEGAL —
Idle*? H X X x X DESL NOP Idle

L H H H X NOP NOP Idle

L H H L X BST ILLEGAL*" —

L H L H BA, CA,A10  READ/READA ILLEGAL*" —

L H L L BA, CA,A10  WRIT/WRITA ILLEGAL*" —

L L H H BA, RA ACT Activating Active

L L H L BA, A10 PRE, PALL NOP Idle

L L L H x REF, SELF g:lt‘r-er:?r/esh“z ISdtleeh‘/-refresh

L L L L MODE MRS Mode register set*>  Idle
Ziftfizfresh)” H x x x x DESL NOP dle

L H H H x NOP NOP Idle

L H H L X BST ILLEGAL —

L H L x X ILLEGAL —

L L x x X ILLEGAL —
Activating** H X x X X DESL NOP Active

L H H H X NOP NOP Active

L H H L X BST ILLEGAL*" —

L H L H BA, CA,A10  READ/READA ILLEGAL*" —

L H L L BA, CA,A10  WRIT/WRITA ILLEGAL*" —

L L H H BA, RA ACT ILLEGAL*" —

L L H L BA, A10 PRE, PALL ILLEGAL*" —

L L L x X ILLEGAL —
Active*® H X X X X DESL NOP Active

L H H H X NOP NOP Active

L H H L X BST ILLEGAL Active

L H L H BA, CA, A10 READ/READA Starting read operation Read/READA

Write
L H L L BA, CA, A10 WRIT/WRITA Starting write operation recovering/
precharging

L L H H BA, RA ACT ILLEGAL*" —

L L BA, A10 PRE, PALL Pre-charge Idle

L L L x x ILLEGAL —

16
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Current state /CS /RAS /CAS /WE Address Command Operation Next state
Read* H x X DESL NOP Active
H X NOP NOP Active
L H H X BST BST Active
Interrupting burst read
L H L H BA, CA, A10 READ/READA operation to Active
start new read
L H BA, CA, A10 WRIT/WRITA ILLEGAL*" —
L H H BA, RA ACT ILLEGAL*" —
Interrupting burst
L L H L BA, A10 PRE, PALL read operation to Precharging
start pre-charge
L L L X X ILLEGAL —
Read with auto-pre- - DESL NOP Precharging
charge
L H H H X NOP NOP Precharging
L H H L X BST ILLEGAL —
L H L H BA, CA, A10 READ/READA ILLEGAL*" —
L H L L BA, CA, A10 WRIT/WRITA ILLEGAL*" —
L L H H BA, RA ACT ILLEGAL*"" ™ —
L L H L BA, A10 PRE, PALL ILLEGAL*"" ™ —
L L L X X ILLEGAL —
Write*® H « % % % DESL NOP Write _
recovering
L H H H  x NOP NOP Write
recovering
L H H L X BST ILLEGAL —
Interrupting burst write
L H L H BA, CA, A10 READ/READA operation to Read/ReadA
start read operation.
Interrupting burst write
L H L L BA, CA, A0 WRIT/WRITA operation to Write/WriteA
start new write
operation.
L L H H BA, RA ACT ILLEGAL*" —
Interrupting write
L L H L BA, A10 PRE, PALL operation to start pre- Idle
charge.
L L L X X ILLEGAL —
Write recovering*9 H X X X X DESL NOP Active
L H H H X NOP NOP Active
L H H L X BST ILLEGAL —
L H L H BA, CA, A10 READ/READA Starting read operation. Read/ReadA
L H L L BA, CA, A0 WRIT/WRITA Starting new write Write/WriteA
operation.
L L H H BA, RA ACT ILLEGAL*" —
L L H L BA, A10 PRE/PALL ILLEGAL*" —
L L L X X ILLEGAL —

17
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Current state /ICS /RAS /CAS /WE Address Command Operation Next state
\é\:gfgh\gfgeﬁ%to- H X X X X DESL NOP Precharging
L H H H X NOP NOP Precharging
L H H L x BST ILLEGAL —
L H L H BA, CA, A10 READ/READA ILLEGAL*" —
L H L L BA, CA,A10  WRIT/WRIT A ILLEGAL*" —
L L H H BA, RA ACT ILLEGAL*'"" ™ —
L L H L BA, A10 PRE, PALL ILLEGAL*'"" ™ —
L L L x x ILLEGAL —

Remark: H: VIH. L: VIL. x: VIH or VIL

Notes: 1. The DDR SDRAM is in "Precharging" state for tRP after precharge command is issued.
2. The DDR SDRAM reaches "IDLE" state tRP after precharge command is issued.

The DDR SDRAM is in "Refresh" state for tRFC after auto-refresh command is issued.

The DDR SDRAM is in "Activating” state for tRCD after ACT command is issued.

The DDR SDRAM is in "Active" state after "Activating" is completed.

The DDR SDRAM is in "READ" state until burst data have been output and DQ output circuits are turned
off.

7. The DDR SDRAM is in "READ with auto-precharge" from READA command until burst data has been
output and DQ output circuits are turned off.

8. The DDR SDRAM is in "WRITE" state from WRIT command to the last burst data are input.

9. The DDR SDRAM is in "Write recovering" for tWR after the last data are input.

10. The DDR SDRAM is in "Write with auto-precharge” until tWR after the last data has been input.
11. This command may be issued for other banks, depending on the state of the banks.

12. All banks must be in "IDLE".

13. Before executing a write command to stop the preceding burst read operation, BST command must be
issued.

oo hw

14. The DDR SDRAM supports the concurrent auto-precharge feature, a read with auto-precharge enabled,or
a write with auto-precharge enabled, may be followed by any column command to other banks, as long as
that command does not interrupt the read or write data transfer, and all other related limitations apply.
(E.g. Conflict between READ data and WRITE data must be avoided.)

The minimum delay from a read or write command with auto precharge enabled, to a command to a
different bank, is summarized below.

To command (different bank, non- Minimum delay
From command interrupting command) (Concurrent AP supported) Units
Read w/AP Read or Read w/AP BL/2 tCK
Write or Write w/AP CL(rounded up)+ (BL/2) tCK
Precharge or Activate 1 tCK
Write w/AP Read or Read w/AP 1+ (BL/2) +tWTR tCK
Write or Write w/AP BL/2 tCK
Precharge or Activate 1 tCK
18 Integrated Silicon Solution, Inc. — www.issi.com
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Command Truth Table for CKE

Current State CKE
n—-1n /CS /RAS /CAS /WE Address Operation Notes
Self-refresh H X X X X X X INVALID, CK (n-1) would exit self-refresh
L H H X X X X Self-refresh recovery
L H L H H X X Self-refresh recovery
L H L H L X X ILLEGAL
L H L L X X X ILLEGAL
L L X X X X X Maintain self-refresh
Self-refresh recovery H H H X X X X Idle after tRC
H H L H H X X Idle after tRC
H H L H L X X ILLEGAL
H H L L X X X ILLEGAL
H L H X X X X ILLEGAL
H L L H H X X ILLEGAL
H L L H L X X ILLEGAL
H L L L X X X ILLEGAL
Power down H X X X X X INVALID, CK (n — 1) would exit power down
L H H X X EXIT power down — Idle
L H L H H H X
L L X X X X X Maintain power down mode
All banks idle H H H X X X Refer to operations in Function Truth Table
H H L H X X Refer to operations in Function Truth Table
H H L L H X Refer to operations in Function Truth Table
H H L L L H X CBR (auto) refresh
H H L L L L OPCODE Refer to operations in Function Truth Table
H L H X X X Refer to operations in Function Truth Table
H L L H X X Refer to operations in Function Truth Table
H L L L H X Refer to operations in Function Truth Table
H L L L L H X Self-refresh 1
H L L L L L OPCODE Refer to operations in Function Truth Table
L X X X X X X Power down 1
Row active H X X X X X X Refer to operations in Function Truth Table
L X X X X X X Power down 1

Remark: H: VIH. L: VIL. x: VIH or VIL
Note: 1. Self-refresh can be entered only from the all banks idle state. Power down can be entered only from all
banks idle or row active state.
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Auto-refresh command [REF]
This command executes auto-refresh. The banks and the ROW addresses to be refreshed are internally determined
by the internal refresh controller. The average refresh cycle is 7.8 us. The output buffer becomes high-Z after auto-

refresh start. Precharge has been completed automatically after the auto-refresh. The ACT or MRS command can
be issued tRFC after the last auto-refresh command.

Self-refresh entry [SELF]

This command starts self-refresh. The self-refresh operation continues as long as CKE is held low. During the self-
refresh operation, all ROW addresses are repeated refreshing by the internal refresh controller. A self-refresh is
terminated by a self-refresh exit command.

Power down mode entry [PDEN]

tPDEN (= 1 cycle) after the cycle when [PDEN] is issued. The DDR SDRAM enters into power-down mode. In
power down mode, power consumption is suppressed by deactivating the input initial circuit. Power down mode
continues while CKE is held low. No internal refresh operation occurs during the power down mode. [PDEN] do not
disable DLL.

Self-refresh exit [SELFX]

This command is executed to exit from self-refresh mode. To issue non-read commands, tSNR has to be
satisfied.To issue read command, tSRD has to be satisfied to adjust DOUT timing by DLL. (200 cycles after
[SELFX]) After the exit, input auto-refresh command within 7.8 ps.

Power down exit [PDEX]
The DDR SDRAM can exit from power down mode tPDEX (1 cycle min.) after the cycle when [PDEX] is issued.

20 Integrated Silicon Solution, Inc. — www.issi.com
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Simplified State Diagram

SRENTR
SR EXIT

*

REFRESH [ auTo !

REFRESH
CKE
CKEN
ACTIVE ACTIVE
POWER
DOWN
ROW
ACTIVE BST
WRITE \ READ
Write WRITE | READ Read
WITH | WITH
AP AP
READ{
READ \
WRITE WITH AR | READ
WITH AP WITH AP

PRECHARGE
READA
RR ECH/i:BE P’R/ECHAR E
POWER POWER PRECHARGH
APPLIED ON
PRECHARGE

—P  Automatic transition after completion of command.
— Transition resulting from command input.

Note: 1. After the auto-refresh operation, precharge operation is performed automatically
and enter the IDLE state.
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Operation of the DDR SDRAM

Power-up Sequence

(1) Apply power and maintain CKE at an LVCMOS low state (all other inputs are undefined).
Apply VDD before or at the same time as VDDQ.
Apply VDDQ before or at the same time as VTT and VREF.

(2) Start clock and maintain stable condition for a minimum of 200 ps.

(3) After the minimum 200 ps of stable power and clock (CK, /CK), apply NOP and take CKE high.

(4) Issue precharge all command for the device.

(5) Issue EMRS to enable DLL.

(

6) Issue a mode register set command (MRS) for "DLL reset" with bit A8 set to high (An additional 200 cycles of
clock input is required to lock the DLL after every DLL reset).

(7) Issue precharge all command for the device.
(8) Issue 2 or more auto-refresh commands.

(9) Issue a mode register set command to initialize device operation with bit A8 set to low in order to avoid resetting
the DLL.

CK

\ o o A \

JCK -~ R - - . - . — ) ) P - PR (SR o .. PR PR .
command Z)(PALLY Y XEmRSX ) )RS X ) §)CPAIX_§§ X rer X §OCREFXIX RS XY HemeoaX_
© 2 cycles (min.): 2 cycles (min.) 12 cycles (min.) : tRP ' tRFC ! tRFC 2 cycles (min.)
DLL enable DLL reset with A8 = High Disable DLL reset with A8 = Low E
200 cycles (min) '
Power-up Sequence after CKE Goes High
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Mode Register and Extended Mode Register Set

There are two mode registers, the mode register and the extended mode register so as to define the operating
mode. Parameters are set to both through the A0 to the A12 and BAO, BA1 pins by the mode register set command
[MRS] or the extended mode register set command [EMRS]. The mode register and the extended mode register are
set by inputting signal via the A0 to the A12 and BAO, BA1 during mode register set cycles. BAO and BA1 determine
which one of the mode register or the extended mode register are set. Prior to a read or a write operation, the mode

register must be set.
Remind that no other parameters shown in the table bellow are allowed to input to the registers.

BAO | BA1 | A12| A11 |A10| A9 | AB |A7 |A6 |A5 | A4 | A3 | A2 | A1 | AO

0 0 0 0 0| 0 |DR| O LMODE BT BL
7
MRS
A8|DLL Reset | |A6|A5|A4|CAS Latency| |A3|Burst Type| | a2|a1 |A0 [Burst Length
0 [No 0]0]|0| Reserved 0 |Sequential| (00 [ 0 | Reserved
1 |Yes 0|0 |1| Reserved 1 [Interleave olol1 2
01110 2 o[1]o 4
0111 3 ol111 8
110(0| Reserved 11010 Reserved
110(1]| Reserved 11011 | Reserved
11110 2.5 111 |0 | Reserved
111(1]| Reserved 111 |1 | Reserved

Mode Register Set [MRS] (BAO =0, BA1 =0)

BAO| BA1 | A12{ A11| A10| A9 | A8 | A7 |A6 [A5 | A4 | A3 | A2 | A1 | AO

1 0 0|0 0|0 0|0 0| 0] O 0 0 | DS| DLL

DN
EMRS
A1| Driver Strength| |AO|DLL Control
0 [Normal 0 |DLL Enable
1 |Weak 1 [DLL Disable
Extended Mode Register Set [EMRS] (BAO =1, BA1=0)
Integrated Silicon Solution, Inc. — www.issi.com 23
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Burst Operation

The burst type (BT) and the first three bits of the column address determine the order of a data out.

Burst length = 2 Burst length = 4
Starting Ad.| Addressing(decimal) Starting Ad.| Addressing(decimal)
A0 Sequence | Interleave A1 | A0 | Sequence Interleave
0 0, 1, 0, 1, 0 010 1 2 3 0, 1, 2, 3,
1 1, 0, 1, 0, 0 1 1, 2, 3, 0, 1, 0, 3, 2,
1 0112 301 2,3 0 1
1 113, 0 1, 2 3, 2, 1, 0,
Burst length = 8
Starting Ad. Addressing(decimal)
A2 | A1 | AO | Sequence Interleave
0] O 0[O0 1,2 3, 45,6, 7 [0 12 3,415,617,
0| O 111, 2, 3, 4,5, 6, 7, 0, 1, 0, 3, 2, 5 4, 7, 6,
0 1 0| 2 3,456,701, 2, 3 016, 7 4, 5,
0 1 11 3,4, 5,86, 7,0 1, 2 3, 2,1, 0, 7, 6, 5 4
1 0 0| 4,5 6, 7, 0, 1, 2, 3, 4,5 6, 7, 0,1 2, 3
1 0 115 6, 7,0, 1, 2, 3, 4, 5 4, 7,6, 1,0, 3, 2
1 1 06 7, 0,1, 2, 3, 4,5, 6, 7, 4, 5 2, 3,0, 1,
1 1 117, 0,1, 2 3, 4, 5, 6, 7, 6,5 4,3, 2, 1, 0,
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Read/Write Operations

Bank active

A read or a write operation begins with the bank active command [ACT]. The bank active command determines a
bank address and a row address. For the bank and the row, a read or a write command can be issued tRCD after
the ACT is issued.

Read operation

The burst length (BL), the /CAS latency (CL) and the burst type (BT) of the mode register are referred when a read
command is issued. The burst length (BL) determines the length of a sequential output data by the read command
that can be set to 2, 4, or 8. The starting address of the burst read is defined by the column address, the bank select
address which are loaded via the A0 to A12 and BAO, BA1 pins in the cycle when the read command is issued. The
data output timing are characterized by CL and tAC. The read burst start CL ¢ tCK + tAC (ns) after the clock rising
edge where the read command are latched. The DDR SDRAM output the data strobe through DQS simultaneously
with data. tRPRE prior to the first rising edge of the data strobe, the DQS are driven low from VTT level. This low
period of DQS is referred as read preamble. The burst data are output coincidentally at both the rising and falling
edge of the data strobe. The DQ pins become High-Z in the next cycle after the burst read operation completed.
tRPST from the last falling edge of the data strobe, the DQS pins become High-Z. This low period of DQS is
referred as read postamble.

,_..
[¢)]
-
(o]
—_
J
—
[e]
-
[<e]
—
o
o
—
a
-

t0 t1

]
'
'

N
I
'
'

‘.

tRCD

] ]
' '
' '
' ’ J
I ]
' '
' '
' '
' '

Command NOP >< ACT XNOP\

Address % Row W

Y
m
>
S]
>
P4
o
Y

.
] S B G

{out0X out1) :
' tRPST,

DQs
DQ

Qut @@@@@@@

CL=3
BL: Burst length

vy]

-
n

(o]

Read Operation (Burst Length)
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t0 t0.5 1 t1.5 t2 2.5 3 3.5 t4 t4.5 t5 t5.5
OK~ e e e
ICK _ (ST VAN NV N AN NV AN NZNE N
Command>< READ >< NOP ;
. . IRPRE4——B/" \ !/ NGPIRPST
DQs : : : : . : ; | ; | : L VIT
CL=3 R S D 5
b AT vTT

Read Operation (/CAS Latency

Write operation

The burst length (BL) and the burst type (BT) of the mode register are referred when a write command is issued.
The burst length (BL) determines the length of a sequential data input by the write command that can be set to 2, 4,
or 8. The latency from write command to data input is fixed to 1. The starting address of the burst read is defined by
the column address, the bank select address which are loaded via the A0 to A12, BAO to BA1 pins in the cycle when
the write command is issued. DQS should be input as the strobe for the input-data and DM as well during burst
operation. tWPRE prior to the first rising edge of the DQS should be set to low and tWPST after the last falling edge
of the data strobe can be set to High-Z. The leading low period of DQS is referred as write preamble. The last low
period of DQS is referred as write postamble.

t0 t1 tn tn+0.5 tn+1 tn+2 tn+3 tn+4 tn+5

]
|
U
\
1
'
'

ICK -~ (AN

tRCD

Command NOIP >< AICT XNOP\§><WRIITE><
Address I% Rlow X /3§><Collljmn>iwl

]
] ]
| |
1, '
' 1
' '
' '
' '
' '
'

0

]

A A . tWPRE: A A A A
! ! (( e : ! ! !
| | ) wwpReS)\ . | | |
: : (0 Xint ) : : :
! 1 BL=2 )) Lo ' tWPST ! !
DQs ! ! (( Lo ! -~ ! !
b — L\
: : (( Lo —~\ : :
s T b e O OOy s s
L (i N
: : IR / ! : /
! ! (( LS ) !
! TBL=8 )) 1 \no @@@@@@ 7/
BL: Burst length
Write Operation
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[]

Burst Stop

Burst stop command during burst read

The burst stop (BST) command is used to stop data output during a burst read. The BST command stops the burst
read and sets the output buffer to High-Z. tBSTZ (= CL) cycles after a BST command issued, the DQ pins become
High-Z. The BST command is not supported for the burst write operation. Note that bank address is not referred
when this command is executed.

to t0.5 t1 t1.5 t2 t25 3 t35 4 t45 t5 t5.5
cK NN N Ny NN I VR NEEN Ve NI
ICK - N/ NN PN NN
Command >< READ >< BST >< NOP E
o e PR L L pisodes | 1
Das A I S N /_\_/ "
cL=3 T e O
pQ —— X outo X outt )——————

CL: /CAS latency
Burst Stop during a Read Operation
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Auto Precharge

Read with auto-precharge

The precharge is automatically performed after completing a read operation. The precharge starts tRPD (BL/2)
cycle after READA command input. tRAP specification for READA allows a read command with auto precharge to be
issued to a bank that has been activated (opened) but has not yet satisfied the tRAS (min) specification. A column
command to the other active bank can be issued the next cycle after the last data output. Read with auto-precharge
command does not limit row commands execution for other bank. Refer to ‘Function truth table and related
note(Notes.*14)".

CK
/CK -~

S ’
~ v !

’
,

’

s ,

tRPD
BL/2 cycles

tRP (min) ——+ o]

>§<ACT ><

( < i ( < iAC,tDIQSCK i
Pa )) IDDEE |

Note: Internal auto-precharge starts at the timing indicated by "

Read with auto-precharge

Write with auto-precharge

The precharge is automatically performed after completing a burst write operation. The precharge operation is
started (1 + BL/ 2 + tWR) cycles after WRITA command issued. A column command to the other banks can be
issued the next cycle after the internal precharge command issued. Write with auto-precharge command does not
limit row commands execution for other bank. Refer to the ‘Read with Auto-Precharge Enabled, Write with Auto-
Precharge Enabled’ section. Refer to ‘Function truth table and related note(Notes.*14)".

CK~ -
ICK -

1+ BL/2 +tWR cycles-

DM %Y% L

(( | N L b |

o ) s [N T T s

(( e N\ Ll (! 5

pa )) ! 1Y 2 Xn3) a/AN I DR ) !

Note: Internal auto-precharge starts at the timing indicated by * BL=4
Burst Write (BL = 4)
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[ ]

Command Intervals

A Read command to the consecutive Read command Interval
Destination row of the
consecutive read command

Bank Row address State Operation
address
1. Same Same ACTIVE The consecutive realld can be performed after an interval of no less than 1 cycle to
interrupt the preceding read operation.
Precharge the bank to interrupt the preceding read operation. tRP after the
. precharge command, issue the ACT command. tRCD after the ACT command, the
2. Same Different — . . .
consecutive read command can be issued. See ‘A read command to the
consecutive precharge interval’ section.
3 Different Any ACTIVE The consecutive regd can be perfo.rmed after an interval of no less than 1 cycle to
interrupt the preceding read operation.
Precharge the bank without interrupting the preceding read operation. tRP after
IDLE the precharge command, issue the ACT command. tRCD after the ACT command,
the consecutive read command can be issued.
t0 t4 t5 t6 t7 t8 t9 t10 t11
CK L= f B E E E ! E E E
ICK -~ Y S : : : : : |

Command Ac;:T XNoP'\ §>< READ X RE;AD X NOP
aeresss X _Row X7, )eoturm AYotumn
S N//75N VA

< < out\ O out E E

b ) , a0 Xgo Xe1 Xez X 53 ;

Column =A Column=B ! ! ! !

Read . Reald Column =A Column =B i i

H H Dout H Dout | H H

oos ) AN —

Banko CL=3
Active BL=4

BankO
READ to READ Command Interval (same ROW address in the same bank)
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A ' '
N) J S
’

1 ] 1

1 1 1

' ' '

to t1 t2 t5 t6 t7 t8 t9 t10 t11

' ' ' ' '
' ' ' ' '
' ' ' ' '
[N A AN 1 ‘ "
1 1 1 1 1
' ' ' ' '
' ' ' ' '

Command >< A{;T X Nc:)p X A(:'_:T XNOP\S>< REIAD>< REIADX NOP
Address % R?WOWI% Row1 WA Column A><Co|umn W /
w\ | /777 X%

XZ

b — | | ((_
: : : ) :
1 1 1 1 Column =A Column =B
o | Read  Read
08—ttt N\ N\
! ! ! )) ! ! ! ! ! ! .
Bank0 Bank3 Bank0  Bank3 ' CL=3
Active Active Read Read BL=4
READ to READ Command Interval (different bank)
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A Write command to the consecutive Write command Interval
Destination row of the consecutive write

command
Bank )
Row address State Operation
address
1. Same Same ACTIVE The consecutive wrl.te caq be performed after an interval of no less than 1 cycle to
interrupt the preceding write operation.
Precharge the bank to interrupt the preceding write operation. tRP after the
. precharge command, issue the ACT command. tRCD after the ACT command, the
2. Same Different — . . . \ .
consecutive write command can be issued. See ‘A write command to the
consecutive precharge interval’ section.
3. Different Any ACTIVE The consecutive write can be performed after an interval of no less than 1 cycle to

interrupt the preceding write operation.

Precharge the bank without interrupting the preceding write operation. tRP after
IDLE the precharge command, issue the ACT command. tRCD after the ACT command,
the consecutive write command can be issued.

t0 tn tn+1 tn+2 tn+3 tn+4 tn+5 tn+6

] ]
NI

N

Command X A;CT XNop\ §>< W;RlT X W};?IT X NOP
Address % R<:)W WA %olulmn %olurlnn W :
NN

i |
&N\
| (@)

5q : ( < : : :
: )) A A A
E Column = A E Column =B E E E
: Write ¢ Write ' ' '
DQs (4 A N\A A
' ) ) ' ' ' ! ! !
BankO BL =4
Active Bank0

WRITE to WRITE Command Interval (same ROW address in the same bank)
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t0 t1 t2 tn tn+1 tn+2 tn+3 tn+4 tn+5

1 1 1 1
N . N 1 1 1
4 (Y 0 (N (3
.
1 1 1 1 1
1 1 1 1 1
1 1

Command “\ AiCT X Nc:)P X A%)T XNOP\V WRiIT X WI:RIT X NOP
Address% ROWOW. >< Row1 W g%olumn %oluﬁn%
YNBW N

ot L R WEEEE———
i i i i Bank0 ' Bank3 ! i i
' ' ' ' EVVrite ' Write ' ' '
: : : )y : : : : :
BankO Bank3 BL=4
Active Active BankO, 3
WRITE to WRITE Command Interval (different bank)
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A Read command to the consecutive Write command interval with the BST command
Destination row of the consecutive write

command
Bank .
Row address State Operation
address
1. Same Same ACTIVE Issue the. BST F:ommand. tBSTW (; tBSTZ) after the BST command, the
consecutive write command can be issued.
Precharge the bank to interrupt the preceding read operation. tRP after the
. precharge command, issue the ACT command. tRCD after the ACT command, the
2. Same Different — . . . .
consecutive write command can be issued. See ‘A read command to the
consecutive precharge interval’ section.
3 Different Any ACTIVE Issue the BST command. tBSTW (= tBSTZ) after the BST command, the

consecutive write command can be issued.

Precharge the bank independently of the preceding read operation. tRP after the
IDLE precharge command, issue the ACT command. tRCD after the ACT command, the
consecutive write command can be issued.

tBSTW (> tBSTZ)

DM

DQ

DQSs

OUTPUT INPUT

READ to WRITE Command Interval
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A Write command to the consecutive Read command interval: To complete the burst operation
Destination row of the consecutive read

command
Bank .
Row address State Operation
address
To complete the burst operation, the consecutive read command should be
1. Same Same ACTIVE performed tWRD (= 1 + BL/2 + tWTR) after the write command.
Precharge the bank tWPD after the preceding write command. tRP after the
. precharge command, issue the ACT command. tRCD after the ACT command, the
2. Same Different — . . .
consecutive read command can be issued. See ‘A read command to the
consecutive precharge interval’ section.
3. Different Any ACTIVE To complete a burst operation, the consecutive read command should be

performed tWRD (= 1 + BL/2 + tWTR) after the write command.

Precharge the bank independently of the preceding write operation. tRP after the
IDLE precharge command, issue the ACT command. tRCD after the ACT command, the
consecutive read command can be issued.

Command X wWRIT X NOP

DM %

o0 )

INPUT OUTPUT
Note: tWTR is referenced from the first positive CK edge after the last desired data in pair tWTR. 2:: i‘;
WRITE to READ Command Interval
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A Write command to the consecutive Read command interval: To interrupt the write operation
Destination row of the consecutive read

command
Bank .
Row address State Operation
address
DM must be input 1 cycle prior to the read command input to prevent from being
1. Same Same ACTIVE written invalid data. In case, the read command is input in the next cycle of the
write command, DM is not necessary.
2. Same Different — —
DM must be input 1 cycle prior to the read command input to prevent from being
3. Different Any ACTIVE written invalid data. In case, the read command is input in the next cycle of the
write command, DM is not necessary.
IDLE —

Note: 1. Precharge must be preceded to read command. Therefore read command can not interrupt the write
operation in this case.

WRITE to READ Command Interval (Same bank, same ROW address)
t0 t1 t2 3 t4 t5 t6 t7 t8

CK ~\, ", 5
ICK - ! g
Command ><WRIT X\ READ X NOP
1 cycle L pocLl=s i A

o 7 G4%

s=Lty s-L-  ,-L-

AU ALE N N T L1 lHghz | |
DQ ———in0 X in1 % jn2 — L L outOX out1Xout2Xout3 L L 9 L L L
' : ' ' ' ' ' i i i i i High-Zz i
Das LN N AN/ N S
.t ¢ BL=4
Data masked CL=3
[WRITE to READ delay =1 clock cycle]
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t0

’

X in

N
LAY

in0

Command >< WRIT

DM

DQ
DQS

BL=4

Data masked

CL=3

2 clock cycle]

[WRITE to READ delay

t7

t6

3

t

2

t

t0

out0 Y out1Yout2 Yout3

/ICK -/

WRIT

Command

DM

DQS

BL=4

Data masked

CL=3

Note: tWTR is referenced from the first positive CK edge after the last desired data in pair tWTR.

3 clock cycle]

[WRITE to READ delay
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A Read command to the consecutive Precharge command interval (same bank): To output all data
To complete a burst read operation and get a burst length of data, the consecutive precharge command must be
issued tRPD (= BL/ 2 cycles) after the read command is issued.

t0 t1 t2 t3 t4 t5 t6 t7 t8

Command

tRPD = BL/2
READ to PRECHARGE Command Interval (same bank): To output all data (CL =3, BL = 4)

READ to PRECHARGE Command Interval (same bank): To stop output data
A burst data output can be interrupted with a precharge command. All DQ pins and DQS pins become High-Z tHZP
(= CL) after the precharge command.

0 t1 2 t3 t4 5 6 t7 8
CcK
ICK -~ -- - .
Command NOP >< READ ><3RE/PAL9<
: : CL=3. . : ! High-Z !
DQ . . — out0Xout1 . .
Das : : ! /_\\4 ; High-2 |

tHZP
READ to PRECHARGE Command Interval (same bank): To stop output data (CL =3, BL =2, 4, 8)
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t3 t6

The minimum interval tWPD is necessary between the write command and the precharge command.
t0

A Write command to the consecutive Precharge command interval (same bank)

IS43R16320B
IC43R16320B
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[ ]

Bank active command interval
Destination row of the consecutive ACT
command

Bank Row address
address State Operation

Two successive ACT commands can be issued at tRC interval. In between two

1. Same Any ACTIVE successive ACT operations, precharge command should be executed.
> Different Any ACTIVE Precharge the ban.k. tRP after the precharge command, the consecutive ACT
command can be issued.
IDLE tRRD after an ACT command, the next ACT command can be issued.

CK
ICK_~"

Command><

Address ><
o A\

Precharge

Bank Active to Bank Active

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

Address X CODE W BS and ROW W
‘ 4

Mode Register Set E Bank3

Active
tMRD ‘
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DM Control

DM can mask input data. In x16 products, UDM and LDM can mask the upper and lower byte of input data
respectively. By setting DM to low, data can be written. When DM is set to high, the corresponding data is not
written, and the previous data is held. The latency between DM input and enabling/disabling mask function is 0.

t1 t2 t3 t4 t5 t6

Write mask latency = 0
DM Control

Self-Refresh

The self-refresh command can be used to retain data in the DDR SDRAM, even if the rest of the system is powered
down. When in the self-refresh mode, the DDR SDRAM retains data without external clocking. The self-refresh
command is initiated like an auto-refresh command except CKE is disabled (low). The DLL is automatically disabled
upon entering self-refresh, and is automatically enabled upon exiting self-refresh. Any time the DLL is enabled a
DLL reset must follow and 200 clock cycles should occur before a read command can be issued. Input signals
except CKE are “Don’t care” during self-refresh. Since CKE is an SSTL2 input, VREF must be maintained during
self-refresh.

The procedure for exiting self-refresh requires a sequence of commands. First, CK must be stable prior to CKE
going back high. Once CKE is high, the DDR SDRAM must have NOP commands issued for tSNR because time is
required for the completion of any internal refresh in progress. A simple algorithm for meeting both refresh and DLL
requirements is to apply NOPs for 200 clock cycles before applying any other command.

The use of self-refresh mode introduces the possibility that an internally timed event can be missed when CKE is
raised for exit from self-refresh mode. Upon exit from self-refresh an extra auto-refresh command is recommended.

t0 t1 t2 t3 t4 t5 t6 tm tn
< tQK »! |
tCHICLI |
[t g I
ICK ‘
CK
CKE
Command
Notes: 1. Device must be in the “All banks idle” state prior to entering self-refresh mode.
2. tSRD is applied for a read or a read with autoprecharge command.
3. tSNR is applied for any command except a read or a read with autoprecharge command.
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Timing Waveforms

Command and Addresses Input Timing Definition

CK
/CK

Command
(/RAS, ICAS,
/WE, /CS)

Address 7> o4

Read Timing Definition

tCK

tDQSCK tDQSCK tDQSCK tDQSCK tRPST

]

DQS — KTttt -
tLZ
DQ
(Dout)

Write Timing Definition

DM A4 0 0000004 VREF
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Read Cycle
CK — ==
/CKi’\\—/~
VIH !
CKE .
ItRAS! : | tRP |
| | | | | I
tIs i §<)_\ Lo LIS tH ! ! tIS| tiH
T\ | - 7 T\ [ | 0 ==i==
ICS uy : e | I\ | | uy
tIS|tiH ! tIS[tiH | g tiH | ! ISt tiH
LS AW N N 7N,
T
tIS|tiH E tS[tH | | |t tiH ! : IS tiH
<1 | it | | | [ | | ==I==
/CAS @ |
I%) T T T T T : D
tIS|tiH | tIS|tiH ! ! IS tH ! ! tIS) tiH
<> g 1 T <>l <<
= 1 Il Bt 1 L[ ) e
/ -
IWE _/// KS_/ ( | 2& . i
tIS|tiH ! HS[tH 1 I tiIg tiH | l S} tiH
1 1 1 . <> 1 <>
BA% - (O . |
T T t
tstiH ! usltH | | | tgtH ! ! tS! tiH
Preir | - | | | [l | 1 -
| T
w28 TN |
X7 LN S—
tIs tiH : ts|tiH | ! ! ! ! tIS] tiH
i 1 kg 2o I N 1 N Bl s
waaross 772X X722 XK XK
T ! I I I ] |
! I L] ! ! I
DM \
. | | |. tRPRE i tRPST ! |
bas High-Z << ! I I |
v)) i | i |
I ! ! I |
) 1 | | : | | |
DQ (output) High-z ! (( ' ' ! ! A
v)) Lo ! i | !
! ! ! !
Bank 0 Bank 0 Bank 0 oL=2 :
Active Read Precharge BLo4
BankO Access
[ ]=VIHorViL
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Write Cycle
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DQ (input)
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VIH or VIL

Bank0 Access

.

Bank 0
Precharge

Bank 0

Write

Bank 0
Active
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Mode Register Set Cycle

/
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N
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A
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JXC:b X
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ﬁ(valid )VI )(code)(y

Address

DM

o
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=
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x
NN _
< <
T2
T T
) =
g 3
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o
g
o

Bank 3
Active

Mode

Precharge
If needed

BL=4

.

Precharge

register
set

VIH or VIL

Read/Write Cycle
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Read cycle

CL=2

Read Active
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Auto-Refresh Cycle

/ICK .-,
CK

CKE

/CAS

R et et ST
Address M{o:W /S(V &(R b>@;@<0:: b%

oM 22702777 70000 5T LAY

T i ; ' '
1 1 1 1 1 1 1 1 I I 1 1 1 1 [}
((_1 1 (( h
PAS —t—— A\ [\
N | | . Y
DQ (output) —————t——— ) XX
' : | : : » High-Z : b i | ( | : : |
PQ (input) — 4 tRP———r—i  RFC——— —s : : :
1 1 1 1 1 1 1 1 1 1
PrechargeI ' Auto ' ' ' I I Bank 0 ' Bank 0 '
If needed Refresh Active Read
CL=2
BL=4
[//]= VIH or VIL
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Self-Refresh Cycle

ICK -y y
CK :
CKE —
s ?\EMV f/? RIEERt ey s SV,
’RAS% I | VAV 2227223727270 L3V

’CASMEVZ N DA A7 ’/?W’AV:AE/#
A7 N 77 s A A

BA 777777777 NP III /W A//)Y/AF:

Address Z@K):W . . /SS// I/SS/ V
DM T T [ 1 T /SY| T T /SY| 1 [ Avl [
DQS E E E L E T ()() E E T : ()() T i i i ()() E E T
DQ (output) — R — ()() 5 .
: 1 1 ngh Z (( E : ! (( ! : : : (( . I
DQ (input) — <_'_ tRP—> : 7)) ! ' H_:L:. tSNR-—H RS
A A tSRD S

Precharge Self T Self refresh T Bank 0 T Bank 0 T
If needed refresh exit Active Read
entry CL=25
BL=4
[ ]= VIH or VIL
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ORDERING INFORMATION
Commercial Range: 0°C to +70°C

Frequency Speed | Order Part No. Package

(ns)
200 MHz 5 IS43R16320B-5TL 66-pin TSOP-II, Lead-free
200 MHz 5 IC43R16320B-5TL 66-pin TSOP-II, Lead-free
166 MHz 6 IS43R16320B-6TL 66-pin TSOP-II, Lead-free
166 MHz 6 IC43R16320B-6TL 66-pin TSOP-II, Lead-free
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PACKAGING INFORMATION

Plastic TSOP 66-pin
Package Code: T (Type Il)

N/2+1

|_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_||_| |_| |_| |_||_| |_| |_| |_| T ?.Otgiiltrolling dimension: millimieters,

unless otherwise specified.

2. BSC = Basic lead spacing between
centers.

3. Dimensions D and E1 do not include

E1 E mold flash protrusions and should be
measured from the bottom of the
l package.
4. Formed leads shall be planar with
h ithin 0.004
LI AR A o 2 inohes at the aeating pane.
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Plastic TSOP (T - Type ll)

Millimeters Inches
Symbol Min  Max Min  Max
Ref. Std.
No. Leads (N) 66
A — 1.20 — 0.047
At 0.05 0.15 0.002 0.006
A2 — — — —

b 024 0.40 0.009 0.016
C 012 0.21 0.005 0.0083
D
E

22.02 22.42 0.867 0.8827
10.03 10.29 0.395 0.405

—_

E 11.56 11.96 0.455 0.471
e 0.65BSC 0.026 BSC
L 0.40 0.60 0.016 0.024
L1 — — — —
ZD 0.71 REF 0.028 REF
0 0° g8° 0° 8°
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