V54C3128324VG
E 128Mbit SDRAM, 3.3 VOLT

ProMOS  4MX32

TECHNOLOGIES

6 7 75
System Frequency (fck) 166 MHz 143 MHz 133 MHz
Clock Cycle Time (tcks) 6 ns 7ns 7.5ns
Clock Access Time (tacs) CAS Latency = 3 5.4 ns 5.4 ns -
Clock Access Time (taco) CAS Latency = 2 6.5 ns 6.5ns 5.5ns

Features

- 4 banks x 1Mbit x 32 organization

- High speed data transfer rates up to 166 MHz

- Full Synchronous Dynamic RAM, with all signals
referenced to clock rising edge

- Single Pulsed RAS Interface

- Data Mask for Read/Write Control

- Four Banks controlled by BAO & BA1

- Programmable CAS Latency: 2, 3

- Programmable Wrap Sequence: Sequential or
Interleave

- Programmable Burst Length:
1, 2, 4, 8, and full page for Sequential Type
1, 2, 4, 8 for Interleave Type

- Multiple Burst Read with Single Write Operation

- Automatic and Controlled Precharge Command

- Random Column Address every CLK (1-N Rule)

- Power Down Mode

- Auto Refresh and Self Refresh

- Refresh Interval: 4096 cycles/64 ms

- Available in 86-Pin TSOPII and 90-Ball FBGA

- LVTTL Interface

- Single +3.3 V £0.3 V Power Supply

Device Usage Chart

Description

The V54C3128324VG is a four bank Synchro-
nous DRAM organized as 4 banks x 1Mbit x 32. The
V54C3128324VG achieves high speed data trans-
fer rates up to 166 MHz by employing a chip archi-
tecture that prefetches multiple bits and then
synchronizes the output data to a system clock.

All of the control, address, data input and output
circuits are synchronized with the positive edge of
an externally supplied clock.

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

. Package Outline Access Time (ns) Power
Operating
Temperature 86L TSOP Temperature
Range 90B FBGA 6 7 75 Std. Mark
0°Cto 70°C . . . . . Blank
-40°C to 85°C |
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Part Number Information

ProMOS

TYPE
54  SDRAM
55  MOBILE SDRAM

CMOs

VOLTAGE
3. 33V
2: 25V
1: 18V

v §4 C 3

12832

ORGANIZATION
& REFRESH

4Mx32, 4K : 12832

BANKS

2: 2BANKS
4: 4 BANKS
8: 8 BANKS

V54C3128324VG Rev. 1.1 September 2022

o
V:LVTTL

REV LEVEL

| 7
TEMPERATURE
BLNK: 0-70C
I -40 - 85C
H: -40:-105C
SPEED
6: 166MHz
7: 143MHz
75: 133MHz
PACKAGE
LEAD RoHS |[GREEN |PACKAGE
PLATING DESCRIPTION
T E | TSOP
S F J 60-90 Ball FBGA
C G K 54-BalFBGA
D N Die-stacked TSOP
z R P Die-stacked FBGA

* RoHS: Restriction of Hazardous Substances
* Green: RoHS-compliant and Halogen-free




ProMOS TECHNOLOGIES V54C3128324VG

128Mb SDRAM Pin Assignment Description | Pkg. | Pin Count
(86-Pin TSOP-I) TSOP-II ! 86
x32 Configuration Pin Names
Top View CLK Clock Input
voo [ 1 ® o6 [T ves CKE Clock Enable
paQo [T] 2 85 [[1] bQis —
vooQ [ i Q H
oo e - = e CSs Chip Select
paz [T] s 82 [[1] pQi3 J—
vssa [} 6 81 [T vooa RAS Row Address Strobe
pa3 [T 7 80 [ 1] pQi2
pa4 [T] 8 79 1] pa11 —_—
vooa [ o 78 [ vssa CAS Column Address Strobe
pas [T] 10 77 [[1] bQ1o
[Im yyr= .
veeo s % o WE Write Enable
pQ7 [T] 13 74 1] pas
NC [T] 14 73 |10 NC _
Voo T 14 H Ve Apg—Aq4 Address Inputs
pamo [T] 16 71 [1 pam1
WE [ 70 [T no BAO, BA1 Bank Select
CAS [T] 18 69 [[T] NC
RAS [T] 19 68 [ 1] CLK
Cs [T] 20 67 [ 1] CKE DQo—DQ31 Data Input/Output
A11 [T] 21 66 [1] A9
v B B DQMO0~DQM3 Data Mask
A10 [T] 24 63 [ 1] Ae
Ao [T] 25 62 [ 1] A5
o bl Vbp Power (+3.3V)
A2 [T] 27 60 [1] A3
pam2 [T] 28 59 [ 1] bams VSS Ground
voo [T] 29 58 [ 1] Vss
NC [T] 30 57 [ 1] NC s
paie [T] a1 56 [[T] DQ31 VDDQ Power for 1/O’s (+3.3V)
vssQ [T] 32 55 [1] vooQ
DQ17 33 54 [T] DQ30 ,
bais % 34 53 [ 1] DQ29 VSSQ Ground for I/O’s
vooQ [T] 35 52 [T] VssQ
pa1o [T s s1 £T1 pazs NC Not connected
DQ20 [T 37 50 [ 1] DQ27
vssQ [T] 38 49 [T] vooQ
DQ21 [T] 39 48 [T] bQ26
DQ22 [T] 40 47 [T] pba2s
vooQ [T] 41 46 [T] vssQ
DQ23 [[] 42 45 [T] DQ24
voo [T] 43 44 [T] vss

V54C3128324VG Rev. 1.1 September 2022 3



V54C3128324VG

ProMOS TECHNOLOGIES
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ProMOS TECHNOLOGIES

Capacitance*

VDD=VDDQ=3.3V, TA=25°C, f=1MHz, pin under test biased at 1.4V.
Symbol | Parameter Max. |Unit
CiNT Input Capacitance (CLK) 4 pF
Cinz Input Capacitance (All other input pins )} 3 pF
Cio Data Input/Output Capacitance (I/0) 5 pF

*Note:Capacitance is sampled and not 100% tested.

Block Diagram

V54C3128324VG

Absolute Maximum Ratings*

...................... 0 to 70°C for normal
-40 to 85 °C for industrial
Storage temperature range ...........ccccevveeniiiieeenn. -55t0 125 °C
Input/output voltage ..........cccceeviieiiiieniiieenn. -0.3to (Vgc+0.3) V
Power supply voltage .. -1.0to46V
Power dissipation
Data out current (short Circuit) ..........ccooceeeniiiiiiiiee 50 mA

Operating temperature range

*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.

x32 Configuration

Column Addresses

Row Addresses

AO - A7, AP, BAO, BA1 |

| AO - A11, BAO, BA1

Column address
buffer

Column address
counter

Row address
buffer

Refresh Counter

| Row decoder |

| Row decoder |

| Row decoder |

| Row decoder I

_ T oy oy .
Memory array - m Memory array o ” Memory array Co ” Memory array !
Elmm N o B S I |
5 (5] Bank 0 S Bank 1 L g@ Bank 2 e Bank 3 :
=1 =1 = o=
8fs o gf g e |
°l& o Ble N 18l .
g% 4096 x 256 L EE 4096 x 256 L EfE 4096 x 256 L gg 4096 x 256 :
5|5 x 32 bit N E | x 32 bit 1218 X 32 bit = x 32 bit .
3 o Plg el B :
S - s - 5— - gl .
5 B N ] e .
| Input buffer ‘Output buffer | Control logic & timing generator

1/04-1/03,
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ProMOS TECHNOLOGIES

Signal Pin Description

V54C3128324VG

Pin Type | Signal | Polarity Function
CLK Input Pulse Positive | The system clock input. All of the SDRAM inputs are sampled on the rising edge of the
Edge clock.
CKE Input Level |Active High| Activates the CLK signal when high and deactivates the CLK signal when low, thereby
initiates either the Power Down mode or the Self Refresh mode.
cs Input Pulse |Active Low| CS enables the command decoder when low and disables the command decoder when
high. When the command decoder is disabled, new commands are ignored but previous
operations continue.
RAS,_CAS Input Pulse |Active Low| When sampled at the positive rising edge of the clock, CAS, RAS, and WE define the
WE command to be executed by the SDRAM.
A0 - A11 Input Level — During a Bank Activate command cycle, A0-A11 defines the row address (RA0-RA11)
when sampled at the rising clock edge.
During a Read or Write command cycle, AO-An defines the column address (CAO0-CAn)
when sampled at the rising clock edge.CAn depends from the SDRAM organization:
*4M x 32 SDRAM CAQ0-CA7.
In addition to the column address, A10(=AP) is used to invoke autoprecharge operation
at the end of the burst read or write cycle. If A10 is high, autoprecharge is selected and
BAO, BA1 defines the bank to be precharged. If A10 is low, autoprecharge is disabled.
During a Precharge command cycle, A10(=AP) is used in conjunction with BAO and BA1
to control which bank(s) to precharge. If A10 is high, all four banks will BAO and BA1 are
used to define which bank to precharge.
BAO, Input Level — Selects which bank is to be active.
BA1
DQx Input Level — Data Input/Output pins operate in the same manner as on conventional DRAMs.
Output
DQMO~ Input Pulse |Active High| The Data Input/Output mask places the DQ buffers in a high impedance state when sam-
DQM3 pled high. In Read mode, DQM has a latency of two clock cycles and controls the output
buffers like an output enable. In Write 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. DQOthroughDQ?7are controlledby DQMO0. DQ8through DQ15are con-
trolled byDQM1. DQ16through DQ23 arecontrolledby DQM2. DQ24 through DQ31 are
controlled byDQM3.
VDD, VSS| Supply Power and ground for the input buffers and the core logic.
vDDQ Supply — — Isolated power supply and ground for the output buffers to provide improved noise
VSSQ immunity.

V54C3128324VG Rev. 1.1 September 2022



ProMOS TECHNOLOGIES V54C3128324VG

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 thruth table for the operation commands.

Device | CKE | CKE | __ - A0-9, BAO
Operation State n-1 n CS | RAS |CAS | WE |DQM | A11 | A10 | BA1
Row Activate Idle® H X L L H H X \Y \Y \
Read Active® H X L H L H X \Y L \
Read w/Autoprecharge Active® H X L H L H X \% H \%
Write Active® H X L H L L X \ L \
Write with Autoprecharge Active® H X L H L L X \% H Vv
Row Precharge Any H X L L H L X X L V
Precharge All Any H X L L H L X X H X
Mode Register Set Idle H X L L L L X \% \% \%
No Operation Any H X L H H H X X X X
Device Deselect Any H X H X X X X X X X
Auto Refresh Idle H H L L L H X X X X
Self Refresh Entry Idle H L L L L H X X X X
Self Refresh Exit Idle H X X X
(Self Refr.) L H X X X X
L H H X
Power Down Entry Idle H X X X
Active® H L X X X X
L H H X
Power Down Exit Any H X X X
(Power L H X X X X
L H H L
Down)
Data Write/Output Enable Active H X X X L
Data Write/Output Disable Active H X X X X X H

Notes:

1. V=Valid, x = Don’t Care, L = Low Level, H = High Level

2. CKEn signal is input level when commands are provided, CKEn-1 signal is input level one clock before the commands
are provided.

3. These are state of bank designated by BS0, BS1 signals.
4. Power Down Mode can not entry in the burst cycle.

V54C3128324VG Rev. 1.1 September 2022 7



ProMOS TECHNOLOGIES

Power On and Initialization

The default power on state of the mode register is
supplier specific and may be undefined. The
following power on and initialization sequence
guarantees the device is preconditioned to each
users specific needs. Like a conventional DRAM,
the Synchronous DRAM must be powered up and
initialized in a predefined manner. During power on,
all VCC and VCCQ pins must be built up
simultaneously to the specified voltage when the
input signals are held in the “NOP” state. The power
on voltage must not exceed VCC+0.3V on any of
the input pins or VCC supplies. The CLK signal
must be started at the same time. After power on,
an initial pause of 200 ps is required followed by a
precharge of both banks using the precharge
command. To prevent data contention on the DQ
bus during power on, it is required that the DQM and
CKE pins be held high during the initial pause
period. Once all banks have been precharged, the
Mode Register Set Command must be issued to
initialize the Mode Register. A minimum of two Auto
Refresh cycles (CBR) are also required.These may
be done before or after programming the Mode
Register. Failure to follow these steps may lead to
unpredictable start-up modes.

Programming the Mode Register

The Mode register designates the operation
mode at the read or write cycle. This register is di-
vided into 4 fields. A Burst Length Field to set the
length of the burst, an Addressing Selection bit to
program the column access sequence in a burst cy-
cle (interleaved or sequential), a CAS Latency Field
to set the access time at clock cycle and a Opera-
tion mode field to differentiate between normal op-
eration (Burst read and burst Write) and a special
Burst Read and Single Write mode. The mode set
operation must be done before any activate com-
mand after the initial power up. Any content of the
mode register can be altered by re-executing the

V54C3128324VG Rev. 1.1 September 2022
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mode set command. All banks must be in pre-
charged 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 re-
quired. Low signals of RAS, CAS, and WE at the
positive edge of the clock activate the mode set op-
eration. Address input data at this timing defines pa-
rameters to be set as shown in the previous table.

Read and Write Operation

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 select-
ed bank is activated and all of sense amplifiers as-
sociated to the wordline are set. A CAS cycle is
triggered by setting RAS high and CAS low at a
clock timing after a necessary delay, tggp, 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 166 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 address-
es 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 ad-
dress is ‘2, then the rest of the burst sequence is 3,
0,1,6,7,4,and 5.

Full page burst operation is only possible using
sequential burst type. Full Page burst operation
does not terminate once the burst length has been
reached. (At the end of the page, it will wrap to the
start address and continue.) In other words, unlike
burst length of 2, 4, and 8, full page burst continues
until it is terminated using another command.
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Address Input for Mode Set (Mode Register Operation)

V54C3128324VG

‘BA1‘BAO‘A11 ’A10‘ A9 ’ A8 ‘ A7 ’ A6 ‘ A5 ’ Ad ‘ A3 | A2 ‘ A1 | A0 ‘ Address Bus (Ax)

vy

Y Y V¥V VY VY VY Y

Operation Mode

‘ CAS Latency ‘ BT | Burst Length ‘ Mode Register

Operation Mode Burst Type
BA1|BAO|A11|A10| A9 | A8 | A7 Mode A3 Type
0 0 0 olololo Burst Refad/Burst 0 Sequential
Write
1 Interleave
0 0 0 ol1lolo Burst R\’/::::Ie/Smgle v
Burst Length
CAS Latency Length
A2 | A1 | A0 :
26 A5 A4 Latency Sequential | Interleave
0] o0 o Reserve 0 0 1 1
o | o[ 1 Reserve L R 2 2
0 1 0 2 0 1 0 4 4
0 1 1 3 0 1 1 8 8
1 0 0 Reserve 1 0 0 Reserve Reserve
1 0 1 Reserve 1 0 1 Reserve Reserve
1 1 0 Reserve 1 1 0 Reserve Reserve
! ! ! Reserve 1 | 1 | 1 | FulPage | Reserve

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 the sense amplifiers. The maximum tgag 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 ac-
companies with an operation change from a read to a write is possible by exploiting DQM to avoid bus con-

tention.

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

V54C3128324VG Rev. 1.1 September 2022



ProMOS TECHNOLOGIES V54C3128324VG

Burst Length and Sequence:

Burst Starting Sequential Burst Interleave Burst
Length Address Addressing Addressing
(A2 A1 A0) (decimal) (decimal)

2 xx0
xx1

4 x00
x01
x10
x11

8 000
001
010
011
100
101
110
111 5

Full Page nnn Cn, Cn+1, Cn+2.... not supported
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Refresh Mode

__SDRAM has two refresh modes, Auto Refresh and Self Refresh. Auto Refresh is similar to the CAS -before-
RAS refresh of conventional DRAMs. 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 Auto 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 nec-
essary. A minimum tRC time is required between two automatic refreshes in a burst refresh mode. The same
rule applies to any access command after the automatic refresh operation. o

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 dis-
abled. Returning CKE to high enables the clock and initiates the refresh exit operation. After the exit com-
mand, at least one tgc delay is required prior to any access command.

DQM Function

DQM has two functions for data I/O read and write operations. During reads, when it turns to “high” at a
clock timing, data outputs are disabled and become high impedance after two clock delay (DQM Data Disable
Latency tpqz ). It also provides a data mask function for writes. When DQM is activated, the write operation
at the next clock is prohibited (DQM Write Mask Latency tpqw = zero clocks).

Power Down

In order to reduce standby power consumption, a power down mode is available. All banks must be pre-
charged and the necessary Precharge delay (trp) must occur before the SDRAM can enter the Power Down
mode. Once the Power Down mode is initiated by holding CKE low, all of the receiver circuits except CLK
and CKE are gated off. The Power Down mode does not perform any refresh operations, therefore the device
can’t remain in Power Down mode longer than the Refresh period (tref) of the device. Exit from this mode is
performed by taking CKE “high”. One clock delay is required for mode entry and exit.

V54C3128324VG Rev. 1.1 September 2022 10
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Auto Precharge

Two methods are available to precharge SDRAMSs. In an automatic precharge mode, the CAS timing ac-
cepts one extra address, CA10, to determine whether the chip restores or not after the operation. If CA10 is
high when a Read Command is issued, the Read with Auto-Precharge function is initiated. The SDRAM au-
tomatically enters the precharge operation one clock before the last data out for CAS latencies 2, two clocks
for CAS latencies 3 and three clocks for CAS latencies 4. If CA10 is high when a Write Command is issued,
the Write with Auto-Precharge function is initiated. The SDRAM automatically enters the precharge operation
a time delay equal to tyr (Write recovery time) after the last data in. Auto-Precharge does not apply to full-
page burst mode.

Precharge Command

There is also a separate precharge command available. When RAS and WE are low and CAS is high at a
clock timing, it triggers the precharge operation. Three address bits, BAO, BA1 and A10 are used to define
banks as shown in the following list. The precharge command can be imposed one clock before the last data
out for CAS latency = 2, two clocks before the last data out for CAS latency = 3. Writes require a time delay
twr from the last data out to apply the precharge command. A full-page burst may be truncated with a Pre-
charge command to the same bank.

Bank Selection by Address Bits:

A10 | BAO | BA1
0 0 0 Bank 0
0 0 1 Bank 1
0 1 0 Bank 2
0 1 1 Bank 3
1 X X all Banks

Burst Termination

Once a burst read or write operation has been initiated, there are several methods in which to terminate
the burst operation prematurely. These methods include using another Read or Write Command to interrupt
an existing burst operation, use a Precharge Command to interrupt a burst cycle and close the active bank,
or using the Burst Stop Command to terminate the existing burst operation but leave the bank open for future
Read or Write Commands to the same page of the active bank. When interrupting a burst with another Read
or Write Command care must be taken to avoid I/O contention. The Burst Stop Command, however, has the
fewest restrictions making it the easiest method to use when terminating a burst operation before it has been
completed. If a Burst Stop command is issued during a burst write operation, then any residual data from the
burst write cycle will be ignored. Data that is presented on the 1/0O pins before the Burst Stop Command is
registered will be written to the memory. The full-page burst is used in conjunction with Burst Terminate Com-
mand to generate arbitrary burst lengths.

V54C3128324VG Rev. 1.1 September 2022 11



ProMOS TECHNOLOGIES V54C3128324VG
Recommended Operation and Characteristics for LV-TTL
(Vpp,Vppa = 3.3V £0.3V; Vgg = 0V )
Limit Values
Parameter Symbol min. max. Unit | Notes
Input high voltage ViH 2.0 Vce+0.3 \% 1,2
Input low voltage Vi -03 0.8 \ 1,2
Output high voltage (Igyt = — 4.0 mA) VoH 24 - \%
Output low voltage (Ioyt = 4.0 mA) VoL - 0.4 \%
Input leakage current, any input h -10 10 uA
(0V<V|<3.6V,all otherinputs =0 V)
Output leakage current low) -10 10 uA
(DQ is disabled, 0 V < VOUT < Vcc)
Note:
1. VIH(max) = 4.6V AC for pulse width < 10ns acceptable.
2. VIL(min) = -1.5V AC for pulse width < 10ns acceptable.
IDD Specifications and Conditions
( VDD’VDDQ =3.3V +0.3V; Vgg=0V)
Max.
Symbol | Parameter & Test Condition -6 -7 -75 | Unit | Note
IDD1 Operating Current 1 bank operation 120 100 120 mA 3
Active-precharge command cycling, | trc = tremin.: tok = tokmin
without Burst Operation CL=3
IDD2P | Precharge Standby Current tok = min. 2 2 2 mA 3
in Power Down Mode
IDD2PS | =5 tek = Infinit 2 2 2 mA 3
CS =V, CKES Vi ma) CK y
IDD2N Precharge Standby Current tck = min. 25 25 25 mA
in Non-Power Down Mode
IDD2NS | = tck = Infinit 15 15 15 mA
CS =V}, CKE2 Vi (ma) CK y
IDD3P | Active Standby Current in CKE=<V|_(max), tgx = min 6 6 6 mA
Power-down mode .
IDD3PS CKE =<V (max), ty = infinityy 6 6 6 mA
IDD3N | Active Standby Current in CKE=>V| (max), tg = min 40 40 40 mA
non Power-down mode o
IDD3NS CKE => V| (max), to, = infinity] 25 25 25 mA
IDD4 Burst Operating Current CL =3 tck = min. 150 | 100 | 150 | mA | 3,4
Read/Write command cycling
IDD5 Auto Refresh Current CL=3 150 | 130 | 150 mA 3
Auto Refresh command cycling tck = min.
IDD6 Self Refresh Current 2 2 2 mA
Self Refresh Mode, CKE=<0.2V

V54C3128324VG Rev. 1.1 September 2022
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ProMOS TECHNOLOGIES V54C3128324VG

Notes:
3. These parameters depend on the cycle rate and these values are measured by the cycle rate under the minimum value of tck and
trc- Input signals are changed one time during tck except for ICC6 and for standby current when tei = infinity.

4. These parameter are measured with continuous data stream during read access and all DQ toggling.

AC Characteristics (129
TA=OtO70°C,VSS=OV, VCC=33Vi03V1 tT= 1 ns

Limit Values
-6 -7 -75
# [Symbol| Parameter Min. | Max. | Min. | Max. | Min. | Max. | Unit
Clock and Clock Enable
tek Clock Cycle Time
CAS Latency = 3 6 - 7 - - - ns
CAS Latency = 2 10 - 10 - 7.5 - ns
tok Clock Frequency
CAS Latency =3 - 166 - 143 - - MHz
CAS Latency =2 - 100 - 100 - 133 MHz
tac Access Time from Clock
CAS Latency = 3 - 5.4 - 5.4 - - ns 2
CAS Latency = 2 - 6.5 - 6.5 - 5.5 ns 3
tcH Clock High Pulse Width 25 - 25 - 25 - ns
toL Clock Low Pulse Width 25 - 25 - 25 - ns
tr Transition time 0.3 1.2 0.3 1.2 0.3 1.2 ns
Setup and Hold Times
tis Input Setup Time 1.5 - 1.5 - 1.5 - ns 4
tiH Input Hold Time 0.8 - 0.8 - 0.8 - ns 4
Common Parameters
trRed Row to Column Delay Time 18 - 20 - 15 - ns 5
tras Row Active Time 42 100K 42 100K 45 100K ns 5
tre Row Cycle Time 60 - 65 - 67.5 - ns 5
trRrc Auto-refresh to Active/Auto-re- 60 - 70 - 70 - ns 5
fresh Command Period
trRp Row Precharge Time 18 - 20 - 15 - ns 5
tRRD Activate(a) to Activate(b) Com- 12 - 14 - 15 - ns 5
mand
period
tcep CAS(a) to CAS(b) Command pe- 1 - 1 - 1 - CLK
riod
tepL Last data in to new column ad- 6 - 7 - 7.5 - ns
dress delay
tapL Last data in to burst stop 6 - 7 - 7.5 - ns

V54C3128324VG Rev. 1.1 September 2022 13



ProMOS TECHNOLOGIES V54C3128324VG
Limit Values
-6 -7 -75
# |Symbol| Parameter Min. | Max. | Min. | Max. | Min Max. | Unit
tsp Power Down Mode Entry Time 0 6 0 7 0 7.5 ns
Refresh Cycle
tREF Refresh Period (4096 cycles) - 64 - 64 - 64 ms
tsrex | Self Refresh Exit Time 1 - 1 - 1 - CLK 6
Read Cycle
ton Data Out Hold Time 2.5 - 2.5 - 25 - ns
thz Data Out High-Z time 25 54 25 54 25 5.5 ns 7
tbaz DQM Data Out Disable Latency 2 - 2 - 2 - CLK
tz Data Out Low-Z time 0 - 0 - 0 - ns
Write Cycle
topL Input Data to Precharge com- 2 - 2 - 2 - CLK
mand Delay
twr Write Recovery Time 2 - 2 - 2 - CLK
tbqw DQM Write Mask Latency 0 - 0 - 0 - CLK

V54C3128324VG Rev. 1.1 September 2022
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ProMOS TECHNOLOGIES V54C3128324VG

Notes for AC Parameters:

1.
2.

For proper power-up see the operation section of this data sheet.

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

_/—\7_ VIH
CLK VIL v14v

. \
tIs tiH

<> 50 Ohm
COMMAND 1.4v
Z=50 Ohm

le— tAC—»| le—— tAC —» 1o 7‘/\‘ ]
1Lz {OH f l T 30 pF

OUTPUT 1.4V

Figure 1.

If clock rising time is longer than 1 ns, a time (t1/2 — 0.5) ns has to be added to this parameter.
If tt is longer than 1 ns, a time (tt — 1) ns has to be added to this parameter.

These parameter account for the number of clock cycle and depend on the operating frequency of the clock, as
follows:

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

Self Refresh Exit is a synchronous operation and begins on the 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

V54C3128324VG Rev. 1.1 September 2022 15
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Timing Diagrams

1

2
3.
4

. Bank Activate Command Cycle

. Burst Read Operation

Read Interrupted by a Read

. Read to Write Interval

4.1 Read to Write Interval
4.2 Minimum Read to Write Interval

4.3 Non-Minimum Read to Write Interval

. Burst Write Operation
. Write and Read Interrupt

6.1 Write Interrupted by a Write
6.2 Write Interrupted by Read

. Burst Write & Read with Auto-Precharge

7.1 Burst Write with Auto-Precharge
7.2 Burst Read with Auto-Precharge

. Burst Termination

8.1 Termination of a Burst Write Operation

8.2 Termination of a Burst Write Operation

. AC- Parameters

9.1 AC Parameters for a Write Timing
9.2 AC Parameters for a Read Timing

10. Mode Register Set

11. Power on Sequence and Auto Refresh (CBR)

12. Power Down Mode

13. Self Refresh (Entry and Exit)

14. Auto Refresh (CBR)

V54C3128324VG Rev. 1.1 September 2022 16
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Timing Diagrams (Cont'd)
15. Random Column Read ( Page within same Bank)
15.1 CAS Latency = 2
15.2 CAS Latency = 3
16. Random Column Write ( Page within same Bank)
16.1 CAS Latency = 2
16.2 CAS Latency = 3
17. Random Row Read ( Interleaving Banks) with Precharge
17.1 CAS Latency = 2
17.2 CAS Latency =3
18. Random Row Write ( Interleaving Banks) with Precharge
18.1 CAS Latency = 2
18.2 CAS Latency = 3
19. Precharge Termination of a Burst
19.1 CAS Latency = 2
19.2 CAS Latency = 3
20. Full Page Burst Operation
20.1 Full Page Burst Read, CAS Latency = 2
20.2 Full Page Burst Read, CAS Latency =3
21. Full Page Burst Operation
21.1 Full Page Burst Write, CAS Latency = 2
21.2 Full Page Burst Write, CAS Latency = 3

V54C3128324VG Rev. 1.1 September 2022 17
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ProMOS TECHNOLOGIES V54C3128324VG

1. Bank Activate Command Cycle
(CAS latency = 3)

TO T1 T T T T T

ax [] l_“_ ,,,,,,,,,, b l_“_ }

Bank A Bank A Bank B Bank A
AooResS {moue N/ /4 /] /////Hw ) R/

tRCD tFERD

Bank A Write A Bank B Bank A
-Q:H W EE)

MHorL i

tre

2. Burst Read Operation

(Burst Length = 4, CAS latency = 2, 3)
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK |
A A u u A

|
COMMAND-( READA)—( NOP )—( NOP )—( NOP )—( NOP )—( NOP )—( NOP )—( NOP )—( NOP )—

CAS latency = 2
towo IO’s

DOUT Ag X DouT A1 DOUTA, X DOUTA, >

| |

| |
| X I |
| | | |
| ' ' \ | |
i DOUT AO DOUT A4 X DOUT A, X DOUT A3 / | |
| | |

CAS latency = 3

V54C3128324VG Rev. 1.1 September 2022 18
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3. Read Interrupted by a Read

(Burst Length = 4, CAS latency = 2, 3)
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK |
A A A

I tcco I I I I I I
- > | | |

COMMAND-( READA)—(READB)—( NOP )—( NOP NOP >—( NOP )—( NOP )—( NOP )—( NOP
\:\T{\

| |
Il Il
( DOUT A, X DOUTB, Y DOUTB; Y DOUTB,

CAS latency = 2
too 1/O's

o L —

OUT B,

~——

CAS latency = 3

I I
I I
| | X X !
I I I I
I I I ‘ ) I
| | | DOUT Ay X DOUT By X DOUT B4 DOUT B, X DOUT By |
I I I I
4.1 Read to Write Interval

(Burst Length = 4, CAS latency = 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

ck | |

| Mlmmum delay between the Read and Write Commands = 4+1 =5 cycles |

////////////I : /I e

I ‘ g I
COMMAND-( NOP )—( READ A )—( NOP )—( NOP )—( NOP )—( NOP )—(WRITEB)—( NOP )—( NOP )—
| | |
I I I I I
1 1 1 1 DOUT Ag DIN Bg )—( DIN By )—( DIN By )—
| | |

| | Must be Hi-Z before |
the Write Command

V54C3128324VG Rev. 1.1 September 2022 19
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4.2 Minimum Read to Write Interval

(Burst Length = 4, CAS latency = 2)

TO T1 T2

T3

T4

V54C3128324VG

T6 T7 T8

CLK I
I

oou T

toow |

\._.‘

1 CIk Interval |

BANK A
COMMAND'( NoP )’( NOP )’(ACTNATE)’(

NOP >—(READA )—(WRITEA)—( NOP )—( NOP >—( NOP >—

CAS latency = 2

Must be Hi-Z before
the Write Command

| |
| | |
| |

tCKZ, I/0’s | |

m T “H” or “L”

4.3 Non-Minimum Read to Write Interval

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

DIN Ag )—( DIN Ag )—( DIN Ap )—( DIN Az )

CLK I
|

TO T1 T2 T3 T4 T5 T6 T7 T8
| | | | | | | |
| | | | | | toow | | |
DQM 7)\ | | | / | | | \<—ﬂ | |
| | | uﬂl_,l | | |
1 1 1

l l l
COMMAND-( NOP )—(READA)—( NOP )—( NOP )—(READA)—( NOP )—(WRITEB

CAS latency = 2

tCKl, I/O’s

CAS latency = 3

[
\

tCKZ, I/O’s

I
I
I
I
|
I
|
m C*H”or “L”

V54C3128324VG Rev. 1.1 September 2022
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ProMOS TECHNOLOGIES V54C3128324VG

5. Burst Write Operation

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

TO T1 T2 T3 T4 T5 T6 T7 T8

o L

< - HW'R.TEAH - H - Hl H| Vo W He

| | |
|
/ 7\ | | |
I/0's DIN Ag DIN Ay DIN Ay DINAz H don e ! | |
| | |

The first data element and the Write Extra data is ignored after
are registered on the same clock edge. termination of a Burst.

6.1 Write Interrupted by a Write
(Burst Length = 4, CAS latency = 2, 3)

T1 T2 T3 T4 T5 T6 T7 T8

CLK ‘
) A ) A ) A

I tCCD | | | | I I I

COMMAND-( NOP )—( WRITE A )—( WRITE B )—(
1 Clk Interval

T

I/O's —‘—( DIN Aq )—( DIN By

V54C3128324VG Rev. 1.1 September 2022 21
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6.2 Write Interrupted by a Read
(Burst Length = 4, CAS latency = 2, 3)

TO T1 T2 T3 T4 TS T6 T7 T8

CLK I

|
COMMAND-( NOP )—(WRITEA)—( READB)—( NOP )—( NOP )—( NOP )—( NOP NOP )—( NOP )—
I
CAS latency = 2 DIN A )_(/0 cgr
tcke, /O's ( 0 L1
I

I
|
DOUT B3 >—'—
I
CAS latency = 3 | DIN A )—(/d/ /t/ T7
) on't care
tcks, I/O's | < 0 [1]] ]
I
I
|

I

I
L
DOUT By

I I
| |
DOUT Bg X DOUTB; ) DOUT B,
I I
L L
DOUT B» X DOUT B3

X

> >
\l/

Input data must be removed from the 1/O’s at least one clock
cycle before the Read dataAPpears on the outputs to avoid
data contention.

7. Burst Write with Auto-Precharge

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

TO T1 T2 T3 T4 T6 T7 T8

a LI |I|I| L1

I I I I
COMMAND-(E@#K/EH NOP )—( NOP ) Aﬂfﬂ;i@)-—( NOP )—( NOP )—( NOP )—( NOP )—( NOP H

T
I
I
I
I

I
I
I
I trp

1/10’s

[ [ [
I I I
I I I
I I I
| twr ; | |
/ \ I I I
\ DIN Ag >—< DIN A1 / ‘ ‘ ‘ ‘

T T

vy

* Begin Autoprecharge

Bank can be reactivated after trp
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7.2 Burst Read with Auto-Precharge

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

T0 Tl T2 T3 T4 T5 T6 T7 T8

CLK \ \
COMMAND< READA)—( NOP )-( NOP )-( NOP )-( NOP )-( NOP )-( NOP )-( NOP )-( NOP >—

\ \

\ \ \
texo, 110’ i i \ DOUT Ag X DOUT Aq X DOUT Ap X DOUT Az )

\ \

\ \

\ \

| | *
CAS latency = 2
‘ ‘ .‘A ‘ tRP
‘ L x L

CAS latency = 3
tCKS, 1/0’s

\ \
\ \
N N
i \
i \
\ \

|
{
{
|
DOUT Ag X DOUT A X DOUT Ay X DOUT Az >

S

|
% Begin Autoprecharge

Bank can be reactivated after tgp

V54C3128324VG Rev. 1.1 September 2022 23
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8.1 Termination of a Burst Read Operation
(CAS latency = 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK 1 A | A A A

| | | | | | | |
| | | |
COMMAND-( READ A )—( NOP )—( NOP )—( NOP )—( %‘gﬁ} )-( NOP )—( NOP )—( NOP )—( NOP )—
| I |
L 1
{ DOUT A, X DOUT A, X DOUT A, X DOUT A3

CAS latency = 2
texo, 1/O's

CAS latency = 3

{ DOUT A, X DOUT A, X DOUT A, X DOUT A3

|
|
|
| |
| | /
| |

8.2 Termination of a Burst Write Operation

(CAS latency = 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK |
| | | |
| | | |

COMMAND-( NOP )—(WRITEAH NOP )—-( NOP H %‘{g%t )—( NOP )—( NOP )—-( NOP )—-( NOP )—
[ [ [ [

CAS latency = 23| i | | | |

1/0’s —< DIN Ag H DIN A1 H DIN Ao don’t care | | | |

Input data for the Write is masked.
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ProMOS TECHNOLOGIES V54C3128324VG
Complete List of Operation Commands
SDRAM Function Truth Table
CURRENT _ - - -
STATE! CS RAS CAS WE BS Addr | ACTION
Idle H X X X X X NOP or Power Down
L H H H X X NOP
L H H L BS X ILLEGAL?
L H L X BS X ILLEGAL?
L L H H BS RA Row (&Bank) Active; Latch Row Address
L L H L BS AP NOP*
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 AP Begin Read; Latch CA; DetermineAP
L H L L BS CA AP Begin Write; Latch CA; DetermineAP
L L H H BS X ILLEGAL?
L L H L BS AP Precharge
L L L X X ILLEGAL
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 AP Term Burst, New Read, DetermineAP3
L H L L BS CAAP Term Burst, Start Write, DetermineAP3
L L H H BS X ILLEGAL?
L L H L BS AP Term Burst, Precharge
L L L X X X ILLEGAL
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 CAAP Term Burst, Start Read, DetermineAP3
L H L L BS CAAP Term Burst, New Write, DetermineAP3
L L H H BS X ILLEGAL?
L L H L BS AP Term Burst, Precharge®
L L L X X ILLEGAL
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 ILLEGALZ
L H L L X X ILLEGAL
L L H H BS X ILLEGAL?
L L H L BS AP ILLEGALZ
L L L X X X ILLEGAL
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SDRAM Function Truth Table (continued)

V54C3128324VG

CURRENT _ _ I
STATE! CSs RAS CAS WE BS Addr | ACTION
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 ILLEGAL2
Precharge L H L H BS X ILLEGAL?
L H L L X X ILLEGAL
L L H H BS X ILLEGAL?
L L H L BS AP ILLEGAL?
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 ILLEGAL?
L H L X BS X ILLEGAL?
L L H H BS X ILLEGAL?
L L H L BS AP 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 ILLEGAL?
L H L X BS X ILLEGAL?
L L H H BS X ILLEGAL?
L L H L BS AP ILLEGAL2
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 BS X ILLEGAL?
L H L X BS X ILLEGAL?
L L H H BS X ILLEGAL?
L L H L BS AP ILLEGALZ
L L L X X X ILLEGAL
Refreshing H X X X X X NOP;> Idle after tRC
L H H H X X NOP;> Idle after tRC
L H H L X X ILLEGAL
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:

O
X
m
O
X
m

STATE(n) R

(7]
o

XIrTIMmTIIXX|[XXITIIXX|XXrIIXX|>»
(72}

Addr | ACTION

=
1

—

=

Self-Refresh®

x

INVALID

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

ILLEGAL

ILLEGAL

NOP (Maintain Self-Refresh)

rrrrrrrr I
—rIIIIITX

INVALID

EXIT Power-Down, > Idle.

EXIT Power-Down, > Idle.
ILLEGAL

ILLEGAL

ILLEGAL

NOP (Maintain Low-Power Mode)

Power-Down

All. Banks
Idle”

Refer to the function truth table
Enter Power- Down

Enter Power- Down

ILLEGAL

ILLEGAL

ILLEGAL

Enter Self-Refresh

ILLEGAL

NOP

r I T I IIIII |- I
rmrrrrrCrCrI|r-rIIIIIX
XrrrrrrrIX|XrrrrIX | Xrrre I X 8'
Xrrrrrr I IIXX X IIIXX X IIIXX]|>P
XITIXXIIXX|[XXXrIrIXX|XXXrIXX ﬁl
XX XXXXXXX[I[XXXXXXX]|XXXXXX

Abbreviations:

RA = Row Address of Bank A CA = Column Address of Bank A BS = Bank Address
RB = Row Address of Bank B CB = Column Address of Bank B AP = Auto Precharge
RC = Row Address of Bank C CC = Column Address of Bank C

RD = Row Address of Bank D CD = Column Address of Bank D

Notes for SDRAM function truth table:

. Current State is state of the bank determined by BS. All entries assume that CKE was active (HIGH) during the preceding clock cycle.
. lllegal to bank in specified state; Function may be legal in the bank indicated by BS, depending on the state of that bank.

. Must satisfy bus contention, bus turn around, and/or write recovery requirements.

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

. lllegal if any bank is not Idle.

o g~ WN =

. CKE Low to 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.
. Must be legal command as defined in the SDRAM function truth table.

o]

V54C3128324VG Rev. 1.1 September 2022 48



V54C3128324VG

ProMOS TECHNOLOGIES

Package Diagram 86 PINS TSOP II
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Package Diagram 90 BALL FBGA

£0Z-ON OIA3C : JUSWINOOP S0UBIBISY Z
"IN : NOISNIINIA ONITIOH.LNOD 'L

*310N

7000 010 A
434 2200 434 80 37
434 S¢0°0 434 60 az
‘0S4 Gle0 ‘0S4 080 ®
‘0S8 ¢SC0 058 0v'9 13

61£°0Gle0le0 018 008 062 13
0S8 Lyy0 0S8 0¢'L L 1d
9160 2150 8050 0L°CLOOCL06CL @
02008100 9100060 G¥°0 0Y'0| ¢
910¢C 01000v'0 G0 1Y
Y00 0¢'1 Y
XY NON UNIN XYV TINON NI
HONE NI NOISN3NI I NI NOISN3NI OB

4] 080
T oJelawbig ||1pg S Yysild |ieg

7 —=———f——

o)

az

I DY 1= Z 0
@)
O
O

1a
a

OOOO

OQOOo

OP OO
OCOOOOPOOOOO O

OO0OO0OO0OO0O0OOPOOOOOOO
OO0O0OOOO0OPOOOOOOL

<< M O A L L W
ONORORONONG)
OO0OO0O0OO0
OO0OO0OO0O0

12 €¥%¥869 /.86
¥IN0D /iy

qe

M3IIA NOLLOG

< b O O W L O I - X 1= Z 0o x

6 8 ~ 9 S ¥ ¢

M3IN dOL

4

L

N

HINHO0D

LV

50

V54C3128324VG Rev. 1.1 September 2022



ProMOS TECHNOLOGIES V54C3128324VG

Revision History

Rev. History Draft day Remark

1.0 Release Mar. 2015

V54C3128324VG Rev. 1.1 September 2022 51



ProMOS TECHNOLOGIES V54C3128324VG

WORLDWIDE OFFICES

Taiwan (Hsinchu) - Headquarters & Sales Office

No.19-1, Li Hsin Road, Hsinchu Science Park,
Hsinchu 30078, Taiwan, R.O.C.
PHONE : 886-3-579-8308

FAX : 886-3-563-7329

Copyright, ProMOS TECHNOLOGY. Printed in Taiwan
The information in thisdocument is subject to change without ProMOS TECH subjects its products to normal quality control
notice. sampling techniques which are intended to provide an assurance
) of high quality products suitable for usual commercial applica-
ProMOS TECH makes no commitment to update or keep cur- tions. ProMOS TECH does not do testing appropriate to provide

rent the information contained in this docment. No part of this
document may be copied or reproduced in any form or by any
means without the prior written consent of ProMOS TECH.

100% product quality assurance and does not assume any liabity
for consequential or incidental arising from any use of its prod-
ucts. If such products are to be used in applications in which
personal injury might occur from failure, purchaser must do its
own quality assurance testing appropriate to such applications.

V54C3128324VG Rev. 1.1 September 2022 52




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


