












































































































































































































































































































































































































































































































































































































































































































































































































































400 

NEe ,uP0488031 L 

5.3 Acknowledge Packet 

The Ack[1 :0] field carries the acknowledge encoding from the responding device(s) to the initiating device and any 
other listening devices. The following figure shows the format of the acknowledge packet. 

Clock 
Cycle 
Number 

[01 
I even 
r------1 

: [0] : 
, odd L 
I ______ J 

Time 

Figure 5-2. Acknowledge Packet Format 

Device Pins 
�~�-�-�-�-�-�I�-�-�-�-�-�'�-�-�-�-�-�r�-�-�-�-�'�-�-�-�-�-�~�-�-�-�-�-�r�-�-�-�-�'�-�-�-�-�-�T�-�-�-�-�-�I�-�-�-�-�-�,�-�-�-�-�-�,� 
I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I 

�:�~�~�:�~�:�~�:�~�:�~�:�~�:�~�:�~�:�~�:�~�:�~�:� 
: .... . 1 ..... �~� .181 .. :. J!l.1. �J�~�1� .. �~� �.�1�5�1�.�~�.� �J�~�t�.� �~�.� �J�~�L� .: .. l2! .1. J!t. �~� .101. �~� 

that this pin is not used by this packet. If it is not used 
packet, it is pulled to a logic zero value. 

The following table summarizes the four combinations of the Ack[l :0] field. The Ack3 combination is Undef. The 

Okay combination indicates that the read or write access to the specified space will take place. 

When a responding device acknowledges a request with a Nack, then there will be no immediate change in the 

state of the device's memory space or register space. The responding device will take the appropriate steps to make 

the requested region of memory or register space accessible when the initiating device makes a subsequent request. 

The initiating device will need to wait some device-dependent length of time until the requested region is available. 

There are three possible reasons for an RDRAM to respond with Nack. They are summarized below. The detailed 
functional description is provided in "Ram bus DRAM user's manual (Reference Manual)". 

tPostMemWriteOelay or tPostRegWriteOelay violation 

RowMiss (this causes a delay of tRetry5ensedClean or tReirySenSedOir1y) 

ongoing refresh (this causes a delay of up to tRetryRelresh) 
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Table 5-8. Ack[1 :0] Encodings 

Commands 
allowed to Ack Name Description Spec 

use the Ack [1:0) Undef 
Combination 

All 00 Nonexistent Indicates passive acceptance of the request (WregB), or Spec 

commands indicates that the addressed device did not respond (all 

other commands). 

All 01 Okay Indicates that the request was accepted by the addressed Spec 

commands by the addressed (responding) device. 

but WregB 

All 10 Nack Indicates that the request could not be accepted because Spec 

commands the state of the responding device prevented an access 

at the fixed timing slot. 

All 11 Ack3 This should not be returned by this responding device. Undef 

commands Initiating devices will, when presented with this combi· 

but WregB nation, have an undefined response. 
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5.4 Data Packet 

The following figure shows the format of a data packet for register space read and write commands. It consists 

of 1 quadbyte driven on the BusData[8:0] wires for RDRAMs. 

Other responding devices may support data packet lengths longer than one quadbyte. 

Clock 
Cycle 
Number 

.. ------ .. 
: [0] : 
~ _ ~~E!.n __ ; 
: [0] : 
: odd : 
r------l 
: [1] : 
I even I 
I-------t 

: [1] : 
I odd I 1 _______ 1 

Time 

Figure 5-3. Data Packet Format (Register Space) 

Device Pins 

-Sus: -:- Bus-- ~ -Bus: -i-sus: -:- Bus-- i -Bu; -i -suS:;- Bus--~ -eu-s: -:- eu;'- ~ -BuS: -: 
Enable: Ctrl : Data : Data : Data : Data : Data : Data : Data : Data : Data : 
____ ~ _____ ~ _l81_~_ J?t _l_ J~ __ :.. _l51_ J _ J~t _ ~ _ 13) __ :_ J~L ~ _ J!L~ _101_~ 

This means that this pin is not used by this packet. If it is not used 
by another packet, it is pulled to a logic zero value. 

The following figure shows the format of a data packet for memory space read and write commands. For most 

of these commands, it consists of 1 to 32 octbytes driven on the BusData[8:0] wires. In the figure, "n" is either the 

CV value (if the transaction is allowed to complete) or the last count value (if the transaction is terminated prematurely 

by the serial control packet). "CV" is the value of the Count[7:3] field when interpreted as an unsigned, 5 bit integer. 

The detailed functional description is provided in "Rambus DRAM user's manual (Reference Manual)". 

5.4.1 MD Reg [7:0][7:0] = U 

This register holds the write data or mask for the perSistent per-bit operations (Dpb & Mpb). 

The MDreg need not implement the ninth bits when the RDRAM is 8-bit wide. 
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Clock 
Cycle 
Number 

,- - - - - - -, 
[0] I 

I even 
r------· 

[0] : 
I odd I ... ______ 1 

[1] 
I 

I even I L ______ ; 

I [1] 
I odd 
r------ 1 

[2] : 
I even 
~ ______ J 

[2] 
I 

~ - -~~ - -; 
: [3] I 

I I 
I even I 
.------1 

[3] I 

I odd I 

r-------~ 

I 

I .-------, 
[4'n] : 

I even I 
r------~ 

: [4'n] : 
I odd I 
I- ______ J 

: [4'n+1] : 
: even : 
: -[4'~:1-]-: 
: odd : 
r------ 4 

: [4'n+2] : 
I even I .- ______ 1 

: [4'n+2] : 
I odd I L ______ ~ 

: [4'n+3] I 
I I 
I even I 
r------ 1 

: [4'n+3] : 
I odd I 
L ______ J 

Time 

,uPD488031 L 

Figure 5·4. Data Packet Format (Memory Space) 

Device Pins 
~-----r----'-----r-----I-----T-----r----'-----T-----r- ---,-----, 
I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I 

:~~:~:~:~:~:~:~:~:~:~:~: 
: _____ ~ _____ ~ _181 __ :_ J!t _1_ J~] __ ~ _151_ ~_ J~t _ ~ _ PL _:_ J?! _ ~ _ J!t _ ~ _101_ ~ 

This means that this pin is not used by this packet. If it is not used 
by another packet, it is pulled to a logic zero value. 
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5.5 Serial Address Packet Format 

The serial address packet is transmitted by the initiating device and received by the responding devices. It provides 

eight low-order address bits for each octbyte which Is accessed in memory space (a non-sequential or random-access 

transfer). These eight address bits are transferred serially on the BusEnable pin of the RDRAM, and are thus called 

a serial address. Each eight bit serial address accesses an octbyte of data within the RowSenseAmpCache of one 

of the two banks of the RDRAM. The complete set of serial addresses transmitted by the initiating device during the 

transaction are referred to as a serial address packet. The commands which use this packet are the Rnsq, WnsqBbb, 

and WbnsBbb classes of commands. 

The high order bits for each octbyte are provided by the Adr[35: 11) address bits from the request packet. The 

low-order address bits for the first octbyte are Adr[10:3), also from the request packet. The low-order address bits 

for octbytes In: 1) are provided by the serial address packet. As before, Un" is either the CV value (if the transaction 

is allowed to complete) or the last count value (if the transaction is terminated prematurely by the serial control packet). 

"CV" is the value of the Count[7:3) field when interpreted as an unsigned, 5 bit integer. The detailed functional 

description is provided in "Rambus DRAM user's manual (Reference Manual)". 

Table 5-9. Serial Address Fields (I = n:1) 

Serial Address Field Description Unimp 
Imp 

SAdr[i)[10:3) Low-order address bits for each octbyte. Imp 
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Clock 
Cycle 
Number 

.- - - - - --I 

, [4J ' 
, even 
r------~ 

[4J : 
, odd ' I- ______ J 
, , [5J 

, 
I even : 
L------ 1 
, [5J 
, odd , 
r------ 1 

[6J ' 
I even I 
t--- ____ J 

[6J 
, 

, odd ' L ______ ! 

: [7J I 

: even ,------, 
[7] , 

, odd , 
r-------J 

, , 

, 

1------ 1 

[4'nJ ' 
I even I 
r------ J 

[4'nJ ' 
, odd ' I- ______ J 

: [4'n+1J : 
: even : .------, 
, [4'n+1J ' 
: odd : 
r------· 
: [4'n+2J : 
I even I 
1- ______ 1 

: [4'n+2J : 
, odd ' 
~------{ 
: [4'n+3J : 
I even I 
r------ 1 

, [4'n+3J ' 
: odd : 
'" ______ J 

Time 

,uPD488031L 

Figure 5-5. Serial Address Packet Format 

Device Pins 
p-----,-----'-----r-----I-----T-----r-----'-----T-----I-----,-----, 
, Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , 
: Enable: Ctrl : Data : Data : Data : Data : Data : Data : Data : Data : Data : 
: _____ ~ _____ ~ _181 __ : __ I?! __ 1_ J~t _~ _151_ ~_ J~t _ ~ _ 13J __ :_ J?! _ ~ _ J!t _ ~ _1°J __ : 

This means that this pin is not used by this packet. If it is not used 
by another packet. it is pulled to a logic zero value. 
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5.5.1 Serial Control Packet Format 

The serial control packet is transmitted by the initiating device and received by the responding devices. It provides 

for the early termination of a memory space read or write transaction (before the specified data count in the Count[7:3) 

field has elapsed). It consists of eight bits transferred serially on the BusCtrl pin of the device, thus it is referred to 

as a serial control packet. The eight bits have the same timing alignment as the serial address packet. The commands 

which use this packet are aI/ of those which access memory space. The register read and write commands do not 

use the serial control packet. The 8M RDRAM implements this packet. 
The termination occurs on octbyte data packet boundaries. The next figure shows the format of the serial control 

packet. The following table summarizes the function of the bits within the serial control packet. Note that the bits 

in the even bus ticks must be zero in order for framing to work properly (otherwise, one ofthese bits would be interpreted 

as the Start bit of a new request packet). The SCtrl[5) bit is used to control termination, and the other three odd bus 

tick bits are unimplemented. 

Table 5·10. Serial Control Fields 

Serial Control Description Unimp 
Fields Imp 

SCtrl[O) This bit must be a zero due to framing requirements. Imp 
SCtrl[1) unimplemented Unimp(O) 

SCtrl[2) This bit must be a zero due to framing requirements. Imp 

SCtrl[3) unimplemented Unimp(O) 
SCtrl[4) This bit must be a zero due to framing requirements. Imp 
SCtrl[5) o means don't terminate the current access. Imp 

1 means terminate the current access. 
SCtrl[6) This bit must be a zero due to framing requirements. Imp 
SCtrl[7) unimplemented Unimp(O) 

If a memory read transaction (RrrrAaa) is terminated by asserting the SCtrl(5) bit to a logical one, the data octbyte 

with which it is associated is nottransmitted by the responding device. The initiating device may start a new transaction 

once the transmission of the read data packet has ceased. The detailed functional description is provided in HRambus 

DRAM user's manual (Reference Manual)". 
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Clock 
Cycle 
Number 

.- - -[0]- - -: 

I even t 
r------~ 

I [0] : 
I odd I ... ______ J 

[1] I 

J even : L ______ , 

I [1] I 

I odd 
i--~j--: 
I even I t'" ______ J 

[2] 
I 

I odd : 
L.------ 1 
I [3] 
I even I 
.------1 

[3] I 

I odd I _______ J 

Time 

JlPD488031 L 

Figure 5-6. Serial Control Packet Format 

Device Pins 
~-----r----'-----r-----I-----T-----r----,-----r-----r- ---,-----, 
I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I 

:~*:~:~:~:~:~:~:~:~:~:~: 
: _____ ~ _____ ~ _[81_ ~_ J?l.. _ ~ _ J~ __ ~ _[51 _ ~_ J~t _ ~ _ !~L _:_ J?! _ ~ _J!t _~ _[OJ __ : 

This means that this pin is not used by this packet. If it is not used 
by another packet, it is pulled to a logic zero value. 
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5.5.2 Serial Mode Packet Format 

The serial mode packet transmitted by initiating devices, and received by responding device. Its format is shown 

in the following figure. 

Clock 
Cycle 
Number 

.-------, 
: [0] : 
I even I 
r------1 

[0] : 
I odd I l ______ .J 

Time 

Figure 5-7. Serial Mode Packet Format 

Device Pins 
~-----r----'-----r----'-----T-----r----'-----T-----I-----,-----, 
,~,~,~,~,~,~,~,~,~,~,~, 

:~~:~:~:~:~:~:~:~:~:~:~: 
: _____ 1 _____ ~ _18] _ ~_ J!L l_J~t _~ _l51_L J~t _ ~ _ PL _:_ J?L 1_ J!t _~ _10] __ : 

This means that this pin is not used by this packet. If it is not used 
by another packet, it is pulled to a logic zero value. 

The serial mode packet modifies the state of the Count00[7:0] and Count11 [7:0] counters. 

These counters cause operating mode transitions when they reach special values. The detailed functional 

description is provided in "Rambus DRAM user's manual (Reference Manual)". 

A serial mode packet with the SMode[1 :0] field set to 00 is the default. Most transitions are caused by blocks of 

sequential serial mode packets, each with the SMode[1 :0] field set to 11. The serial mode packets should never set 

SMode[1 :0] field to 01 or 10. This is because in some of the operating modes, the clock generator is unlocked (the 

frequency is correct but notthe phase). When this happens, the Bus Enable receiver is unable to discriminate anything 

other than long pulses of zeros or ones. Because the frequency of the clock generator is correct, it can count the 

length of these pulses with moderate accuracy. 

Table 5-11. Serial Mode Fields 

SMode[1:0] Description Spec/Rsrvl 
Undef 

00 Increments CountOO[3:0), clears Count11 [7:0). Spec 

01 - Undef 

10 - Undef 

11 Increments Count11 [7:0), clears CountOO[3:0) Spec 
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6. State Diagram 

The following figure is a state diagram of the Frame state machine. The operating mode of the device depends 

upon which of the nine states it is in: 

reset mode - ResetState 

standby mode - StandbyState 

active mode - ActiveState, IdCompareState, DeviceState, OkayState, NackState, AckWindowState 

This section will only discuss the first three states (ResetState, StandbyState, ActiveState). The remaining five 

states which are shown shaded in the state diagram (ldCompareState, DeviceState, OkayState, NackState, 

AckWindowState) will be dealt with in the "Rambus DRAM user's manual (Reference Manual)". 

The device will enter ResetState when power is initially applied (PowerOn). In ResetState, the device will be in 

the reset operating mode, in which all control registers assume a known state. If power has just been applied, the 

device will pass through ActiveState and settle in StandbyState, and remain there until serial mode packets are 

received from an initiating device. 

Figure 6-1. Frame State Machine· State Diagram 

ResetState (reset mode) 
(place device in known state) 

Countll <tModeAR. MIN 

Countll> = IModeAR. MIN 

PowerOn 

AckWindowState (active mode) 
(waH for AckWinDelay to elapse) 

BusCtrl .... = 1 
(Start Bit) 

Execute signal 
to Command 
state machine 
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ActiveState is the state in which all decisions are made to transition to the states for the other operating modes. 
From here, the device will also enter the transaction-framing states. Refer to "Rambus DRAM user's manual 

(Reference Manual)". 

After poweron, the device will re-enter ResetState when the value of the Count11 [7:0] counter is greater than or 

equal to tModeAR.MIN. The device will leave ResetState when the value olthe Count11 [7:0] counter is less than tModeSA.MIN. 

This will happen when an SMode[1 :0] field of 00 is received, causing the Count11 [7:0] counter to clear. 
The device will enter StandbyState when the value of the CountOO[3:0] counter is greater than or equal to 

tModeDelay,MAx. The device will leave StandbyState when the value of the Count11 [7:0] counter is greater than or equal 
to tModeSA,MIN. 

Caution PD (Minlnterval Register [3] [2]) = 0 Is necessary. Because, 8M RDRAM don't support Power Down 

request. 

6.1 Parameters for Operating Mode Transitions 

The following table summarizes the parameter values associated with operating mode transitions of a responding 

device, A minimum and maximum value are given for the parameters to account for implementation differences. In 

all cases, the SMode[1 :0] field of the consecutive serial mode packets must have the value 11 to cause an operating 

mode transition (with the exception of the tModeDelay,MAX as mentioned in the previous section). Initiating devices must 

use values within the minimum and maximum SMode packet count requirements shown above to control operating 

mode transitions. 

Table 6-1. Responding Device Parameters for Operating Mode Transitions 

Count Minimum Maximum 
Parameter (clock (clock Description 

Name cycles) cycles) 

tModeSA 1 4 Number of SMode packets to cause a transition from 
Standby-Mode to ActiveMode 

tModeOffSe! 4 7 Offset from beginning of SMode packet to request packet for 
standby to active transition 

tModeDelay - 20 Delay from end of SMode packet to request packet for 
standby to active transition 

tModeSwitchReset 320 - Number of SMode packets to cause a transition from Active-
Mode to ResetMode 

tRese! 32 - Time required for an RDRAM's internal nodes to settle to their 
reset values. 

tLock, Reset 750 - Time required for an RDRAM's internal clock generator to lock 
to the external clock. 
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6.2 Standby Mode and Active Mode 

The following figure shows the basic transitions between active and standby modes in response to serial mode 

packets 

Clock 
Cycles 

Figure 6-2. Basic ActiveMode/StandbyMode Transitions 

IModeSA, MIN I 
tModeSA. MAX 

tMocIeOelay,MAX 

BusEn BusCtrt Bus Data [8 : 0] . 

This is a timing diagram, with time increasing in the downward direction. The time scale is in clock cycles, as shown 

on the left scale, The value of each of the eleven low-swing signal pins of the responding device is shown with the 

assumption that tTR is zero (the responding device is located at the master end of the Channel). 

Serial mode packets with an SMode[l :0) field are shown as a box with a "11" label in the BusEn column. The 

BusEnable defaults to a logical zero value, The initiating device has transmitted tModeSA,MAX serial mode packets with 

SMode[l :0) equal to 11 (this is the longest sequence permitted for invoking a standby to active transition). After the 

first tModeSA,MIN serial mode packets, the device begins the transition to active mode. It reaches active mode after 

tModeOffSet, MIN clock cycles after the start of the first serial mode packet. It remains there for tModeDelay,MAX clock cycles 

after the last serial mode packet. 

The responding device is in active mode when it begins framing the request packet. A transaction may begin in 

any of the clock cycles with the light shading above (labeled "Active Mode"). 

If the serial mode packet(s) causing a standby to active mode transition are not followed by a transaction with 

tModeDelay,MAX clock cycles after the last serial mode packet, then the responding device will return to standby mode. 
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The next figure shows the case in which a transaction is started as early as possible after a serial mode packet 

which causes a standby to active mode transition 

Clock 
Cycles 

~ 
E 

Figure 6-3. ActlveMode/StandbyMode Transition· Early Transaction 

BusEn BusClrl BusData [8 : 0] 
• I •• 

Transaction (Active Mode) 

A transaction is composed of packet types other than serial mode packets, and will be defined in the next chapter. 

These other packet types lie entirely inside the heavy black box in the above figure. When a transaction has completed, 

the device returns to standby mode. The detailed functional description is provided in MRambus DRAM user's manual 

(Reference Manual)". 
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6.3 ResetMode 

Reset mode is entered when a consecutive sequence of tModeRA,MIN serial mode packets with a value of 11 are seen 

by a responding device (shown in the following figure), In reset mode, all devices enter a known state from which 

they may be Initialized, The device remains in reset mode for as long as serial mode packets with 11 value are 

received, When one or more serial mode packets with a value of 00 are seen, the responding device enters the active 

mode state, 

Although devices enter the active mode state immediately, their clock circuitry requires a time tLook,MIN to 

resynchronize, Initiating devices must wait this long after the transition out of reset mode before starting any 

transactions, 

Clock 
Cycles 

L 

Figure 6·4. ResetMode to ActlveMode Transition 

--

tModeSwltchReset. MIN 

tReset, MIN 

tMOdeSA. MIN ~ 

tModeOffSet. MIN 

BusEn BusCtrl BusData [8 : 0] 
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7. Transactions 

7.1 Read Transactions 

The following figure shows the basic form of a memory space or register space read transaction. There are request 

and acknowledge packets, with the same tAckDelay and tAckwinDelay timing constraints. tAckWlnDelay will not be shown 

explicitly on any further transaction diagrams in this document. 

When the responding device transmits an Okay acknowledge packet to the Initiating device, it will also transmit 
a data packet with read data. This packet is sent a time tRoadDelayafter the end of the request packet. The tRoadDalay 

value is in tCYClE units and is programmed into the ReadOelay field of the Delay register of each responding device. 

It is not required to be the same for all devices within a Rambus system, but the difference (tRoadDalay - tAckDelay) is required 

to be the same. This allows initiating devices to use the acknowledge packet to determine when the read data packet 

begins. The detailed functional description is provided in "Rambus DRAM user's manual (Reference Manual)". 

Clock 
Cycles 

Figure 7-1. Read Transaction 

BusEn BusCt~ BusData [8 : 0) 

tRaadOelay 
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7.2 Write Transactions 

The following figure shows the basic form of a memory space or register space write transaction. There are request 

and acknowledge packets, with the same tAckoeJay and tAckWinOelay timing constraints as already discussed. 

When the initiating device transmits a request packet to the responding devices, it will also transmit a data packet 

with write data. This packet is sent a time twriteOelay cycles after the end of the request packet. The twriteOelay is in tCYCLE 

units and is programmed into the WriteDelay field of the Delay register of each responding device. It is required to 

be the same for all devices within a Rambus system. A responding device will see the same tWrlteOOlay interval between 

the request and write data packets whether the device is on the Primary Channel or on a Secondary Channel. 

If the responding device returns an Okay acknowledge packet, then the transaction is complete at the end of the 

acknowledge window or at the end of the write data packet, whichever is later. The next request packet can be 

transmitted in the following clock cycle except for the case in which a register or memory space write to a device is 

followed by any other transaction to that device. In that case, one of the following two intervals must be inserted 

between the two transactions, where the memory or register case depends upon the first transaction. 

tPostRegWriteOelay if the current transaction is a register space access 

tPostMemWriteOelay if the current transaction is a memory space access 

If the responding device returns a Nack or Nonexistent acknowledge packet for a write command, then no write 

data packet is required by the responding device. The current transaction is complete at the end of the acknowledge 

window, or when the initiating device stops transmitting the write data packet, whichever is later. The next request 

packet can be transmitted in the following clock cycle. For the case of a Nack or Nonexistent, the initiating device 

must terminate the write data packet before another initiating device is given control of the Rambus Channel for a 

transaction. This is part of the arbitration mechanism used by the initiating devices. The arbitration mechanism is 

not specified in this document because it does not use the Rambus Channel. The detailed functional description is 

provided in "Rambus DRAM user's manual (Reference Manual)". 

Clock 
Cycles 

BusEn BusCt~ 

Figure 7·2. Write Transaction 

BusData [8 : 0] 

Request 

Next transaction to same device 

Next transaction to different device 
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7.3 Read Transactions with Serial Address Packet 

The following figure shows a memory space read transaction for a command which uses the serial address packet. 

For a transaction which moves (n+ 1) octbytes of read data, the serial address packet will be (4 x n) clock cycles in 

length (recall that the low-order address bits for the first octbyte of read data come from the request packet). 

Each serial address subpacket (each SAdr[i][1 0:3] field) is transmitted by the initiating device a time tSerialRaadOlfSet 
clock cycles before the octbyte of read data to which it corresponds. This means that the serial address packet will 

move with the read data packet, with a constant offset. 

tSerialReadOHSet is the delay from the beginning of a serial address subpacket to the beginning of the read data 

subpacket (octbyte) with which it is associated. 

The detailed functional description is provided in uRambus DRAM user's manual (Reference Manual)". 

Clock 
Cycles 

Figure 7-3. Read Transaction with Serial Address Packet 

BusEn BusCt~ BusOata [B : 0] . 

Data [0-1] [7 : 0] [8 : 0] = ROata [n·l] [7 : 0] [8 : 0] 

Data [n] [7 : 0] [8 : 0] = RData [n] [7 : 0] [8 : 0] 
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7.4 Write Transactions with Serial Address Packet 

The following figure shows a memory space write transaction for a command which uses the serial address packet. 

For a transaction which moves (n+ 1) octbytes of write data, the serial address packet will be (4 x n) clock cycles in 

length (recall that the low-order address bits for the first octbyte of write data come from the request packet). 

Each serial address subpacket (each SAdr[i)[10:3) field) is transmitted by the initiating device a time ts.riaIWriteOflSet 

clock cycles before the octbyte of write data to which it corresponds. This means that the serial address packet will 

move with the write data packet, with a constant offset. 

ts.rialWriteOffSet is the delay from the beginning of a serial address subpacket to the beginning of 

the write data subpacket (octbyte) with which it is associated. 

Note that this offset interval is measured at the initiating device or the responding device; it will be the same at 

either point since the serial address packet and write data packet are moving in the same direction - from initiating 

device to responding device. 

Clock 
Cycles 

Figure 7-4. Write Transaction with Serial Address Packet 

BusEn BusCt~ BusData [B : 0] 

Request 

Data [0] [7 : 0] [8 : 0] = WData [0] [7 : 0] [8 : 0] 

Data [1] [7 : 0] [8: 0] = WData [1] [7: 0] [8: 0] 

Next transaction to same device 

Next transaction to different device 

417 



418 

NEe ,uPD488031L 

7.5 Read Transactions with Serial Control Packet 

The following figure shows a memory space read transaction for a command which uses the serial control packet. 

This packet is used to terminate a transaction before the (CV + 1) octbytes of read data have been transferred, where 

CV is the value of the Count[7:3] Field when interpreted as an unsigned, five bit integer. In the example shown, the 

read data is terminated after (n) octbytes have been transferred. 

The serial control packet is transmitted by the initiating device a time tSeriaiReadOffSet clock cycles before the end of 

the last read data octbyte which is transmitted by the responding device. 

The serial control packet is also constrained to lie entirely outside the tAckWinDelay interval, as shown in the figure, 

in order to avoid interference with the acknowledge packet which is being returned by the responding device. Violation 

of this constraint will produce undefined (Undef) results. The detailed functional description is provided in "Rambus 

DRAM user's manual (Reference Manual)". 

Clock 
Cycles 

Figure 7-5. Read Transaction with Serial Control Packet 

tAckWIndOeiay 

The serial control 
packet must not lie 

inside the acknowledge 
window. 

tSerialReadOffSet 

BusEn BusCtrl BusData [8 : 0] . 

Data [n-3) [7 : 0] [8 : 0] = RDala [n-3) [7: 0] [8 : 0] 

Data [002] [7 : 0] [8 : 0] = RDala [n-2] [7 : 0] [8 : 0] 

Data [n-1] [7 : 0] [8 : 0]- RDala [n-l] [7: 0] [8: 0] 
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7.6 Write Transactions with Serial Control Packet 

The following figure shows a memory space write transaction for a command which uses the serial control packet. 

This packet is used to terminate a transaction before the (CV+ 1) octbytes of write data have been transferred, where 

CV is the value of the Count[7:3) field when interpreted as an unsigned, five bit integer. In the example shown, the 

write data is terminated after (n) octbytes have been transferred. 

The serial control packet Is transmitted by the initiating device a time tSeriaIWrlteOftSet clock cycles before the end of 

the last write data octbyte which is transmitted by the initiating device. 

Note that this offset interval is measured at the initiating device or the responding device; it will be the same at 

either since the serial address packet and write data packet are moving in the same direction - from initiating device 

to responding device. 

The serial control packet is also constrained to lie entirely outside the tAckWinOelay interval, as shown in the figure, 

in order to avoid interference with the acknowledge packet which is being returned by the responding device. Violation 

of this constraint will produce undefined (Undef) results. 

Figure 7-6. Write Transaction with Serial Control Packet 

Clock 
Cycles 

tAckDelay 

The serial control 
packet must not lie 

inside the acknowledge 
window. 

BusEn BusCtrt Bus Data [8 : 0] 

Request 

Data [0]17 : 0]18 : 0] = WData [0]17 : 0]18 : 0] 

Data [1]17: 0] [8: 0] = WData [1]17 : 0] [8: 0] 

Next transaction to same device 

Next transaction to different device 
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8. Nack Acknowledge Response 

8.1 Retry and Miss Latency 

If a responding device returns a Nack acknowledge packet, then no read or write data packet is transacted. The 

current transaction is complete at the end of the acknowledge window. It will be necessary to wait for an interval 

of time (called a tRETRY interval) before resubmitting the transaction. The following figure illustrates this case. 

Figure B-1. Nack Acknowledge Response 

Clock BusEn BusCt~ BusData [8 : 0] 
Cycles 

~ 

Transaction 
Okay Acknowledge Response 

Read Dala or Write Data Packel 

IROIrySensedClean 

or 
IROIrySensedDirty 

or 
IROIryR ..... 

tReadHit 

or 
I_H. 

IR ....... 

or 
tWrlteMlsa 

Once the tRETRY interval has elapsed, the transaction may be restarted by the initiating device, and the RDRAM 

will return an Okay acknowledge packet and the data packet will be transferred. An RDRAM will Nack any other 

transactions which are issued during the tRETRY interval. 

Two miss latency parameters may be derived with the following equations: 

tReadMlss = tRETRY + tReedHn 

twrit.Miss = tRETRY + tw,H.HH 

(Eq 8-1) 

(Eq 8-2) 

where tRETRY = {tRotryS.nSedClean, lRotrySenSedDirty, tReIryRefresh}. The tReedMlss and twriteMlss parameters are the time from the 

beginning of the original (Nacked) request packet to the beginning of the data packet which is eventually transferred. 
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8.2 tRETRY Interval 

8.2.1 Retry Due to RowMlss 

If an initiating device requests a region of memory space in an RDRAM slave which is not currently held in the 

RowSenseAmpCache, the RDRAM will respond with a Nackacknowledge packet. The RDRAM will then begin a 

RowMiss operation to get the proper row into the RowSenseAmpCache. During the RowMiss, the RDRAM will Nack 

any request it is given. When the RowMiss is complete, the new row may be accessed. 

Each bank has a Valid flag and a Dirty flag for its Row register. After reset, both are zero. After a RowMiss has 

caused a new row to be placed into the RowSenseAmpCache, the Row register contains its row address and the 

Valid flag is set to a one. If the RowSenseAmpCache contents are modified with a memory write transaction, the 

dirty flag will be set. These flags are not directly accessible to initiating devices. 
A subsequent RowMiss will cause the old row to be written back to the bank (if it was dirty and an explicit restore 

was not forced with the Close bit in the request packet) and a new row to be placed into the RowSenseAmpCache. 

The time required for this is called the tRETRY time, and is added to the normal read and write hit latency times, as 

shown in the preceding figure. These times are given by the following equations. The component parameters are 

shown in a subsequent table. All of these tRETRY intervals correspond roughly to the cycle time parameter tRC of a 

conventional page mode DRAM. This is because RDRAMs use CAS-type accesses for all memory read and write 

transactions. 

After a new row is sensed and placed into the RowSenseAmpCache, a final interval tRowlmprestore is used to restore 

the row in core back to its original state. This is necessary because the DRAM sense operation is destructive. This 

interval is not in the critical timing path, and is performed in parallel with a subsequent data transfer. It can extend 

a subsequent retry operation. 

There are two tRETRY equations for the 8M RDRAM: 

tRetrySenSedClean = tRowOverHead + tRowPrecharge + tRowSense 

tRetrySensedDlrty = tRowOverHead + tRowExprestore + tRowPrecharge + tRowSenso 

(Eq 8-3) 

(Eq 8-4) 

The detailed functional description is provided in "Rambus DRAM user's manual (Reference Manual)". 
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8.2.2 Retry Due to Pending Burst Refresh 

In a 8M RDRAM, a refresh burst will first restore the currently accessed row if it is dirty. This requires a tRowExprestore 

interval. If the row is clean, this interval is not required. A burst of four rows are precharged/sensedlrestored (using 

the tRowPrecharge, tRowSense, and tRowtmprestore intervals), and the current row is prechargedlsensed so the RDRAM is left 

with its RowSenseAmpCache state unaltered (except the row's dirty flag will be cleared): 

tRetryRefreshClean 

= twrlteHlt + tRefRequestldleOverHead + 5xtLessRowRefreshOverHead + 

5 x (2 x RowPrecharge [0:4) + RowSense [0:4) + RowlmpRestore [0:4) (Eq 8-5) 

tRetryRefreshDlrty 

= twriteHlt + tRefRequestldleOverHead + 5x!LessRowRefreshOverHesd + 

5 x (2 x RowPrecharge [0:4) + RowSense [0:4) + RowlmpRestore [0:4) + tRowExpRestore) (Eq 8-6) 

RowPrecharge [0:4), RowSense [0:4), RowlmpRestore [0:4) are the value of every Register. 

When a transaction initiates a manual burst refresh in an RDRAM (transaction "A" in the figure below), the RDRAM 

will Nack all further transactions directed to in during the tRetryRetresh interval after. No information from these Nacked 

transactions will be retained after the tRetryRefresh interval. After the tRetryRetresh interval, transactions will be handled in 

a normal fashion. The detailed functional description is provided in "Rambus DRAM user's manual (Reference 
Manual}". 

Figure 8-2. Transaction Holdoff Due to Burst Refresh 

Clock 
Cycles BosEn BusCtrl Bus Data i8 : 0] 

~ 
C 

~ 

~ 
.~ 

Transaction B 
Normal Response 
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8.3 Retry Component Intervals 

The tRETRY and t_Again intervals are built from the tRowOverHead, tRowPrecharge, tRowSenso, tRowlmprestore, tRowExprestore, 

tRefReque.tldleOvorHead, tLe.sRowRofreshOVOrHoad, and tHoldOff Intervals. Ali eight intervals are measured in tCYCLE units, and thus 

scale with the clock frequency. 

The tRowOverHead, tRefReque.tldleOverHead. and kes.RowRefreshOverHead intervals consists of the RowMiss and Refresh state 

machine overheads. The remaining five intervals represent the width of intervals used for timing core operations. 

These core operations have minimum times measured in nanosecond units (this is shown in the "core timing(ns)" 

columns in the table below). The five intervals are composed of a fixed part and a variable (programmable) part. 

If the clock frequency is reduced, the variable part may be reduced 50 the sum of the fixed and variable parts remain 

greater than or equal to the minimum core operation time (in nanoseconds). 

Table 8-1. Retry Components 

Fixed Part (overhead) 8M RDRAM 
Delay 

and 
Parameter tCYCLE Units core timing (ns) 

Variable PartNo!e 1 (4 ns) with tCYCLE = 4ns 

tRowOverHead Row overhead 7 28 

- nla 

tRefRoquestldleOverHead Row overhead 14 56 

- nla 

tLessRowRefreshOverHead Row overhead 20 80 

- nla 

tRowPrecharge RowPrecharge overhead 6 28 

RowPrecharge[4:0] 1 

tRowSen.o RowSense overhead 1 32 

RowSense[4:0] 7 

tRowlmprestore RowlmpRestore overhead 5 60 

RowlmpRestore[4:0] 10 

tRowExprestore RowExpRestore overhead 4 32 

RowExpRestore[4:0]Note 2 4 

tHoldOff HoldOff overhead 1 8 

RowPrecharge[4:0] 1 

Notes 1. The variable part is programmed into the indicated field of the Raslnterval register. 

2. The RowPrecharge[4:0] field is used for both the precharge interval and the holdoff 

interval. 
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9. AddressMapping 

The address space decoding logic contained in a 8M RDRAM is shown in the following figure. The initiating device 

places a 33 bit physical octbyte address Adr[35:3] on the Channel. This address is received by the RDRAM slave. 

The AddressSelect[1][1 :0]. [0][7:1] control register allows individual bits of the Adr[28:20] and Adr [19:11] fields to 

be swapped to produce the AdrS[28:20] and AdrS[19:11] fields. The Adr[35:29] and Adr[10:3] fields pass through 

unaltered to the AdrS[35:29] and AdrS[10:3] fields. The figure shows the case when AddressSelect[0][7:1]. 

[1][1 :0] = 111111111. and the two nine bit address fields are exchanged. The detailed functional description is 

provided in "Rambus DRAM user's manual (Reference Manual)". 

Figure 9-1. AddressMapping Hardware 

35343332313029282726252423222120191817161514131211109876543 

Adr [35: 2) 
Address in Request Packet L--~"""=-...I--""":;::T""~-.L...-""":'-r=-~-.l..--"':"'-""';'---I 

AddressSelect [0] [7: 1]. [1] [1 : 0] 
=111111111 

AdrS [35: 2) 
Address used by RDRAM Core L-_~""":;_...I-_""":;_~_.L..._""":'_~_.l..-_"':"'-""":"---I 

35343332313029282726252423222120191817161514131211109876543 
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10. Electrical Characteristics (Preliminary) 

Absolute Maximum Ratings 

Symbol Parameter MIN. MAX. Unit Note 

VI,ABS Voltage applied to any RSL pin with respect to GND -0.5 Voo+0.5 V 

VI,TTL,ABS Voltage applied to any TTL pin with respect to GND -0.5 Voo+0.5 V 

VOO,ABS Voltage on Voo with respect to GND -0.5 VOO,MAX+1.0 V 

TOPT Operation temperature 0 +70 ·C 1 

TSTORE Storage temperature -55 +125 ·C 

Caution The following table represents stress ratings only, and functional operation at the maximums 

is not guaranteed. Extended exposure to the maximum ratings may affect device reliability. 

Furthermore, although devices contain protective circuitry to resist damage from static electric 

discharge, always take precautions to avoid high static voltages or electric fields. 

Note 1 This parameter apply at the status of using 50 % Rambus channel by Read or Write and a transverse 

air flow greater than 1.5 m/s maintained. 

Thermal Parameters 

Symbol Parameter MIN. MAX. Unit 

TJ Junction operating temperature 100 ·C 

9JC Junction-to-Case thermal resistance 5 ·CIW 

Capacitance 

Symbol Parameter MIN. MAX. Unit 

Cvo Low-swing input/output parasitic capacitance 2 pF 

CI,TTL TTL input parasitic capacitance 8 pF 
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Power Consumption 

Mode Parameter MIN. MAX. Unit 

ICCl Standby Current -A50 135 mA 

Icc2 Active Current -A50 380 mA 

Icc3 Read Operation Current -A50 480 mA 

(Burst Length = 256) 

Icc4 Write Operation Current -A50 480 mA 

(Burst Length = 256) 

Caution These do not include the IOL current passing through the low-swing pins to ground. 

Recommended Operating Conditions 

Symbol Parameter MIN. MAX. Unit 

Voo, VOOA Supply voltage 3.15 3.45 V 

VREF Reference voltage 1.95 2.15 V 

Vswing Input voltage range 1.0 1.4 V 

VIH High level input voltage VREF+0.5 VREF+0.7 V 

VIL Low level input voltage VREF-o.7 VREF-Q.5 V 

VIH, TTL High level TTL input voltage 2.0 Voo+0.5 V 

VIL, TTL Low level TTL input voltage -0.5 +0.8 V 

DC Characteristics (Recommended operating conditions unless otherwise noted) 

Symbol Parameter Conditions MIN. MAX. Unit 

IREF VREF current VREF = Maximum -10 +10 pA 

IOH High level output current O:S; VOUT:S; Voo -10 +10 pA 

IOL Low level output current VOUT= 1.6 V 25 mA 

II, TTL TTL input leakage current o :s; VI, TTL :s; Voo -10 +10 pA 

VOH, TTL High level TTL output voltage IOH, TTL = -0.25 mA 2.4 Voo V 

VOL, TTL Low level TTL output voltage IOL, TTL = 1.0 mA 0 0.4 V 
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Recommended Timing Conditions 

Symbol Parameter MIN. MAX. Unit 

tPAUSE Pause time after Power On 200 f.JS 

tCA, tCF TxClk and RxClk input rise and fall times 0.3 0.7 ns 

tCYCLE TxClk and RxClk cycle times I -A50 4 5 ns 

ITICK Transport time per bit per pin (this timing interval is tCYCLE/2 tCYCLE/2 ns 
synthesized by the RDRAM's internal clock generator) 

tCH, tCL TxClk and RxClk high and low times 47 % 53 % tCYCLE 

ITA TxClk-RxClk differential 0.25 0.7 ns 

tso Sln-to-SOut propagation delay 50 ns 

to TxClk-to-Data/Control output time 1-0.45 1+0.45 tCYCLE/4 

ts Data/Control-to-RxClk setup time 0.45 tCYCLE/4 

tH RxClk-to-Data/Control hold time 0.45 tCYCLE/4 

tREF Refresh interval 17 ms 

tLOCK RDRAM internal clock generator lock time 750 !cYCLE 

Transaction Timing Characteristics 

Symbol Parameter MIN. Unit 

tPostAegWriteOelay Delay from the end of the current transaction to the beginning 6 tCYCLE 
of the next transaction if the current transaction is a write to 

register space and the next transaction is made to the same 

device. 

Use zero delay if the next transaction is to a different device. 

tpostMemWriteOelay Delay from the end of the current transaction to the beginning 4 tCYCLE 
of the next transaction if the current transaction is a write to 

memory space and the next transaction is made to the same 

device. 

Use zero delay if the next transaction is to a different device. 

tPostMemReadDelay Delay from the end of the current memory read transaction to 2 tCYCLE 
the beginning of the next transaction. 

tSerialAeadOffSet Delay from the beginning of a serial address subpacket or 12 tCYCLE 

serial control packet to the beginning of the read data 

subpacket (octbyte) with which it is associated. 

tSerialWriteOffSet Delay from the beginning of a serial address subpacket or 8 tCYCLE 
serial control packet to the beginning of the write data 

subpacket (octbyte) with which it is associated. 
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Data and Transaction Latency Characteristics 

Symbol Parameter MIN. 

tReadDelay Delay from the end of a read request packet to the 

beginning of the read data packet. 

twriteDelay Delay from the end of a write request packet to the 

beginning of the write data packet. 

Notes 1. tReadDeIaY is programmed to its minimum value. 

2. twriteOelay is programmed to its minimum value. 

Hit, Retry and Miss Delay Characteristics 

Symbol Parameter 

tR.adHit Start of request packet to start of read data packet for row 

hit (Okay). 

twriteHit Start of request packet to start of write data packet for row 

hit (Okay). 

tRetrySensedClean Start of request packet for row miss (Nack) to start of 

request packet for row hit (Okay). 

The previous row is unmodified. 

tRetrySensedDirty Start of request packet for row miss (Nack) to start of 

request packet for row hit (Okay). 

The previous row is modified. 

tRetryRefresh Start of request packet for row miss (Nack) 
to start of request packet for row hit (Okay). 

Clean 

Dirty 

tReadMiss Start of request packet for row miss (Nack) to start of Read 

Data packet for row hit (Okay). 

twriteMiss Start of request packet for row miss (Nack) to start of Write 

Data packet for row hit (Okay). 

Notes 1. Programmable 

7 

1 

MIN. 

10 

4 

22 

30 

213 

221 

32 

26 

2. tRowExprestore, tPrecharge, and tSense are programmed to there minimum value. 

3. Calculated with tRetrySensedClean(MIN). 
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Unit Notes 

tCV.CLE 1 

tCYCLE 2 

Unit Notes 

tCYCLE 1 

tCYCLE 1 

tCYCLE 2 

tCYCLE 2 

tCYCLE 2 

tCYCLE 3 

tCYCLE 3 
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Rise/Fall Timing Chart 

VRxClk, VTXClk 

:: :::ls;::::::::::::::::::::::::::::::::::::::::::::::( 

Clock Timing Chart 

VTClk VREF-

VRCIk VREF-

Receive Data Timing Chart 

VRelk VREF-

VoatBOut 

or VREF-

VControlOut 
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Transmit Data Timing Chart 

VTCfx 

VDaIaOut 
or 

VConIroIOut 

Serial Configuration Pin Timing Chart 

Vs.. VSN. TTL -

VSOId VSN. TTL -

uPD488031L 

Iso. TTl 
Iso MIN. 

VSln VSW'TTl~_t Om;i { .. 1,--
VSOId VSN. TTl - \, t 

Remark Vsw, TTL = 1.5 V 
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11. Package Drawing 

SSOPTVPE 

~ ____________ ~R ______________ ~+-S 

t+------+-------1-

I. A 

NOTE 

Each lead centerline is located within 0.13 mm (0.005 inch) of 
its true position (T.P.) at maximum material condition. 

.1 

,uPD488031 L 

detail of lead end 

D.. 

H 

~ lJo ; n- J 

t=~----------L--------~ JL-L 

ITEM MILLIMETERS INCHES 
A 25.30 MAX. 0.996 MAX. 
B 2.575 MAX. 0.102 MAX. 
C 0.65.(T.P.) 0.026 (T.P.) 

0 0.24±0.06 0.009~:gg~ 

EO 0.25:t0.05 0.01 o~g:gg~ 
F 1.6 MAX. 0.063 MAX. 
G 1.25 0.049 
H 13.0±0.2 0.512:t0.008 

11.0tO.l 0.433tO.004 

1.0tO.2 0.039~g:g8R 

K 0.17~8:8~~ 0.007tO.00l 

L 0.5tO.l 0.020~8:88~ 
M 0.13 0.005 
N 0.10 0.004 

P 3°~~: 3°~: 
Q 0.65 (T.P.) 0.026 (T.P.) 
R 22.75 0.896 
S 1.275 MAX. 0.051 MAX. 

P32Ga.S5A 
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[MEMO] 
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Line Buffer 
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DATA SHEET 

NEe/ MOS INTEGRATED CIRCUIT 

IlPD485506 
LINE BUFFER 

SK-WORD BY 16-BIT/10K-WORD BY a-BIT 

Description 
The pPD485506 is a high speed FIFO (First In First Out) line buffer. Word organization can be changed either 

5,048 words by 16 bits or 10,096 words by 8 bits. 

Its CMOS static circuitry provides high speed access and low power consumption. 

The pPD485506 can be used for one line delay and time axis conversion in high speed facsimile machines and 

digital copiers. 

Moreover, the pPD485506 can execute read and write operations independently on an asynchronous basis. Thus 

the pPD485506 is suitable as a buffer for data transfer between units with different transfer rates and as a buffer for 

the synchronization of multiple input signals. 

There are four versions, E, K, P and X. These versions operate with different specifications. Each version is 

identified with its lot number (refer to 7. Example of Stamping). 

Features 
5,048 words by 16 bits (Word mode) /10,096 words by 8 bits (Byte mode) 

Full static operation; data hold time = infinity 

Suitable for sampling one line of A3 size paper (16 dots/mm) 

Asynchronous read/write operations available 

Variable length delay bits; 21 to 5,048 bits or 10,096 bits (Cycle time: 25 ns) 

15 to 5,048 bits or 10,096 bits (Cycle time: 35 ns) 

Power supply voltage Vee = 5 V ± 10 % 

All input/output TTL compatible 

3-state output 

Ordering Information 

Part Number RIW Cycle Time Package 

IlPD485506G5-25 25 ns 44-pin plastic TSOP (II) (400 mil) 

IlPD485506G5-35 35 ns 

The information in this document is subject to change without notice. 

Document No. Ml0060EJ4VODSUI 
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Pin Configuration (Marking side) 

44-pln plastic TSOP (II) (400 mil) 

Douro 1 44 0, ... 

DouT1 2 43 0'N1 

DouT2 3 42 0,,12 

Dour. 4 41 D,N. 

Dour. 5 40 0'N4 

Dours 6 39 D,NS 

Dour. 7 38 DiNe 

DoUT1 8 37 0'N7 

OE 9 36 WE 
RE 10 1b 35 MO 

GNO 11 i 34 GNO 

RSTR 12 33 RSTW 
RCK 13 IS 

CIt 
32 WCK 

Vee 14 31 Vee 

00ur8 15 30 DIN! 

OOUTS 16 29 DIN! 

00ur1. 17 28 01N1. 

OOur11 18 27 O'N11 

Dour1. 19 26 0,N1. 

DouT1. 20 25 01N1. 

Dour1. 21 24 01N1. 

Dour1. 22 23 01N1. 

DINO to DIN15 Data Inputs 

DoUTo to DouT15 : Data Outputs 

WCK Write Clock Input 

RCK Read Clock Input 

WE Write Enable Input 

RE Read Enable Input 

OE Output Enable Input 

RSTW Reset Write Input 

RSTR Reset Read Input 

MD Mode Set Input 

Vee +5 V Power Supply 

GND Ground 
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Block Diagram 

011«1 

DIN1 

DIN2 

DiNa 

DIN. 

DINS 

DINS 

DIN7 

DINO 

DINO 

DIN'. 

DIN11 

DIN12 

DIN13 

DIN14 

DIN1S 

RSTW WCK 

----Vee 

----GND 

r--:~~--~~--~-----RSTR 
----~~-=~::::~~--JL1-~::~::~==--~~---RCK 

WE---~ t-----RE 

Douro 

DOlIn 

i 
DoUT2 

~ 

~ e 40,384 bits 00UT3 
C 
0 m (5,048 by 8) 0 
() 

~ 
() 

DOlIn :; Memory Cell Array i Q. .E 
.E 0 DOIJT5 

001JT6 

001JT7 

001JT6 

DoIJT6 

~ 
DoIJT,. 

~ 40,384 bits e 
001JT11 

m (5,048 by 8) g 
:; Memory Cell Array 

() 
001JT" Q. i .E 

0 001JT13 

DOIJT" 

DOIJT's 

MD 
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1. Pin Function 

Pin 

Pin Pin 1/0 Function 

Number 
Symbol 

Name 

23 - 30 D,NO Data In Write data input pins. 

I Input The data inputs are strobed by the rising edge of WCK at the end of a cycle 

37 -44 DIN15 and the setup and hold times (tos, tOH) are defined at this point. 

1 - 8 Douro Data Out Read data output pins. 

I Output The access time is regulated from the rising edge of RCK at the beginning of a 

15 - 22 Dour1. cycle and defined by tAco 

33 RSTW Reset In Reset input pin for the initialization of the write address pointer. 

Write The state of RSTW is strobed by the rising edge of WCK at the beginning of a 

Input cycle and the setup and hold times (tAS, tAH) are defined. 

12 RSTR Reset In Reset input pin for the initialization of the read address pointer. 

Read The state of RSTR is strobed by the rising edge of RCK at the beginning of a 

Input cycle and the setup and hold times (tAS, tAH) are defined. 

36 WE Write In Write operation control signal input pin. 

Enable When WE is in the disable mode ("H" level), the internal write operation is 

Input inhibited and the write address pointer stops at the current position. 

10 RE Read In Read operation control signal input pin. 

Enable When RE is in the disable mode ("H"level), the internal read operation is 

Input inhibited and the read address pointer stops at the current position. The data 

outputs remain valid for that address. 

9 OE Output In Output operation control signal input pin. 

Enable When OE is in the disable mode ("H" level), the data out is inhibited and the 

Input output changes to high impedance. The internal read operation is executed at 

that time and the read address pointer incremented in synchronization with the 

read clock. 

32 WCK Write In Write clock input pin. 

Clock When WE is enabled ("l" level), the write operation is executed in 

Input synchronization with the write clock. The write address pointer is incremented 

simultaneously. 

13 RCK Read In Read clock input pin. 

Clock When RE is enabled ("l" level), the read operation is executed in synchroniza-

Input tion with the read clock. The read address pointer is incremented 

simultaneously. 

35 MD Mode In Mode set input pin. 

Set The level of MD gives the operation mode. When MD is in "l" level, 

Input 5,048 words by 16 bits configuration with Oil,. - D,N1., Douro - Doum is enabled. 

When MD is in "H"level, 10,096 words by 8 bits configuration with D,NO - DIN7, 

DoUTO - DoUT7 is enabled. 
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2. Operation Mode 
JLPD485506 is a synchronous memory. All signals are strobed at the rising edge of the clock (RCK, WCK). 

For this reason, setup time and hold time are specified for the rising edge of the clock (RCK, WCK). 

(1) Mode Set Cycle (5,048 words by 16 bits or 10,096 words by 8 bits organization) 

JLPD485506 has a capability of selecting from two operation modes by judging the MD level when FiSiW or RSfR 
is enabled in the reset cycle. 

MD Level Bit Configuration Data Inputs/Outputs Control Signal 

"L" 5,048 words by 16 bits D,NO - D,N'. WCK, WE, RSTW 

DoUTo - Doun. RCK,RE,RSTR 

"H" 1 0,096 words by 8 bits D,NO - DIN7 WCK, WE, RSTW 

DoUTo - DoUT7 RCK,RE, RSTR 

Caution Don't change the MD level during a reset cycle. 

5,048 Words by 16 Bits FIFO 

WCK WE RSTW 

5,048 Words 
D,NO - D,N'. by DOUTO - DOUT'. 

16 B~s 

RCK RE RSTR OE 

10,096 Words by 8 Bits FIFO 

WCK 

D,NO - DIN7 10,096 Words by 8 Bits DoUTO - DoUT7 

Remark Fix D,NS - DIN15 to "L" or "H" level in the 1 0,096 words by 8 bits mode. 
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(2) Write Cycle 

When the WE input is enabled ("L"level), a write cycle is executed in synchronization with the WCK clock input. 

The data inputs are strobed by the rising edge of the clock at the end of a cycle so that read data after a one­

line (5,048 bits or 10,096 bits) delay and write data can be processed with the same clock. 

When creating a variable length delay line by controlling WE or RSTW, delay bits are as follows. 

Part Number Cycle Time Delay 8its 

J.lPD485506-25 25 ns 21 to 5,048 bitsl21 to 10,096 bits 

J.lPD485506-35 35 ns 15 to 5,048 bitsl15 to 10,096 bits 

Unless inhibited by WE, the internal write address will automatically wrap around from 5,047 to 0 and begin 

incrementing again. 

(3) Read Cycle 

When the RE input is enabled ("L" level), a read cycle is executed in synchronization with the RCK clock input. 

When the OE input is also enabled ("L" level) at that time, data is output at lAc. 

When creating a variable length delay line by controlling RE or RSTR, delay bits are as follows. 

Part Number Cycle Time Delay Bits 

J.lPD485506-25 25 ns 21 to 5,048 bitsl21 to 10,096 bits 

J.lPD485506-35 35 ns 15 to 5,048 bitsl15 to 10,096 bits 

When read and write cycles contend for the same line for a time axis conversion, etc., the old data (previous 

line) may be output for the last 21 bits in the case of 25 ns read cycle time, and the last 15 bits in the case 

of 35 ns read cycle time. 
Unless inhibited by RE, the internal read address will automatically wrap around from 5,047 to 0 and begin 

incrementing again. 

(4) Write Reset Cycle/Read Reset Cycle 

After power up, the ttPD485506 requires the initialization of internal circuits because the read and write address 

pointers are not defined at that time. 

It is necessary to satisfy setup requirements and hold times as measured from the rising edge of WCK and RCK, 

and then input the RSTW and RSTR Signals to initialize the circuit. 

Caution Write and read reset cycles can be executed asynchronously. However, 1/2 cycle and 500 ns Is 

required after a write cycle to read the data written In a cycle. 

Remark Write and read reset cycles can be executed at any time and do not depend on the state of RE, WE or 

OE. 
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3. Electrical Specifications 

• All voltages are referenced to GND. 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -o.5Note to Vee + 0.5 V 

Supply voltage Vee -0.5 to +7.0 V 

Output current 10 20 mA 

Power dissipation Po 1 W 

Operating ambient temperature T. o to +70 ·C 

Storage temperature T"" -55 to +125 ·C 

Note -3.0 V MIN. (Pulse width = 10 ns) 

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 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.5 5.0 5.5 V 

High level input voltage V,H 2.4 Vee + 0.5 V 

Low level input voltage V,L -0.3Note +0.8 V 

Operating ambient temperature T. 0 70 ·C 

Note -3.0 V MIN. (Pulse width = 10 ns) 

DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Operating current Icc 140 mA 

Input leakage current " V, - 0 to Vee. Other Input 0 V -10 +10 pA 

Output leakage current 10 Vo = 0 to Vee. -10 +10 pA 

DOUT: High Impedance 

High level output voltage VOH 10H = -1 mA 2.4 V 

Low level output voltage VOL IOL=2mA 0.4 V 

Capacitance (TA = +25 'C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance C, 10 pF 

Output capacitance Co 10 pF 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted)Notes I, 2, 3 

Parameter Symbol 
pPD485506-25 pPD485506-35 

Unit Notes 
MIN. MAX. MIN. MAX. 

Write clock cycle time twCK 25 35 ns 

Wrile clock pulse width twcw 11 12 ns 

Write clock precharge lime twcP 11 12 ns 

Read clock cycle time IRCK 25 35 ns 

Read clock pulse width IRCW 11 12 ns 

Read clock precharge lime IRCP 11 12 ns 

Access lime lAc 18 25 ns 

Output hold lime tOH 5 5 ns 

OutpUI low-impedance lime ILZ 5 18 5 25 ns 4 

Output high-impedance time !Hz 5 18 5 25 ns 4 

Inpul dala setup lime IDS 7 10 ns 

Input dala hold time toH 3 3 ns 

MD Set setup time tMS 20 20 ns 

MD Sel hold time IMH 10 10 ns 

MD Seltime IMD 0 0 ns 5 

Output low-impedance lime (Mode change) ILZM 5 18 5 25 ns 4 

OulpUI high~mpedance time (Mode change) IHZM 5 18 5 25 ns 4 

RSTW/RSTR Setup lime IRS 7 10 ns 6 

RSTW/RSTR Hold time IRH 3 3 ns 6 

RSTW/RSTR Deselected time (1) IRN1 3 3 ns 7 

RSTW/RSTR Deselected time (2) tRN2 7 10 ns 7 

WE Selup lime twE. 7 10 ns 8 

WE Hold lime twEH 3 3 ns 8 

WE Deselected lime (1) twEN1 3 3 ns 9 

WE Deselected lime (2) twEN2 7 10 ns 9 

RE Selup lime IRES 7 10 ns 10 

RE Hold lime tREH 3 3 ns 10 

RE Deselecled time (1) tRENl 3 3 ns 11 

RE Deselecled time (2) IREN2 7 10 ns 11 

OE Selup lime toES 7 10 ns 10 

OE Hold lime IOEH 3 3 ns 10 

OE Deselected time (1) tOEN1 3 3 ns 11 

OE Deselected time (2) IOEN2 7 10 ns 11 

WE Disable lime twEW 0 0 ms 

RE Disable lime tREW 0 0 ms 

OE Disable lime loEW 0 0 ms 

WrHe resel time IRSlW 0 0 ms 

Read resel time IRSTR 0 0 ms 

Transition lime IT 3 35 3 35 ns 
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Notes 1. AC measurements assume tr = 5 ns. 

2. AC Characteristics test condition 

Input Timing Specification 

3.0V ./ 

OV ----...f/i \-l: , . 
tr=5ns tr=5ns 

Output Timing Specification 

Output Loads for Timing 

---.--Vcc --,--Vcc 

1.81<0 1.8kO 

Dour Dour 

1.1 kO 1.1 k.Q 

(IAC,IOH) (IIZ,IHZ) 

3. Input timing reference levels = 1.5 V. 

4. tLZ, tHZ, tLZM and tHZM are measured at ±200 mV from the steady state voltage. Under any conditions, 

tLZ ;:: tHZ and tLZM ;:: tHZM. 

5. Mode set signal (MO) must be input synchronously with write reset signal (tRSTW period) or read reset signal 

(tRSTR period). Under this condition, tRSTW = tMo (tRSTR = tMO). 

6. If either tRS or tRH is less than the specified value, reset operations are not guaranteed. 

7. If either tRN1 or tRN2 is less than the specified value, reset operations may extend to cycles preceding or 
following the period of reset operations. 

8. If either tWES or twEH is less than the specified value, write disable operations are not guaranteed. 

9. If either tWEN1 or tWEN2 is less than the specified value, internal write disable operations may extend to cycles 

preceding or following the period of write disable operations. 

10. If either tRES or tREH, tOES or tOEH is less than the specified value, read disable operations are not guaranteed. 

11. If either tREN1 or tREN2, tOEN1 or tOEN2 is less than the specified value, internal read disable operations may 

extend to cycles preceding or following the period of read disable operations. 
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Write Cycle 

Cyclen 1 Cycle n+ 1 1 Cycle n+2 1 Disable Cycle 1 Cyclen+3 1 

!weK 

WCK(lnput) 

WE (Input) 

DIN (Input) 

Remark RSTW = "H" level 

Read Cycle (RE Control) 

Cycle n 1 Cycle n+ 1 1 1 Cycle n+21 Disable Cycle 1 Cyclen+31 

RCK (Input) 

RE (Input) 

DOUT (Output) ___ ...J'~ 

Remark OE = "L" level. RSTR = "H" level 

Read Cycle (OE Control) 

Cycle n 1 Cycle n+ 1 1 Cycle n+2 1 Disable Cycle 1 1 Cyclem 

tRCK 

IRcp 

RCK (Input) 

OE (Input) 

tLZ 

Dour (Output) .!:ti9~:L ..... ·····~t·~!~~:;;:········ 

Remark RE = "L" level. RSTR = "H" level 
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Write Reset Cycle (WE Controlled 1) (Versions E. K and P) 

ReselC cle C cleO 

WCK (Input) 

tRN1 IRs IRN2 

RSTW (Input) 

WE (InpuI) _";:.L"...;L;;;:e..;,;ve:;.I ______ -4 ______ 'I----1--------4--------+_ 

DIN (Inpul) 

Note In write reset cycle, reset operation is executed even without a reset cycle (tRSTW). 

WCK can be input any number of times in a reset cycle. 

Write Reset Cycle (WE Controlled 2) (Versions E. K. P and X) 

Disable C cle 

WCK (Inpul) 

IRN! IRS IRH IRN2 

RSTW (Inpul) 

twEN1 twES twEH 1wEN2 

WE (InpuI) twEW 

DIN (Inpul) 

Note In write reset cycle, reset operation is executed even without a reset cycle (tRSTW). 

WCK can be input any number of times in a reset cycle. 
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Write Reset Cycle (WE Controlled 3) (Version X) 

ResetC cle C cleO 

WCK (Input) 

IRN1 IRs tRH tRN2 

RSTW (Input) 

WE (Input) "l" level 
~~~-----------+--------~I----------------~-------------

DIN (Input) (1) 

Note In write reset cycle, reset operation is executed even without a reset cycle (tRSTW). 

WCK can be input any number of times in a reset cycle. 
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Read Reset Cycle (RE Controlled 1) 

RCK (Input) 

RSTR (Input) 

RE (Input) "L" Level 

Note In read reset cycle, reset operation is executed even without a reset cycle (tRSTR). 

RCK can be input any number of times in a reset cycle. 

Remark OE = "L" level 

Read Reset Cycle (RE Controlled 2) 

RCK (Input) 

RSTR (Input) 

IRENt IRes IREH IREN2 

RE (Input) IREW 

Dour (Output) Indefinite Data 

Note In read reset cycle, reset operation is executed even without a reset cycle (tRSTR). 

RCK can be input any number of times in a reset cycle. 

Remark OE = "L" level 
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4. Application 

• 1 H Delay Line 
pPD485506 easily allows a 1 H (5,048 bits/10,096 bits) delay line (see Figure 1, 2). 

It is also possible to change the number of delay bits depending on the cycle time as follows. 

Part Number Cycle Time Delay Bits 

/lPD485506-25 25 ns 21 10 5,048 bitsl21 10 10,096 bils 

/lPD485506-35 35 ns 15 10 5,048 bilsl15 10 10,096 bits 

To change the number of delay bits, you can choose the one of the following methods. 

Adjustments of the number of delay bits 

(1) Reset the cycle proportionate to the delay length (Figure 3). 

(2) Shift the input timing of write reset (RSTW) and read reset signals (RSTR) according tothe delay length (Figure 

4). 

(3) Shift the address by disabling WE or RE for the period proportionate to the delay length (Figure 5). 

Caution After power up, the pPD485506 requires the Initialization of Internal circuits because the read 

and write address pointers are not defined at that time. 

Figure 1 1 H Delay Line Circuit 

40 MHz Clock Resel 

WCK RCK 

Dala Input --~~-------t DIN DooTr---------r-~~-- Data Output 

8116 8116 
WE 

RSTW 
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Figure 2 1 H Delay Line Timing 

1--,---_____ 1 H 2 H 
twCK (5.046 CycleS)-------+----- (5.046 Cycles) 
tRCK 

WCKlRCK 
(Input) 

RSTWI 
RSTR 
(Input) 

DIN 

(Input) LJ/....lt..:ILlout.~ 

Remark RE, WE, OE = "l" level 

Figure 3 n-Blt Delay Line Timing (1) 

WCKlRCK 
(Input) 

RSTWI 
RSTR 
(Input) 

DIN 

1 H 
i--:tw- C-K---- (n Cycles) 

tRCK 

(Input) DI.~\Qj~YI\"':"':'JI 

Remark RE, WE, OE = "l" level 

2H 
-------l------(n Cycles) 

449 



450 

NEe 

WCKJRCK 
(Input) 

RSTW 
(Input) 

RSTR 
(Input) 

DIN 

(Input) 

tWCK 
tReK 

Remark RE, WE, OE = "L" level 

WCKJRCK 
(Input) 

RSTWI 
RSTR 
(Input) 

RE 
(Input) 

DIN 

(Input) 

tWCK 
IReK 

Remark WE, OE = "L" level 

pPD485506 

Figure 4 n-Blt Delay Line Timing (2) 

Figure 5 n-Bit Delay Line Timing (3) 
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MD 
(Input) 

RSTW 
(Input) 

WCK 
(Input) 

DINo- DIN7 

(Input) 

DIN8- 0111115 

(Input) 

Remark WE = "L" level 

MD 
(Input) 

RSTW 
(Input) 

WCK 
(Input) 

DiNa - DIN7 

(Input) 

Remark WE = "L" level 

j1PD485506 

Figure 6 Mode Set Cycle (Write) (1) 

Reset C cle 

tMS IMD tMH 

tRN1 tAS tRSTW tAH 

Figure 7 Mode Set Cycle (Write) (2) 

IMs 

tRNI tRS 
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Figure 8 Mode Set Cycle (Read) (1) 

l-----+--{]R~e~sel1t:Qilc;]!leu_-+_--j C Ie a r---i-----( 

MD 
(Input) 

RSTR 
(Input) 

RCK 
(Input) 

tRS 

DoUTO - DoUT7 --:-'""-::--xI\}'OI~r-:"":--i 
(Output) _...,-_...J1 

IMD IMH 

tRSTR 

pPD485506 

Dour. - DooT15 
(Output) ___ -" 

High-Z 
-- --i( ----- ---------- ------- ------ ------------ ------------------. 

Remark RE, OE = "L" level 

MD 
(Input) 

RSTR 
(Input) 

RCK 
(Input) 

IRs 

Figure 9 Mode Set Cycle (Read) (2) 

ResetC Ie 

IMD IMH 

tRSTR 

DDUT8- DouT15 ___________________ tJ!Q~:<; _________ _ 
(Output) 

Remark RE, OE = "L" level. 
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5. Package Drawing 

44 PIN PLASTIC TSOP(ll) (400 mil) 

44 

-++--------+---------t-

A 22.1 

NOTE 

Each lead centerline is located within 0.13 mm (0.005 inch) of 
its true position (T.P.) at maximum material condition. 

,uPD485506 

detail of lead end 

Q4, 
W Q. 

ITEM MILLIMETERS INCHES 

A 18.63 MAX. 0.734 MAX. 
B 0.93 MAX. 0.037 MAX. 
C 0.8 (T.P.) 0.031 (T.P.) 

0 0.32~:89 0.013±0.003 

E o.ao.os 0.004±0.002 
F 1.2 MAX. 0.048 MAX. 
G 0.97 0.038 
H 11.76±0.2 0.463±0.008 

10.16±0.1 0.400±0.004 

J 0.8±0.2 0.031:8:883 

K 0.14S~:8~~ 0.006±0.001 

L O.S±O.l 0.020:8:88~ 
M 0.13 O.OOS 
N 0.10 0.004 

P 30 +70 
_3· 30 +70 

-3. 

S44GIHIO-7JF5 
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6. Recommended Soldering Conditions 

Please consult with our sales offices for soldering conditions of the I'PD485506. 

Type of Surface Mount Device 

I'PD485506G5: 44-pln plastic TSOP (II) (400 mil) 

7. Example of Stamping 

Letter E in the fifth character position in a lot number signifies version E. letter K. version K. letter P. version 

P. and letter X. version X. 

NEe JAPAN 

0485506 

XXXXDXXXX 

Lot number 
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NEe/ MOS INTEGRATED CIRCUIT 

JlPD485505 

Description 

LINE BUFFER 
5K-WORD BY 8-BIT 

The IlPD485505 is a 5,048 words by 8 bits high speed FIFO (First In First Out) line buffer. Its CMOS static circuitry 

provides high speed access and low power consumption. 

The IlPD485505 can be used for one line delay and time axis conversion in high speed facsimile machines and 

digital copiers. 

Moreover, the IlPD485505 can execute read and write operations independently on an asynchronous basis. Thus 

the I1PD485505 is suitable as a buffer for data transfer between units with different transfer rates and as a buffer for 

the synchronization of multiple input signals. There are three versions, E, K, and P. These versions operate with 

different specifications. Each version is identified with its lot number (refer to 7. Example of Stamping). 

Features 
5,048 words by 8 bits 

Full static operation; data hold time = infinity 

Suitable for sampling one line of A3 size paper (16 dots/mm) 

Asynchronous read/write operations available 

Variable length delay bits; 21 to 5,048 bits (Cycle time: 25 ns) 

15 to 5,048 bits (Cycle time: 35 ns) 

Power supply voltage Vec = 5 V ± 10 % 

All input/output TTL compatible 

3-state output 

Ordering Information 

Part Number R/W Cycle Time Package 

pPD485505G-25 25 ns 24-pin plastic SOP (450 mil) 

pPD485505G-35 35 ns 

The Information in this document Is sUbJect to change without notice. 

Document No. Ml0059EJ4VODSUl 
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Pin Configuration (Marking side) 

24-pin plastic SOP (450 mil) 

Dour. 

0 
24 Oil ... 

Dourl 2 23 D1NI 

Dour. 3 22 0, ... 

Dours 4 21 D,NS 

RE 5 20 WE 
"% 

RSTR 6 C 19 RSTW ~ 

GND 7 
m 

18 Vee 5: 
G) 

RCK 8 17 WCK 

Dour, 9 16 DIN4 

Dour5 10 15 D,NS 

DOlIT6 11 14 Oil ... 

DOl/T7 12 13 DIN7 

DINO - DIN7 Data Inputs 

DouTo - DouT7 : Data Outputs 

WCK Write Clock Input 

RCK Read Clock Input 

WE Write Enable Input 

RE Read Enable Input 

RSTW Reset Write Input 

RS'i'FI Reset Read Input 

Vee +5 V Power Supply 

GND Ground 
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Block Diagram 

---Vee 

--GNO 

WCK Wr~e Address Pointer ~-------RSTW 

~--~--------------~--~ 
RE 

O'NO Dour. 

O'NI OOurl 

0'N2 OOUT2 
40.384b~ 

0'N3 (5.048 by 8) 00UT3 

0'N4 Memory Cell Array Dour. 

DINS Dour. 

0'N6 Dour6 

0'N7 DOUTT 

RSTR ------------1 Read Address Pointer 1------<>----- RCK 
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1. Pin Function 

Pin 

Pin Pin 1/0 Function 

Number 
Symbol 

Name 

13 - 16 D,NO Data In Write data input pins. 

I Input The data inputs are strobed by the rising edge of WCK at the end of a cycle 

21 - 24 DIN7 and the setup and hold times (tos, tOH) are defined at this pOint. 

1 - 4 DoUTo Data Out Read data output pins. 

I Output The access time is regulated from the rising edge of RCK at the beginning of a 

9 - 12 DOUT7 cycle and defined by tACo 

19 RSTW Reset In Reset input pin for the in~ialization of the write address pointer. 

Write The state of RSTW is strobed by the rising edge of WCK at the beginning of a 

Input cycle and the setup and hold times (tRS, tRH) are defined. 

6 RSTR Reset In Reset input pin for the initialization of the read address pointer. 

Read The state of RSTR is strobed by the rising edge of RCK at the beginning of a 

Input cycle and the setup and hold times (tRS, tRH) are defined. 

20 WE Write In Write operation control signal input pin. 

Enable When WE is in the disable mode ("H" level), the internal write operation is 

Input inhibited and the write address pOinter stops at the current position. 

5 RE Read In Read operation control signal input pin. 

Enable When RE is in the disable mode ("H" level), the internal read operation is 

Input inhibited and the read address pointer stops at the current position. The output 

changes to high impedance. 

17 WCK Write In Write clock input pin. 

Clock When WE is enabled ("L" level), the write operation is executed in 

Input synchronization with the write clock. The write address pointer is incremented 

simultaneously. 

8 RCK Read In Read clock input pin. 

Clock When RE is enabled ("L" level), the read operation is executed in synchroniza-

Input tion with the read clock. The read address pointer is incremented 

simultaneously. 
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2. Operation Mode 
JlPD485505 is a synchronous memory. All signals are strobed at the rising edge of the clock (RCK, WCK). 

For this reason, setup time and hold time are specified for the rising edge of the clock (RCK, WCK). 

(1) Write Cycle 

When the WE input is enabled (UL" level). a write cycle is executed in synchronization with the WCK clock input. 

The data inputs are strobed by the rising edge of the clock at the end of a cycle so that read data after a one­

line (5,048 bits) delay and write data can be processed with the same clock. 

When creating a variable length delay line by controlling WE or RSTW, delay bits are as follows. 

Part Number Cycle Time Delay Bits 

JlPD485505-25 25 ns 21 to 5,048 bits 

JlPD485505-35 35 ns 15 to 5,048 bits 

Unless inhibited by WE, the internal write address will automatically wrap around from 5,047 to 0 and begin 

incrementing again. 

(2) Read Cycle 

When the RE input is enabled (UL" level), a read cycle is executed in synchronization with the RCK clock input 

and data is output at tACo 

When creating a variable length delay line by controlling RE or RSTR, delay bits are as follows. 

Part Number Cycle Time Delay Bits 

JlPD485505-25 25 ns 21 to 5,048 bits 

JlPD485505-35 35 ns 15 to 5,048 bits 

When read and write cycles contend for the same line for a time axis conversion, etc., the old data (previous 
line) may be output for the last 21 bits in the case of 25 ns read cycle time, and the last 15 bits in the case 

of 35 ns read cycle time. 

Unless inhibited by RE, the internal read address will automatically wrap around from 5,047 to 0 and begin 

incrementing again. 

(3) Write Reset Cycle/Read Reset Cycle 

After power up, the JlPD485505 requires the initialization of internal circuits because the read and write address 

pOinters are not defined at that time. 

It is necessary to satisfy setup requirements and hold times as measured from the rising edge of WCK and RCK, 

and then input the RSTW and RSTR signals to initialize the circuit. 

Caution Write and read reset cycles can be executed asynchronously. However, 1/2 cycle and 500 ns is 

required after a write cycle to read the data written in a cycle. 

Remark Write and read reset cycles can be executed at any time and do not depend on the state of RE or WE. 
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3. Electrical Specifications 

• All voltages are referenced to GND. 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT _0.5Not• to Vee + 0.5 V 

Supply voltage Vee -D.5 to +7.0 V 

Output current 10 20 mA 

Operating ambient temperature T. o to +70 ·c 
Storage temperature T.1g -55 to +125 'C 

Note -3.0 V MIN. (Pulse width = IOns) 

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 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voitage Vee 4.5 5.0 5.5 V 

High level input voltage V,H 2.4 Vee + 0.5 V 

Low level input voltage V,L -D.3Note +0.8 V 

Operating ambient temperature T. 0 70 'C 

Note -3.0 V MIN. (Pulse width = IOns) 

DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Operating current lee 80 mA 

Input leakage current Ii V, = 0 to Vee. Other Input 0 V -10 +10 pA 

Output leakage current 10 Vo = 0 to Vee. -10 +10 pA 

Dour: High Impedance 

High level output voHage VOH 10H = -1 rnA 2.4 V 

Low level output voltage VOL IOL=2mA 0.4 V 

Capacitance (TA = +25 ·c, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance C, 10 pF 

Output capacitance Co 10 pF 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted)Notes 1,2,3 

Parameter Symbol 
liP D485505-25 IIPD485505-35 

Unit Notes 
MIN. MAX. MIN. MAX. 

Write clock cycle time twCK 25 35 ns 

Write clock pulse width twcw 11 12 ns 

Write clock precharge time twcp 11 12 ns 

Read clock cycle time tRCK 25 35 ns 

Read clock pulse width tRCW 11 12 ns 

Read clock precharge time tRCP 11 12 ns 

Access time tAC 18 25 ns 

Output hold time too 5 5 ns 

Output low-impedance time tLZ 5 18 5 25 ns 4 

Output high-impedance time tHZ 5 18 5 25 ns 4 

Input data setup time tos 7 10 ns 

Input data hold time tOH 3 3 ns 

RSTW/RSTR Setup time tRS 7 10 ns 5 

RSTW/RSTR Hold time tRH 3 3 ns 5 

RSTW/RSTR Deselected time (1) tRN1 3 3 ns 6 

RSTW/RSTR Deselected time (2) tRN' 7 10 ns 6 

WE Setup time !wES 7 10 ns 7 

WE Hold time twEH 3 3 ns 7 

WE Deselected time (1) twEN! 3 3 ns 8 

WE Deselected time (2) twE", 7 10 ns 8 

RE Setup time tRES 7 10 ns 9 

RE Hold time tREH 3 3 ns 9 

RE Deselected time (1) tREN1 3 3 ns 10 

RE Deselected time (2) tREN2 7 10 ns 10 

WE Disable time twEW 0 0 ms 

RE Disable time tREW 0 0 ms 

Write reset time tRSTW 0 0 ms 

Read reset time tRSTR 0 0 ms 

Transition time IT 3 35 3 35 ns 
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Notes 1. AC measurements assume tr = 5 ns. 

2. AC Characteristics test condition 

Input Timing Specification 

3.0 V I -----I, ' 
.. , '. OV 

tr-5ns 

Output Timing Specification 

\'----, ' .., iii 
, ' 
tr=5ns 

~~.~-~ ..... ~~~~;----\ .... ~~~~~ ..... 
0.8V~ 

Output Loads for Timing 

Vee Vee 

1.81<.0 1.81<.0 

DoUT DOUT 

1.11<.0 

r~ 
1.1 kO 

(lAc, 1oH) (1Lz,1Hz) 

3. Input timing reference levels = 1.5 V. 

pPD485505 

r~ 

4. tLZ and tHZ are measured at ±200 mV from the steady state voltage. Under any conditions, tLZ ~ 1Hz. 

5. If either tRS or tRH is less than the specified value, reset operations are not guaranteed. 

6. If either tRNI or tRN2 is less than the specified value, reset operations may extend to cycles preceding or 

following the period of reset operations. 

7. If either twES or tWEH is less than the specified value, write disable operations are not guaranteed. 

8. If either twENI or tWEN2 is less than the specified value, internal write disable operations may extend to cycles 
preceding or following the period of write disable operations. 

9. If either tRES or tREH is less than the specified value, read disable operations are not guaranteed. 

10. If either tRENI or tREN2 is less than the specified value, internal read disable operations may extend to cycles 

preceding or following the period of read disable operations. 
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Write Cycle 

Cycle n I Cycle n+ 1 I Cycle n+2 I Disable Cycle I Cycle n+3 I 
\weK 

\wep 

WCK (Input) 

WE (Input) 

DIN (Input) 

Remark RSTW = "H" level 

Read Cycle 

Cycle n I Cycle n+ 1 I Cycle n+2 I Disable Cycle I Cycle n+3 I 
lReK 

RCK (Input) 

RE (Input) 

tLZ 

Dour (Output) __ ljlQ~:t; ____ _ High-Z -----~r ---------------

Remark RSTR = "H" level 
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Write Reset Cycle (WE Controlled 1) (Versions E, K) 

ResetC cle C cleO 

WCK (Input) 

IRs tRH tRN2 

RSTW (Input) 

WE (Input) "L" Level 
-----------------+--------~)--~------------~----------__r 

DIN (Input) 

Note In write reset cycle, reset operation is executed even without a reset cycle (tRSTW). 

WCK can be input any number of times in a reset cycle. 

Write Reset Cycle (WE Controlled 2) (Versions E, K, and P) 

Disable C cle 

WCK (Input) 

RSTW (Input) 

WE (Input) 

DIN (Input) 

Note In write reset cycle, reset operation is executed even without a reset cycle (tRSTW). 

WCK can be input any number of times in a reset cycle. 

464 



NEe ,uPD485505 

Write Reset Cycle (WE Controlled 3) (Version P) 

ResetC cle C cleO 

WCK (Input) 

tRH tRN2 

RSTW (Input) 

WE (Input) "L" Level 
-----------------+--------~f----------------r_-------------

DIN (Input) 

Note In write reset cycle, reset operation is executed even without a reset cycle (tRSTW). 

WCK can be input any number of times in a reset cycle. 
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Read Reset Cycle (RE Controlled 1) 

RCK (Input) 

RSTR (Input) 

RE (Input) 

Dour (Output) 

Note In read reset cycle, reset operation is executed even without a reset cycle (tRSTR). 

RCK can be input any number of times in a reset cycle. 

Read Reset Cycle (RE Controlled 2) 

RCK (Input) 

RSTR (Input) 

tREH IREN2 

RE (Input) 

Dour (Output) 
High-Z ··il·························· 

Note In read reset cycle, reset operation is executed even without a reset cycle (tRSTR). 

RCK can be input any number of times in a reset cycle. 
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4. Application 

1 H Delay Line 

IlPD485505 easily allows a 1 H (5,048 bits) delay line (see Figure 1. 2). 

It is also possible to change the number of delay bits depending on the cycle time as follows. 

Part Number Cycle Time Delay Bits 

pPD485505-25 25 ns 21 to 5,048 bits 

/lPD485505-35 35 ns 15 to 5,048 bits 

To change the number of delay bits, you can choose the one of the following methods. 

Adjustments of the number of delay bits 

(1) Reset the cycle proportionate to the delay length (Figure 3). 

(2) Shift the inputtiming of write reset (RSTW) and read reset signals (RSTR) according to the delay length (Figure 

4). 

(3) Shift the address by disabling WE or RE for the period proportionate to the delay length (Figure 5). 

Caution After power up, the ,uPD485505 requires the initialization of internal circuits because the read 

and write address pointers are not defined at that time. 

Figure 1 1 H Delay Line Circuit 

40 MHz Clock Reset 

WCK RCK 

Data Input -"""7'5ry.<---------1 DIN Dour 1-----t-"""7'5ry.<-- Data Output 

8 8 
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twCK 
tRCK 

Figure 2 1 H Delay Line Timing 

1 H 
(5,048 Cycles) 

2H 
(5,048 Cycles) 

JLPD485505 

I Cycle 0 I I Cycle 1 I [CYCi8"2J I Cycle 5,0471 ICyC'n'048IIC}'Cie5.049llcYCle5,Q501 
0' L-11'LJ. (21 . '---"'-'------' 

WCK/RCK 
(Input) 

RSTWI 
RSTR 
(Input) 

DIN 

(Input) L.lot...x...;IL..X...x..lf I L_" "-.>I 

Remark RE, WE = "L" level 

lweK 
tRCK 

Figure 3 n-Bit Delay Line Timing (1) 

1 H 2H 
(n Cycles) (n Cycles) 

I Cycle 0 I I Cycle 1 I I Cycle 2 I I Cycle "-1 I I c~cli n I 
0' '--llL----' I '---"'L-----' '---"'-'-----' 

WCKlRCK 
(Input) 

RSTWI 
RSTR 
(Input) 

DIN 

(Input) L.lot...x...;IL..X...x..lfl L_" "-.>I 

Remark RE, WE = "L" level 
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WCKlRCK 
(Input) 

RSTW 
(Input) 

RSTR 
(Input) 

DIN 

(Input) 

IwCK 
tRCK 

Remark RE, WE = "L" level 

tWCK 
tRCK 

/lPD485505 

Figure 4 n-Bit Delay Line Timing (2) 

ICycle n-ll ~ ~ ICycle n+21 ICycle n+31 

Figure 5 n-Bit Delay Line Timing (3) 

I Cycle 0 I I Cycle 1 I I Cycle 2 I 

WCKlRCK 
(Input) 

RSTWI 
RSTR 
(Input) 

RE 
(Input) 

DIN 

(Input) 

Remark WE = "L" level 
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5. Package Drawing 

24 PIN PLASTIC SOP (450 mil) 

o 

I. 

NOTE 
Each lead centerline is located within 0.12 
mm (0.005 inch) of its true position (T.P.) at 
maximum material condition. 

ITEM 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

,uPD485505 

detail of lead end 

H 

P24GM-50-450A-2 

MILLIMETERS INCHES 

16.51 MAX. 0.650 MAX. 

1.27 MAX. 0.050 MAX. 

1.27 (T.P.) 0.050 (T.P.) 

0.40±0.10 '0.016~:gg~ 

0.1~:~ 0.004~g:gg~ 

2.5 MAX. 0.099 MAX. 

2.00 0.079 

12.2±0.3 0.480~g:m 

8.4 0.331 

1.9 0.075 

0.15~:Ag 0.006~g:gg~ 

0.9±0.2 0.035~:ggg 

0.12 0.005 

0.10 0.004 
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6. Recommended Soldering Conditions 

Please consult with our sales offices for soldering conditions of the JLPD485505. 

Type of Surface Mount Device 

JLPD485505G: 24-pin plastic SOP (450 mil) 

7. Example of Stamping 

Letter E in the fifth character position in a lot number signifies version E, letter K, version K, and letter P, 

version P. 

NEe JAPAN 

0485505 

XXXXDXXXX 

Lot number 
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[MEMO] 
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Field RAM 
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DATA SHEET 

NEe/ MOS INTEGRATED CIRCUIT 

JIPD487000 
4.75 M-BIT FIELD RAM 

270-ROW x 288-COLUMN x 8-BLOCK x 8-BIT 

Description 
The JlPD487000GC is a random block access, serial read and write Field RAM. The 270-row and 288-column non 

multiplexed address inputs selects an 8-byte block. The random access time to the 8-byte block is 200 ns. This device 

has two (read and write) 8 by 8 serial shift registers that operate at a clock rate of 30 ns and can be used for 

asynchronous reading and writing to the 8-byte registers. The serial access time is 35 ns. Its dedicated serial shift 

registers (read and write) operate independently of the memory cell array. Serial write and read operations can be 

performed after and synchronous with read and write transfer operations. 

The JlPD487000GC has a large 4.75 M bits capacity but has low power consumption. This Field RAM can be easily 

configured as 4.75 M bits image memory; featuring high data transfer rates. 

Features 
Built-in 8-pixel serial/parallel conversion circuit 

Memory organization: 4.75 M bits (270 x 288 x 8-block x 8-bit) 

Serial access time: 35/45 ns (MAX. ) 

Serial cycle time: 30/40 ns (MIN. ) 

Address cycle time: 200 ns (MIN. ) 

Power consumption: 342/303 mW (MAX. ) 

Supply voltage (Vcc): 3.3 ±0.3 V 

Built-in memory refresh circuit 

Low-level data output control pin 

Data input/output switching pin 

Package: 100-pin QFP (with 0.5 mm pitch) 

Ordering Information 

Part Number 

JlPD487000GC-30 

JlPD487000GC-40 

Serial Cycle Time 

30 ns 

40 ns 

Package 

100-pin plastic QFP (Fine pitch) (14 x 14) 

100-pin plastic QFP (Fine pitch) (14 x 14) 

The information In this document is subject to change without notice. 

Document No. Ml0345EJ1VODSUl 
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Pin Configuration (Marking side) 

100-pin plastic QFP (Fine pitch) (14 x 14) 

NC 

0 
NC 

NC NC 
A16 RST 
A17 NC 

0,oA5 0,oA1 
NC NC 

0'0A6 0,oA2 
0,oA7 0,oA3 

NC NC 
0,oA8 0'0A4 

Vee GNO 
Vee GNO 
NC ,uPD487000GC NC 

GNO Vee 
GNO Vee 
0,085 0,081 

NC NC 
0,086 0,0s2 
0,087 0,083 

NC NC 
0,088 0,0B4 

AO OIOS 
A1 GNO 
NC NC 
NC NC 

AO to A17 Address input DIOS Data input/output switching input 

CE Chip enable input DIOA1 to DIOA8: Data input/output 

OE Output enable input 01081 to 01088: Data input/output 

WS Write strobe input RFSH Refresh input 

WE Write enable input DOCTl low level data output control input 

RS Read strobe input RST Reset input 

CS Chip select input Vcc Supply voltage (3.0 to 3.6 V) 

SIC Serial-in clock input GND Power supply ground 

SOC Serial-out clock input NC No Connection 
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Block Diagram 

Vee GNO CE 

HPD487000 

/~~0s8 

~>-<'To--+-~o----J.--+---<-o 010~1 
1---+-----00,0.8 

8th Block (77,760 bits) 

7th Block (77,760 bHs) 

6th Block (77,760 bHs) 

5th Block (77,760 bits) 

4th Block (77,760 bits) 

3rd Block (77,760 bits) 

2nd Block (77,760 bits) 

CS WSWE RS A17··············A9 

1st Block 

Memory cell array 
77,760 bHs 
(270 x 288) 

A8········AO 
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1. Pin Functions 

Pin name Input/output Function 

AOto A17 Input These are inputs for one of 77,760 addresses. All address input bits are latched at the 

falling edge of CEo The row address (decimal from 0 to 269) is selected by AO to A8, 

and the column address (decimal from 0 to 287) is selected by A9 to A17. 

CE Input After the non-multiplexed row and column addresses are latched, a word line is 

selected and the sense amplifier is activated. if CS is active (high level) when CE goes 

active, one 8-byte block (64-bit) is selected. 

OE Input OE pin controls the output data buffer. (Note that there are two sets of eight 1I0's 

which can be selected as inputs or outputs). When OE pin is high level, O'OA (1 - 8) 

pins or 0,08 (1 - 8) pins become high impedance. When OE is low level, the 1/0 set 

selected as the output port will become active and drive output data. OE has no affect 

on the shift-out register 1/0 buffer which is controlled by SOC. 

WS Input When WS pin transitions low after CE = low level, the 8-byte block (64-bit) is transferred 

from the shift-in register to the 1/0 controller (lOC). 

WE Input When CE and WE both go low level for the write transfer function, the write data at the 

10C is written to a selected 8-byte blocks (64-bit) in the memory cell array. 

RS Input When CE and RS pins go low level for a read transfer operation, the 8-byte block (64-

bit) is transferred from a selected memory cell to the 10C, then to the shift-out register. 

CS Input To begin read and write operations, it is necessary to bring CS to the active (high level) 

state. The state of CS pin is sampled simultaneously with the address when the CE 

goes low level (active). 

SIC Input The rising edge of SIC latches the 8-bit input data into the shift-in register. 

SOC Input The rising edge of SOC begins the read access to the shift-out register, one-word is 

shifted out serially. Valid data is maintained until the next rising edge of SOC. 

OIOS Input The OIOS pin controls switching of serial 1/0 from read to write and write to read. 

O'OA 1 to 0,oA8 Input/output If DlOS pin is high level, O'OA (1 - 8) pins function as data input pins. When OIOS pin is 
low level, they function as data output pins. 

0,081 to O'Oa8 Input/output If OIOS pin is high level, 0,08 (1 - 8) pins function as data output pins. When OIOS pin 

is low level, they function as data input pins. 

RFSH Input RFSH pin controls the refresh operation of dynamic memory cells. The refresh cycle 

must be performed 270 times within 4 ms. 

OOCTL Input When this signal is held at the high level then all output data is changed to "O"s or low 

level. 

RST Input This is the reset pin and must be toggled low after power up to perform an internal 

reset. 

Vec - Supply voltage (3.0 to 3.6 V) 

GNO - Power supply ground 

NC - Leave these pins unconnected. 
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2. Controlling the Output Pins 

The ,uPD487000 has two output control pins, DE and DOeTL. The table below summarizes the possible 

combinations of the states of these pins and the corresponding output pin states. 

OE DOCTL Output pins (D,oA, D,oe) 

H H High impedance 

L 

L H All output 1/0 pins go to low level. 

L D'OA (1 • 8) or D,oe (1 • 8) are output state. 

Remark H: High level 

L: Low level 
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3. Serial Read or Serial Write Cycle 

The serial read or write function is enabled by bringing the CS high level and CE low level. A selected address 

is latched at the falling edge of CEo Data transfer of read orwrite data in 8 byte blocks occurs between the I/O controller 

and the memory cell array. 

Caution At least one SOC cycle is required between data transfers initiated by the falling edge of RS. This 

is required because RS is sampled by SOC. 

3.1 Serial Read Cycle 

In the serial read cycle, data is read in 8 byte blocks in parallel from a selected location in the memory cell array 

and sent to the I/O controller, then to the shift-out register. At the rising edge of the serial-out clock (SOC), the read 

data is output from OIOA (1 - 8) pins or from OIOB (1 - 8) pins serially. 

<1> The read address is latched at the falling edge of CEo 

<2> Cell data at a selected address is processed in 8 byte blocks. It is sent from the I/O controller to the shift-out 

register at the falling edge of RS. 

<3> If OE is low level, 8-byte data in the shift-out register is read serially from the data input/output pins (OIOA 

(1 - 8) or OIOS (1 - 8)) at the rising edge of the first SOC cycle after the falling edge of RS. 

<4> When 8-word data is being output serially, the read cycle can be repeated to update the same read data. In 

addition, the shift-out register is configured in a loop and repeats the same 8-word data output if no data transfers 

occur. 

Caution If greater than (8) SOC clocks are inputted between RS signals (data transfers) then the shiH-out 

register will wrap around outputting data No.1 (8 bits) on the 9th clock, data No.2 (8 bits) on the 

10th clock etc. 

Figure 3-1. Serial Read Cycle Timing 

~~ L....-..-,----__ - _-

MO': ~ --.. Xl.. _____________ _ 

soc 

01081 
to ._ ••••••••••••••••••• 

010e8 

Remarks 1. 81 to 88: 8-byte blocks by 8 bits data of Read address (M) 

2. OIOS: High level, OOCTl: low level. 
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3.2 Serial Write Cycle 

In the serial write cycle, serial data from the data input/output pins (DIOA (1 - 8) or 0106 (1 - 8)) is held in the shift­

in register. The data once received at the shift-in register is sent in 8 byte blocks to the 110 controller, then to the memory 

cell address selected by CE. 

<1> The write address is latched at the falling edge of CEo 

<2> The serial input data is sent to the shift-in register at the rising edge of the serial-in clock (SIC). 

<3> When the shift-in register receives the 8 byte blocks, bringing the WS (Write Strobe) low level causes the data 

to be sent to the 110 controller in parallel on the falling edge of WS. 

(Data inputted to the shift-in register after WS goes low level is sent to the 110 controller on the next serial write 

cycle.) 

<4> Data received at the 110 controller is written in parallel to a specified memory cell address by making the WE 

(Write Enable) low level. 

Caution If greater than (8) SIC clocks are inputted between WS signals (write transfers) then the 9th clock 

will shift write data No.2 Into shlft·ln register1 and write data No.1 will be lost. 

Figure 3·2. Serial Write Cycle Timing 

CE 1~ ______________ ~ 

cs ----.J ~ 
AOtoA17 )(r-L .... w-r-ite-a-d-d-re-ss-_-M .... ~)(~ ................................................................ .... 

SIC 

01081 
to 

OIOBS 

Remarks 1. B1_M to B8_M: 8-byte blocks by 8 bits data of Write address (M) 

2. DIOS: Low level 
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4. Read-Modify-Write Cycle 

This device supports read modify write operations. In the read-modify-write cycle, data is read from and written 

back to the same memory array address in a-byte blocks. 

5. Refresh Cycle 

Because' JlPD4a7000 consists of dynamic memory cells, it needs constant refreshing. There are two types of 

refreshing, CE-only refresh and RFSH auto refresh. The refreshing takes 270 cycles 14 ms. 

5.1 CE-only refresh cycle 
Cells with any specified row address (AO to A8) are refreshed at the falling edge of CEo Selecting all row addresses 

(from 0 to 269) within 4 ms will refresh all memory cells. CS pin should be held at the low (VIL) level. 

5.2 RFSH auto refresh 
When CE is high level, making RFSH low triggers automatic refreshing. In this refresh cycle, simply supplying 270 

RFSH signals within 4 ms will refresh all memory cells, since the cell address is generated in the internal address 

counter. 

6. Initialization 

When the power is turned on wait 100 JLS keeping CE and RFSH inactive, after Vcc reaches 3.0 V, initialize the 

circuit by performing: 

Refresh operation of at least a cycles. 

CE-only refresh or RFSH auto refresh is acceptable as the refresh cycle. 

Drop RS after at least one cycle of SOC is supplied. 

Supply a low level to the RST pin at least once. 

Caution When the power is turned on, the output pins become high impedance. 

Figure 6·1. Initialization 

1001'S 

Vee 3.0V 

MIN. B Cycles 

MIN. 1 Cycle 
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7. Electrical Characteristics 

All voltages are relative to ground (GND). 

All GND pins should be connected to ground. 

All Vee pins should be connected to the same power supply. 

Absolute Maximum Ratings 

Parameter Symbol Rating Unit 

Supply voltage Vee -0.5 to +4.2 V 

Pin voltage VT -0.5 to Vee +0.5 (MAX. 4.2 V) V 

Output current 10 4 mA 

Power dissipation Po 1 W 

Operating ambient temperature TA o to 70 ·C 

Storage temperature TSIg -55 to +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 In 

the operational sections of this characteristics. Exposure to Absolute Maximum rating conditions 

for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol MIN. TYP. MAX. Unit 

Supply voltage Vee 3.0 3.6 V 

High level input voltage V,H 0.7 Vee Vcc V 

Low level input voltage V,L 0 0.3 Vee V 

Operating ambient temperature TA 0 70 ·C 
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DC Characteristics (Recommended operating conditions unless otherwise noted) 

pP048700D-30 pP0487000-40 
Parameter Symbol Conditions Unit 

MIN. TYP. MAX. MIN. TYP. MAX. 

Operating current Icc, Is.e, tsoc = 30/40 ns, 85 95 77 84 mA 

te = 200 ns 

Standby current Ices CE = RFSH = High level 4.0 4.0 mA 

SIC = SOC = O.OA (1 - 8) Or 

0.08 (1 - 8) = Low level 

(CMOS level input) 

Input leakage current I" V" = 0 V to Vee -10 +10 -10 +10 pA 
(except for the RST pin) Other input = 0 V 

Input leakage current 112 VI2 = 0 V to Vee -100 +100 -100 +100 pA 

(for the RST pin) Other input - 0 V 

Output leakage current 10 Vo = 0 V to Vee -10 +10 -10 +10 pA 

High level output voltage VOH IOH = -100 pA 0.8 Vee 0.8 Vee V 

Low level output voltage VOL 10l = 400 pA 0.4 0.4 V 

Caution The indicated current drain is measured under no load on the output pin. The actual current drain 
varies with the operating conditions such as output load and operating cycle time. 

Capacitance (TA = 25°C, f = 1 MHz) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

Input capacitance C" AO to A17, CS 5 pF 

C.2 Input pin other than the above pins 7 

I nput/output capacitance C.o O.OA (1 - 8), 0.08 (1 - 8) 7 pF 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) 

AC Characteristics Test Conditions 

(1) Input timing specification (2) Output timing specification 

V,H(MlN.)=0.7Vee ----J1lL------; ; 
VIL(MAX.) = 0.3 Vee --------: : 

I I I I 

VOH(MIN.) = 0.7 Vee -~ ~ 

VOL (MAX.) = 0.3 Vee -~\... ___ -,I 
I ' I I 

~ ~ 
tr=5ns tr:'5ns 

(3) Loading condition is 20 pF. 

Parameter Symbol MIN. MAX. Unit Conditions 

Refresh cycle tREF 4 ms 

OE access time IlPD487000-30 tOEA 30 ns 

IlPD487000-40 40 

SOC access time IlPD487000-30 tSOA 35 ns 

IlPD487000-40 45 

Output disable time IlPD487000-30 tOEl 30 ns 

IlPD487000-40 40 

Read/write cycle time te 200 ns 

Read-modify-write cycle time tAWC 240 ns 

CE precharge time IP 80 ns 

CE pulse width teE 100 1,000 ns 

Hold time from RS to CE teRl 20 ns Note 1 

Hold time from WE to CE tewl 60 ns 

Address set-up time· tASe 0 ns Note 2 

Address hold time tAHe 30 ns Note 2 

CE-RS delay time teAD 95 ns 

RS pulse width tRS 20 ns 

RS precharge time tRSP 30 ns 

Hold time from SOC to RS tRSl 0 ns 

WE pulse width \wP 45 ns 

WE read cycle set-up time tRCS a ns 

WE read cycle hold time tRCH 20 ns 

Hold time from RS to WE tRWD a ns 

CE-WE delay time tewD 100 ns Note 1 

Hold time from CE to WE \wHe 85 ns 

Notes 1. This specification is valid only during a read-modIfy-write cycle. 

2. This specification is valid only for AO to A8 during CE-only refresh. 

During the CE-only refresh cycle, the CS must be kept low level. 

485 



NEe ,uPD487000 

Parameter Symbol MIN. MAX. Unit Condition 

WS preeharge time twsp 30 ns 

WS pulse width tws 20 ns 

WS inhibit time twlH 70 ns 

WS set-up time tSWE -4 ns 

CS set-up time tASe 0 ns Note 

CS hold time IAHe 30 ns Note 

SOC set-up time Isos 4 ns 

SOC assertion time Isov 15 ns 

SOC precharge time !'PD487000-30 Isop 12 ns 

!,PD48700o-40 16 

SOC pulse width !,PD48700o-30 Iso 12 ns 

!,PD487000-40 16 

Serial-out cycle time !,PD487000-30 tsoe 30 ns 

!'PD487000-40 40 

Output data hold time tSOH 10 ns 

SIC assertion time 1s,V 4 ns 

SIC hold time tSiH 15 ns 

SIC precharge time !'PD487000-30 IsIP 12 ns 

!'PD487000-40 16 

SIC pulse width !,PD487000-30 lsi 12 ns 

!'PD487000-40 16 

Serial-in cycle time !'PD487000-30 tSle 30 ns 

!,PD487000-40 40 

Data input set-up time !'PD487000-30 tDS 12 ns 

!'PD487000-40 15 

Data input hold time toH 4 ns 

Hold time from RFSH to CE IFR 80 ns 

Hold time from CE \0 RFSH tCSR 80 ns 

Refresh cycle time teR 200 ns 

RFSH pulse width tRDI 100 1,000 ns 

RFSH precharge time tFP 80 ns 

Output enable time from DOCTL tOOA 40 ns 

Low-level-output time access from DOCTL tOOL 40 ns 

Input/output switching time tlOC 40 ns 

RST pulse width IRST 10 ns 

CE set-up time from RST tRSS 10 ns 

Riselfall time IT 3 50 ns 

Note This specification is valid only for AO to A8 during CE-only refresh. 

During the CE-only refresh cycle, the CS must be kept low level. 
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Memory Read Cycle 

RFSH 
IFA tc 

tCE 

CE 

CS 

AO to A17 

RS 

WE 

soc 

DroB1 Old data (n - 3) 
to D,osB 

Remark OE Low level 

DlOS High level 

DOCTL: Low level 
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Memory Write Cycle 

CS 

AOloA17 

H 

SIC 

0,0.1 
10 D,o.8 

Remark OE: Low level 

DIOS: High level 

yPD487000 

IFR Ic 

ICE 

twHC 

twp 



NEe yPD487000 

Memory Read Modify Write Cycle 

RFSH 

IFR IRwe 

leE 

CE 

lASe IAHe 

CS 

AOtoA17 

soc 

WE 

SIC 
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NEe pPD487000 

CE-Only Refresh Cycle 

CS L 
~--------------------------------------------------

Remark A9 to A 17: Don't care. 

RFSH Auto Refresh Cycle 

RFSH 

teA 

lAol 
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Shift In Cycle 

SIC 

DrOA1 
to DrOA8 

Remark DIOS: High level 

Shift Out Cycle 

SOC 

DrOB1 
to DrOB8 

Remark DIOS High level 

DOCTL: Low level 

Shift Out Cycle (DOCTL Control) 

SOC 

DOCTL 

DrOB1 
to DrooB 

Remark DIOS: High level 

OE : Low level 

,uPD487000 
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NEe /lPD487000 

8. Application 

8.1 Memory Read and Write Cycle 

_--;1' 
CE 1~ ________ ~ 

Memory Read Cycle 

-I-
Memory Write Cycle 

·1 

CS -.J 

AO to A17 =x Valid X'-_____ .JX Valid X'-__________ _ 
Read address_M Write address_N 

u 
WE 

SIC 

SOC 

Remarks 1. M_1 to M_8: 8-byte blocks by 8 bits data of Read address (M) 

2. N_1 to N_8 : 8-byte blocks by 8 bits data of Write address (N) 



NEe 

8.2 Memory Write and Read Cycle 

I_ Memory Write Cycle + Memory Read Cycle 

CE I I 

cs ~ 

AD to A17 =x Valid X X Valid X 
Write address_M Read address_N 

RS 

WE 

WS 

SIC 

SOC 

Remarks 1. M_1 to M_8: 8-byte blocks by 8 bits data of Write address (M) 

2. N_1 to N_8 : 8-byte blocks by 8 bits data of Read address (N) 

U 

yPD487000 

-I 
I 
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NEe yPD487000 

8.3 Memory Write and Write Cycle 

I· Memory Write Cycle -I- Memory Write Cycle -I --., 
CE '-------_ ..... 

CS~ ________ ~~~ ______________ _ 

AOtoA17 =:x Valid X'--____ --JX Valid X\.. ___________ _ 
Write address_M Write address_N 

u 
WS 

SIC 

Remarks 1. M_1 to M_8: 8-byte blocks by 8 bits data of Write address (M) 

2. N_1 to N_8 : 8-byte blocks by 8 bits data of Write address (N) 

u 



NEe 

9. Package Drawing 

100 PIN PLASTIC QFP (FINE PITCH) (014) 

A 

B 

G 1 
H .... 1$"I-:I-@::=-11 Q] 

~l ~, o N -W-
L 

NOTE 

Each lead centerline is located within 0.10 mm (0.004 inch) of 
its true position (T.P.) at maximum material condition. 

,uPD487000 

detail of lead end 

ITEM MILLIMETERS INCHES 
A 16.0±0.2 0.630±0.008 

B 14.0±0.2 0.551~8:ggA 

c 14.0±0.2 

o 16.0±0.2 0.630±0.008 
F 1.0 0.039 
G 1.0 0.039 

H 0.22~g:g~ 
0.10 0.004 
0.5 (T.P.) 0.020 (T.P.) 

K 1.0±0.2 0.039~g:ggA 

0.5±0.2 0.020~8:ggS 

M O.17~g:g~ 0.007~g:g8j 
N 0.10 0.004 
P 1.45 0.057 
Q 0.125±0.075 0.005±0.003 

R 5'±5' 5'±5' 
S 1.7 MAX. 0.067 MAX. 

Pl00GC-50-7EA-2 
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10. Recommended Soldering Conditions 

Please consult with our sales offices for soldering conditions of the JLPD487000. 

Type of Surface Mount Device 

JLPD487000GC: 100-pin plastic QFP (Fine pitch) (14 x 14) 
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1. BASIC PRINCIPLES OF RELIABILITY/QUALITY CONTROL SYSTEM 
NEG's reliability/quality control of semiconductors is based on the thorough integration of the reliable management 

in market analysis, development and design of the products meeting users' needs, and manufacturing process design, 

on one hand, and, quality control in materials and parts supply, each and every manufacturing process, direct and 

reliable assurance of thorough examination and reliability test of the products, and shipment and after-sale service 

management, on the other. Itis our pleasure and pride to serve our customers bestthrough a product-specific efficient 

management system to realize reliable quality and reasonable prices to the satisfaction of the users. 

As the semiconductor application fields expand and develop, the amount used in those areas is increasing 

tremendously. The needs of our customers for higher and higher product quality are inevitable results of the 

development of the electronic industry. 

To meet such users' needs, the NEG concentrates on the following three key points: 

(1) Master design of key aspects of the product characteristics 

(2) Quality control system built in the manufacturing process 

(3) Removal of fault products through inspection of the products 

The followings are our routine practices assure high quality products: 

(a) Standardized designing practices to built reliability in to the developed products. 

(b) Thorough examination of potential factors that may cause fault products at the design examination stage. 

(c) Exhaustive and thoroughgoing evaluation of the characteristics and reliability test of the test products. 

(d) Automated manufacturing equipment to reduce variability in the product quality. 

(e) Quality control at each and every manufacturing process meeting the process-specific requirements. 

(f) Built-in learning process to increase workers' awareness of the importance of the product quality through 

small group activities such as the ZD (Zero-defect) groups or QG circles. 

(g) Product-specific screening, inspection, and reliability tests. 

(h) Analysis of quality information, including the field data, and feed back/forward of the analysis results. 

Through these effective measures, we believe that NEG can satisfy users' needs for its high quality products. 

It is not, however, the end of our efforts: we still try our best to improve the quality of our products. 

Figure 1 diagrammatically describes, our quality (Q) and reliability (R) control. 



Fig. 1 Q and R System Diagram 

~e I 
Circuit 

I 
Manufacturing 

I 
Reliabilityl 

I I I 
Product section Sales 
~:c~opmen technology technology Quality control Planning Manufacturing Inspection 

I ~~~~~ ~n~~~:t Technology I 
research 

t I Development 
Iproduct planning I 

t l Dev~lopmental 
reqUirement Product project 

t 

I 
New product development council 

I -. 
I Circun designing 

Design review I 
Designing 

I Product designing Mal)uf~cturing I 
designing 

+ 
r Design review 1 

Trial 
I Trial manufacturingl 

I Sales strategy I r manufacturing (Trial manufacturing) Design review 

t 

I New product sales council -1 rl Manufacturing Control I 
standard standard t 

I Sales planning Manufacturing Manufacturing Reception I Mass production 1 planning inspection 
(Manufacturing) 

I 1 , 
I Order I I Improvement Product qualHy 1 Final inspection I measures information 

II Shipment Warehousing I 

t 

II Market (Use) I 

Market -l Marketll~ormation 
(Use) on qualit 

+ 
~ Complaint 

reception Fault analysis I 

~ 
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2. MANUFACTURING PROCESS QUALITY CONTROL 
NEC manufactures and sells its semiconductor products under the management policy of "Reliability Quality 

Control" based on an accurate understanding of customers' needs and operating conditions realized in the product 

designs. 

To secure the intended reliability and quality in the product design, possible causes of off-grade products in the 

manufacturing processes must be eliminated in each step of the production line through qualified manufacturing 

management. 

For the purpose, we carefully control the quality olthe parts, materials and related goods, manufacturing equipment 

and environment. In addition, inspection processes are inserted in the manufacturing process to check the semifinal­

final products by referring to key control items at proper sampling frequency. 

The above-described quality control system is explained in detail referring to the flow chart Fig. 2 - Fig. 6. 

The following is a brief explanation of the material/parts control system. 

First, parts, materials, chemicals, highly pure gases, and other related goods are purchased from specific 

manufacturers authorized by NEC. 

The results of the inspection are monitored and, when necessary, corrective measures are requested to the 

identified suppliers or the plants are audited by the purchase division to maintain quality of the purchased items. 



Fig. 2 Manufacturing Process Control Flow Chart: 

Example of Plastic Molded DIP, SOP, SOJ and QFJ (PLCC) 

Process Control Item Control Purpose 

Silicon wafer { Sheet Resistance } I Purchase of parts/materials I ,---t Diffusion I V .. , Breakdown voltage Evaluation of basic parameters 

1 1 
Appearance Etching quality evaluation 

{ AI thickness Securing film thickness I Reception Inspection Metallization I AI 
i 

Appearance Etching qualHy evaluation 

I Wafer sorting I 
Electrical characteristics Elimination of off-grade 
(all pieces) electrical characteristics 

+ 
I Dicing I Appearance Evaluation of die qualHy 

~ 
by their appearance 

Lead frame 
Die mounting I Appearance Mounting quality evaluation 

Fine gold wire + { Appearance } Bonding quality evaluation Wire bonding I Strength of pull 

Mold resin + 
I { Appearance Molding Temperature/time Molding quality evaluation 

l 
I Finish on lead's surface I Appearance Final qualHy evaluation 

! 
I Marking I Appearance Marking quality evaluation 

J 
I Lead form I Appearance Lead form quality evaluation 

~ 
Electrical characteristics Elimination of off-grade 

I Final testing I (all pieces) electrical characteristics 

I (Burn-in, depend on product) 

f----!Reliabilily vertification test I { Life Test 
Environment Test 

} Confirmation of reliability 
(Sampling) 

+ 
I Shipment I 
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Fig. 3 Manufacturing Process Control Flow Chart: 

Example of Plastic Molded QFP and TSOP 

Process Control Item Control Purpose 

Silicon wafer { Sheet Resistance ) I Purchase of parts/materials I -----l Diffusion I 
V .. , Breakdown voltage Evaluation of basic parameters 

1 1 

Appearance Etching quality evaluation 

1 AI thickness Securing film thickness 
I Reception Inspection Metallization I AI Appearance Etching qual~y evaluation 

J 
I Wafer sorting I 

Electrical characteristics Elimination of off-grade 

+ 

(all pieces) electrical characteristics 

I Dicing I Appearance Evaluation of die quality by 

• 
appearance 

Lead frame 
Die mounting I Appearance Mounting quality evaluation 

Fine gold wire • 1 Appearance ) Bonding quality evaluation Wire bonding J Strength of pull 

Mold resin + 1 Appearance Molding I Temperature/time Molding quality evaluation 

+ 
IFinish on lead's surface I Appearance Final quality evaluation 

+ 
I Marking I Appearance Marking quality evaluation 

• Electrical characteristics Elimination of off-grade 
I Final testing I (all pieces) electrical characteristics 

I (Burn-in, depend on product) 

f-----lReliability vertification test I 1 Life Test 
Environment Test 

) Confirmation of reliability 
(Sampling) , 

I Lead form I Appearance Lead form quality evaluation 

• I Shipment I 
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Fig. 4 Manufacturing Process Control Flow Chart: 

Example of PPGA 

Process Control Item Control Purpose 

Silicon wafer 1 Resistivity 
} Evaluation of basic parameters I Purchase of parts/materials I ,----I Diffusion I Sheet Resistance 

1 1 
v'" Breakdown voltage 
Appearance Etching quality evaluation 

{ AI thickness Securing film thickness I Reception Inspection Metallization I Appearance Etching quality evaluation AI 
~ 

I Wafer sorting I Electrical characteristics Elimination of off-grade 
(all pieces) electrical characteristics 

+ 
I Dicing I Appearance Evaluation of die quality by 

• 
appearance 

Frame 
Die mounting I Appearance Mounting quality evaluation 

Fine gold wire • { Appearance ) Wire bonding I Strength of pull 
Bonding qual~y evaluation 

Resin and cap • Molding I { Appearance Molding quality evaluation 

1 
Temperature/time 

I Lead processing I Appearance Lead processing evaluation 

+ I Finish on lead's surface I Appearance Finish quality evaluation 

• I Marking I Appearance Marking quality evaluation 

• I CuI/separate I Appearance Elimination of off-grade cuI/ 
insulate 

~ 
Electrical characteristics Elimination of off-grade I Electrical sorting I (all pieces) electrical characteristics 

I (Burn-in, depend on product) 

r----!Reliability vertification test I { Life Test 
Environment Test 

) Confirmation of reliability 
(Sampling) 

+ 
I Shipment I 
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Fig. 5 Manufacturing Process Control Flow Chart: 

Example of Ceramic DIP (CERDIP) 

Process Control Item Control Purpose 

Silicon wafer 
{ Sheet Resistance ) I Purchase of parts/materials I r---I Diffusion I VOl, Breakdown voltage Evaluation of basic parameters 

1 1 
Appearance Etching quality evaluation 

1 AI thickness Securing film thickness I Reception Inspection Metallization I Appearance Etching qualny evaluation AI 

• I Wafer sorting I Electrical characteristics Elimination of off-grade 
(all pieces) electrical characteristics 

+ 
I Dicing I Appearance Evaluation of die quality by 

• 
appearance 

Frame 
Die mounting I Appearance Mounting quality evaluation 

Fine aluminum wire • 1 Appearance ) Bonding qualny evaluation Wire bonding I Strength of pull 

Cap • Seal I Appearance Sealing quality evaluation 

• I Leak test I Airtightness Airtightness evaluation 

+ I Finish on lead's surface I Appearance Finish quality evaluation 

~ 
l Lead cut I Appearance Lead molding quality evaluation 

Marking ink + 
Marking I Appearance Marking quality evaluation 

• Electrical characteristics Elimination of off-grade 
I Final testing I (all pieces) electrical characteristics 

I (Burn-in, depend on product) 

1 
Life Test 

) Confirmation of reliability r---iReliability vertification test I 
Environment Test 

+ 
I Shipment I 
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Fig. 6 Manufacturing Process Control Flow Chart: 

Example of Ceramic DIP (SEAM WELD), Ceramic QFN (LCC), and Ceramic PGA 

Process Control Item Control Purpose 

Silicon wafer 1 Resistivity 
} Evaluation of basic parameters I Purchase of parts/materials I ,-----I Diffusion I Sheet Resistance 

j j 
V", Breakdown voltage 
Appearance Etching quality evaluation 

I Reception Inspection Metallization I 1 AI thickness Securing film thickness 

AI Appearance Etching quality evaluation 

~ 
I Wafer sorting I Electrical characteristics Elimination of off-grade 

+ 

(all pieces) electrical characteristics 

I Dicing I Appearance Evaluation of die quality by 

~ 
appearance 

Case 
Die mounting I Appearance Mounting quality evaluation 

Fine metal wire + 1 Appearance ) Bonding quality evaluation Wire bonding I Strength of pull 

Cap + 
Seal I Appearance Sealing quality evaluation 

~ 
I Leak test I Airtightness Airtightness evaluation 

Marking ink + 
Marking I Appearance Marking quality evaluation 

~ 
Electrical ratings Elimination of off-grade 

I Electrical sorting I (all pieces) electrical ratings 

I (Burn-in, depend on product) 

1 
Life Test 

) Confirmation of reliability ------!Reliability vertification test I Environment Test , 
I Shipment I 
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3. RELIABILITY TEST 
NEC's reliability test is conducted periodically, considering various standards such as JIS C 7022, MIL-STO-

883, and other standards. 

The following, section 3.1 describes an example of the reliability test, and section 3.2, fault evaluation criteria in 

the reliability test. 



3.1 DESCRIPTION OF THE RELIABILITY TEST 

Reliability Test: Example of Plastic Packages 

Sample Equipment Test Method 
Test Item Test Condition Size JIS C 7022 MIL-STO-883 

Resistance to Soldering Soak the product in melted solder at 260 ±5 ·C with 18 A-1 -
Heat·1 no flux from 10 seconds. 1.6 ±0.8 mm deep from Condition A 

the product or its tab-stud. 

Temperature Cycle Soak the product in a low temperature (T SIll min.) A-4 1010 

bath for 30 minutes then another 30 minutes in a Condition C 

high-temperature (Ts .. max.) bath. Repeat this 

cycle 10 times. 

Thermal Shock Soak the product in a prescribed liquid at 100 ·C A-3 1011 

for at least 5 minutes. Then, w~hin 10 seconds, Condition A Condition A 

soak it in a prescribed liquid at 0 ·C for at least 5 Method II 

minutes. Repeat this cycle 15 times. 

Solderability Soak the device in noncorrosive flux up to 1.27 mm 5 A-2 2003 

deep from the product for 5 to 1 0 seconds then in 

flux of melt solder at 230 ±5 ·C with a soaking 

speed of 25.4 ±6.3 mrnls, again up to 1.27 mm 

deep from the device for 5 seconds. Wash away 

the flux in alcohol and examine the soldered area of 

the device. 

Terminal Bending·1 Apply a weigh\"2 to the lead of the product in a 5 - 2004 

Strength vertical direction of the axis of the lead without Condition 

causing twist in it until the lead bends by 90 B2 

degrees, then release it. Repeat this operation 

three times. Apply this operation separately to 3 

randomly chosen terminals. 

High-Temperature Conduct the left test in an environment atmosphere 18 B-3 1008 

Storage at 150 ·C for 1000 hours. 

High-Temperature Bias In an environmental atmosphere at 125 ·c, apply 24 B-1 1005 

the upper limit supply voltage of the recommended Condition 

operating conditions for 1000 hours to conduct the A,B, and C 

bias life test. 

High-Temperature! Conduct the life test in an atmosphere with relative 26 B-5 -
Humidity Storage humidity of 85 % at temperature of 85 ·C for 1000 Condition B 

hours. 

PCT Expose the device to vapor having a pressure of 18 -'- -
2.3 x 105 Pa (2.3 barometric pressure) in an 
atmosphere at 125 ·C for 96 hours. 

*1) PLCC is not subjected to this test. 

*2) The DIP and PPGA weight 250 grams; the SOP, QFP and QUIP weight 125 grams each. 
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Reliability Test: Example of Ceramic Packages 

Sample Equipment Test Method 
Test Item Test Condition Size JIS C 7022 

Resistance to Soldering Soak the product in melted solder at 260 ±5 ·C with 18 A-l 
Heat'3 no flux from 10 seconds. 1.6 ±0.8 mm deep from Condition A 

the product or its tab-stud. 

Temperature Cycle Soak the product in a low temperature (T stg min.) A-4 

bath for 30 minutes, then another 30 minutes in a 

high-temperature (T stg max.) bath. Repeat this 

cycle 1 0 times. 

Thermal Shock Soak the product in a prescribed liquid at 100 ·C A-3 

for at least 5 minutes. Then, within 10 seconds, Condition A 

soak it in a prescribed liquid at 0 ·C for at least 5 Method II 

minutes. Repeat this cycle 15 times. 

Variable Frequency Fix the product on a vibrator and apply sine wave 18 A-l0 

Oscillation oscillation in the X, Y, and Z directions that 

logarithmically changes in the range between 10 to 

2000, then 2000 to 10Hz in 4 minutes, with a peak 

acceleration of 20 G. 

Mechanical Shock Mount the product on a shock tester and subject it A-7 
to a shock of 1500 G (500 G'1) in acceleration and Condition F, 0 

0.5 ms in the pulse width, in the X, Y, and Z 

directions 3 times each. 

Constant Acceleration Fix the product on the tester and subject it to a A-9 

centrifugal acceleration of 20000 G (5000 G'2) is Condition C, A 

applied in the X, Y, and Z directions for 1 minute in 

each. 

Solderability Soak the device in noncorrosive flux up to 1.27 mm 5 A-2 

deep from the product for 5 to 1 0 seconds, then in 

flux of melted solder at 230 ±5 ·C at a soaking 

speed of 25.4 ±6.3 mm/s, again up to 1.27 mm 

deep from the device for 5 seconds. Wash away 

the flux in alcohol and examine the soldered area of 
the device. 

Terminal Bending'3 Apply a prescribed weight to the lead of the product 5 -
Strength in a vertical direction of the axis of the lead without 

causing twist in it until the lead bends by 90 ±5 

degrees, then release it. Repeat this three times. 

Apply this separately to 3 randomly chosen 

terminals. 

High-Temperature Conduct the life test in an environmental 18 B-3 

Storage atmosphere at 150'C for 1000 hours. 

High-Temperature Bias In an environmental atmosphere at 125 ·c, apply 24 B-1 

the upper limit supply voltage of the recommended 

operating conditions for 1000 hours to conduct the 

bias life test. 

*1) Glass-windowed products. *2) Glass-windowed products and products with heat sink. 

*3) The LCC is not subjected to this test. 

MIL-STD-883 

-

1010 

Condition C 

1011 

Condition A 

2007 

Condition A 

2002 

Condition B, A 

2001 

Condition A 

2003 

2004 

Condition 

B2 

1008 

1005 
Condition 

A,B, and C 



3.2 FAULT EVALUATION CRITERIA IN RELIABILITY TEST 

Example of Plastic Package Product 

Testing Item Fault Evaluation Criterion 

Resistance to Soldering Heat' Within tolerance of the electrical characteristics 

Temperature Cycle 

Thermal Shock' 

High-Temperature Storage 

High-Temperature Bias 

High-Temperature/Humidity/Storage 

PCT 

Terminal Strength (Bending)' Lead appearance I No breaking/Loosening 

Solderability Lead appearance I Above 95 % Solder Coverage of Tested Surface 

'The PLCC is not subjected to this test. 

Example of Ceramic Package Product 

Testing Item Fault Evaluation Cr~erion 

Resistance to Soldering Heat' Within tolerance of the electrical characteristics 

Temperature Cycle 

Thermal Shock 

Variable Frequency Oscillation 

Mechanical Shock 

Constant Acceleration 

High-Temperature Storage 

High-Temperature Bias 

Terminal Strength (Bending)' Lead appearance I No breaking/Loosening 

Solderability Lead appearance I Above 95 % Solder Coverage of Tested Surface 

'The LCC is not subjected to this test. 
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