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Table 5-8. Ack[1:0] Encodings

Commands
uasléomzd/\tgk [q\c(l)(] Name Description Sﬁggf
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 1 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

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

Data | Data | Data ; Data
N ) NN ) I & B -

T pata ! T
[o[o8: 0}

I Data ! T
[0] (1118 O

I Data I
[0][2)[8:0]

T Data ! T
0131 [8:0]

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.

\ Data

Packet

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

Device Pins
Clock | Bus- | Bus- 1 Bus- | Bus- | Bus- ' "Bus- | Bus- . Bus- | Bus- | Bus- 1 Bus- |
Cycle ! Data | Data | Data ; Data |, Data , Data ,
Number ) B U R - I P B P N - B 1) IO B
o T T e | T T T
Losven | [0} [0][7:?] . I I
Lo ! " Data
L_odd [0{1[7:0)
Com l " Data | I | |
Losven [01{2][7 : 0]
! ! bata | | T
poodd 0[31[7:0]
ro@ I I Data I T I I
L_sven | 01417 :0)
@ I Data T T T
L_odd B0
! I I I ] T
v B Data
L_sven [01[6](7:0]
D | Data T | 1
L_odd__ [01[7]7:0]
1
i
D) I I | | |
1 _séven _ N} [0][7 : 0}
ol I Data ' ! l
,_odd | 1 7:0)
' atna] ' Data T ‘ '
L_even nEr:o
1
: [4'n+1] I Data I T I
1 _odd In1[3] 7 : 0]
I [4*n+2] I Data I I I
L _seven _ [ [4][7: 0]
! [4*n+2) I Data I f l
L_odd__ (n) 5] 7 : 0]
1
1[4 I Data I I I T
L_sven [n] [6] [7 : O
' [4'n4g] [ I Data I I I I
L. odd M7r:o)
1 | This means that this pin is not used by this packet. If it is not used \ Data <
Time by another packet, it is pulled to a logic zero value. Packet
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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
eightlow-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 [n:1] are provided by the serial address packet. As before, “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)”.

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

Serial Address Field Description UI’::"SP
SAdr(i][10:3] Low-order address bits for each octbyte. Imp
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Figure 5-5. Serial Address Packet Format

Device Pins
Clock | Bus- | Bus- 1 Bus- | Bus- | Bus- | Bus- | Bus- 1 Bus- | Bus- | Bus- | Bus- !
Cycle \Enable| Ctrt | Data |, Data ; Data | Data , Data | Data ; Data | Data | Data ,
Number - - - ; R () D (4 O () I () D ) O ) N v I 1) I (*) I
ro@ | saar
. even | 13
[
v ] saar
1 odd 1| [M@
et
'] 1| SAdr
| _even v (sl
Lo | saar
, odd ! [1] (6]
[ i
N (I -
1 even [
AL
"ol 1| SAdr
L _odd ] [1[8]
bom | san
L_even i[9
i
Pomo1] sad
v odd | [1]1[10]
Fm————— 1
: X
i . ! .
1 . ! .
1 . ' .
! X
R !
o) | sAdr
| even L3l
A
'o[tn] || SAdr
v _odd Cfnl[4)
U @net] 1| sAdr
' even | [n5]
‘‘‘‘‘‘ 1
| fnet] | Sadr
! odd 1| nle)
e
U 4n+2] || SAdr
L even [n] (7]
' [4*n+2] || SAdr
. _odd v | (8]
""" 1
| [4'n+3) | shdr
, even | [n][9]
o= =-- 1
! [4'n+3] | | SAdr
v+ odd ' |[n][10]
l Serial Address This means that this pin is not used by this packet. If it is not used
Time Packet 1 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 BusCitrl pin of the device, thus it is referred to
as a serial control packet. The eightbits have the same timing alignment as the serial address packet. The commands
which use this packet are all 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 mustbe zero in order for framing to work properly (otherwise, one of these 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
SCtri[0] This bit must be a zero due to framing requirements. Imp
SCtri[1] unimplemented Unimp(0)
SCtri[2] This bit must be a zero due to framing requirements. Imp
SCtrl[3] unimplemented Unimp(0)
SCtrl[4] This bit must be a zero due to framing requirements. Imp
SCtrl[5] 0 means don’t terminate the current access. Imp
1 means terminate the current access.

SCitrl[6] This bit must be a zero due to framing requirements. Imp
SCitrl[7] unimplemented Unimp(0)

If a memory read transaction (RrrrAaa) is terminated by asserting the SCtrl[5] bit to a logical one, the data octbyte
with which itis associated is not transmitted 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 “Rambus
DRAM user’s manual (Reference Manual)”.
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Figure 5-6. Serial Control Packet Format

Device Pins

Bus- 1 Bus- 1 i 1 Bus-
Enable | Ctrl Data

SCtrl

I.

SCtrl

SCtrl

(2]

,:m
=8

ot st
|

1 Serial Control
Time Packet

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

Serial Mode
Packet

Device Pins
"Bus- 1 Bus- 1 Bus- 1 Bus- |
Data | Data , Data , Data , Data
I 1
L}

M. 6

t
L

Figure 5-7. Serial Mode Packet Format

Data | Data
B

”

————

5
5

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 not the phase). When this happens, the BusEnable 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/Rsrv/
Undef
00 Increments Count00[3:0}, clears Count11[7:0]. Spec
01 - Undef
10 - Undef
11 Increments Count11[7:0], clears Count00[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 (IdCompareState, 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. |f 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) PowerOn

Count11<tmodear. MiN

StandbyState (standby state)
(reduced power dissipation)

Count11> = tmodesa, MiN Count00> = tModepetay, MAX

ActiveState (active mode)
(ready to receive request)

Count11> = tModear, MIN

BusCtrleven = 1
(Start Bit)

IdCompareState (active mode)
(receive request - compare address)

IdMatch |dMatch
AckWindowState (active mode) DeviceState (active mode)
(wait for AckWinDelay to elapse) (this responding device is addressed)
DeviceBusy DeviceBusy
NackState (active mode) OkaysState (active mode)
(send Nack acknowledge) (send Okay acknowledge)
Execute signal
to Command
state machine

409



NEC uPD488031L

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 of the Count11{7:0] counter is less than tmodesamin.
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 Count00[3:0] counter is greater than or equal to
tmodenelay,MaX. The device will leave StandbyState when the value of the Count11[7:0] counter is greater than or equal
to tModesAMIN.

Caution PD (Mininterval Register [3] [2]) = 0is necessary. Because, BM 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 tmodepelay,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

410

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
tModeOffSet 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
ModeSwitchReset 320 - Number of SMode packets to cause a transition from Active-
Mode to ResetMode
tReset 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
Figure 6-2. Basic ActiveMode/StandbyMode Transitions
Clock BusEn BusCtrl BusData [8 : 0]
Cycles
[ tModesaMn ¥ |
tModesa, MAX

tModeDelay, MAX

[TTTTTTTITTTTITITITT T

This is a timing diagram, with time increasing in the downward direction. The time scaleisin 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[1:0] 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 tmodesamax serial mode packets with
SMode[1:0] 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
tmodeottset, MIN clock cycles after the start of the first serial mode packet. It remains there for tmodebelay.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

Figure 6-3. ActiveMode/StandbyMode Transition - Early Transaction

Clock BusEn BusCtrl BusData [8 : 0]
Cycles

tmodeorfrset, MiN

STTETTT

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 atransaction has completed,
the device returns to standby mode. The detailed functional description is provided in “Rambus DRAM user’s manual
(Reference Manual)”.
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6.3 ResetMode

Reset mode is entered when a consecutive sequence of tmedera,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 trockmn to
resynchronize. Initiating devices must wait this long after the transition out of reset mode before starting any

transactions.
Figure 6-4. ResetMode to ActiveMode Transition
Clock BusEn BusCtr BusData [8 : 0]
Cycles

tModeSwitchReset, MIN

tReset, MIN

tLock, Reset, MIN

FTETTTrTTTTTTT
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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 tackpelay and tackwinbeiay timing constraints. tackwinoelay 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 treadelay after the end of the request packet. The treadDelay
value is in tcvcLe units and is programmed into the ReadDelay field of the Delay register of each responding device.
Itis not required to be the same for all devices within a Rambus system, but the difference (treadpelay - tackpelay) 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)”.

Figure 7-1. Read Transaction

Clock BusEn BusCtrl BusData [8: 0]

tAckDelay

tReadDelay

FTTTT T rTrrTrrTrThd
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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 tackpelay and tackwinbelay 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 twritepelay cycles after the end of the request packet. The twritepelay 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 twriteDeiay 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.

«  trostRegwriteDelay if the current transaction is a register space access
+  trostMemwriteDelay 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)”.

Figure 7-2. Write Transaction

Clock BusEn BusCtrl 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}[10:3] field) is transmitted by the initiating device a time tseriaiReadotiset
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.

+  tserialReadofiset 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 “Rambus DRAM user’s manual (Reference Manual)”.

Figure 7-3. Read Transaction with Serial Address Packet

Clock BusEn BusCtrl BusData [8 : 0]

Request

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

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

tserialReadOftSet

Data [n-1] [7 : 0] [8 : 0] = RData [n-1] [7 : 0] [8 : 0]

Data[n][7:0][8:0] =RData[n] [7:0] [8:0]

FTrrrrrrrrrrrrrrrTrT T T T T T TITT I
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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 tseriawriteottset
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.

+  tserawriteotiset 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.

Figure 7-4. Write Transaction with Serial Address Packet

Clock BusEn BusCtrl BusData {8 : 0]

Cycles

[ SAdr

— 1 Request

t tAckDelay

L Data [0] [7 : 0] [8 : O] = WData [0] [7 : 0] [8 : 0]
L Data[1] [7 : 0] [8 : 0] = WData [1] [7 : 0] [8 : O]
: tseriawriteOfiSet

— Data[n-1] [7: 0] [8: 0] = WData [n-1] [7 : 0] [8 : 0]
E Data[n] [7:0][8:0] = WData [n] [7: 0] [8: 0]
-

Next transaction to same device

Next transaction to different device
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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 tseriaireadotiset 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 tackwinbelay 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)”.

Figure 7-5. Read Transaction with Serial Control Packet

BusEn BusCtrl BusData [8 : 0]

Q9
S 8
o X
w

Request

tAckWindDelay

The serial control
packet must not lie
inside the acknowledge
window.

R

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

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

tserialReadoffSet

Data [n-2] [7 : 0] [8 : O] = RData [n-2] [7 : 0] [8 : 0]

FTTTTITTTI T T T T T T I T I I T I I I I T

Data[n-1) [7 : 0] [8 : 0] = RData [n-1] [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 tsenawriteotiset 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 tackwindeiay 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 BusEn BusCtrl BusData [8 : 0]

Request

tAckDeiay

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

tAckwindDelay

The serial control
packet must not lie
inside the acknowledge
window.

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

Data[n-2] [7 : 0] [8 : 0] = WData [n-2] [7 : 0] [8: O]

tserialwriteOttSet

Data[n-1][7: 0] [8: 0] = WData [n-1] [7: 0] [8 : O]

FTTrrrTrrT T rrTiTTI T T Tl

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 8-1. Nack Acknowledge Response
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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:

tReadMiss = tRETRY + tReadHit (Eq 8-1)

twriteMiss = tRETRY + twriteHit (Eq 8-2)

where trReTRY = {tRetrySensedClean, tRetrySensedDiry, tRetryRefresh}. The treadmiss and twriteMiss 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 RowMiss

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 tretay 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 tRowimprestore 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 (Eq 8-3)

tRetrySensedDity = tRowOverHead + tF p Rowf (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/sensed/restored (using
the tRowPrecharge, tR: , and t p intervals), and the current row is precharged/sensed so the RDRAM is left
with its RowSenseAmpCache state unaltered (except the row’s dirty flag will be cleared):

tRetryRefreshClean
= twriteHit + tRefRequestidieOverHead + SXtLessRowRefreshOverHead +

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

{RetryRefreshDirty
= twriteHit + tRefRequestidieOverHead + SXtLessRowRefreshOverHead +

5 x (2 x RowPrecharge [0:4] + RowSense [0:4] + RowimpRestore [0:4] + trRowExpRestore)  (EqQ 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 tretyretresh 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
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8.3 Retry Component Intervals

The tretry and trasagain intervals are built from the tRowOverHead, tRowp ge, tF , tF p , tRowExprestore,
tRefRequestidieOverHead, tLessRowRefreshOverHead, and tHoidorf intervals. All eight intervals are measured in tcvcie units, and thus
scale with the clock frequency.

The trowoverHead, tRefRequestidieOverHead, and tressRowRefreshOverHead 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 so 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

Delay Fixed Part (overhead) 8M RDRAM
Parameter and tevoLe Units core timing (ns)
Variable Parthote 1 (4 ns) with tovoLe = 4ns
tRowOverHead Row overhead 7 28
- n/a
tRefRequestidleoverHead | Row overhead 14 56
- n/a
tLessRowRetreshOverHead | Row overhead 20 80
- n/a
tRowPrecharge RowPrecharge overhead | 6 28
RowPrecharge[4:0] 1
tRowsense RowSense overhead 1 32
RowSense[4:0] 7
tRowimprestore RowlmpRestore overhead | 5 60
RowlmpRestore[4:0] 10
tRowExprestore RowExpRestore overhead | 4 32
RowExpRestore[4:0]Note 2 | 4
tHoldot HoldOff overhead 1 8
RowPrecharge[4:0) 1

Notes 1. The variable part is programmed into the indicated field of the Raslinterval 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
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AdrS [35: 2] ) . ) )
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35343332313029282726252423222120191817161514131211109 8 7 6 5 4 3
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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 \"

Vitriass | Voltage applied to any TTL pin with respect to GND -0.5 Voo+0.5 \'

Vop,ABs Voltage on Voo with respect to GND -0.5 Voo,max+1.0 Vv
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
Ty Junction operating temperature 100 °C
Ouc Junction-to-Case thermal resistance 5 °CW

Capacitance

Symbol Parameter MIN. MAX. Unit
Cwo Low-swing input/output parasitic capacitance 2 pF
Cime TTL input parasitic capacitance 8 pF
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Power Consumption

Mode Parameter MIN. MAX. Unit
lect Standby Current —-A50 135 mA
lcc2 Active Current -A50 380 mA
lccs Read Operation Current -A50 480 mA

(Burst Length = 256)
lcca Write Operation Current —A50 480 mA
(Burst Length = 256)

Caution These do not include the lo. 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 \
VRer Reference voltage 1.95 2.15 \
Vswing Input voltage range 1.0 14 Vv
ViH High level input voltage VRer+0.5 VRer+0.7 \"
Vi Low level input voltage Vrer—0.7 | Vrer—0.5 \"
ViH, T1L High level TTL input voltage 2.0 Vop+0.5 \
Vi, T Low level TTL input voltage -0.5 +0.8 Vv

DC Characteristics (Recommended operating conditions unless otherwise noted)

Symbol Parameter Conditions MIN. MAX. Unit
IREF Vrer current VRer = Maximum -10 +10 uA
loH High level output current 0 < Vour< Voo -10 +10 HA
loL Low level output current Vour= 1.6 V 25 mA
I, 7L TTL input leakage current 0< Vi, L £ Voo -10 +10 HA
Von, 71 | High level TTL output voltage lon, 1L = -0.25 mA 2.4 Voo

Vo, 1. | Low level TTL output voltage lot, L= 1.0 mA 0 0.4 Vv
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Recommended Timing Conditions

serial control packet to the beginning of the write data
subpacket (octbyte) with which it is associated.

Symbol Parameter MIN. MAX. Unit
tPAUSE Pause time after Power On 200 us
tcR, torF TxClk and RxClk input rise and fall times 0.3 0.7 ns
tevcLe TxClk and RxClk cycle times -A50 4 5 ns
trick Transport time per bit per pin (this timing interval is| tcvoLe/2 tcvoLe/2 ns

synthesized by the RDRAM's internal clock generator)
tcH, toL TxClk and RxClk high and low times 47 % 53 % tcvoLe
trr TxClk-RxClk differential 0.25 0.7 ns
tsp Sln-to-SOut propagation delay 50 ns
ta TxClk-to-Data/Control output time 1-0.45 1+0.45 [tcvcie/4
ts Data/Control-to-RxClk setup time 0.45 tevcLe/4
tH RxClk-to-Data/Control hold time 0.45 tevcLe/4
tRer Refresh interval 17 ms
tLock RDRAM internal clock generator lock time 750 tevoLe
Transaction Timing Characteristics
Symbol Parameter MIN. Unit
trostregwriteDelay | Delay from the end of the current transaction to the beginning 6 tcvoLe
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.
trostMemwriteDelay | Delay from the end of the current transaction to the beginning 4 teveLe
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 tovcLe
the beginning of the next transaction.
tserialReadOffSet Delay from the beginning of a serial address subpacket or 12 tcvoLe
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 tovoLe
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Data and Transaction Latency Characteristics

Symbol Parameter MIN. Unit Notes

treaspetlay | Delay from the end of a read request packet to the 7 tovoLe 1
beginning of the read data packet.

twritebelay | Delay from the end of a write request packet to the 1 toYoLE 2
beginning of the write data packet.

Notes 1. treadpelay is programmed to its minimum value.
2. twriteDelay is programmed to its minimum value.

Hit, Retry and Miss Delay Characteristics

Symbol Parameter MIN. Unit Notes
tReadHit Start of request packet to start of read data packet for row 10 tovoLe 1
hit (Okay).
tWriteHit Start of request packet to start of write data packet for row 4 tcvoLe 1
hit (Okay).
tRetrySensedClean Start of request packet for row miss (Nack) to start of 22 tevcLe 2

request packet for row hit (Okay).
The previous row is unmodified.

tRetrySensedDirty Start of request packet for row miss (Nack) to start of 30 tcycLe 2
request packet for row hit (Okay).
The previous row is modified.

tRetryRefresh Start of request packet for row miss (Nack) Clean 213 tevoLe 2
to start of request packet for row hit (Okay).
Dirty 221
tReadMiss Start of request packet for row miss (Nack) to start of Read 32 tovoLe 3
Data packet for row hit (Okay).
twriteMiss Start of request packet for row miss (Nack) to start of Write 26 teycLE 3

Data packet for row hit (Okay).

Notes 1. Programmable
2. tRowExprestore, tPrecharge, and tsense are programmed to there minimum value.
3. Calculated with tretrysensedClean(MIN).
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Rise/Fall Timing Chart
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Transmit Data Timing Chart

Serial Configuration Pin Timing Chart
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11. Package Drawing

SSOP TYPE
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NOTE ITEM MILLIMETERS __ INCHES
Each lead centerline is located within 0.13 mm (0.005 inch) of A 25.30 MAX.  0.996 MAX.
its true position (T.P.) at maximum material condition. B 2.575 MAX.  0.102 MAX.
C 0.65 (T.P.) 0.026 (T.P.)
0.003
D 0.24:0.06  0.009%3-303
0.002
E 0.25:0.05 0.010%5:90%5
F 1.6 MAX. 0.063 MAX.
G 1.256 0.049
H 13.0£0.2 0.51240.008
| 11.0+0.1 0.433£0.004
0.009
J 1.0£0.2 0.03923-308
K 017*33%8  0.007x0.001
0.004
L 0.5¢0.1 0.02025'005
M 0.13 0.005
N 0.10 0.004
- 7 3L
Q 0.65 (T.P.) 0.026 (T.P.)
R 22.75 0.896
S 1.275 MAX. 0.051 MAX.
P32G6-65A
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DATA SHEET

NEC / MOS INTEGRATED CIRCUIT

uPD485506

LINE BUFFER
5K-WORD BY 16-BIT/10K-WORD BY 8-BIT

Description

The uPD485506 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 uPD485506 can be used for one line delay and time axis conversion in high speed facsimile machines and
digital copiers.

Moreover, the uPD485506 can execute read and write operations independently on an asynchronous basis. Thus
the uPD485506 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 Vcc =5V + 10 %

+ All input/output TTL compatible

+ 3-state output

Ordering Information

Part Number R/W Cycle Time Package
nPD485506G5-25 25 ns 44-pin plastic TSOP (Il) (400 mil)
uPD485506G5-35 35 ns

The information in this d is subject to ch without notice.

9

Document No. M10060EJ4VODSU1
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Pin Configuration (Marking side)

Douto
Dourt
Dourz
Doura
Doure
Dours
Doure
Dourz
OE
RE
GND
RSTR
RCK
Vee
Dours
Doure
Doutio
Dour11
Douri2
Douria
Doura

Douris

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

1 v 44
2 43
3 42
4 41
5 40
6 39
7 38
8 37
9 36
10 % 35
o
1 34
12 g 33
13 § 32
14 31
15 30
16 29
17 28
18 27
19 26
20 25 |
21 24
22 23
Dino to Dints~ : Data Inputs
Dourto to Dour1s : 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
Vce : +5 V Power Supply
GND : Ground

Dino
Dint
Dinz
Dina
Dina
Dins
Dine
Dine
WE
MD
GND

RSTW

WCK
Vee
Dins
Dine
Dinto
Dintt
Dini2
Dinia
Dinta

Dinis
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Block Diagram

Vee
GND
RSTW . . . RSTR
WCK Write Address Pointer ] I Read Address Pointer I RCK
— Y ’_L..
Dino 1 —— Douto
Dint — —> Doum
Dinz F— . |—> Dourz
5 s| |2
2 = S
Dis £ £ 40,384 bits S| & [ bom
8 = (5,048 by 8) 5 3
Dina et 3 Memory Cell Array g § —> Dours
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Ditt ] £ 40,384 bits S ¢ Dourss
g @ (5,048 by 8) 8
Dint2 g 3 Memory Cell Array é. — Douriz
3 £ §
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| Mode Controller |

!

MD
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1. Pin Function

Pin
Pin Symbol Pin /10 Function
Number ymbo Name
23 - 30 Dino Data In Write data input pins.
| Input The data inputs are strobed by the rising edge of WCK at the end of a cycle
37-44 Dinis and the setup and hold times (tos, ton) are defined at this point.
1-8 Douro Data Out Read data output pins.
| Output The access time is regulated from the rising edge of RCK at the beginning of a
156-22 Douris cycle and defined by tac.
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 (trs, ta) 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 (trs, tr1) 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 Dino - Dinis, Douto - Douris is enabled.
When MD is in “H” level, 10,096 words by 8 bits configuration with Dino - Dinz,
Douro - Dout7 is enabled.
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2. Operation Mode
uPD485506 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)

uPD485506 has a capability of selecting from two operation modes by judging the MD level when RSTW or RSTR
is enabled in the reset cycle.

MD Level Bit Configuration Data Inputs/Outputs Control Signal
L 5,048 words by 16 bits Dio - Dints WCK, WE, RSTW
Douto - Dout1s RCK, RE, RSTR
“H” 10,096 words by 8 bits Dino - Dinz WCK, WE, RSTW
Douro - Dourr RCK, RE, RSTR

Caution Don’t change the MD level during a reset cycle.
5,048 Words by 16 Bits FIFO

WCK WE RSTW

Y Y

5,048 Words
Dino - DlmsD— by -—D Douro - Dour1s

16 Bits

0 00b 0

RCK RE RSTR OE

10,096 Words by 8 Bits FIFO

WCK WE RSTW
Do - Dz [ — 10,096 Words by 8 Bits L[ Dour - Dourr
RCK RE RSTR OE

Remark Fix Dins - Dints to “L” or “H” level in the 10,096 words by 8 bits mode.
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2)

)

4)

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 controliing WE or RSTW, delay bits are as follows.

Part Number Cycle Time Delay Bits
1PD485506-25 25 ns 21 to 5,048 bits/21 to 10,096 bits
1PD485506-35 35 ns 15 to 5,048 bits/15 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.

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 tac.

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

Part Number Cycle Time Delay Bits
1PD485506-25 25 ns 21 to 5,048 bits/21 to 10,096 bits
1PD485506-35 35 ns 15 to 5,048 bits/15 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.

Write Reset Cycle/Read Reset Cycle

After power up, the uPD485506 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 Vr -0.5Note to Vee + 0.5 \
Supply voltage Vee -0.5to +7.0 Y
Output current lo 20 mA
Power dissipation Po w
Operating ambient temperature Ta 0to +70 °C
Storage temperature Tsg -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 MiIN. TYP. MAX. Unit
Supply voltage Vee 4.5 5.0 5.5 v
High level input voltage Vi 24 Vee + 0.5 v
Low level input voltage ViL —0.3Note +0.8 \
Operating ambient temperature Ta 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 lec 140 mA
Input leakage current It Vi = 0 to Vcc, Other Input 0 V -10 +10 HA
Output leakage current lo Vo = 0 to Vcc, -10 +10 HA
Dour: High Impedance
High level output voltage Vo lon = -1 mA 24 \
Low level output voltage Vou loL =2 mA 0.4
Capacitance (Ta = +25 °C, f = 1 MHz)
Parameter Symbol Test Condition MIN. TYP. MAX. Unit
Input capacitance Ci 10 pF
Output capacitance Co 10 pF
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AC Characteristics (Recommended Operating Conditions unless otherwise noted)Notes 1,2, 3

1PD485506-25

1PD485506-35

Parameter Symbol Unit Notes
MIN. MAX. | MIN. MAX.
Write clock cycle time twek 25 35 ns
Write clock pulse width twew 11 12 ns
Write clock precharge time twep 1" 12 ns
Read clock cycle time trek 25 35 ns
Read clock pulse width trew 11 12 ns
Read clock precharge time trcp 1 12 ns
Access time tac 18 25 ns
Output hold time tor 5 ns
Output low-impedance time tiz 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
MD Set setup time tms 20 20 ns
MD Set hold time tMH 10 10 ns
MD Set time tvo 0 ns 5
Output low-impedance time (Mode change) tizm 5 18 25 ns 4
Output high-impedance time (Mode change) thzm 5 18 5 25 ns 4
RSTW/RSTR Setup time trs 7 10 ns 6
RSTW/RSTR Hold time thn 3 3 ns 6
RSTW/RSTR Deselected time (1) tnt 3 3 ns 7
RSTW/RSTR Deselected time (2) trnz2 7 10 ns 7
WE Setup time twes 7 10 ns 8
WE Hold time twen 3 3 ns 8
WE Deselected time (1) twent 3 3 ns 9
WE Deselected time (2) twenz 7 10 ns 9
RE Setup time trRes 7 10 ns 10
RE Hold time tren 3 3 ns 10
RE Deselected time (1) tRENT 3 3 ns 11
RE Deselected time (2) then 7 10 ns 11
OE Setup time toes 7 10 ns 10
OE Hold time toen 3 3 ns 10
OE Deselected time (1) toent 3 3 ns 1
OE Deselected time (2) toen 7 10 ns 1
WE Disable time twew 0 0 ms
RE Disable time trew 0 0 ms
OE Disable time toew 0 0 ms
Write reset time tRsTw 0 0 ms
Read reset time tRsTR 0 0 ms
Transition time tr 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 /o PN
tr=5ns tr=56ns
Output Timing Specification
Highz 20V High-Z
08V
Output Loads for Timing
Vee Vee
1.8kQ 1.8kQ
Dour Dour
) l ) J.
) 1.1 kQ 30 pF 1.1kQ 5pF
(tac,ton) (tez,thz)

3. Input timing reference levels = 1.5 V.

4. tz, tuz, tizw and tvzm are measured at £200 mV from the steady state voltage. Under any conditions,
tiz 2 thz and tizm = tHzm.

5. Mode set signal (MD) must be input synchronously with write reset signal (trstw period) or read reset signal
(trsTrR period). Under this condition, trstw = tmp (tRsTR = tmp).

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

7. If either tant or trnz 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 twen is less than the specified value, write disable operations are not guaranteed.

9. Ifeithertwent ortwenz 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 tren, toes or toeH is less than the specified value, read disable operations are not guaranteed.

11. If either trent or tRenz, toent or toenz 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 ] [Cyclen+1] [Cyclen+2 ] | Disable Cycle ] [ Cycle n+3 II

twek

WCK (Input) __/ ’; 7

twew

WE (Input) \

tos

Remark RSTW = “H" level

Read Cycle (RE Control)

[[cyclen | [Cyclen+1] [Cyclen+2] | Disable Cycle | [Cyclen+3]
trek
/L. trcp
RCK (Input) — o \—J,—\_}[—\_} \.?
trent | tres trRen |, tReEN2

— tac y - \ tac
RE (Input) _\ tRew N |

toH ton tou

))
«

Dour (Output) :@] " i®((n+1))®( 02 [<X>: (n+3) X:

Remark OE = “L” level, RSTR = “H” level

Read Cycle (OE Control)

[ cyclen | [Cyclen+1 ] [Cyclen+2] | Disable Cycle | [ cyclem ll

trek
trce
RCK (Input) _/ 5; ;m%t \
trow toen | toes toen | toene
ton N— tae
OE (I / \
o\ / N
tac tz tz
tz W
Dour (Output) .ﬂ@b%‘ (n) W (n+1) m n+2) X X Prev--- ?}.ﬁ!g-l::z.:._.b (m)

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

Cyclen } Reset Cycle —{Cycle 0 |— { Cycle 1 ——
WCK (Input) ;/_—\_—/‘ \ ;/—_\__//__\_//
RN | trs trsTw Note tRH L tewe
RSTW (input) 5‘; M /P
(€
WE (Input) " Level )
tos ton |u tos ton 1 tos toH tos

© *X}k © (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.

D (Input)  (n=1)

Write Reset Cycle (ﬁ Controlled 2) (Versions E, K, P and X)
Cyclen } {__Disable Cycle  }—————————{ Cycle 0 }——

WCK (Input) _//j_—//__\_{ (_//_\_/f——\*_//

tAnt . trs trsTw Note tRu Lt
RSTW (Input) ’\ ) A{
twen twes A twen twene
/ X
WE (Input) 7 twew \\

XXXXXXXXXXXX)

XXXXXXX

D (Input)  (n-1)

Note [n 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)

Cyclen {Reset Cycle ——— Cycle 0 |- Cycle1 |
WCK (Input) ;/__\__Jf \ /_\__/_\_
tRN1 | trs trsTw Note trH | tRn2
RSTW (Input) 5'. ) /,/
Y
WE (Input) " Level "
tos | tow b tos | o

QUK XXX, XXXXXKXK @)

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.

D (Input)  (n=1) ‘I’X’I‘X‘
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Read Reset Cycle (RE Controlled 1)

l—{ Cycle n |}~ Reset Cycle |-+—{ Cycle 0 —+—{ Cycle 1 }|—

TN N

RCK (Input) ;/_\__/ 7
tant  tes tastr Note e taw
RSTR (Input) Jﬁ M *
A\Y
RE (Input) “L” Level )
e h o tac

f—( R 4
©) m R g X
L‘&H—l ) N toﬂ)@k LtOLI

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.

Dour (Output) (n—1) (n)

gi’
o
c

Remark OE = “L” level

Read Reset Cycle (RE Controlled 2)

Disable Cycle
oo N\ \of N\ N
tAnt tas tastr Note e tRwe
RSTR (Input) 5\ M *
tRENT tres N treH trenz
)L
— s
RE (Input) ]/ tRew \\
tac tac tac
!_()k) . s
s oo T XXXRN 0 R XX 0 XRX
ton S ton

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
1PD485506-25 25 ns 21 to 5,048 bits/21 to 10,096 bits
1PD485506-35 35 ns 15 to 5,048 bits/15 to 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) Shiftthe 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 uPD485506 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

Data Input
8/16

Dour Data Output
8/16

L
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Figure 2 1 H Delay Line Timing

1H 2H

twek (5,048 Cycles) (5,048 Cycles)
tRek
| | | | |

Cycle 0 le 5,047| | Cycle 5,048 || Cycle 5,049 | Cycle 5,050] | | Cycle 5,051
[Crck 0] e | | ]
twow twee
trow | trcp
WCK/RCK

(Input)

trs
tRH

RSTW/ s

RSTR tos

(Input)

bn VVVV

VV \/ \/
(Input) A/NNN A‘A’ m ‘A‘ m ‘A

KOO 0 XXX @ XXX @

Figure 3 n-Bit Delay Line Timing (1)

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

trok
Cyclen Cycle n+1
(7 |

| I |

Cycle n+3
e

Cycle 0

twow twep
trow | trce

WCK/RCK /_\’\_]
Input
tnput) ___ A,
trH
RSTW/
RSTR to

(Input)

S,

(Input)

VAVAVAVAVAVAV,
(ol,?pi"t; A’A‘A’A‘A’A‘A

RXRXXXKXXXXXAX
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Figure 4 n-Bit Delay Line Timing (2)

twek
trok
I | l. |
[Cycle0 | Cycle n—1 rf())y)clen ’ mclenn ] l %cle n+2] lg)clema l
twew twee
trow | trep
WCK/RCK
(Input) _] ths
_J_ tRH N
RSTW j Al trRs I
(Input) trn
. 7
(Input)
Din
(Input)
n Cycles y
o YXXRRRXRRRXRRRY ;xzxzxxxxm o YRR R e

Remark RE, WE, =“L”" level
Figure 5 n-Bit Delay Line Timing (3)

twek

trek
| | |
[Cycle 0] [Cycle n-1 l Cyclen l lecle n+1
©) () )
twew twer
trow | tace
WCK/RCK
(Input)
trs
™ tan
-1 )
RSTW/ ©
RSTR
(Input) tRen
" tRenz
BE (s
(Input) tos
Din

QA XXX @)

n Cycles

(Input)

XXX ©) DI M o OA@ XXe2X XX+

o2 YRR jxxxxxxxxm T O Y o XX @

Remark E, =“L" level
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Figure 6 Mode Set Cycle (Write) (1)

Cyclen Reset Cycle Cycle 0 Cycle 1
tms tmMp tMH

wo LT JANMIANANARANRNY

RSTW /
(Input) )) /
RN trs thstw tRH tRre

mw N S S S

(s | tow L tos | ton tos | tow
25 XX o XXRX oo XXXXRK. RRXXKRIRK & YK
| tos ' tow | tos ton |

> X0 em XKXRX e XK, KRRXXX O 000000UKRKKKKRRR

Remark WE = “L” level

Figure 7 Mode Set Cycle (Write) (2)

——{Cycle ni———+<——{Reset Cycle| —{Cycle OF (Cyole 1}-
tvs tmo tmH
EHEANNANANN . I
RSTW /
(inpad RNt \1\ trs trsTw \’% trH / tRN2
WCK /
(input) \_//_—L//_\_&_//_\_//_\__J

fos | tow . tos | ton | los, | tou
"2 RO e YRR XRRRX| ( >

0) (1
‘t2§’ ton
18 XX XXX, TR YRR

Remark WE = “L” level
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Figure 8 Mode Set Cycle (Read) (1)
—{Cycle n |———~~— Reset Cycle} Cycle 0 {Cycle T}
tms tmp tvH
(
oo LU JRANERLRARRARARRARNNANY
R-Sﬁ ] )L {
(inpwty RN | trs tRsTR tRH | tRn2
o O\ SN N e
(Input) _/ o /_tm\_(a_/ o o
ton ton ! fou ton ton
oty ) KXAOL_o gNKXXXh_,@KXXXﬁ o KXo X
OH ton
D°”'°(b[3f;ﬁ‘t§ (n-1) KXXX)} ) | GORRTCLPITLOPIEORRPEORE O e,

Remark

MD
(Input)

RSTR
(Input)

RCK
(Input)

Douro - Dour?
(Output)

Douts - Douris
(Output)

E, OE = “L” level

Figure 9 Mode Set Cycle (Read) (2)

clen Reset Cycle {Cycle 0}— {Cycle
tvs tmp M

LT

trsTR

F_\_][_

Remark RE, OE = “L” level .

tac tac
ton ton ton l._ton ton
| )
(n-1) 0 s o 00K o 00K o X
L. : C Y tac tac )
LZM t t

High Z '—wa on ) l oH loH

----------------------------------- )) © Im © - M 1(
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5. Package Drawing

44 PIN PLASTIC TSOP(II) (400 mil)

23
‘EHHHHHHHHHHHHHHHHHH_HEH

detail of lead end

¥ L)
w o
1 22
A
H
- l N
. | ; i
CRE S Tarntuininininisiainiatainisiaininiataian LY, we— —— A
L] 1
L
Dbl M @)

NOTE ITEM MILLIMETERS  INCHES

Each lead centerline is located within 0.13 mm (0.005 inch) of A 18.63 MAX.  0.734 MAX.

its true position (T.P.) at maximum material condition. B 0.93 MAX. 0.037 MAX.
[9 0.8 (T.P.) 0.031 (T.P.)

0.08
D 0.3213:9% 0.013£0.003
E 0.110.05 0.004+0.002
F 1.2 MAX. 0.048 MAX.
G 0.97 0.038
H 11.7610.2 0.463£0.008
| 10.160.1 0.4000.004
J 0.8£0.2 0.031+3-998
K 0.1453:928  0.0060.001
L 0501 0.020+3-904
M 0.13 0.005
N 0.10 0.004
LI 5 I
S44G5-80-7JF5
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6. Recommended Soldering Conditions
Please consult with our sales offices for soldering conditions of the uPD485506.
Type of Surface Mount Device

4PD485506G5: 44-pin 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.

NEC ran

D485506

XXXX[JXXXX

Lot number
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NEC /

MOS INTEGRATED CIRCUIT

1PD485505

LINE BUFFER
5K-WORD BY 8-BIT

Description
The uPD485505 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 uPD485505 can be used for one line delay and time axis conversion in high speed facsimile machines and
digital copiers.
Moreover, the uPD485505 can execute read and write operations independently on an asynchronous basis. Thus
the uPD485505 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 Vcc =5V £ 10 %
All input/output TTL compatible

3-state output

Ordering Information

Part Number R/W Cycle Time Package
1PD485505G-25 25 ns 24-pin plastic SOP (450 mil)
1PD485505G-35 35 ns

The infor in this d is subj

to change without notice.

Document No. M10059EJ4VODSU1
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Pin Configuration (Marking side)

24-pin plastic SOP (450 mil)

Douto O<~—] 1 U 24 f«—0 Dmo

Dourt O<e—— 2 O 23 j«——0 Dmt

Dourz2 Q<«—— 3 22 l«——0O D

Douts O=—— 4 21 f«——0O D

RE 0—>] 5 20 l«——0 WE
%

RSTR 0—| 6 g9 19 ~—o0 RSTW
GND O—— 7 g 18 b——0O Vce
o
RCK 0——| 8 17 J«—0 WCK
Douts O<— 9 16 |«—0O Dwna
Douts O<—— 10 15 f«——0O Dins
Doute Oe— 11 14 }«—0O Dins
Doutr Oe— 12 13 j«——0 D

Divo - Din7 - : Data Inputs

Douro - Dout7 : Data Outputs

WCK : Write Clock Input
RCK : Read Clock Input
WE : Write Enable Input
RE : Read Enable Input
RSTW : Reset Write Input
RSTR : Reset Read Input
Vce : +5 V Power Supply
GND : Ground
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Block Diagram

WCK

Dinvo ——>
Dint —>
Dine —>

Dina —

Input Buffer

Dins —

Ding ——>

Dine —

Vee
GND

Write Address Pointer

-

—_—

o

40,384 bits
(5,048 by 8)

Memory Cell Array

—> Douto
—> Dour1
—> Dourz2
—> Doura

—> Dours

Output Buffer

—— Douts
— Doure

— Dout7

T T

Read Address Pointer

RCK
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1. Pin Function

Pin
Pin Symbol Pin /10 Function
Number ymbo Name
13-16 Dino Data In Write data input pins.
| Input The data inputs are strobed by the rising edge of WCK at the end of a cycle
21-24 Diny and the setup and hold times (tos, ton) 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 Dour? cycle and defined by tac.
19 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 (trs, tr+) 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, tau) 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.

(L)

(2)

)]

Operation Mode
1PD485505 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).

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) 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
1PD485505-25 25 ns 21 to 5,048 bits
pPD485505-35 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.

Read Cycle

When the RE input is enabled (“L” level), a read cycle is executed in synchronization with the RCK clock input
and data is output at tac.

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

Part Number Cycle Time Delay Bits
pPD485505-25 25ns 21 to 5,048 bits
1PD485505-35 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.

Write Reset Cycle/Read Reset Cycle

After power up, the uPD485505 requires the initialization of internal circuits because the read and write address
pointers are not defined at that time.

Itis 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.

459



NEC uPD485505

460

3. Electrical Specifications
« All voltages are referenced to GND.

Absolute Maximum Ratings

Parameter Symbol Condition ' Rating Unit
Voltage on any pin relative to GND Vr —0.5Note to Vee + 0.5 v
Supply voltage Vce -0.510 +7.0 v
Output current lo 20 mA
Operating ambient temperature Ta 0to +70 °C
Storage temperature Tstg 55 to +125 °C

Note 3.0V 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 \
High level input voltage Vin 2.4 Vee + 0.5 v
Low level input voltage ViL —0.3Note +0.8 \
Operating ambient temperature Ta 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 lec 80 mA
Input leakage current It Vi = 0 to Ve, Other Input 0 V -10 +10 HA
Output leakage current lo Vo = 0 to Vce, -10 +10 HA

Dour: High Impedance
High level output voltage Vou lon = =1 mA 2.4
Low level output voltage Vou lo. =2 mA 0.4

Capacitance (Ta = +25 °C, f = 1 MH2)

Parameter Symbol Test Condition MIN. TYP. MAX. Unit
Input capacitance Ci 10 pF
Output capacitance Co ’ 10 pF
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AC Characteristics (Recommended Operating Conditions unless otherwise noted)Notes 1. 2,3

4#PD485505-25

1PD485505-35

Parameter Symbol Unit Notes
MIN. MAX. MIN. MAX.
Write clock cycle time twek 25 35 ns
Write clock pulse width twew 11 12 ns
Write clock precharge time twee 11 12 ns
Read clock cycle time trok 25 35 ns
Read clock pulse width trew 11 12 ns
Read clock precharge time trep 11 12 ns
Access time tac 18 25 ns
Output hold time ton 5 5 ns
Output low-impedance time tz 5 18 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 to 3 3 ns
RSTW/RSTR Setup time trs 7 10 ns 5
RSTW/RSTR Hold time thH 3 3 ns 5
RSTW/RSTR Deselected time (1) tAn 3 3 ns 6
RSTW/RSTR Deselected time (2) tanz 7 10 ns 6
WE Setup time fwes 7 10 ns 7
WE Hold time twen 3 3 ns 7
WE Deselected time (1) twent 3 3 ns 8
WE Deselected time (2) twene 7 10 ns 8
RE Setup time tres 7 10 ns 9
RE Hold time then 3 3 ns 9
RE Deselected time (1) thens 3 3 ns 10
RE Deselected time (2) trEN2 7 10 ns 10
WE Disable time twew 0 0 ms
RE Disable time tReEW 0 0 ms
Write reset time tRsTW 0 0 ms
Read reset time trsTR 0 0 ms
Transition time tr 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

30V
ov
tr=5ns tr =5ns
Output Timing Specification
Highz 20V High-Z
08V
Output Loads for Timing
Vee Vee
1.8 kQ 1.8kQ
Dour Dour

J. ) l
1.1kQ 30 pF 1.1kQ

5 pF

(tac, tow) (tiz, thz)
3. Input timing reference levels = 1.5 V.
4. tz and tHz are measured at 200 mV from the steady state voltage. Under any conditions, t.z > tuz.
5. If either trs or trH is less than the specified value, reset operations are not guaranteed.
6. If either tan1 or trnz 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 twen is less than the specified value, write disable operations are not guaranteed.

8. If either twen1 or twenz 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 tren1 or trenz 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 | [Cyclen+1] [Cyclen+2] | Disable Cycle ] [ Cycle n+3 ll
twek
twep

WCK (Input) _Jf \ ;[——\_/—\_/ \

twow twent | twes twen | twenz

) W

'W_E(Input) \ / v \’\

tos

j twew
ton tos| ton

Remark RSTW = “H" level

XXXXXXXX -9 XXXX

Read Cycle
[ cyclen | [Cyclen+1] [Cyclen+2 ] | Disable Cycle | [ Cycle n+3 I‘
trek
trcp
e eV ava

trow trent  tres tren | tREn2
— tow (\(\ - tac
RE (Input) / \

\ _/ thew \
tLZtAC thz tz
Ny i@ High-Z
Dour (Output) HQE—%E ") XXX (n+1))®( ms2) XX P-eeee 2}'9.% m3) X g

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

Cyclen ; Reset Cycle —~<——— Cycle 0 } Cycle 1
WCK (Input) /_\_/l \ ,/—\_)/'—\_//
tant ) tas trsTw Note taH L tawe

RSTW (Input) £ 0 A/

WE (Input)  “L” Level

tos toH |, tos ton | ! tos | toH tos
© )‘(X)k © B

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.

Dw (Input)  (n—1)

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

1 _Cyclen Disable Cycle Cycle 0

WCK (Input) 4/1)/ \ /—_—\_/V—\_//
tRN1 L trs trsTw Note tRH } tanz

RSTW (Input) %2
twen twes twen twenz

J— Y/ {6
WE (Input) / twew 1\

QXXX XXXXX

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

tos

RXCKXKKXKXXK KX KX KXY

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

-—( Reset Cycle Cycle 0 mﬁ
WCK (Input) / _\__41 \ ,/_\_//—\_—

ANt ) trs trsTw Note thH | tawe

RSTW (Input) \ )) A/

{(

WE (Input)  “L” Level "

o XXX, XXXXXXXX @ XXXXX

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.

D (Input)  (n=1)

QXXX
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Read Reset Cycle (RE Controlled 1)

~— Cycle n |—{{ Reset Cycle | { Cycle 0 } — Gycle 1 |—

s NN\ N\

tant | tes tastr Note tn | tewe
RSTR (Input) N\ ) A[
(s
RE (Input) “L” Level N

s
tac

tac tac

tac
4 (_?() 4 4 y
ton ton l——vtcm

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)

Disable Cycle
rxm AN N N N\
v tes tastr Note tn | teae
RSTR (Input) 5L *
b))
trEN tres - tReH trREN2
))
. /4 10
RE (Input) 7 tRew N\
tac thz lac

' |tz
SCTIED v ST S S vy D v

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

* 1H Delay Line

uPD485505 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
uPD485505-25 25 ns 21 to 5,048 bits
puPD485505-35 35ns 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) Shiftthe 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

Data Input Din

RCK

Dour Data Output

WE
RSTW

RE
RSTR
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Figure 2 1 H Delay Line Timing
1H 2H
twek (5,048 Cycles) (5,048 Cycles)
trek
le " | | | |
[Cycle 0 ]|[ Cycle 1] Cycle 5,047 [Cycl(e0 g,0481 lecl(e1 3,049]
twew twee
trow | trcp
WCK/RCK
(Input)
trs
™ tan
RSTW / i
RSTR
(Input)
Din
(Input) A

Dour VVV \/ VVV
©output) AA ’A’A‘A’A‘A‘A‘A‘A"A’A’A’A‘ OOXX :XXXXXXXXXXX @ M )@( @ XXX ®
Remark RE, WE = “L” level
Figure 3 n-Bit Delay Line Timing (1)
1H 2H
twek (n Cycles) (n Cycles)
trek
| | |
[ Cycle 0 ]|[ Cycle 1 ]|[ Cycle2 ] Cycle n-1 I C);((:)I,?n |
twew  twep
trow | trep
WCK/RCK [_\—/
(Input) trs trs
*<_ tRH " trH
RSTW/ i
RSTR
(Input)
DNV
(Input) A\

Dour
(Output) A\

DR DR

XXX R KRR XRKXRK XK XXHRX

Remark RE, WE = “L” level
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Figure 4 n-Bit Delay Line Timing (2)

twek
trek

| | | ! |
[Cycle n=1] |[ Cycle n ]|[Cycle n+1]| [Cycle n+2]|[Cycle n+3]
WCK/RCK

(Input) e [_\_/

I trRH
™ ))
RSTW « ts) |
(Input) tn

RSTR
(Input)

[ Cycle 0 ]|[ Cycle 1 ]|[ Cycle2 ]

twew  twep
trew | tep

Din
(Input)

n Cycles

o5 XRXRRRRRRNXXRXRRR ﬁXXXXXXXXXX)L o KO XA e XX

Remark RE, WE = “L” level
Figure 5 ﬁ-Bit Delay Line Timing (3)

twek
trek

[Cycle 0 ]|[ Cycle 1 }{[ Cycle2 ] [Cycle n=1]|[_Cycle n ]{[Cycle n+1]| [Cycle n+2] | [Cycle n+3]

twew twee
trow | trep
WCK/RCK
(Input)
trs
tRH
— D)
RSTW/ i
RSTR
(Input) tRen
" tRen2
RE —
(Input) tos
Din
(Input)

n Cycles

o YXXXRRROXXRRORR, §XXXXXXXXXX>L o KR XRX R

Remark WE = “L” level
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5. Package Drawing

24 PIN PLASTIC SOP (450 mil)

HEERAEAEAARE

detail of lead end
Y _
J
O
J
EEEEEEEEEEEH &
H
1 12 %
A
(&)
[N,
1l t 1
=
w [ B
D [@]M @)
o[l P24GM-50-450A-2
NOTE ITEM| MILLIMETERS INCHES
Each lead centerline is located within 0.12
mm (0.005 inch) of its true position (T.P.) at 16.51 MAX. 0.650 MAX.
maximum material condition. B 1.27 MAX. 0.050 MAX.
C 1.27 (T.P.) 0.050 (T.P.)
D 0.40%0.10 10.016:3:3%4
E 0.1432 0.0045:3%8
F 2.5 MAX. 0.099 MAX.
G 2.00 0.079
H 12.20.3 0.4803:313
| 8.4 0.331
J 1.9 0.075
K 0.15382 0.006*3:35
L 0.90.2 0.035*5:9%8
M 0.12 0.005
N 0.10 0.004
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6. Recommended Soldering Conditions
Please consult with our sales offices for soldering conditions of the uPD485505.
Type of Surface Mount Device

1PD485505G: 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.

NEC e

D485505

XXXX[JXXXX

Lot number
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[MEMO]
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DATA SHEET

NEC / MOS INTEGRATED CIRCUIT

1PD487000

4.75 M-BIT FIELD RAM
270-ROW x 288-COLUMN x 8-BLOCK x 8-BIT

Description

The uPD487000GC 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 pPD487000GC 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 +0.3V

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 Serial Cycle Time Package
1PD487000GC-30 30 ns 100-pin plastic QFP (Fine pitch) (14 x 14)
1PD487000GC-40 40 ns 100-pin plastic QFP (Fine pitch) (14 x 14)

The information in this d t is subject to ch ithout notice.

Document No. M10345EJ1VODSU1
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NEC 1PD487000
Pin Configuration (Marking side)
100-pin plastic QFP (Fine pitch) (14 x 14)
L TO N 2,08802201200L00 888
TTTTTTTTTTTTTTTTITTTITTTTTT
75 70 65 60 55 5\
NCO——]76 50—ONC
NCO— O —onc
A16 O— «——ORST
A17 O— ——ONC
Dioa5 O=—-=1 80 f+—=O Dioa1
NCO— 45——ONC
Di0a6 Oe— le—O Dioa2
Dioa7 O—+ e—=O Dion3
NCO——— ——ONC
Dioa8 O=—{ 85 le—=0O Diond
VecO—— 40——OGND
Vee O— ——OGND
NC O——] 1PD487000GC L ONC
GNDO—— H——-OVcc
GNDO——— 90 ———-OVcc
Dios5 Oe— 35f+—=O Dios1
NCO——] ——-ONC
Diog6 O=— l«—O Dios2
Dios7 O=— f+—=0O Dios3
NCO———95 ——ONC
D108 O=— 30f=—=O Dios4
A0 O— l«——ODIOS
A1O— ——OGND
NCO— @ ——ONC
NCO—— 100 26)——ONC
1 5 10 15 20 25,
1232222322228 822(82[582RE56
(RG] Rz 8
a
A0 to A17 : Address input DIOS : Data input/output switching input
CE : Chip enable input Dioal to Dioa8: Data input/output
OE : Output enable input Dioe1 to Dios8: 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
Ccs : Chip select input Vce : 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

[

RSTo— ~—F————0Dios8
Data out Buffer 7
Sic Serial clock b O 0 Diost
s0C generator L_. O Dioa8
Data in Buffer ‘
o—-] O -
pocTL Output d © 0 Dioal ]
C—)_E 5 controller 1 ;Q’D DIOS
I g
8th Block (77,760 bits) ] J
7th Block (77,760 bits) ) J
6th Block (77,760 bits) ] j
5th Block (77,760 bits) ] j
4th Block (77,760 bits) ) j
3rd Block (77,760 bits) ] ]
2nd Block (77,760 bits) ]
o) ] q 1st Block
3| 2] E
g 81 o| Memory cell array
Ol | g g 77,760 bits
Ql42|» (270 x 288)
o
Row decoder
Clock Clock Column address Row address Refresh
generator generator | | buffer buffer counter
VecGND CE  CS WSWE RS A17-m A9 A8 - AD RFSH
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1. Pin Functions

Pin name Input/output Function

A0 to A17 Input These are inputs for one of 77,760 addresses. All address input bits are latched at the
falling edge of CE. 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 I/O’s
which can be selected as inputs or outputs). When OE pin is high level, Dioa (1 - 8)
pins or Dios (1 - 8) pins become high impedance. When OE is low level, the 1/O set
selected as the output port will become active and drive output data. OE has no affect
on the shift-out register I/O 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 /O controller (I0C).

WE Input When CE and WE both go low level for the write transfer function, the write data at the
I0C 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 I0C, 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 simuitaneously 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.

DIOS Input The DIOS pin controls switching of serial I/O from read to write and write to read.

Dioat to Dioa8 Input/output | If DIOS pin is high level, Dioa (1 - 8) pins function as data input pins. When DIOS pin is
low level, they function as data output pins.

Dios1 to Dios8 Input/output | If DIOS pin is high level, Dios (1 - 8) pins function as data output pins. When DIOS 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.

DOCTL Input When this signal is held at the high level then all output data is changed to “0"s or low
level.

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

Vee —_ Supply voltage (3.0 to 3.6 V)

GND - Power supply ground

NC —_ Leave these pins unconnected.
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2. Controlling the Output Pins

The uPD487000 has two output control pins, OE and DOCTL. The table below summarizes the possible
combinations of the states of these pins and the corresponding output pin states.

OE DOCTL Output pins (Dioa, Dios)
H H High impedance
L
L H All output I/O pins go to low level.
L Dioa (1 - 8) or Dios (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 CE. Datatransfer of read or write datain 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 Dioa (1 - 8) pins or from Dios (1 - 8) pins serially.

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

<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 (Dioa
(1 - 8) or Dios (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
oceur.

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

=) |

cs
AOto A17 X Readaddress) X
RS
I AN T T I N BN N
soc

Dios1
— EX XXX XXX X

Dios8

Remarks 1. B1 to B8: 8-byte blocks by 8 bits data of Read address (M)
2. DIOS: High level, DOCTL: 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 Dios (1 - 8)) is held in the shift-
in register. The data once received at the shift-in register is sent in 8 byte blocks tothe /0 controller, then to the memory
cell address selected by CE.

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

<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 1/O 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 I/O controller on the next serial write

cycle.)

<4> Data received at the I/O 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 shift-in register1 and write data No. 1 will be lost.

Figure 3-2. Serial Write Cycle Timing

Cs

AO to A17 Write address_M X

. ez XXX XXX OC

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 8-byte blocks.

5. Refresh Cycle

Because' uPD487000 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 /4 ms.

5.1 CE-only refresh cycle
Cells with any specified row address (A0 to A8) are refreshed at the falling edge of CE. Selecting all row addresses
(from 0 to 269) within 4 ms will refresh all memory cells. CS pin should be held at the low (Vi) 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 us keeping CE and RFSH inactive, after Voc reaches 3.0 V, initialize the
circuit by performing:

» Refresh operation of at least 8 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

100 us
Vee ;/(EV ‘
o =
—/ MIN. 8 Cycles |
,. il
RFSH )
RST ) LI
s V— N
_/ I\ LU

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 Vcc pins should be connected to the same power supply.

.

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Supply voltage Vee -0.5t0 +4.2 \
Pin voltage Vr -0.5 to Vce +0.5 (MAX. 4.2 V) \Y
Output current lo 4 mA
Power dissipation Po 1
Operating ambient temperature Ta 0to70 ‘C
Storage temperature Tsig -55to +125 °C

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the limits 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 Vce 3.0 3.6 \
High level input voltage Vi 0.7 Vee Vce Vv
Low level input voitage Vi 0 0.3 Vee \
Operating ambient temperature Ta 0 70 °C
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DC Characteristics (Recommended operating conditions unless otherwise noted)
41PD487000-30 1PD487000-40
Parameter Symbol Conditions Unit
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
Operating current lcet tsic, tsoc = 30/40 ns, 85 95 77 84 mA
tc =200 ns
Standby current lecs CE=RFSH= High level 4.0 4.0 mA
SIC = SOC = Dioa (1 - 8) or
Dios (1 - 8) = Low level
(CMOS level input)
Input leakage current In Vit =0V to Vec -10 +10 | -10 +10 LA
(except for the RST pin) Other input = 0 V
Input leakage current liz Viz=0V to Vcc -100 +100 | -100 +100 | pA
(for the RST pin) Other input = 0 V
Output leakage current lo Vo =0V to Vcc -10 +10 | -10 +10
High level output voltage VoH lon = =100 pA 0.8 Vce 0.8 Vce "
Low level output voltage Vo loL = 400 pA 0.4 0.4

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 MH2)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Input capacitance Cn A0 to A17, CS 5 pF
Ci2 Input pin other than the above pins 7 v

Input/output capacitance Cio Dioa (1 - 8), Dios (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

ViHMng = 0.7 Vee - -cammaamnn / Vor mny = 0.7 Vec

VoL max) = 0.3 Vee

q
h
'
'
'
'
'
'
|

Viemax) = 0.3 Ve -------- E

tr=5ns tr=5ns

(3) Loading condition is 20 pF.

Parameter Symbol MIN. MAX. Unit Conditions

Refresh cycle treF 4 ms

OE access time uPD487000-30 toea 30 ns
1PD487000-40 40

SOC access time 1PD487000-30 tsoa 35 ns
1PD487000-40 45

Output disable time 4PD487000-30 toez 30 ns
1PD487000-40 40

Read/write cycle time tc 200 ns

Read-modify-write cycle time trwe 240 ns

CE precharge time te 80 ns

CE pulse width tee 100 1,000 ns

Hold time from RS to CE toa 20 ns Note 1

Hold time from WE to CE towe 60 ns

Address set-up time tasc 0 ns Note 2

Address hold time tanc 30 ns Note 2

CE-RS delay time tcro 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 twe 45 ns

'WE read cycle set-up time tres 0 ns

'WE read cycle hold time tacH 20 ns

Hold time from RS to WE tAwo 0 ns

‘CE-WE delay time towo 100 ns Note 1

Hold time from CE to WE twhe 85 ns

Notes 1. This specification is valid only during a read-modify-write cycle.
2. This specification is valid only for AQ to A8 during CE-only refresh.
During the CE-only refresh cycle, the CS must be kept low level.
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Parameter Symbol MIN. MAX. Unit Condition

‘Ws precharge time twsp 30 ns

‘WS pulse width tws 20 ns

‘WS inhibit time twin 70 ns

‘WS set-up time tswe -4 ns

CS set-up time tasc 0 ns Note

CS hold time tanc 30 ns Note

SOC set-up time tsos 4 ns

SOC assertion time tsov 15 ns

SOC precharge time 1PD487000-30 tsop 12 ns
1PD487000-40 16

SOC pulse width pPD487000-30 tso 12 ns
uPD487000-40 16

Serial-out cycle time 1PD487000-30 tsoc 30 ns
uPD487000-40 40

Output data hold time tsoH 10 ns

SIC assertion time tsiv 4 ns

SIC hold time tsin 15 ns

SIC precharge time 1PD487000-30 tsip 12 ns
4PD487000-40 16

SIC pulse width 41PD487000-30 tsi 12 ns
uPD487000-40 16

Serial-in cycle time 1PD487000-30 tsic 30 ns
uPD487000-40 40

Data input set-up time uPD487000-30 tos 12 ns
41PD487000-40 15

Data input hold time toH 4 ns

Hold time from RFSH to CE teR 80 ns

Hold time from CE to RFSH tosk 80 ns

Refresh cycle time ter 200 ns

RFSH pulse width tho) 100 1,000 ns

RFSH precharge time tee 80 ns

Output enable time from DOCTL tooa 40 ns

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

Input/output switching time tioc 40 ns

RST pulse width trsT 10 ns

‘CE set-up time from RST trss 10 ns

Rise/fall time tr 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 / trn t

tce te
— T\ s '
CE ﬁ& 7/ n_
tasc tanc
cs ; k 7/
tasc taHc
AOto A17 )(XX)QEA vaid ]
tcro trs trsp
— \ / X
RS
N 7 \
trcs trcH
we [/ ] AN
tsos tsov | trst|
.
so¢ f\_/_\_)‘_\_Jf_\_j/A_\_/_\_/
tsoa
Dos! 4 data (n- 3)><0Id data (n - 2)><Old data (n - 1)X Old data (n) )ﬂ‘ New data (1) X New data (2) X
to Dios8 __ X

Remark OE : Low level
DIOS : High level
DOCTL: Low level
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Memory Write Cycle

RFSH /

tce te
CE N / N\
tasc taHc
os / \ /
Ef’ﬂ tanc

As H
twhe
twe
WE X ;/ —
towr
tswe twin
tws i twsp
J— p| X
7 ( 4 R
tsiv tsm_ |
ton

?0'°5|10A8 Write data EXNrite data 6><Nrite data 7XNme data %ﬁte data 1mee data 2><Write data 3mee data z)(wme data§

Remark OE: Low level
DIOS: High level
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Memory Read Modify Write Cycle

RFSH

A0 to A17

trr

trRwe

tce

terL

2

tRs

trsp

tsiv

ST
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CE-Only Refresh Cycle

ﬁﬁs—H_/‘

trR tc

tce

tr

tasc tanc
-

201088 XXX row asarsss_ XXX

CS L

Remark A9 to A17: Don't care.

RFSH Auto Refresh Cycle

tcr

trot tep

RFSH

tcsr

ter

=/
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Shift In Cycle

tsie_ | _tsi

| tsic

SIC _\_;f—!‘\

Y\

tsiv tsiH

—

WS
tos | | ton
[ -
Dioat ¢ Write data
to Dioa8 __©

toH
Write data Write dat Write data><X><Write da1a><X><Write data>
(U] 8) (1) 2 3

Remark DIOS: High level

Shift Out Cycle

A aY aYavavavwas

tsoa tsoH toez

Dios1 High-z

to Dios8

1

XOld data (n) kNew data (1) E(New data (2)XNew data (3) } ------------

Remark DIOS : High level
DOCTL: Low level

Shift Out Cycle (DOCTL Control)

tsop tso

SOC

DOCTL \

/I VA VA VAR

/

tooa

tsoa tsoH tooL

Dios1 4 y )
to Dios8 /‘ Datax Data )g( Data ,K Data X Data \

Remark DIOS: High level
OE : Low level
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8. Application

8.1 Memory Read and Write Cycle

| Memory Read Cycle | Memory Write Cycle |
| | |

& ] —1 g
o[ 1

A0 to A17 :>< Valid X X Valid X

Read address_M Write address_N

. )
\

e L]
s I

| N1 | N2 | N3|| N4 | N5 | N6 | N7 |NB |>

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)
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8.2 Memory Write and Read Cycle

| Memory Write Cycle | Memory Read Cycle |
N M 1

& ] 1 1

A0 to A17 X Valid X X Valid X

Write address_M Read address_N

L
ws I
| M6 | M_7 | MD

SIC

N_1 | N2 | N3 |
socllll||||||||||I|||I||||'||l

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)
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8.3 Memory Write and Write Cycle

| Memory Write Cycle |
M |

[

Memory Write Cycle

Ccs

=" 1
] T

A0 to A17 :>< Valid X X Valid X

Write address_M Write address_N

" L .

N

| M6 | M7 MDNJ N2 | N3|N4|NS5|NSE|NT] N:D|

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)
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9. Package Drawing

100 PIN PLASTIC QFP (FINE PITCH) (C014)

| A
B
/QHHHHHHHHHHHﬂIHHHHHHHHHHHH\
5 51
=76 ‘ 50
(o= -l
0 =]
= | :
0 .
= = detail of lead end
0 o
0 e
0 =-] T
0] el »
0 =e)
= - -———”s 0|0 __EK
(o= o
== = a:
[= = -l
(o= == O
(o= =e)
0 =-]
[= = o
(=~ | =-)
0 ==
0 =e)
=000 26f3
w 25
CEEEEEEEEEEEECEEEEELELL ) —
G
HSL I @]
K
|
o ; A
| { s L:‘:E
) N ———L
L
NOTE ITEM MILLIMETERS INCHES
Each lead centerline is located within 0.10 mm (0.004 inch) of A 16.0£0.2 0.630+0.008
its true position (T.P.) at maximum material condition. 0.009
P (T-P) B 14.020.2 0.5513-308
c 14.0£0.2 0.551+8-398
D 16.0£0.2 0.630+0.008
F 1.0 0.039
G 1.0 0.039
0.05
H 0.22%4-52 0.009+0.002
| 0.10 0.004
J 0.5 (T.P.) 0.020 (T.P.)
0.009
K 1.0£0.2 0.0395°608
0.008
L 0.5£0.2 0.020%5°508
0.03 0.001
M 01757 0.007X5508
N 0.10 0.004
P 1.45 0.057
Q 0.125+0.075  0.005+0.003
R 5°45° 5°t5°
S 1.7 MAX. 0.067 MAX.

P100GC-50-7EA-2
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10. Recommended Soldering Conditions
Please consult with our sales offices for soldering conditions of the uPD487000.

Type of Surface Mount Device
1PD487000GC: 100-pin plastic QFP (Fine pitch) (14 x 14)
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1. BASIC PRINCIPLES OF RELIABILITY/QUALITY CONTROL SYSTEM

NEC'’s reliability/quality control of semiconductors is based on the thorough integration of the reliable management
inmarket 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 best through 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 NEC 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 QC circles.
(g9) 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 NEC 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.
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Fig. 1 Q and R System Diagram
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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.

Forthe purpose, we carefully control the quality of the 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

| Purchase of panslmaterialsl

I Reception Inspection

Lead frame

Fine gold wire

Mold resin

Diffusion

Metallization

Molding

Finish on lead's surface

Final testing

Reliability vertification test;

{
|

{
{

{

Sheet Resistance
Vi, Breakdown voltage
Appearance

Al thickness
Appearance

Electrical characteristics
(all pieces)

Appearance

Appearance

Appearance
Strength of pull

Appearance
Temperature/time

Appearance

Appearance

Appearance

Electrical characteristics
(all pieces)

Life Test
Environment Test

} Evaluation of basic parameters
Etching quality evaluation

Securing film thickness
Etching quality evaluation

Elimination of off-grade
electrical characteristics

Evaluation of die quality
by their appearance

Mounting quality evaluation

Bonding quality evaluation

——

Molding quality evaluation

Final quality evaluation
Marking quality evaluation

Lead form quality evaluation

Elimination of off-grade
electrical characteristics
(Burn-in, depend on product)

} Confirmation of reliability
(Sampling)
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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 . .
Ipuychase of pans/materialsl Diffusion { Vi, Breakdown voltage } Evalpatlon of basic parameters
Appearance Etching quality evaluation
r—.—- - — Al thickness Securing film thickness
Reception Inspection Metallization Appearance Etching quality evaluation
Electrical characteristics Elimination of off-grade
g (all pieces) electrical characteristics
— Evaluation of die quality by
Appearance Evalation
Lead frame . . .
Appearance Mounting quality evaluation
Fine gold wire - - Appearance ) ] )
Wire bonding { Strength of pull } Bonding quality evaluation
Mold resin
Molding [ ?22%:;?3?6 Jime Molding quality evaluation
Appearance Final quality evaluation
Appearance Marking quality evaluation

Elimination of off-grade

Electrical characteristics . L
electrical characteristics

Final testing

(all pieces) (Burn-in, depend on product)
— P Life Test Confirmation of reliability
{ Environment Test } (Sampling)
Appearance Lead form quality evaluation
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Fig. 4 Manufacturing Process Control Flow Chart:

Example of PPGA

Process Control Item Control Purpose
Silicon wafer Resistivity
[pu,chase of pa,,s,mﬂte,ia.sl Diffusion ] Sheet Resistance } Evaluation of basic parameters
Vi, Breakdown voltage
Appearance Etching quality evaluation
- - Motallizat I Al thickness Securing film thickness
 Reception Inspection Al etallization Appearance Etching quality evaluation

Fine gold wire

Resin and cap

Lead processing

Finish on lead’s surface

Cut/separate
Electrical sorting

Reliability vertification test

Electrical characteristics
(all pieces)

Appearance

Appearance

Appearance
Strength of pull

—_——

Appearance
Temperature/time

——

Appearance
Appearance
Appearance

Appearance

Electrical characteristics
(all pieces)

{ Life Test
Environment Test

Elimination of off-grade
electrical characteristics

Evaluation of die quality by
appearance

Mounting quality evaluation

——

Bonding quality evaluation

Molding quality evaluation

Lead processing evaluation

Finish quality evaluation

Marking quality evaluation

Elimination of off-grade cut/
insulate

Elimination of off-grade
electrical characteristics
(Burn-in, depend on product)

} Confirmation of reliability
(Sampling)
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Fig. 5 Manufacturing Process Control Flow Chart:

Example of Ceramic DIP (CERDIP)

Process

Control Item

Control Purpose

| Purchase of parts/materialsl

| Reception Inspection

Silicon wafer

Diffusion

Metallization

Wire bonding

Fine aluminum wire

Cap
Finish on lead's surface
Marking ink

Marking

Final testing

Reliability vertification test

|
|

—r

{

Sheet Resistance
Vi, Breakdown voltage
Appearance

Al thickness
Appearance

Electrical characteristics
(all pieces)

Appearance

Appearance

Appearance
Strength of pull

Appearance

Airtightness

Appearance

Appearance

Appearance

Electrical characteristics
(all pieces)

Life Test
Environment Test

Evaluation of basic parameters
Etching quality evaluation

Securing film thickness
Etching quality evaluation

Elimination of off-grade
electrical characteristics

Evaluation of die quality by
appearance

Mounting quality evaluation

——

Bonding quality evaluation
Sealing quality evaluation
Airtightness evaluation

Finish quality evaluation

Lead molding quality evaluation
Marking quality evaluation
Elimination of off-grade

electrical characteristics
(Burn-in, depend on product)

} Confirmation of reliability




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

I Purchase of parts/materials |

I Reception Inspection

Fine metal wire

Cap

Diffusion

Metallization

Wire bonding

Marking ink

Marking

Electrical sorting

Reliability vertification test|

Resistivity

Sheet Resistance

Vi, Breakdown voltage
Appearance

Al thickness
Appearance

——

Electrical characteristics
(all pieces)

Appearance

Appearance

Appearance
Strength of pull

—_——

Appearance

Airtightness

Appearance

Electrical ratings
(all pieces)

{ Life Test
Environment Test

Evaluation of basic parameters

Etching quality evaluation

Securing film thickness
Etching quality evaluation

Elimination of off-grade
electrical characteristics

Evaluation of die quality by
appearance

Mounting quality evaluation

Bonding quality evaluation

—_—

Sealing quality evaluation
Airtightness evaluation
Marking quality evaluation
Elimination of off-grade

electrical ratings
(Burn-in, depend on product)

} Confirmation of reliability
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3. RELIABILITY TEST
NEC’s reliability test is conducted periodically, considering various standards such as JIS C 7022, MIL-STD-
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.
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3.1 DESCRIPTION OF THE RELIABILITY TEST

Reliability Test: Example of Plastic Packages

Test item

Test Condition

Sample
Size

Equipment Test Method

JIS C 7022

MIL-STD-883

Resistance to Soldering
Heat"

Soak the product in melted solder at 260 +5 °C with
no flux from 10 seconds. 1.6 £0.8 mm deep from
the product or its tab-stud.

18

A-1
Condition A

Temperature Cycle

Soak the product in a low temperature (Tsig min.)
bath for 30 minutes then another 30 minutes in a
high-temperature (Tsg max.) bath. Repeat this
cycle 10 times.

A-4

1010
Condition C

Thermal Shock

Soak the product in a prescribed liquid at 100 °C
for at least 5 minutes. Then, within 10 seconds,

soak it in a prescribed liquid at 0 °C for at least 5
minutes. Repeat this cycle 15 times.

A-3
Condition A
Method I

1011
Condition A

Solderability

Soak the device in noncorrosive flux up to 1.27 mm
deep from the product for 5 to 10 seconds then in
flux of melt solder at 230 +5 °C with 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.

A-2

2003

Terminal Bending"?!

Strength

Apply a weight™? to the lead of the product in a
vertical direction of the axis of the lead without
causing twist in it until the lead bends by 90
degrees, then release it. Repeat this operation
three times. Apply this operation separately to 3
randomly chosen terminals.

2004
Condition
B2

High-Temperature
Storage

Conduct the left test in an environment atmosphere
at 150 °C for 1000 hours.

18

1008

High-Temperature Bias

In an environmental atmosphere at 125 °C, apply
the upper limit supply voltage of the recommended
operating conditions for 1000 hours to conduct the
bias life test.

24

1005
Condition
AB,and C

High-Temperature/
Humidity Storage

Conduct the life test in an atmosphere with relative
humidity of 85 % at temperature of 85 °C for 1000
hours.

26

B-5
Condition B

PCT

Expose the device to vapor having a pressure of
2.3 x 105 Pa (2.3 barometric pressure) in an
atmosphere at 125 °C for 96 hours.

18

*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 ltem Test Condition Size
JISC 7022 | MIL-STD-883

Resistance to Soldering Soak the product in melted solder at 260 +5 °C with 18 A-1 —

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 (Tsqg min.) A-4 1010
bath for 30 minutes, then another 30 minutes in a Condition C
high-temperature (Tsig 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, within 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.

Variable Frequency Fix the product on a vibrator and apply sine wave 18 A-10 2007

Oscillation oscillation in the X, Y, and Z directions that Condition A
logarithmically changes in the range between 10 to
2000, then 2000 to 10 Hz in 4 minutes, with a peak
acceleration of 20 G.

Mechanical Shock Mount the product on a shock tester and subject it A-7 2002
to a shock of 1500 G (500 G'Y) in acceleration and Condition F, D | Condition B, A
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 2001
centrifugal acceleration of 20000 G (5000 G*2) is Condition C, A| Condition 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 2003
deep from the product for 5 to 10 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™ | Apply a prescribed weight to the lead of the product 5 — 2004

Strength in a vertical direction of the axis of the lead without Condition
causing twist in it until the lead bends by 90 +5 B2
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 1008

Storage atmosphere 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 AB,and C

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.




3.2 FAULT EVALUATION CRITERIA IN RELIABILITY TEST

Example of Plastic Package Product

Testing ltem

Fault Evaluation Criterion

Resistance to Soldering Heat*
Temperature Cycle

Thermal Shock*
High-Temperature Storage
High-Temperature Bias

PCT

High-Temperature/Humidity/Storage

Within tolerance of the electrical characteristics

Terminal Strength (Bending)*

Lead appearance

No breaking/Loosening

Solderability

Lead appearance

Above 95 % Solder Coverage of Tested Surface

*The PLCC is not subjected to this test.

Example of Ceramic Package Product

Testing Item

Fault Evaluation Criterion

Resistance to Soldering Heat*
Temperature Cycle

Thermal Shock

Variable Frequency Oscillation
Mechanical Shock

Constant Acceleration
High-Temperature Storage
High-Temperature Bias

Within tolerance of the electrical characteristics

Terminal Strength (Bending)*

Lead appearance

No breaking/Loosening

Solderability

Lead appearance

Above 95 % Solder Coverage of Tested Surface

*The LCC is not subjected to this test.
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