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This version: Jan. 1998

OKI SemiconducCtOr  rrevious version: dec. 199
MSM54C864

65,536-Word x 8-Bit Multiport DRAM

DESCRIPTION

The MSM54C864 is a 512Kbit CMOS multiport memory composed of a 65,536-word by 8-bit
dynamicrandom access memory, RAM port,and a 256-word by 8-bit static serial access memory,
SAM port. The RAM port and SAM port operate independently and asynchronously.

The MSM54C864 supports three types of operation : random access to and from the RAM port,
high speed serial access to and from the SAM port and bidirectional transfer of data between any
selected row in the RAM portand the SAM port. The RAM portand the SAM port can be accessed
independently except when data is being transferred between them internally.

FEATURES

¢ Single power supply of 5 V +10% with a built-in Vgp generator
e All inputs and outputs: TTL compatible
® Multiport organization
RAM port: 64K word x 8 bits
SAM port: 256 word x 8 bits
* RAM port
Fast page mode, Read-modify-write
CAS before RAS refresh, Hidden refresh
RAS only refresh, Standard write-per-bit
* SAM port
High speed serial
Read / Write capability
Fully static register
256 tap location
e RAM-SAM bidirectional, Read / Write / Pseudo write, Real time read transfer
® Refresh : 256 cycles/4 ms
® Package options:

40-pin 475 mil plastic ZIP (ZIP40-P-475-1.27) (Product : MSM54C864-xxZS)
40-pin 400 mil plastic SOJ (5OJ40-P-400-1.27) (Product : MSM54C864-xx]S)
xx indicates speed rank.
PRODUCT FAMILY
Famil Access Time Cycle Time Power Dissipation
1
v RAM SAM RAM SAM Operating Standby

MSM54C864-70 70 ns 25ns 140 ns 30 ns 120 mA 8 mA
MSM54C864-80 80 ns 25ns 150 ns 30 ns 110 mA 8 mA
MSM54C864-10 100 ns 25ns 180 ns 30 ns 100 mA 8 mA
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OKI1 Semiconductor

MSM54C864

PIN CONFIGURATION (TOP VIEW)

140] Vsst
39] si08
38] SI07
137] SI06
136] SI05
35] SE
134] ws/108
133] wr/107
132] We/106
31] W5/105

E Vss2
29] NC
28] NC
27] TAS
26] NC
25] A0
24] A1
23] A2
22] A3
21] A7

W5/105 | 1 SC |1
1] 2] we/l06 I
W7/07 [ 3] siot [ 2] O
_ 4] ws/i08
SE E = S102 E
5106 [ 7] % 2:83 5103 [ 4]
S108 [ 9] T v 8104 [ 5
SC |1__1 Sst DT/OE E
s102 [13] 12] sio1 w1101 [7]
14
$104 [15] % ;_'T(% w2/102 [ 8 |
W1/101 [17] 73] waioe w3103 [ 9]
W3/103 [19) 7] v w4/104 [10]
w4/104 [21] 2 VSS3 Veer [11]
WEIWE [23 o WB/WE [12)
24] RAS
NC [25] 7] 6 NG [13
Vssz [27] 28] e RAS [14]
A5 [29) 5] NC [15]
NG [31] @ v NC [16]
AT [33] 3 AZCZ A6 [17]
A2 [35] ) A As [18]
A0 [37] M9l O
_ 38] NC Vece [20)
CAS @ E NG cc2
40-Pin Plastic ZIP 40-Pin Plastic SOJ
Pin Name Function
A0 - A7 Address Input
RAS Row Address Strobe
CAS Column Address Strobe
DT/0OE Data Transfer / Output Enable
WB/WE Write per Bit / Write Enable
W1/101 - W8/108 | Write Mask / Data IN, OUT
SC Serial Clock
SE Serial Enable
S101 - SI08 Serial Input / Output
Vee / Vss Power Supply (5 V) / Ground (0 V)
NC No Connection

Note:

The same power supply voltage must be provided to every Vcc pin, and the same GND

voltage level must be provided to every Vsg pin. e DataSheetAU:edin
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OKI1 Semiconductor MSM54C864

BLOCK DIAGRAM

w |“ |s
W1/101 - W8/108 S 3 | $101 - 5108
I/0 Buffer Timing Generator /0 Buffer
(RAM) (SAM)
? A
. . Mask x
Write Write per -
Control Bit Control  [€— R(eaggiﬁr
Vec@—»
Vss @—Pp
£ s
o =
S E. 256 x 256 x 8 = &
2| < Cell Array z | 3
E | 3 N
S| &

‘ [

Serial Address

Row Decoder

Counter
Column Address Row Address [ €mm—— Refresh
Buffer Buffer Counter
A0 - A7
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OKI1 Semiconductor

MSM54C864

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

(Note : 16)
Parameter Symbol Condition Rating Unit
Input Output Voltage Vit Ta=25°C -1.0t07.0 v
Output Current los Ta=25°C 50 mA
Power Dissipation Pp Ta=25°C 1 W
Operating Temperature Topr — 0to 70 °C
Storage Temperature Tstg — -551t0 150 °C
Recommended Operating Conditions (Ta = 0°C to 70°C) (Note : 17)
Parameter Symbol Min. Typ. Max. Unit
Power Supply Voltage Vee 45 5.0 55 V
Input High Voltage V4 2.4 — 6.5 V
Input Low Voltage ViL -1.0 — 0.8 Vv
Capacitance (Veg =5V £10%, f = 1 MHz, Ta = 25°C)
Parameter Symbol Min. Max. Unit
Input Capacitance Gy — 7 pF
Input / Output Capacitance Cio — 9 pF
Note:  This parameter is periodically sampled and is not 100% tested.
DC Characteristics 1
Parameter Symbol Condition Min. Max. Unit
Output "H" Level Voltage VoH lon =—2 mA 2.4 — v
Output "L" Level Voltage VoL loL=2mA — 0.4
0<ViN<Vee
Input Leakage Current I All other pins -10 10
not under test=0V uA
0<Vour<h5bV
Output Leakage Current ILo Outp%liTDisable -10 10
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OKI1 Semiconductor MSM54C864

DC Characteristics 2
(Vec =5V £10%, Ta = 0°C to 70°C)

-70 | -80 | -10 i
Item (RAM) SAM Symbol Unit |Note
Max. | Max. | Max.

Operating Current Standby Ice 85 75 65 1,2
(RAS, CAS Cycling, trg = trg min.) Active Icc1a 120 | 110 | 100 1,2
Standby Current Standby Icc2 8 8 8 3

(RAS, TAS = V) Active locoa | 50 | 45 | 40 1,2
RAS Only Refresh Current Standby locs 85 75 65 1,2
(RAS Cycling, CAS = Vi, tre = trg min.) Active locaa 120 | 110 | 100 mA 1,2
Page Mode Current Standby loca 70 65 60 1,2
(RAS =V, CAS Cycling, tpc = tpc min.) Active locaa 120 | 110 | 100 1,2
CAS before RAS Refresh Current Standby Iccs 85 75 65 1,2
(RAS Cycling, CAS before RAS, tre = trg min.) Active lccsa 120 | 110 | 100 1,2
Data Transfer Current Standby Icce 85 75 65 1,2
(RAS, CAS Cycling, trc = trg min.) Active Iccea 120 | 110 | 100 1,2
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OKI1 Semiconductor MSM54C864

AC Characteristics (1/3
(173) (Vog =5V +£10%, Ta = 0°C to 70°C) Note 4, 5, 6

-70 -80 -10 .
Parameter Symbol [ : : Unit |Note
Min. |Max.| Min. |Max.| Min. |Max.
Random Read or Write Cycle Time tre 140 — | 150 | — | 180 | — | ns
Read Modify Write Cycle Time tRwe [ 195 — |195| — | 235 | — | ns
Fast Page Mode Cycle Time tpg 45 | — | 50 | — | 55 | — | ns
Fast Page Mode Read Modify Write Cycle Time tpRwe | 90 | — [ 90 | — | 100 | — | ns
Access Time from RAS tRc | — | 70 | — | 80 | — |100| ns |7,13
Access Time from Column Address tan — | 3% | — |40 | — |5 | ns |7,13
Access Time from CAS tcac | — | 20| — | 25| — | 25 | ns |7, 14
Access Time from CAS Precharge tcra — | 40 | — | 45 | — | 50 | ns |7,14
Output Buffer Turn-off Delay torr 0 |20 0 | 20| O |20 | ns | 9
Transition Time (Rise and Fall) tr 3 13| 3 3|3 |3 |n| 6
RAS Precharge Time trp 60 | — | 60 | — | 70 | — | ns
RAS Pulse Width tras 70 | 10k | 80 | 10k | 100 | 10k | ns
RAS Pulse Width (Fast Page Mode Only) trasp | 70 |100k| 80 |100k| 100 [100k| ns
RAS Hold Time tRsy | 20 | — | 25| — | 25 | — | ns
CAS Hold Time tesy | 70| — | 80 | — |100| — | ns
CAS Pulse Width toas 20 | 10k | 25 | 10k | 25 | 10k | ns
RAS to CAS Delay Time trReD 20 | 50 | 20 | 55 | 20 | 75 | ns | 13
RAS to Column Address Delay Time trRAD 15 | 35 | 15 | 40 | 20 | 50 | ns | 13
Column Address to RAS Lead Time tRAL 3% | — |40 | — |5 | — | ns
CAS to RAS Precharge Time te(Rp | 10| — [ 10| — | 10| — | ns
CAS Precharge Time ten | 10| — [ 10| — | 10 | — | ns
CAS Precharge Time (Fast Page Mode) tep 10| — |10 | — | 10| — | ns
Row Address Set-up Time tasr O |— | 0| —1]0]|—1|ns
Row Address Hold Time tRAH 10| — 10| — |10 | — | ns
Column Address Set-up Time tasc O |—| 0| —1]0]|—1|ns
Column Address Hold Time tocaH 5| — |15 | — |15 | — | ns
Column Address Hold Time referenced to RAS tAR 5 | — |5 | — |7 | — | ns
Read Command Set-up Time trRes O |—| 0| —1]0]|]—1|ns
Read Command Hold Time trReH O |—| 0| —1] 0| —1|ns| 10
Read Command Hold Time referenced to RAS tRRH O |—| 0| —1] 0| —1|ns| 10
Write Command Hold Time tweH 15| — |15 | — |15 | — | ns
Write Command Hold Time referenced to RAS twer 5 | — | 55| — |70 | — | ns
Write Command Pulse Width twp 15| — 15| — |15 | — | ns
Write Command to RAS Lead Time tRwL 20— 20| — | 25| — | ns
Write Command to CAS Lead Time towe 20 — 20| — | 25| — | ns
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OKI1 Semiconductor

MSM54C864

AC Characteristics (2/3)

(Vgo = 5 V +10%, Ta = 0°C to 70°C) Note 4, 5, 6

-70 -80 -10
Parameter Symbol - - Unit |Note
Min. |Max.| Min. |Max.| Min. |Max.
Data Set-up Time tps O |—| 0| — 10| —|ns| M
Data Hold Time toH 5| — |15 | — |15 | —|ns | N
Data Hold Time referenced to RAS tDHR 5 | — |55 | — | 70 | — | ns
Write Command Set-up Time twes 0O |— | 0| — | 0| —1]ns|12
RAS to WE Delay Time tRwp | 100 | — [100| — [ 130 | — | ns | 12
Column Address to WE Delay Time tawp 65| — | 65| — |8 | — | ns | 12
CAS to WE Delay Time tewp | 45 | — | 45 | — | 55 | — | ns | 12
Data to CAS Delay Time tpzc — — — | ns
Data to OE Delay Time tozo — — — | ns
Access Time from OE topn | — | 20| — |20 — | 25| ns | 7
Output Buffer Turn-off Delay from OE toez 0 |10 0 |10 | O | 20 | ns
OE to Data Delay Time top | 10 | — | 10| — | 20 | — | ns
OE Command Hold Time toEH 10| — |10 | — | 20 | — | ns
RAS Hold Time referenced to OE tRoy | 15| — | 15| — | 15 | — | ns
CAS Set-up Time for CAS before RAS Cycle tesp | 10 | — | 10| — |10 | — | ns
CAS Hold Time for CAS before RAS Cycle ttr | 10 | — | 10| — |10 | — | ns
RAS Precharge to CAS Active Time tRPC 0| — 1] 0| —1]0/|—]ns
Refresh Period tREF — | 4 — | 4 | — 1| 4 | ms
WB Set-up Time twsRr 0| — 1] 0| —1]0/|—]ns
WB Hold Time thwy | 15| — | 15| — | 15| — | ns
Write Per Bit Mask Data Set-up Time tvs 0O | — | 0| —1] 0| —1]ns
Write Per Bit Mask Data Hold Time tvH 15— 15| — |15 | — | ns
DT High Set-up Time tThs 0| —| 0| —1| 0] —1]ns
DT High Hold Time tTHH 15| — |15 | — |15 | — | ns
DT Low Set-up Time tris 0| —| 0| —1| 0] —1]ns
DT Low Hold Time tTLH 15 | 10k | 15 | 10k | 15 | 10k | ns
DT Low Hold Time referenced to RAS
) tRTH 60 | 10k | 65 | 10k | 80 | 10k | ns
(Real Time Read Transfer)
DT Low Hold Time referenced to Column Address
. tATH 25| — |30 | — |3 | — | ns
(Real Time Read Transfer)
DT Low Hold Time referenced to CAS
) teTH 20— | 25| — |25 | — | ns
(Real Time Read Transfer)
SE Set-up Time referenced to RAS tesR 0| — 1] 0| —1]0/|—]ns
SE Hold Time referenced to RAS tRew | 15 | — | 15| — | 15| — | ns
DT to RAS Precharge Time ttRek | 60 | — | 60 | — | 70 | — | ns
DT Precharge Time trp 20| — | 20| — | 3| —|ns
RAS to First SC Delay Time (Read Transfer) trsD 70| — | 8 | — |100| — | ns
Column Address to First SC Delay Time (Read Transfer) | tasp 45 | — | 45 | — | B0 | — | ns
CAS to First SC Delay Time (Read Transfer) tcsp 20| — |25 — | 25| — | ns
Last SC to DT Lead Time (Real Time Read Transfer) | trst 5 | — | 5 | — |5 | —=1|ns|...
T Al a SIMTEC LT



OKI1 Semiconductor MSM54C864

AC Characteristics (3/3)
(Voc =5V +10%, Ta = 0°C to 70°C) Note 4, 5, 6

-70 -80 -10 .
Parameter Symbol [ : : Unit |Note
Min. |Max.| Min. |Max.| Min. |Max.

DT to First SC Delay Time (Read Transfer) trsp 15| — |15 | — |15 | — | ns
Last SC to RAS Set-up Time (Serial Input) tsRs 25 | — | 25| — |30 | — | ns
RAS to First SC Delay Time (Serial Input) tsp | 20 | — | 20 | — | 25 | — | ns
RAS to Serial Input Delay Time tsop | 40 | — | 40 | — | 50 | — | ns
Serial Output Buffer Turn-off Delay from RAS

) tspz 10 | 40 | 10 | 40 | 10 | 50 | ns | 9
(Pseudo Write Transfer)
SC Cycle Time tsce 30| — |30 | — ]3| — | ns
SC Pulse Width (SC High Time) tsc 10| — | 10| — |10 | — | ns
SC Precharge Time (SC Low Time) tscp 10— | 10| — |10 — | ns
Access Time from SC tsca — | 25| — | 25| — | 25| ns | 8
Serial Output Hold Time from SC tsoH 5| — | 5 | — 1] 5| —|ns
Serial Input Set-up Time tsps O |—| 0| —1]0]|—1|ns
Serial Input Hold Time tsoH 15| — |15 | — |15 | — | ns
Access Time from SE tsen | — | 25| — | 25| — | 25 | ns | 8
SE Pulse Width tse 25| — | 25| — | 25 | — | ns
SE Precharge Time tsgp | 25| — | 25| — | 25 | — | ns
Serial Output Buffer Turn-off Delay from SE tsez 0 |20 0 20| O | 20 | ns | 9
Serial Input to SE Delay Time tsze 0| — 1] 0| —1] 0| —]ns
Serial Input to First SC Delay Time tszs O |—| 0| —1]0]|—1|ns
Serial Write Enable Set-up Time tsws 5| — 1| 5| —1]5]|—1|ns
Serial Write Enable Hold Time tswH 15| — |15 | — |15 | — | ns
Serial Write Disable Set-up Time tswis 5| — 1| 5| —1] 5| —1]ns
Serial Write Disable Hold Time tswiH 15| — 15| — |15 | — | ns
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OKI1 Semiconductor MSM54C864

Notes: 1. Theseparameters depend onoutputloading. Specified values are obtained with the

output open.

These parameters are masured at minimum cycle test.

Iccr (Max.) are mesured under the condition of TTL input level.

4. VigMin.)and Vi, (Max.) arereference levels for measuring timing of input signals.

Also, transition times are measured between Vi and Vi

5. Aninitial pause of 200 ys is required after power-up followed by any 8 RAS cycles

(DT/OE “high”) and any 8 SC cycles before proper divice operation is achieved. In

the case of using an internal refresh counter, a minimum of 8 CAS before RAS

initialization cycles in stead of 8 RAS cycles are required.

AC measurements assume tT =5 ns.

7. RAM port outputs are mesured with a load equivalent to 1 TTL load and 100 pF.
Output reference levels are Voiy/VorL =24 V/0.8 V.

8. SAM port outputs are measured with a load equivalent to 1 TTL load and 30 pF.
Output reference levels are Vory/VorL =2.0V/0.8 V.

9. torr Max.), togz (Max.), tspz (Max.) and tggz (Max.) difine the time at which the
outputs achieve the open circuit condition and are not reference to output voltage
levels.

10. Either trcy or trry must be satisfied for a read cycle.

11. These parameters are referenced to CAS leading edge of early write cycles and to
WB/WE leading edge in OE controlled write cycles and read modify write cycles.

12. twcs, tRwp, tcwp and tawp are not restrictive operating parameters. They are

included in the data sheet as electrical characteristics only.
If twes = twes (Min), the cycle is an early write cycle, and the data out pin will
remain open circuit (high impedance) throughout the entire cycle : If trwp = tRwpD
(Min.), tcwp 2 tcwp (Min.) and tawp = tawp (Min.) the cycle is a read-write cycle
and the data out will contain data read from the selected cell : If neither of the above
sets of conditions is satisfied, the condition of the data out (at access time) is
indterminate.

13. Operation within the trcp (Max.) limit ensures that trac (Max.) can be met. trcp
(Max.)is specified as areference point only : If trcp is greater than the specified trcp
(Max.) limit, then access time is controlled by tcac.

14. Operation within the trap (Max.) limit ensures that trac (Max.) can be met. trap
(Max.)is specified as a reference point only : If tg Ap is greater than the specified trap
(Max.) limit, then access time is controlled by taa.

15. Input levels at the AC parameter measurement are 3.0 V/0 V.

16. Stresses greater than those listed under “Absolute Maximum Ratings” may cause
permenent damege to the device.

17. All voltages are referenced to Vgg.

@™

o
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OKI1 Semiconductor MSM54C864

TIMING WAVEFORM
Read Cycle
tRe
tras trp
- Vu-_ ) tarR —\
RAS | \ Y/ \
tosh
tcrp treD tRsH tcpn
=5 VIH- 3 fcas \
CAS
Vie-__/ \ \ 7/ \
trRAD tRAL
tasr | | tRAH tasc tcAH

V — s pl s pl
A0 - A7 V:E _ %{ Row Address >@< Column Address W %

lrer

tFEs; tRRH
o VlH —- . )W
B/WE Vi, - /
tRoH
tTHS tTHH
el | QU
DT/OE '
tzo loe
Vin- /
IN
r Vi - Y teac tor
t
W1/101 o AR toez
- W8/108 c

VioH-— i i
L out v(():- Open (| Valid Data-out >7

7

T o'
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OKI1 Semiconductor

MSM54C864

Write Cycle (Early Write)

=7z VIH—

RAS
ViL-
e VIH-

CAS
ViL-
Vih-

A0 - A7
ViL-
= Vi —
WBAWE "
——ViH-
DTOE '
Vih-
r IN ViL -

W1/101
- W8/108
V —
—our

oL—

tRc
tras | trp
—5\ tar %—x;
tosH
tcrp trReD tRSH topn
i 3\ tcas / /‘ b
tRAD tRAL
tasr | | trRaH tasc tcaH

m Row Addressi>@< Column Address

twsr | | tRWH twes twen
W V-
twer towl
tris | | trin tRwL
|

h

tws | | tmH

tpH

tps

W

w1 Data ¥/ Vald Data-in

tpHR

"H' or "L"

i

Open
*1 WB/WE | W1/I01 - W8/I08 Cycle
0 WM1 data Write per Bit
1 Don’t Care Normal Write
WM1 data: 0: Write Disable

1: Write Enable
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OKI Semicon

ductor

MSM54C864

Write Cycle (OE Controlled Write)

tre
tras | trp
— Vp- X taAR }—x
RA!
S ViL- \ b \7
tosH
tcrp trcD tRsH topn
— V- / tcas 7
Sy / \ /| / \_
traD tRAL
tasr | | tRaH tasc tcAH
V — s N r .
A0 - A7 V:r B m Row Address >@< Column Address W %
towL ‘
twsr | |[tRwH tRwL
—_Vig- %{ . AW / / twe / /
WBAWE |, ' 1 \
twer
tTHs toen
—
OT/0E U~ % W
ViL-
tws | | tm los| |_tou
V — s pl s
W - %{ W1 Data (/7 7)W valia Data-n)(]
W1/101 | ToHR
- W8/108
V -
L out VOH Open
oL—

i,

*1 WB/WE | W1/I01 - W8/I08 Cycle
0 WM1 data Write per Bit
1 Don’t Care Normal Write
WM1 data: 0: Write Disable
1: Write Enable

"W or "L"
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OKI1 Semiconductor

MSM54C864

Read Modify Write Cycle
tRwe
tras L trp
— V- AR }—x
RAS
ViL- \ 1 L
tosH
tcrp trRcD tRsH tcpn
V- 7 tcas i b
CAS /
V||_ - 7 \
tRAD
tasr | |tRAH fﬁsf‘ tcaH
V _ \
A0 - A7 V:[{ _ % Row Address W Column Address W %
towL
twsr | |tRwH tRes tocwp tRwL
- V- F N 7 X twe
v %{ 1] tawp N\ /
trRwp
trHs tTHH toEH
—— Viy- F
DT/OE |, _ / W
tozo Ios
tws | | twH tbz0 toeD_ toH
Vig- f N " Valid )W
— Ny @{ WM Data 7}@[ — @{ Dein |
t
W1/101 CAC
f
- W8/108 taag loez
| Vor— f Valid
out VoL- Open < Data-out
) Hor'L
*1 WB/WE | W1/I01 - W8/I08 Cycle
0 WM1 data Write per Bit
1 Don't Care Normal Write
WM1 data: 0: Write Disable

1: Write Enable
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OKI Semiconductor MSM54C864
Fast Page Mode Read Cycle
trASP tre_|
— V- X tpg z—xK\
RAS
ViL- \ 7/
tRsH
tcp toas topn
e VIH— / ) tcas /_
CAS ViL- \ ]
t tRAL
tasc LM o
Vik-=  Col Col
A0-A7 ViL % % Address 2 W Address N W %
treH ﬁ“ﬂi
tres tRes tRRH
__V - 4 \'4
WBAWE |, %f %
IL=
TE y, Ny N1
DT/OE \;, _ ‘ /
tcrA |
iy ) : 1
ViL- OEA t
r OFA torF
W1/101 tcac teac tH
- W8/108 tan OEZ
V — I \ \
L ouT V(())T { >—< Data-out 2 >—<rData-out n >—

W "H" or "L"
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MSM54C864
Fast Page Mode Write Cycle (Early Write)
trasP IrP ‘
—= V- tAR tec /W
RAS
ViL- \r 7
tRsH
;C_RE tRcD t tcp tcp toas tcpn
- — r—  \ ¥\
TAS ViH /‘ tRAD CAS / \ tcas \ /‘
Vie - tesH 1 — | 1
tacel JRAH  tasg t toan ; TRAL
-ASR feaH AS ASC | toan
ViH= 71 R " Col " Col " Col
A0 - A7 T %r Addor‘évss7>%<r Adgrlérsnsn1 ] %r Ad?irlé?an 7% %r Adgrlérsnsnn 7>/ %
7 twer tweh tweH
twsg) (R twes | twen twes twes
w0 D
* WP twp % twp
WBWE, K 1] - / - ] - /
| towL towL towL
t‘lljg tTHH tRwL
orioe "~ 7/ 7/
ViL-
tvH oy tpH toH
tms tps tps tps
v B ) C ) ey
r IN Vi - 7\ Data | Data-in 1 | Data-in 2 ] Data-in n
W1/101 tDHR
- W8/108
V -
L out V?)T— Open
W "H" or"L"
*1 WB/WE | W1/I01 - W8/I08 Cycle
0 WM1 data Write per Bit
1 Don't Care Normal Write
WM1 data: 0: Write Disable

1: Write Enable
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OKI1 Semiconductor MSM54C864

Fast Page Mode Read Modify Write Cycle

trasp ‘
tAR RP
=5 VH— ) tcsh F\
RAS
ViL- \ 7
trRwe tRSH
trcd fep top)
— V- tcas }_& tcas tcas /_
CAS
ViL - tasc \ 1. \ t \ —
ASC ASC CWL
tasp| [1RAH || | o towL tean towL fcan tRUL
VIH= %7 Row N/ Col [ col i col
wo-a7 " K X s N K S e N
;—D
twsg, |_|"RWH twp twp, twp
__ Vmu- a p| g
WB/WE VlH % < Y two N |/ two N/ towp \Y_J
o ! tRw
trg, |_-THH
o VIH - Y /) s I s
DT/OF ViL- / %x / <_/ /
twi | tozo tDSi tozo | |, " s | 1oz OB
tws| | [ tozc | | toen| | ton bz I | ||tpze toED, toH
V —\ s pl s pl s
IN H— WM Data- %X 7% Data- %& Data- W
r ViL - Data toEA in1 toEA h in2 /4 tO%EA inn_
W1/101 tcac_| |toez fcac | |toez Ioac_| |toez
- W8/108 y tan tan tAn
o~ <Dt-l> <Dt-l / Data- |\
L out VoL— oﬁta1 ] oﬁtaz 14 \ oStan 14
tRAC
W ||H|| or ||L||
*1 WB/WE | W1/IO1 - W8/I08 Cycle
0 WM1 data Write per Bit
1 Don’t Care Normal Write

WM1 data: 0: Write Disable
1: Write Enable
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OKI1 Semiconductor MSM54C864

RAS Only Refresh Cycle

tRe
trAS trp

tcrp trpc tcrp
Vi ; - il
CAS /
ViL- U
tasr | | tRAH
A0 - A7 VT %{Row Address }% % W
ViL- 4

tTHs tTHH
o V|H - r p
DT/OE | W W
W1101 Vo~
- W8/108 VoL— Open

) Hor'L
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OKI1 Semiconductor MSM54C864

CAS before RAS Refresh Cycle

tre
trp trp
V- y—\ tras
RAS x:l: - / trec \ L
tcsr
topn tcHR
e VIH- Y //
CAS
ViL- 4/ 3

WB/WE x:r: 7

BT/0E U™ //
ViL-

W1/101  Vou—
- W8/108 VoL—

Open

Note: AO- A7 =Don'tcare (H' or'l) [/ 'Hor'L
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Hidden Refresh Cycle
tRe tRe
tRAS tap traS _ trp
—— V- taR —
RAS V”_ - 7/ \ 7 L
tcrp trReD tRsSH tcHR tepn

e ViH- 3 1
CAS /

VIL - \\v 7/ \

trAD tRAL
tasr | | tRAH tasc | tcaH
|
Vig- f N/ Column %
AD-AT ViL - %K Row Address >@<( Address W
twsr
tres tRRH tRWH
- VIH - /" E! ir W ///
B/WE
ViL
tTHS | | tTHH tRoH
V- 3 1 /
DT/OE \;, _ W %
toez toea tore
torr tag |~CAC toez
W1/101  Vou— X i i

-W8/108 Voi- 4

Valid Data-out

Wi

" or "L"
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Read Transfer Cycle (Previous Transfer is Write Transfer Cycle)

tRc
tras . tmp
— V- tar }—x
RAS
ViL- \r ; \7
tosH
tcrp tRcD tRSH toen |
V= F tcas / K
CAS
ViL- / \r 4 /
trAD tRAL
tasr tRAH tASCi tcaH
/N 3 :
AD-AT %{ Row Address W SAM Start Address W %
A0 - A7: TAP
twsr tRwH
- Vig— 3
B/WE % W //
ViL-
tTRP
t1Ls tTLH trp
e ) / K/
DT/OE y, _ ]
torr l {cs
- trsD
W1/101  Vou-
-W8/108 VoL- trsp tsce
tsms tscp| | tsc  tscp
56 - / )\ Inhibit Rising Transient \ Z_\\
ViL-_ 4 tg g x4
tsps tSDH tszs
| Biad
V|H _ s ] ] p
IN Valid Data-in
ViL=7% T
S101
-SI08 tsca tsoH
| Vo / Valid x
ouT VoL— \_ Data-out

Note: SE =V W "H" or "L"
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Real Time Read Transfer Cycle

tre
tras - tmp
T tar
S \ / N
tosH
tcrp trRcD tRSH topn |
N VA Y t
B/ AN A N
tRAD tRAL
tasr | | tRAH tasc | tcaH
V —_ s \ s \
A0~ AT 7 %{ Row Address }@{ SAM Start Address)()) %
A0 - A7: TAP
twsr | | tRwH !tATH N
VT 3 7
B/WE
ViL- //
1 teth trrp |
tLs tRTH trp
v/ ¥
DTOE \,'_ 7/ V]
torr
W1/101 Vor~ W;
- W8/108 VoL- / e
tsc,| |tscp trsL _trso_
Vi- / JF
SC
VlL - _\_/ N 7 _7/1_\_/—\_/

Vg —
in M Open
ViL- tsca |tscA
SI01
-SI08 tsoH tsoH
L Vor- Valid r Valid Valid Valid Valid
out VoL— Data-out 7><( Data-out >< Data-out Data-out Xt Data-out

Previous Row Data New Row Data

Note: SE=Vi. [JJJJj) 'Hor'L
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Pseudo Write Transfer Cycle

 —= Serial Input Data

tRe
tRas trp
RAS VH™ 3 tAR —
RAS x:f_ \ / ‘
tesh
tcrp treD tRsH topy |
CAS V- X teas
CAS "/ ( | ,
tRAD tRAL
tasr | |_tRAH tAsci toan
A0 - A7 x:f: % Row Address W SAM Start Address W ///%
A0 - A7: TAP
v twsr _| |_tRwH
waie VIH=
)
ViL - 7 3 J
‘ tris trin
oT/oE M- % / ///
ViL -
torF
W1/101  Vou- —
- W8/108 VoL- / Open - -
g tscp| |tsc_ lscp
ViH- /s y
C y), - /TN Innibit Rising Transient /
tsc ‘
tesr ! tREH tEV_VE
e U n
tspp ‘ ‘
tspz tsps| |{son
N Vin- tsez % Valid >@<
Vit - tsca 3 . Data-in 4
S101 ] |
- 5108 :
Vou= " v N Vaid X |
LOUT VoL— Valid Data-out X Data-out / Open 3
tson 3 |

Serial Input Data =——

T+ o
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Write Transfer Cycle

tre
tras trp
i I
- Vy- AR
RAS | \ 7 / \
tosH
tcrp trRcD tRsH tepn |
——VIh-F tcas 7
CAS ViL- / \ .
traD tRAL
tasr | |_tmaH tASCi toan
V — s | \
A0 - A7 VIH % Row Address W SAM Start Address W %
IL— g 4 A
A0 - A7: TAP
twsr tRwH
WeWE V™ ) i
ViL- x P
‘ tris trLH
L/
DT/OE ;" / ///
tms
torr tMH
W1/101  Vou—
“WB08 VoL ) WM Data Open o
tsks tscp| | tsc  fscp
ViH— / Y o )
Inhibit R T t
SC ViL - / \ nhibit Rising Transien | /
tsc
tesr tReH tsws
Fy \ 7
SE
ViL- ki :
tsps | | tspH tsps | |tspy
|
VIR=\f . ]  Valid Valid
IN ViL- ><rVaI|d Data-in W // % Data-in 7>@<Data'i”
sl01 | |
-siog ‘ 3
OH— | !
L ouT Open T

Previous «—
Row Data

— New Row Data
WM1 data: 0: Transfer Disable

1: Transfer Enable ) Hor'l
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Serial Read Cycle (SE = V};)
e VIH—
RAS
ViL-
tTHS ‘ tTHH
o V|H — a 3
DT/OE \,, _
tsce tsce tsce tsce tsce
tsc tsc tsc tsc tsc
Vi- J/ i
Sy, _ _ \b-—j/
tscp “tscp
tsca
tsoH
SI01  Vou- Valid AX Valid
- S108 VoL- x Data-out Data-out
Note: SE =V W "H' or "L"
Serial Read Cycle (SE Controlled Outputs)
=iz VIH—
RAS
ViL-
tTHs tTHH
o V|H - g 1
DT/OE \,, _
tsce tsce tsce tsce tsce
tsc tsc |.Isc tsc tsc
V|H _ AJ\ Z_XL,\ A
SC
i S
tscp tscp i tscp “tsop SCP tscp
SEP
== ViH- 3
SEy, - \
tsze
V _
N VIH -
S101 . tsca tseA tsca tsca
5108 tsoy tsez | tsca tsou tsoy
| Vors Valid ) Valid  Valid £/ Vaid )/ Vaid
out VoL- Data-out ¢\ Data-out Open _<( Data-out /. Data-out /Y. Data-out
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Serial Write Cycle (SE = V,.)
e VIH—
RAS
ViL-
tTHS | | trHn
o V|H _ T B
DT/OE \,, _
tsce tsce tsce tsce tsce
tsc tsc tsc tsc tsc
VIH_ Z_J\F_? Z_J\F_/ [
SC \ \
ViL - l 7/ tSDH 7/ tSDH |, T 7/ tSDH /TSDH /tSDH *
| ! ‘ I |
tscp tscp tscp tscp tscp tscp
tsps_| tsps tsps tsps tsps
SI01 Viu- Valid >@< Valid Valid Valid >@< Valid >@<
-S108 VL - Data-in /\/ X Data-in \__Data-in / Data-in \_Data-in
NOte: ﬁ _ V||_ m ||H|| or ||L||
Serial Write Cycle (SE Controlled Inputs)
=7e VIH—
RAS
ViL-
t‘THS tTHH
— 0 ViH- ﬂ‘ b
DT/OE \,, _
tsce tsce tsce tsce tsce
tsc tsc | tsc tsc tsc
Vig- tscp tscp Isop 7 tscp tscp » tscp
SC 1 _Lﬁ/ Y/ 1/ /| N
tswiH ! tswiH
tsws tsep tsws tsep tsws
—Vii- tswH_| Iswh_ [ ) tswh, |/~
SE ViL - 7/ tswis \ 7/ tswis \ 1
tse tse tse
tsps tSDH tsps tspH. tsps tsoH
IN Vin= % Valid W % Valid % Valid W
f ViL- . Data-in | . Data-in . Data-in
SI101
- S108
| oy Vors
ouT VoL— Open
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PIN FUNCTION

Address Input : AO - A7

The 16 address bits decode an 8-bit location out of the 65,536 locations in the MSM54C864
memory array. The address bits are multiplexed to 8 address input pins (A0 to A7) as standard
DRAM. Eight row address bits are latched at the falling edge of RAS. The following eight column
address bits are latched at the falling edge of CAS.

Row Address Strobe : RAS

RAS s abasica RAM control input signal. The RAM port is in standby mode when the RAS level
is “high”. As the standard DRAM’s RAS signal function, RAS is the control input that latches the
row address bits are a random access cycle begins at the falling edge of RAS.

In addition to the conventional RAM signal functions, the level of the input signals, CAS, DT/
OE, WB/WE, and SE, at the falling edge of RAS, determines the MSM54C864 operation modes.

Column Address Strobe : CAS

As the standard DRAM’s CAS signal function, CAS is the control input signal that latches the
column address input and acts as an RAM port output enable signal.

Data Transfer / Output Enable : DT / OE

DT/OE is also a control input signal having multiple functions. As the standard DRAM’s OE
signal function, DT/OE is used as an output enable control when DT/OE is “high” at the falling
edge of RAS.

In addition to the conventional OE signal function, a data transfer operation is started between
the RAM port and the SAM port when the DT/OE is “low” at the falling edge of RAS.

Write-per-Bit / Write Enable : WB / WE

WB/WE is a control input signal having multiple functions. As the standard DRAM'’s WE signal
function, it is used to write data into the memory array on the RAM port when WB/WE s “high”
at the falling edge of RAS.

In addition to the conventional WE signal function, the WB/WE determines the write-per-bit
function when WB /WE is “low” at the falling edge of RAS, during RAM port operations. The
WB/WE also determines the direction of data transfer between the RAM and SAM. When WB/
WE s “high” at the falling edge of RAS, the data is transferred from RAM to SAM (Read transfer).
When WB/WE is “low” at the falling edge of RAS, the data is transferred from SAM to RAM
(Write transfer).
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Write Mask Data / Data Input and Mask Data : W1 /101 - W8/ 108

W1/101 to W8 / 108 have the functions of both Input/Output and a control input signal. As the
standard DRAM’s /O pins, input data on the W1 /101 to W8 /108 are written into the RAM port
during the write cycle. The input data is latched at the falling edge of either CAS or WB/WE,
whichever occurslater. The RAM data out buffers, which will output read data from the W1 /101
to W8 /108 pins, become low impedance state after the specified access times from RAS, CAS,
DT / OE and column address are satisfied and the output data will remain vaild as long as CAS
and DT/OEarekept “low”. The outputs will return to the high-impedance state at the rising edge
of either CAS or DT /OE, whichever occurs earlier.

In addition to the conventional I/O functions, the W1 /101 to W8 /108 have the funnction to set
the mask data, which select mask input pins out of eight input pins, W1/ IO1 to W8/IOS8, at the
falling edge of RAS. Data is written in to the DRAM on data lines where the write-mask data is
alogic “1”. Writing is inhibited on data lines where the write-mask data is a logic “0”. The write-
mask data is valid for only one cycle.

Serial Clock : SC

SC is a main serial cycle contorol input signal. All operations of the SAM port are synchronized
with the serial clock SC. Data is shifted in or out of the SAM registers at the rising edge of SC. In
a serial read, the output data becomes valid on the SIO pins after the maximum specified serial
access time tgcp from the rising edge of SC.

Theseriallock SC also increments the 8 bits serial pointer whichis used to select the SAM address.
The pointer address is incremented in a wrap-around mode to select sequential locations after
the setting location which is determined by the column address in the read transfer cycle. When
the pointer reaches the most significant address location (Decimal 255), the next SC clock will
place it at the least significant address location (Decimal 0).

The serial clock SC must be held data constant Vi or Vyy level during read / pseudo write/write
transfer operations and should not be clocked while the SAM port is in the standby mode to
prevent the SAM pointer from being incremented.

SAM start address data must not be read more than two times: do not input successive SC clocks
more than 257.

Serial Enable : SE

The SE is a serial access enable control and serial read / write control input signal. In a serial read
cycle, SE is used as an output control. In a serial write cycle, SE is used as a write enable control.
When SE is “high”, serial access is disable, however, the serial address pointer location is still
incremented when SC is clocked even when SE is “high”.

Serial Input / Output : SIO1 - SIO8

Serial input/output mode is determined by the most recent read, write or pseudo write transfer
cycle. When aread transfer cycleis performed, the SAM port is in the output mode. When a write
or pseudo write transfer cycle is performed, the SAM port is switched from output mode to input
mode.
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RAM PORT OPERATION

Fast Page Mode Cycle

Fast page mode allows data to be transferred into or out multiple column locations of the same
row by performing multiple CAS cycle during a single active RAS cycle.

During a fast page cycle, the RAS signal may be maintained active for a period up to 100p
seconds.

For the initial fast page mode access, the output data is valid after the specified access times from
RAS, CAS, column address and DT/OE.

For all subsequent fast page mode read operations, the output data is valid after the specified
access times from CAS, column address and DT /OE. When the write-per-bit function is enabled,
the mask data latched at the falling edge of RAS is maintained throughout the fast page mode
write or Read-Modify-Write cycle.

RAS-Only Refresh

The dataisthe DRAMrequires periodicrefreshing to prevent data loss. Refreshing isaccomplished
by performing a memory cycle at each of the 256 rows in the DRAM array within the specified
4 ms refresh period.

Although any normal memory cycle will perform the refresh operation, this function is most
easily accomplished with “RAS-Only” cycle.

CAS before RAS Refresh

The MSM54C864-JS/ZS also offers an internal-refresh function. When CAS is held “low” for a
specified period (tcsr) before RAS goes “low”, an internal refresh address counter and on-chip
refresh control clock generators are enabled and an internal refresh operation takes place.
When the refresh operation is completed, the internal refresh address counter is automatically
incremented in preparation for the next CAS-before-RAS cycle. For successive CAS-before-RAS
refresh cycle, CAS can remain “low” while cycling RAS.

Hidden Refresh

Ahidden refresh isa CAS-before-RAS refresh performed by holding CAS “low” from a previous
read cycle. This allows for the output data from the previous memory cycle to remain valid while
performing a refresh.

The internal refresh address counter provides the address and the refresh is accomplished by
cycling RAS after the specified RAS-precharge period.

Write-per-Bit Function

The Write-Per-Bit selectively controls the internal write-enable circuits of the RAM port. Write-
Per-Bit is enabled when WB/WE held “low” at the falling edge of RAS in a random write
operation. Also, at the falling edge of RAS, the mask data on the Wi/IOi pins are latched into a
write mask register. The write mask data must be presented at the Wi/IOi pins at every falling
edge of RAS. A “0” on any of the Wi/IOi pins will disable the corresponding write circuits and
new data will not be written into the RAM. A “1” on any of the Wi/IOi pins will enable the
corresponding write circuits and new data will be written into the RAM.
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DATA TRANSFER OPERATION

The MSM54C864 features an internal data transfer capability between RAM and the SAM.
During a transfer cycle, 256 words by 8 bits of data can be loaded from RAM to SAM (Read
Transfer) or from SAM to RAM (Write Trasfer).

The MSM54C864 supports three types of transfer operations: Read transfer, Write Transfer and
pseudo write transfer. Data transfer operations between RAM and SAM are invoked by holding
the DT/OE signal “low” at the falling edge of RAS, the type of data transfer operation is
determined by the state of CAS, WB/WE and SE latched at the falling edge of RAS.

During data transfer operations, the SAM port is switched from input to output mode (Read
Transfer) or output to input mode (Write Transfer /Pseudo Write Trasfer).

During a data transfer cycle, the row A0-A7 select one of the 256 rows of the memory array to or
from which data will be transferred and the column address AO-A7 select one of the tap locations
in the serial register. The selected tap location is the start position in the SAM port from which
the first serial data will be read out during the subsequent serial read cycle or the start position
in the SAM port into which the first serial data will be written during the subsequent serial write
cycle.

Read Transfer Cycle

A read transfer consists of loading a selected row of data from the RAM array into the SAM
register. A read transfer is invoked by holding CAS “high”, DT/OE “low” and WB/WE “high”
at the falling edge of RAS. The row address selected at the falling edge of RAS determines the
RAM row to be transferred into the SAM.

The transfer cycle is completed at the rising edge of DT/OE. When the transfer is completed, the
SAM port is set into the output mode.

In a read /real time read transfer of a new row of data is completed at the rising edge of DT/OE
and this data becomes valid on the SIO lines after the specified access time tgc from the rising
edge of the subsequent serial clock (SC) cycle. The start address of the serial pointer of the SAM
is determined by the column address selected at the falling edge of CAS.

In aread transfer cycle preceded by a write transfer cycle, the SC clock must be held at a constant
V1L or Vi, after the SC high time has been satisfied. A rising edge of the SC clock must not occur
until after the specified delay trsp from the rising edge of DT/OE.

In a real time read transfer cycle (which is perceded by another read transfer cycle), the previous
row data appears on the SIO lines until the DT/OE signal goes “high” and the serial access time
tsca for the following serial clock is satisfied.

This feature allows for the first bit of the new row of data to appear on the serial output as soon
as the last bit of the previous row has been strobed without any timing loss. To make this
continuous data flow possible, the rising edge of DT/OE must be synchronized with RAS, CAS
and the subsequent rising edge of SC (trTyy, tcTr, and tysp /trsp must be satisfied). The timing
restriction tygp /tTgp are 5 ns min./10 ns min..
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Write Transfer Cycle

A write transfer cycle transfers the contents of the SAM register into a selected row of the RAM
array. If the SAM data to be transferred must first be loaded through the SAM port, a pseudo
write transfer operation must precede the write transfer cycles.

Data transferred to SAM by read transfer cycle can be written to other address of RAM by write
transfer cycle.

A write transfer is invoked by holding CAS “low”, WB/WE “low” and SE “low” at the falling
edge of RAS.

The row address selected at the falling edge of RAS determines the RAM row address into which
the data will be transferred. The column address selected at the falling edge of CAS determines
the start address of the serial pointer of the SAM.

After the writetransfer is completed, the SIO lines are set in the input mode so that serial data
synchronized with the SC clock can be loaded.

When consecutive write transfer operations are performed, new data must not be written into
the serial register until the RAS cycle of the preceding write transfer is completed.
Consequently, the SC clock must be held at a constant V. or Vi during the RAS cycle. A rising
edge of the SC clock is only allowed after the specified delay tsgp from the rising edge of RAS,
at which time a new row of data can be written in the serial register.

Pseudo Write Transfer Cycle

A pseudo write transfer cycle must be performed before loading data into the serial register after
a read transfer operation has been excuted. The only purpose of a pseudo write transfer is to
change the SAM port mode from output mode to input mode (A data transfer from SAM to RAM
does not occur).

After the serial register is loaded with new data, a write transfer cycle must be performed to
transfer the data from SAM to RAM. A pseudo write transfer is invoked by holding CAS “high”,
DT/OE “low”, WB/WE “low” and SE “high” at the falling edge of RAS. The timing conditions
are the same as the one for the write transfer cycle except for the state of SE at the falling edge of
RAS.

Transfer Operation Without CAS

During all transfer cycles, the CAS input clock must be cycled, so that the column address are
latched at the falling edge of CAS, to set the SAM tap location. If CAS was maintained at a
constant “high” level during a transfer cycle, the SAM pointer location would be undifined.
Therefore a transfer cycle with CAS held “high” is not allowed.

Normal Read Transfer Cycle After Normal Read Transfer Cycle

Another read transfer may be performed following the read transfer provided that a minimum
delay of 30 ns from the rising edge of the first clock SC is satisfied.
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POWER-UP

Power must be applied to the RAS and DT /OE input signals to pull them “high” before or at the
same time as the V¢ supply is turned on. After power-up, a pause of 2001 seconds (minimum)
is required with RAS and DT/OE held “high”.

After the pause, a minimum of 8 RAS and 8 SC dummy cycles must be performed to stabilize the
internal circuitry, before valid read, write or transfer operations can begin. During theinitialization
period, the DT/OE signal must be held “high”. If the internal refresh counter is used, a minimum
8 CAS-before-RAS initialization cycles are required instead of 8 RAS cycle.

Initial State After Power-up

When power is achieved with RAS, CAS, DT/OE and WB/WE held “high” the internal state of
the MSM54C864 is automatically set as follows.

SAM port —> Input mode
Write mask register ——> Write mode
TAP pointer —> Invalid

However, the initial state can not be guaranteed for various power-up conditions and input
signal levels. Therefore, it is recommended that the initial state be set after the initialization of the
deviceis performed (200p seconds pause followed by a minimum of 8RAS cyclesand 8 SC cycles)
and before valid operations begin.
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PACKAGE DIMENSIONS

(Unit : mm)
ZIP40-P-475-1.27 |
5.2+ 0.2 2.8: 0.2
O %
INDEX MARK S| 2
Mirror finish \% - 2
SEATNG ST A A R A T j
PLANE il =l
@ E p __|o27:005
1.27 L 0.5213;32m =
0.84TYP.
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating
Solder plate thickness | 5 um or more
Package weight (g) 3.46 TYP.
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(Unit : mm)
S0J40-P-400-1.27
26.03+ 0.13
@
imininininininininininininininE el nlelwl
O
ol 2
S| S
2| e
=| o
7 O
¥ LS N [ N
@
INDEX_MARK ; 1.27 0.81MAX. 0.2 305
Mirror finish o B
f \ 3 I \
SEATING PLANE I Q Q J
J A\
T ™
%' 9.3:0.25 =
0.95 TYP. 010 0.43 881 (570.18 @ e
N o
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating
Solder plate thickness | 5 um or more
Package weight (g) 1.70 TYP.

Notes for Mounting the Surface Mount Type Package

The SOP, QFP, TSOP, SOJ, QFJ (PLCC), SHP and BGA are surface mount type packages, which
are very susceptible to heat in reflow mounting and humidity absorbed in storage.

Therefore, before you perform reflow mounting, contact Oki’s responsible sales person for the
product name, package name, pin number, package code and desired mounting conditions
(reflow method, temperature and times).
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