" VITELIC V104AJ36, V104AJ236 PRELIMINARY
(256K x 36, 512K x 36)

CMOS MEMORY MODULES
Features Description
= 262,144 x 36 bit or 524, 288 x 36 bit The V104AJ36 Memory Module is organized as
organizations 262,144 x 36 bits in a 72-lead single-in-line module.
a Utilizes 256K x 4 and 256K x 1 CMOS DRAMs The 256K x 36 memory module uses 8 Vitelic 256K
= Fast access times 70 ns, 80 ns, 100 ns x 4 DRAMs and 4 Vitelic 256K x 1 DRAMSs. The
= Fast Page mode operation V104AJ236 is organized as 524, 288 x 36 bits in the
= Low power dissipation 72 lead single-in-line module and uses 16 Vitelic
= CAS before RAS refresh, RAS only refresh, and 256K x 4 DRAMSs and 8 Vitelic 256K x 1 DRAMS. The
Hidden refresh capability x36 modules are ideal for use in systems where high
» Single 5 V £10% supply memory density and fast access times are needed.
s All VO are fully TTL compatible This includes IBM PS/2 compatibles as well as
= Standard 72-lead single-in-line module advanced PC/Workstation systems.
V104AJ36/236
Pin Configuration
r V53C104A J | V53C104A J V53C256 [vsaczsj I V53C104A J I V53C104A |
O| V53C104A | l V53C104A [V53°255] ["530255] ‘ VE3C104A 1 | V53C104A JO
K 36 37 72
1 VSS 16 A4 31 A8 *45 NC[RAS1] 59 VDD
2 DQO 17 A5 32 NC 46 NC 60 DQ32
3 DQi8 18 A6 *33 NC[RAS3) a7 W 61 DQ14
4 DOt 19 NG 34 RAS2 ; 48 NC 62 DQ33
5 DQ19 20 DQ4 35 DQ26 49 DQ9 63 DQ15
6 DaQ2 21 DQ22 36 DQ8 50 DQ27 64 DQ34
7 DQ20 22 DQ5 37 DQi7 51 DQ10 65 DQ16
8 DQ3 23 DQ23 38 DQ35 52 DQ28 66 NC
9 DQ21 24 DQ6 39 VSs 53 DA 67 *1
10 VDD 25 DQ24 40 CASD 54 DQ29 68 “2
11 NC 26 DQ7 41 CAS2 55 DQ12 69 *3
12 A0 27 DQ25 42 CAS3 56 DQ30 70 *4
13 Al 28 A7 43 CASt 57 DQ13 71 NC
14 A2 i 29 NC 44 RASO 58 DQ31 72 VSS
15 A3 i 30 VDD
" _Signal i.n [ ],is V104AJ236 only, otherwise V104AJ36 V104AJ236
pins are identical 70 80 10 70 80 10
*1 | vSS vss | VSS 11 NC NC NC
22| NC | NC NC *2 | vss VSS vSS
*3 | VSS NC VSS *3 | NC VSS NC
*4 . NC VSS VSS ‘4 | vsSS VSS NC
Device Usage Chart '
Operating Organization Module Type Access Time (ns) Power
Temperature
Range 256K x 36 | 512K x 36 S 70 80 100 Std Low
0°C-70°C . L] - . . . . L]
V104J36/J236 Rev. 00
1BM PS/2 is a regi: of ional Business Machines Corporation
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" VITELIC V104AJ36/236

Part Number Information Absolute Maximum Ratings*

Ambient Temperature
viedn S __ UNDEr BaS .....vooeeveeseneereene ~10°C to +80°C

L L Low POWER Storage Temperature (plastic) ....—55°C to +125°C
POWER o/ ANk - STANDARD Voltagq on any Pin Except V,
POWER Relative to V...
70 (70 nsAGGESS TIME) Voltage on V, relative 10 Vg ........... -1.0to+7.0V
SPEED 80 (80 ns ACCESS TIME) Data Out CUFTENt .........cceevveeieereieccenineienens 50 mA
10 {100 ns ACGESS TIME) V104AJ36 Power Dissipation ...........co...... 12.0W
MODULE : 72 LEAD SOCKET MODULE V104AJ236 Power Dissipation ................... 240W
L— CONFIGURATION 36: 256K x 36 *Note: Operation above Absolute Maximum Ratings can
236: 512K x 36

adversely affect device reliability.

— 256K/512K x 36 MEMORY MODULE
USES 256K x 4 SOJ AND 256K x 1 PLCC CMOS DRAMs

V104AJ36 Pin Names V104AJ236 Pin Names
Name Description Name Description
AO-A8 Address Inputs AO-A8 Address Inputs
RAS, RAS2 Row Address Strobes RASO-RAS3 Row Address Strobes
CASO-CAS3 Column Address Strobes CAS0-CAS3 Column Address Strobes
W Read/Write Input w Read/Write Input
DQO-DQ35 Data In/Data Out DQO-DQ35 Data In/Data Out
Vop 5V Supply Vob 5 V Supply
VSS Ground Vss Ground
NC No Connection NC No Connection
V104AJ36 Capacitance” V104AJ236 Capacitance*
TA =0°C TO 70°C, VDD =5V +10%, VSS =0V T,=0°CTO 70°C, VDD =5V £10%, VSS =0V
Symbol Parameter Min. | Max. | Unit Symbol Parameter Min. | Max. | Unit
CIN Input Capacitance, 88 pF CIN Input Capacitance, 176 | pF
Address Inputs Address inputs
Cin Input Capacitance, W 104 | pF Cin Input Capacitance, W 208 | pF
CIN 0Q) Input Capacitance, 17 pF CIN (0Q) Input Capacitance, 17 pF
Data Inputs Data Inputs
CIN(H AS) Input Capacitance, 57 pF C‘N(RAS) Input Capacitance, 57 pF
RASO, RAS2 RAS0-RAS3
CIN (CAS) Input Capacitance, 36 pF CIN (CAS) Input Capacitance, 36 pF
CASO0-CAS3 CAS0-CAS3
CO(VDD) Decoupling Capacitance 0.2 uF CO(VDD) Decoupling Capacitance 0.2 pF
*Note: Capacitance is sampled and not 100% tested “Note: Capacitance is sampled and not 100% tested
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“v' VITELIC V104AJ36/236

V104AJ36 Functional Diagram

AO-AB
RAS 0
CAS 0
w
CAS1 ——
b1 Ao-A8 . O1 [—— DQO b—~— A0-A8 _ yo1 [——DQ18
RAS & o2 [—— DAt RAS § o2 [—— DQ19
CAS & o8 | oaz CAS 2 yos —— DQ20
WE & vo4 [—— DA3 WE Q wos —— Da21
> OE © o
VDD Vss vDD Vss
A0-A8 . bO1 [—— DA4 P~ Ac-A8 _ o1 [ ba22
RAS g o2 —— DQSs RLS $ o2 —— DQ23
CAS = 103 [ DQsé cas 2 vos —— ba24
We Q wos — DaQ7 WE Q o4 —— Dazs
L o o GE
VDD Vss VDD Vss
+——1 AO-AS ——{ A0-A8
RAS & D Da s RAS © D DQ 26
s & o as § o
WE s)) WE (-ln—)
- =
VDD Vss vDD Vss
+—— A0-A8 _ o1 [—— DQ9 t——f aoae o1 |—— Da27
RAS g o2 [—— DQ 10 RAS < o2 [——DQ28
cas &2 yos —— pan CAS & yo3 [—— D29
WE @ wosa —Dpai2 WE Q yos4 —— DQ30
L & © oF
VDD Vss vDD Vss
t—— Ao-As . bO1 [——DQ13 t—— Ao-ae _ 1ot DQ 31
RAS I Vo2 [—— DQ14 RAS § yo2 b—— D@32
CAS = 103 ——DQ15 cAs & rvoz ——ba3x
WE @ wos Da 16 WE Q vos |—pass
2 oe © oE
vDb Vss VDD Vss
—— Ao-as ——— av-re
RAS & O j—DQﬂ RAS § O j—ooss
CAS O Q C—AS 8 Q
WE B wE g
> =
VDD Vss vOD Vss
RAS 2
CAS 2
CAS3
Vo T
Vss T T
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V104AJ236 Functional Diagram
Ao-As
w
BA —— Ac-Aa VO1 DQo Ao-As ] DQ1s
CASs RAS V02 DQ1 RAS 1102 DQ1e
&agy CAS V53C104A VO3 DQ2 CAS V53C104A /O3 DQ20
WE V04 »— DQs WE 104 — DQz1
Vob Vss OF Voo Vss OE J
p——] Ac-As Vo1 - Ao-As 101 |-
RAS 10z |— RAS 102 |—
CAS V53C104A VOs[— CAS V53C104A VO3 ——
WE Vs WE V0.
Vop Vss OE j voo Vss OE ]
¢ Ao-As 101 DQ4 Ao-As e} DQz2
s et g e —se
CAS V53C104A 3 6 CAS V53C104A 3 24
CAS 1/Oa +— DQ7 eas 104 +— DQzs
Voo Vss OE ] voo Vvss OE ]
—Ao-Ae o1 H Ao-As 1o H
RAS VQz2 [— RAS 1102 |—
CAS V53C104A VO3|—— CAS V53C104A WO3|——
V04 WE Y04
Voo Vss OE von Vss OE :l
t—]Av-As D DQs Ao-hs > DQ2s
RAS RAS
CAS V53C256 Qr—1 CAS V53C256 Q —
WE
We Vop  Vss & VoD  Vss
Ao-Ap Y= t——1 Ao-As Y
RAS RAS
CAS V53C256 (o e CAS V53C256 Qp—
WE WE
VDD  Vss WE Vop  Vss
Ao-As Vo1 DQs +—— Aa-As Vo1 DQ27
RAS :;82 8810 RAS :502 8825
CAS V53C104A 3 " CAS VS3C104A 3 29
CAS 1104 +— DQ12 %AES 04 t— DQ3o
Voo Vss OE J Voo Vss OE r]
— Ao-As /o1 |- $—— Ao-As WO1 |-
RAS 1102 — RAS 102 —
CAS V53C104A 1/O3f—— CAS V53C104A VO3 p——
WE VO« WE o
Vop Vss OE ] Vop Vss OE
+—— Ao-As 1101 DQi3 t—] Ac-As 101 DQa1
RAS :;82 DQ1s RAS :582 3832
CAS V53C104A 3 DQ1s CAS VS3C104A 3 133
oas (2N +— DQie oas 10s +— DA
voo Vss OE ] vop Vss OE ]
Ao-As o - t—{Ao-As 1101 J
RAS :gz — RAS {5(0)2
CAS V53C104A VO3p—— CAS V53C104A 3 —
W ios e e
voo Vss OE voo Vss OE ]
Ac-As DQ Ao-As ba:
RAS D 17 RAS D 35
CAS V53C256 Q CAS V53C256 Qt—1
WE WE
Voo Vss Voo  Vss
L— Ao-As Aoc-As
RAS o ARS °
CAS V53G256 Q CAS V53C256 Ql—
L {WE WE
VoD Vss VoD  Vss
s J
AASs
CAS2
CAS3 Voo
B X
vss C1... - Cx
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DC and Operating Characteristics
T,=0°Cto 70°C, V,, =5V £10%, Vgg =0V, unless otherwise specified.

V104AJ36/236

Access | V104AJ36 V104AJ236
Symbol Parameter Power | Time Unit | Test Conditions | Notes
(ns) Min. | Max. | Min Max
|LI Input Leakage Current 10 10 pA Vss < VIN < VDD
(any input pin)
ILO Output Leakage Current 10 10 BA | Vgo< VOUT <Vpp
(for High-Z State) RAS, CAS at V|,
Iop1 Vbo Supply Current, 70 960 1920
Operating 80 840 1680 mA tee =tRe (min.) 1,2
100 720 1440
Iopz | Voo Supply Current, STD 30 60 mA | RAS, CAS atV,
TTL Standby Low 24 48 other inputs > Vo
ID03 VDD Supply Current, | 70 960 1920
RAS-Only Refresh 80 840 1680 [ mA | too =tge (min.) 2
100 720 1440
lops | Voo Supply Current, Fast 70 700 1400
Page Mode Operation 80 600 1200 mA | Minimum Cycle 1,2
100 540 1080
IDDs Vop Supply Current, STD 40 80 mA | RAS=V,, CAS=V, 1
Standby, Output Enabled LOW 26 52 other inputs 2 Vss
loos | Voo Supply Current, STD 20 40 mA | RAS 2V 0.2 V,
CMOS Standby LOW 12.8 25.6 CASatV,
other inputs > Vss
Vi Input Low Voltage -1 0.8 -1 0.8 A 3
(all inputs)
VIH Input High Voltage 2.4 VDD 2.4 VDD \' 3
(alt inputs) +1 +1
VOL Qutput Low Voltage 0.4 0.4 Y IOL =42 mA
Vou Output High Voltage 2.4 2.4 V |lgy=-5 mA
4-47

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003




" VITELIC

AC Characteristics

T,= 0°C t0 70°C, Vg =5 V £10%, VSS = 0V unless otherwise noted

AC Test conditions, input pulse levels 0 to 3V

V104AJ36/236

JEDEC 70/70L 80/80L 10/10L
# Symboi Symbol Parameter Unit | Notes
Min. | Max. [ Min. | Max. | Min. | Max.

1 tRL1RH1 tRAs RAS Pulse Width 70 75K 80 75K 100 75K ns

2 tRLoRL2 tac Read or Write Cycle Time 130 150 180 ns

3 tanoRLe tap RAS Precharge Time 50 60 70 ns

4 tal1cH1 tesh CAS Hold Time 70 80 100 ns

5 toL 1o tc AS CAS Puise Width 20 20 25 ns

6 teL 1oL tacp RAS to CAS Delay 20 50 20 60 25 75 ns 4

7 twH2cL2 tacs Read Command Setup Time 0 0 0 ns

8 tAVRL2 tasr Row Address Setup Time 0 ¢ o] ns

9 taL1AxX teAH Row Address Hold Time 10 10 15 ns

10] tavcle tasc Column Address Setup Time 0 0 o] ns

11 'CL1AX tCAH Column Address Hold Time 15 15 20 ns

121 to 4 RH1(R) IRSH(R) RAS Hold Time (Read Cycle) 20 20 25 ns

13 tenoRL2 tcRP CAS to RAS Precharge Time 5 5 10 ns

14 topowx tacH Read Command Hold Time 0 o] 0 ns 5
Referenced to CAS

15| tgrowx taRH Read Command Held Time [¢] [¢] 0 ns 5
Referenced to RAS

161 toqav teac Access Time from CAS 20 20 25 ns 6,7

17| taisav tRac Access Time from RAS 70 80 100 ns | 689

18 tAva toan Access Time from Column 35 40 45 ns 16,7,10
Address

19 toL1ax t s CAS to Low-Z Output 0 0 0 ns 16

20 tCHZQZ tHZ CAS to High-Z Output 0 20 [} 20 0 20 ns 16

21 taL1Ax tAR Column Address Hold Time 55 60 75 ns
from RAS

22| tg5av taAD RAS to Column Address 15 35 15 40 20 55 ns 11
Delay Time

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght
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" VITELIC V104AJ36/236

AC Characteristics (Contd.)

JEDEC 70/70L 80/80L 10/10L
# Symbol Symbol Parameter Unit | Notes
Min. | Max. | Min. | Max. | Min. | Max.
23 tCL1RH1 w) tRSH(W) RAS or CAS Hold Time 20 20 25 ns
in Write Cycle
24|t 1omn towL Write Command to CAS 20 20 25 ns
Lead Time
25 twiicLe twes Write Command Setup Time 0 0 a ns | 12,13
26 toL1wht tweH Write Command Hold Time 15 15 20 ns
27 twL1WH1 twe Write Puise Width 15 15 20 ns
28 tRL1wi1 twer Write Command Hold Time 55 60 75 ns
from RAS
29| tw 1aH1 tawil Write Command to RAS 20 20 25 ns
Lead Time
30| toywie ths Data in Setup Time 0 0 4] ns 14
31 twL1DxX ton Data in Hold Time 15 15 20 ns 14
32 tCL1CH1 tCFlW CAS Pulse Width (RMW) 75 75 90 ns
33 toiocLe toc Fast Page Mode 45 50 55 ns
Read or Write Cycle Time
34| oo tep CAS Precharge Time 10 10 10 ns
35|t AVRH1 tc AR Column Address tc RAS 35 40 45 ns
Setup Time
36 toheay tc AP Access Time from 40 45 50 ns 7
Column Precharge
37§ talipx toHR Data in Hold Time 55 60 75 ns
Referenced to RAS
38| o 1Rl tesr CAS Setup Time 10 10 10 ns
CAS-before-RAS Refresh
39 | thuocLe tapc RAS to CAS Precharge Time 10 10 10 ns
40 | g 1cH1 teur CAS Hold Time 30 30 30 ns
CAS-before-RAS Refresh
tr tr Transition Time 3 50 3 50 3 50 ns 15
(Rise and Fall)
ta Refresh Interval 8 8 8 ms 17
(512 Cycles)
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" VITELIC V104AJ36/236

Notes:

1.

© N o v

10.

12.
13.
14.
15.
16.
17.

Ipp is dependent on output loading when the device output is selected. Specified |, (max.) is measured with the
output open.

Ipp is dependent upon the number of address transitions. Specified I, (max.) is measured with a maximum of two
transitions per address cycle in Fast Page Mode.

Specified V, (min.) is steady state operating. During transitions, V, (min.) may undershoot to —1.0 V for a period
not to exceed 20 ns. All AC parameters are measured with V, (min.) > Vg and V,, (max.) < Vg,

taep (Max.) is specified for reference only. Operation within tg, (max.) limits insures that to, - (max.) and t,,,
(max.) can be met. If 5., is greater than the specified t, -, (max.), the access time is controlled by t.,, and to .

Either toq,, Of tge,, must be satisified for a Read Cycle to occur.
Measured with a load equivalent to two TTL inputs and 100 pF.
Access time is determined by the longer of to 4. toac O toap

Assumes that to, ) <tz 5 (max.). if tg,, is greater than 1, (max.), to, will increase by the amount that to,
exceeds tg, -, (max.).

Assumes that to., < th.p (max.). if tog is greater than ty., (max.), tg, will increase by the amount that ;o
exceeds to (max.).

Assumes that t [, 2 to, {max.).

Operation within the 1, ; (max.) limit ensures that ty, (max.) can be met. to,,) (max.) is specified as a reference
point only. If t, - is greater than the specified tg ., (max.) imit, the access time is controlled by t,, and s,

t is not a restrictive operating parameter.

WCS
ycs (Min.) must be satisfied in an Early Write Cycle.

1,6 and tp,, are referenced to the latter occurrence of CAS or WE.

tpis measured between V, (min.) and V| (max.). AC-measurements assume t. = 5 ns.
t, yandt,; define the time at which D, - reaches an open circuit and are not referenced to the output voltage levels.
An initial 200 ps pause and 8 RAS-containing cycles are required when exiting an extended period of bias without
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval.
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“r’\ﬂTELK: V104AJ36/236
Waveforms of Read Cycle
tre (2)
: tRas (1) r— tgp (3)—=
. - e lag (21— -
RAS ' N Z \
Vi —
tosH (4 JE—
tcnP(m)-I‘—' re— tgRep [6)_"L'RSH (RY(12) terp(13)
1
—  ViH— teas (s)
CAS / \
ViL — t=-trap 22) %]
R tRaH (9) toam (1
ASR (8) = [* lasco)
Vin — ) N
oness 1~ TN rommime XX Sooness X (XK XX KX KR
(W
| 1
7 tcaR (38) = atRCH (14)
1 tres 7) 1RRH (15)
W Vin — | 1
W //// ' tcaag)
L —
. 1“‘0»\0(16)_’ iz 20)
tae— lgac (1)

—_———
VoH— ]
o v VALID DATA-OUT
oL
L’"\z (19

1005 01

Waveforms of Early Write Cycle

the 2)
tRas (1) tgp (3)—*
t
Vg — AR (21)
RAS N / N\
Vi —
tosh ) 7 >
terp (13)1‘*—’ 'Reo (6) :RSH w2 ™ r‘—’— tcrp (13)

w ) N 7 \
tcan I35)

|
tRAH (9) e toan (1)

tasr(9) - t‘ASC (10)

Vig — 1
ADDRESS V'” M ROW ADDRESS WCQLUMNADDRESS WW
L

r*taap (22)"' | F-—% tweH (26)

— towL (24
:WP @7
v T NNNNNNNWN\NN [T L
W
Ve — |
i :
] twen (28)
r-—— tawL (29
toHR (37)
tos oy = e lpy a1y
Vi — 7 N
1o VALID DATA-IN HIGH-Z
ViL — 3 4
1005 02
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RAS

cas

ADDRESS

z|

Qo

ViH
Vi —

Vin
Vi

Vin
Vi

Vin
Vie

Vor—

V104AJ36/236
Waveforms of Fast Page Mode Read Cycle
1Ras (1) tap (3)
\ taR 21y ——— 3
tFQCD {6) tPC (33) tRSH (R)(12) L
I‘"—‘.‘_ lCRF’ (13) | CP (34) t CRP (13)
j teas (5) L—_L\‘*tCAS(S)T(_”—}‘ CAS (5)Y
Lo @y———— ~tcAR (35) —
LH tRaH (9) ';}sc (10} s ot
tasr (s) ™ - l‘Asc (10 CAH :1_1) [*I CAH (11)
AOW COLUMN COLUMN OLUMN KXX\OO{XX:
Xm DDRES ADDRESS ADDRESS z
tRen (14y :[ u‘ tres () tReH (14)
tres (7) l =t CAH (1) >i=tecsm |
[T ode [ A '
[ 'CAP (36) —™ RRH (15)
- thz 20y .
te————— tpac (17) ™ . = lcac (16) .
tcac (md-—— CAC {16} HZ (20)
tizog tiz o
VALID }__
ATA OUT DATAOUT

Vou

Waveforms of Fast Page Mode Write Cycle

RAS

CAS

ADDRESS

£

1o

Vig —
Vi

VIH —
Vi

Vin
Vi

Viy
Vi —

[e—— AR (21) ——*]

1005 03

tRP (3) F

\ l tRas (1)
|
=loappiz) | P (33) UasH (wi23) ]
|+—treo (6) | tep (s .
teas ) tcas (5) CAS (5)
tosh @y, — .
- tRAH (9) . —’J*—‘— CAR (35)*|
tasc (10) r-— ASC (10) .
teaH (11) -t cAH (11) f———-tcan (1)
o !
COLUMN COLUMN COLUMN
ADDRESS ADDRESS A Aolonzss
1
ta———— Lo (24) —1 ~— towe (24) —

- tere (13)

DX

—1T T
—towL 24—
tes (25) I‘ Ywes s> =

twes (25) = twcH (26) r———- tweH (26) <—__l IFML_(QF‘,L—_.CH o
k‘t WP (27) = 1 twe (27) twp 27)
tos (30)7_._—1 . U s (30) ]
ps (30) — DH 31) DH {31) DH (31)
VALID VALID VALID OPEN
DATAIN OPEN § DATAIN OPEN _< DATAIN

4-52

67504

by 1 Cm ner.com El ectronic-Library Service CopyRi ght 2003



" VITELIC

Waveforms of RAS-Only Refresh Cycle

V104AJ36/236

'RC (2)

. . e ()
R Viu— — RAS (1)
Aas ™ N \
Vi —
t
CRP (13)
V=
cas /
[[—
tasR (8 RaH (9)

ADDRESS

V —

NOTE: W = Don't care

Waveforms of CAS-before-RAS Refresh Cycle

l‘_‘np(a)—"

1005 06

1005 07

tRe (2)
trp (3) tRas (1)
— v —_
RAS v'” \ [
|/ — a—— tgpc (39>_j
tepaa) | Y CHR (a0)
-t csR (38)
e Vo
cas " / j
Vo —
thz (20
Voo —————————
vo  OH
Voom™ ————
NOTE: W, Ag—Ag=Don'tcare
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Waveforms of Hidden Refresh Cycle (Read)
tre (@) tRe (2) —
tRAS (1) fe—tRp | [=—tRas( tRp @)—*
-V — t AR (21)
Ras " \ /- \ \
L
trep (6) tRSH (R)(12) [—1tcHR (40) tCRP (13)
|<—>—tc:RP(1a)
— VYu— \
CAS vy — \
tRaD (22)
tasr (g™ = re-tasc (10
{RaH @)™ = = team ()
ooress 1~ D00 OO s X
I
tmls (7)’1 o tRRH (15)
_ Vi —
W= LT XL AT
lt—— toan (18)—]
T cac (16) 'z 20
11z 19)
fa—————tRac (17) —
1o Von— @( VALID DATA —
VoL 1005 08
Waveforms of Hidden Refresh Cycle (Write)
tRe (2) trc (@)
tRAS (1) [-—‘RP 3) tRAS (1) tap (3—
. Vi — taR (21) \
RAS vy — \ \
l=—1gcD (6) tagH (123 le—1tCcHR (40) terp (13)
=1 terp (13)
__ Vi —
cAs V'" l‘\\ \
L
RaD (22)
tasr(e) = - | (= tasc 10)
tRAH (@)™ = — tcan (m
wooress "~ OO0 XKt
1 wes (25) I‘-—' WCH (26)
_ Vi —
W T [N [/
tps (30) ] L- L—‘Dn(sn*
Y t 1005 09
ra————tpHR (37)
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V104AJ36/236

Waveforms of CAS-before-RAS Refresh Refresh Counter Test Cycle

RAS

CcAS

ADDRESS

5|

1o

5|

lis]

tRas (1)
ViH — ﬂ\

Vi —

bt——— toHR (40) ] = tcp (34) %
lcsr (38)

Vi — )\

Vi —

URsH (W)23)
CAS (5)

)::Efzq\___

\ [ 1/ L

= [T

[/

i

= TTTTTTTTTIITITTITTT T X7
. o
WRITE CYCLE . ‘H—__:' : mti:; — ] m
= [N 4$L77// [/1[//]/
::’: : tos (30){ :INDH (31)——E _
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