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MOSTEK.

DUAL 128-BIT STATIC SHIFT REGISTER

MK1002(P/N)

FEATURES

0O lon-implanted for fuli TTL/DTL compatibility
no interface circuitry required

O Single-phase, TTL/DTL compatible clocks
Dual 128-bit static shift registers—256 bits total

Dual sections have independent clocks

DESCRIPTION

The MK 1002 is a P-channel MOS static shift register
utilizing low threshold-voltage processing and ion-
implantation to achieve full TTL/DTL compati-
bility. Each of the two independent 128 bit sections
has a built-in clock generator to generate three
internal clock phases from a single-phase TTL-level
external input. In addition, each section has input
logic for loading or remrculatlng data within the
register. (See Functional Diagram.) The positive-
logic Boolean expression for this action is:

OUT (delayed 128 bits) =
(Rc) (DIN) + (Rc) (RIN)

Recirculate logic built in

[}

DC to 1 MHz clock rates

O

0

Low power dissipation—130 mW

O 16-pin dual-in-line package

The Data, Recirculate Control, and Clock inputs
are provnded with internal pull-up resistors to VSS
(+5V) for use when driving from TTL. These resistors
can be disabled when driving from circuitry with
larger output-voltage swings, such as DTL. Enabling
of pull-up resistors is accomplished by connecting
the appropriate terminal to VGG; disabling by
connecting to VS? The Recirculate inputs are not
provided with pull- up resistors since they are gen-
erally driven from MO

Shifting data into the register is accomplished while
the Clock input is low. Output data appears
following the positive-going Clock edge. Data in each
register can be held indefinitely by maintaining the
Clock input high.

FUNCTIONAL DIAGRAM

QCPCLOCKA
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Rin ,0— e —
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PIN CONNECTIONS
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, VDD - oo vo e e e e Vss — 10.0V
SUPPlY Voltage, VGG « -« v o v vt e et e e e Vss —20.0V
Voltage at any Inputor Output. . ........... b e Vgs +0.3V toVgs —10.0V
Operating Free-Air Temperature Range. . . ............... .. ... 0°C to +75°C
Storage Temperature Range (Ceramic) ............. ... ...cuuvuu.. —65°C to +150°C
Storage Temperature Range (Plastic). .. ..........ouuiinnunnnn.. —55°C to +125°C

RECOMMENDED OPERATING CONDITIONS (0°C < T, < 75°C)

PARAMETER MIN TYP MAX UNITS COMMENTS
; Vs Supply Voltage 475 5.0 5.25 \" Vop =0 V
2 Vee Supply Voltage!" —126 —12.0 —11.4 Y
g V. Input Voltage, Logic 0@ 0 Vgs—4 v
z Vi Input Volitage, Logic 1 Vgg—1 5.0 Vs \
f Clock Repetition Rate DC 1 MHz
too Clock Pulse Width 0.35 10 S
toq Clock Pulse Delay 0.4 us See
§ ty, Clock Pulse Risetime 010 0.2 us Timing
- tor Clock Pulse Falltime .010 0.2 1S Diagram
.
; tag Data Leadtime 50 ns
- tag Data Lagtime 200 ns
tg Recirculate Control Leadtime 100 ns
tg Recirculate Control Lagtime 300 ns
ELECTRICAL CHARACTERISTICS
(Vgs =+5 =0.25V,Vge = —12 =0.6V,V,;, = 0V, T, = 0°C to +75°C, using test circuit shown, unless otherwise noted.)
PARAMETER MIN TYP? MAX | UNITS CONDITIONS
Iss Power Supply Current, Vg 14 25 mA fo = 1 MHz
g Inputs & Outputs open
o
& les Power Supply Current, V¢g 5 10 mA
C, Input Capacitance, any Input 3 10 pF V= Vg, f = 1MHz
T, = 25°C
[ Input Current, Logic 0:
Resistors Disabled? —40 A V, = Vg —5V
g Resistors Enabled? -0.3 -1.6 mA | V, = +0.4V
9
£ [ Input Current, Logic 1, Any Input 40 nA VR,, VRg, VRs = Vg
vV, = Vss
liRjon) Input Current at Recirculate Inputs? —40 A VR,, VRg, VRy = Vge
V, = Vg — 5V
g Vo | Output Voltage, Logic 0 (3) 04| V |IL=-16mA
§ Vou Output Voltage, Logic 1 3) Vg — 1 \" IL = +100 LA
toun Output Delay, Low to High (3) 450 ns See Timirg
% < oL Output Delay, High to Low (3) 450 ns | Diagram and
£ 5| tvn Output Voltage Rise Time (3) 100 150 ns | Test
. Circuit
tvor Output Voltage Fall Time (3) 100 | 150 ns
NOTES:
1. Olhel supply voltages are pevmlssnble pvowdmg that supply and input voltages are adjusted to maintain the same potential relative to Vss, e.g.. Vss = OV,
0 = —5 + 0.25V, Veec = —17 * 0.85V.

2. MOS pull- up resistors to + 5V are prowded internally. These MOS resistors are enabled by connecting VRa, VRs and VR¢ to Vee, and disabled by connect-,
ing VRa, VRs and VR¢ to Vss. Pull-up resistors not provided at recirculate inputs.

3. At Ta = 25°C.



TIMING

of ﬂ’* or
v ‘a\p.‘l ‘od “_‘;
SS e — 4y _ _ ~ e~ _ _ _ —_—
cLock 90%" M TN i /’_\_J XU
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Ces
2 128 ] w
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0%/~~~ |~ - N gy S

7 o
SE S

’ms-j =

VSS  m————————————] —
Rc S0%~ 77

LOGIC “1”
OUTPUT 50% — — — —
and Rin LOGIC “0"’

“I"stored
from Din
"0"stored
from Din
)" out from
Din(diy-128)
Rin enabled
”l“S'OI!d
from Rin
"0"out from
Din(diy-128)
0" stored
from Rin
"1 out from
Rin(dly-128)
v.0'.0u' from
Rin(aly-128)

The timing diagram applies to either section of the dual shift register. The test conditions for these wave-
forms are illustrated below. A logic *'1" is defined as +5V and a logic 0" is defined as OV

Aslong as Rcis at a 1", R.. is disabled and D.. is enabled. The data that is present at D.. while the clock
is at "0" is shifted in and will be stored as the clock goes to a "1" This data must have been present ts.q
time prior to the clock 1" edge. The data must also remain in that same state for t«q time after that edge.
These times are necessary to insure proper data storage in the first register-cell.

On the clock 1" edge, data is shifted through the register causing bit 127 to be shifted to position 128.
This cell's output is buffered and appears at the output in the same logic polarity that appeared at the
input 128 clocks prior. This data appears within to« time of the clock “1" edge.

R.. may be hardwired to the data output. When Rc is at a 0", R. is enabled and D.. is disabled. Therefore,
the output data will appear at the input of the first cell. When R.. is tied to the data output, the
output delay will insure taq and taq times. Rc "'0" time must lead the clock 1" edge by t..s time and must
lag that edge by t.4 time to insure proper data storage when recirculate storage is desired.

TEST CIRCUIT
GRD Vss
-——1 - B S - )
! |
| Rin Vss VoD VGG | 29K 1%
) | ouT ! $—o TP
wor | | \
o—l >o— Dy MKIOO2P
pattern [ ™ Ve Rc CLK circuit ! —_;L- 20pF
-2V ! ) under test | S
VDD L —— - — -\- - - - - - 6
O_—K—Do—— Vob

Vss 0——o0
clock 4{>“ﬁ 3 Includes scope and
pulse Inverters are 74 seriesTTL test jig capacitance
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APPLICATIONS

This shows the MK 1002 P

é“ Vss

Recirculate
Control -
5
6
-2V +—
Data J
tnput = T 7 N
. i
cJL
+5v
a
2
Clock

Input T

Ml Voo
-

128 -bit STATIC

P A Ver
fp =

1

128-bit STATIC 2
BUF FE —j——

SHIFT REGISTER

_ A

_L_j—g ; > 3 SHIFT REGISTER %:‘
vog
3 r{S

connected to operate as
a single. 256 bit, static
shift register Pull-up
resistors are enabled at
TTL driven inputs and dis
abled at MOS or DTL
driven inputs Any simi-
lar TTL/DTL device may
be used in place of the
inverters shown

D":"

oL

Data
Output

Inverters are 74-series TTL

3

IR

*5V GRD -i2v -i2v

TYPICAL PERFORMANCE

fg= IMHz
140
Vss=5.0V
135 7 Vop= 00V
130 vDD I'ZO
==12.0V
125 — ee
3 120
E
= 15
o
& 10—
105
100
95 T T T T T T 1
Ta(°C) 0 10 20 30 40 50 60 70 80

OPERATING NOTES

DATA
Re R., D.. | ENTERED
1 X 1 1
1 X 0 0
0 1 X 1
0 0 X 0

“1" = Vg = +5V
“0” = Vpp = Grd
X = No Effect

Output Logic: See Description.

400 7
380 —
360 —
340 —
320 —
300 —

OUTPUT DELAY (ns)

280 —
260 —
0

Ves =5.0V
Voo = OV
Voo = —12.0V

TA(°C) 0

I
10

117 1T 1T T
20 30 40 50 60 70 80
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MOSTEK

320-BIT DYNAMIC SHIFT REGISTER

MK1007(P/N)

FEATURES
O lon-implanted for full TTL/DTL compatibility
O Single-phase, TTL/DTL compatibie ciock

O Internal pull-up resistors

DESCRIPTION

The MK 1007 P contains four separate 80-bit MOS
dynamic shift registers on a single chip, using ion-
implantation in conjunction with P-channel pro-
cessing to achieve low threshold vGItage and direct
TTL/BTL compatibility. All logic inputs, including
the single-phase Clock, can be driven directly from
DTL or TTL logic. Pull- up resistors to +5V are
provided for worst-case TTL inputs.

fnccing ta anhk

Each 80-bit register has independent inputs and out-
puts and a control input (RE) which allows external
data to be shifted into the register (at logical 0) or
data at the output to be recirculated into the register
(at logical 1).

O Clock Frequency 10 kHz to 2.5 MHz

]

Buiit-in recircuiate iogic for each register

O

Power Supplies: +5V and —12V

All four registers use a common (external) Clock
input. With the Clock high (1), data is shifted into
the registers. Following the negative-going edge of
the Clock, data shifting is inhibited and cutput data

appears. Output data is True, delayed 80 bits.

Since the MK 1007 P has zero lag-time requirements
for data inputs, devices may be cascaded, i.e., the
output of one device may be fed directly to the input
of another device. All inputs are protected to prevent
damage due to static charge accumulation.

FUNCTIONAL DIAGRAM

0UTa OUTy
1 13

2
80 BIT
REGISTER
Dot o3 -
1 .
CLOCK o—4—— GENtRMh
1 | :
80 3T > 80 BIT
| REGISTER <H recister | 9
- R T

161 81121 417
Vse Voo Voo 0UTs OUTe

RE!"'S"

14
— o REo

80 BIT

REGISTER
— 15,

PIN CONNECTIONS

outa 1 e [ 16 vss
REn 2 [ ] 15 oo
oina 3 [ [] 14 Rrep
outg 4 [ ] 13 ouTp
REp 5 [ ] 12 vee
Ding 6 [: [l v cuock
ouTe 7 [j D 10 Ding
Voo 8 [j 9 REC

NOT FOR NEW DESIGN 17
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ABSOLUTE MAXIMUM RATIN

Supply Voltage, VDD
Supply Voltage, VGG
Voltage at any Input or Output

Operating Free-Air Temperature Range
Storage Temperature Range (Ceramic)
Storage Temperature Range (Plastic)

GS

—65°C to +150°C
—55°C to +125°C

Vss +0.3V toVss —20V
Vgs +0.3V toVss — 20V
Vss +0.3V toVgs —20V

0°C to +75°C

RECOMMENDED OPERATING CONDITIONS
(0°C < T, < 75°C)
PARAMETER MIN TYP MAX | UNITS | COMMENTS
& | Vs Supply Voltage 4.75 5.0 5.25 Vv Vpp =0V
2 | Voo Supply Voltaget —126 | -120 | -11.4 v
E V.. Logic ‘0" Voltage, any input 0.0 0.8 Vv
£ | Vin Logic *“1” Voltage, any input® | Vi~ 1.5 | +5.0 Vss Vv
f¢  Clock Repetition Rate .01 25 MHz |
tp, Clock Pulse Width 150 100 us NOTE: Total
permitted clock
g t¢4 Clock Pulse D.ela)./ 150 100 “s times will be
E t¢, Clock Pulse Risetime .010 5 1S determined by
= | t¢¢ Clock Pulse Falltime .010 5 ws__|] clock frequency, fg.
£ |t, DataLeadtime 150 ns
ty, Data Lagtime 0 ns
t.a Recirculate Control Leadtime 200 ns
t., Recirculate Control Lagtime 50 ns
ELECTRICAL CHARACTERISTICS
(Vss = +5 %025V, Vee = —12 206V, V,,, = 0V, Ta = 0°C to +75°C, unless otherwise specified.)
PARAMETER MIN TYP®) MAX UNITS CONDITIONS
% lss Vg Power Supply Current®)s) 220 40.0 mA f¢ = 2.5 MHz;
les Veg Power Supply Current(s) 9.0 16.0 mA outputs open
Cwn Capacitance at Data, Vi = Vg, f6 = 1 MHz
RE, and Clock Inputs() 3 pF
E [ Logic “0” Current, any input(® 0.6 1.1 1.6 mA V,=04V
~ Il Leakage Current, any input 1 rA V,=Vgs—5.5V; Vss=Voo=Vee
Ry Input Pullup Resistance® 3.0 8.4 ke V,=0.4V
ss Voo Logic “0” Output Voltage® 0.4 \" IL=-16mA
-1 Von Logic “1” Output Voltage®) Vg — 1 \") I, = +100 A
;& |ty Output Delay, Low to High 75 200 ns - .
=
E3 to.  Output Delay, High to Low 75 200 ns See Timing Diagrams
& Pp,) Power Dissipation!¥) 220 mwW fo = 2.5 MHz
;g Py, Power Dissipationt 195 mwW fo = 1 MHz
Pp;) Power Dissipationt! 170 mwW fe = 10 kHz
NOTES:

(1) Other supply voltages are permissible providing that supply and input voltages are adjusted to maintain the same
V.

potential relative to Vss, €.9.,Vss=0 V, V,

o= —5V, Vee= —1

(2) Pull-up resistances to 45V are prowded internally.
(3) Typical values at TA=25°C, Vss=+45.0 V, Voo=—12.0 V.

(4) Iss will increase a maximum of 1.6 mA for each input at logic

(5) At T.=25°C.

“p.



TIMING
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DATA QUT IV = = - — oo o - - ENCEEETETE 12 _______ xl

SHIFT: Fig. 1 illustrates shifting a logic 1 bit from the Data Input (D,y) through one of the 80-bit registers
RE (Recirculate Enable) at logic O enables D;y. RE must go to logic O for t,;4 time (Recirculate Control
Leadtime) prior to the Clock’s negative edge, and must maintain that state at least until the Clock’s negative
edge (ty,q) to insure proper data shifting. This data bit entered will appear 80 clock pulses later within
Output Delay Time (tp) of that Clock’s negative edge.

1 2 80 1 2

cock10%_ o/ _ _ _ | L _\:J/_ti\____ -

DATA IN (0)

tout

RECIRCULATE: Fig. 2 illustrates recirculating a bit present at the output back through the register.
RE must attain a logic 1 for tg,p time (Recirculate Control Leadtime) prior to the Clock’s negative edge,
and must maintain that state at least until the Clock’s negative edge (t.ig) to insure proper data recircula-
tion. The bit entered will appear 80 clocks later as shown.

CONDITIONS:

1. All timing relationships apply to any of the four registers. 2. Logic 0 is defined as Vpp or ground; logic 1 as Vg or +5V.

19
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APPLICATIONS

ROM

CLOCK 4 READ PRE

CONTROL

CYCLE CLOCK

CLOCK

—
(usT496)
. CLOCK
D
C ¢ PRE Eour
8
PAGE A~ PRE SER
MEMORY MK2408P PRE-—__—_i I
84 e, PRE
83 D
B2 C{PRE Eour
Bl 8\ "
] A0 Al BO A~ cLOCK SER
R L ws7ase)
o cLOCK
FCoNTROL Hoe o our | ewor
LOGIC i RE LINE CLOCK
+ f"___j
MEMORY R o ouH VS
l_MKI007P CLK AB COD CURSOR ON="1"=DATA OUT INVERTED
US 7490 CURSOR OFF ="0"=DATA OUT TRUE U
CYCLE CLOCK
_G— END OF LINE CLOCK AT U
“I"=DOT ON
“0"=DOT OFF
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LINE REFRESH MEMORY FOR CRT DISPLAY

This application shows the MK 1007 P used as the
Line Refresh Memory, driving MOSTEK's MK
2408 P TTL-compatible character generator. The
MK 1007 P receives new data from the Page
Memory (which may also consist of MK 1007 P’s)
on the tenth row of any character line, this being
the third vertical space between rows of charac-
ters. The MK 1007 P recirculates the character-
address data as these characters are scanned
and displayed on a CRT screen.

The decade counter selects the appropriate rows
from the character generator which outputs two

OPERATING NOTES

1. Recirculate Enable (RE) =
Logic 1 = output data recir-
culated.

2. Output data (delayed 80 bits)
maintains same logic state
when RE = 1.

3. Recirculate Enable (RE) =
Logic 0 = Data In (D,) en-
abled.

4. Output data (delayed 80 bits)
attains same logic state as D,
when RE = 0.

5. Output data follows the clock
negative edge.

rows of the addressed character at one time (see
MK 2408 P data sheet), and also controls the multi-
plexed output of the character generator so that
only one row of the addressed characters is dis-
played on any CRT horizontal sweep.

One stage of the MK 1007 P may be used to shift
a single data bit, which may be used to determine
the end of the horizontal sweep. Another stage
may be used as a cursor control and, as shown
above, may blank the cursored character dots
while surrounding dots are on, to give a reverse
image of that particular character.

TEST CIRCUIT

Any output of +5V
unit under test

15 o IN3064 (&)
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MOSTEK

2240-BIT ROM CHARACTER GENERATORS

MK2300/2302(P/N)

FEATURES

O lon-implantation processing for full TTL/DTL
compatibility

O 2240 bits of storage organized as 64 5x7 dot
matrix characters with column-by-column output

O MK 2302 P is pre-programmed with ASCI|
encoding

0O Internal counter provides clocked column
selection

DESCRIPTION

The MK 2300 P Series MOS, TTL/DTL-compatible
read-only memories (ROMs) are designed specifically
for dot-matrix character generation. Each

provides 2240 bits of programmable storage,
organized as 64 characters each having 5 columns of
7 bits. A row output capability of 64 7x10 charac-
ters is possible, as illustrated on the back page.

Low threshold-voltage processing, utilizing ion-
implantation, is used with P-channel, enhancement-
mode MOS technology to provide direct input/
output interface with TTL and DTL logic families.
All inputs are protected to prevent damage from
static charge accumulation.

The MK 2302 P is preprogrammed with ASCII-
encoded characters (font shown on back page).
Other ROMs in the series are programmed during
manufacture to customer specifications by modi-
fication of a single mask.

Characters are selected by a six-bit binary word at
the Character Address inputs. Each character consists
of five columns, the columns selected by an internal

00 Counter output for updating external character
address registers :

O Internal provision for one- or two-column inter-
character spacing

O Output enable and blanking capability.

O Operates from +5Vand —12V supplies

counter which is clocked by the Counter Clock
input. Column information appears sequentially
beginning with the left-most column. Two additional
intercharacter spacing columns are available,
selectable for one or two spaces by the Count Control
Input. During the spacing, the Data Outputs are high
(+5V), or the “dot-off” condition. After the last
space, the modulo counter automatically increments

to the leftmost column.

Synchronizing other system components with the

OM is possible using the Counter Reset Input to
reset the counter to the last intercharacter spacing
column, or using the Counter Output which occurs
only on the last spacing column.

The Blanking Input allows all Data Outputs to be
driven high (g+5V) without affecting any other ROM
functions. The Output Enable input allows the out-
puts to be open-circuited for wire-ORing.

Memory operation is static; refresh clocks are not
required to maintain output information. The Clock
input is used only to select columns and need
not be pulsed continuously.

FUNCTIONAL DIAGRAM

MEMORY
MATRIX
(2240 BITS)

CHARACTER ADDRESS DECODER

(BOTTOM ROW:

COUNTER
OuTPy1

1

COUNTER

CLOCK 0_]

{5
COUNTE!

zal 731 101 8 2 12

Vss Voo COUNT COUNTER BLANKING Voo
CONTROL RESET  INPUT

PIN CONNECTIONS

A1 1 0Oe 124 Vss
Az 20O 23 VGG
A3z 30 22 BLANKING INPUT
Ag 403 121 OUTPUT ENABLE
As 5 [ 120 NC
Ag 6 119 OUTHq
COUNTER CLOCK 7 g [J 18 OUT2
COUNTER RESET 8 [J 317 ouTs
NC 9 O 16 OuTy
COUNTER CONTROL 10 115 OUTs
COUNTER OUTPUT 11T 14 OUTg
Vpp 120 13 0UTy

NC = NO CONNECTION

SIGN 23

5N
<
N
<
S
S
S
x
S



ABSOLUTE MAXIMUM RATINGS
Voltage on any terminal relative to Vss
Operating temperature range

Storage temperature (Ambient) Ceramic
Storage temperature (Ambient) Plastic

RECOMMENDED OPERATING CONDITIONS (0°C < Ta < 75°C)

+0.3V to —20V
0°C to +75°C
—65°C to + 150°C
—55°C to + 125°C

PARAMETER MIN TYP MAX  |UNITS COMMENTS
x [Ves | Supply voltage +475| +50] +525] V
g Voo | Supply voltage — 0.0 — V |See note 1
& |Vge ! Supply voltage —126 | —-120|—-114 | V
» Vinto) ‘ Input voltage, logic 0" +0.6 V |See note 2
§ Vin(1y | Input voltage, logic “1” Vss—1.5 V | Count control input should be
Z | Vin(cof Count Control input voltage, -~ 6 —12.0|—114 | Vv |returned to Vec for = 6 oper-
i -7 +4.75 +5.0 V |ation, or Vss for - 7 operation
!
g fue | Counter Clock input frequency 0 200 kHz
H Yoy ! Clock time at logic 0" 2 us
F 1t Clock time at logic “1” 2 s See timing
£ |t | Clock rise time 0.1 s diagrams
= (clk) M
E-J 1 ' Clock fall time 0.1 us
S |t, | Reset pulse width 1.0 us
teg | Clock-to-reset pulse delay 0.4 us | See note 4
(Vss= +50V +0.25V, Vee= —120V =06V, 0°C <T. <+75°C,
ELECTRICAL CHARACTERISTICS unless noted otherwise)
PARAMETER MIN TYP* | MAX [UNITS CONDITIONS
g lss Supply current (Vi) 20 40 mA Qutputs unconnected
& | lgs | Supply current (Vee) 20 40 mA fe =200 kHz
e : _ See
5 | Ci, | input capacitance 10 pF | V..=Vss, frws= 1TMHz note
%‘ lin Input leakage current 10 A | V.=V -8V, TA=25°C 2
” Vo) Output voltage, logical 0" 0.2 04 V |l,..=2.0 mA (into output) See
5V L =0.6 mA note
2 out(1} Qutput volt | | . !
g utput voltage, logical "1 24 \ (out of output) 3
>
o Vss —6V < Vo < Vs
I our | Data Output leakage current —-10 +10 MA Ta=25°C (outputs disabled)
(3 tao | Address-to-output delay time 1 us
'Q tco Clock-to-output delay time 1 oS | R d fall
g tcco | Clock-to-counter output delay time 1 us tir.'::sainncljded See timing
2 |teo Blanking/unblanking delay time 1 us | in delay times diagrams
T |toeo | Output enable/disable delay time 1 us
S |tcro | Counter reset delay time 1 us Ri =4 k2 to Vs
‘E, tcreo| Reset-to-counter output delay time 1 us C.=15 pF to Voo
< te Output fall time 03 us TA=25°C
% tr | Output rise time 03 us

*Typical values apply at Vss= +50V, Veo= — 120V, Ta=25°C

NOTES: |

24

the same relationship to Vss, e.g.. Vss=O0V, Vo=
accordingly

(SN

These parameters apply to both the data outputs and counter output

Supply voltages shown are for operation in a TTL/DTL system. Other supply voltages may be used if Voo and Vse maintain
—5V, Vee —17V. Input voltages would also need to be adjusted

These parameters apply to the character address, counter clock, counter reset, blanking, and output enable inputs

4. The counter clock must not make a negative transition within the period tcrd, before or after a positive counter reset

transition The counter reset negative edge may occur any time



TIMING (waveforms not to scale)

Timing diagram (1)"shows the time e Ny
re(anorg\shipgs be(t\zreen character raw sddrers T B e 00r0ss "N i
address, data output, counter clock, Character . .
and counter output during typical oper-  address l l
ation of an MK 2300- P Series char-
acter generator. An output sequence o=t = co = =
from the MK 2302 P is shown to help  para e\ — - & -
clarify operation. This sequence can  Output
be seen from the top rows (OUT)) of e
the characters "I"" and "N" e

[E———

3 ———nt— Logical value of output 1 o o [ 1 1 1 [ 1 1

ouTy i

Internal counter state 1 2

(= column selected) I
[ twemr
{

faaaao
coocooo

1
1
1
1

1
1
1

@ s aaaso
cocoo0o0o0o0
A e dagaaw

s
Counter Clock
ouT,

1
o
o
o 1
1o
1
1o

Input o =S — = —f —f —
—counrorr . L. |
g - amin
|
|
-l

f= ‘cco

All timing relationships shown in dia-  counter ‘5 g ——
gram (1) apply to any other output or  Output 108, /
combination of characters as well
Relevant input conditions assumed

but not shown in timing diagram (1) "
are as follows:

Count Control, +5V

Counter Reset, +5V

Blanking Input, +5V = e e  nlt™

Output Enable, +5V e now .
Had the Count Control input been at Character l— | Coumter

‘a0

Ri 13
—12V, the counter sequence would Address o
have been six positions instead of (2)
seven and the Counter Output would
have been high during the sixth posi-
tion

New character addresses are shown
coinciding with the rising edge of ~ a0 = e
the Counter Output waveform in dia- s
gram (1). This condition was selected Blanking
to demonstrate use of the Counter nput
Output to advance an external input (5)
register to a new character address L‘ L s
Character addresses can be changed .5 " Oata oA

0% Output ! 1

at any other time as well. Timing Counter R —
diagram (2) depicts output response Reset 1on ° [ ’\;
to a character address change when,
for example, the counter is stationary s i
in one of the five character column 3) g:“:m Output ¢ t
positions 108 Enable |

Timing diagrams (3) through (6) . (6) ° f

show timing relationships for the Counter %% enco

Counter Reset, Blanking Input, and Output Data // Yoo
Output Enable. The “open’ condition PRl — Output //OT;N 7
in (6) implies that both the pull-up ° -
and pull-down devices in each data
output push-pull buffer are turned off

.5
Counter %0V
Clock

Data
Output

OPERATING NOTES

The following table summarizes the MK
2300 P Series input control states and
corresponding drive levels:

Count Control

-6 —12v

-7 +5V
Counter Reset

operate +5V

reset ov
Blanking Input

unblank +5V

blank* ov
Output Enable

enable +5V

disable** ov

*All data outputs high (+5V)
**All data outputs open-circuited

25



APPLICATION:

7x10 CHARACTER GENERATOR

ROM CODING

7x10 ‘Non-interlace Configuration: (As illustrated) For row-out
(7-bit) horizontal raster-scan application, code ROM #1 for

Rows 1 through 5; and ROM #2 for Rows 6 through 10.

7x10 Interlace (525-line): Code ROM #1 for Rows 1, 3, 5,7, 9;
Code ROM #2 for Rows 2, 4, 6,
should be changed to clock only at vertical retrace time,
thus allowing ROM #1 to be enabled for the 1st page sweep
(262 Y2 lines) and then allowing ROM #2 to be enabled for

the interlaced 2nd page sweep of 262 V2 lines.

ADDRESS INPUT

SN 7473
ENABLE

ENABLE

(HORIZONTAL RETRACE)

t
6 BITS END-OF LINE

RoM #1 o 2300 ) | | C,“’C“
ourp Tm A6 CLK
ENABLE - OUTPU L
ENRBLE = PVAbiE RSt |- RESET
RESET
+ +5V
POWER ON CTR OUT
AND/OR 07e———50]
VERTICAL END-OF-LINE
RETRACE CLOCK
ALA6 CLK
ENABLE =—] QUTPUT
ENABLE
ROM #2 RST | RESET
(MK 2300 P) | 076——————01
— —
SN74165 f“ CDEFGH
SN74166 LK = CLOCK

PARALLEL LOAD 8BIT
SHIFT REGISTER

Combining two 5x7
column-output
ROMs provides a
7x10 row output.

=
L—ﬁm
L]
IV
STROBE LOAD

Hour

T0 VERTICAL AMPLIFIER

1 BIT (0L ———

581 ROW—\/—ﬁ BIT ROW—-\

\—— 7 Bit Row ——/

8, 10. The Enable Flip-flop

\——— 10 Bit Col. —

MK 2302 P

Logic 1 = input @ +5V
Logic 0 = input @ OV

Output dot “on” = 0V
Output dot ““off"" = 45V

OUTPUT
SEQUENCE—> 1 2 3 4 §

0000000
S55555S
VIl

>

1 0 0 1
10 1 o
10 1 1

sl R S e R ) R
e R s o i W e [ e | o e
DOEEERGHIEOIMMADR oD D .-
WM EEEHEINEEm .
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MOSTEK ROM PUNCHED-CARD CODING FORMAT'

MK 2300 P Fourth Card
Cols. Information Field 1-6 Data Format3— “MOSTEK”
First Card 15-28  Logic*— “Positive Logic” or

- ifi i 5
1-30 Customer 35-57  Verification Code

31-50 Customer Part Number

Data Cards 4
60-72 Mostek Part Number? a

1-6 Binary Address
Second Card 8-12 First row of character
14-18  Second row of character
20-24  Third row of character
26-30  Fourth row of character
: 32-36 Fifth row of character
Third Card 38-42  Sixth row of character
1-5 Mostek Part Number! 44-48  Seventh row of character
10-15  Organization?

1-30 Engineer at Customer Site
31-50 Direct Phone Number for Engineer

ZS
w
o3
o

<8
o
S

2
Q
@
=
oy
)
I
~N
N

Notes: 1. Assigned by Mostek Marketing Department; may be left blank.
2. Punched as 64x5x7.
3. "MOSTEK" format only is accepted on this part.
4. A dot “ON"" should be coded as a "'1".

5. Punched as: (a) VERIFICATION HOLD —i.e. the customer verification of the data as reproduced by MOSTEK
is required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of
its Customer Verification Data Sheet (CVDS) to the customer.

(b) VERIFICATION PROCESS —i.e. the customer will receive a CVDS but production will begin
prior to receipt of customer verification.

(c) VERIFICATION NOT NEEDED — i.e. the customer will not receive a CVDS and production will
begin immediately.

27
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MOSTEK.

2560-BIT STATIC ROM

MK2400(P)

FEATURES
O lon-implanted for full TTL/DTL compatibility
O Chip enable permits wire-ORing

O Custom-programmed memory requires single
mask modification

O 550 nscycle time (0° < Ta < 75°C)

DESCRIPTION

The MK 2400 P Series TTL/DTL-compatible MOS
Read-Only Memories (ROM'’s) are designed for a
wide range of general-purpose memory applications
where large quantity bit storage is required. Each
ROM provides 2560 bits of programmable storage,
organized as 256 words of 10 bits each. Low
threshold-voltage processing, utilizing ion implanta-
tion with P-channel enhancement-mode MOS technol-
ogy, provides direct input/output interface with TTL
and DTL logic.

Programming is accomplished during manufacture by
modification of a single mask, according to customer
specifications. The MK 2400 P Series is available in
either 24-lead or 28-lead ceramic dual-in-line pack-
ages. On the 28-pin ROM, an optional Chip Select
Decoder may also be programmed according to
customer specifications to provide a 3-bit Chip
Select Code.

0 Static output storage latches
Optional 3-bit, chip-select decoder available

2560 bits of storage, organized as 256 10-bit
words

0 Operates from +5V and —12V supplies

Operation involves transferring addressed information
from the memory matrix_into the storage latches
using the READ and READ inputs (see Timing).
Information stored in the latches will remain despite
address changes or chip disabling until the READ and
READ inputs are again cycled. READ and READ
input signals may be generated from separate timing
circuits if desired, or either may be the inverse of
the other.

The Chip Enable input forces the normally push-
pull output buffer stages to an open-circuit condition
when disabling the chip. If desired, new data can be
stored in the storage latches while the chip is dis-
abled. When the chip is reenabled, this data would be
present at the outputs.

All inputs are protected against static charge accumu-
lation. Pull-up resistors on all inputs are available
as a nroorammahlp nnrmn

FUNCTIONAL DIAGRAM

CHIP SELECT ”"

i
)
INPUTS o !
1
1 t
YA, O - :
ey o DECODER
+
by O—tw i
R Rt J
- - t—0 Bo
© Ao O~ x L o8 ©
5 oar o @ t—o 82 >
E A T R e LR e R W
= Ay O wo z < ax & w10 8+ 3
a I
H A4 o 28 z 8 OE 5\3 T 8 «
W oAy 0 8 g © w3 © 310 8¢ 5
o A —t w < ’
8 6 O Y B
S ar o— 1o B8«
1o 89

T T
L & & & L (L
Vss Voo Voo READ READ  CHIP
(R (RM) ENABLE

OPERATING NOTES

CHIP —_

ENABLE | READ READ | OUTPUT
0 X X A
1 0 1 B
1 1 0 C

Y17 = Vg (45V): 0" = Vpp (0V)

X = No effect on output

A = Output open-circuited

B = Output retains data last stored in

latches
C = Output assumes state of ad-

dressed cells

OR NEW DESIGN
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ABSOLUTE

MAXIMUM RATINGS
Voltage on any terminal relative to Vss. ... .. ... ... ... . oL +0.3V to — 10V
Operating temperature range. .. ..................................... 0°C to +75°C
Storage temperature range. ... ... ... —-65°C to +150°C

RECOMMENDED OPERATING CONDITIONS (0°C < Ta < 75°C)

PARAMETER MIN TYP MAX |UNITS COMMENTS
~& | Vss |Supply voltage +475| +50 | +525| V
§ Voo |Supply voltage — 0.0 — V | See note 1
Vee |Supply voltage —126 | —120 |—-114 \%
@ Vine |Input voltage, logic "0 0 +038 V |Pull-up resistors (=5K-*) to
; Vi |Input voltage, logic 1" Vss— 1.5 Vss V |Vss available as programmable
" option.
toc |Address change cycle time 550 ns
ts |Address to Read lead time 250 ns
$ t, |Read lag time 1 -.05 .05 s See
Z | t, |Read lag time 2 -.05 .05 1S o
- _ Timing
2 | t@ |Read pulse width 300 ns
& )
~ | ts |Read pulse width 03 100 ns Section
te Rise time, any input 100 ns
te Fall time, any input 100 ns
ELECTRICAL CHARACTERISTICS (Vss= +50V %0.25V, Vee= —12.0V =06V, 0°C <T. <+75°C,
unless noted otherwise. Pull-up resistors not programmed.)
PARAMETER MIN TYP* MAX |UNITS] CONDITIONS
g lss  |Supply current (Vss) 12 25 mA Outputs unconnected
Q | lec [Supply current (Vee) -12 —25 | mA |See Note 2 and Note 3
g Cin |Input capacitance 5 10 pF |V.n=Vss, freas= 1MHz
2 | 1. |nputleakage current 10 | #A [V.=Vs —6V  Ta=25°C
Veua|Output voltage, logical 0" 0.4 V |l,..=1.6 mA (into output) nsoe;
2 | Ve.un|Output voltage, logical “1" 24 V [lL.=04mA 3
3 out of output) and
2
° Vss —6V < Vour < Vs - Flg.l‘re
lot  |Output leakage current —-10 +10 | 1A |Ta=25°C (outputs disabled)
8 | tacc |Address-to-output access time 600 ns | t.=250ns
= =
;g too |Output delay time 350 | ns i"‘ =g See timing
¥ | toro |Output enable/disable time 125 300 ns 72 Section
£3 . See note 4~/ #1
&z | tcs |Chip Select to Output Delay 600 | ns and rigure
5 | tco | Chip Deselect to Output Delay 600 ns
*Typical values apply at Vss= +5.0V, Vas= —12.0V, TA=25"C
NOTES: 1. Supply voltages shown are for operation in a TTL/DTL system. Other supply voltages may be used if V- and Vas maintain
the same relationship to Vi, eqg., Vs=0V, Vic= =5V, Va.=-17V. Input voltages would also need to be adjusted
accordingly.
2. Max measurements at 0°C. (MOS supply currents increase as temperature decreases ) | s will increase 1.6mA (max) for
each input at logic 0 when pull-up resistors are programmed
3. Unit operated at minimum specified cycle time
4. The outputs become open circuited when disabled or deselected. As shown in Fig. 1, an output with a “1"

expected out does not transition through the 1.5V point when enabled (selected) or disabled (deselected); this
is true because the TTL equivalent load pulls the open-circuited output to approximately 2 volts.



TIMING

Notes

1. All times are referenced to the 15V point
relative to Voo (ground) except rise and fall
time measurements

2. Chip enable = Vs for all measurements except
when measuring Tois

3 Logic 0 is defined as Vw or ground. logic 1 as
Vss or +5V

INTERNAL FUNCTION OF
READ/ READ SIGNALS

Reod latches sef, memory oddress disobled latches set

memory oddress enabied iatches open with new doto

S\
/' memory enabled \
Read to lotches

Set up time, t. allows the input address to
propagate through the address decoder and
memory matrix prior to READ logic 0 time. As
indicated above, READ at a logic 0 internally
disables the input address so that an external
address change may occur without affecting the
location previously selected. The latches are also
readied to receive new data which is enabled
from the matrix when READ is at a logic 1. Data
is set in the latches when READ is allowed to
rise back to its logic 1 state. In actual use, the
READ rising and falling edges can precede the
falling and rising edges of READ, respectively,
as implied by the specification of negative read
lag times. This allows a very flexible timing
relation between the two pulses, in that either
input can be the inversion of the other or both
may be generated from separate timing circuits.

Output data appears following the rise of the
READ pulse but correct output data will not
appear _until READ has gone low. For this rea-
son, READ is shown preceding READ even
though other relationships are allowed. If READ
is made to precede READ, delay time, too, should
be referenced to the fall of READ rather than
as shown.

The chip is disabled by applying a logical 0 to
the chip enable input, forcing the outputs to an
open-circuit condition. The output data present
at the time of disable will again be present upon
re-enabling unless a new read cycle was initiated
for a different address while the chip was dis-
abled, in which case the new data would be
present at the outputs.

The programmable 3-bit chip select timing would
be the same as the address inputs.

ADDRESS

CHANGE

READ

READ

DATA
OQuTPUT

CHIP

ENABLE

DATA

ouTPUT

CHIP

SELECT

NEW ADDRESS NEW ADDRESS

o teve 1

o — — —- DISABLE LEVEL

|
—-1 toeo togo

0 ——-===d |

NOTE: Wave forms are not to scale.

FIGURE #1 t, . and t,, test circuit

VSS VDD VGG

|

|

[

-- 0 INp

ouT,

UNIT UNDER

TEST

) fa
—

IN3064 (4)

IISpf
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APPLICATIONS

‘ANDDDiESSS —— 2o 80 F—4— {
) UA oy — | DATA OUTPUT
o = BT ' 512 X 10
MMON J p— — | -
70 BOTH A, o 8o~ Bg COMMON
PO el — TO BOTH ROM's
ROM's € Reod Reod ° 1 !
CHIP o——DO—r—J L }
ENABLE
READ {>(H
CcLOoCk
Address
Chonge
[ s | €528
| ] aReod Reasgy i —J 1, noble
Ly S— !
1 1 '
LI S— » o— R ACC
[ Se— rROM*2 — * 1ogo
1  — |
A, — DATA .
e 39——“" ouTPUT ImnquvAuo—V-n’un']uunl’
ROM*™| ROM "2

Application shows wire-Or'ing for expansion to a 512 X 10 mem

the desired data-valid time. Interface devices may be TTL or DTL

ory. Further expansion is possible by 1 of N decoding to
the Chip Enable input (or with the optional 3-bit decoder) while maintaining the time relationships shown. t.,. should include

PIN CONNECTIONS

PIN CONNECTIONS

top view, 28pin COIP

top view, 24 pin CDIP Vss 1 Q P28 B
Ves 20 D27 B,
(NC)A, 30 b26 &,
vss | g P24 Bs NOAo 4 d b2s s,
Vee 20 P23 Be (A)A, 50 b2a 8,
A 30 he22 B, (Ag)A7 6 O b 23 NC
Ao 4 0O D21 Bg (Ax)Ag 7 Q P22 Ba
] (A7)As 80 p2 B8s
Az 50 P20 Bs (Ag)Ag 9 O b2o 8,
A; 60 P9 Ba (Ag)RM/READ 10 d bio 8,
As 70 D I8 Bs (Ag)As 11 O bis B,
As 80 D17 B2 (NC)RI/READ 12 d D17 Voo
Ae 90 D16 B, (READ) Ag 13 pie CEt
RM/READI0 O D15 Bo (A3)Ag 14 O P15 Ap{READ)
As 11 O A 14 Voo NC =no connection
RI/READ 12 O P13 CE ( )OPTIONAL PIN ARRANGEMENT
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MOSTEK ROM PUNCHED-CARD CODING FORMAT'

MK 2400 P
Cols.  Information Field

“Negative Logic”

First Card 3557 Verification Code’
130 Gustomer 60-74  Package Choice®
31-50  Customer Part Number
60-72  Mostek Part Number: Data Cards
13 Decimal Address
Second Card 5 Output B9
1-30  Engineer at Customer Site 6 Output B8
31-50  Direct Phone Number for Engineer 7 Output B7
8 Output B
Third Card 9 Output B5
15 Mostek Part Number? 10 Output B4
10-16  Organization® n Output B3
29 A8 12 Output B2
30 A9t 13 Output B
a1 A10* 14 Output BO
32 Pull-up Resistor® 16 Octal Equivalent of: B9®
17
Fourth Card 18
19 Octal Equivalent of: B2, B1, BO*

0-6 Data Format* — “MOSTEK"
15-28  Logic — “Positive Logic™ or

Notes: 1. Positive or negative logic formats are accepted as noted in the fourth card.

2. Assigned by Mostek Marketing Depariment; may be left blan
3. Punched as 0256x10.

4. A "0" indicates the chip is enabled by a logic 0, a 1" indi
“Don't Care™ condition.

5. A “1"indicates pull-ups; a “0" indicates no pull-ups.
6. "MOSTEK" format only is accepted on this part.
7. Punched as:

required prior to production of the ROM.
Customer Verification Data Sheet (CVDS)

k.

cates it is enabled by a logic 1, and a "2" indicates

(a) VERIFICATION HOLD —i.e. customer verification of the data as reproduced by MOSTEK is

To accomplish this MOSTEK supplies a copy of its
0 the customer.

(b) VERIFICATION PROCESS —i.e. the customer will receive a CVDS but production will begin

prior to receipt of customer verification.

(c) VERIFICATION NOT NEEDED —i.e. the
will begin immediately.

customer will not receive a CVDS and production

o

24 PIN", 28 PIN STANDARD'", or 28 PIN OPTIONAL" (left justified to column 60).

The octal parity check is created by breaking up the output word into groups of three from right to left and
creating a base 8 (octal) number in place of these groups. For example the output word 1010011110 would be
separated into groups 1/010/011/110 and the resulting octal equivalent number is 1236.



MK 2400 P
Cols. Information Field “Negative Logic”
First Card 35-57  Verification Code’
1-30 Customer 60-74 Package Choice?
31-50  Customer Part Number Data Cards
60-72  Mostek Part Number? ata Car
1-3 Decimal Address
Second Card 5 Output B9
1-30 Engineer at Customer Site 6 Output B8
31-50  Direct Phone Number for Engineer 7 Output B7
8 Output B6
Third Card 9 Output B5
1-5 Mostek Part Number? 10 Output B4
10-16  Organization? " Output B3
29 A8* 12 Output B2
30 A9+ 13 Output B1
31 A10¢ 14 Output BO
32 Pull-up Resistors 16 Octal Equivalent of: B9?
17 Octal Equivalent of: B8, B7, B6°
Fourth Card 18 Octal Equivalent of: B5, B4, B3’
0-6 Data Format* — “MOSTEK" 19 Octal Equivalent of: B2, B1, B0?
15-28  Logic — “Positive Logic” or
Notes: 1. Positive or negative logic formats are accepted as noted in the fourth card.
2. Assigned by Mostek Marketing Department; may be left blank.
3. Punched as 0256x10.
4. A “0” indicates the chip is enabled by a logic 0, a “1” indicates it is enabled by a logic 1, and a ‘2" indicates
a “Don’t Care” condition.
5. A 1" indicates pull-ups; a *'0” indicates no pull-ups.
6. “MOSTEK" format only is accepted on this part.
7. Punched as: (a) VERIFICATION HOLD —i.e. customer verification of the data as reproduced by MOSTEK is
required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of its
Customer Verification Data Sheet (CVDS) to the customer.
(b) VERIFICATION PROCESS —i.e. the customer will receive a CVDS but production will begin
prior to receipt of customer verification.
(c) VERIFICATION NOT NEEDED —i.e. the customer will not receive a CVDS and production
will begin immediately.
8. 24 PIN”, “28 PIN STANDARD”, or 28 PiN OPTIONAL” (ieft justified to column 60).

. The octal parity check is created by breaking up the output word into groups of three from right to left and

creating a base 8 (octal) number in place of these groups. For example the output word 1010011110 would be
separated into groups 1/010/011/110 and the resulting octal equivalent number is 1236.
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MOGSTEK.

256 x10-BIT ROM CHARACTER GENERATOR

MK2408(P)

DESCRIPTION

The MK 2408 P is a pre-programmed member of the MK 2400 P
Series. Itis programmed as a dot-matrix character generator (64
characters) with ASCIl encoded inputs and row (5-bit) outputs.
The MK 2408 P outputs two rows at the same time. Row 1 is
available at outputs B9 (left), B8, B7, B6, and B5 (right) while row
2is available at outputs B4 (left), B3, B2, B1, and BO (right). Row 3
is available at B9 through B5 while row 4 is available at B4 through
BO. Row 5 and row 6 are available at B9 through B5 and B4
through B0O. Row 5 and row 6 are available at B9 through BS and
B4 through BO. Row selection is determined by the address
combination of bits A0 and A1.

The MK 2408 P meets and operates by the specifications outlined
in the MK 2400 P Series data sheet (DS-24001270-2)

The example in Figure 1 demonstrates the correspondence of the
device outputs and row select sequence to the 7 x 5 dot-matrix
font. The complete character font patterns (truth table) are illus-
trated on the back. A logic 1 or a DOT represents an input or
output voltage equal to Vss (+5V) and a logic 0 or a blank
represents a voltage equal to Voo (OV). The eighth row outputs
(B4 through BO when inputs A1 and AO equal logic 1) are not
illustrated since in each case they are equal to all O's.

FUNCTIONAL DIAGRAM

PIN CONNECTIONS

Vss 1 ° j 28 B9
o 8o Vg 2 ] 27 B8
‘»3 A o z 2 8 5 NC 3 ] 26 87
2 Az o1k 2 e w o ol 1 o83 g
> Ay opewa :x iz G 8. 3 N4 ] 25 86
Q:Zot §§ §3 g"j 'é :22:5 Al 8 (— ] 2 85
o As O—f w —o 87 © 1
2 a7 o = Lo 8e AO 6 23 NC
t—O B
A2 7 ;] 22 B4
AT o H 21 -1
— . S
IS D S S J 52
Vss Voo Ve READ READ CHIP AS 10 Dw 81
(RI) (RM) ENABLE Ad n :] 18 80
NC 12 7 vy
READ 13 16 C.E.
A3 14 15 Read
NC= NO CONNECTION
FIGURE 1
B9 B8 B7 B6 BS
Al A0 B4 B3 B2 Bl B0
© 07" 1 0 0 O 1 -- B9-BS
— 1 1 0 1 1 -- Ba-B0 gg =0
o1 __ 1 0 1 0 1 -- B9-BS AS;?
— 1 0 1 0 1 -- B4-BO
c_. 1 0 0 0 1 -- B9-BS Ad = 1
— 1 0O 0 O 1 -- B4-BO A3 =0
1 1_ 1 0 0 O 1 -- B9-BS A2 = 1
0 0 0 0 0 -- B4-BO
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CODING & CHARACTER FONTS

I o T‘o 0 | [ | 1
|

as o [ 0 ' 0 ' o | 1
Aqhyhp A By |
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APPLICATION

(FLIP FLOPS  US T473/EQUIV)

VALD

(now ux2408P) (SHIFT REG US T496/EQUIVI i
cux “1": 00T OM
] f I 0" : BLANK
weur oata
ADORESS| ouT
(TTC/OTL NPUTS)
Co"l:"l& ROW (L) ™€) —
—fioomshe- (ENO OF LINE) ComTER VERTICAL SPACE
cux
a0oRress X L X L3 X L X
CERR \J av \J Valid 2 presets address #1
woo ) AN A\ S data in shift registers. Valid 3
Aea0 T\ J (U _J ____ presets address #2, etc.
SERIAL DATA <o oo s oo oo ooooo- B &R &5 €5 SACTYAR €5 &3 £5 GAtT)
oo L e=l0 -
— —
ADD ® DISPLAYED ADO#2 DISPLAYED
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MOSTEK.

4096-BIT STATIC ROM

MK2500/2600(P)

FEATURES

O High-speed, static operation—400nsec. typical
access time

O Active input pull-ups provide worst-case TTL
compatibility

O Push-pull outputs provide three output states:
one, zero, and open

DESCRIPTION

The MK2500(P) and MK2600(P) series of TTL/
DTL compatible MOS read-only memaories (ROMs)
are designed to store 4096 bits of information by
programming one mask pattern. The word and bit
organization of these ROM series is either 512W x
8B or 1024W x 4B.

The MK2500/2600(P) series has push-pull outputs
that can be in one of three states: logic one, logic
zero, or open or unselected state. This, plus the
programmable Chip Selects, enables the use of sev-

O

lon-implantation for constant current ioads and
lower power
Standard power supplies: +5V, —12V

oo

5232

MK2500P is pin-for-pin replacement for National

O MK2600P is pin-for-pin replacement for Fairchild

3514

eral ROMs in parallel with no external components.
Since the ROM is a static device, no clocks are re-
quired, making the MK2500/2600(P) series of
ROMs very versatile and easy to use.

Low threshold-voltage processing, utilizing ion-im-
plantation, is used with P-channel, enhancement-
mode MOS technology to provide direct input/
output interfacing with TTL and DTL logic famil-
ies. All inputs are protected to prevent damage
from static charge accumulation.

PIN CONNECTIONS

MK 2500 P MK 2600 P ¥ 7
MODE CONTROL 1 CJ® [2e Vv Voo 100 12U Vg
CHIP SELECT 1 2 (] F23 Vo CHIP SELECT 2 2 [ 23 CHIP SELECT 1
CHIP SELECT 2 3] D22 B8 CHIP SELECT 3 3 E 22 CHIP SELECT 0-AI0
CHIP SELECT 3/A10 4 C o 87 Bl 4] _paw
Al 5[7} [J20 86 B2 504 ”".ZO A2
RoeCf ‘D19 8 B3 6] {SRURN)
ae | bis s B 70 P om
moscl— Fu e Bs 8] Ihuoms
A5 9 O [216 B2 B6 9;‘ 716 A6
A 10 s 8l B7 10¢ D15 a7
(YRR mUR 88 110 SRUIN Y
Vi 12€ SRKINY Voo 127 113 A
FUNCTIONAL DIAGRAMS
g E
MK 2500 P 8= E3R3Is8E8 MK 2600 P 3 ER2388ES
=8 CeN=RY < T woe~o0oSD
—HHHH ;
€S2 3—¢ +4+—12 Vss CS1 23— A +-24 Vss
12— ggﬁféa || OUTPUT SENSE ol 21 1 02 72— g?ﬁzcr L %LPUFTEEENSE avrs| 112 Vo
CS3/A10 4] AMPLIFIERS & DRIVE| L 0S3 3—4 LIFIERS & DRIVERS 11 Ve
a5 EEEEEEE N 2l
A2 6 ——= A2 20—
A3 77— WORD 4096-BIT A3 19| .{WORD 4096 BIT
M 8 SELECT MEMORY M 18 ASELECT MEMORY
] 7] DECODER MATRIX 7| DECODER MATRIX
A5 9—1 = A5 17—
A6 10— A6 16 —
{
BIT SELECT DECODER BIT SELECT DECODER

A7 11+
A8 13—
A9 14—

.

A9 13

1
-
o
=2

NOT FOR NEW DESIGN
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ABSOLUTE MAXIMUM RATINGS

Voltage on Any Terminal Relative to Vs (except Vgg). ... . ....+0.3V to =10V
Voltage on V. Terminal Relative to Vg +0.3V to -20V
Operating Temperature Range (Ambient) R ,,0°C° to +70°C
Storage Temperature Range (Ambient).. . . .. —65°C to +150°C
RECOMMENDED OPERATING CONDITIONS
(0°C<T,<70°C)
PARAMETER MIN TYP MAX UNITS NOTES
Vs Supply Voltage +4.75 +5.0 +5.25 \'
Voo Supply Voltage —_— 0.0 _— \' Note 1
Ves Supply Voltage -11.4 -12.0 -12.6 Vv
' Input Voltage, Logic “0” +0.8 \'
Viu Input Voltage, Logic “1” Vs—1.5 \ Note 2
Vi Input Voltage, Logic “1” 24 \") Note 3
ELECTRICAL CHARACTERISTICS
(Vs = +5.0V = 5%; Vo = 0V; Vgg = —12V £ 5%; 0°C < T, < 70°C unless noted otherwise)
PARAMETER MIN TYP MAX UNITS NOTES
ls Supply Current, Vg 19.0 28.0 mA Note 4
lee Supply Current, Vgg 19.0 28.0 mA Note 4
b Input Leakage Current, Any Input 10.0 A V, = Vg —6.0V. Note 2
Iy Input Current, Logic 0, Any Input -100.0 uA V,=.4V. Note 3
by Input Current, Logic 1, Any Input -600.0 . V,=2.4V. Note 3
Voo Output Voltage, Logic “0” 0.4 \ lop=1.6mA
Vou Output Voltage, Logic “1” 2.4 \") lon=—40uA
low Output Leakage Current +10 A Outputs disabled
(Vo=Vss—6V)
Cin Input Capacitance 10 pF Note 5
Co Output Capacitance 10 pF Note 5
taccess| Address to Output Access Time 100 400 700 nsec Refer to
tes Chip Select to Output Delay 100 250 500 nsec Test
teo Chip Deselect to Output Delay 100 250 800 nsec Note 6 Circuit
Notes: 1. This is V,, on MK 2500 P.

2. This parameter is for inputs without active pull-ups (programmable).

3. This parameter is for inputs with active pull-ups (programmable) for TTL interfaces. As the TTL driver goes to a logic 1 it
must only provide 2.4V (this voltage must not be clamped) and the circuit pulls the input to V. Refer to the Input pull-up
figure for a graphical description of the active pull-up's operation.

4. Inputs at Vg, outputs unloaded.

5. Vg, — Vis = OV; f = 1 MH,.

6. tcp is primarily dependent on the RC time constant of the load (i.e. the outputs become open circuited upon being disabled).

As noted in the Timing Diagram, disabling or enabling an output with a “1” expected out does not yield a transition through
the 1.5V point; this is true because the TTL equivalent load pulls the open-circuited output to approximately 2 voits.



PROGRAMMING OPTIONS

MK 2500 P MK 2600 P
OPTIONS OPTIONS
Function 512 X 8 1024 X 4 Function 512 X 8 1024 X 4
Mode Control 1 0 Chip Select 0/A10 1or0 A10
Chip Select 1 1or0 1or0 Chip Select 1 1or0 1or0
Chip Select 2 1or0 1or0 Chip Select 2 1or0 1or0
Chip Select 3/A10| 1 or0 address A10 Chip Select 3 1or0 1or0

= Most Positive == High Level Voltage

Pin 1 in the MK 2500 P is used as a Mode Control,
setting the circuit in the 1024x4 or 512x8 mode.
In the 1024x4 mode a tenth address bit is re-
quired, which is provided at Pin 4. If the circuit
is in the 512x8 mode, then Pin 4 may be used for
a third chip select.

Additional Options: The MK 2500 P can have the
address and control inputs set by the user so
that:

512x8: Mode Control — High
A10 — Low
1024x4: Mode Control — Low

A10 aid as an address
See Note 9, following page

1 Most Positive = High Level Voltage

The MK 2600 P is programmed either as a 512x8
array or a 1024x4 array. In the 1024x4 arrays, Pin
22 provides the tenth address bit. When A10 is
low the four bits are present at the even outputs
(B2, B4, B6, and B8); when A10 is high, the bits
are at the odd outputs (B1, B3, B5, and B7).

In 512x8 arrays, Pin 22 may be used to provide a
fourth chip select. Thus, with four programmable
chip selects, sixteen MK 2600 P ROMS in the
512x8 configuration can be arranged in an 8192x8
array requiring no external decoding.

=
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STATIC ROM

TIMING

ADDRESS.
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outpyuT -

DIODES ARE IN447

INPUT

INPUT PULL-UP

SOLID CURVE IS TYPICAL
FOR ACTIVE PULL-UP

AT 25°C

DOTTED CURVE IS

: FOR 4K PULL-UP

- 800 . RESISTOR TO V

Fazmanco “cvz-

10 20 30 40 so
INPUT VOLTAGE (VOLTS!
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MOSTEK ROM PUNCHED-CARD CODING FORMAT'

MK 2500 P MK 2600 P
First Card First Card
Cols. Information Field Cols. Information Field
1-30 Customer 1-30 Customer
31-50 Customer Part Number 31-50 Customer Part Number
60-72 Mostek Part Number? 60-72 Mostek Part Number?
Second Card Second Card
1-30 Engineer at Customer Site 1-30 Engineer at Customer Site
31-50 Direct Phone Number for Engineer 31-50 Direct Phone Number for Engineer
Third Card Third Card
1-5 Mostek Part Number? 1-5 Mostek Part Number?
10-16 Organization? 10-16 Organization®
29 Cs3"° 29 CS3*
30 CSs2+ 30 CS2¢
31 Cs1+ 31 CS1+
32 Active Pull-ups® 32 Cso0'°
33 Active Pull-ups®
Fourth Card Fourth Card
1-9 Data Format® 1-9 Data Format®
15-28 Logic — “Positive Logic” or 15-28 Logic — “Positive Logic” or
“Negative Logic” “Negative Logic”
35-57 Verification Code’ 35-57 Verification Code’
60-67 “A10 EVEN” or«A10 ODD”

Data Cards/512x08 Organization

(left justified)’

Data Cards/512x08 Organization

1-4 Decimal Address 1-4 Decimal Address
6-13 Output B8- B1 (MSB thru LSB) 6-13  Output B8-B1 (MSB thru LSB)
15-17  Octal Equivalent of output data® 15-17  Octal Equivalent of output data®
Data Cards/1024x04 Organization Data Cards/1024x04 Organization
1-4 Decimal Address (0-1022), 1-4 Decimal Address (0-1022), even addresses
even addresses 6-9 Output (MSB-LSB)
6-9 Output (MSB-LSB) 11-12  Octal Equivalent of output data®
11-12  Octal Equivalent of output data® 50-53 Decimal Address (1-1023), odd addresses
50-53 Decimal Address (1-1023), 55-58 Output (MSB-LSB)
odd addresses 60-61 Octal Equivalent of output data®
55-58 Output (MSB-LSB)
60-61 Octal Equivalent of output data®
Notes: 1. Positive or negative logic formats are accepted as noted in the fourtn card.
2. Assigned by Mostek Marketing Department; may be left blank.
3. Punched as “0512x08" or “1024x04".
4. A “0” indicates the chip is enabled by a logic 0, a “1" indicates it is enabled by a logic 1, and a “2” indicates
a “Don’t Care” condition.
5. A “1” indicates active pull-ups; a ‘0" indicates no pull-ups.
6. MOSTEK, Fairchild, or National Punched-Card Coding Format may be used. Specify which punched card format
used by punching either *“MOSTEK”, ““Fairchild”, or ““National”. Start name at column one.
7. Punched as: (a) VERIFICATION HOLD — i.e. customer verification of the data as reproduced by MOSTEK is
required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of its
Customer Verification Data Sheet (CVDS) to the customer.
(b) VERIFICATION PROCESS — i.e. the customer will receive a CVDS but production will begin
prior to receipt of customer verification.
(c) VERIFICATION NOT NEEDED — i.e. the customer will not receive a CVDS and production will
begin immediately.
8. The octal parity check is created by breaking up the output word into groups of three from right to left and
creating a base 8 (octal) number in place of these groups. For example the output word 10011110 would be
separated into groups 10/011/110 and the resulting octal equivalent number is 236.
9. “A10 EVEN" and “A10 ODD" applies to the 1024 x 4 mode. "A10 EVEN" means the even outputs are enabled
when A10 is high. *A10 ODD’’ means the odd outputs are enabled when A10 is high.
10. Punched as "'2" for 1024 x 4 organization.



MK 2503 P MK 2601 P

ASCII-TO-EBCDIC CODE CONVERTER Function 512X 8 Function 512X8
EBCDIC-TO-ASCIlI CODE CONVERTER | Mode Control 1 Chip Select 0/A10 0
X - "
Ar—LSB B1=LSB Chip Select 1 0 Chip Select 1 0
As=MSB Bs=MSB Chip Select 2 0 Chip Select 2 0
Chip Select 3/A10 0 Chip Select 3 0
ASCIlI (ADDRESS) TO EBCDIC (DATA)

0 00000000 1 00000001 2 00000010 3 00000011 | 128 00100000 129 00100001 130 00100010 131 00100011
4 00110111 S 00101101 6 00101110 7 00101111 | 132 00100100 133 00010101 134 00000110 135 00010111
8 00010110 9 00000101 10 00100101 11 00001011 136 00101000 137 00101001 138 00101010 139 00101011

12 00001100 13 00001101 14 00001110 15 00001111 | 140 00101100 141 00001001 142 00001010 143 00011011
16 00010000 17 Q0010001 18 00010010 19 00010011 | 144 00110000 145 00110001 146 00011010 147 00110011
20 00111100 21 00111101 22 00110010 23 00100110 | 148 00110100 149 00110101 150 00110110 151 00001000
24 00011000 25 00011001 26 00111111 27 00100111 | 152 00111000 153 00111001 154 00111010 155 00111011
28 00011100 29 000111017 30 00011110 31 00011111 | 156 00000100 157 00010100 158 00111110 159 11100001
32 01000000 33 01001111 34 01111111 35 01111011 | 160 01000001 161 C1000C10 162 01000017 163 01000100
36 01011011 37 01101100 38 01010000 39 01111107 | 164 01000101 165 01000110 166 01000111 167 01001000
40 01001101 41 01011101 42 01011100 43 01001110 | 168 01001001 169 01010001 170 01010010 171 01010011
44 01101011 45 01100000 46 01001011 47 01100001 | 172 01010100 173 01010101 174 01010110 175 01010111
48 11110000 49 11110001 50 11110010 51 11110011 | 176 01011000 177 01011007 178 01100010 179 01100011
52 11110100 53 11110101 54 11110110 55 11110111 | 180 01100100 181 01100101 182 01100110 183 01100111
56 11117000 57 11111001 58 01111010 59 01011110 | 184 01101000 185 01101001 186 01110000 187 01110001
60 01001100 61 01111110 62 01101110 63 01101111 | 188 01110010 189 01110011 190 01110100 191 01110101
64 01111100 65 11000001 66 11000010 67 11000011 [ 192 01110110 193 01110111 194 01111000 195 10000000
68 11000100 69 11000101 70 11000110 71 11000111 | 196 10001010 197 10001011 198 10001100 199 10001101
72 11001000 73 11001001 74 11010001 75 11010010 | 200 10001110 201 10001111 202 10010000 203 10011010
76 11010011 77 11010100 78 11010101 79 11010110 | 204 10011011 205 10011100 206 10011101 207 10011110
80 11010111 81 11011000 82 11011007 83 11100010 | 208 10011111 209 10100000 210 10101010 211 10101011
84 11100011 85 11100100 86 11100101 87 11100110 | 212 10101100 213 10101101 214 10101110 215 10101111
88 11100111 89 11101000 90 11101001 91 01001010 | 216 10110000 217 10110001 218 10110010 219 10110011
92 11100000 93 07011010 94 01011111 95 01101101 | 220 10110100 221 10110101 222 10110110 223 10110111
96 01111001 97 1000000™ 98 10000010 99 10000011 | 224 10111000 225 10111001 226 10111010 227 10111011
100 10000100 101 10000101 102 10000110 103 10000111 | 228 10111100 229 10111101 230 10111110 231 10111111
104 10001000 105 10001001 106 10010001 107 10010010 | 232 11001010 233 11001011 234 11001100 235 11001101
108 10010011 109 10010100 110 10070101 111 10010110 | 236 11001110 237 11001111 238 11011010 239 11011011
112 10010111 113 10011000 114 10011001 115 10100010 | 240 11011100 241 11011101 242 11011110 243 11011111
116 10100011 117 10100100 118 10100101 119 10100110 | 244 11101010 245 11101011 246 11101100 247 11101101
120 10100111 127 10101000 122 10101001 123 11000000 | 248 11101110 249 11101111 250 11111010 251 11111011
124 01101010 125 11010000 126 10100001 127 00000111 252 11111100 253 11111101 254 11111110 255 11111111

=
[l ®)
o
Lo
=3~
<=
n

MK2500/2600(P

EBCDIC (ADDRESS) TO ASCII (DATA)

256 00000000 257 00000001 258 00000010 259 00000011 384 11000011 385 01100001 386 01100010 387 01100011
260 10011100 261 00001001 262 10000110 263 01111111388 01100100 389 01100101 390 01100110 391 01100111
264 10010111 265 10001101 266 10001110 267 00001011 | 392 01101000 393 01101001 394 11000100 395 11000101
268 00001100 269 00001101 270 00001110 271 00001111 {396 11000110 397 11000111 398 11001000 399 11001001
272 00010000 273 00010001 274 00010010 275 00010011 | 400 11001010 401 01101010 402 01101011 403 01101100
276 10011101 277 10000101 278 00001000 279 10000111 [404 01101101 405 01101110 406 01101111 407 01110000
280 00011000 281 00011001 282 10010010 283 10001111 [408 01110001 409 01110010 410 11001011 411 11001100
284 00011100 285 00011101 286 00011110 287 00011111 [412 11001101 413 11001110 414 11001111 415 11010000
288 10000000 289 10000001 290 10000010 291 10000011 |416 11010007 417 01111110 418 01110011 419 01110100
292 10000100 293 00001010 294 00010111 295 00011011 |420 01110101 421 01110110 422 01110111 423 01111000
296 10001000 297 10001001 298 10001010 299 10001011 [ 424 01111001 425 01111010 426 11010010 427 11010011
300 10001100 301 00000101 302 00000110 303 00000111 |428 11010100 429 11010101 430 11010110 431 11010111
304 10010000 305 10010001 306 00010110 307 10010011432 11011000 433 11011001 434 11011010 435 11011011
308 10010100 309 10010101 310 10010110 311 00000100 | 436 11011100 437 11011101 438 11011110 439 11011111
312 10011000 313 10011001 314 10011010 315 10011011 (440 11100000 441 11100001 442 11100010 443 11100011
316 00010100 317 00010101 318 10011110 319 00011010 [ 444 11100100 445 11100101 446 11100110 447 11100111
320 00100000 321 10100000 322 10100001 323 10100010 | 448 01111011 449 01000001 450 01000010 451 01000011
324 10100011 325 10100100 326 10100101 327 10100110} 452 01000100 453 01000101 454 01000110 455 01000111
328 10100111 329 10101000 330 01011011 331 00101110 | 456 01001000 457 01001001 458 11101000 459 11101001
332 00111100 333 00101000 334 00101011 335 00100001 [ 460 11101010 461 11101011 462 11101100 463 11101101
336 00100110 337 10101007 338 10101010 339 10101011 | 464 01111101 465 01001010 466 01001011 467 01001100
340 10101100 341 10101101 342 10101110 343 10101111 {468 01001101 469 01001110 470 01001111 471 01010000
344 10110000 345 10110001 346 01011101 347 00100100 | 472 01010001 473 01010010 474 11101110 475 11101111
348 00101010 349 00101001 350 00111011 351 01011110476 11110000 477 11110001 478 11110010 479 11110011
352 00101101 353 00101111 354 10110010 355 10110011 | 480 01011100 481 10011111 482 01010011 483 01010100
356 10110100 357 10110101 358 10110110 359 10110111484 01010101 485 01010110 486 01010111 487 01011000
360 10111000 361 10111001 362 01111100 363 00101100 | 488 01011001 489 01011010 490 11110100 491 11110101
364 00100101 365 01011111 366 00111110 367 00111111 {492 11110110 493 11110111 494 11111000 495 11111001
368 10111010 369 10111011 370 10111100 371 10111101 | 496 00110000 497 00110001 498 00110010 499 00110011
372 10111110 373 10111111 374 11000000 375 11000001 [ 500 00110100 SO1 00110101 502 00110110 503 00110111
376 11000010 377 01100000 378 00111010 379 00100011 | 504 00111000 505 00111001 506 11111010 507 11111011
380 01000000 381 00100111 382 00111101 383 00100010 508 11111100 509 11111101 510 11111110 511 11111111
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MOSTEK

8K-BIT READ ONLY MEMORY

MK30000(P/N)

FEATURES

O High performance replacement for Intel 2308/
8308, and T1 4700

[J 350ns max access time
O Single +5V £10% power supply

O Contact programmed for fast turn-around

DESCRIPTION

The MK 30000 is a 8,192 bit Read Only Memory
designed as a high performance replacement for
the Intel 2308/8308 and the TI 4700. The
MK 30000 is organized as a 1K x 8 array which
makes the device very attractive for use with 8-bit
microprocessors such as the F8, 8080, 6800, Z-80
or any memory application requiring a high per-
formance, high bit density ROM

The device uses a single +6V ( +* 10% tolerance)
power supply. The two chip select inputs can be pro-
grammed for any desired combination of active
high’s or low’s. These programmable chip select
inputs coupled with the three-state TTL compatible
outputs provide a high performance memory circuit
with extremely simple interface requirements.

O Two programmable chip selects
O Inputs and three-state outputs TTL compatible

O Eight bit output for use with microprocessor
systems

O Pin compatible with MK 2708 EPROM

An outstanding feature of the MK 30000 is the use of
contact programming instead of gate mask program-

ming. Since the contact mask is applied at a later
processing stage, wafers can be partially processed
and stored. hen an order is received, a contact

mask, which represents the desired bit pattern, is
generated and applied to the wafers. Only a few
processing steps are left to complete the part. There-
fore, the use of contact programming reduces the
turnaround time for a custom ROM.

The MK 30000 is fabricated with N-channel silicon
gate MOS technology for optimum size and circuit
performance. lon-implantation is utilized to allow
full TTL compatibility at the inputs and outputs. All
inputs are protected against static charge.

FUNCTIONAL DIAGRAM

- RRERERE

A 1 I

- Vee

«———GND

DECDDE

L

CHIP
SELECT
PROG.

Y DECODER  1/16X8

ADDRESS INPUT BUFFERS

~
X DECODER 1/64

8192 BIT
CELL MATRIX
(1024 x 8)

pe—— csi/TSi
CHIP

SELECT
INPUT

BUFFER

fe—— cs2/C52

NOT FOR NEW DESIGN

PIN CONNECTIONS

A, | e 024 vee
Ag 2 [ 123 Ag
As 3 [ 022 Ag
Agd 021 NC
Az5 [ 1 20csI/CSI
A,6 [ MK 019 nNc
A, 7 [] 39000 |0 scs2sCs2
AOB O 117 Os
0,9 [ 116 07
0,10 [ 015 Oe
03l [ 014 o5
Vss 12 [ 013 04

NC = NO CONNECTION

43

=
@
4
©

RAM
MK30000(P/N)




* *Stresses greater than those listed under
ABSOLUTE MAXIMUM RATINGS “Absolute Maximum Ratings’’ may_cause

i i — + permanent damage to the device. This is
Voltage on Any Terminal Relative to Ground......... 0.5V 1o + 7V e e O e vl .l boaras

H H ° tion of the device at these or any other
Operating Temperature TA (Ambient) . . e 0C to +70°C fion of the devic thofse indicatedf other
— i i —_ © ° operating sections of this specification

Storage Temperature — Ceramic (Ambient) ........ 65°Cto + 150°C gperat T ahiod. E)éposurefto absol‘;ﬂg
— H i _ ©, maximum rating conditions for extende

Storage Temperature — Plastic (Ambient). ......... 55°C to +125°C s o e eability.

Power Dissipation . .. .. ...t 1 Watt

RECOMMENDED DC OPERATING CONDITIONS
(Vec =5V +10%;0°C< TA< +70T)

PARAMETER MIN TYP MAX UNITS NOTES
Vce Power Supply Voltage 45 5.0 5.5 Volts 6
ViL Input Logic O Voltage -0.5 0.8 Volts
ViH Input Logic 1 Voltage 2.0 Vce Volts

D C ELECTRICAL CHARACTERISTICS
(Vcc =5V + 10%; 0°C < TA < +70°C)6

PARAMETER MIN MAX UNITS NOTES
lce Ve Power Supply Current 60 mA 1
1) Input Leakage Current 10 uA 2
lo(L) Output Leakage Current 10 uA 3
VoL Output Logic O Voltage 0.4 volts
@ loyT = 3.3mA
VOoH Output Logic 1 Voltage 24 \ele: volts
@ louT = —220 pA

A C ELECTRICAL CHARACTERISTICS
(VcCc=5V+ 10%; °C < TA< +70T)P

PARAMETER MIN MAX UNITS NOTES
tACC Address to output delay time 350 ns 4
tcs Chip select to output delay time 175 ns 4
tco Chip deselect to output delay 150 ns 4
time

CAPACITANCE

PARAMETER TYP MAX UNITS NOTES
CINn Input Capacitance 6 8 pF 5
CouT Output Capacitance 10 15 pF 5
NOTES: 5. Capacitance measured with Boonton Meter or effective capacitance
1. Allinputs 5.5V ; Data Outputs open. calculated from the equation :
2. ViN=0Vto5.5V c = At with current equal to a constant 20mA.
3. Device unselected; VouT = OV to 5.5V. Av
4 Measured with 2 TTL loads and 100pF, transition times = 20ns 6. A minimum 100;15 time delay is required after the application of

Ve (+5) before proper device operation is achieved.
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TIMING DIAGRAM

ViH
ADDRESS v VALID

L

tacce -
tcs—. "—tCD

PROGRAMMABLE Vi VALiD j}(
CHIP SELECTS Vi

DATA OUTPUT

VoL

VoH
—0PEN —

VALID

)— OPEN, -

FIRST CARD
CoLs

MOSTEK 30000 ROM PUNCHED CARD CODING FORMAT (1)
DATA FORMAT 3

INFORMATION FIELD

1-30
31-50
60-72

SECOND CARD

1-30
31-50

THIRD CARD

1-5
33

35

FOURTH CARD

1-9
15-28

35-57

Customer
Customer Part Number
MOSTEK Part Number (2)

Engineer at Customer Site
Direct Phone Number for
Engineer

MOSTEK Part Number (2)
Chip Select One

“1r = CS’] or 0" = ES‘]
Chip Select Two

1" = CSp or 0" = C_§2

Data Format (3)

Logic - (“Positive Logic"”
or “‘Negative Logic"’)
Verification Code (4)

MOSTEK OR INTEL

MOSTEK FORMAT
64 data cards (16 data words/card)
with the following format:

COLS INFORMATION FIELD
1-4 Four digit octal address of
first output word on card
5-7 Three digit octal output
word specified by address in
column 1-4
8-52 Next fifteen output words,
each word consists of three,
octal digits.
NOTES:

1.

2.
3.

Positive or negative logic formats are acc.pted as noted in
the fourth card.

Assigned by MOSTEK ; may be left blen k.

MOSTEK or Intel Punched card codiri; format may be used.
Specify which card format used by pinching either
“MOSTEK' or “Intel"’. Start at colu'mn one.

Punches as: (a) VERIFICATION H QLD - i.e. customer
verification of the data as reproduc ed by MOSTEK is
required prior to production of th'a ROM. To accomplish
this MOSTEK supplies a copy of "its Customer Verification
Data Sheet (CVDS) to the custor ner.

(b) VERIFICATION PROCESYS; - j.e. the customer will
receive a CV DS but productior: will begin prior to receipt
of customer verification; (c) V ERIFICATION NOT
NEEDED - i.e. the customer v/vill not receive a CVDS and
production will begin immed’jately.
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MOGSTEK.

16K-BIT READ-ONLY MEMORY

MK28000(P/N)

FEATURES
O 600 ns Maximum Access Time

O Low Power Dissipation
Active — 0.02 mW/bit Typ.
Inactive — .007 mW/bit Typ.

O EA 4900 and EA 4800 Pin-for-pin Replacement

DESCRIPTION

The MK 28000 is a mask programmable read only
memory utilizing low-threshold lonimplant, P-Channel
technology. The MK 28000 is a pin-for-pin replace-
ment for the EA 4900. The MK 28000 may be organ-
ized as either a 2K x 8 or 4K x 4 memory.

The MK 28000 open drain outputs are divided into
two groups with one Output Enable line controlling
each group of outputs. This feature allows the MK
28000 to be either a 2K x 8 or a 4K x 4 memory with-
out any internal mask changes. For a 2K x 8 organiza-
tion, the Output Enables (OE,, OE,) are tied together.
For a 4K x 4 organization, the four outputs associated
with OE ; are wire-ORed to the four outputs associat-

0O 2K x 8 or 4K x 4 organization with Open Drain
Outputs

O Standard Supplies +5 volts, — 12 volts

O lon-Implanted for Full TTL/DTL Compatibility

ed with OE,. OE jand OE , are inverted with respect
to each other and used as the twelfth address input in
the 4K x 4 organization.

The internal circuitry of the MK 28000 is dynamic.
This features means low standby power consumption
when the ROM is not being addressed.

All inputs are protected against static charge accumu-
lation. Pullup resistors on all inputs are available as
a programmable option.

With no address lead time required, system design is
simplified; address and AR may appear simultaneously.

FUNCTIONAL DIAGRAM

BLOCK DIAGRAM OPEN DRAIN OUTPUT

(EA REPLACEMENT ) vee o€,
. ?9 ?zo
AR O—— ]
ao—2
N 73 —O0!
azo—31 | | |
. outpur [Tz 002
A3 s orivers |1 003
A O—
o8 » = 004
As %3 Al
26 L4 H] :> THRY 20488
" 2 All MEMORY MATRIX
”r O— 2 DECODE
‘. " 5008
2y 0—2 outeut [ Tis 0%
A100—2 007
ao—2 e Oce

vss OF,

NOT FOR NEW DESIGN

PIN CONNECTIONS

Vss | l: . 24 OFE,
A2 [ [] 23 OUT
Az 3] []22 OuT,
As a E :] 21 ouTy
As 5[] | ]20 OUTa
el vkasoo HE T
o 70 e oure
Ao 8 [: 3 17 OUT

Voo 9 [] [Jie ouTq
As 0[] Jis An
Ag 11 E :1 14 OE,
ar 12 [ s AR
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ABSOLUTE MAXIMUM RATINGS

Voltage on any terminal relative to VS . .« vt v vt ittt e e +0.3V to —20V
Operating temperature range (AmbIeNnt) ... ... ottt e et e e e 0°C to 70°C
Storage temperature range (Ambient) Ceramic . .. .. ... ..ottt —65°C to +150°C
Storage temperature range (Ambient) Plastic . ........ ...ttt e —55°C to +125°C
PARAMETER MIN TYP MAX COMMENTS

Vgs |Supply Voltage +4.75V +5V +5.25V

TTL Reference - 0 —
Vg |Supply Voitage —-12.6V —-12Vv —-11.4V
V,_ [Input Voltage, Logic 0" Vaag +.8V

i Pullup resistors toVg{~5K)

V,u |Input Voltage, Logic ““1 Vgs — 1.5V Vss available as an option

ELECTRICAL CHARACTERISTICS
(V ¢g= +6.0V £5%; Vo= OV; V o= —12V £6%; 0°C <T , < 70°C)

PARAMETER MIN TYP MAX COMMENTS
lgss |Supply Current 20 mA 35 mA See Note 1
I gg |Supply Current —20 mA —35mA Inputs at Vgg
I gg |Supply Current (Standby) 7 mA 12 mA See Note 1
Cin Input Capacitance (Address & OE’s) 8 pF 10 pF See Note 2
Cin Input Capacitance (AR) 12 pF 15 pF See Note 2
I'\n  |Input Leakage 10 uA See Note 3
Rin Input Pullup Resistors 3 KQ 11KQ Optional
Voy |Output Voltage, Logic “1” 2.4V See Note 4
I oo |Output Leakage Current —10 A +10uA \(/oou;)\.\l/tisd—i.sgglleg/)(\ =25C
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PARAMETER MIN TYP MAX COMMENTS
tpp AR Precharge Time 400 ns ce}
te Cycle Time Tus+ttt tacc tewttrtte
tacc |Access Time 600 ns See note 4
tp Address Lead Time 0
typ |Address Hold Time 250 ns =
— E o
t AR Rise Time 100 ns DSS
i $28
te AR Fall Time 100 ns 259
s
thyoLp |Data Output Valid Time 2us See note 5
teo Output Disable Time 300 ns  [See note 4
tor Output Reset Time 75 ns 400 ns  |See note 4
NOTES:

1. Outputs disconnected with no internal pullup resistors.
2.V gias —Vgg=0Vif=1MHz

3. This parameter is for inputs without pullups (optional)
4. With test circuit shown below
5

. or, until the next precharge + TOR [if AR makes a negative transition before tHQLp (min) has elapsed].

TIMING TEST CIRCUIT
te
tr—sf tow jo—tr
ADDRESS 35y T
READ 8
Lo je— tho—»f OPEN DRAIN OUTPUTS
_______________ Y 6.8K
ADDRESS 35N / Voe
INPUTS o N )
——————————————— = Ml AdomEss | """ " T """ Tt m-m-------—- OUTPUT
OUTPUT |DISABLED VALID

outpuT ~ T T T T T TT T T T TS Ay B Vit Mttt
ENABLE o

DATA 24 OUTPUT | INHIBITED
OUTPUT 04

QUTPUT S.i/ \
ENABLE
_______________ Y
t

— tor r—’ Ace DATA VALID
w777 24
ouTPUT 04

Pt oLo
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MOSTEK 28000 ROM Punched Card Coding Format!

First Card Third Card

Cols  Information Field 15 MOSTEK Part Number? 5
1-30 Customer 33 Input Pullups (0 = no, 1 = yes, 2 = Selectable Pull-up Option)
31-50 Customer Part Number

60-72 MOSTEK Part Number2 Fourth Card

Second Card 19 Data Format3

15-28 ) Logic — (“Positive Logic’ or ‘’Negative Logic”)
1-30 Engineer at Customer Site 35-57  Verification Code
31-50 Direct Phone Number for Engineer

Data Cards
MOSTEK Format or EA Format

1-4 Decimal Address
613 Output 08-01 (MSB Thru LSB)
15-17  Octal Equivalent of Output Data

NOTES: 1. Positive or negative logic formats are accepted as noted in the fourth card. 5. Columns 34-47 represent A1-A11, AR, OE1, OE2
2. Assigned by MOSTEK; may be left blank. respectively. 0= No pull-up, 1 = Pull-up
3. MOSTEK or Electronic Arrays Punched card coding format may be used.
Specify which card format used by punching either “MOSTEK" or “EA™.
Start at column one.
4. Punches as:

(a) VERIFICATION HOLD — i.e. customer verification of  (b) VERIFICATION PROCESS — i.e. the customer will re-

the data as reproduced by MOSTEK is required prior to ceive a CVDS but production will begin prior to receipt
production of the ROM. To accomplish this MOSTEK of customer verification

supplies a copy of its Customer Verification Data Sheet (c) VERIFICATION NOT NEEDED — i.e. the customer will
(CVDS) to the customer. not receive a CVDS and production will begin immediately.
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16K-BIT READ ONLY MEMORY

MK31000(P/N)-3

FEATURES

O High performance replacement for Intel 2316 A/
8316A and General Instrument RO-3-8316A

[J Maximum access time 550ns
O Single +5V +10% power supply
O Contact programmed for fast turn-around

DESCRIPTION

The MK 31000 is a 16,384 bit Read Only Memory
designed as a high performance replacement for the
Intel 2316A/8316A and the General Instrument
RO-3-8316A. The MK 31000 is organized as a
2K x 8 array which makes the device very attractive
for use with 8 bit microprocessors such as the F8,
8080, 6800, Z-80 or any memory application requir-
ing a high performance, high bit density ROM.

The device uses a single +5 volt ( £ 10% tolerance)
power supply. The three chip select inputs can be
programmed for any desired combination of active
high’s or low’s. These programmable chip select
inputs coupled with the three-state TTL compatible
outputs provide a high performance memory circuit

with extremely simple interface requirements.

O Three programmable chip selects

O Inputs and three-state outputs TTL compatible
O Outputs drive 2 TTL loads and 100pF

O Low power

O Eight bit output for use with microprocessor
systems

An outstanding feature of the MK 31000 is the use of
contact programming instead of gate mask program-

ming. Since the contact mask is applied at a later
processing stage, wafers can be partially processed
and stored. hen an order is received, a contact

mask, which represents the desired bit pattern, is
generated and applied to the wafers. Only a few
processing steps are left to complete the part. There-
fore, the use of contact programming reduces the
turnaround time for a custom ROM.

The MK 31000 is fabricated wtth N channel silicon

gate MOS technology for upumulu sizé and circuit
performance. lon-implantation is utilized to allow

full TTL compatibility at the inputs and outputs. All
inputs are protected against static charge.

FUNCTIONAL DIAGRAM

o o o o o ©0 O 0
"2 3 a4 s e 7 8

i | | |
A 7.’— . “’_W} ouTpuT BUFFERS oeeooe

Rl

cHip

seLect
l | | PRoG
1 1

-0 Ve

«——0GND

T

|

Y OECODER 1| OF 16X 8

ADDRESS INPUT BUFFERS

16,384 BIT fo——— cs /G5,
CELL MATRIX

cHip
SELECT

X DECODER 1/128

weur [ €5 /53,

BUFFERS

s}
3

PIN CONNECTIONS

o 4] vee
& &,

g o,

] 7] o

& [ o,

d I8l 0,

MK 31000

o oEe

G o,

& [ es 5,
g [ [9) cs , 28,
6N [iz] [3] cs 75,
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Terminal Relative to Ground. ... ...

Operating Temperature TaA (Ambient)

—0.5V to +7V
0°C to +70°C

Storage Temperature (Ambient) Ceramic ........ —65°C to +150°C
Storage Temperature (Ambient) Plastic. ......... —55°C to +125°C

*Stresses greater than those listed under
“Absolute Maximum Ratings’’ may cause
permanent damage to the device. This is
a stress rating only and functional opera-
tion of the device at these or any other
conditions above those indicated in the
operating sections of this specification
is not implied. Exposure to absolute
maximum rating conditions for extended

Power Dissipation . . ......... . it e 1w periods may affect device reliability.
RECOMMENDED D C OPERATING CONDITIONS
(Vcc=5V+10%;0°C <TA<+70C)
PARAMETER MIN TYP MAX UNITS NOTES
Vce Power Supply Voltage 4.5 5.0 5.5 Volts
ViL Input Logic 0 Voltage -0.5 0.8 Volts
VIH Input Logic 1 Voltage 2.0 Vce Volts
D C ELECTRICAL CHARACTERISTICS
(Vcc =5V £ 10%;0°C < Ta < +70°C)
PARAMETER MIN MAX UNITS NOTES
lcc V¢ Power Supply Current 60 mA 1
L) Input Leakage Current 10 uA 2
lo() ‘Output Leakage Current 10 uA 3
VoL Output Logic 0 Voltage 0.4 volts
@ loyT = 3.3mA
VoH Output Logic 1 Voltage 2.2 Vce volts
@ louT = —220 A
A C ELECTRICAL CHARACTERISTICS
{(Vcc=5V + 10%;0T< Ta <+70T)
PARAMETER MIN MAX UNITS NOTES
tACC Address to output delay time 550 ns 4
tcs Chip select to output delay time 250 ns 4
tCD Chip deselect to output delay 150 ns 4
time
CAPACITANCE
PARAMETER TYP MAX UNITS NOTES
Cin Input Capacitance 6 8 pf
CouT Output Capacitance 10 15 pf
NOTES:
1. Allinputs 5.5V ; Data Outputs open.
2. Vih =0V tob5.5V.
3. Device unselected; Vgyt =0V to 5.5V
4. Measured with 2 TTL loads and 100pf. 1At
5. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation-C =av

with current equal to a constant 20mA.
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TIMING DIAGRAM

ADDRESS

VALID
ViL

tacc — o

tes —o tep —m
PROGRAMMABLE ViH VAL
CHIP SELECTS Vi vALo
VoH y
DATA OUTPUT = OPEN { VALID y—— OPEN —

MOSTEK 31000 ROM PUNCHED CARD CODING FORMAT (1)

FIRST CARD
CoLs

INFORMATION FIELD

1-30
31-50
60-72

SECOND CARD
1-3

31-5

o

o

THIRD CARD

1-5
33

35

37

FOURTH CARD

1-9
15-28

35.57

Customer
Customer Part Number
MOSTEK Part Number (2)

Enninaar at Ciictamar Qita
Engineer at Customer Site
Direct Phone Number for
Engineer

MOSTEK Part Number (2)
Chip Select One

1" =CS1 or 0" =C5q
Chip Select Two

1" =CS2 or 0" =CS2
Chip Select Three

1" = CS3 or “0” = CS3

Data Format (3)

Logic - (““Positive Logic”
or “Negative Logic"’)
Verification Code (4)

DATA FORMAT
MOSTEK OR INTEL
MOSTEK FORMAT
128 data cards (16 data words/card)

with the following format:

coLs INFORMATION FIELD

1-4 Four digit octal address of
first output word on card
5-7 Three digit octal output
word specified by address in
column 1-4
8-52 Next fifteen output words,
each word consists of three
octal digits.

NOTES:

1. Positive or negative logic formats are accepted as noted in
the fourth card.

2. Assigned by MOSTEK; may be left blank.

3. MOSTEK or Intel Punched card coding format may be used.
Specify which card format used by punching either
“MOSTEK" or “Intel’’. Start at column one.

4. Punches as: (a) VERIFICATION HOLD - i.e. customer
verification of the data as reproduced by MOSTEK is
required prior to production of the ROM. To accomplish
this MOSTEK supplies a copy of its Customer Verification
Data Sheet (CVDS) to the customer.

(b) VERIFICATION PROCESS - i.e. the customer will
receive a CV DS but production will begin prior to receipt
of customer verification; (c) VERIFICATION NOT
NEEDED - i.e. the customer will not receive a CVDS and
production will begin immediately.
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16K-BIT READ ONLY MEMORY

MK34000(P/N)-3

FEATURES

O 2K x 8 organization with static interface
J 350ns max access time
O Single +5V = 10% power supply

0O 330mW max power dissipation

DESCRIPTION

The MK 34000 is a new generation N-channel silicon
gate MOS Read Only Memory circuit organized as
2048 words by 8 bits. As a state-of-the-art device,
the MK 34000 incorporates advanced circuit tech-
niques designed to provide maximum circuit density
and reliability with highest possible performance,
while maintaining low power dissipation and wide
operating margins.

The MK 34000 requires a single +5 volt ( + 10%
tolerance) power supply and has complete TTL
compatibility at all inputs and outputs (a feature
made possible by MOSTEK’s lon-implantation
technique). The three chip select inputs can be
programmed for any desired combination of active
high’s or low’s or even an optional “DON'T CARE"
state. The convenient static operation of the
MK 34000 coupled with the nrnnrzmmahlp chip

select inputs and “three-state TTL compatlble outputs
results in extremely simple interface requirements.

O Contact programmed for fast turn-around
O Three programmable chip selects
O Inputs and three-state outputs—T TL compatible

O OQutputs drive 2 TTL loads and 100pF
O RAM/EPROM pin compatible

An outstanding feature of the MK 34000 is the use
of contact programming over gate mask programming.
Since the contact mask is applied at a later processing
stage, wafers can be partially processed and stored.
When an order is received, a contact mask, which
represents the desired bit pattern, is generated and
applied to the wafers. Only a few processing steps
are left to complete the part. Therefore, the use of
contact programming reduces the turnaround time
for a custom ROM.

Any application requiring a high performance, high
bit density ROM can be satisfied by this device. The
MK 34000 is ideally suited for 8-bit microprocessor
systems such as those which utilize the Z80 or F8.
The MK 34000 also provides significant cost advan-
tages over PROM.

FUNCTIONAL DIAGRAM

[
40 030405060708

PIN CONNECTIONS

2 -——Vcc
r_‘ I | l 1 ‘ l l <——GND Az I (e 0 24 Vcc

Ao OUTPUT BUFFERS o;cswi Ag 2 123 A 8
ny—] As 30 022 Ag
"y —| Ag 4 1 21cs3/Cs3 Nc*
R Y DECODER 1/16X8 J Az 5 [ ] 20csi1/TST NC*
T | @ CHIP

8 SELECT Az 6 [ MK 019 A
Ag™1 5 PROG. == »

2 A, 7 | 34000 |[] 18 cs2/Cs2 NC
a5 L]
B 2 Ao 8 [] D17 osg
e Fim 11 0 9 [ Oie o7
a,— 87 8 0z 10[] 015 06

= 16,384 BIT le——— csi/gsi/ne
A, é CELL MATRIX cHp 03 g Hi4 o 5
N B g S‘E‘;EJCTT le—— cs2/Cs2/Nc* GND 12 [ H13 Og4
I - BUFFER
Ao [e— csa/cs3/ne *Programmable Chip Selects
S— —
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ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under

“’Absolute Maximum Ratings’’ may cause

Voltage on Any Terminal Relative to Ground......... —0.5V to + 7V ges';?easf;e?;ﬁf‘;m:'gfy ‘;néhfeuﬁi‘{;if,f.g ’ Egiesrf_
Operating Temperature TA (Ambient) ............... 0C to+70°C tion of the device (2 these or any other
Storage Temperature — Ceramic (Ambient) ........ —65°Cto + 150°C f;per:g‘t‘"?m;ﬁ‘;g‘_’“s E‘;fp his specification
Storage Temperature — Plastic (Ambient).......... —55°C to +125°C g‘:,’i‘f,'é‘su"’mf,fi"gaﬁggtdité%'&?céorr:ﬁatﬁﬂ?fﬂ
Power Dissipation . .. ...ttt 1 Watt

RECOMMENDED DC OPERATING CONDITIONS
(Vcc=5V+10%;0°C< TA< +70T)

PARAMETER MIN TYP MAX UNITS NOTES
Vce Power Supply Voltage 4.5 5.0 5.5 Volts 6
Vi Input Logic O Voltage -0.5 0.8 Volts
ViH Input Logic 1 Voltage 2.0 Vce Volts

D C ELECTRICAL CHARACTERISTICS
(Ve =5V + 10%; 0°C < Ta < +70°C)6

PARAMETER MIN MAX UNITS NOTES
lce V¢ Power Supply Current 60 mA 1
T} Input Leakage Current 10 A 2
lo(L) Output Leakage Current 10 nA 3
VoL Output Logic 0 Voltage 0.4 volts
@ loyT = 3.3mA
VOH Output Logic 1 Voltage 2.4 Vce volts
@ lQUT = —220 A

AC ELECTRICAL CHARACTERISTICS
(Vcc=5V+ 10%;0°C< TA< +70TC)0

PARAMETER MIN MAX UNITS NOTES
tACC Address to output delay time 350 ns 4
tcs Chip select to output delay time 175 ns 4
tco gtrjnlg deselect to output delay 150 ns 4

CAPACITANCE

PARAMETER TYP MAX UNITS NOTES
Cin Input Capacitance 6 8 pF 5
CouTt Output Capacitance 10 15 pF 5
NOTES: 5. Capacitance measured with Boonton Meter or effective capacitance
1. Allinputs 5.5V ; Data Outputs open. calculated f"°f“ the equation :
2. V|N=0V to5.5V (Ve = 5V) c=1 At with current equal to a constant 20mA.
3. Device unselected; VouT = OV to 5.5V. Av .
4. Measured with 2 TTL loads and 100pF, transition times = 20ns 6. A minimum 100 us time delay is required after the application of

Ve (+5) before proper device operation is achieved.




TIMING DIAGRAM

ViH
ADDRESS v VALID

IL

tacc
tes q teo -

PROGRAMMABLE ViH
CHIP SELECTS ViL VALID g

VoH

A -

DATA OUTPUT VoL OPEN VALID }}——OPEN

* The chip select inputs can be user programmed so that either the input is enabled by a Logic 0 voltage (VipL),
a Logic 1 voltage (V|H), or the input is always enabled (regardless of the state of the input). See chart below
for programming instructions.

FIRST CARD
COLS

1-30
31-50
60-72

SECOND CARD

1-30
31-50

THIRD CARD

1-5
33

35

37

FOURTH CARD
1-9
15-28

35-57

INFORMATION FIELD

Customer
Customer Part Number
MOSTEK Part Number (2)

Engineer at Customer Site
Direct Phone Number for
Engineer

MOSTEK Part Number (2)
Chip Select One o
“1"=CS1or 0" =CSy
or ““2"" = Don’t Care

-Chip Select Two
1" =CS2 or “0” = CS2
or ‘“2'" = Don’t Care

Chip Select Three

“1" =CS3 or 0" = C53
or ‘2" = Don’t Care

Data Format (3)
Logic - (““Positive Logic”

or “Negative Logic”’)
Verification Code (4)

MOSTEK 34000 ROM PUNCHED CARD CODING FORMAT M

DATA FORMAT
128 data cards (16 data words/card)
with the following format:

COoLS INFORMATION FIELD
1-4 Four digit octal address of
first output word on card
5-7 Three digit octal output
word specified by address in
column 1-4
8-52 Next fifteen output words,
each word consists of three
octal digits.
NOTES:

1.

Positive or negative logic formats are accepted as noted in
the fourth card.

2. Assigned by MOSTEK ; may be left blank.
3. MOSTEK punched card coding format should be used.

Punch “MOSTEK'’ starting in column one.

4. Punches as: (a) VERIFICATION HOLD - i.e. customer

verification of the data as reproduced by MOSTEK is
required prior to production of the ROM. To accomplish
this MOSTEK supplies a copy of its Customer Verification
Data Sheet (CVDS) to the customer.

(b) VERIFICATION PROCESS - i.e. the customer will
receive a CV DS but production will begin prior to receipt
of customer verification; (c) VERIFICATION NOT
NEEDED - i.e. the customer will not receive a CVDS and
production will begin immediately.
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MOGSTEK.

64K-BIT READ-ONLY MEMORY

MK36000(P/N)-4/5

FEATURES

O MK36000 8K x 8 Organization—
"’Edge Activated’”’ * operation (CE)

O Access Time/Cycle Time

P/N Access Cycle
MK36000-4 250ns 375ns
MK36000-5 300ns 450ns

O Single +56V = 10% Power Supply
O Standard 24 pin DIP (EPROM Pin Out Compatible)

DESCRIPTION

The MK36000 is a new generation N-channel silicon
gate MOS Read Only Memory, organized as 8192
words by 8 bits. As a state-of-the-art device, the MK
36000 incorporates advanced circuit techniques de-
signed to provide maximum circuit density and re-
liability with the highest possible performance, while
maintaining low power dissipation and wide operating
margins.

The MK36000 utilizes what is fast becoming an
industry standard method of device operation. Use
of a static storage cell with clocked control periphery
allows the circuit to be put into an automatic low

nowar

power Sta"duyl mode. Thic ic ancomnlichad hu mai

This is accomplished main-

taining the chip enable (CE) inputata TTL hlgh level.
In this mode, power dissipation is reduced to typi-
cally 35mW, as compared to unclocked devices which

Low Power Dissipation - 220mW Max Active

0 Low Standby Power Dissipation—35mW Max.

(CE High)
On chip latches for addresses

Inputs and three-state outputs-TTL compatible

O Outputs drive 2 TTL loads and 100 pF

draw full power continuously. In system operation,
a device is selected by the CE input, while all others
are in a low power mode, reducing the overall system
power. Lower power means reduced power supply
cost, less heat to dissipate and an increase in device
and system reliability.

The edge activated chip enable also means greater
system flexibility and an increase in system speed.
The MK36000 features onboard address latches
controlled by the CE input. Once the address hold
time specification has been met, new address data
can be applied in anticipation of the next cycle.
Qutputs can be wire- ‘OR’ed together, and a specific
device can be selected by utilizing th_e_C—E input with
no bus conflict on the outputs. The CE input allows
the fastest access times yet available in 5 volt only

FUNCTIONAL DIAGRAM (MK 36000)

AadRidly

OUTPUT BUFFERS

¥ DECODER -— Ve

1/32x8 - Vas

65536 BIT
CELL MATRIX

X DECODER

ADDRESS INPUT BUFFERS AND LATCHES
1/256

CHIP  ENABLE
BUFFER 8 CLOCK

T

[

PIN CONNECTIONS

Aq I e 0 24 vee
Ae 2 [ 023 Ag
As 3 0 022 Ag
Ag 4 0 21 A12
Az 5 [ ] 20 CE
Ay 6 [ MK 019 Ap
Ay 7 | 3e000 |{018 Ay,
Ao 8 [ D17 Og
0 9 [ N6 07
(o193 100 115 Oe
O3 g D14 0s
GND 12 [ N13 Og4

* Trademark of Mostek Corporation
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ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under

“Absolute Maximum Ratings’’ may cause

i i — permanent damage to the device. This is

Voltage on Any Terminal Relativeto VSS .......... 10V to + 7V sl S b s e opera
i i °© °© tion of the device at these or any other
Operating Temperature TA (Ambient) . ............. 0°Cto+70°C tion of the device at d indicatedf Other
— i i — O ° operating sections of this specification

Storage Temperature Ceramlc (Am'blent) ........ 6? Cto + 15(10» ot imptied " Exposure 5o abeoliie
Storage Temperature — Plastic (Ambient)......... —b55°C to + 125°C maximum rating conditions for extended

.. . periods may affect device reliability.
Power Dissipation . .. ...ttt 1 Watt

RECOMMENDED DC OPERATING CONDITIONS®
(0°C<TA< +70°C)

PARAMETER MIN TYP MAX UNITS NOTES
Vce Power Supply Voltage 4.5 5.0 5.5 Volts 6
ViL Input Logic O Voltage -1.0 0.8 Volts
VIH Input Logic 1 Voltage 2.0 Vce Volts

D C ELECTRICAL CHARACTERISTICS
(Ve =5V + 10%) (0°C<Ta<+70°C)®

PARAMETER MIN TYP MAX UNITS NOTES
Icc Ve Power Supply Current (Active) 40 mA 1
lcc2 V¢ Power Supply Current (Standby) 8 mA 7
(L) Input Leakage Current -10 10 MA 2
10(L) Output Leakage Current —-10 10 uA 3
VoL Output Logic ‘0" Voltage 0.4 volts

@ loyT =3.3mA
VOH Output Logic ‘1" Voltage 2.4 volts

@ loyuT = —220 pA

A C ELECTRICAL CHARACTERISTICS
(Vo= 5V + 10%) (0°C< Ta< +70°C)8

4 5
PARAMETER UNITS| NOTES
MIN MAX| MIN MAX

tc Cycle Time 375 450 ns 4
tce | CE Pulse Width 250 300 4
tac | CE Access Time 250 300 ns 4
tOFF| Output Turn Off Delay 60 75 ns 4
tAH | Address Hold Time Referenced to CE 60 75 ns
tAS | Address Setup Time Referenced to CE 0 0 ns
tp CE Precharge Time 125 150 ns
NOTES:
1. Current is proportional to cycle rate. Icc) is measured at the 6. A minimum 100 us time delay is required after_the application of V¢ (+5)

specified minimum cycle time. before proper device operation is achieved. CE must be at VIH for this
2. V)N =0V t0 5.5V (Vi = 5V) time period.
3. Device unselected; VoyT = OV to 5.5V 7. CE high.
4. Measured with 2 TTL loads and 100pF, transistion times = 20ns
5. Capacitance measured with Boonton Meter or effective capacitance

calculated from the equation:
C :.égwith AV = 3 volts
AV
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CAPACITANCE
(°C< TA< 70°C)

PARAMETER MAX UNITS NOTES
Cl Input Capacitance 8 pF 5
co Output Capacitance 15 pF 5
TIMING DIAGRAM
Vv o0
- )
CHIP ENABLE V"" K 3
IL- K ©
e———— TCE [~ tp ——
tAS le—tAH < {OFF >
ADDRESS ViH=
VALID
it B U Y,
et
VoH-
DATA OUTPUT VoL < OPEN VALID >—OPEN——

MK36000 ROM PUNCHED CARD CODING FORMAT (1 & 6)

FIRST CARD
COoLS

INFORMATION FIELD

1-30
31-50
60-72

SECOND CARD
1-30
31-50
THIRD CARD
1-5
FOURTH CARD
19
15-28

35-57

DATA FORMAT

Customer
Customer Part Number
MOSTEK Part Number (2)

Engineer at Customer Site
Direct Phone Number for
Engineer

MOSTEK Part Number (2)

Data Format (3)

Logic - ("Positive Logic”
or “‘Negative Logic"’)
Verification Code (4)

512 data cards (16 data words/card) with the

following format:

CoLS INFORMATION FIELD
1-4 Four digit octal address of
first output word on card
5-7 Three digit octal output
word specified by address in
column 1-4
8-52 Next fifteen output words,
each word consists of three
octal digits.
NOTES:

1.

2.

3.

Positive or negative logic formats are accepted as noted in
the fourth card.

Assigned by MOSTEK ; may be left blank.

MOSTEK punched card coding format should be used.
Punch “MOSTEK"' starting in column one.

Punches as: (a) VERIFICATION HOLD - i.e. customer
verification of the data as reproduced by MOSTEK is
required prior to production of the ROM. To accomplish
this MOSTEK supplies a copy of its Customer Verification
Dsta Sheet (CVDS) to the customer.

(b) VERIFICATION PROCESS - i.e. the customer will
receive a CV DS but production will begin prior to receipt
of customer verification; (c) VERIFICATION NOT
NEEDED - i.e. the customer will not receive a CVDS and
production will begin immediately.

. 512 cards for MK 36000

. Please consult MOSTEK ROM Programming Guide for

further details on other formats.
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DESCRIPTION (Continued)

ROM’s and imposes no loss in system operating
flexibility over an unclocked device.

Other system oriented features include fully TTL
compatible inputs and outputs. The three state
outputs, controlled by the CE input, will drive a

minimum of 2 standard TTL loads. The MK36000
operates from a single +5 volt power supply with a
wide + 10% tolerance, providing the widest operating
margins available. The MK36000 is packaged in the
industry standard 24 pin DIP.

Any application requiring a high performance, high
bit density ROM can be satisfied by the MK36000
ROM. This device is ideally suited for 8 bit micro-
processor systems such as those which utilize the

Z-80. It can offer significant cost advantages over
PROM.

OPERATION

The MK36000 is controlled by the chip enable (CE)
input. A negative going edge at the CE input will
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activate the device as well as strobe and latch the in-
puts into the onchip address registers. At access
time the outputs will become active and contain the
data read from the selected location. The outputs
will remain latched and active until CE is returned to
the inactive state.

Programming Data

MOSTEK is now able to utilize a wide spectrum of
data input formats and media. Those presently
available are listed in the following table:

Table 1

Acceptable Media Acceptable Format

CARDS MOSTEK
PAPER TAPE INTEL CARD
PROMS INTEL TAPE
DATA LINK EA

MOSTEK F-8

MOTOROLA 6800










MOSITEK

2048 x 8 BIT PROM

Electrically Programmable/Ultraviolet Erasable ROM

MK2716 (T)-6/7/8

FEATURES O Power Down mode: 132 mW max standby
O Replacement for popular 2048 x 8 bit 2716 type O Three State Output OR-tie capability
EPROM O Five modes of operation for greater system

O Single +5 volt power supply during READ operation flexibility (see Table) )
. . . . = ~N
O Fast Access Time in READ mode 0O Single programming requvremeng:osmgle | @ s
. location programming with one msec pulse c =
P/N Access Time prog 9 P g 8 s
MK2716-6 350ns O Pin Compatible with MK34000 16K ROM QX
MK2716-7 390ns e . & §
MK2716-8 450ns 0O TTL compatible in all operating modes s
O Low Power Dissipation: 525 mW max active O Standard 24 pin DIP with transparent lid
MODE SELECTION
DESCRIPTION e —
PIN CE/PGM OE | VPP OUTPUTS
. . . o 18 20) | (21
The MK2716 is a 2048x8 bit electrically Mope as) (200] 21
programmable/ultraviolet erasable Read Only Memory. READ VIL VIL | +5 Valid Out
The circuit is fabricated with MOSTEK's advanced N- STANDBY ViR Dontl +5 Open
channel silicon gate technology for the highest Care
pgrfqr_mance and reliability. Tht_a MK2716_ offers PROGRAM Potsed vin | 28 nput
significant advances over hardwired logic in cost, VIL to VIH
system flexibility, turnaround time and performance. -
PROGRAM VL VIL | +25 Valid Out
VERIFY
The MK2716 has many useful system oriented features
including a STANDBY mode of operation which lowers FROSRAM Vi VIH | +28 Open
the device power from 525 mW maximum active power
to 132 mW maximum for an overall savings of 75%. VCC(24) = 5V all modes
BLOCK DIAGRAM 00 THRU 07 PIN OUT
{ w Ve
<«—GND
e == - D
Ag 20 ] 23 Ag
SN ouTPUT n aQ D 2 A
J— POWER DOWN,
CE/PGM PRI%%FTQM {INPUT IN PGM MODE) A4 4 C 3 21 V_PP
A3 50 ] 20 OE
........ A2 6 [ O (19 A1g
(—] A CE
——>{ Y DECODER Y SELECT 1 7 C :] 8 Ce
—> Ao 80 117 07
........ oo 90 116 0p
Ao 01 10 N 15 05
THRU < - 02 110 ] 14 04
A .
10 . X : 16,384 BIT GND 12 ;1 13 03
" JlpecoDER| . CELL MATRIX
— : Ag-A10 ADDRESSES
—] : CE/PGM CHIP ENABLE/PROGRAM
\__ OE OUTPUT ENABLE
NOTE: Pin 18 and 20 have been renamed for compatibility with pre- 0g-07 OUTPUTS

sently available 16K, 32K and 64K ROMs and future generation 32K
and 64K EPROMs. All other specifications for this device remain unaf-
fected by this change.
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relativetoVSS...................... -0.3V to +6V
(Except VPP)
Voltage on VPP supply pin relative to VSS.............. -0.3V to +28V

................ 0°C = TA <70°C
-55°C < TA <+125°C
1 Watt

Operating Temperature TA (Ambient)
Storage Temperature (Ambient)
Power Dissipation
Short Circuit Output Current

READ OPERATION

*Stresses greater than those listed under
“Absolute Maximum Ratings”* may cause
permanent damage to the device. This is a
stress rating only and functional operation of
the device at these or any other conditions
above those indicated in the operating sections
of this specification is not implied. Exposure to
absolute maximum rating conditions for
extended periods may affect device reliability.

RECOMMENDED D.C. OPERATING CONDITIONS AND CHARACTERISTICS'.2.4.8

(0°C < TA < 70°C) (VCC = +bV +5%, VPP = VCC £ 0.6V)3

SYMBOL PARAMETER MIN TYP MAX UNITS NOTES
VIH Input High Voltage 2.0 Vcet+1 Volts
VIL Input Low Voltage -0.1 0.8 Volts
ICC1 VCC Standby Power Supply Current 10 25 mA 2
(OE = VIL; CE = VIH)
ICC2 VCC Active Power Supply Current 57 100 mA 2
(OE = CE = VIL)
IPP1 VPP Current (VPP = 5.85V) 5 mA 2,3
VOH Output High Voltage 2.4 Volts
(IOH = -100 pA)
VOL Output Low Voltage .45 Volts
(IOL = 2.1mA)
L Input Leakage Current 10 MA
(VIN = 5.25V)
[o] R Output Leakage Current 10 uA
(VOUT = 5.25V)
A.C. CHARACTERISTICS".2.5
(0°C = TA = 70°C) (VCC = +5V £ 5%, VPP = 5V + 0.6V)3
-6 -7 -8
SYMBOL | PARAMETER MIN | MAX | MIN | MAX | MIN | MAX | UNITS | NOTES
tACC Address to Output Delay 350 390 450 ns
(CE = OE VIL)
tCE CE _to Output Delay 350 390 450 ns 6
(OE = VIL)
tOE Qutput Enable to Output Delay 120 120 120 ns 10
(CE = VIL)
tIDF Chip Deselect to Output Float 0 100 0 100 0 100 ns 9
(CE = VIL)
tOH Address to Output Hold 0 0 0 ns
(CE = OE = VIL)
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CAPACITANCE
(TA = 25°C)8

SYMBOL PARAMETER TYP MAX UNITS NOTES

CiN
Court

Input Capacitance 4 6 pF 7
Qutput Capacitance 8

NOTES:
1. VCC must be applied on or before VPP and removed after or at the same time as VPP.
. VPP and VCC may be connected together except during programming, in which case the supply current is the sum of Icc and Ipp1.
. The tolerance on VPP is to allow use of a driver circuit to switch VPP from VCC to +25V in the READ and PROGRAM mode respectively.
. All voltages with respect to VSS.
. Load conditions = ITTL load and 100pF., tr = tf = 20ns, reference levels are 1V or 2V for inputs and .8V and 2V for outputs.
tOE is referenced to CE or the addresses, whichever occurs last.
. Effective Capacitance calculated from the equation C = £Q where AV = 3V
. Typical numbers are for TA = 25°C and VCC = 5.0V AV
. 1DF is applicable to both CE and OE, whichever occurs first.
. OE may follow up to tACC - tOE after the falling edge of CE without effecting tACC

=
o
o
a

TIMING DIAGRAMS
READ CYCLE (CE =VyL)

Vin —-/ r
ADDRESSES
Vi~

=
o)
)

X
)
<
o
N

MK2716(T)-6.7/8

ld——‘OE —

l«———————tAcc————— >

\ VALID

v
OH =~ OPEN

OUTPUT

VoL~

STANDBY POWER
DOWN MODE
(OE = \TR]

Vi —

ADDRESS VALID VALID

Vi —

cE STANDBY ACTIVE STANDBY

tpF

OUTPUT

VALID
FOR CURRENT
ADDRESS

OPEN

VALID
FOR CURRENT
ADDRESS




PROGRAM OPERATION®
D.C. ELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS'"2

(TA = 25°C £ 5°C) (VCC = 5V 5%, VPP = 25V £1V)

SYMBOL PARAMETER MIN MAX UNITS NOTES
L Input Leakage Current 10 HA 3
VIL Input Low Level -0.1 0.8 Volts
VIH Input High Level 20 VCC +1 Volts
ICC VCC Power Supply Current 100 mA
IPP1 VPP Supply Current 5 mA 4
IPP2 VPP Supply Current during
Programming Pulse 30 mA 5
A.C. CHARACTERISTICS AND OPERATING CONDITIONS",2,6,7
(TA = 25°C £ 5°C) (VCC = BV £ 5%, VPP = 25V * 1V)
SYMBOL| PARAMETER MIN TYP MAX UNITS NOTES
tAS Address Setup Time 2 us
tOES OE Setup Time 2 us
DS Data Setup Time 2 us
tAH Address Hold Time 2 us
tOEH OE Hold Time 2 us
tDH Data Hold Time 2 us
IDF Output Enable to Output Float 0 120 ns 4
toE Output Enable to Output Delay 120 ns 4
tpw Program Pulse Width 45 50 55 ms
PRT Program Pulse Rise Time 5 ns
tPFT Program Pulse Fall Time 5 ns
NOTES:

1. VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to the device it must not be inserted into a board
with VPP at 25V.

tT = 20nsec

PNeOsON

68

Care must be taken to prevent overshoot of the VPP supply when switching to +25V.
0.45V < VIN < 6.25V
CE/PGM = ViL
CE/PGM = VIH

. 1V or 2V for inputs and .8V or 2V for outputs are used as timing reference levels.
. Although speed selections are made for READ cperation all programming specifications are the same for all dash numbers.



TIMING DIAGRAM
(Program Mode)

PROGRAM
P —_—
ROGRAM ——— 31 VERIEY
Vin —
ADDRESSES ADDRESS N ADDRESS N +m
ViL— 7
DATA OUT
tAS—] e AH—— VALID
ADD X +n
s 2
Vig— { DATA IN X LicH 2 /\ DATA IN
DATA STABLE STABLE
VIL"' ADD X  ~ ADD X +m
toF tog —>| |-— —-»l <—tpF
— Vin—-
OE
V,y —
it s tpw tDH
— — >
t t
OES—> | — | [*— 'oEH—>
CE/PGM Z
Vi 7 N
tPRT —— |€— — |&——tppT

Programming can be done with a single TTL level pulse.

and may be done on any individual location either
sequencially or at random. The three-state output
controlled by the OE input allows OR-tie capability for
construction of large arrays. A single power supply
requirement of +5 volts makes the MK2716 ideally
suited for use with MOSTEK's new 5 volt only
microprocessors such as the MK3880 (Z-80). The
MK2716 is packaged in the industry standard 24 pin
dual-in line package with a transparent hermetically
sealed lid. This allows the user to expose the chip to
ultraviolet light to erase the data pattern. A new pattern
may then be written into the device by following the
program procedures outlined in this data sheet.

The MK2716 is specifically designed to fit those
applications where fast turnaround time and pattern
experimentation are required. Since data may be
altered in the device (erase and reprogram) it allows for
early debugging of the system program. Since single
location programming is available, the MK2716 can
have its data content increased (assuming all 2048
bytes were not programmed) at any time for easy
updating of system capabilities in the field. Once the
data/program is fixed and the intention is to produce
large numbers of systems, MOSTEK also supplies a pin
compatible mask programmable ROM, the MK34000.
To transfer the program datato ROM, the user need only
send the PROM along with device information to
MOSTEK, from which the ROM with the desired pattern
can be generated. This means a reduction in the
possibility of error when converting data to other forms
(cards, tape, etc.) for this purpose. However, data may
still be input by any of these traditional means such as
paper tape, card deck, etc.

READ OPERATION

The MK2716 has five basic modes of operation. Under
normal operating conditions (non-programming) there
are two modes including READ and STANDBY. A READ
operation is accomplished by maintaining pin 18 (CE) at
VIL and pin 21 (VPP) at +5 volts. If OE (pin 20) is held
active low after addresses (AO - A10) have stabilized
then valid output data will appear on the output pins at
access time tACC (address access). In this mode, access
time my be referenced to OE (tOE) depending on when
OE occurs (see timing diagrams).

POWER DOWN operation is accomplished by taking pin
18(CE)to a TTL high level (VIH). The power is reduced by
75% from 525mW maximumto 132mW. In power down
VPP must be at +5 volts and the outputs will be open-
circuit regardless of the condition of OE. Access time
from a high to low transition of CE (tCE) is the same as
from addresses (tACC). (See STANDBY Timing
Diagram).

PROGRAMMING INSTRUCTIONS

The MK2716 as shipped from MOSTEK will be
completely erased. In this initial state and after any
subsequent erasure, all bits will be at a ‘1’ level (output
high). Information is introduced by selectively
programming ‘O’s into the proper bit locations. Once a
‘O’ has been programmed into the chip it may be
changed only by erasing the entire chip with UV light.

Word address selection is done by the same decode
circuitry used in the READ mode. The MK2716 is put
into the PROGRAM mode by maintaining VPP at +25V,
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and OE at VIH. In this mode the output pins serve as
inputs (8 bits in parallel) for the required program data.
Logic levels for other inputs and the VCC supply voltage
are the same as in the READ mode.

The program a “byte’ (8 bits) of data, a TTL active high
level pulse is applied to the CE/PGM pin once addresses
and data are stabilized on the inputs. Each location must
have a pulse applied with only one pulse per location
required. Any individual location, a sequence of
locations or locations at random may be programmed in
this manor. The program pulse has a minimum width of
45msec and a maximum of 55msec, and must not be
programmed with a high level D.C. signal applied to the
CE/PGM pin.

PROGRAM INHIBIT is another useful mode of operation
when programming multiple parallel addressed
MK2716’s with different data. It is necessary only to
maintain OE at VIH, VPP at +25, allow addresses and
data to stabilize and pulse the CE/PGM pin of the device
to be programmed. Data may then be changed and the
next device pulsed. The devices with CE/PGM at VIL
will not be programmed.

PROGRAM VERIFY allows the MK2716 program data to
be verified without having to reduce VPP from +25V to
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+5V. VPP should only be used in the
PROGRAM/PROGRAM INHIBIT and PROGRAM
VERIFY modes and must be at +5V in all other modes.

MK2716 ERASING PROCEDURE

The MK2716 may be erased by exposure to high
intensity ultraviolet light, illuminating the chip thru the
transparent window. This exposure to ultraviolet light
induces the flow of a photo current from the floating
gate thereby discharging the gate to its initial state. An
ultraviolet source of 2537A yielding a total integrated
dosage of 15 Watt-seconds/cm? is required. Note that
all bits of the MK2716 will be erased. The erasure time
is approximately 15 to 20 minutes utilizing a ultra-violet
lamp with a 12000uW/cm? power rating. The lamp
should be used without short wave filters, and the
MK2716 to be erased should be placed about one inch
away from the lamp tubes. It should be noted that as the
distance between the lamp and the chip is doubled, the
exposure time required goes up by a factor of 4. The UV
content of sunlight is insufficient to provide a practical
means of erasing the MK2716. However, it is not
recommended thatthe MK2716 be operated or stored in
direct sunlight, as the UV content of sunlight may cause
erasure of some bits in a short period of time.
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MOSTEK.

1024x1-BIT DYNAMIC RAM

MK4006(P)-6/MK4008(P)-6

FEATURES
O TTL/DTL Compatible inputs
O No Clocks Required

O Access time:
MK 4006 P-6 under 400 ns
MK 4008 P-6 under 500 ns

DESCRIPTION

This is a family of MOS dynamic 1024x1 random-
access memories having identical functional charac-
teristics, differing only in speed. Access time in the
MK 4006 P-6 is less than 400 ns; in the MK 4008 P-6
less than 500.

Full address decoding is provided internally. Informa-
tion is read out non-destructively (NDRO) and has
the same polarity as the input data.

TTL/DTL compatibility at all inputs allows econom-
ical use in small systems by eliminating the need for
special interface circuitry. Large main-memory
applications also benefit from the low drive-voltage
swings as well as the packing density afforded by the
standard 16-pin dual-in-line packaging and low
standby power.

The internal memory element of this RAM is a
capacitance, and refreshing must be periodically
initiated (see TIMING) However, all internal de-
coding and sensing is static, so that precharging or
clocking normally associated with dynamic memories
is not required. From the user’s viewpoint, memory
control and addressing are essentially those of a
static device.

0O Standby Power: under 50 mW
O 16-Pin Standard CDIP
O Supply Voltage: +5V and —12V

Noise suppression measures normally employed in
DTL or TTL systems are sufficient. High voltage
input swings and high peak-current line drivers
are unnecessary for driving memory inputs and the
memory itself does not exhibit large supply current
transients.

Data output is single-ended to minimize propagation
delay. Output current is sourced from Vgg (+5V),
and easily sensed using readily available components.
A logic 1 at the output terminal appears as a 5,000
Ohm resistor (MK 4006) to +5V; a logic O as an
open circuit.

The performance of this RAM is made possible by
Mostek’s ion-implantation process. In addition to
offering low threshold voltages for TTL/DTL com-
patibility and utilizing conventional P-channel pro-
cessing, ion-implantation allows both enhancement
(normally OFF) and depletion (normally ON) MOS
transistors to be fabricated on the same chip. By
replacing conventional MOS load resistors with
constant-current depletion transistors, operational
speeds and functional density are increased.

FUNCTIONAL DIAGRAM
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PIN CONNECTIONS

Co 10 016 C3
€y 20 015 Cs
R/W3g 014 Cs
Rs 4 013 CE
R3 50 012 Dout
Rs 60 011 Diy
Rs 70 010 Vss
R 80 09 Vop

NOT FOR NEW DESIGN

73

—
83
Em
NS
S

MK4006/8(P)-6




74

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss ... ..ottt
Operating Temperature .. ... ...... ..ottt e e

Storage Temperature RaNGE . ...... ..ot —65°C to +150°C

RECOMMENDED DC OPERATING CONDITIONS
(0° C <T, < 70°C)

MK 4006P-6 MK 4008P-6
PARAMETER MIN | MAX MIN | MAX UNITS NOTES
Vs Supply Voltage +4.75 +5.25 Vv
Voo Supply Voltage -11.4 -12.6 Vv
Vi Input Voltage, Logic 0 +0.8 \"
Vin Input Voltage, Logic 1 Vgs—1 Vss Vv
Vg Standby Supply Voltage (Fig. 4) Vgs— 4 Vss—6 v Note 1
RECOMMENDED AC OPERATING CONDITIONS®@
(0°C <T, < 70°C)
MK 4006P-6 MK 4008P-6
PARAMETER MIN MAX MIN MAX UNITS NOTES
tae Read Cycle Time (Fig. 1) 400 500 ns
twe Write Cycle Time (Fig. 2) 650 ns twp=250 ns
900 ns twp=400 ns
twe Write Pulse Width (Fig. 2) 250 ns taw=400 ns
400 ns taw=500 ns
taw Address-to-Write Delay (Fig. 2) 400 ns twp=250 ns
500 ns twp=400 ns
towo Data-to-Write Lead Time (Fig. 2) 300 ns twp=250 ns
400 ns twp=400 ns
oy | Refresh Time (Fig. 3) 2 2 ms See Note 3.
teorp | Chip-Disable-to-Power-Down See Note 1
Delay (Fig.4) 200 200 ns See Note 4
DC ELECTRICAL CHARACTERISTICS
(Vgs = +5V = 5%; Vpp = —12V = 5%; 0°C < T, < 70°C unless otherwise noted)
MK 4006P-6 MK 4008P-6
PARAMETER MIN MAX MIN MAX UNITS NOTES
Iss, foo Supply Current: At T,=0°C 32 32 mA Output
At TA:70°C 27 27 mA Open
Psosy | Power Dissipation, Standby 50 50 mwW Vss—Vpp = 5V; Note 1
I Input Current, Logic 1. Any Input -5 +5 -5 +5 wA V,=Vg—-1V
e Input Current, Logic 0, Any Input -5 +5 -5 +5 »A V,=0.8V
lon Output Current, Logic 1 1.0 0.8 mA
i Note 5
lou Output Current, Logic 0 5 5 uA




AC ELECTRICAL CHARACTERISTICS

(Vg = -5V = 5%; Vpp = —12V = 5%; 0°C < T, < 70 C unless otherwise noted)
T I
PARAMETER MK 4006P-6 MK 4008P-6 UNITS NOTES
MIN | MAX MIN MAX

taccess | Read Access Time (Fig. 1 & 1-A) 400 500 ns Note 2

tee Chip Enable Time (Fig. 1A & 5) 350 450 ns Note 2

teo Chip Disabie Time (Fig. 1A & 5) 350 450 ns

C Input Capacitance, Any Input 5.0 5.0 pF TA=25°C; V, =V,
f=1MHz

Co Output Capacitance 10 10 pF Ta=25°C; Vo=V~ 5V,
f=1MHz

Coo Voo Capacitance 75 75 pF T. = 25°C; Note 6

NOTES:

(1) Applies to MK 4006-5 and MK 4008-6 only

(2) Measurement Critena input voltage swing, ail inputs’ 0.8V to Vgo—1
Input rise and fall times: 20 ns
Measurement point on input signals: 41 5V above ground
Measurement point on output signal: + 60 mV above ground. using a load circurt of a 200 ohm resistor in parailel
with a 100 pF capacitance connected to ground

(3.

teoLy IS the time between refresh cycles for a given row address

(4

The rise time of Vi, must not be faster than 20 ns

(5

Steady-state values. (Reter to Fig. 1A for clarification)

K
= g
RN
(6) Average capacitance of the Vg, terminal relative to the Vi terminal. Measured by switching the Vg, terminal from OV to —12V with an - é o)
applied Vg = 5V Peak Iy, is observed and the circuit replaced by a capacitance which yields the szme peak current a% the circuit x o
under test < 2 g
8% %
TIMING (Note 2)
— <50ns Vn’
CHP _ ~~=T7\ 200X Iy
ENABLE  __ _ \
MK4006P  180mV
— ——— MK4008P 144mV
R/W /
[
FIG. 1 t |
READ L
CYCLE - -
ADDRESS > MK4006.8P 80mY
— LI N—
MK4006.8P 60mV
—_—— ! e MK4006.8P 40mV
DATA
OUTPUT MK4006.8P 20mV
- ——_— 200 1o, )
0 i

READING (Fig. 1)

NEW 0 . r"ll | TIME —=
Reading is accomplished with the Read/ ADDRESS s t2
Write input held high. Data output di- t=20nanosec(Max)

rectly follows the application of an
address. As long as the address is un- .
changed and the chip enabled, data out- ACCESS TIME (Fig. 1-A)

put will remain valid until the next refresh Fi .
gure 1-A illustrates the measurement
cycle. Input addresses can be changed of access time after application of new

as soon as output data is accessed. Any
address can be applied repetitively with- 28(%6? for the MK 4006 P and the MK

out degrading stored data, providing that
the refresh period of 2 ms is observed.

t 2=200nanosec(Max). 100nanosec(Typ)
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TIMING
(Note 2)

WRITING (Fig. 2)

Writing is accomplished by bringing the
Read/Write input low with valid data
present at the data input and the Chip-
Enable input low (chip enabled). Follow-
ing the return of the Read/Write line to a
high state, new address and input data
can be applied. If a read-after-write oper-
ation is desired, valid data will appear at
the output within one read access time
following the rising edge of the Write
Pulse. Read-modify-write operation is
easily achieved by delaying the Write
Pulse until data has been read and modi-
fication is complete.

REFRESHING (Figs. 2 & 3))

The dynamic memory cell employed in
the MK 4006 P and MK 4008 P will not
store data indefinitely. Stored data must
be written back into the cell at least once
every 2 ms. Rewriting is accomplished in-
ternally without the need to reapply ex-
ternal data. This rewriting operation is
called refreshing.

Refreshing of the MK 4006 P and MK
4008 P is accomplished during both write
cycles and refresh cycles. During a write
cycle the state of the Row Address
(R,-Rs) determines which of the 32 mem-
ory matrix rows will be internally re-
freshed. An entire row (32 bits) is re-
freshed during one write cycle. Since it
is difficult in practice to assure that each
of the 32 possible R addresses is asso-
ciated with a write cycle in every 2 ms
period, a separate refresh cycle is nor-
mally employed.

The refresh cycle is identical to the write
cycle except that the chip is disabled
while the Read/Write line is pulsed. Dis-
abling the chip removes the data output
and prevents data at the data input from
being written into the memory. An entire
refresh cycle consists of 32 address
changes and associated write puises, in-
volving a total time of approximately 20
microseconds.

STANDBY MODE (Fig. 4)

Power dissipation of the MK 4006-6 P and
MK 4008-6 P can be reduced below 50
mW without loss of stored data by low-
ering the V,, supply voltage to system
ground (Vss-5V). Figure 4 illustrates the
proper input conditions that should be
observed when reducing Vpp. If the
standby mode is' maintained as long as
2 milliseconds, the Vg, supply should be
returned to —12V and a refresh cycle
initiated. Read or write cycles can com-
mence immediately following the return

of Vpp to —12V.

Figure 2
— r <50ns
[T
ENABE  -—-- A -—
twe r =0ns
ADDRESS > ><
FIG. 2 - -
WRITE
CYCLE —tw ﬁk‘wﬁ
R/W —--——\— -
7
-t
"‘ tow —] rmm
N/ /T
Figure 3
— }—gSOns
CHP T 7 o
ENABLE ——— |-
Pt
FIG. N T
REFRESH ADDRESS >
I ey
RIW L taw ‘t‘wp o
Figure 4
‘l teoro stroLy I'_ZO s
i i
NABIE _ lr L5 L
Vs (+5V) —4
Vss
FIG. 4
STANDBY
MODE 114V ]
Voo 7 Voo(-12¥) —
b—2 20ns
it
R LS
POWER DOWN Psmon—T




TIMING Figure 5

tee
CHIP
(Note 2) ENABLE N\ .
CHIP ENABLING (Fig. 5)) - y—--
— —_— A
The negative-going CE enables the chip, FG. 5 OUTPUT
and output data becomes valid within NG
tce time. Return of the CE input to logic teo
1 disables the chip; data out remains for _ -
teo time. E—N% —
DATA —\
QUIPUT _ _ _ | o . N

TESTING CONSIDERATIONS TABLE 1: FUNCTIONAL TESTS (SIMPLIFIED)

TEST TEST| oper CHIP | DATA  |COMPARE
. ) . - R DESC. SEQ. * |ENABLE| INPUT DATA
The functional diagram (Fig. 6) indicates signal flow for se-
Iectgd row anq clo|umn. ) ) . Bit& First | Write E | Parity
A simplified listing of functional tests is shown in Table 1. Decoder Test!
(high = Logic 1; low = Logic 0) Next | Read E Parity
Tests are performed in an address sequence which requires €
the maximum number of changes in the row and column de- Column Shorts | First | Write V-Bar
N Y o Write —
coders between addresses. Addressing Rows 0 through 31 is During Next | Write 0 |vBar
accomplished by using the binary equivalent of the row Disable ©
address. The internal organization of the memory matrix re- Next | Read E V-Bar =S
quires the logic shown in Fig. 7 for column addresses; this ) - )
logic provides the necessary conversion from binary equiva- Row Shorts, | First | Write E | HBar Lol o
lent to column address No Read x>
. During Disable,| Next | Read D 1 0 < 2 g
. & Max. Power N> I
Figure 6 Next | Read 3 0 H-Bar oA =
2 1161514 - s
G G2 Calals Access Time, First | Write, Write E V-Bar, V-Bar
3 13 Refresh,
READ/WRITE — READ/WRITE COLUMN DECODER|, | CE AND COL | ‘e Write Cycle, | Next | Delay D 0
DRIVER (NOR GATE) ADD BUFFER [ & Standby' J—
Next | Read E V-Bar
12
[_ Douyr SELECT Oout Disturb Test | First | Write Row E 1
" of 1's
Div SELECT Div BUFFER —Dix Next | Write Ad. E [
Row with 0's
COLUMN SENSE Next | Continue E 0
AMPLIFIERS Writing Same
Row for Max.
Refresh Delay
=
= Next | Read E
§ - éw R 3 original Row
= Shis|ra0 | S of I's 1
> M= - SELECTED ROW 1. Test performed as shown and repeated with complementary data.
2 R
B =| || wRiTe . —> SELECTED PATH
= = o SIGNAL FLOW
SELECTED COLUMN
Figure 7
20 ‘D@L Cy
21 J\>(,; C2
FROM 10 R[AM
TESTER 92 UNDER
2 J\>% G et
2 Cs

" X

ORDERING INFORMATION

MK 4006 P—6 1024x1 RAM/w/400 ns access time with power down
MK 4008 P-6 1024x1 RAM/w/500 ns access time with power down
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APPLICATION

SENSE AMPLIFIERS FOR MK 4006/4008 RAM's
Since the interface circuitry used to convert memory
signals to system logic levels strongly influences sys-
tem access times, this circuitry should always be de-
signed to meet the speed and cost requirements of the
particular application.

Fia. 1-A (See “Timing") is shown to assist in the design
of such amplifiers. This figure shows output voltage
(across a specified load) vs. time from application of
new address with several points indicated where speci-
fied voltage levels are referenced to specific times. Al-
though all the various access times vs. output current
levels cannot be shown, a few guidelines are given for
interpolation between the specified points.

In Fig. 1-A, the two points at t, ... + 20 nsec give the
minimum ‘1" level and the maximum “0" level for this
particular time (80 mV and 40 mV respectively). At
t,ccess + 200 nsec, voltage levels are specified for the
90% and 10% points of the minimum “1"" and maxi-
mum 0" levels.

INTERPOLATION

These interpolation guidelines are selected to give the
designer a high level of confidence in his sense ampli-
fier design.

From O to 1: This portion of the access curve can be
estimated by two linear portions: (1) from the 60 mV to
the 80 mV level; and (2) from the 80 mV level to 180/
144 mV level.

From 1 to O: This portion of the access curve can be
estimated by a semi-logarithmic plot decreasing 20 mV
for each decade or 10 nsec of time added to t, .., with
the end points being 60 mV at 2 nsec and 20 mV at 200
nsec.

EXAMPLE: Let us consider how this data can be used
in a sense amplifier design utilizing the 75107/108
Dual-Line-Receiver-and-Driver.

The manufacturer’s data sheet for this circuit shows us
that at strobe time, three conditions of the line receiver
can exist: (1) the input voltage differential can be more
positive than 25 mV, resulting in a logic 1 at the output
(Input differential voltage is referenced to the inverting
terminal); (2) the input differential can be more negative
than 25 mV, resulting in a logic O at the output; (3) the
input differential is less than 25 mV (absolute value),
which will result in an output of an undetermined state.
In other words, the line receiver has a 50 mV “‘window"’
centered around zero, and a signal must fall outside
this window to provide reliable information at the output.

The standard configuration for using the 75107/108 as
a sense amp is shown in Fig. 8 with the voltage and
current conventions used in this analysis.

FIG. 8: lllustrating use of 75107/108 Line Receivers
as sense amplifiers for the MK 4006/4008 P.

Yo
D

—_— |+

From the worst-case access at the chip level, one can
use the interpolation technique described above to de-
termine maximum ““O” current level [ly (MAX)] and
the minimum 1" current level [l5,(MIN)].

However, to use a worst-case approach to this design,
in addition to the chip's characteristics, one must in-
clude in the “O"” level current the effect of leakage
from all outputs that are wired together. Also the input
currents required by the 75107/108 (75 mA and 10 mA)
must be included. Let us call this 5 ;(MAX):

lotf(MAX) = I (MAX) + (N-1) (5 uA) 1

where N = number of outputs wired together
Using the maximum zero level at the line receiver input
(Vp < —25mV = Vj;), the following equation is de-
rived:

louMAX) = 1, — I, + 1, (MIN)

and 1, (MIN) = O 4A (2]
therefore:

V- +V 4+ V-

lof(MAX) =_'° = 1®

o R1 R2 [3]
Using the minimum “1"” level at the line receiver input
(Vip > 4+25mV = V1), the equation becomes

lon(MIN) == I, = 1, + 1, (MAX) [4]
and 1,,(MAX) = 75 ,A

Vt +V4VE
loyMINy = = 4 75 A 5
OH "7 R2 + 75 u [5]

Solving these equations ([3] and [5]) simultaneously
yields R1 and R2.

As an example, assume a memory system with 4 out-
puts wired-ORed to a sense amplifier, requiring a chip
access time of 460 nsec. Then the associated current
and resistor values are:

lo,r(MAX) -= 152.3 4A + 3 (5 uA) = 167.3 1A
lon(MIN) == 511.12 4A

Therefore:
R1 = 190 0
R2 = 16.5 K

Sense amplifiers vary from the very fast, low-threshold
types to the slower, high-threshold kind. The ideal
choice will depend on the application. Fig. 1-A and the
guidelines in this note are intended to help the designer
tailor his sense amplifier design to meet the speed and
cost requirements of his particular application.

It should also be noted that a portion of the output
current from the memory chip is used to charge the
capacitance on the data output. If the output impedance
differs greatly from the specified load, this current must
also be calculated.



MOSTEK.

256x1-BIT DYNAMIC RAM

MK4007(P/N)

FEATURES

O Versatile RAM can replace any existing 1101-
type 256x1 MOS RAM pin for pin.

O lon-implanted for superior performance.

O Lower power dissipation: TOTAL 370 mW max
over entire temperature range.

O Faster access time: Typically 5625 ns with Vp and
VDD at —9V.

0 Less temperature-sensitive: specified over entire
AMBIENT temperature range 0° to 75°C

O Tight control of output sink current capabilities:
made possible by wuse of depletion-mode
transistors.

O No restrictions on address input sequence, skew,
or rise and fall times.

DESCRIPTION

lon-implantation processes used in manufacturing
the Mostek MK 4007 P Random Access MOS
Memory result in a low-cost device with performance
exceeding other industry types over the entire tem-
perature and voltage supply ranges. It may be used to
replace any existing 1101 type RAM pin for pin.

The depletion-load ion-implantation technique allows
the fabrication of both depletion and enhancement
mode transistors on the same chip. The result is not
only superior operating characteristics within the
region usually specified for devices of this type, but
also wider operational areas without severe per-
formance degradation. For example, while specifi-
cations for this device are given for Vp and Vpp
from —7 to —13.2V, Vp and Vpp may actually
range from —6.5 to —15V (see DC Operating Con-
ditions and Figure 1). Access times are improved
(See Figure 2); power dissipation is reduced (see

O Full DTL/TTL compatibility.
[ Wide power supply range: +5V; —6.5 to —15V.

APPLICATIONS

Ideal for small buffer storage requiring low cost,
superior performance, and bipolar compatibility,
such as:

O Scratchpad memories

Data link buffers

Key-to-tape buffers

Tape-to-printer buffers

0O 0O o o

Editing memories

Figure 3) and output sink_current capabilities are
improved (see Figure4). The device is less tem-
perature-dependent (see Figures5 and 6) and is
specified_over the entire ambient temperature range
of 0° to 75°C.

The ion-implantation process also makes the
MK 4007 P RAM fully TTL/DTL compatible at all
inputs and outputs.

The 4007 P is a static memory, requiring no clocks
or refreshing. Data is written into the address loca-
tion by applying a logic “1” to the R/W input.
Addressing the desired location, with the chip en-
abled and R/W at logic ""0"” , provides a nondestructive
read-out (NDRO) of true and complement data. A
"Chip Select”” allows output buffers to be open-
circuited during disable time for wire ORing. All
inputs are protected against static charge
accumulation.

FUNCTIONAL DIAGRAM

As As A1 Ag D R/W

4
760 93?2 127 Qs s
- 1
v
%) Bl
Vop >
0—-8~ Y BUFFERS
Vo
3 T Jﬂi
(] 5
DECODER/ NPUT Lo | 3
DRIVERS BUFFERS a |
3|

0]
MEMORY

Ll sewse
TR areur [

T
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mE

X BUFFERS

:
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To
1

| OUTPUT BUFFERS

PIN CONNECTIONS

ADDRESS 6 1[]e (16 CHIP SELECT
ADDRESS 8 2[] 15 R/W
ADDRESS 7 3[] (114 DATA oUT
v 400 [113 DATA OUT
Vee 500 (J12 DATA IN
ADDRESS 5 6] [J11 ADDRESS 4
ADDRESS 1 7 (] (110 ADDRESS 2
Voo 800 [19  ADDRESS 3
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ABSOLUTE MAXIMUM RATINGS

Voltage on Any Terminal Relative toVCC .. .. ..o i it + 0.°3V to —2§V
Operating Temperature Range (Ambient). ....... .. .. ... ... ... ... 9 Cto +75°C
Storage Temperature Range (Ambient) Ceramic..................... —65°C to +150°C

Storage Temperature Range (Ambient) Plastic

DC OPERATING CONDITIONS
(Ambient Temperature Range: 0°C to +75°C)

(1) Typical values at Vec = 45V, Vo=V, =-9.0 V*, T, = 25°C.
(*Except Standby Power)

PARAMETER MIN TYP | MAX | UNITS COMMENTS
= Vcee | Supply Voltage 4.75 5.0 5.25 v
= Voo | Supply Voltage -6.5 -9.0 |-15.0 \' See Fig. 1 for
g Vp Supply Voltage -6.5 -9.0 |[-15.0 \") Vp, Vpp differential
% Vi Logic ‘0" Voltage, any input 0 +0.8 \'
= Vi | Logic “1” Voltage, any input Vee =20 Ve |Vect03| v
ELECTRICAL CHARACTERISTICS
(Ambient Temperature Range: 0°C to +75°C. Voo = 45V +5%;
Vp = Vpp = —7Vto —13.2V, unless otherwise specified.)
PARAMETER MIN TYP() | MAX |UNITS CONDITIONS
Ip Supply Current. V, 8.0 16 mA v v oV + 5%
p = Vpp = =9V * 5%
loo | Supply C',ur'rent, Voo 4.0 9 mA Outputs open-circuited.
P, | Power Dissipation, Total 170 370 mW
[- 3
w
; Ip Supply Current. V, 19 mA Vo= Vg = 132V
oo | Supply Current, Vpp 10 mA Vee = +525V
P, | Power Dissipation, Total 535 | mw | Outputs open-circuited.
Psoay | Power Dissipation, Standby 30 75 mwW Vp = Veei Vpp = =9V £5%
Iy | Input Leakage Current 1.0 uA Vn=0V, T,=25°C
g Ci | Input Capacitance, Any Logic Input 7 10 pF T, = 25°C, F. meas. =
~ | Cum| Capacitance, V, Power Supply 35 pF | 1MHz; Tested input = Vcc
lo. | Output Current, Logic “0” 3.2 5.6 mA | Vo= +040V
low | Output Current, Logic “1” -1.0 —4.2 mA | Vo= +26V
g | loc Output Clamp Current, Logic “0” 8.0 mA | Vo=-10V
2
£ -
S | loy | Output Leakage Current 1.0 uA Vo = Ve —5V; CS = Logic 1;
T, = 25°C.
Cour| Output Capacitance 7 10 pF Ta = 25°C; F meas. =
1 MHz; Vo = Ve
NOTES:



TIMING
(Ambient Temperature Range: 0°C to 75°C; Vo = +5 V *=5%); Vp = Vpp = —7V to —13.2 V, unless otherwise specified. See Notes 1 and 2.)

PARAMETER MIN TYP |MAX |UNITS
tue Write Cycle Time 700 ns
o2 | tw Write Set-up Delay 300 ns
= 2] tw Write Pulse Width 400 ns
£5 | tus | Datalead Time 300 ns
&38| tuy | Datalag Time 0 ns
tew Chip Select Pulse Width 400 ns
tacc | Access Time 525 900 ns Vp = Vpp = -9V *5%.
o tre Read Cycle Time 800 ns (See Note 3.)
S [ taoe | Access Time 1.0 us Vp = Vpp = -7V to —13.2V.
§ tae Read Cycle Time 900 ns (See Note 3.)
S | ton | Data Output Hold Time 100 ns
& | tee | Chip-Select-to-Output Enable 300 ns
tesp | Chip-Select-to-Output Disable 300 ns
NOTES:

(1) All measurements to the 1.5 V level; inputs for test are 0 to 5 V and <10 ns rise and fall times; output is loaded with 1 TTL and
approx. 20 pF.

(2) R/W should be brought to logical “0” whenever address bits are changed; however, there are no restrictions on rise and fall
times of address bits, nor on the sequence (or skew) of address bit changes.

(3) Read Cycle may be ‘“pipe-lined,” i.e., the minimum hold time (ton) may be subtracted from the maximum access time (t,cc)-

CS (Chip Select) at logical “0.”

NOTE: CS logical “1” overlap time shown must be 300
ns (max tcg) less than the desired access time; e.g.,
T if desired access time t,cc = 1.2 us, then CS should
go to logical “0" no later than 900 ns following ad-
dress change.

s S

TIMING READ CYCLE o <§( Q
the e

ADDRESS Reading is accomplished with R/W (Read/Write) and 5 > g

0>

N O E

e WRITE CYCLE

Writing is accomplished with R/W at logical “1” and
CS at logical “0.” CS at logical “1” may overlap the
address change as much as 50 ns. R/W may be taken
to logical “0” coincidentally with an address change,
but should not overlap an address change while in the
logical “1” state.

CHIP SELECT

Chip Select at logical “1"" causes the normal push-pull
output buffers to be open-circuited for purposes of
wire-ORing. The Chip Select may be used to access the
memory at a faster rate by maintaining a constant

address and selecting individual chips with the Chip
Select input.

POWER SWITCHING

During standby operation the MK 4007 P will dissipate
only 30 mW of power (typically) if the peripheral power
supply, Vp, is reduced to V... The R/W input may be
maintained at logical 0" or “1”’; however, if R/W is at
logical “1,” Chip Select should also be logical “1” (to
disable chip during standby operation). With the return
of power, either read or write cycles may commence as
described above.

t <200 ns
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TYPICAL

PERFORMANCE
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FIG. 3: TOTAL POWER DISSIPATION, (Po ),
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MOSTEK.

256x1-BIT DYNAMIC RAM

MK4007(P/N)-4

FEATURES

FUNCTIONAL DIAGRAM
O Low-cost 256x1 RAM in 16-pin package.

D Identical with Mostek’s MK 4007 P in all A?ﬁ?‘é?i o R?/Ys c;sm
specifications except output current e i i §! W I
&3 .
o= Y BUFFERS | |
v(.,i ’ | |
DESCRIPTION T T Ul O
This economical version of Mostek’s 256x1 bit DECODER/ INPUT o | ;l
RAM is identical with the MK 4007 P in all elec- DRIVERS BUFFERS | | o
trical characteristics except output current. Per- il ‘ e
formance, operating conditions, timing character- [_1 T
istics, package, and all other specifications are A g i P Eﬂg ESs
identical with the MK 4007 P. See the MK 4007 P Ay 7] £ 5 MEMORY ‘L SENSE “g‘fla o g
Data Sheet for additional information. N 13 s ol cireur [ | 2EX
a9 <[ 18 £/ |o oZ8
g °) Iy &a3
S
ELECTRICAL CHARACTERISTICS
(Ambient Temperature Range: 0°C to +75°C. Voo = +5V *5%; Vo = Vpp = =7 V to —13.2 V, unless otherwise specified.)
PARAMETER MIN TYP | MAX | UNITS | CONDITIONS
lp Supply Current, Vg 8.0 16 mA Vo= Vpp = -9V =5%
lop Supply Current, Vpp 4.0 9 mA Outputs open-circuited.
« Py Power Dissipation, Total 170 370 mwW
w
2 | b Supply Current, V, 19 mMA | Vp= Vg = —13.2V
Q | 1w | Supply Current, Voo 10| mA | Vec = +525V
Pp Power Dissipation, Total 535 mwW Outputs open-circuited.
Psosy| Power Dissipation, Standby 30 75 mwW Vo = Veei Voo = —9V =5%
» [ Input Leakage Current 1.0 uA V=0V, T, =25C
-
; Cin Input Capacitance, Any Logic Input 7 10 pF T. = 25°C, F. Meas. =
= | Cyjpy| Capacitance, V, Power Supply 35 pF 1 MHz; Tested input =V¢¢
lo Output Current, Logic “0": @ T, = 25°C 3.0 5.6 mA Vo = +040V (Vcc =50V =5%
Output Current, Logic “0": @ T, = 70°C | 2.0 mA | Vo= +040V Vo= Vpp = -90V
low Output Current, Logic “1" -10 | -4.2 mA Vo= +26V +10%
g lo.c | Output Clamp Current, Logic 0" 8.0 mA Vo= -10V
o —
'5 lopy | Output Leakage Current 1.0 1A Vo = Vee —5V; CS = Logic 1;
° T, = 25°C.
Cour|{ Output Capacitance 7 10 pF T. = 25°C; F meas. =
1 MHz; Vo = Vee
NOTES:

(1) Typical valuesatVee = +5V,Vp, = Vo = =9.0V*, T, = 25°C.

(*Except Standby Power)
NOT FOR NEW DESIGN
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MOSTEK.

4096x1-BIT DYNAMIC RAM

MK4027(J/N)-1/2/3

FEATURES

O Industry standard 16-pin DIP (MK 4096)
configuration

O 120ns access time, 320ns cycle (MK4027-1)
150ns access time, 320ns cycle (MK4027-2)
200ns access time, 375ns cycle (MK4027-3)

0J £10% tolerance on all supplies { +12V, £5V)

0 ECL compatible on Vgg power supply (—5.7V)

O Low Power: 462mW active (max)
27mW standby (max)

DESCRIPTION

The MK 4027 is a 4096 word by 1 bit MOS random
access memory circuit fabricated with MOSTEK's
N-channel silicon gate process. This process allows
the MK 4027 to be a high performance state-of-the-
art memory circuit that is manufacturable in high
volume. The MK 4027 employs a single transistor
storage cell utilizing a dynamic storage technique
and dynamic control circuitry to achieve optimum
performance with low power dissipation.

A unique multiplexing and latching technique for
the address inputs permits the MK 4027 to be pack-
aged in a standard 16-pin DIP on 0.3 in. centers. This
package size provides high system-bit densities and is
compatible with widely available automated testing
and insertion equipment.

]

Improved performance with “‘gated CAS”, “RAS
only” refresh and page mode capability

O All inputs are low capacitance and TTL compatible
O Input latches for addresses, chip select and data in
O Three-state TTL compatible output

O Output data latched and valid into next cycle

System oriented features include direct interfacing
capability with TTL, only 6 very low capacitance
address lines to drive, on-chip address and data
registers which eliminates the need for interface
registers, input logic levels selected to optimize noise
immunity, and two chip select methods to allow the
user to determine the appropriate speed/power
characteristics of his memory system. The MK 4027
also incorporates several flexible operating modes. In
addition to the usual read and write cycles, read-
modify write, page-mode, and RAS-only refresh
cycles are available with the MK 4027. Page-mode
timing is very useful in systems requiring Direct
Memory Access (DMA) operation.

FUNCTIONAL DIAGRAM

PIN CONNECTIONS

\Tn:———————@ WRITE - Ve
J clodns
. s -— VBB | E. :] 16 Vss
s GENERATOR -— _
o
" — Din 20 115 CAS
nasce
OTPExED
s o WRITE 3 [] 114 Doyr
RAS 4[] 013 Cs
s ] EzluzolAYon EnABLE
A
Ao 50 N2 Ay
oo oer
— cm' StLﬂ.V ENABLE BUFFER o
e Al e ™ ] Az 60 11 Ag
EnaaLe
Ay 70 110 Ag
o e .
[———
. - ml:::s L DECODER VDD 8 E j 9 Vcc
surrens ) P P
J P : oreamow| 1 eenow l PIN NAMES
' Cines L
e | o e sensenernesn awrLiriEns \ Ag-Ag ADDRESS INPUTS
R Y s couvmn | DATA IN/OATA OUT GATING o CAS COLUMN ADDRESS STROBE
2 ————] ! (1oF 32 |seveer umes | o s cs CHIP SELECT
R ! o ( DN DATA IN
mocTieLexeo)| ! H i DouT DATA OUT

L | T
! MEMORY ARRAY
OUMMY_cELLS

ROW ADDRESS STROBE
WRITE READ/WRITE INPUT

Vs POWER (—5V)

. . Vee POWER (+5V)
VbD POWER (+ 12V)
Vss GROUND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VBB
Voltage on Vpp, VC( relative to Vss
VBB—VSS (VDD—VSs > 0)
Operating temperature, TA (Ambient)
Storage temperature (Ambient)(Ceramic)
Storage temperature (Ambient)(Plastic)

—0.5V to +20V
—-1.0V to +15V *Stresses greater than those listed under
V] “Absolute Maximum Ratings” may cause
0 permanent damage to the device. This is

0°C to + 70°C
—65°C to + 150°C
—55°C to + 125°C

a stress rating only and functional opera-
tion of the device at these or any other
conditions above those indicated in the
operating sections of this specification
is not implied. Exposure to absolute
maximum rating conditions for extended

Short circuitoutputcurrent ........... ..., B50mA  periods may affect device reliability.
Power dissipation . ......... ... 1 Watt
RECOMMENDED DC OPERATING CONDITIONS 4
(0C < TA< 70%C) !
PARAMETER MIN TYP MAX UNITS NOTES
VDD Supply Voltage 10.8 12.0 13.2 volts 2
vce Supply Voltage 4.5V 5.0 55 volts 2,3
Vss Supply Voltage 0 0 0 volts 2
VBB Supply Voltage —-4.5 -5.0 -5.7 volts 2
VIHC Logic 1 Voltage, RAS, CAS, WRITE 2.4 7.0 volts 2
VIH Logic 1 Voltage, all inputs except 2.2 7.0 volts 2
RAS, CAS, WRITE
ViL Logic 0 Voltage, all inputs -1.0 .8 volts 2

DC ELECTRICAL CHARACTERISTICS 4

(0°C< TA< 70T (VDD = 12.0V + 10%; Vce = 5.0V + 10%; VSS = OV; —5.7V <

Vgg <—4.5V)

PARAMETER MIN TYP MAX UNITS NOTES
IDD1 Average Vpp Power Supply Current 35 mA 5
IDD2 Standby Vpp Power Supply Current 2 mA 8
IDD3 Average Vpp Power Supply Current 25 mA

during “RAS only’ cycles
Icc Ve Power Supply Current mA 6
IBB Average VBB Power Supply Current 150 MA
(L) Input Leakage Current (any input) 10 MA 7
lo(L) Output Leakage Current 10 MA 8.9
VOH Output Logic 1 Voltage @ lgyT = 2.4 volts

—b5mA
VoL Output Logic O Voltage @ IgyT = 04 volts

3.2mA
NOTES

1. Tp is specified for operation at frequencies to tRc >(Rc (min).
Operation at higher cycle rates with reduced ambient temperatures
and higher power dissipation is permissible provided that all AC
parameters are met. See figure 2 for derating curve.

2. All voitages referenced to Vgg.

3. Outputvoltage will swing from Vgg to Ve when enabled,with
no output load. For purposes of maintaining data in standby mode,
Ve may be reduced to Vgg without affecting refresh operations or
data retention. However, the Vo (min) specification is not
guaranteed in this mode.

4. Several cycles are required after power-up before proper device
operation is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.

5. Current is proportional to cycle rate.Ippq (max) is measured at

the cycle rate specified by tRC (min). See figure 1 for Ipp1 limits
at other cycle rates.
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. lgc depends on output loading. During readout of high level data

CC is connected through a low impedance (1350 typ) to Data
Out. At all other times Icc consists of leakage currents only.

. All device pins at 0 volts except Vgg which is at —5 volts and the

pin under test which is at +10 volts.

. Output is disabled (high-impedance) and RAS and CAS are both

at alogic 1. Transient stablilization is required prior 10 measure-
ment of this parameter.

.0V < VoyuT <+ 10V,

. Effective capacitance is calculated from the equation:

c=Aa with Av = 3volts.
Av

. A.C. measurements assume tT = 5ns.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(4. 11, 17)
(0°C< TA < 70°C)1 (VDD = 12.0V+ 10%, Vcc = 5.0V + 10%, Vss = 0V, —5.7V < Vgg <—4.5V )

MK4027-1 MK4027-2 MK4027-3

PARAMETER MiN | max | min [ max | min | max | UNITS | NOTES
tRC Random read or write cycle time 320 320 375 ns 12
tRwC | Read write cycle time 320 320 375 ns 12
tRMw | Read modify write cycle time 320 320 405 ns 12
tPC Page mode cycle time 160 170 225 ns 12
tRAC | Access time from row address strobe 120 150 200 ns 13,15
tCAC | Access time from column address strobe 80 100 135 ns 14, 15
tOFF | Output buffer turn-off delay 35 40 50 ns
tRP Row address strobe precharge time 100 100 120 ns
tRAS | Row address strobe pulse width 120 | 10,000 150 | 10,000 | 200 | 10,000 ns
tRSH | Row address strobe hold time 80 100 135 ns
tCAS | Column address strobe pulse width 80 100 135 ns
tcSH | Column address strobe hold time 120 150 200 ns
tRcD | Row to column strobe delay 15 40 20 50 25 65 ns 16
tASR | Row address set-up time 0 ' 0 0 ns
tRAH | Row address hold time 15 20 25 ns
tASC | Column address set-up time -5 -10 -10 ns
tcAH | Column address hold time 40 45 55 ns
tAR Column address hold time referenced to RAS| 80 95 120 ns
tCSC Chip select set-up time 0 -10 —-10 ns
tCH Chip select hold time 40 45 55 ns
tCHR | Chip select hold time referenced to RAS 80 95 20 ns
tT Transition time (rise and fall) 3 35 3 35 3 50 ns 17
tRCcS | Read command set-up time 0 0 0 ns
tRCH | Read command hold time 0 0 0 ns
twWCH | Write command hold time 40 45 55 ns
iW(;?iwrr'iiewcémr}iérﬁd hold time referenced to RAS| 80 95 120 ns
twp Write command pulse width 40 45 55 ns
tRWL | Write command to row strobe lead time 50 50 70 ns
tcwL | Write command to column strobe lead time | 50 50 70 ns
tDS Data in set-up time 0 0 0 ns 18
tDH Data in hold time 40 45 55 ns 18
tpDHR | Data in hold time referenced to RAS 80 95 120 ns
tcRP | Column to row strobe precharge time 0 0 0 ns
tcp Column precharge time 60 60 80 ns
tRFSH| Refresh period 2 2 2 ms
twcs | Write command set-up time 0 0 0 ns 19
tcwD | CAS to WRITTE delay 60 60 80 ns 19
tRwD | RAS to WRITE delay 100 110 145 ns 19
tpOH | Data out hold time 10 10 10 us
Notes Continued 17. ViHe (min) or Vi (min) and V| (max) are reference levels for

12.

13.

15.
16.

The specifications for tgc (min) and tryc (min) are used only to
indicate cycle time at which proper operation over the full temp-
erature range (0" C LT L 70C) is assured. See figure 2 for dera-
ting curve.

Assumes that tycp <<trcp (max).

. Assumes that tgcp == tRcD (max).

Measured with a load circuit equivalent to 2 TTL loads and 100pF

Operation within the tgcp (max) limit insures that tg oc (max)
can be met. trcp (max?is specified as a reference point only; if
trCD is greater than the specified tRCD (max) limit, then access
time is controlled exclusively by tor 2.

18.

measuring timing of input signals. Also, transition times are
measured between Vg or Vi and V.

These parameters are referenced to CAS leading edge in random
write cycles and to WRITE leading edge in delayed write or read-
modify-write cycles.

- twes, tcwD. and tRwp are restrictive operating parameters in
cs > twes (min),

aread/write or read/modify/write cycle only. If t
the cycle is an early write cycle and Data Out wilw:ontain the data
written into the selected cell. If tcyyp =>tcwp (Min) and tgwp >

-
&3
3z
>
QD

MK4027(J/N)1/2/3

tgwp (min), the cycle is a read-write cycle and Data Out will contain
data read from the selected cell. If neither of the above sets of conditions
is satisfied, the condition of Data Out (at access time) is indeterminate.
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AC ELECTRICAL CHARACTERISTICS
(0°C <TA<70C) (VDD = 12.0V £ 10%; VSS = 0V ;—5.7V<Vgg<—4.5V)

PARAMETER TYP MAX UNITS NOTES
CI1 Input Capacitance (Ag-As), DIN, CS 4 5 pF 10
Ci2 Input Capacitance RAS, CAS, WRITE 8 10 pF 10
Co Output Capacitance (DoyT) 5 7 pF 8,10

CYCLE TIME tgyg (ns)

375 320 CYCLE TIME tcyg (ns)
1000 500 400 300 250 375 320
50mA L T L A 1000 500 400 300 250
h 0
70
3} N N
< MK-4027-3 ™
40mA =
y o« MK 4027-1/2 M|
_ 1A g e
< y/ -
E ®« . -
£ SA 4 g
z <~ /< =
W 30mA & QS L4 o
e o o Pl z
S \\““ ¢ ’ 50
N ,5\00 @‘;'. i 10 20 30 4.0
g S A/ |7 CYCLE RATE (MH2) = 103 /tcyc (ns)
& of ¢ > cyc
2 29mA Ky 'i‘/\" <
5 ‘ﬁ_@_pvﬁ* Figure 2. Maximum ambient temperature versus cycle rate
= " for extended frequency operation.
4
10mA e
0
0 1.0 2.0 3.0 4.0

CYCLE RATE (MHz) =10 /tgyc (ns)

Figure 1. Maximum Ipp1 versus cycle rate for device
operation at extended frequencies.
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READ-WRITE / READ-MODIFY-WRITE CYCLE
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NOTE: DQuT remains unchanged from previous cycle.
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PAGE MODE READ CYCLE
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ADDRESSING

The 12 address bits required to decode1 of the 4096
cell locations within the MK 4027 are multiplexed
onto the 6 address inputs and latched into the on-chip
address latches by externally applying two negative
going TTL level clocks. The first clock, the Row
Address Strobe (RAS), latches the 6 row address
bits into the chip.__The second clock, the Column
Address Strobe FCAS), subsequently latches the 6
column address bits plus Chip Select (CS) into the
chip. The internal circuitry of the MK 4027 is de-
signed to allow the column information to be exter-
nally applied to the chip before it is actually required.
Because of this, the hold time requirements for the
input signals associated with the Column Address
Strobe _are also referenced to RAS. However, this
gated CAS feature allows the system designer to com-
pensate for timing skews that may be encountered in
the multiplexing operation._ Since the Chip Select
signal is not required until CAS time, which is well
into the memory cycle,its decoding time does not add
to system access or cycle time.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into
an_on-chip register by a combination of WRITE and
CAS_while RAS is active. The later of the signals
(WRITE or CAS) to make its negative transition is
the strobe for the Data In register. This permits
several options in the write cycle timing. In a write
cycle, if the WRITE input is brought low prior to
CAS, the Data In is strobed by CAS, and the set-up
and hold times are referenced to CAS. If the data
input is not available at CAS time or if it is desired
that the cycle be a read-write cycle, the WRITE
signal must be delayed until after In this
“delayed write cycle” the data input set-up and
hold times are referenced_to the negative edge of
WRITE rather than to CAS._ (To illustrate this
feature, Data In isreferenced to WRITE in the timing
diagram depicting the read-write and page mode
write cycles while the “early write” cycle diagram
shows Data In referenced to CAS.) Note that if the
chip is unselected (CS high at CAS time) WRITE
commands are not executed and, consequently,
data stored in the memory is unaffected.

Data is retrieved from the memory in a read cycle
by maintaining WRITE in the inactive or high state
throughout the portion of the memory cycle in which
CAS s active. Data read from the selected cell will
be available at the output within the specified access
time.

DATA OUTPUT LATCH

Any change in the condition of the Data Qut Latch
is initiated by the CAS signal. The output buffer is
not affected by memory (refresh) cycles in which
only the RAS signal is applied to the MK 4027.
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Whenever CAS makes a negative transition, the out-
put will go unconditionally open-circuited, indepen-
dent of the state of any other input to the chip. If
the cycle in progress is a read read-modify-write, or a
delayed write cycle and the chip is selected, then
the output latch and buffer will again go active and
at access time will contain the data read from the
selected cell. This output data is the same polarity
(not inverted) as the input data. If the cycle in

rogress is a write cycle (WRITE active low before
CAg goes low) and the chip is selected, then at access
time the output latch and buffer will contain the
input data. Once having gone active, the output will
remain valid until the MK 4027 receives the next
CAS negative edge. Intervening refresh cycles in
which a RAS is received (but no CAS) will not cause
valid data to be affected. Conversely, the output
will assume the open-circuit state during any cycle
in which the MK 4027 receives a CAS but no RAS
signal (regardless of the state of any other inputs).
The output will also assume the open circuit state in
normal cycles (in which both RAS and CAS signals
occur) if the chip is unselected.

The three-state data output buffer presents the data
output pin with a iow impedance to VGC for a logic
1 and a low impedance to Vsg for a logic 0. The
output resistance to V c( (logic 1 state) is 420 2 max-
imum and 135 § typically. The output resistance
to VSF (logic O state) is 1256 maximum and 35 2
typically. The separate VcC pin allows the out-
put buffer to be powered from the supply voltage of
the logic to which the chip is interfaced. During
battery standby operation, the Vcc pin may have
power removed without affecting the MK 4027 re-
fresh_operation. This allows all system logic except
the RAS timing circuitry and the refresh address
logic to be turned off during battery standby to
conserve power.

REFRESH

Refresh of the dynamic cell matrix is accomplished
by performing a memory cycle at each of the 64 row
addresses within each 2 millisecond time interval.
Any cycle in which a RAS signal occurs, accomplishes
a refresh operation. A read cycle will refresh the
selected row, regardless of the state of the Chip
Select (CS) input. A write or read-modify-write
cycle also refreshes the selected row, but the chip
should be unselected to prevent writing data into
the selected cell. If, during a refresh cycle, the
MK 4027 receives a RAS signal but no CAS signal,
the state of the output will not be affected. How-
ever, if “RAS-only” refresh cycles (where RAS is
the only signal applied to the chip) are continued
for extended periods, the output buffer may even-
tually lose proper data and go open-circuit. The
output buffer will regain _activity with the first
cycle in which a %KS signal is applied to the chip.



POWER DISSIPATION/STANDBY MODE

Most of the circuitry used in the MK 4027 is dynamic
and most of the power drawn is the result of an
address strobe edge. Because the power is not drawn
during the whole time the strobe is active, the
dynamic power is a function of operating frequency
rather than active duty cycle. Typically, the power
is 170mW at 1 usec cycle rate for the MK 4027 with
a worse case power of less than 470mW at 320nsec
cycle time. To minimize the overall system power,
the Row Address Strobe (RAS) should be decoded
and supplied to only the selected chips. The CAS
must be supplied to all chips (to turn off the un-
selected output). Those chips that did not receive
a RAS, however, will not dissipate any power on
the CAS edges, except for that required to turn off
the outputs. If the RAS signal is decoded and sup-
plied only to the selected chips, then the Chip Select
(CS) input of all chips can be at a logic 0. The chips
that receive a CAS but no RAS will be unselected
(output open-circuited) regardless of the Chip Select
input. For refresh cycles, however, either_the CS
input of all chips must be high or the CAS input
must be held high to prevent several “‘wire-OR‘d"”
outputs from turning on with opposing force. Note
that the MK 4027 wili dissipate considerably less
power when_the refresh operation is accomplished
with a "“RAS-only”’ cycle as opposed to a normal
RAS/CAS memory cycle.

PAGE MODE OPERATION

The ““Page Mode’ feature of the MK 4027 allows
for successive memory operations at multiple column
locations of the same row address with increased
speed without an increase in power. This is done by
strobing the row address into the chip and keeping
the RAS signal at a logic O throughout all successive
memory cycles in which the row address is common.

This “page mode” of operation will not dissipate the
power associated with the negative going edge of
RAS. Also, the time required for strobing in a new
row address is eliminated, thereby decreasing the
access and cycle times. The chip select input (CS)
is operative in page mode cycles just as in normal
cycles. It is not necessary that the chip be selected
during the first operation in a sequence of page
cycles. Likewise, the CS input can be used to select
or disable any cycle(s) in a series of page cycles.
This feature allows the page boundary to be extended
beyond the 64 column locations in a single chip.
The page boundary can be extended by applying
RAS to multiple 4K memory blocks and decoding
CS to select the proper block.

POWER UP

The MK 4027 requires no particular power supply
sequencing so long as the Absolute Maximum Rating
Conditions are observed. However, in order to insure
compliance with the Absolute Maximum Ratings,
MOSTEK recommends sequencing of power supplies
such that VBB is applied first and removed last.
VBB should never be more positive than VSS when
power is applied to Vpp.

Under system failure conditions in which one or more
supplies exceed the specified limits significant addi-
tional margin against catastrophic device failure may
be achieved by forcing RAS and Data Out to the
inactive state.

After power is applied to the device, the MK 4027
requires several cycles before proper device operation
is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.
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TYPICAL DEVICE CHARACTERISTICS

TYPICAL ADDRESS AND DATA INPUT LEVELS vs. VDD
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TYPICAL ACCESS TIME (NORMALIZED) vs. VpD TYPICAL ACCESS TIME (NORMALIZED) vs. VBB
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SUPPLEMENT

MOSTEI

4096x 1-BIT DYNAMIC RAM

MK4027 (J/N)-4

FEATURES

O Industry standard 16-pin DIP (MK 4096)
configuration

O 250ns access time, 380ns cycle

O +10% tolerance on all supplies ( +12V, £5V)

0O ECL compatible on Vgg power supply (=5.7V)

O Low Power: 462mW active (max)
27mW standby (max)

DESCRIPTION

The MK 4027 is a 4096 word by 1 bit MOS random
access memory circuit fabricated with MOSTEK's
N-channel silicon gate process. This process allows
the MK 4027 to be a high performance state-of-the-
art memory circuit that is manufacturable in high
volume. The MK 4027 employs a single transistor
storage cell utilizing a dynamic storage technigue
and dynamic control circuitry to achieve optimum
performance with low power dissipation.

A unique multiplexing and latching technique for
the address inputs permits the MK 4027 to be pack-
aged in a standard 16-pin DIP on 0.3 in. centers. This
package size provides high system-bit densities and is
compatible with widely available automated testing

and insertion equinment
anga insertion equipm

ent.

O Improved performance with “‘gated CAS", “RAS
only" refresh and page mode capability

O All inputs are low capacitance and TTL compatible
O Input latches for addresses, chip select and data in
O Three-state TTL compatible output

O Output data latched and valid into next cycle

System oriented features include direct interfacing
capability with TTL, only 6 very low capacitance
address lines to drive, on-chip address and data
registers which eliminates the need for interface
registers, input logic levels selected to optimize noise
immunity, and two chip select methods to allow the
user to determine the appropriate speed/power
characteristics of his memory system. The MK 4027
also incorporates several flexible operating modes. In
addition to the usual read and write cycles, read-
modify write, page-mode, and RAS-only refresh
cycles are available with the MK 4027. Page-mode
timing is very useful in systems requiring Direct
Memory Access (DMA) operation.

FUNCTIONAL DIAGRAM

PIN CONNECTIONS

clocks
_ i . i s -—e VBB | E. 3 [ VSS
RAS — -— —
5 — Din 20 115 CAS
e
WOLTPLERED WRITE
- - WRITE 3 (] 014 Doyt
] RAS 4[] 013 Cs
Enane
1y}
A, 500 D12 A,
(O
— CHIP SELECT ENABLE BUFFER e
A - I A2 6 [ O11 Ag
EnasLe
Ar 70 110 As
“oecooen ' MEMORY ARRAY Vop 8 0 09 Vee
Ay ———= 05— :
aorrens (o) P | j l
] e B PIN NAMES
i
o e | b oo sense-nernesn auriiriens : AgAs  ADDRESS INPUTS
. 2 coLumn | OATA IN/OATA OUT GATING oara CAS COLUMN ADDRESS STROBE
ae el ol |1 [ e er s CHIP SELECT
Yy —f ! o | DIN DATA IN
moLteLexeo) | i | DouyuT DATA OUT
b j R’%g ROW ADDRESS STROBE
MEMORY ARRAY WRITE READ/WRITE INPUT
oMMy CELLS Vs POWER (—5V)
- Vee POWER (+5V)
Vbo POWER (+ 12V)
Vss GROUND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VBB . . - . -« « o oo o v o

Voltage on Vpp, VCC relative to VSS

vVBB—Vss (VDD—Vss > 0)
Operating temperature, TA (Ambient)

St

orage temperature (Ambient)(Ceramic). . ... ..

0°C to+ 70°C
—65°C to + 150°C

—0.5V to +20V
—1.0V to +15V

*Stresses greater.than those listed under
“Absolute Maximum Ratings’” may cause
permanent damage to the device. This is
a stress rating only and functional opera-
tion of the device at these or any other
conditions above those indicated in the
operating sections of this specification

ov

. . _EEO o i implied. E |
Storage tem.perature (Ambient)(Plastic) ....... 55°C to + 125°C ;;a'x’ﬁ;u;g‘?a'gng conbosure 1o ef(ﬁg‘r"ge‘g
Short Circuit Qutput Current . . ... it B0mA  periods may affect device reliability.
Power dissipation . ............ . i 1 Watt
4

RECOMMENDED DC OPERATING CONDITIONS
(0°C < TAa< 70%C) !

PARAMETER MIN TYP MAX UNITS NOTES
VDD Supply Voltage 10.8 12.0 13.2 volts 2
Vce Supply Voltage 4.5V 5.0 5.5 volts 2,3
Vss Supply Voltage 0 0 0 volts 2
VBB Supply Voltage —4.5 -5.0 —5.7 volts 2
VIHC Logic 1 Voltage, RAS, CAS, WRITE 24 7.0 volts 2
VIH Logic 1 Voltage, all inputs except 2.2 7.0 volts 2

RAS, CAS, WRITE
ViL Logic 0 Voltage, all inputs -1.0 .8 volts 2

DC ELECTRICAL CHARACTERISTICS 4

(0°C< TA < 70C) (VDD = 12.0V + 10%; Vce = 5.0V + 10%; VSS = 0V; —5.7V <

Vg <—4.5V)

PARAMETER MIN TYP MAX UNITS NOTES
IDD1 Average Vpp Power Supply Current 35 mA 5
IDD2 Standby Vpp Power Supply Current 2 mA 8
IDD3 Average Vpp Power Supply Current 25 mA

during “RAS only’’ cycles
icc Vcc Power Suppiy Current mA [§]
IBB Average VBB Power Supply Current 150 MA
(L) Input Leakage Current (any input) 10 uA 7
lo(L) Output Leakage Current 10 uA 8,9
VOH Output Logic 1 Voltage @ IgyT = 2.4 volts

—5mA
VoL Output Logic 0 Voltage @ IQyT = 0.4 volts

3.2mA
NOTES

1.

2.
3.
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T is specified for operation at frequencies to tgc >(RC (min).
All voltages referenced to Vgg.

Output voltage will swing from Vgg to V¢ when enabled,with

no output load. For purposes of maintaining data in standby mode,
Ve may be reduced to Vgg without affecting refresh operations or
data retention. However, the Vo (min) specification is not
guaranteed in this mode.

. Several cycles are required after power-up before proper device

operation is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.

. Current is proportional to cycle rate.Ippq (max) is measured at

the cycle rate specified by tgc (min). See figure 1 for Ippy limits
at other cycle rates.

. '\520 depends on output loading. During readout of high level data

Cc is connected through a low impedance (1352 typ) to Data
Out. At all other times Icc consists of leakage currents only.

. All device pins at O volts except Vgg which is at —5 volts and the

pin under test which is at +10 volts.

. Output is disabled (high-impedance) and RAS and CAS are both

at a logic 1. Transient stabllization is required prior to measure-
ment of this parameter.

.oV < VoyuT <+ 10V.

. Effective capacitance is calculated from the equation:

c = AQ with AV = 3 volts.
Av

A.C. measurements assume t = 5ns.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(4. 11, 17)
(0°C< TA< 70°C)1 (Vpp = 12.0V£ 10%, Vcc = 5.0V £ 10%, Vss = 0V, -5.7V < Vgg <—4.5V)

MK4027-4

PARAMETER MIN MAX UNITS { NOTES
tRC Random read or write cycle time 380 ns
tRWC Read write cycle time 395 ns
tRMW Read modify write cycle time 470 ns
IRMW Read modify write cycle time 470 ns
tpC Page mode cycle time 285 ns
RAC Access time from row address strobe 250 ns 13,15
tCAC Access time from column address strobe 165 ns 14,15
tOFF Output buffer turn-off delay 4] 60 ns
RP Row address strobe precharge time 120 ns
RAS Row address strobe pulse width 250 10,000 ns
IRSH Row address strobe hold time 165 ns
tcas Column address strobe pulse width 165 ns
ICSH Column address strobe hold time 250 ns
tRCD Row to column strobe delay 35 85 ns 16
tASR Row address set-up time 0 ns
tRAH Row address hold time 35 ns E s ;
tASC Column address set-up time -10 ns - é N
tCAH Column address hold time 75 ns g: 2 §
AR Column address hold time referenced to RAS 160 ns g E =
tcsc Chip select set-up time -10 ns =
ICH Chip select hold time 75 ns
ICHR Chip select hold time referenced to RAS 160 ns
T Transition time (rise and fall) 3 50 ns 17
tRCS Read command set-up time ] ns
RCH Read command hold time [0] ns
tWCH Write command hold time 75 ns
tWCR Write command hold time referenced to RAS 160 ns
twp Write command pulse width 75 ns
tRWL Write command to row strobe lead time 85 ns
tcwi Write command to column strobe lead time 85 ns
ps Data in set-up time 0 ns 18
tDH Data in hold time 75 ns 18
IDHR Data in hold time referenced to RAS 160 ns
tCRP Column to row strobe precharge time o] ns
tcp Column precharge time 110 ns
tRFSH Refresh period 2 ms
twcs Write command set-up time 0 ns 19
tcwD CAS to WRITE delay 90 ns 19
tRWD RAS to WRITE delay 175 ns 19
IDOH Date out hold time 10 us
Notes Continued 17. VIHc (min) or Vi (min) and V) (max) are reference levels for

measuring timing of input signals. Also, transition times are

13. Assumes that trcp StReD (ma ). measured between V¢ or Vi and V.

14. Assumes that tycp =>tRcp (max). . 18. These parameters are referenced to CAS leading edge in random

f : : f write cycles and to WRITE leading edge in delayed write or read-
15. Measured with a load circuit equivalent to 2 TTL loads and 100pF modify write cycles.
16. Operation within the tgcp (max) limit insures that tg aAc (max) ot i .
L g L 19. twcs. tcwD! and tgywp are restrictive operating parameters in X

can be met. ‘RCE (maxs:xs specified as a referergce_pol:! only;if a read/write or read/modify/write cycle only. 'f.t}NCS >twcs (min),

tRCD is greater than the specified tgcp (max) limit, then access the cycle is an early write cycle and Data Out will c6ntain the data

time is controlled exclusively by tcac- written into the selected cell. If toyp >>tcwp (Min) and tpwp >
trwp (min), the cycle is a read-write cycle and Data Out will contain
data read from the selected cell. |f neither of the above sets of conditions
is satisfied, the condition of Data Out (at access time) is indeterminate.
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AC ELECTRICAL CHARACTERISTICS
(0°C <TA<70C) (Vpp = 12.0V£10%; VSS = 0V ;—5.7V<Vgp<—4.5V)

PARAMETER TYP MAX UNITS NOTES
C 1 Input Capacitance (Ag-As), DiN, CS 4 5 pF 10
Ci2 Input Capacitance RAS, CAS, WRITE 8 10 pF 10
Co Output Capacitance (DoyT) 5 7 pF 8,10

MAXIMUM Ipp1 vs. CYCLE RATE FOR DEVICE OPERATION
AT EXTENDED FREQUENCIES

Figure 1 CYCLE TIME tcyc (ns)
380
1000 500 400 300 250

somA PR 1 L 1 1
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N v
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CYCLE RATE (MHz) = 103 /tcyc (ns)

SUPPLEMENT - To be used in conjunction with MK4027(P/J/N)-1/2/3 data sheet.
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MOGSTEK.

4096 x1-BIT DYNAMIC RAM

MK4096(K/N)-6/16/11

FEATURES
O industry standard 16-pin DiP configuration T inputs protected against static charge
(available in plastic (N) and ceramic (K)
packages) Three-state TTL compatible output, latched and
. . valid into next cycle
O All inputs are low capacitance and TTL . i
compatible O Proven reliability with high performance
0O  Input latches for address, chip select and
data in
DESCRIPTION

The MK 4096 is the recognized industry standard
4096 word by 1 bit MOS Random Access Memory
circuit packaged in astandard 16-pin DIP on 0.3 inch

achieve optimum performance with

] low power|
dissipation.
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centers. This package configuration is made possible
by a unique multiplexing and latching technique for
the address inputs. The use of the 16-pin DIP for the
MK 4096 provides high system bit densities and is
compatible with widely available automated testing
and insertion equipment.

The MK 4096 is fabricated with MOSTEK's standard
Self-Aligned, Poly-Interconnect, N-Channel (SPIN)
process. The SPIN process allows the MK 4096 to be

System oriented features incorporated within the
MK 4096 include direct interfacing capability with
TTL, 6 instead of 12 address lines to drive, on-chip
registers which can eliminate the need for interface
registers, input logic levels selected to optimize the
noise immunity, and two chip select methods to
allow the user to determine the speed/power
characteristics of his memory system.

a_highly manufacturable, state-of-the-art memory  p. . Number Access Time Cycle Time Max P *
circuit that exhibits the reliability and performance _—~ " — yee ax Tower
standards necessary for today’s (and tomorrow’s) MK 4096—6 250 ns 375ns 450mW
data processing applications. The MK 4096 employs MK 4096-16 300 ns 425 ns 385mw
a single transistor storage cell, utilizing a dynamic MK 4096-11 350 ns 500 ns 320mw
storage technique and dynamic control circuitry to  *Standby power for all parts < 19mW
FUNCTIONAL DIAGRAM PIN CONNECTIONS
VBB | [ :] 16 Vss
wm\;{m §stucv STROBE DlN 2 E ] 15 C_AS
(€8) - ™ ~ R
K wrod %) WRITE 3 (] 114 Doyt
- =
_ B EenaBLE RAS 4 (] 113 CS
= ro 5O Peag
: ENE heoeQ Pl A
:: ndattl. it DADUOUI Al 7[: ]|o A5
Ay gy
4096 BIT <—:u VDD 8 C 9 VCC
STORAGE ARRAY ::\4:(0
-G PIN NAMES
Aq-Ag ADDRESS INPUTS DIN DATA IN
i chs"® COLUMN ADDRESS STROBE Dout DATA OUT
wow ~ﬁcm GENERATOR WO 1 cs CHIP SELECT VBe  POWER (—5V)
R S RAS _ ROW ADDRESS STROBE Voe ~ POWER (+5V)
WRITE READ/WRITE INPUT VDD ~ POWER (+12V)
Vss GROUND
NOT FOR NEW DESIGN 101




ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VBB. . .. —0.5V to + 25V
(Vss—VRBB = 4.5V ; 5

Operating temperature TA (Ambient)....0C to+70C
Storage temperature (Ceramic) ... ... —65T ta + 150°C
Storage temperature (Plastic) ....... —55°C to + 125°C
Powerdissipation ........... ... ... ... 1Watt
Dataoutcurrent .. .........ciiiiennnnnnn. 50mA

RECOMMENDED DC OPERATING CONDITIONS (17)
(0°C< TA<+707)

*Stresses above those listed under ‘““Absolute
Maximum Ratings’” may cause permanent
damage to the device. This is a stress rating only
and functional operation of the device at these
or at any other conditions above those indi-
cated in the operational sections of this speci-
fication is not implied. Exposure to Absolute
Maximum Rating conditions for extended
periods may affect device reliability.

MK 4096—6 MK 4096—-16 MK 4096—11

PARAMETER MIN MAX MIN MAX MIN MAX UNITS | NOT
Vpp | Supply Voltage 1.4 12.6 11.4 12.6 11.4 12.6 Volts 1
Vce | Supply Voltage Vss | Voo | Vss | Vob | Vss Vpp | Volts 1
Vss | Supply Voltage 0 0 0 0 0 0 Volts 1
Vg | Supply Voltage —-4.5 —5.5 —4.5 —b.5 —4.5 —-5.5 Volts 1
ViHc | Logic_ 1 Voltage — RAS, 2.7 7.0 2.7 7.0 3.0 7.0 Volts 1,

CA%, WRITE
VIH Logic 1 Voltage, all inputs 2.4 7.0 2.4 7.0 2.4 7.0 Volts 1,8

except RAAS, AS, WRITE
ViL Logic 0 Voltage, all inputs -1.0 0.8 -1.0 0.8 —-1.0 0.8 Volts 1,
DC ELECTRICAL CHARACTERISTICS (17)
(0°C < TA< 70°CAVDD = 12.0V+ 5%; VcC = 5.0V £10%; VSS = 0V; VBB = —5.0V +10%)

MK4096-6 | MK4096-16 | MK4096-11
PARAMETER MIN MAX | MIN MAX |MIN MAX | UNITS| NOTES
IpD1 Average Vpp Power Supply Current 35 30 25 mA 4
lcc Vcc Power Supply Current mA 5
BB Average Vgg Power Supply Current 75 75 75 HA
IpD2 | Standby Vpp Power Supply Current 1.5 1.5 1.5 mA 7
IDD3 | Average VDD Supply Current during 25 22 18 mA 4
" -only’’ cycles

i) Input Leakage Current (any input) 5 5 MA 6
lo(L) Output Leakage Current 10 10 10 uA 7.8
VoH Output Logic 1 Voltage @ lgyt= —5mA | 2.4 2.4 2.4 Volts 2
VoL Output Logic 0 Voltage @ IoyT= 2mA 04 04 0.4 |Volts
NOTES

1. All voltages referenced to Vgg. Vgp must be applied to and
removed from the device within 5 seconds of Vpp.

2. Output voltage will swing from Vgg to Ve if Voo < Vpp —4

volts. If Voc 2 Vpp —4 volts, the output will swing from Vgg
to a voltage somewhat less than Vpp.

3. Device speed is not guaranteed at input voltages greater than TTL
levels (0 to 5V).

4. Current is proportional to cycle rate; maximum current is
measured at the fastest cycle rate.

102

Icc depends upon output loading. The V¢ supply is connected

to the output buffer only.

All device pins at 0 volts except Vgg which is at —5 volts and the

pin under test which is at +10 volts.

Output is disabled (open-circuit) and RAS and CAS are both at a

logic 1.

oV < VoyTt S +10V.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (10, 15,17)
(0°C < TA < 70°C) (VDD = 12.0V= 5%, VCC = 5.0V + 10%, VSS = 0V, VBB = —5.0V + 10%)

MK 4096-6 MK 4096-16 MK 4096-11
PARAMETER MIN MAX MIN MAX MIN MAX UNITS | NOTES
tRre Random Read or Write Cycle Time 375 425 500 nsec 1
tRAC Access time from Row Address Strobe 250 300 350 nsec 11,13
tcac Access Time from Column Address 140 165 200 nsec 12,13
Strobe
tOFF Output Buffer Turn-Off Delay 0 65 0 80 0 100 nsec
tRp Row Address Strobe Precharge Time 115 125 150 nsec
tRAS Row Address Strobe Pulse Width 250 10,000 300 10,000 350 10,000 nsec
tRCL Row To Column Strobe Lead Time 60 110 80 135 100 150 nsec 14
tcas Column Address Strobe Pulse Width 140 165 200 nsec 12
tAS Address Set-Up Time 0 0 0 nsec
tAH Address Hold Time 60 80 100 nsec
tcH Chip Select Hold Time 100 100 100 nsec
[ .
tr Rise and Fall Times 3 50 3 50 3 50 nsec o <§I §N
0 IS
tRrcs Read Command Set-Up Time 0 0 0 nsec 3 ; ] §
- oS
tRCH Read Command Hold Time 0 0 0 nsec QoS
tweH Write Command Hold Time 110 130 150 nsec
twp Write Command Pulse Width 110 130 150 nsec
teRL Column to Row Strobe Lead Time —40 +40 —50 +50 —50 +60 nsec
t Write Command to Column Strobe 110 130 150
cwe Lead Time nsec
tps Data In Set-Up Time 0 0 0 nsec 16
toH Data In Hold Time 110 130 150 nsec 16
tRESH Refresh Period 2 2 2 msec
tmop Modify Time 10 10 10 Msec
t DOH Data Out Hold Time 10 10 10 usec
NOTES Continued
9. Capacitance measured with Boonton Meter or effective capacitance 15. Ve (min) or V| (min) and V| (max) are reference levels for
calculated from the equation: C = | £t with current equal to a con- measuring timing of input signals. Also, transition times are
stant 20mA and AV= 3V. AV measured between Vi or VjH and V.
10. A C measurements assume tT = 5ns. 16. These parameters are referenced to CAS leading edge in random
write cycles and to WRITE leading edge in delayed write or read-
11. Assumes that tRcL + tT < tRCL (max). modify-write cycles.
12. Assumes that tgc + tT >1RCL (max). 17. After the application of supply voltages or after extended periods
of operation without clocks, the device must performa minimum
13. Measured with a load circuit equivalent to 1 TTL load and CL= 100pF of one initialization cycle (any valid memory cycle containing both

RAS and CAS) prior to normal operation.
14. Operation within the tgc (max) limit insures that trac (max)
can be met. tyc (max) is specified as a reference point only; if
tRCL is greater than the specified tgc| (max) limit, then access
time is controlled exclusively by tocac and tRAS . tRAC and tRCL
will be longer by the amount tycL + tT exceeds trc| (max).
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AC ELECTRICAL CHARACTERISTICS
(0°C <TA< +70%T) (VDD = 12.0V 5%, VGG =5.0V £10%, Vss = OV, VBB = —5.0V + 10%)

PARAMETER TYP MAX UNITS NOTES
Ci1 Input Capacitance (Ag — A5) 7 10 pF 9
Ci2 Input Capacitance (RAS, CAS, DN, 5 7 pF 9
WRITE, CS)
Co Output Capacitance (DQUT) 5 8 pf 7.9
TIMING WAVEFORMS
READ CYCLE
.
- j
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TIMING WAVEFORMS
READ-WRITE/READ-MODIFY-WRITE CYCLE

RAS — tRas
Vine \ \L
ViL - 2
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Prior to the first memory cycle following a period (beyond 2mS) of “RAS-only refresh, a memory-cycle employing both
RAS and CAS must be performed to insure proper device operation.
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ADDRESSING

The 12 address bits required to decode one of the
4096 cell locations within the MK 4096 are multi-
plexed onto the 6 address inputs and latched into the
on-chip address latches by externally applying two
negative going TTL level clocks. The first clock,
the Row Address Strobe (RAS), latches the 6 row
address bits into the chip.__The second clock, the
Column Address Strobe (CAS), subsequently latches
the 6 column address bits plus Chip Select (CS) into
the chip. (Note that since the Chip Select signal is
not required until CAS time, which is well into the
memory cycle, its decoding time does not add to
system access _or cycle time). Each of these signals,

and CAS, triggers a sequence of events which
are controlled by different delayed internal clocks.
The two clock chains are linked together logically in
such a way that the address multiplexing operation
is done outside of the critical path timing sequence
for read data access. The later events in the CAS
clock sequence are inhibited until the occurrence of
a delayed signal _derived from the RAS_clock chain.
This " gated CAS" feature allows the CAS clock to
be externally activated as soon as the Row Address
Hold Time specification (tAH) has been satisfied and
the 6 address inputs have been changed from Row
address to Column address information.

Note that CAS can be activated at any time after
tAH and it will have no effect on the worst case
data access time (tR AC) up to the point in time when
the delayed row clock no longer inhibits the remain-
ing sequence of column clocks. Two timing end
points result from the internal gating of CAS which
are called tRcL (min) and trcL (max). No data
storage or reading errors will result if CAS is applied
to the MK 4096 at a point in time beyond the TR%L
(max) limit. However, access time will then_be
determined exclusively by the access time from CAS
(tcAc) rather _than from RAS (tRAC). and access
time from RAS will be lengthened by the amount
that tRCL exceeds the tRcL (max) limit.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into
an_on-chip register by a combination of WRITE and
CAS while RAS is active. The later of the signals
(WRTTE or CAS) to make its negative transition is
the strobe for the Data In register. This permits
several options_in the write cycle timing. In a write
cycle, if the WRITE input is brought low prior to
C%S, the Data In is strobed by CAg and the set-up
and hold times are referenced to CAS. If the data
input is not available at CAS time or if it is desired
that the cycle be a read-write or read-modify-write
cycle, _the WRITE signal must be delayed until
after In this ““delayed write cycle’’ the data
input_ set-up and h imes are referenced to_the
negative edge of RITE rather than to

(To_illustrate this feature, Data In is referenced to
WRITE in the timing diagram depicting the read-
modify-write cycle while the “early write” cycle
diagram shows Data In referenced to CAS). Note that
if _the chip is unselected (CS high at CAS time)
WRITE commands are not executed and, consequent-
ly, data stored in the memory is unaffected.
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Data is retrieved from the memory in a read cycle by
maintaining WRITE in the inactive or high state
throughout the portion of the memory cyle in which

is active. Data read from the selected cell
will be available at the output within the specified
access time.

DATA OUTPUT LATCH

Any change in the condition of the Data Out Latch
is initiated by the signal. The output buffer is
not affected_by memory (refresh) cycles in which
only the RAS signal is applied to the MK 4096:
Whenever CAS makes a negative transition, the
output will go unconditionally open-circuited, inde-
pendent of the state of any other input to the chip.
If the cycle in progress is a read, read-modify-write,
or a delayed write cycle and the chip is selected,
then the output latch and buffer will again do active
and at access time will contain the data read from
the selected cell. This output data is the same polarity
(not inverted) as the inpyt data. If the cycle in
rogress is a write cycle (WRITE active low before
(%Kg goes low) and the chip is selected, then at
access time the output latch and buffer will contain
a logic 1. Once having gone active, the output will
remain valid until the MK 4096 receives the next CAS
negative edge. Intervening refresh cycles in which a
RﬂS is received (but no CAS) will not cause valid
data to be affected. Conversely, the output will
assume the open-circuit state during any cycle in
which the MK 4096 receives a C'Kg but no RAS
signal (regardless of the state of any other inputs).
The output will also assume the open-circuit state
in normal cycles (in which both RAS and CAS
signals occur) if the chip is unselected.

The three-state data output buffer presents the data
output pin with a low impedance to V¢ for a logic 1
and a low impedance to Vsg for a logic 0. The effec-
tive resistance to VG (logic 1 state) is 5002 maxi-
mum and 1502 typically. The resistance to VSS
(logic O state) is 20082 maximum and 100S2 typically.
The separate VcC pin allows the output buffer to be
powered from the supply voltage of the logic to
which the chip is interfaced. During battery standby
operation, the V¢ pin may have power removed
without affecting the MK 4096 refresh operation.
This allows all system logic except the RAS/CAS
timing circuitry and the refresh address logic to be
turned off during battery standby to conserve power.

REFRESH

Refresh of the dynamic cell matrix is accomplished
by performing a memory cycle at each of the 64 row
addresses within each 2 millisecond time interval.
Any cycle in which a RAS signal occurs accomplishes
a refresh operation. A read cycle will refresh the
selected row, regardless of the Chip Select (CS) input.
A write or read-modify-write cycle also refreshes the
selected row, but the chip should be unselected to
prevent writing data into the selected cell.

For standby operation, a “RAS-only”’ cycle can be
employed to refresh the MK 4096. However, if
“ -only”’ refresh cycles (where RAS is the only
signal applied to the chip) are continued for extended
periods, the output buffer may eventually lose proper



data and Igo open-circuit. Pri

' refresh, a me
CAS must be performed to precharge the inter-
nal circuitry. This “dummy cycle’’ allows the output

buffer to regain activity and enables the device to
perform a read or write cycle upon command.

POWER DISSIPATION/STANDBY MODE

Most of the circuitry used in the MK 4096 is dynamic
and most of the power drawn is the result of an
address strobe edge. Because the power is not drawn
during the whole time the strobe is active, the
dynamic power is a function of operating frequency
rather than active duty cycle. Typically, the power
is 120 mW at a 1 wsec cycle rate for the MK 4096
with a maximum power of less than 450 mW at
375 nsec cycle time. To minimize the overall system
power, the Row Address Strobe (RAS) should be
decoded and supplied to only the selected chips. The
CAS must be supplied to all chips (to turn off the
unselected output). Those chips that did not receive
a RAS, however, will not dissipate any power on the
CAS edges, except for that required to turn off the
outputs. If the RAS signal is decoded and supplied
only to the selected chips, then the Chip Select (CS)
input of all chips can be at a logic 0. The chips that
receive a CAS but no RAS will be unselected (output
open-circuited) regardless of the Chip Select input.
For refresh cycles, however, either the CS input of
all chips must be high or the CAS input must be
held high to prevent several “wire-ORed " outputs
from turning on with opposing force.

The current waveforms for the current drawn from
the VDD and VBB supplies are shown in Figure A.
Since the current is pulsed, proper power distribution
and bypassing techniques are required to maintain
system power supply noise levels at an acceptable
level. Low inductance supply lines for Vpp and VSS
are desirable. One 0.01 microfarad, low inductance,
bypass capacitor per two MK 4096 devices and one
6.8 microfarad electrolytic capacitor per eight
MK 4096 devices on each of the Vpp and VBB
supply lines is desirable.

POWER-UP

Under normal operating conditions the MK 4096
requires no particular power-up sequence. How-
ever, in order to achieve the most reliable perfor-
mance from the MK 4096, proper consideration
should be given to the VBB/VDD power supply
relationship. The VBB supply is an extremely import-
ant “‘protective voltage’ since it performs two essen-
tial functions within the device. It establishes proper
junction isolation and sets field-effect thresholds,
both thin field and thick field. Misapplication of
VBB or device operation without the VBB supply,
can affect long term device reliability. For optimum
reliability performance from the MK 4096, it is
suggested that measures be taken to not have Vpp
(+12V) applied to the device for over five (5) seconds|
without the application of VBB (—5V).

After power is applied to the device, the_MK 4096
requires at least one memory cycle (RAS/CAS)
before proper device operation is achjeved. A normal
64 cycle refresh with both RAS and CAS is adequate
for this purpose.
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MOSTEK.

4096 x1-BIT DYNAMIC RAM

MK4200(K/N)-11/16

FEATURES

O Industry standard 16-pin DIP configuration
(available in plastic (N) and ceramic (K)
packages)

O All inputs are low capacitance and TTL
compatible, except RAS (MOS level)

O Input latches for address, chip select and
data in

O Inputs protected against static charge

DESCRIPTION

The MK 4200 is a 4096 word by 1 bit MOS Random
Access Memory circuit packaged in a standard 16-pin
DIP on 0.3 inch centers. This package configuration
is made possible by a unique multiplexing and latch-
ing technique for the address inputs. The use of the
16-pin DIP for the MK 4200 provides high system
bit densities and is compatible with widely available
automated testing and insertion equipment.

The MK 4200 is fabricated with MOSTEK's standard
Self-Aligned, Poly-Interconnect, N-Channel (SPIN)
process. The SPIN process allows the MK 4200 to be

O Three-state TTL compatible output, latched and
valid into next cycle

O Proven reliability with high performance

Part Number | Access Time Cycle Time Max Power™
MK 4200-16 300 ns 425 ns 380 mW
MK 4200-11 350 ns 500 ns 300 mW

*Standby power for all parts <.6 mW

standards necessary for today’s (and tomorrow’s)fe]
data processing applications. The MK 4200 employs
a single transistor storage cell, utilizing a dynamic
storage technique and dynamlc control circuitry to
achieve optimum performance with low power
dissipation.

System oriented features incorporated within the
MK 4200 include direct interfacing capability with
TTL, 6 instead of 12 address lines to drive, on-chip
reglsters which can eliminate the need for interface
registers, input logic levels selected to optimize the
noise immunity, and two chip select methods to

a_ highly manufacturable, state-of-the-art memory allow the user to determine the speed/power
circuit that exhibits the reliability and performance characteristics of his memory system.
FUNCTIONAL DIAGRAM PIN CONNECTIONS
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ABSOLUTE MAXIMUM RATINGS* *Stresses above those listed under ““Absolute

Maximum Ratings’’ may cause permanent
Voltage on an in relative to VRR. ...—=0.5V to + 25V damage to the device. This is a stress rating only
(VSSEE\)/BB >y4p5V BB and functional operation of the device at thege
Operating temperature TA (Ambient). . .. 0°C to + 70°C or at any other conditions above those indi-

. ° cated in the operational sections of this speci-
Storage temperature (Ceramic) ... ...—65°Cta + 150°C fication is not implied. Exposure to Absolute

Storage temperature (Plastic) ....... —55°C to + 125°C Maximum Rating conditions for extended
Power dissipation . ............ ... 0. 1Watt periods may affect device reliability.
Dataoutcurrent........... ..., 50mA

RECOMMENDED DC OPERATING conpiTIoNs (17)
(0°C < Ta < 70°C)

PARAMETER MIN TYP MAX UNITS | NOTES
VDD Supply Voltage 114 12.0 12.6 Volts 1
Vce Supply Voltage Vss 5.0 VDD Volts 1,2
Vss Supply Voltage 0 ‘o 0 Volts 1
VBB Supply Voltage —-4.5 -5.0 -5.5 Volts 1
VIHC | Logic 1 Voltage, CAS, WRITE 2.7 5.0 7.0 Volts 1,3
VIH Logic 1 Voltage, all inputs 24 5.0 7.0 Volts 1,3

except RAS, CAS, WRITE
VIHR Logic 1Voltage, RAS input Vpp-1 12.0 VDD+1 Volts 1
ViL Logic 0 Voltage, all inputs -1.0 0 0.8 Volts 1,3

(17)

DC ELECTRICAL CHARACTERISTICS
(0°C< TA < 70°C) (VDD = 12.0V * 5%; Vce = 5.0V * 10%; Vss = OV; VBB = —5.0V *10%)

MK 4200-16 MK 4200-11

PARAMETER MIN MAX MIN MAX |UNITS | NOTES
IDD1| Average VDD Power Supply Current 30 25 mA 4
ICC Vcc Power Supply Current mA 5
BB Average VBB Power Supply Current 75 75 MA
IDD2 | Standby Vpp Power Supply Current 50 50 rA
IDD3 | Average VDD Supply Current during 22 18 mA 4
“RAS - only’’ cycles
1I(L) Input Leakage Current (any input) 5 5 A 6
10(L) Output Leakage Current 10 10 A 7,8
VOH Qutput Logic 1 Voltage® IQuT 24 2.4 Volts 2
= —bmA
VoL Output Logic O Voltage @ IQUT 0.4 04 Volts
=2mA
NOTES
1. Ali voltages referenced to Vgg. Vgg must be applied to and 5. lgc depends upon output loading. The V¢ supply is connected
removed from the device within 5 seconds of Vpp. to the output buffer only.
2. Output voltage will swing from Vgg to Ve if Veg S Vpp —4 6. All device pins at 0 volts except Vgg which is at —5 volts and the
volts. If Voo = Vpp —4 volts, the output will swing from Vss pin under test which is at +10 volts.

to a voltage somewhat less than Vpp.

. 7. Output is disabled (open-circuit); RAS = V)_and CAS = V|C.
3. Device speed is not guaranteed at input voltages greater than TTL
levels (0 to 5V).
8. 0V < VvpuT S +10V.
4. Current is proportional to cycle rate; maximum current is
measured at the fastest cycle rate.
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (10, 15,17)
(0°C < TA < 70°C) (VpD = 12.0V+ 6%, Vcc = 5.0V« 10%, Vss =0V, VBB = —5.0V + 10%)

MK 4200-16 MK 4200-11
PARAMETER MIN MAX MIN MAX UNITS NOTES
tRc Random Read or Write Cycle Time 425 500 nsec 1
tRAc | Access time from Row Address Strobe 300 350 nsec 11,13
tcaC Access Time from Column Address 165 200 nsec 12,13
Strobe
t OFF Output Buffer Turn-Off Delay 0 80 0 100 nsec
tRP Row Address Strobe Precharge Time 125 150 nsec
tRAS Row Address Strobe Pulse Width 300 10,000 350 10,000 nsec
tRCL Row To Column Strobe Lead Time 80 135 100 150 nsec 14
tCAS Column Address Strobe Pulse Width 165 200 nsec 12
tAS Address Set-Up Time 0 0 nsec
tAH Address Hold Time 80 100 nsec
tCH Chip Select Hold Time 100 100 nsec _—
tT Rise and Fall Times 3 50 3 50 nsec ?—3 % gt:
tRCS Read Command Set-Up Time 0 0 nsec g E § :
tRCH Read Command Hold Time 0 0 nsec 3 e E
tWCH Write Command Hold Time 130 150 nsec
twp Write Command Pulse Width 130 150 nsec
tCRL Column to Row Strobe Lead Time -50 +50 -50 +50 nsec
tCWL Write Command to Column Strobe 130 150 nsec
Lead Time
tDS Data In Set-Up Time 0 i 0 nsec 16
tDH Data In Hold Time 130 150 nsec 16
tRFSH | Refresh Period 2 2 msec
tMOD | Modify Time 10 10 Msec
tDOH Data Out Hold Time 10 10 Msec
NOTES Continued
9. Capacitance measured with Boonton Meter or effective capacitance 15. Viqc or VIHR or V4 and V| (max) are reference levels for
calculated from the equation: C = | £t with current equal to a con- measuring timing of input signals. Also, transition times are

stant 20mA. AV measured between V¢ or ViHR or V|H and V.

10. = . ~AS
A C measurements assume tT = 5ns 16. These parameters are referenced to CAS leading edge in random

write cycles and to WRITE leading edge in delayed write or read-
modify-write cycles.

11. Assumes that tRoL + tT < tRCL (max).

12. Assumes that tycL + tT =trcL (max).
17. After the application of supply voltages or after extended periods
13. Measured with a load circuit equivalent to 1 TTL load and C_ = 100pF. of operation without clocks, the device must perform a minimum
of one initialization cycles (any valid memory cycle containing both

14. Operation within the trc (max) limit insures that trac (max) RAS and CAS) prior to normal operation.

can be met. tgc (max) is specified as a reference point only; if
tRCL is greater than the specified tgc (max) limit, then access
time is controlled exclusively by tcac and tRas ., tRAC and tRCL
will be longer by the amount trc( + tT exceeds trc {max).
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AC ELECTRICAL CHARACTERISTICS
(0°C <TA< +70T) (VDD = 12.0V £5%, VcC =5.0V +10%, Vss = 0V, VBB = —5.0V + 10%)

PARAMETER TYP MAX | UNITS | NOTES
cl Input Capacitance (AQ — A5) 7 10 pF 9
Ci2 lnEut Capacitance (RAS, CAS, DN, 5 7 pF 9
ITE,
Co Output Capacitance (DQUT) 5 8 pF 79
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TIMING WAVEFORMS
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NOTE:

Prior to the first memory cycle following a period (beyond 2mS) of “RAS-only refresh, a memory cycle employing both
RAS and CAS must be performed to insure proper device operation.
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ADDRESSING

The 12 address bits required to decode one of the
4096 cell locations within the MK 4200 are multi-
plexed onto the 6 address inputs and latched into the
on-chip address latches by externally applying a
positive going MOS level clock and a negative going
TTL level clock.  The first clock, the Row Address
Strobe (RAS), latches the 6 row address bits into the
chip. The second clock, the Column Address Strobe
(CAS), subsequently latches the 6 column address
bits plus Chip Select (CS) into the chip. (Note that
since the Chip Select signal is not required until
CAS time, which is well into the memory cycle its
decoding time does not add to system access or
cycle time). Each of these signals, RAS and CAS,
triggers a sequence of events which are controlled by
different delayed internal clocks. The two clock
chains are linked together logically in such a way
that the address multiplexing operation is done
outside of the critical path timing sequence for
read data access. The later events in the CAS clock
sequence are inhibited until the occurrence of a
delayed signal derived from the RAS_clock chain.
This “‘gated CAS” feature allows the CAS clock to
be externally activated as soon as the Row Address
Hold Time specification (tAH) has been satisfied
and the 6 address inputs have been changed from
Row address to Column address information.

Note that CAS can be activated at any time after
tAH and it will have no effect on the worst case
data access time (tRAC) up to the point in time when
the delayed row clock no longer inhibits the remain-
ing sequence of column clocks. Two timing end
points result from the internal gating of CAS which
are called tRcL (min) and tRCL (max). No data
storage or reading errors will result if CAS is applied
to the MK 4200 at a point in time beyond the tR%L
(max) limit. However, access time will then_be
determined exclusively by the access time from CAS
(tcAc) rather than from RAS (tRAC)., and access
time from RAS will be lengthened by the amount
that tRCL exceeds the tRCL ?max) limit.

INPUT LEVELS

All inputs to the MK 4200 except address strobe
(RAS) are TTL compatible. The RAS input has
been specially designed so that very little steady
state (DC) power is dissipated by the MK 4200
while in standby operation. In doing this, the RAS
input requires a high level signal to activate the
chip. The RAS input driver must be able to change
the capacitance load of the RAS input from within
8 volt at Vss (0V) to within 1 volt of Vpp (+12).

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into
an_on-chip register by a combination of WRITE and
CAS while RAS is active. The later of the signals
(WRITTE or CAS) to make its negative transition is
the strobe for the Data In register. This permits
several options_in the write cycle timing. In a write
cycle, if the WRITE input is biught low prior to
C‘&S, the Data In is strobed by CAS, and the set-up
and hold times are referenced to CAS. If the data
input is not available at CAS time or if it is desired
that the cycle be a read-write or read-modify-write

cycle, the WRITE signal must be delayed until
after In this ““delayed write cycle’” the data

input set-up and hold times are referenced to the
114

negative edge of WRITE rather than to CAS.

%Rqr%ustrate this feature, Data In is referenced to
in the timing diagram depicting the read-
modify-write cycle while the “‘early write” cycle
diagram shows Data In referenced to CAS),_Note that
if _the chip is unselected (CS high at CAS time)
WRITE commands are not executed and, consequent-
ly, data stored in the memory is unaffected.

Data is retrieved from the memory in a read cycle by
maintaining WRITE in the inactive or high state
throughout the portion of the memory cyle in which
CAS is active. Data read from the selected cell
will be available at the output within the specified
access time.

DATA OUTPUT LATCH

Any change in the condition of the Data Out Latch
is initiated by the CAS signal. The output buffer is
not affected by memory (refresh) cycles in which
only the RAS signal is applied to the MK 4200.
Whenever makes a negative transition, the
output will go unconditionally open-circuited, inde-
pendent of the state of any other input to the chip.
If the cycle in progress is a read, read-modify-write,
of a delayed write cycle and the chip is selected,
then the output latch and buffer will again do active
and at access time will contain the data read from
the selected cell. This output data is the same polarity
(not inverted) as the input _data. If the cycle in
rogress is a write cycle (WRITE active low before
Eﬂg goes low) and the chip is selected, then at
access time the output latch and buffer will contain
a logic 1. Once having gone active, the output _will
remain valid until the MK 4200 receives the next CAS
negative edge. Intervening refresh cycles in which a
RAS is received (but no CAS) will not cause valid
data to be affected. Conversely, the output will
assume the open-circuit state during any cycle in
which the MK 4200 receives a but no RAS
signal (regardless of the state of any other inputs).
The output will also assume the open-circuit state
in normal cycles (in which both RAS and CAS
signals occur) if the chip is unselected.

The three-state data output buffer presents the data
output pin with a low impedance to V¢ for a logic 1
and a low impedance to Vs for a logic 0. The effec-
tive resistance to VG (logic 1 state) is 50082 maxi-
mum and 1502 typically. The resistance to VSS
(logic O state) is 20082 maximum and 10082 typically.
The separate V¢ pin allows the output buffer to be
powered from the supply voltage of the logic to
which the chip is interfaced. During battery standby
operation, the Vcc pin may have power removed
without affecting the MK 4200 refresh operation.
This allows all system logic except the RAS/CAS
timing circuitry and the refresh address logic to be
turned off during battery standby to conserve power.

REFRESH

Refresh of the dynamic cell matrix is accomplished
by performing a memory cycle at each of the 64 row
addresses within each 2 millisecond time interval.
Any cycle in which a RAS signal occurs accomplishes
a refresh operation. A read cycle will refresh the
selected row, regardless of the Chip Select (CS) input.
A write or read-modify-write cycle also refreshes the
selected row, but the chip should be unselected to



prevent writing data into the selected cell.

For standby operation, a ‘“RAS-only’’ cycle can be
employed to refresh the MK 4200. However, if
“RAS-only”’ refresh cycles (where RAS is the only
signal applied to the chip) are continued for extended
periods, the output buffer may eventually lose proper
data arfxd Igo open-circuit. Pri i I
i

only'’ refre mem loyin h

n mu rfor! rech he inter-
ircuitry. This ““dummy cycle’’ allows the output
buffer to regain activity and enables the device to
perform a read or write cycle upon command.

POWER DISSIPATION/STANDBY MODE

Most of the circuitry used in the MK 4200 is dynamic
and most of the power drawn is the result of an
address strobe edge. Because the power is not drawn
during the whole time the strobe is active, the
dynamic power is a function of operating frequency
rather than active duty cycle. Typically, the power
is 120 mW at a 1 wusec cycle rate for the MK 4200
with a maximum power of less than 450 mW at
375 nsec cycle time. To minimize the overall system
power, the Row Address Strobe (RAS) should be
decoded and supplied to only the selected chips. The
CAS must be supplied to all chips (to turn off the
unselected output). Those chips that did not receive
a_RAS, however, will not dissipate any power on the
CAS edges, except for that required to turn off the
outputs. If the RAS signal is decoded and supplied
only to the selected chips, then the Chip Select (CS)
input of all chips can be at a logic 0. The chips that
receive a CAS but no RAS will be unselected (output
open-circuited) regardless of the Chip Select input.
For refresh cycles, however, either the CS input of
all chips must be high or the CAS input must be

held high to prevent several “wire-ORed)” outputs
from turning on with opposing force.

The current waveforms for the current drawn from
the VDD and VBB supplies are shown in Figure A.
Since the current is pulsed, proper power distribution
and bypassing techniques are required to maintain
system power supply noise levels at an acceptable
level. Low inductance supply lines for Vpp and VSS
are desirable. One 0.01 microfarad, low inductance,
bypass capacitor per two MK 4200devices and one
6.8 microfarad electrolytic capacitor per eight
MK 4200 devices on each of the Vpp and VBB
supply lines is desirable.

POWER-UP

Under normal operating conditions the MK 4200
requires no particular power-up sequence. How-
ever, in order to achieve the most reliable perfor-
mance from the MK 4200, proper consideration
should be given to the VBB/VDD power supply
relationship. The VBB supply is an extremely import-
ant “‘protective voltage” since it performs two essen-
tial functions within the device. It establishes proper
junction isolation and sets field-effect thresholds,
both thin field and thick field. Misapplication of
VBB or device operation without the VBB supply
can affect long term device reliability. For optimum
reliability performance from the MK 4200, it is
suggested that measures be taken to not have Vpp
(+12V) applied to the device for over five (5) seconds
without the application of VBB (—5V).

4096x1-BIT

DYN RAM

MK4200(K/N)-
11/16

After power is applied to the device, the MK 4200
requires at least one memory cycle (RAS/CAS)
before proper device operation is achieved. A normal
64 cycle refresh with both RAS and CAS is adequate
for this purpose.

POWER SUPPLY CURRENT WAVEFORMS
Figure A
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MOSTEK.

8192 x 1-BIT DYNAMIC RAM

MK4108(P/N)

FEATURES

O Recognized industry standard 16-pin config-
uration from Mostek

O Column Address A0 < 0.8V for upper half
matrix (MK4108-40)

Column Address AQ > 2.2V for lower half
matrix (MK4108-41)

200ns access time, 375ns cycle

Output data controlled by CAS and unlatched
at end of cycle to allow two dimensional chip
selection

DESCRIPTION

The MK4108 is a new generation MOS dynamic
random access memory circuit organized as 8192
words by 1 bit. As a state-of-the-art MOS memory
device, the MK4108 (8K RAM) incorporates ad-
vanced circuit techniques designed to provide wide
operating margins, both internally and to the system
user, while achieving performance levels in speed
and power previously seen only in MOSTEK's high
performance MK4027 (4K RAM).

The technology used to fabricate the MK4108 is
MOSTEK'’s double-poly, N-channel silicon gate,
POLY 1I1® process. This process, coupled with the
use of a single transistor dynamic storage cell, pro-
vides the maximum possible circuit density and
reliability, while maintaining high performance

O Common [/O capability using “‘early write”
operation

O Read-Modify-Write, RAS-only refresh, and Page-
mode capability

O All inputs TTL compatible, low capacitance, and
protected against static charge

O 128 refresh cycles (2 msec refresh interval)
O + 10% tolerance on all power supplies (+12V, +5V)

O ECL compatible on Vgg power supply (—=5.7V)

capability. The use of dynamic circuitry through-
out, including sense amplifiers, assures that power
dissipation is minimized without any sacrifice in
speed or operating margin. These factors combine
to make the MK4108 a truly superior RAM product.

Multiplexed address inputs (a feature pioneered by
MOSTEK for its 4K RAMs) permits the MK4108
to be packaged in a standard 16-pin DIP. This
recognized industry standard package configuration,
while compatible with widely available automated
testing and insertion equipment, provides highest
possible system bit densities and simplifies system
upgrade from 4K to 8K RAMs for new generation
applications. Non-critical clock timing requirements
allow use of the multiplexing technique while main-
taining high performance.

FUNCTIONAL DIAGRAM
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PIN CONNECTIONS

Veg I Qe D16 Vss
Din 2 [ Ois CAs
WRITE 3 [ 014 Doyt
RAS 40 013 Ag
Ao 50 Di2 Aj
Ay 6 0 D1 Ag
A, 70 Do As
Voo 8 9 Vee
PIN NAMES
Ag-Ag ADDRESS INPUTS
CAS COLUMN ADDRESS STROBE
D|n DATA IN
Doyt DATAOUT

A ROW ADDRESS STROBE
WRITE READ/WRITE INPUT
Vgg POWER (—5V)
Vee POWER (+5V)
Vbbb POWER (+12V)
Vss GROUND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pinrelative toVBB. . .. ...« .o vi .—0.5V to +20V ’Stresses 9;;:;‘-::";"]18"“;:';5;,,“5:; under
Voltage on VDD, VCC suppliés relative to VSS. . ........ —1.0V to +15.0V permanent damage to the device. This is a
VBB—VSS (VDD—=VSS>0V) ... oot QV stess rating only and functional operation

N . d h h di-
Operating temperature, TA (Ambient) . .................. 0°C to + 70T :or:seabz\\,/:et:;s; ?:_f:z:;(:;vjnmgvfe' ;‘;LQ
Storage temperature (Ambient) (Ceramic) ............. —B5°C 10 +150°C Homa L o s e o iemoon
Storage temperature (Ambient) (Plastic)............... —b55°C to +125°C [2iing conditions for extended periods may
Short circuit outputcurrent ... ...ttt e 50mA ’

Power dissipation . . ...t e 1 Watt
RECOMMENDED DC OPERATING CONDITIONS
(°C <TA<70C)!

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Voltage VbD 10.8 12.0 13.2 Volts 1
Vee 45 5.0 5.5 Volts 1,2
Vss ] 0 0 Volts 1
veB -4.5 -5.0 -5.7 Volts 1

Input High (Logic 1) Voltage, VIHC 24 — 7.0 Volts 1

RAS, CAS, WRITE

Input High (Logic 1) Voltage, ViIH 2.2 - 7.0 Volts 1

all inputs except RAS, CAS

WRITE

Input Low (Logic 0) Voltage, ViL -1.0 - .8 Volts 1

all inputs

DC ELECTRICAL CHARACTERISTICS
(0°C <TA< 70°C)? (VDD = 12.0V +10%; VG = 5.0V +10%; -5.7V < VBB < -4.5V ; Vs = OV)

PARAMETER SYMBOL MIN MAX UNITS NOTES

OPERATING CURRENT IDD1 35 mA 3

Average power supply operating current Icct 4

(RAS, CAS cycling; trc = 375ns) IBB1 200 HA

STANDBY CURRENT IDD2 1.5 mA

Power supply standby current (RAS = V|HqC, lcc2 —-10 10 uA

DouyT = High Impedance) IBB2 100 MA

REFRESH CURRENT IDD3 27 mA 3

Average power supply current, refresh mode lcca -10 10 MA

(RAS cycling, CAS = VHC: tRC = 375ns) 1883 200 A

PAGE MODE CURRENT IDD4 27 mA 3

Average power supply current, page-mode lcca 4

operation (RAS =V, CAS cycling: 1884 200 A

tPC = 225ns)

INPUT LEAKAGE (L) -10 10 uA

Input leakage current, any input

(VBB = =5V, 0OV < VN < +7.0V, all other

pins not under test = 0 volts)

OUTPUT LEAKAGE lo(L) —-10 10 MA

Output leakage current (DQUT is disabled,

0V < VoyT < +5.5V)

OUTPUT LEVELS

Output high (Logic 1) voltage (loyT = —=5mA) VOH 24 Volts 3

Output low (Logic 0) voltage (IoyT = 4.2 mA) VoL 04 Volts

NOTES:

1. All voltages referenced to Vgg.

2. Output voltage will swing from Vgg to Vg when activated with operations or data retention. However, the Vo (min) specifica-
no current loading. For purposes of maintaining data in standby tion is not guaranteed in this mode.

mode, Vcc may be reduced to Vgg without affecting refresh
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (56,7)
(0°C< TA<70°C) (Vpp = 12.0V * 10%; VcC = 5.0V + 10%, Vss = 0V, -5.7V < Vg < -4.5V)

MK4108

PARAMETER SYMBOL MIN MAX UNITS NOTES
Random read or write cycle time tRC 375 ns

Read-write cycle time tRWC 375 ns

Read Modify Write tRMW 405 ns

Page mode cycle time tpC 225 ns

Access time from RAS tRAC 200 ns 8,10
Access time from CAS tCAC 135 ns 9,10
Output buffer turn-off delay tOFF 0 50 ns 1
Transition time (rise and fall) tT 3 50 ns 7
RAS precharge time tRP 120 ns

RAS pulse width tRAS 200 10000 ns

RAS hold time tRSH 135 ns

CAS pulse width tCAS 135 10000 ns

CAS hold time tCSH 200 ns

RAS to CAS delay time tRCD 25 65 ns 12
CAS to RAS precharge time ICRP -20 ns

Row Address set-up time tASR 0 ns

Row Address hold time tRAH 25 ns

Column Address set-up time tASC —10 ns

Column Address hold time tCAH 55 ns

Column Address hold time referenced to RAS tAR 120 ns

Read command set-up time tRCS 0 ns

Read command hold time tRCH 0 ns

Write command hold time tWCH 55 ns

Write command hold time referenced to RAS tWCR 120 ns

Write command pulse width WP 55 ns

Write command to RAS lead time tRWL 70 ns

Write command to CAS lead time tcwWL 70 ns

Data-in set-up time tps 0 ns 13
Data-in hold time tDH 55 ns 13
Data-in hold time referenced to RAS tDHR_ 120 ns

CAS precharge time (for page-mode cycle only) tcp 80 ns

Refresh period tREF 2 ms

WRITE command set-up time tWes —20 ns 14
CAS to WRITE delay tcwD 80 ns 14
RAS to WRITE delay tRWD 145 ns 14
3. Ipp1. 'DD3. and Ipp4 depend on cycle rate. The maximum 11. torf (max) defines the time at which the output achieves the

specified current values are for tgc=375ns and tpc=225ns. Ipp
limit at other cycle rates are determined by the following equat-
tions:

Ipp1 (max) [MA] = 10 + 9.4 cycles rate [MHz]

Ipp3 (max) [MA] = 10 + 6.5 x cycle rate [MHz]

Ipp4 (max) [MA] = 10 + 3.75 cycle rate [MHz]

4. Icc1 and Iccg depend upon output loading. During readout of 13.
high level data V¢ is connected through a low impedance (135
typ) to data out. At all other times Icc consists of leakage
currents only.

open circuit condition and is not referenced to output voltage
levels.

12. Operation within the tgcp (max) limit insures that tgac (max)
can be met. ‘RC?‘ (ma5 is specified as a reference point only; if
trcD is greater than the specified tRCD {max) limit, then access
time is controlled exclusively by tCAC.

These parameters are referenced to CAS leading edge in early
write cycles and to WRITE leading edge in delayed write or
read-modify-write cycles.

14. twes. tcwpD and tRwp are restrictive operating parameters in

Several cycles are required after power-up before proper device
operation is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.

AC measurements assume tT=5ns.

ViHc (min) or V y( (min) and V|| (max) are reference levels for
measuring timing of input signals. Also, transition times are
measured between V¢ or Vi and V.

Assumes that tRcps tgcp (max). If tg D is greater than the
maximum recommended value shown in this table, tgac will
increase by the amount that tgcp exceeds the value shown.

Assumes that tgcp == tRcp (max).
Measured with a load equivalent to 2 TTL loads and 100pF.

16.

read write and read modify write cycles only. If twcs = twgs
(min), the cycle is an early write cycle and the data out pin will?
remain open circuit (high impedance) 2 (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 indeterminate.
Effective capacitance calculated from

with A
levels.

the equation C =
v = 3 volts and power supplies at nominal v

CAS = V) to disable Doy T-
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AC ELECTRICAL CHARACTERISTICS

(0°C< TA < 70°C) (Vpp = 12.0V £ 10%; Vss = OV; —5.7V < VBB < —4.5V)

PARAMETER SYMBOL TYP MAX UNITS NOTES
Input Capacitance (Ag—Ag), DIN CI 5 pF 15
Input Capacitance RAS, CAS, WRITE CI2 10 pF 15
Output Capacitance (DoQUT) Co 5 7 i pF 15,16

DESCRIPTION (continued)

System oriented features include + 10% tolerance on
all power supplies, direct interfacing capability with
high performance logic families such as Schottky
TTL, maximum input noise immunity to minimize
“’false triggering” of the inputs (a common cause of
soft errors();, on-chip address and data registers which
eliminate the need for interface registers, and two
chip select methods to allow the user to:determine
the appropriate speed/power characteristics of his
memory system. The MK4108 also incorporates
several flexible timing/operating modes. In addition
to the usual read and write cycles, the MK4108 is
capable of ““RAS-only’ refresh. Proper control of the
clock inputs (RAS, CAS and WRITE) allows common

1/0 capability and two dimensional chip selection.

ADDRESSING *

The 13 address bits required to decode 1 of the
8192 cell locations within the MK4108 are multi-
plexed onto the 7 address inputs and latched into
the on-chip address latches by externally applying
two negative going TTL-level clocks. The first clock,
the Row Address Strobe (RAS), latches the 7 row
address bits into the chip. The second clock, Column
Address Strobe (CAS), subsequently latches the
6 column addresses (A1-A6) into the chip. At
Column Address Strobe time, AO (pin 5) is used
to determine the proper functional half (upper or
lower) of the 16K matrix. AO at this time must be
at the level specified by the MK4108 dash number.
If an MK4108-40 is utilized AO must be at a logic
0 (0.8V max). If an MK4108-41 is utilized A0 must

NOTE:

be taken to a logic 1 (2.2V min). The other 6 ad-
dress bits used for column addresses (A1-A6) func
tion normally (see MK4116-2/3 data sheet). Each
of these signals, RAS and CAS, triggers a sequence
of events which are controlled by different delayed
internal clocks. The two clock chains are linked
together logically in such a way that the address
multiplexing operation is done outside of the critical
path timing sequence for read data access. The later
events in the clock sequence are inhibited until
the occurrence of a delayed signal derived from the
RAS clock chain. This ““gated CAS’’ feature allows
the CAS clock to be externally activated as soon as
the Row Address Hold Time specification (tRAH)
has been satisfied and the address inputs have been
changed from Row address to Column address
information.

Note that CAS can be activated at any time after
tRAH and it will have no effect on the worst case
data access time (tRAC) up to the point in time when
the delayed row clock no longer inhibits the remain-
ing sequence of column clocks. Two timing end-
points result from the internal gating of CAS which
are called tgcp (min) and tRcpD (max). No data
storage or reading errors will result if CAS is applied
to the MK4108 at a point in time beyond the tRCD
(max) limit. However, access time will then be de-
termined exclusively by the access time from CAS
(tcac) rather than from RAS (tRAC), and access
time from RAS will be lengthened by the amount
that tRCD exceeds the tRCD (max) limit.

THIS SUPPLEMENTAL DATA SHEET SHOULD BE USED

IN CONJUNCTION WITH THE MK4116(P)-2/3 DATA SHEET.
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MOSTEK.

16,384 X 1-BIT DYNAMIC RAM

MK4116(P/N)-2/3

FEATURES

O Recognized lndust[ly standard 16-pin config-
uration from MOSTEK

00 150ns access time, 375ns cycle (MK 4116-2)
200ns access time, 375ns cycle (MK 4116-3)

O + 10% tolerance on all power supplies (+12V, £5V)

O Low power: 462mW active, 20mW standby (max)

O Output data controlled by CAS and unlatched at
end of cycle to allow two dimensional chip selec-
tion and extended page boundary

DESCRIPTION

The MK 4116 is a new generation MOS dynamic
random access memory circuit organized as 16,384
words by 1 bit. As a state-of-the-art MOS memory
device, the MK 4116 (16K RAM) incorporates
advanced circuit techniques designed to provide
wide operating margins, both internally and to the
system user, while achieving performance levels
in speed and power previously seen only in MOSTEK's
high performance MK 4027 (4K RAM).

The technology used to fabricate the MK 4116 is
MOSTEK’s double-poly, N-channel silicon gate,
POLY I1® process. This process, coupled with the
use of a single transistor dynamic storage cell, pro-
vides the maximum possible circuit density and
reliability, while maintaining high performance

O Common |/0 capability using “early write”
operation

O Read-Modify-Write, RAS-only refresh, and Page-
mode capability

O All inputs TTL compatible,low capacitance, and
protected against static charge

O 128 refresh cycles

O ECL compatible on VBB power supply (-5.7V)

capability. The use of dynamic circuitry through-
out, including sense amplifiers, assures that power
dissipation is minimized without any sacrifice in
speed or operating margin. These factors combine
to make the MK 4116 a truly superior RAM product.

Multiplexed address inputs (a feature pioneered by
MOSTEK for its 4K RAMS) permits the MK 4116
to be packaged in a standard 16-pin DIP. This
recognized industry standard package configuration,
while compatible with widely available automated
testing and insertion equipment, provides highest
possible system bit densities and simplifies system
upgrade from 4K to 16K RAMs for new generation
applications. Non-critical clock timing requirements
allow use of the multiplexing technique while main-
taining high performance.

FUNCTIONAL DIAGRAM
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Voo 8 [ 09 Vee
PIN NAMES

A;Q;AG ADDRESS INPUTS

CAS COLUMN ADDRESS STROBE
DN DATA IN

Doyt DATAOUT

RAS ROW ADDRESS STROBE
WRITE READ/WRITE INPUT

Vgg POWER (-5V)

Vce POWER (+5V)

Vbp POWER (+12V)

Vss GROUND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pinrelative to VBB. .. .« v oo v v iieinn .—0.5V to +20QV Suesses greater than those listed uncer
Voltage on VDD, VCC suppliés relative to VSS. . .. ... ... ~1.0V 10 +15.0V permnent dar:\lageu o ?haenzgeiicTTThi:ati'ss:
i i operation
VBB—VSS (VDD—=VSS>0V) ... oo YREEE OV e T Ot o oo her condi.
Operating temperature, TA (Ambient) . .................. 0°C to + 70T tions above those indicated in the opera.
Storage temperature (Ambient) Ceramic............... —55°C to + 160°C |20, Erposure to absoluse maximurm
Storage temperature, (Ambient) Plastic ................... -55°C to +125°C ;;ie'g rce?i:?)ii::?:s for extended periods may
Short circuit output cUrrent . .. ... oot it e i i 50mA ’
Power dissipation . . ......... ..t 1 Watt
RECOMMENDED DC OPERATING CONDITIONSS®
(0°C <TA<70%C)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Voltage VDD 10.8 12.0 13.2 Volts 2
Vee 4.5 5.0 5.5 Volts 2,3
Vss 0 0 0 Volts 2
VBB —4.5 -5.0 -5.7 Volts 2
Input High (Logic 1) Voltage, VIHC 24 - 7.0 Volts 2
RAS, CAS, WRITE
Input High (Logic 1) Voltage, ViH 2.2 - 7.0 Volts 2
all inputs except RAS, CAS
WRITE
Input Low (Logic 0) Voltage, ViL -1.0 - .8 Volts 2
all inputs
DC ELECTRICAL CHARACTERISTICS
(0°C <TA <70°C) (VDD =12.0V *+ 10%; VCC =5.0V +10%; -5.7V < VBB < -4.5V; VSS = 0V)
PARAMETER SYMBOL MIN MAX UNITS NOTES
OPERATING CURRENT IDD1 35 mA 4
Average power supply operating current lce 5
(RAS, CAS cycling; tRC = tRC Min IBB1 200 MA
STANDBY CURRENT IDD2 1.5 mA
Power supply standby current (RAS = V|HC, Icc2 -10 10 MA
DouT = High Impedance) IBB2 100 MA
REFRESH CURRENT IDD3 25 mA 4
Average power supply current, refresh mode Icca -10 10 MA
(RAS cycling, CAS = V|HC; tRC = tRC Min IBB3 200 uA
PAGE MODE CURRENT IDD4 27 mA 4
Average power supply current, page-mode lcca 5
operation (RAS =V _,CAS cycling; IBB4 200 nA
tpC = tpc Min
INPUT LEAKAGE (L) -10 10 uA
Input leakage current, any input
(VBB =—5V, 0V < V|N< +7.0V, all other
pins not under test = 0 volts)
OUTPUT LEAKAGE lo(L) -10 10 MA
Output leakage current (DQUT is disabled,
0V < VouT < +5.5V)
OUTPUT LEVELS
Output high (Logic 1) voltage (IQyT = —5mA) VOH 24 Volts 3
Output low (Logic 0) voltage (loyT = 4.2 mA) VoL 04 Volts
NOTES:
1. T p is specified here for operation at frequencies to tgc >tgc mode, Vcc may be reduced to Vgg without affecting refresh

(min). Operation at higher cycle rates with reduced ambient
temperatures and higher power dissipation is permissible, how-
ever, provided AC operating parameters are met. See figure 1

for derating curve.

2. All voltages referenced to Vgg.

3. Output voltage will swing from Vgg to Vo when activated with
no current loading. For purposes of maintaining data in standby

operations or data retention. However, the VoH (min) specifica-

tion is not guaranteed in this mode.

Ipp1. IDD3. @and Ippg depend on cycle rate. See figures 2,3, and

4 for Ipp limits at other cycle rates.

%

1 and lccg depend upon output loading. During readout
igh level data Ve is connected through a low impedance

(1350 typ) to data out. At all other times Icc consists of
leakage currents only.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8)
(0T<TA< 70°C) ' (Vpp = 12.0V £ 10%; VCC = 5.0V +10%, VSS = 0V, VBB = -5.7V < VBB < -4.5V)

MK 4116-2 MK 4116-3

PARAMETER SYMBOL | MIN | MAX MIN |[MAX UNITS NOTES
Random read or write cycle time tRC 375 375 ns 9
Read-write cycle time tRWC 375 375 ns 9
Read modify write cycle time tRMW 320 405 ns 9
Page mode cycle time tpC 170 225 ns 9
Access time from RAS tRAC 150 200 ns 10,12
Access time from CAS tCAC 100 135 ns 11,12
Output buffer turn-off delay tOFF 0 40 0 50 ns 13
Transition time (rise and fall) T 3 35 3 50 ns 8
RAS precharge time tRP 100 120 ns

RAS pulse width tRAS 150 |{10,000| 200 |10,000 ns

RAS hold time tRSH 100 135 ns

CAS hold time tCSH 150 200 ns

CAS pulse width tCAS 100 |10,000 135 | 10,000 ns

RAS to CAS delay time tRCD 20 | 50 25 | 65 ns 14
CAS to RAS precharge time tCRP -20 -20 ns

Row Address set-up time tASR 0 0 ns

Row Address hold time tRAH 20 25 ns

Column Address set-up time tASC —-10 -10 ns

Column Address hold time tCAH 45 55 ns

Column Address hold time referenced to RAS tAR 95 120 ns

Read command set-up time tRCS 0 0 ns

Read command hold time tRCH 0 ns

Write command hold time tWCH 45 55 ns

Write command hold time referenced to RAS tWCR 95 120 ns

Write command pulse width tWwp 45 55 ns

Write command to RAS lead time tRWL 50 70 ns

Write command to CAS lead time tcwL 50 70 ns

Data-in set-up time tDS 0 0 ns 15
Data-in hold time ) tDH 45 55 ns 15
Data-in hold time referenced to RAS tDHR 95 120 ns

CAS precharge time (for page-mode cycle only) tcp 60 80 ns

Refresh period tREF 2 2 ms

WRITE command set-up time tWwWes -20 -20 ns 16
CAS to WRTTE delay tcwD 60 80 ns 16
RAS to WRITE delay tRWD 110 145 ns 16
NOTES (Continued) 14.  Operation within the tRCD (max) limit insures that tRAC (max) can be
6. Several cycles are required after power-up before proper device met. tRCD (max) is specified as a reference point only if tRCD is greater

1.
12.
13.

operation is achieved. Any 8 cycles which perform refresh are adequate
for this purpose.

AC measurements assume tT = 5ns.

VIHC (min) or VIH (min) and VIL (max) are reference levels for measuring
timing of input signals. Also transition times are measured between
VIHC or VIH and VIL.

The specifications for tRC (min) tRMW (min) and tRWC (min) are used
only to indicate cycle time at which proper operation over the full
temperature range (0°C < TA = 70°C) is assured

Assumes that tRCD = tRCD (Max). If tRCD is greater than the maximum
recommended value shown in this table, tRAC will increase by the
amount that tRCD exceeds the value shown.

Assumes that tRCD (max).

Measured with a load equivalent to 2 TTL loads and 100pF.

tOFF (max) defines the time at which the output achieves the open circuit
condition and is not referenced to output voltage levels.

18.

than the specified tRCD (max) limit, then access time is controlled
exclusively by tCAC.

These parameters are referenced to CAS leading edge in early write
cycles and to WRITE leading edge in delayed write or read-modify-write
cycles.

tWCS, tCWD and tRWD are restrictive operating parameters in read
write and read modify write cycles only. If tWCS =tWCS (min), the cycle
is an early write cycle and the data out pin will remain open circuit(high
impedance) throughout the entire cycle; If tCWD = tCWD (min) and
tRWD = tRWD (min), the cycle is a read-write cycle and the data out will
contain data read from the seiected cell; If neither of the above sets of
conditions is satisfied the condition of the data out (at access time) is
indeterminate.

Effective capacitance calculated from the equation C = 1At
A = 3 volts and power supplies at nominal levels AV
CAS = VIHC to disable DOUT.

AV with
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AC ELECTRICAL CHARACTERISTICS
(0°C<TA<70%C) (VDD = 12.0V + 10%; VSS = 0V; VBB = -5.7V < VBB < -4.5V)

PARAMETER SYMBOL TYP MAX UNITS NOTES
Input Capacitance (Ag—Ag), DIN Ci 4 5 pF 17
Input Capacitance RAS, CAS, WRITE Ci2 8 10 pF 17
Output Capacitance (DoyT) Co 5 7 pF 17,18
CYCLE TIME tgcl(ns) CYCLE TIME tgclns)
375 320 s 320
1000 500 400 300 250 1000 500 400 300 250
L L 50mA T
o [T
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3 N
< K‘Dj ;E 40mA.
= 3 u
= > §
60 5
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2 %
w &
@ >
z F
2 20ma
50 % A IREEE
= I
0 1.0 2.0 3.0 4.0 p
CYCLE RATE (MHz) = 103 /tgc(ns) 1oma 11 I
Fig. 1 Maximum ambient temperature versus cycle rate for extended V] 44+ +4+4
frequency operatiori. T (max) for operation at cycling rates greater i -
than 2.66 MHz (toyc<375ns) is determined by Tp (max)® C = 70— ° ]
9.0 x (cycle rate MHz —2.66) for -3. T 5 (max) °c=70-90 10 20 30 40
x cycle rate MHz —3.125MHz) for -2 only. CYCLE RATE (MHz) = 103 / tRc(ns)
Fig. 2 Maximum Ippy versus cycle rate for device operation at
extended frequencies. Inp¢ (max) curve is defined by the equation:
Ipp1 (max) mA = 10 + 9.4 x cycle rate [MHz] for -3
CYCLE TIME tRC("’) Ipp1 (max) mA = 10 + 8.0 x cycle rate [MHz] for -2
1000 500 a0 300 20
SomA T T T - - CYCLE TIME tpg(ns)
soma 000 S0 400 300 250
40mA i et
2 T S S T
E
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H] W e
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Fig. 3 Maximum _'DD3 versus cycle rat.e '0'. device operation‘ at Fig. 4 Maximum Ipp, versus cycle rate for device operation in page
extended frequencies. 'pp3 (max) curve is defined by the equation: mode. IbD4 (max) curve is defined by the equation:
Ippa{max) mA = 10 + 6.5 x cycle rate [MHz] for -3 IpD4 (Mmax) mA = 10 + 3.75 x cycle rate [MHz] for -3
Ipp3{max) mA =10 + 5.5 x cycle rate [MHz] for -2 1pD4 (max) mA = 10 + 3.2 x cycle rate [MHz] for -2
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DESCRIPTION (continued)

System oriented features include + 10% tolerance on
all power supplies, direct interfacing capability with
hi_lgh performance logic families such as Schottky
TTL, maximum input noise immunity to minimize
“false triggering” of the inputs (a common cause of
soft errors), on-chip address and data registers which
eliminate the need for interface registers, and two
chip select methods to allow the user to determine
the appropriate speed/power characteristics of his
memory system. The MK 4116 also incorporates
several flexible timing/operating modes. In addition
to the wusual read, write, and read-modify-write
cycles, the MK 4116 is capable of delayed write
cycles, page-mode operation and RAS-only refresh.
Proper control of the clock inputs(RAS, CAS and
WRITE) allows common 1/O capability, two dimen-
sional chip selection, and extended page boundaries
(when operating in page mode).

ADDRESSING

The 14 address bits required to decode 1 of the
16,384 cell locations within the MK 4116 are multi-
plexed onto the 7 address inputs and latched into the
on-chip address latches by externally applying two
negative going TTL-level clocks. The first clock, the
Row Address Strobe (RAS), latches the 7 row address
bits into the chip. The second clock, the Column
Address Strobe (CAS), subsequently latches the 7
column address bits into the chip. Each of these
signals, RAS and CAS, triggers a sequence of events
which are controlled by different delayed internal
clocks. The two clock chains are linked together
logically in such a way that the address multiplexing
operation is done outside of the critical path timing
sequence for read data access. The later events in
the CAS clock sequence are inhibited until_the
occurence of a delayed signal derived from the RAS
clock chain. This ‘““gated CAS" feature allows the
CAS clock to be externally activated as soon as the
Row Address Hold Time specification (tRAH) has
been satisfied and the address inputs have been
changed from Row address to Column address
information.

Note that CAS can be activated at any time after
tRAH and it will have no effect on the worst case
data access time (tRAC) up to the point in time when
the delayed row clock no longer inhibits the remain-
ing sequence of column clocks. Two timing end-
points result from the internal gating of CAS which
are called trcD (min) and tRCD (max). No data
storage or reading errors will result if CAS is applied
to the MK 4116 at a point in time beyond the tRCD
(max) limit. However, access time will then be de-
termined exclusively by the access time from CAS
(tcac) rather_than from RAS (tRAC), and access
time from RAS will be lengthened by the amount
that tRCD exceeds the tRCD (max) limit.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into
an_on-chip register by a combination of WRITE and
CAS while __R%S is active. The later of the signals
(WRITE or CAS) to make its negative transition is the
strobe for the Data In (D|N) register. This permits
several options_in_the write cycle timing. In a write
cycle, if the WRITE input is brought low (active)
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prior to CAS, the DjN is strobed by CAS, and the
set-up and hold times are referenced to CAS. If the
input data is not available at CAS time or if it is
desired that the cycle be a read-write cycle. the
WRITE signal will be delayed until after CAS has
made its negative transition. In this “delayed write
cycle” the data input set-up and_hold times are re-
ferenced to the negative edge of WRITE rather than
CAS. (To illustrate this feature, D| is referenced to

RITE in the timing diagrams depicting the read-
write and page-mode write cycles while the “‘early
write” cycle diagram shows D|N referenced to CAS).

Data is retrieved from the memory in a read cycle
by maintaining WRITE in the inactive or high state
throughout the portion of the memory cycle in which
CAS is active (low). Data read from the selected cell
will be available at the output within the specified
access time.

DATA OUTPUT CONTROL

The normal condition of the Data Output (DOUT)
of the MK 4116 is the high impedance (open-circuit)
state. That is to say, anytime CAS is at a high level,
the DoUT pin will be floating. The only time the
output will turn on and contain either a logic O or
logic 1 is at access time during a read cycle. DQUT
will remain valid from access time until CAS is taken
back to the inactive (high level) condition.

If the memory cycle in progress is a read, read-modify
write, or a delayed write cycle, then the data output
will go from the high impedance state to the active
condition, and at access time will contain the dat:
read from the selected cell. This output data is the
same polarity (not inverted) as the input data. Oncc
having gone active, the output will remain valid until
CAS is_taken to the precharge (logic 1) state,whether
or not RAS goes into precharge.

If the cycle in progress is an ‘“‘early-write”” cycle
(WRITE active before CAS goes active),then the
output pin will maintain the high impedance state
throughout the entire cycle. Note that with this
type of output configuration, the user is given full
control of the D pin simply by controlling the
placement of WRéi i E command during a write cycle,
and the pulse width of the Column Address Strobe
during read operations. Note also that even though
data is not latched at the output, data can remain
valid from access time until the beginning of a sub-
sequent cycle without paying any penalty in overall
memory cycle time (stretching the cycle).

This type of output operation results in some very
significant system implications.

Common 1/0 Operation — If all write operations are

handled in the “‘early write” mode,then D|N can be

gonnected directly to DQUT for a common |/O data
us.

Data Output Control — DQuT will_remain valid
during a read cycle from tcAC until goes back
to a high level (precharge), allowing data to be valid
from one cycle up until a new memory cycle begins
with no penalty in cycle time. This also makes the
RAS/CAS clock timing relationship very flexible.

Two Methods of Chip Selection — Since DQUT



is not latched, CAS is not required to turn off the
outputs of unselected_memory devices in a matrix.
This means that both CAS and/or RAS can be decod-
ed for chip selection. If both RAS and CAS are
decoded, thén a two dimensional (X,Y) chip select
array can be realized.

Extended Page Boundary — Page-mode operation
allows for successive memory cycles at multiple
column locations of the same row address. By de-
coding as a page cycle select signal, the page
boundary can be extended beyond the 128 column
locations in a single chip. (See page-mode operation).

OUTPUT INTERFACE CHARACTERISTICS

The three state data output buffer presents the data
output pin with a low impedance to VgC for a logic
1 and a low impedance to VSS for a logic 0. The
effective resistance to VcC (logic 1 state) s
420 © maximum and 135%2 typically. The resistance
to Vgg (logic O state) is 95 2 maximum and 35 £
typically. The separate VCC pin allows the output
buffer to be powered from the supply voltage of the
logic t0 which the chip is interfaced. During battery
standby operation, the Vcc pin may have power
removed without affecting the MK 4116 refresh
operation. This allows all system logic except the
RAS timing circuitry and the refresh address logic to
be turned off during battery standby to conserve
power.

PAGE MODE OPERATION

The ““Page Mode"" feature of the MK 4116 allows for
successive memory operations at multiple column
locations of the same row address with increased
speed without an increase in power. This is done by
strobing_the row address into the chip and maintain-
ing the RAS signal at a logic 0 throughout all success-
ive memory cycles in which the row address is com-
mon. This “page-mode’” of operation will not dissi-
pate the power associated with the negative going
edge of RAS. Aiso, the time required for strobing
in a new row address is eliminated, thereby decreas-
ing the access and cycle times.

The page boundary of a single MK 4116 is limited to
the 128 column locations determined by all combi-
nations of the 7 column address bits. However, in
system applications which utilize more than 16,384
data words, (more than one 16K memory block), the
page boundary can be extended by using CAS rather
than RAS as the chip select signal. RAS is applied to
all devices_to_latch the row address into each device
and then CAS is decoded and serves as a page cycle
select signal. _Only those devices which receive both
RA|S and CAS signals will execute a read or write
cycle.

REFRESH

Refresh of the dynamic cell matrix is accomplished
by performing a memory cycle at each of the 128
row addresses within each 2 millisecond time interval.
Although any normal memory cycle will perform the
refresh operation, this function is most easily accomp-
lished with “RAS-only” cycles. RAS-only refresh
results in a substantial reduction in operating power.
This reduction in power is reflected in the Ipp3
specification.

POWER CONSIDERATIONS

Most of the circuitry used in the MK 4116 is dynamic
and most of the power drawn is the result of an
address strobe edge. Consequently, the dynamic
power is primarily a function of operating frequency
rather than active duty cycle (refer to the MK 4116
current waveforms in figure 5). This current char-
acteristic of the MK 4116 precludes inadvertent
burn out of the device in the event that the clock
inputs becomé shorted to ground due to system
malfunction.

Although no particular power supply noise restriction
exists other than the supply voltages remain within
the specified tolerance limits, adequate decoupling
should be provided to suppress high frequency
noise resulting from the transient current of the
device. This insures optimum system performance
and reliability. Bulk capacitance requirements are
minimal since the MK 4116 draws very little steady
state (DC) current.

In system applications requiring lower power dissi-
pation ,the operating frequency (cycle rate) of the
MK 4116 can be reduced and the (guaranteed maxi-
mum) average power dissipation of the device will be
lowered in accordance with the Ipp1 (max) spec
limit curve illustrated in figure 2 . OTE: The
MK 4116 family is guaranteed to have a maximum
IDD1 requirement of 35mA @ 375ns cycle (320nscycle
for the -2) with an ambient temperature range from 0°
to 70°C. A lower operating frequency, for example 1
microsecond cycle, results in a reduced maximum ldd1
requirement of under 20mA with an ambient
temperature range from 0° to 70°C.

It is possible the MK4116 family (-2 and 3 speed
selections for example) at frequencies higher than
specified, provided all AC operating parameters are met.
Operation at shorter cycle times (<tRC min) results in
higher power dissipation and, therefore, a reduction in
ambient temperature is required. Refer to Figure 1 for
derating curve.

NOTE: Additional power supply tolerance has been included on the VBB
supply to allow direct interface capability with both -5V systems -5.2V ECL
systems.

RAS/CAS CYCLE LONG RAS/CAS CYCLE RAS ONLY CYCLE
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Fig. 5 Typical Current Waveforms 129
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Although RAS and/or CAS can be decoded and used
as a chip select signal for the MK 4116,overall system
power is minimized if the Row Address Strobe
(RAS) is used for this purpose. All unselected de-
vices (those which do not receive a RAS) will remain
in a low_power (standby) mode regardless of the
state of CA%.

POWER UP

The MK 4116 requires no particular power supply
sequencing so long as the Absolute Maximum Rating
Conditions are observed. However, in order to insure
compliance with the Absolute Maximum Ratings,
MOSTEK recommends sequencing of power supplies
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such that VBB is applied first and removed last.
VBB should never be more positive than VSS when
power is applied to VppD.

Under system failure conditions in which one or more
supplies exceed the specified limits significant addi-
tional margin against catastrophic_device failure may
be achieved by forcing RAS and CAS to the inactive
state (high level).

After power is applied to the device, the MK 4116
requires several cycles before proper device operation
is achieved. Any 8 cycles which perform refresh
are adequate for this purpose.



TYPICAL CHARACTERISTICS
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SUPPLEMENT

MOSTEK.

16,384 x1-BIT DYNAMIC RAM

MK4116(P/N)-4

FEATURES

0O Recognized |ndust[1y standard 16-pin config-
uration from MO

O 250ns access time, 410ns cycle

O + 10% tolerance on all power supplies (+12V, £5V)
462mW active, 20mW standby (max)
0O Output data controlled by CAS and unlatched at

end of cycle to allow two dimensional chip selec-
tion and extended page boundary

O Low power:

DESCRIPTION

The MK 4116 is a new generation MOS dynamic
random access memory circuit organized as 16,384
words by 1 bit. As a state-of-the-art MOS memory
device, the MK 4116 (16K RAM) incorporates
advanced circuit techniques designed to provide
wide operating margins, both internally and to the
system user, while achieving performance levels
in speed and power previously seen only in MOSTEK's
high performance MK 4027 (4K RAM).

The technology used to fabricate the MK 4116 is
MOSTEK's double-poly, N-channel silicon gate,
POLY I1® process. This process, coupled with the
use of a single transistor dynamic storage cell, pro-
vides the maximum possible circuit density and
reliability, while maintaining high performance

0 Common 1/0 capability using “‘early write”
operation

O Read-Modify-Write, RAS-only refresh, and Page-
mode capability

O All inputs TTL compatible,low capacitance, and
protected against static charge

O 128 refresh cycles (2 msec refresh interval)

O ECL compatible on VBB power supply (-5.7V)

capability. The use of dynamic circuitry through-
out, including sense amplifiers, assures that power
dlssmatlon is minimized without any sacrifice in

speed or operating margin. These factors combine
to make the MK 4116 a truly superior RAM product.

Multiplexed address inputs (a feature pioneered by
MOSTEK for its 4K RAMS) permits the MK 4116
to be packaged in a standard 16-pin DIP. This
recognized industry standard package configuration,
while compatible with widely available automated
testing and insertion equipment, provides highest
possible system bit densities and simplifies system
upgrade from 4K to 16K RAMs for new generation
applications. Non-critical clock timing requirements
allow use of the multiplexing technique while main-
taining high performance.

FUNCTIONAL DIAGRAM
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Vae | E' :] 16 Vss
DIN 2 [ 015 CAS
WRITE 3[ 014 Doyt
RAS 40 013 Ag
Ag 5 (] D12 Aj
Ay 6 [ DIt A,
A, 70 Do Ag
Voo 8 [ D9 Ve
PIN NAMES

Ag-As ADDRESS INPUTS

C%g COLUMN ADDRESS STROBE
DN DATA IN

Doyt DATAOUT

RAS ROW ADDRESS STROBE
WRITE READ/WRITE INPUT

Vgp POWER (—-5V)

Vce POWER (+5V)

Vpp POWER (+12V)

Vss GROUND
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ABSOLUTE MAXIMUM RATINGS*

i i — *S h h listed under
Voltage on anv pin relative to VBB. . .................. 0.5V to +20V [Stresses greater than those et roce
Voltage on VDD, VCC suppliés relative to VSS. .. .. ..... —1.0V to +15. OV permanent damage to the device. This is a
VBB_VSS (VDD_VSS >OV) stfres: rzting only r::nd funcxionalthoperatnig_n
VSS (VDD—VSS>0V) .o e e Y e o hor condi.
Operating temperature, TA (Ambient) . .................. 0°C to + 70‘C tions above those indicated in the opera-
Storage temperature (Ambient) (Ceramic) ................ -65°C to + 150°C f;r?;f‘i'e dﬁ“‘é"x";os":m‘“t'; sa‘:;’sf;m:“r‘;’;x';nz‘r’;
Storage temperature (Ambient) (Plastic).................. -65°C to + 125°C rating cc:_nc;i_?ons for extended periods may
Short Circuit OULPUL CUITENT . ..ottt e et eet et eeateeaeeeanneannns 50mA 2ffect reliability.
Power diSSIiPation ... ...uutirttiienrreeerrriiiniinseereianeeannnns 1 Watt

RECOMMENDED DC OPERATING CONDITIONS
(0°C <TA<70°C)?

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Voltage VpD 10.8 12.0 13.2 Volts 1
Vce 4.5 5.0 5.5 Volts 1,2
Vss 0 0 0 Volts 1
VBB -45 -5.0 -5.7 Volts 1

Input High (Logic 1) Voltage, VIHC 2.4 - 7.0 Volts 1

RAS, CAS, WRITE

Input High (Logic 1) Voltage, VIH 2.2 - 7.0 Volts 1

all inputs except RAS, CA

WRITE

Input Low (Logic 0) Voltage, ViL -1.0 — .8 Volts 1

all inputs

DC ELECTRICAL CHARACTERISTICS
(0°C< TA<70°C)1 (VDD = 12.0V £10%; VG = 5.0V £10%; -5.7V < VBB < -4.5; Vg5 =0V)

PARAMETER SYMBOL MIN MAX UNITS NOTES

OPERATING CURRENT IDD1 35 mA 3

Average power supply operating current “lcet 4

(RAS, CAS cycling; tRC = 410ns) IBB1 200 MA

STANDBY CURRENT IDD2 1.5 mA

Power supply standby current (RAS = ViHc, lcc? -10 10 uA

DouT = High Impedance) 1BB2 MA

REFRESH CURRENT IDD3 27 mA 3

Average power supply current, refresh mode Tolok] -10 10 MA

(RAS cycling, CAS = V|HC: tRc = 410ns) IBB3 uA

PAGE MODE CURRENT IDD4 27 mA 3

Average power supply current, page-mode lcca 4

operation (RAS =V _,CAS cycling: 1BB4 A

tpC =275ns)

INPUT LEAKAGE (L) -10 10 MmA

Input leakage current, any input

(VBB = =5V, OV < V|N< +7.0V, all other

pins not under test = 0 volts)

OUTPUT LEAKAGE lo(L) -10 10 MA

Output leakage current (DQUT is disabled,

0V < VouT < +5.5V)

OUTPUT LEVELS

Output high (Logic 1) voltage (loyT = —5mA) VOH 24 Volts 3

Output low (Logic 0) voltage (lQyT = 4.2 mA) VoL 04 Volts

NOTES:

1. All voltages referenced to Vgg.

2. Output voltage will swing from Vgg to V¢ when activated with operations or data retention. However, the Vo (min) specifica-
no current loading. For purposes of maintaining data in standby tion is not guaranteed in this mode.

mode, Voc may be reduced to Vgg without affecting refresh

134



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (5.6,7)
(0°C< TA<70°C) VDD = 12.0V +10%; VcC = 5.0V +10%; Vss = OV, -5.7V < VBB < -4.5V)

MK4116-4
PARAMETER SYMBOL MIN MAX UNITS NOTES
Random read or write cycle time tRC 410 ns
Read-write cycle time tRWC 425 ns
Read Modify Write tRMW 500 ns
Page mode cycle time tPC 275 ns
Access time from RAS tRAC 250 ns 8,10
Access time from CAS tCAC 165 ns 9,10
Output buffer turn-off delay tOFF 0 60 ns 11
Transition time (rise and fall) tT 3 50 ns 7
RAS precharge time tRP 150 ns
RAS pulse width tRAS 250 10000 ns
RAS hold time tRSH 165 ns
CAS pulse width tCAS 165 10000 ns
CAS hold time tCSH 250 ns
RAS to CAS delay time tRCD 35 85 ns 12
CAS to RAS precharge time tCRP —20 ns
Row Address set-up time tASR 0 ns
Row Address hold time tRAH 35 ns
Column Address set-up time tASC -10 ns
Column Address hold time tCAH 75 ns
Column Address hold time referenced to RAS tAR 160 ns
Read command set-up time tRCS 0 ns
Read command hold time tRCH 0 ns
Write command hold time tWCH 75 ns
Write command hold time referenced to RAS tWCR 160 ns
Write command pulse width twp 75 ns
Write command to RAS lead time tRWL 85 ns
Write command to CAS lead time tCWL 85 ns
Data-in set-up time tpS 0 i ns 13
Data-in hold time tDH 75 ns 13
Data-in hold time referenced to RAS tDHR 160 ns
CAS precharge time (for page-mode cycle only) tcp 100 ns
Refresh period tREF 2 ms
WRITE command set-up time Wwes -20 ns 14
CAS to WRITE delay tcwD 90 ns 14
RAS to WRITE delay tRWD 175 ns 14

3.

Ipp1. 'DD3/ @nd Ippg4 depend on cycle rate. The maximum
specified current values are for trc=410ns and tp?=275n5. Ipp
limit at other cycle rates are determined by the following equat-
tions:

Ipp 1 (max) [MA]=10+10.25 x cycle rate [MHz]
Ipp3 (max) [MA]=10+7 x cycle rate [MHz]
Ipp4 (max) [MA]=10 + 4.7 x cycle rate [MHz]

icct and lccgq depend upon output loading. During readout of
high level data V¢ is connected through a low impedance (135
typ) to data out. At all other times Icc consists of leakage
currents only.

Several cycles are required after power-up before proper device
operation is achieved. Any 8 cycles which perform refresh are
adequate for this purpose. !

AC measurements assume tT=5ns.

ViHc (min) or Viy( (min) and V| _(max) are reference levels for
measuring timing of input signals. Also, transition times are
measured between V¢ or V| and V.

Assumes that tF{CD< trcp (max). If tgop is greater than the
maximum recommended value shown in this table, trac will
increase by the amount that tgcp exceeds the value shown.

Assumes that trcp = tRep (max).
Measured with a load equivalent to 2 TTL loads and 100pF.

toFfF (max) defines the time at which the output achieves the
open circuit condition and is not referenced to output voltage
levels.

Operation within the tgcp (max) limit insures that tgac (max)
can be met. tRCI?‘ (max) is specified as a reference point only; if
tRcD is greater than the specified trRCD (max) limit, then access
time is controlled exclusively by tcAC.

These parameters are referenced to CAS leading edge in early
write cycles and to WRITE leading edge in delayed write or
read-modify-write cycles.

. twes. tcwD and tRwp are restrictive operating parameters in

read write and read modify write cycles only. If twes >tWCS
(min), the cycle is an early write cycle and the data out pin will re-
main open circuit (high impedance) throughout the entire cycle; If
tcwp == tcwp (min) and tgwp = trwp (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 indeterminate.

Effective capacitance calculated from the equation C = t
with Av = 3volts and power supplies at nominal v
levels

CAS = V¢ to disable DoyT-
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AC ELECTRICAL CHARACTERISTICS

(0°C< TA<70°C) (VDD = 12.0V +10%; VSS =0V, -5.7V < VBB < -4.5V)

PARAMETER SYMBOL TYP MAX UNITS NOTES
Input Capacitance (Ag—Ag), DIN Ci1 5 pF 17
Input Capacitance RAS, CAS, WRITE CI2 8 10 pF 17
Output Capacitance (DOUT) Co 5 7 pF 17,18

DESCRIPTION (continued)

System oriented features include + 10% tolerance on
all power supplies, direct interfacing capability with
hi_[gh performance logic families such as Schottky
TTL, maximum input noise immunity to minimize
““false triggering’”’ of the inputs (a common cause of
soft errors), on-chip address and data registers which
eliminate the need for interface registers, and two
chip select methods to allow the user to determine
the appropriate speed/power characteristics of his

memory system. The MK 4116 also incorporates
several flexible timing/operating modes. In addition
to the usual read, write, and read-modify-write
cycles, the MK 4116 is capable of delayed write
cycles, page-mode operation and RAS-only_refresh.
Proper control of the clock inputs(RAS, CAS and
WRITE) allows common |/O capability, two dimen-
sional chip selection, and extended page boundaries
(when operating in page mode).

SUPPLEMENTAL DATA SHEET TO BE USED IN
CONJUNCTION WITH MOSTEK MK4116(P/N)-2/3 DATA SHEET.
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PRELIMINARY

MOGSTEK.

16,384 x 1-BIT DYNAMIC RAM

MK4516

FEATURES

O Recognized industry standard 16-pin configuration
from Mostek

O Single +5V (£10%) supply operation.

0O On chip substrate bias generator for optimum
performance.

0O Active power 200mW typical
Standby power 10mW typical

O Sub 100 nsec access time

0O Common I/0 capability using “early write”

DESCRIPTION

The MK4516 is asingle +5V power supply version of the
industry standard MK4116, 16384 x 1 bit dynamic
RAM.

The high performance features of the MK4516 are
achieved by state-of-the-art circuit design techniques
as well as utilization of Mostek’s “‘Scaled Poly 5™
process technology. Features include access times
starting where the current generation 16K RAMs leave
off, 200mw power dissipation, TTLc compatability, and

+5V only operation.

The MK4516 is capable of a variety of operations
including READ, WRITE, READ-WRITE, READ-MODIFY-
WRITE and REFRESH. It operates in the same manner
as the popular MK4116 except for the output control.
The output control of the MK4516 can be held valid
indefinitely by holding CAS active low. This is quite
useful since a refresh cycle can be performed while
holding data valid from the previous cycle.

0O 128 refresh cycles (2 msec).

O Read, Write, Read-Write, Read-Modify-Write and
Page-Mode capability

O All inputs TTL compatible, low capacitance, and are
protected against static charge

O Scaled Poly 5™ technology
O Pin Compatible with the MK4164 (64K RAM)

O New feature on Pin 1

Timing characteristics of the MK4516 will be similar to
those of the MK4116.

The MK4516 is designed to be compatible with the
JEDEC standards for the 64K x 1 dynamic RAM. The
MK4516 is intended to extend the life cycle of the 16K
RAM, as well as create new applications due to its
superior performance. The compatability with the
MK4164 will also permit a common board design to
ear\llﬂn hnath fhn l\IIl(/lR1R anrl RMIKATRA IR8A DARMNA

erviceé o0in WINSO anG Win&g i o4 \u-n\ I\I“\lVI'
designs. The MK4516 will therefore permit a smoother
transition to the 64K RAM as the industry standard

MK4027 did for the MK4116.

The user, requiring only a small memory size, need no
longer pay the three power supply penalty for achieving
the economics of using dynamic RAM over static RAM
when using this new generation device.

SECOND GENERATION MK4116

PIN OUT

MK4516

*Special feature to be announced
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PRELIMINARY

MOSTEK.

32,768 x1-BIT DYNAMIC RAM

MK4332(P)-3

FEATURES
0O Utilizes two industry standard MK 4116 devices in
an 18-pin package configuration

200ns access time, 375ns cycle (MK 4116-3)
Separate RAS, CAS Clocks
+ 10% tolerance on all power supplies (+12V,+5V)

Low power: 482mW active, 40mW standby (max)

Output data controlled by CAS and unlatched at
end of cycle to allow two dimensional chip selec-
tion and extended page boundary

DESCRIPTION

The MK 4332 is a new generation MOS dynamic
random access memory circuit organized as 32,768
words by 1 bit. As a state-of-the-art MOS memory
device, the MK4332 (32K RAM) incorporates
advanced circuit techniques designed to provide
wide operating margins, both internally and to the
system user

O 0o0ooao

The technology used to fabricate the MK 4332 is
MOSTEK's double-poly, N-channel silicon gate,
POLY 1I® process. This process, coupled with the
use of a single transistor dynamic storage cell, pro-
vides the maximum possible circuit density and
reliability, while maintaining high performance
capabiiity. The use of dynamic circuitry through-
out, including sense amplifiers, assures that power

Common /0O capability using “early write”’
operation

O Read-Modify-Write, RAS-only refresh, and Page-
mode capability

All inputs TTL compatible,low capacitance, and
protected against static charge

128 refresh cycles for each MK 4116 device in the
dual density configuration

O Pin compatible to MK 4116 and MK 4164

dissipation is minimized without any sacrifice_in
speed or operating margin. These factors combine
to make the MK 4332 a truly superior RAM product.

Multiplexed address inputs (a feature pioneered by
MOSTEK for its 4K RAMS) permits the MK 4332
to be packaged in a standard 18-pin DIP. This
standard package configuration, is compatible with
widely available automated testing and insertion
equipment, and it provides the highest possible sys-
tem bit densities and simplifies system upgrade
from 16K to 64K RAMs for new generation appli-
cations. Non-critical clock timing requirements allow
use of the multiplexing technique while maintain-
ing high performance.

FUNCTIONAL DIAGRAM

VbpVceVssVes

r T T
I !
] !
We ] 4116 |
A0 - A6 /
DIN I | Pout
|
l
l
|
L] J
\
|
_ ] 4116 |
RAS 2
CAS2 |
e E—
|
- - - - _ -

PIN CONNECTIONS

ves 1[|e
2]
a(]
o]
n 5[]
2 6]
T
8]

RAS2 9

[]18vss
[ ]17¢ass
] 16 Pout
[ ]15 6
114 a3
]13 A4
[J124s
] 11 Vee

| 10 casz

DN
WRITE

RAS 1

Vop

PIN NAMES

AgAp
CAS
OIN
Doyt
RAS
WRITE
vgs
vee
VoD
Vss

ADDRESS INPUTS

COLUMN ADDRESS STROBE
DATA IN

DATA OUT

ROW ADDRESS STROBE
READ/WRITE INPUT
POWER (-5V)

POWER (+5V)

POWER (+12V)

GROUND
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ABSOLUTE MAXIMUM RATINGS*

i i . s han th listed under
Voltage on any pin relative to VBB. . . ... ...t . —0.5V to +20V Stresses T aximum Ratings” may cause
Voltage on VDD, VCC supplies relative to VSS. .. ....... —1.0V to +15.0V  permanent damage to the device. This is a
VBB—VSS (VDD—=VSS>0V) ..o soeeens QV stress rating only and functional oo e or
Operatlng temperature, TA (Amblent) ................... 0°C to + 70C tions above thosfe i:dicatedfin the qperai
H ol O, i | section thi ecification is no
Storage temperature (Ambient). .............. ... ..., —B5°C 10 + 150°C |0 i . 3 Exposure 1o absoluse maximum
Shortcircuit outputcurrent . ...... ...t e BOmMA rating conditions for extended periods may
fnal H ffect reliability.
Power dissipation . .. ...t vttt e 1 Watt °

RECOMMENDED DC OPERATING CONDITIONS®
(0°C< TA< 70°C)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Voltage VDD 10.8 12.0 13.2 Volts 2
vee 45 50 5.5 Volts 2,3
Vss 0 0 0 Volts 2
VBB —4.5 -5.0 -5.7 Volts 2

Input High (Logic 1) Voltage, VIHC 24 — 7.0 Volts 2

RAS, CAS, WRITE

Input High (Logic 1) Voltage, VIH 2.2 — 7.0 Volts 2

all inputs except RAS, CAS

WRITE

Input Low (Logic 0) Voltage, ViL -1.0 — .8 Volts 2

all inputs

DC ELECTRICAL CHARACTERISTICS
(0°C< Ta<70°C) (VDD =120V £10%; Vce = 5.0V +10%;-6.7V < VBB <-4.5V; Vsg=0V)

PARAMETER SYMBOL MIN MAX UNITS NOTES
OPERATING CURRENT IDD1 36.5 mA 4,19
Average power supply operating current lcet 5
(RAS, CAS cycling; tRc = tRc Min) IBB1 300 KA 19
STANDBY CURRENT IDD2 3.0 mA

Power supply standby current (RAS = V|HC, Icc2 -20 20 MA

DouT = High Impedance) IBB2 200 MA

REFRESH CURRENT IDD3 26.5 mA 4,19
Average power supply current, refresh mode lce3 —20 20 A

(RAS cycling, CAS = V|HC; tRC = tRC Min) IBB3 300 MA 19
PAGE MODE CURRENT IDD4 28.5 mA 4,19
Average power supply current, page-mode lcca 5
operation (RAS =V, CAS cycling; I1BB4 300 MA 19
tpC = tPC Min)

INPUT LEAKAGE (L) -20 20 uA

Input leakage current, any input

(VBB = -5V, OV < V|N< +7.0V,all other

pins not under test = 0 volts)

OUTPUT LEAKAGE lo(L) -20 20 MA

Output leakage current (DQUT is disabled,

0V < VouyT < +5.5V)

OUTPUT LEVELS

Output high (Logic 1) voltage (loyT = —5mA) VOH 24 Volts 3
Output low (Logic 0) voltage (IoyT = 4.2 mA) VoL 0.4 Volts

NOTES:

1. T is specified here for operation at frequencies to tgc Ztge g‘pz?:}izr?sco':‘g:tsey;ne:nut?gg.m»—ixvsvﬁvv;ri,ﬂ;::tva;,f:c(trir:‘i%\;esffaz?fica-

(min). Operation at higher cycle rates with reduced ambient
temperatures and higher power dissipation is permissible, how-

ever, provided AC operating parameters are met. See figure 1 a
for derating curve. .

tion is not guaranteed in this mode.

IpbpD1, 'DD3. @and Ippg depend on cycle rate. See figures 2,3, and
4 for Ipp limits at other cycle rates.

2. All voltages referenced to Vgg. 5. Icc1 and Igcgq depend upon output loading. During readout
o??\igh level data V¢ is connected through a low impedance
3 Output voltage will swing from Vgg to Vg when activated with (135 © typ) to data out. Atall other times ¢ consists of
no current loading. For purposes of maintaining data in standby leakage currents only.
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8)
(0T<TA< 70°C) (VDD = 12.0V £ 10%; Ve = 5.0V £10%, Vss = 0V, -5.7V< VBB < -4.5V)

MK 4332

PARAMETER SYMBOL MIN [ MAX UNITS NOTES

Random read or write cycle time tRC 375 ns 9

Read-write cycle time tRWC 375 ns 9

Read modify write cycle time TRMW 405 ns 9

Page mode cycle time tpC 225 ns e]

Access time from RAS tRAC 200 ns 10,12

Access time from CAS tCAC 135 ns 11,12

Output buffer turn-off delay tOFF 0 50 ns 13

Transition time (rise and fall) tT 3 50 ns 8

RAS precharge time tRP 120 ns

RAS pulse width tRAS 200 {10,000 ns

RAS hold time IRSH 135 ns

CAS hold time tCSH 200 ns

CAS pulse width tCAS 135 | 10,000 ns

RAS to CAS delay time tRCD 25 65 ns 14

CAS to RAS precharge time tCRP —-20 ns

Row Address set-up time tASR 0 ns

Row Address hold time tRAH 25 ns

Column Address set-up time tASC -10 ns

Conlumn Address hold time tCAH 55 ns

Column Address hold time referenced to RAS tAR 120 ns

Read command set-up time tRCS 0 ns

Read command hold time tRCH 0 ns

Write command hold time tWCH 55 ns

Write command hold time referenced to RAS tWCR 120 ns

Write command pulse width twp 55 ns

Write command to RAS lead time TRWL 70 ns

Write command to CAS lead time tCwL 70 ns

Data-in set-up time DS 0 ns 15

Data-in hold time tDH 55 ns 15

Data-in hold time referenced to RAS tDHR 120 ns

CAS precharge time (for page:-mode cycle only) tcp 80 ns

Refresh period tREF 2 ms

WRITE command set-up time tWCS -20 ns 16

CAS to WRITE delay tCWD 80 ns 16

RAS to WRITE delay tRWD 145 ns 16

NOTES (Continued)

6. Several cycles are required after power-up before proper device operation is achieved. Any 14, Operation within the tgcp (max) imit insures that tRAC (max) can be met. trep (max)
8 cycles which perform refresh are adequate for this purpose 1s specified as a reference point only. if tgcp s greater than the specified trcp (max)

7 AC measurements assume tT = 5ns. limit, then access time is controlled exclusively by tCAC

8. ViHC (min) or Vi (min) and V|| (max) are reference levels for measuring timing of in 15, These parameters are referenced to CAS leading edge in early write cycles and to WRTTE
put signals. Also, transition times are measured between V¢ or Vi and Vi leading edge in delayed write or read-modify-write cycles

9 The specifications for trg (min) tgmw (min) and tgyc (min) are used only to indicate 16, twes. tcwp and tRwD are restrictive operating parameters in read write and read mod-
cycle ime at which proper operation over the full temperature range (0 C % Ta <70 C) ify write cycles only. If tyycs = twes (Min), thecycle isan early write cycle and the data
is assured out pin will remain open circuit (high impedance) throughout the enure cycie; If tcwp

10.  Assumes that tRep < tReD (max). If tRCp is greater than the maximum recommended ~ tcwp (min) and tRWD =% tRWD (Min). the cycle is a read-write cycle and the data out
value shown in this table, tyAC will increase by the amount that tRcp exceeds the value will contain data read from the selected cell; If neither of the above sets of conditions is
shown satisfied the condition of the data out (at access time) is indeterminate

1" Assumes that trep ” tRep (max) 17.  Effectve capacitance calculated from the equation C = 1At with AV - 3 volts and power

12, Measured with a load equivalent to 2 TTL loads and 100pF supplies at nominal levels Av

13.  tofF (max) defines the time at which the output athieves the open circuit condition and 18. CAS - Viyc to disable Doyt
is not referenced 1o output voltage levels. 19. One 16K RAM is active while the other is in standby mode.
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AC ELECTRICAL CHARACTERISTICS
(0C<TA <70%C) (VDD = 12.0V+ 10%; VSS = OV; —5.7V < VBB < —4.5V)

PARAMETER SYMBOL TYP MAX UNITS NOTES
Input Capacitance (Ag—Ag), DIN Ci11 8 10 pF 17
Input Capacitance RAS, CAS, Ci2 8 10 pF 17
Output Capacitance (DOUT) Co 10 14 pF 17,18
Input Capacitance WRITE Ci3 16 20 pF 17
AC Characteristics and Timing Diagrams of MK4116-3. CYCLE TIME tgc (ns)
1000 500 400" 300 250
50mA T ll t 7 )
I
CYCLE TIME tgc (ns)
s 'E‘ 40mA
1000 500 40| 300 250 £ 1
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]
Fig. 1 Maximum ambient temperature versus cycle rate for extended o 1
frequency operatior:. TA (max) for operation at cycling rates greater [ 10 20 30 40
-
than 2.66 MHz (toyc<375ns) is determined by Tp (max) C = 70— CYCLE RATE (MH2)= 103/¢ p (ns)
9.0 x (cycle rate MHz —2.66) for -3, Fig. 2 Maximum Ippq versus cycle rate for device operation at
extended frequencies. 'bD1 (max) curve is defined by the equation:
CYCLE TIME t g (ns) Ipp1 (max) mA = 10 + 9.4 x cycle rate [MHz] for -3
s0mA 1000 ... 5% 490 3 290 CYCLE TIME t pg (ns)
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Fig. 3 Maximum Ipp3 Vversus cycle rate for device operation at

CYCLE RATE (MH2)= 10 3/t p¢ (ns)
extended frequencies. Ipp3 (max) curve is defined by the equation:

Fig. 4 Maximum Ipp4 Vversus cycle rate for device operation in page
'DDB(maX) mA = 10 + 6.5 x cycle rate [MHz] for -3 mode. 'DD4 (max) curve is defined by the equation:

Ipp4 (max) mA = 10 + 3.75 x cycle rate [MHz] for -3
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READ CYCLE
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READ—-WRITE/READ—-MODIFY—-WRITE CYCLE
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DESCRIPTION (continued)

System oriented features include + 10% tolerance on
all power supplies, direct interfacing capability with
h%gh performance logic families such as Schottky
TTL, maximum input noise immunity to minimize
““false triggering” of the inputs (a common cause of
soft errors), on-chip address and data registers which
eliminate the need for interface registers, and two
chip select methods. The MK 4332 also incorporates
several flexible timing/operating modes. In addition
to the usual read, write, and read-modify-write
cycles, the MK 4332 is capable of delayed write
cycles, page-mode operation and RAS-only_refresh.
Proper control of the clock inputs(RAS, CAS and
VRITE) allows common 1/O capability, two dimen-
sional chip selection, and extended page boundaries
(when operating in page mode).

ADDRESSING

User access of a unique memory location is accom-
plished by multiplexing 14 address bits onto 7 ad-
dress inputs and by proper control of the RAS and
CAS clocks in a manner identical to operation of the
MK 4116 in a memory array board. The 14 address
bits required to decode 1 of the 16,384 cell locations
within each MK 4116 are multiplexed onto the 7
address inputs and latched into the on-chip address
latches by externally applying two negative going
TTL-level clocks. The first clock, the Row Address
Strobe (RAS), latches the 7 row address bits into the
chip. The second clock, the Column Address Strobe
(CAS), subsequently latches the 7 column_address
bits into the chip. Each of these signals, RAS and
CAS, triggers a sequence of events which are con-
trolled by different delayed internal clocks. The two
clock chains are linked together logically in such a
way that the address multiplexing operation is done
outside of the critical path timing sequence for read
data access. The later events in the CAS clock se-
quence are inhibited until the occurence of a delayed
signal derived from the RAS ciock chain. This ““‘gated
CAS"’ feature allows the CAS clock to be externally
activated as soon as the Row Address Hold Time
specification (tRAH) has been satisfied and the ad-
dress inputs have been changed from Row address to
Column address information.

Note that CAS can be activated at any time after
tRAH and it will have no effect on the worst case
data access time (tRAC) up to the point in time when
the delayed row clock no longer inhibits the remain-
ing sequence of column clocks. Two timing end-
points result from the internal gating of CAS which
are called trgp (min) and tRCP (max). No data
storage or reading errors will result if CAS is applied
to the MK 4332 at a point in time beyond the tRCD
(max) limit. However, access time will then be de-
termined exclusively by the access time from
(tcac) rather than from RAS (tRAC), and access
time from RAS will be lengthened by the amount
that tRCD exceeds the tRCD (max) limit.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into
an_on-chip register by a combination of WRITE and

while R%_S is active. The later of the signals
(WRITE or CAS) to make its negative transition is the
strobe for the Data In (D|N) register. This permits
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several options_in the write cycle timing. In a write
cycle, if_t.t'f WRITE input is brought low (active)
prior to CAS, the DN is strobed by CAS, and the
set-up and hold times are referenced to CAS. If the
input data is not available at CAS time or if it is
desired that the cycle be a read-write cycle. the
WRITE signal will be delayed until after CAS has
made its negative transition. In this “delayed write
cycle” the data input set-up and_hold times are re-
ferenced to the negative edge of WRITE rather than
CAS. (To illustrate this feature, D|N is referenced to
WRITE in the timing diagrams depicting the read-
write and page-mode write cycles while the “early
write” cycle diagram shows D|N referenced to CAS).
Data is retrieved from the memory in a read cycle
by maintaining WRITE in the inactive or high state
throughout the portion of the memory cycle in which
CAS is active (low). Data read from the selected cell
will be available at the output within the specified
access time.

DATA OUTPUT CONTROL

The normal condition of the Data Output (DQUT)
of the MK 4332 is the high impedance (open-circuit)
state. That is to say, anytime CAS is at a high level,
the DQUT pin will be floating. The only time the
output will turn on and contain either a logic O or
logic 1 is at access time during a read cycle. DQUT
will remain valid from access time until CAS is taken
back to the inactive (high level) condition.

Since the outputs to both 16K devices are tied to-
gether, care must be taken with the timing relation-
ships of the two devices. Both devices cannot be acti-
vated at the same time as a data output conflict can
occur.

If the memory cycle in progress is a read, read-modify
write, or a delayed write cycle, then the data output
will go from the high impedance state to the active
condition, and at access time will contain the dat:
read from the selected cell. This output data is the
same polarity (not inverted) as the input data. Once
having gone active, the output will remain valid until
CAS is_taken to the precharge (logic 1) state,whether
or not RAS goes into precharge.

If the cycle in progress is an “early-write” cycle
(WRITE active before CAS goes active),then the
output pin will maintain the high impedance state
throughout the entire cycle. Note that with this
type of output configuration, the user is given full
control of the D pin simply by controlling the
placement of WR(?'H::rcommand during a write cycle,
and the pulse width of the Column Address Strobe
during read operations. Note also that even though
data is not latched at the output, data can remain
valid from access time until the beginning of a sub-
sequent cycle without paying any penalty in overall
memory cycle time (stretching the cycle).

This type of output operation results in some very
significant system implications.

Common |/O Operation — If all write operations are
handled in the “early write’” mode,then D|N can be
connected directly to DoyT for a common |/O data
bus.

Data Output Control — DQUT will_remain valid
during a read cycle from tCcAC until CAS goes back
to a high level (precharge), allowing data to be valid
from one cycle up until a new memory cycle begins



with no_penalty in cycle time. This also makes the
RAS/CAS clock timing relationship very flexible.

Two Methods of Chip Selection — Since DQUT
is not latched, CAS is not required to turn off the
outputs of unselected memory devices in a matrix.
This means that both CAS and/or RAS can be decod-
ed for chip selection. If both RAS and CAS are
decoded, then a two dimensional (X,Y) chip select
array can be realized.

Extended Page Boundary — Page-mode operation
allows for successive memory cycles at multiple
column locations of the same row address. By de-
coding CAS as a page cycle select signal, the page
boundary can be extended beyond the 128 column
locations in a single chip. (See page-mode operation).

OUTPUT INTERFACE CHARACTERISTICS

The three state data output buffer presents the data
output pin with a low impedance to Vcc for a logic
1 and a low impedance to VSS for a logic 0. The
effective resistance to VcC (logic 1 state) is
420 £ maximum and 135%2 typically. The resistance
to Vss (logic O state) is 95 £ maximum and 35 Q
typically. The separate VCC pin allows the output
buffer to be powered from the supply voltage of the
logic t0 which the chip is interfaced. During battery
standby operation, the VgC pin may have power
removed without affecting the MK 4332 refresh
operation. This allows all system logic except the
RAS timing circuitry and the refresh address logic to
be turned off during battery standby to conserve
power.

PAGE MODE OPERATION

The "“Page Mode’ feature of the MK 4332 allows for
successive memory operations at multiple column
locations of the same row address with increased
speed without an increase in power. This is done by
strobing_the row address into the chip and maintain-
ing the RAS signal at a logic O throughout all success-
ive memory cycles in which the row address is com-
mon. This “page-mode’” of operation will not dissi-
pate the_power associated with the negative going
edge of RAS. Also, the time required for strobing
in a new row address is eliminated, thereby decreas-
ing the access and cycle times.

The page boundary of a single MK 4116 is limited to
the 128 column locations determined by all combi-
nations of the 7 column address bits. However, the

page boundary of the MK4332 can be extended by
using CAS rather than RAS as the chip select signal.
RAS is applied to all devices to latch the row address
into each device and then CAS is decoded and serves
as a page cycle select signal. Only those devices which
receive both RAS and CAS signals will execute a read
or write cycle.

REFRESH

Refresh of the MK4116 is accomplished by perform-
ing a memory cycle at each of the 128 row addresses
within each 2 millisecond time interval. Each
MK4116 in the MK4332 Assembly must receive all
128 refresh cycles within the 2ms time interval in
order to completely refresh all 32,768 memory cells.

Although any normal memory cycle will perform the
refresh operation, this function is most easily
accomplished with “RAS-only’’ cycles. RAS-only re-
fresh resuls in a substantial reduction in operating
power. This reduction in power is reflected in the
IDD3 specification.

POWER CONSIDERATIONS

Most of the circuitry used in the MK 4332 is dynamic
and most of the power drawn is the result of an
address strobe edge. Consequently, the dynamic
power is primarily a function of operating frequency
rather than active duty cycle (refer to the MK 4116
current waveforms in figure 5). This current char-
acteristic of the MK 4332 preciudes inadvertent
burn out of the device in the event that the clock
inputs become shorted to ground due to system
malfunction.

Although no particular power supply noise restriction
exists other than the supply voltages remain within
the specified tolerance limits, adequate decoupling
should be provided to suppress high frequency
noise resulting from the transient current of the
device. This insures optimum system performance
and reliability. Bulk capacitance requirements are
minimal since the MK 4332 draws very little steady
state (DC) current.

In system applications requiring lower power dissi-
pation .the operating frequency (cycle rate) of the
MK 4332 can be reduced and the (guaranteed maxi-
mum) average power dissipation of the device will be
lowered in accordance with the Ipp1 (max) spec
limit curve illustrated in figure 2. OTE: The
MK 4332 family is guaranteed to have a maximum
IDD1 requirement of 36.5mA @ 375ns cycle with an
ambient temperature range from 0° to 70°C. A lower
operating frequency, for example 1 microsecond
cycle, results in a reduced maximum Ipp1 require-
ment of under 20mA with an ambient temperature
range from 0° to 70°C.

NOTE: Additional power supply tolerance has been included on the
VBR supply to allow direct interface capability with both —5V systems
—b5.2V ECL systems.

Fig. 5 Typical Current \WWaveforms for the MK 4116
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Although RAS and/or CAS can be decoded and used
as a chip select signal for the MK 4116,overall system
power is minimized if the Row Address Strobe
(RAS) is used for this purpose. All unselected de-
vices (those which do not receive a RAS) will remain
in a Iow_%ower (standby) mode regardless of the
state of CAS.

POWER UP

The MK 4332 requires no particular power supply
sequencing so long as the Absolute Maximum Rating
Conditions are observed. However, in order to insure
compliance with the Absolute Maximum Ratings,
MOSTEK recommends sequencing of power supplies

such that VBB is applied first and removed last.
VBB should never be more positive than VSS when
power is applied to VDD.

Under system failure conditions in which one or more
supplies exceed the specified limits significant addi-
tional margin against catastrophic_device failure may
be achieved by forcing RAS and CAS to the inactive
state (high level).

After power is applied to the device, the MK 4332
requires several cycles before proper device operation
is achieved. Any 8 cycles which perform refresh
are adequate for this purpose. Each MK 4116 device
must receive the 8 initialization cycles.
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TYPICAL CHARACTERISTICS OF THE MK 4116
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PRODUCT BRIEF

MOSTEK.

65,5636 x 1-BIT DYNAMIC RAM

MK4164(P)-12

FEATURES

O Recognized industry standard 16-pin
configuration from Mostek

5V +£10% single supply operation

On chip substrate bias generator for optimum
performance

O 120ns maximum access time, 200 ns
minimum cycle time

O Active power 200mW typical
Standby power 10mW typical

DESCRIPTION

The MK 4164 is the new generation dynamic RAM,
organized 65536 words by 1 bit, it is the successor to
the industry standard MK 4116. The MK 4164 utilizes
MOSTEK's SCALED POLY 5™ process technology as
well as advanced circuit techniques to provide wide
operating margins, both internally and to the system
user. Performance previously unachieved will be the
standard for this new generation device.

The MK 4164 utilizes Scaled Poly 5 and a revolutionary
new storage cell in order to optimize circuit density,
reliability and performance. The use of a dynamic
circuitry throughout, including the 512 sense
amplifiers, assures that power dissipation is minimized
without any sacrifice in speed or internal and external
operating margins. Refresh characteristics have been
chosen to maximize yield (low cost to user) while

O Common |I/0 capability using “early
write’’ operation

Read, Write, R-M-W and page mode capability
128 cycle refresh (2ms)

All inputs TTL compatible, low capacitance, and
protected against static charge

Scaled Poly 5™ technology

New feature on Pin 1

maintaining compatibility between dynamic RAM
generations.

Multiplexed address inputs (a feature dating back to
the industry standard, MK4096, 1973) permits the
MK4164 to be packaged in a standard 16-pin DIP with
only 15 pins required for basic functionality. MOSTEK is
utilizing this spare pin for a new feature. This feature,
appearing in Pin 1, carefully chosen to meet user
needs, will make the 64K RAM the easiest to use of the
multiplexed series. TTL input levels plus single 5V
supply operation make the MK 4164 truly TTL
compatible.

The 64K RAM from MOSTEK is the culmination of
several years of circuit and process development,
proven in predecessor products. This evolution is
illustrated in the figure below.

EVOLUTIONARY PROCESS OF MK4164

SCALED
POLY 5

Sense Amp\sl\
MK 4116 16K RAM
— -7
5 Volt Clocks /
MK 36000 64K ROM /
009

MK4164
64K RAM

Circuits
MK 4816

PIN OUT _
* [- Vss
Din CAS
WRITE Dour
RAS Ag
MK 4164

>

FEEEFRERER

IORERERERRRERERE
>

*Special feature to be announced
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S— MOSTEK.

4K x 1-BIT STATIC RAM

MK2147(P)

FEATURES

O Scaled Poly 5™ technology O Address Activated™ static memory—no clock or
timing strobe required

O Industry standard 18-pin dip configuration

O Access time equal cycle time

O High performance
Power | .
ower Supply Current O Chip select power down feature

Part Access | Cycle | Max. Max. O

Single +5V (£10%) power suppl
Number | Time |Time | Active | Standby g (£10%) p pply

O On-chip substrate bias generator
'MK2147-55 | 55ns 55ns 180mA 30mA

O All inputs are low capacitance and TTL compatible

MK2147-70 | 70ns 70ns | 160mA | 20mA .
O Three-state TTL compatible output

MK2147-90 | 90ns 90ns 160mA 20mA

DESCRIPTION power, and easy user implementation. The device has a
VIH = 2.0V, VIL = 0.8V, VOH = 2.4V, and VOL = 0.4V
The MK2147 uses MOSTEK's Scaled Poly 5™ process making it totally compatible with all TTL family devices.
and advanced circuit design techniques to package The MK2147 has a chip select power down feature
4096 words by 1-bit of static RAM on a single chip which automatically reduces the power dissipation
requiring a single +5 volt supply. The MK2147 is when the chip select, CS, is brought inactive (high).
functionally equivalent and pin compatible with the
established industry standard 18-pin high performance The MK2147 is designed for memory applications that
4K x 1 static RAM. require high bit densities, fast access, and short cycle
times. The MK2147 offers the user a high density cost
MOSTEK's Address Activated™ circuit design effective alternative to bipolar and previous generation
technique is utilized to achieve high performance, low N-MOS fast memory.

RAM
MK2147(P)

Q
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PIN CONNECTION PIN NAMES

A0 - A1 ADDRESS INPUTS
cs CHIP SELECT
DIN DATA INPUT

a0 1] e [J1e vee DOUT DATA OUTPUT

17 A6 VSS GROUND

2 - vce POWER (+5V)

a2 3] Y WE WRITE ENABLE

a3 o[ ] s a8

aa 5[] [MK2147(P)| [Jra o

A5 6[: 13 a0

©6ur 7] [z an

we 8[| jﬂ oIn

ves 9] :]10 <s
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MOSTEK

4096 x1-BIT STATIC RAM

MK4104 (P/J/N) Series

FEATURES

O Combination static storage cells and dynamic

control circuitry for truly high performance
PART NUMBER ACCESS TIME CYCLE TIME
MK4104-3/-33 200ns 310ns
MK4104-4/-34 250ns 385ns
MK4104-5/-35 300ns 460ns
MK4104-6 350ns 535ns

O Low Active Power Dissipation: 150mW (Max)

O Battery backup mode (3V/10mW on -33, -34
and -35)

DESCRIPTION

The MOSTEK MK 4104 is a high performance static
random' access memory organized as 4096 one bit
words. The MK 4104 combines the best character-
istics of static and dynamic memory techniques to
achieve a TTL compatible, 5 volt only, high perfor-
mance, low power memory device. It utilizes ad-
vanced circuit design concepts and an innovative
state-of-the-art N-channel silicon gate process special-
ly tailored to provide static data storage with the per-
formance (speed and power) of dynamic RAMs.
Since the storage cell is static_the device may be
stopped indefinitely with the CE clock in the off
(Logic 1) state.

All input levels, including write enable (WE) and chip
enable (CE) are TTL compatible with a one level of

O Standby Power Dissipation less than 28 mW

(at Vce = 5.5V)

00 Single +5V Power Supply ( £ 10% toierance)
03 Fully TTL Compatible

2 — Standard TTL

2 — Schottky TTL
12 — Low Power Schottky TTL

O Standard 18-pin DIP

Fanout:

2.2 volts and a zero level of 0.8 volts. This gives the
system designer for a logic ‘1’ state, at least 200mV
of noise margin when driven by standard TTL and a
minimum of 500mV when used with high perfor-
mance Schottky TTL. These margins are wider than
on most TTL compatible MOS memories available.
The push-pull output (no pull-up_resistor required)

delivers a one level of 2.4V minimum and a zero |
level of .4 volts maximum. The output has a fanout

?f g standard TTL loads or 12 low power Schottky
oads.

The RAM employs an innovative static cell which
occupies a mere 2.75 square mils (%2 the area of pre-
vious cells) and dissipates power levels comparable

FUNCTIONAL DIAGRAM

P cuock
we GEN
b
1 oo R A oam
acoREss nog
L 50ER oecooE sorven o
STORAGE
ey
cuock oan
& GEN TR f—e  DOUT
BUFFER
o N
| aoSftss o€coot
- BUPFERS Y

P{IN CONNECTIONS

A0 | ° 18 Vce
a2 [ ] 17 as
A2 3 [ [Je a7
A3 4 [] 15 AB
A4 s []IMK 4104P|[] 14 A9
As s [ ] 13 a0
Dot 7 (J ]2 an
WE 8 D ] om
vss 9 [ [Jo CE
PIN NAMES
Ag-Aq1 ADDRESS INPUTS  Vgg GROUND
CE CHIP ENABLE Vee POWER (+5V)
DiN DATA INPUT WE WRITE ENABLE
DouT DATA OUTPUT
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VSS
Operating Temperature TA (Ambient)
Storage Temperature (Ambient) (Ceramic)
Storage Temperature (Ambient) (Plastic)

—1.0V to +7.0V

—65°C to +150°C
—55°C to +125°C

*Stresses greater than those listed under
“Absolute Maximum Ratings”” may cause
permanent damage to the device. This is a
stress rating only and functional operation
of the device at these or any other condi-
tions above those indicated in the opera-
tional sections of this specification is not
implied. Exposure to absolute maximum
rating conditions for extended periods may

0°Cto+70°C

Power Dissipation . .. ....outiii i e TWatt et fetiability
Short Circuit Qutput Current . .......oiiiiii i 50mA
RECOMMENDED DC OPERATING CONDITIONSS®
(0°C<TA< +70°C)
MK4104 Series
PARAMETER MIN | TYP | MAX UNITS INOTES
Vece Supply Voltage 45 | 5.0 5.5 Volts 1
Vss Supply Voltage 0 0 0 Volts 1
ViH Logic ““1’" Voltage All Inputs 2.2 7.0 Volts 1
ViL Logic ‘0’ Voltage All Inputs -1.0 .8 Volts 1
DC ELECTRICAL CHARACTERISTICS'
(0°C< TA< +70°C) (Vcc = 5.0 volts = 10%)
PARAMETER MIN MAX UNITS NOTES
Icct Average Vcc Power Supply Current 27 mA 2
lcc2 Standby V¢ Power Supply Current 5 mA 3
L Input Leakage Current (Any Input) —-10 10 uA 4
loL Output Leakage Current -10 10 uA 3,5
VOH Output Logic ““1"" Voltage loyT=—500uA 24 Volts
VoL Output Logic ‘0"’ Voltage IoyT= bmA 0.4 Volts
AC ELECTRICAL CHARACTERISTICS'
(° C<TA<+70°C) (Ve = + 5.0 volts + 10%)
PARAMETER TYP MAX NOTES
Cj Input Capacitance 4pF 6pF 14
Co Output Capacitance 6pF 7pF 14
NOTES:
1. All voltages referenced to Vgg. 8. If WE follows CE by more than tyg then data out may not remain
open circuited.
2. Icct is related to precharge and cycle times. Guaranteed maxi-
mum values for |ccq may be calculated by: 9. Determined by user. Total cycle time cannot exceed tog max.
| = - -
where tf,c;ngmf(]; ar(stgx;rlssgg in t?l;:o:;:i?\)ds.t%quation is re- 10. Data-in set-up time is referenced to the later of the two falling
ferenced to the -3 device, other devices derate to the same curve. clock edges CE or WE.
3. Output is disabled (open circuit), CE is at logic 1. 1. AC measurements assume tT = 5ns. Timing points are taken at
.8V and 2.0V on inputs and .8V and 2.0V on the output. Tran-
4. All device pins at 0 volts except pin under test at 0 <X V| < 5.5 sition times are also taken between these levels.
. (;’3'§V(Vu : iW 12. to=teg +tp + 2tT.
. SVouUT S+5.5V. (Ve = 5V)
13. The true level of the output in the open circuit condition will be
6. During power up, CE and WE must be at ViH for minimum of determined totally by output load conditions. The output is-
2ms after Vg reaches 4.5V, before a valid memory cycle can be guaranteed to be open circuit within topp.
accomplished. At
14. Effective capacitance calculated from the equation C = IA_ with
7. Measured with load circuit equivalent to 2 TTL loads and &V equal to 3V and V¢ nominal. v
cL= F.
L-1ooe 15. tRMw = tac + twpL * tp + 3tT + tMOD
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AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONSS,11
(0°C< TA< +70°C) (Vce =+ 5.0 volts = 10%) 1

MK4104-3/33 | MK4104-4/34 |MK4104-5/35| MK4104-6
SYMBOL|[PARAMETER MIN[MAX | MIN|JMAX [MINIMAX |MINJMAX |UNITS|NOTES
tc Read or Write Cycle Time 310 385 460 535 ns 12
tAC Random Access 200 250 300 350 7
tCE Chip Enable Pulse Width 200{10,000( 25010,000|300 |10,000{350| 10,000
tp Chip Enable Precharge Time 100 125 150 175
tAH Address Hold Time 110 135 165 190
tAS Address Set-Up Time 0 0 0 0
tOFF Output Buffer Turn-Off Delay |0 |50 0 |[65 0 |75 0 |[100 13
tRS Read Command Set-Up Time |0 0 0 0 8
tWws Write Enable Set-Up Time -20 -20 -20 -20 8
tDHC Data Input Hold Time
Referenced to CE 170 210 250 285
tDHW Data Input Hold Time
Referenced to WE 70 20 105 125
tww Write Enabled Pulse Width 60 75 90 105
tMOD Modify Time 0 [10,000{ 0O [10,000[0 [10,000(0 {10,000 9
tWPL WE to CE Precharge Lead Time|70 85 105 120 10
tDS Data Input Set-Up Time 0 0 0 0
tWH Write Enable Hold Time 150 185 225 260
tT Transition Time 5 |50 5 (50 5 |50 5 |50
tRMW Read-Modify-Write Cycle Time|385 475 570 660 16
S
533
STANDBY CHARACTERISTICS %O0F
(TA=0°Cto 70°C) 243
MK4104-33| MK4104-34 [MK4104-35 MZE
SYMBOL[PARAMETER MIN|MAX | MINJMAX |MIN|MAX |UNITS]
VPD Vce In Standby 3.0 3.0 3.0 Volts
IPD Standby Current 3.3 3.3 3.3 mA
tg Power Supply Fall Time 100 100 100 usec
tR Power Supply Rise Time 100 100 100 usec
tCE Chip Enable Pulse Width 200 250 300 usec
tppp Chip Enable Precharge To
Power Down Time 100 125 150 nsec
ViH Min CE High “I"" Level 2.2 2.2 2.2 Volts
tRC Standby Recovery Time 500 500 500 usec

POWER DOWN WAVEFORM

— e R
VeeMIND STANDBY MODE — b

Vee

Vep -

&-;nwu—— te— tRC
I
ViH — tCE )T
CE
vie -~

=
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DESCRIPTION (Cont'd)

to CMOS. The static cell eliminates the need for
refresh cycles and associated hardware thus allowing
easy system implementation.

Power supply requirements of +5V + 10% tolerance
combined with TTL compatability on all 1/0 pins
permits easy integration into large memory con-
figurations. The single supply reduces capacitor
count and permits denser packaging on printed circuit
boards. The 5V only supply requirement and TTL
compatible 1/0 makes this part an ideal choice for
next generation +5V only microprocessors such as
MOSTEK’s MK3880 (Z80). The early write mode
(WE active prior to CE) permits common 1/0 oper-

ation, needed for Z80 interfacing, without external
circuitry.

The MK4104-3X series has the added capability of
retaining data in a reduced power mode. VCC maybe
lowered to 3V with a guaranteed power dissipation of
only 10mW maximum. This makes the MK4104
ideal for those applications requiring data retention
at the lowest possible power as in battery operation.

Reliability is greatly enhanced by the low power
dissipation which causes a maximum junction rise of
only at 8°C at 1.86 Megahertz operation. The MK
4104 was designed for the system designer and user
who require the highest performance available along
with MOSTEK's proven reliability.

ViH IAS’i T
wonesses—, //X t“ K/// T

Y A

VoH = e g 4 -
WR:J'CI)'L[JETCYCLE — — OPEN
omss @L e W T,
. Iﬂ‘y T
oo @1 e %////// T

162




READ-MODIFY-WRITE CYCLE

ViH - TRMW >
CE ViL A
vy A -
SN/ s 1
D-mulil DHC >
Vi _" tRS i le————twPL >
N —
Vi :—_‘ﬂvt\ln:z__'»
DS |- N
IS 1111 R Y )
<———— tAC — -} @—MOD —3» > tOFF
Dout VZ: OPEN ___.{[7 VALID ;PEN —_
OPERATION
READ CYCLE

The circuit offers one bit of the possible 4096 by
decoding the 12 address bits presented at the inputs.
The address bits are strobed into the chip by the
negative-going edge of the Chip Enable (CE) clock.
A read cycle is accomplished by holding the ‘write
enable’ (WE) _input at a high level (ViH) while
clocking the CE input to a low level (V|L). At
access time (tac) valid data will appear at the output.
The output is unlatched by a positive transition of
CE and therefore will be open circuited (high im-
pedance state) from the previous cycle to access
time and will go open again at the end of the present
cycle when CE goes high.

Once the address hold time has been satisfied, the
addresses may be changed for the next cycle.

WRITE CYCLE

Data that is to be written into a selected cell is
strobed into the chip on the later occurring ne-
gative edge of CE or WE. If the negative transi-
tion of WE occurs prior to the leading edge of CE as
in an “early”” write cycle then the CE input serves
as the strobe for data-in. If CE leading edge occurs
prior to the leading edge of WE as in a read-modify-
write cycle then data-in is strobed by the WE input.
Due to the internal timing generator, two indepen-
dent timing parameters must be satisfied for DI hold
time, these are, tpHW and tpHC. For a R/W or RMW
cycle tpHC is automatically satisfied making tpHW
the more restrictive parameter. For a write only cycle
either parameter can _be more restrictive depending
on the position of WE relative to CE. In any event
both parameters must be satisfied.

In an ‘early’ write cycle the output will remain in an
open or high impedance state. In a read-modify

write operation the output will go active through the
modify and write period until CE goes to precharge.
If the cycle is such that WE goes active after CE
but before valid data appears on the output (prior to

tAC) then the output may not remain open. How- -

ever, if data-in is valid on the leading edge of W_E_
and WE occurs prior to the positive transition of CE
by the minimum lead time twpL, then valid data
will be written into the selected cell. The Data in
hold time parameters tpHw and tpHc must be
satisfied.

READ-MODIFY-WRITE CYCLE

The read-modify-write (RMW) cycle is no more
than an extension of the read and write cycles.
Data is read at access time, modified during a period
determined by the user and the same or new data
written between WE active (low) and the rising edge
of CE (typ)._Data out will remain valid until the
rising edge <l)'f CE. A minimum RMW cycle time can
be approximated by the following equation (tgm
RMW cycle time and tp = CE precharge time).
tRMW = tAC * tMOD *+ twpL + tp +31tT

POWER DOWN MODE

In power down data may be retained indefinitely by
maintaining Vgc at +3V. However, prior to VcC
going below Vcg minimum (<4.5V) CE must be
taken high (V|H = 2.2V) and held for a minimum
time period tppp and maintained at V|H for the
entire standby period. After power is returned to
Vce min or above, CE must be held high for a
minimum of tRC in order that the device may
operate properly. See power down waveforms herein.
Any active cycle in progress prior to power down
must be completed so that tGgg min is not viola{cgg.
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OPERATING POWER VS CYCLE TIME
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Characterization data plot of frequency vs power dissipation
for a typical MK4104 device.

Curve 1 - Clock on time (low level) is bottom scale minus
100 NSEC

Curve 2 - Clock off time (high level) is bottom scale minus
200 NSEC
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PRELIMINARY

MOGSTEK.

1K x 8-BIT STATIC RAM

MK4118(P/N)Series

FEATURES

O Address Activated TM [nterface combines bene-
fits of Edge Activated TM and fully static.

O High performance

Part number Access time Cycle time
MK4118-1 120 nsec 120 nsec
MK4118-2 150 nsec 150 nsec
MK4118-3 200 nsec 200 nsec
MK4118-4 250 nsec 250 nsec

O Single +5 volt power supply
DESCRIPTION
The MK4118 uses MOSTEK's Poly R N-Channel Sili-

con Gate process and advanced circuit design tech-
niques to package 8192 bits of static RAM on a sin-

gle chip. MOSTEK's address activated TM circuit de-

sign technique is utilized to achieve high performance,
low power, and easy user implementation. The device
has a V|4 = 2.2, V|L = 0.8V, VQH = 2.4, VOL =
0.4V making it totally compatible with all TTL
family devices.

The MK4118 is designed for all wide word memory
applications. The MK4118 provides the user with a

O TTL compatible I/0

2 - Standard TTL
2 - Schottky TTL
12 - Low power Schottky TTL

Low Power - 400mw Active

Fanout:

24-pin ROM/PROM compatible pin configuration

O CS, OE, and LATCH functions for flexible system
operation

O Read-Modify-Write Capability

high-density, cost-effective 1Kx8 bit Random Access
Memory. Fast Output Enable (OE) and Chip Select
(CS) controls are provided for easy interface in
microprocessor or other bus-oriented systems. The
MK4118 features a flexible Latch (L) function to
permit latching of the address and CS status at the
user’s option. Common data and address bus operation
may be performed at the system level by utilizing the
T and OE functions for the MK4118. The latch func-
tion may be bypassed by merely tying the latch pin
to VCC, providing fast ripple-through operation.

BLOCK DIAGRAM

Data Inputs / Gutputs
101 ewe 1/08

1/0 Buffer

WE ———————{ Control Logic

¥ Sense Amp
&Write Driver

128x8x8
Memory Cell Matrix

8192 Bit Static RAM

PIN CONNECTIONS

A7 1 [] 24 Vce
6 2 ] [] 23 A8
A5 3 [ 122 A9
A4 4[] [ 21 WE
A3 5 ] (] 20 OE
A2 6 [] sRENS
a1 7 []| 4118 [ 18 CS
A0 8 [ 117 1/08
1701 9 [] [ ] 16 1/07
1702 10 [ | 15 1/06
1103 11 ] [1 14 1/05
Vss 12 (] [1131/04
PIN NAMES
AO- A9 Address Inputs | WE Write Enable
CS Chip Select OE Output Enable
Vss Ground L Latch
Vce Power (+5V) /01 1/0gData In/
Data Out
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ABSOLUTE MAXIMUM RATINGS*
Voltage on any pinrelativetoVSS .. .. ............
Operating Temperature TA (Ambient)
Storage Temperature (Ambient) (Ceramic)

Storage Temperature (Ambient) (Plastic)

*Stresses greater than those hsted under
“Absolute Maximum Ratings”" may cause
permanent damage to the device. This is a
stress rating only and functional operation
of the device at these or any other condi-
tions above those indicated in the opera-
tional sections of this specification is not
implied. Exposure to absolute maximum

—0.5V to +7.0V
0°Cto+70°C
—65°C to +150° C
—55"C to +125°C

Power Dissipation . .. ....... ...t 1 Watt (o eonditions for extended periods may
Short Circuit Qutput Current . ... ... e 20mA
RECOMMENDED DC OPERATING CONDITIONS 3
(0°C< Ta< +70°C)
PARAMETER MIN TYP MAX UNITS [NOTES
Vce Supply Voltage 4,75 5.0 5.25 Volts 1
Vss Supply Voltage 0 0 0 Volts 1
VIH Logic "1 Voltage All Inputs 2.2 7.0 Volts 1
ViL Logic 0"’ Voltage All Inputs -0.3 0.8 Volts 1
DC ELECTRICAL CHARACTERISTICS 1.3
(0°C<TA< +70°C) (Vg = 5.0 volts * 5%)
' PARAMETER MIN MAX UNITS NOTES
IcC1 '(A,&Ig’:i?/%% V¢ Power Supply Current 80 mA
Icc2 ,(A.S\grnaggl\icc Power Supply Current 60 mA 5
L Input Leakage Current (Any Input) -10 10 MA 2
loL Output Leakage Current -10 10 uA 2
VOH Output Logic 1" Voltage loyT=—1mA 24 Volts
VoL Output Logic 0"’ Voltage loyT=4mA 0.4 Volts
AC ELECTRICAL CHARACTERISTICS 1.3
(°C<TA<+70°C) (Vcc = + 5.0 volts + 5%)
PARAMETER TYP MAX NOTES
Cj Capacitance on all pins except |/0 4pF 4
Ci/0 Capacitance on 1/0 pins 10pF 4

OTES
All voltages referenced to Vgg.

N
2. Measured with 0 SV <5V and outputs deselected (V. = 5V)
3.

A minimum of 100 usec time delay is required after application of VCC (+5V) before proper device operation can be achieved.

4. Effective capacitance calculated from the equation C = | Lot
5.

v with AV =3V and Vg nominal

Standby mode is defined as condition when addresses, latch and WE remain unchanged.

OPERATION

nals. The READ MODE memory cycle may be either
STATIC (ripple-through) or LATCHED, depending

READ MODE

The MK4118 is in the READ MODE whenever the
Write Enable control input (WE) is in the high state.
The state of the 8 data 1/0 signals is controlled by the
Chip Select (CS) and Output Enable (OE) control sig-
166

on user control of the Latch Input Signal (T).
STATIC READ CYCLE

In the STATIC READ CYCLE mode of operation,
the MK4118 provides a fast address ripple-through



ELECTRICAL CHARACTERISTICS 6
(0°C< TA < 70°Cand Vcc = 5.0 volts + 5%)

SYMBOL PARAMETER MK4118-1 | MK4118-2 | MK4118-3 | MK4118-4 | UNIT | NOTE
MIN|MAX | MIN|[MAX | MIN|JMAX | MIN|MAX
tRC Read Cycle Time 120 150 200 250 ns
TAA Address Access Time 120 150 200 250 |ns
tCSA Chip Select Access Time 60 75 100 1256 | ns
tcsz Chip Select Data Off Time 0 |60 0 |75 0O |100 [0 (125 |ns
tOEA Output Enable Access Time 60 75 100 125 |ns
tOEZ Output Enabie Data Off Time |0 |60 0 |75 0 (100 {0 (125 |ns
taz Address Data Off Time 10 10 10 10 ns
tASL Address To Latch Setup Time | 10 10 10 20 ns
tAHL Address From Latch Hold Time| 40 50 65 80 ns
tcsL | CS To Latch Setup Time 0 0 0 0 ns
tcHL | CS From Latch Hold Time 40 50 65 80 ns
tLA Latch Off Access Time 1565 200 260 320 |ns
twe Write Cycle Time 120 150 200 250 ns
tASW Address To Write Setup Time | 0 0 0 0 ns
tAHW |Address From Write Hold Time | 40 50 65 80 ns
tcsw | CS To Write Setup Time 0 0 0 0 ns
tcHw | CS From Write Hold Time 40 50 65 80 ns
tpsw Data To Write Setup Time 20 30 40 50 ns
tpHw | Data From Write Hold Time 20 30 40 50 ns
twD Write Pulse Duration 35 50 60 70 ns
tL DH Latch Duration, High 35 |DC 50 |DC 60 |DC 70 |DC ns
tLDL Latch Duration, Low DC DC DC DC ns
tWEZ Write Enable Data Off Time 0 |60 0 |75 0O [100 [0 [125 | ns
tLz Latch Data Off Time 10 10, 10 10 ns
tWPL Write Pulse Lead Time 75 90 130 170
NOTES:

6. AC timing measurements made with 2 TTL loads plus 100pF.

STATIC READ CYCLE (Cont'd)

access of data from 8 of 8192 locations in the static
storage array. Thus, the unique address specified by
the 10 Address Inputs (An) define which 1 of 1024
bytes of data is to be accessed. The STATIC READ
CYCLE is defined by WE = L = High.

A transition on any of the 10 address inputs will dis-
able the 8 Data Output Drivers after taAz. Valid Data
will be available to the 8 Data Output Drivers within
tAA after all address input signals are stable, and the
data will be output under control of the Chip Select
(CS) and Output Enable (OE) signals.

LATCHED READ CYCLE

The LATCHED READ CYCLE is also defined by the
Write Enable control input (WE) being in the high

state, and it is synchronized by proper control of the

Latch (L) input.

As the Latch control input (L) is taken low, Address
(An) and Chip Select (CS) inputs that are stable for
the specified set-up and hold times are latched inter-
nally. Data out corresponding to the latched address
will be supplied to the Data Output drivers. The out-
put drivers will be enabled to drive the Output Data
Bus under control of the Output Enable (OE) and
latched Chip Select (CS) inputs.

Taking the latch input high begins another read cycle
for the memory locations specified by the address
then appearing on the Address Input (An). Returning
the latch control to the low state latches the new Ad-
dress and Chip Select inputs internally for the re-
mainder of the LATCHED READ CYCLE.
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STATIC READ CYCLE
WE =T = HIGH

ADDRESS ><

R tRC - TAA ——

cs
1CSZ |t—— tCSA (E——
-— tAA
— tAZ . t10EZ |-gt—— 10EA |——

DATA OUT VALID VALID VALID

o]}
mi

LATCHED READ CYCLE

WE = HIGH
tRC -
ADDRESS > K
> tASL |
<—— tAHL
cs — ———— tCHL \t—tCSA-————»
—»| tcsL
A
- |e—— tLDH—»|
D X,
\ NI
\ 4 o
[ P
—] tLz —

~<— tOEA—>> __>‘ |<;‘0E2

t
-~ — < z
DATA OUT VALID l\l_ ________ ’  VALID VALID
, N
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WRITE CYCLE
OE = LOW, L = HIGH

VALID

twe >
ADD J‘< VALID >< DON'T CARE >< VALID
— > 'ASW |e—
cs \_
—— >l CSWe————— tAHW —————> twpL
WE x ‘ww———" F
t
twD > i« "AA — 3
e tPDHW — > taz
——> WEZ —tDsw ——>
VALID

DATA/0 | DATAOUT D 1 VALID K paTA OUT

VALID
DATA OUT*,

*NOTE: Assumes twe >t-|- + tWD(min) + tWPL(min). If not then output will remain open as taAz <tAA for an address

change. Also OE may be used to maintain DO open.

LATCHED READ CYCLE (Cont‘d)

NOTE: If ‘L’ pin is left open it will automatically
assume the ‘high’ state.

WRITE MODE

The MK4118 is_in the WRITE MODE whenever the
Write Enable (WE) and Chip Select (CS) control
inputs are in the low state. The status of the 8 output
buffers during a write cycle is expalined below.

The WRITE cycle is_initiated by the WE pulse going
low provided that CS is also low. The leading edge of
the WE pulse is used to latch the status of the address
bus. CS if active (low) will also be latched. NOTE:
WE is gated by CS. If CS goes low after WE, the Write
Cycle will be initiated by CS, and all timing wil! be
referenced to that edge. CS and the Addresses will
then be latched, and the cycle must be terminated by
WE going high. The output bus if not already disabled
will go to the high Z state tygz after WE. The latch
signal, if at a logic high, will have no impact on the
WRITE cycle. If latch is brought from a logic high to
low prior to WE going active then the address inputs

and CS will be latched. NOTE: The Latch control (L)
will latch (E_independent of the state, whereas WE
will latch CS only when in the low state. Once
latched, CS and the address inputs may be removed
after the required hold times have been met.

1Kx8 STATIC
RAM
MK4118(P/N)

Data in must be valid tpsw prior to the low-to-high
transition of WE. The_Data in lines must remain
stable for tpHw after WE goes inactive. The write
control of the MK 4118 disables the data out buffers
during the write cycle; however, output enable (OE)
should be used to disable the data out buffers to
prevent bus contention between the input data and
data that would be output upon completion of the
write cycle.

READ/MODIFY/WRITE CYCLE

The MK4118 READ/MODIFY/WRITE cycle is
merely a combination of the READ and WRITE cycle
operations. The asynchronous or synchronous READ
cycle may be combined with the WRITE operation.
The status of DATA OUT bus will follow the opera-
tion outlined in the READ MODE or WRITE MODE.
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PRELIMINARY

MOSTEK.

1K x 8-BIT STATIC RAM

MK4801(P) Series

FEATURES

O Address Activated™ interface combines benefits of
Edge Activated™ and fully static

O High performance

';—art Number Access Time Cycle Time
MK4801-55 55 nsec 55 nsec
MK4801-70 70 nsec 70 nsec
MK4801-90 90 nsec 90 nsec

O Single +5 Volt Power Supply

DESCRIPTION

The MK4801 uses Mostek's SCALED POLY 5™ process
and advanced circuit design techniques to package
8192 bits of static RAM on a single chip comparable in
size to previous 4K designs. Mostek’'s Address
Activated™ circuit design technique is utilized to
achieve high performance, low power, and easy user
implementation. The device has a VIH = 2.1V, VIL =
0.8V, VOH = 24V, VOL = 0.4V making it totally
compatible with all TTL family devices.

The MK4801 is designed for all wide word high speed
memory applications. The MK4801 presents the user a

O TTL Compatible 1/0
Fanout: 2 - Standard TTL
2 - Schottky TTL

12 - Low power Schottky TTL
O Low power - 500 mW active
O 24-pin - ROM/PROM compatible pin configuration

O CS, OE, and LATCH functions for flexible system
operation

O Read - Modify - Write capability

high density cost effective alternative to bipolar and
previous generation N-MOS fast memory. The 4801
features a fast CS (50% of Address Access) function to
permit memory expansion without impacting system
access time. A fast OE (50% of access time) is included
to permit data interleaving for enhanced system
performance. The MK4801 features a flexible latch
function to permit latching of the address and CS status
at the users option. The latch function may be bypassed
by merely tying the latch pin to VCC. Common data and
address bus operation may be performed at the system
level by utilizing the MK4801's L and OE functions.

BLOCK DIAGRAM

Duta Inputs - Gutputs
101 eee 108

Vee —»
GND

10 Buffer

—_—

129828
Memory Cell Matrix

8192 Bt Static RAM

PIN CONNECTIONS

A7 1 ] 24 Vcc

A6 2 [ [1 23 A8

A5 3 [ 122 A9

A4 4 [ [ 21 WE

A3 5 [ [ 20 OE

A2 6 ] N9 L0

A7 O 4801 [] 18 CS

A0 8 [ ] 17 1/08

1’01 9 [ D 16 1/07

1/02 10 ] [] 15 1/06

1/03 11 [ [] 14 1/05
PIN NAMES Vss 12 [} [1 13 1/04
A0 - A9 Address Inputs | WE Write Enable
CS Chip Select OE Output Enable
Vss Ground L Latch
Vce Power (+5V) 1/01 - 1/0gData In/

Data Out
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VS S . .. o i i e i e et et -5V to +7.0V
Operating Temperature TA (AmMDIENt) . ... e ittt iieie e einanann 0°C to +70°C
Storage Temperature (Ambient) (CeramiC) ... ..ottt -65°C to +150°C
POWET DiSSIPatION L.ttt ettt ittt et et e e e e e, 1 Watt
Short CircUit OUIPUL CUITENt « .ttt ettt ittt e ettt ettt ettt e e et tee e te et te e einneenns 20mA

*Stresses greater than those listed under “'Absolute Maximum Ratings” may cause permanent damage to the device. this is a stress rating only and functional
operatio device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum
ratitions for extended periods may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS?
(0°C =TA < +70°C)

SYMBOL| PARAMETER MIN TYP MAX | UNITS NOTES
VCC Supply Voltage 475 5.0 5.25 Volts 1
VSS Supply Voltage 0 0 0 Volts 1
VIH Logic ‘1" Voltage All Inputs 2.1 7.0 Volts 1
ViL Logic 0" Voltage All Inputs -0.3 .8 Volts 1

DC ELECTRICAL CHARACTERISTICS, .2
(0°C = TA =+70°C) (VCC = 5.0 volts = 5%)

SYMBOL| PARAMETER MIN MAX | UNITS NOTES
ICC1 Average VCC Power Supply Current Active 125 mA

ICC2 Average VCC Power Supply Current Standby 95 mA 4

11 Input Leakage Current (Any Input) -10 10 MA 2
10L Output Leakage Current -10 10 uA 2
VOH Output Logic 1" Voltage IOUT = -1TmA 2.4 Volts

VOL Output Logic 0" Voltage IOUT = 4mA 04 Volts

AC ELECTRICAL CHARACTERISTICS",?
(0°C = TA = +70°C) (VCC = +5.0 volts 5%)

SYMBOL PARAMETER TYP MAX NOTES
Cl Capacitance on all pins (except 1/0) 4pF
Cl/70 Capacitance on I/0 pins 10pF

NOTES:

All voltages referenced to VSS.

2. Measured with 0 = VI = 5V and outputs deselected. (V¢ = 5V)

3. A minimum of 100 usec time delay is required after application of VCC (+5V) before proper device operation can be achieved
4. Effective capacitance calculated from the equation C = IAt with AV = 3 and Vcc nominal.

AV

5. Standby mode is defined as condition when address, latch and WE remain unchanged.

OPERATION of the 8 data I/0 signals is controlled by the Chip Select
READ MODE (€S) and Output Enable (OE) control signals. The READ

MODE memory cycle may be either STATIC (ripple-
The MK4801 is in the READ MODE whenever the Write  through) or LATCHED, depending on user control of the
Enable Control Input (WE) is in the high state. The state Latch Input Signal (L).
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ELECTRICAL CHARACTERISTICS®
(0°C = TA =70°) (VCC = 5.0 volts + 5%)

SYMBOL|PARAMETER MK4801-55 IMK4801-70MK4801-90 ([UNIT | NOTE
MIN| MAX| MIN| MAX| MIN | MAX

tRC Read Cycle Time 55 70 90 ns

tAA Address Access Time 55 70 90| ns

ICSA Chip Select Access Time 25 35 45| ns

tcsz Chip Select Data Off Time 0 25 0 35 0 45| ns

tOEA Output Enable Access Time 25 35 45| ns

tOEZ Output Enable Data Off Time 0 25 0 35 0 45 ns

tAZ Address Data Off Time 10 10 10 ns

tASL Address To Latch Setup Time 0 0 0 ns

tAHL Address From Latch Hold Time 15 20 35 ns

tCSL CS to Latch Setup Time 0 0 0 ns

tCHL CS From Latch Hold Time 15 20 35 ns

LA Latch Off Access Time 75 100 120/ ns é s §
twe Write Cycle Time 55 70 90 ns z g §

X

TASW Address To Write Setup Time 0 (0] 0 ns = =
TAHW Address From Write Hold Time 15 20 35 ns

ICSW  |TS To Write Setup Time 0 0 0 ns

ICHW  [CS From Write Hold Time 15 20 35 ns

tDSw Data To Write Setup Time 5 10 20 ns

IDHW Data From Write Hold Time 10 15 20 ns

twD Write Pulse lgl:r;tlon 25 30 40 ns

tLDH Latch Duration, High TBD DC|{ TBD DC TBD DC| ns

ILbL Latch Duration, Low TBD DC| TBD DG TBD DC| ns

tWEZ Write Enable Data Off Time 0 25 0 30 0 40| ns

Wz Latch Data Off Time 0 0 0 ns

tWPL Write Pulse Lead Time TBD TBD TBD ns
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STATIC READ CYCLE
WE = L = HIGH

ADDRESS ><

B tRC

cs
tcsz

OE
-— tAA
— tAZ l—— t0EZ

DATA OUT VALID )

>[< TAA ———
[ tICSA r——
- tOEA |——
VALID VALID

LATCHED READ CYCLE

WE = HIGH
- tRC -
ADDRESS >( ><
> tASL -
<« tAHL
cs - tCHL E:SA——-—P
—»| tCSL o

il

/] SR
—

1Lz —

<— tOE A —P|

DATA OUT

.
—————— |, VAuD

VALID

STATIC READ CYCLE

In the STATIC READ CYCLE mode of operation, the
MK4801 provides a fast address ripple-through access
of data from 8 to 8192 locations in the static storage
array. Thus, the unique address specified by the 10
Address Inputs (An) define which 1 of 1024 bytes of data
is to accessed. The STATIC READ CYCLE is defined by
WE = L = High.
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A transition on any of the 10 address inputs will disable
the 8 Data Output Drivers after tAZ. Valid Data will be
available to the 8 Data Output Drivers within tAA after
the last address input signal is stable, providing that the
CS and OE access times are satisfied. If CS or OE access
times are not met, data access will be measured from
the limiting parameter (tCSA or tOEA) rather than the
address.



WRITE CYCLE

L = HIGH,
OE = LOW
twe
ADD \,Q VALID )( DON'T CARE ){ VALID
——> tASW fe—
cs \
—> CSWee——— TAHW ———> WPL
WE 3‘ tCHW [
\ /
1
wD le——— IDHW —>
—» YWEZ |e&— le——tDSW—>

DATA OUT

DATA 1/O0 VALID

D I VALID

VALID
DATA OUT

le—tAZ —>

*NOTE: Assumes twe >tT +twp (min) + twpL (min). If not then output will remain open as taAz <tAA for an

address change. Also OE may be used to maintain DO open.

LATCHED READ CYCLE

The LATCHED READ CYCLE is also defined by the Write
Enable control input (WE) being in the high state, and it is
synchronized with the Latch (L) input.

As the Latch control input (T) is taken low, Address (An)
and Chip Select (CS) inputs that are stable for the
specified set-up and hold times are latched internally.
Data corresponding to the latched address will be
supplied to the Data Output drivers. The output drivers
will be enabled to drive the Output Data Bus under
control of the Output Enable (OE) and latched Chip Select
(CS) inputs.

Taking the latch input high begins another read cycle for
the memory locations specified by the address then
appearing on the Address Inputs (An). Returning the latch
control to the low state latches the new Address and Chip
Select inputs internally for the remainder of the
LATCHED READ CYCLE.

NOTE: If ‘L’ is left open it will automatically assume a
“high” state.

WRITE MODE

The MK4801 is in the Write Mode whenever the Write
Enable (WE) and Chip Select (CS) control inputs are in
the low state. The status of the 8 output buffersduringa
write cycle is explained on the next page.

The WRITE cycle is initiated by the WE pulse going low
provided that CS is also low. The leading edge of the WE
pulse is used to latch the status of the address bus. CS if

active (low) will also be latched. NOTE: WE is gated by
CS. If CS goes low after WE, the Write Cycle will be
initiated by CS, and all timing will be referenced to that
edge. CS and the Addresses will then be latched, and
the cycle must be terminated by WE going high. The
output bus if not already disabled will go to the high Z
state tWEZ after WE. The latch signal, if at a logic high,
will have no impact on the WRITE cycle. If latch is
brought from a logic high to low prior to WE going active
then the address inputs and CS will be latched. NOTE:
The Latch control (L) will latch CS independent of the
state, whereas WE will latch CS only when in the low
state. Once latched, CS and the address inputs may be
removed after the required hold times have been met.

Data In must be valid tDSW prior to the low to high
transition of WE. The Data In lines must remain stable
for tDHW after WE goes inactive. The write control of
the MK4801 disables_the data out buffers during the
write cycle; however, OE should be used to disable the
data out buffers to prevent bus contention between the
input data and data that would be output upon
completion of the write cycle.

READ/MODIFY/WRITE CYCLE

The MK4801 READ/MODIFY/WRITE cycle is merely a
combination of the READ and WRITE cycle operations.
The asynchronous or synchronous READ cycle may be
combined with the WRITE operation. The status of the
Data Out bus will follow the operation outlined in the
READ MODE or WRITE MODE.
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PRELIMINARY

MOSTEK.

1K x 8-BIT PSEUDOSTATIC™ RAM

MK4808(P) Series

FEATURES
0O Organized as 1024x8 bits

O High Performance

Part number | Access time Cycle time
MK4808-2 150 nsec 270 nsec
MK4808-3 200 nsec 360 nsec
MK4808-4 250 nsec 450 nsec
MK4808-5 300 nsec 540 nsec

0O Single +5V £10% Power Supply

O On Chip Substrate Bias Generator

DESCRIPTION

The MK4808 uses MOSTEK’s N Channel Silicon Gate
process and advanced circuit design techniques to
package 8192 bits of RAM on a single chip. The
MK4808 is a 5V only wide-word Dynamic RAM
designed specifically for use in present and future
generation microprocessor systems. Organized as 1024
words x 8 bits, the MK4808 utilizes MOSTEK's Edge
Activated™ design techniques to provide a low-power,
high-performance, cost effective RAM that includes
many features designed to minimize external interface

O Low Power - 150mW
25mW Standby

O All Pins TTL Compatible
0O 28 Pin ROM/PROM compatible package
O 128 Refresh cycles/2msec

O Built in Refresh Multiplexer and Refresh Address
Counter

O Power Down (Standby) Refresh Mode
O Automatic Precharge for minimum cycle time

O Latched Address and CS and independent OE for
easy interface in any microprocessor system

circuitry while maintaining the internal efficiency of a
Dynamic RAM.

The MK4808 requires only a single +5 volt (x10%)
power supply and is fully TTL compatible on all inputs
and outputs. A single Refresh pin allows flexible control
of single cycle refresh, burst mode refresh, or automatic
refresh in battery back-up mode. Common data 1/0 and
independent Chip Select and Output Enable controls
permit easy interface to either separate or multiplexed
address and data bus systems. The MK4808 select
function must be active at address setup time for all
memory cycles.

EPROM/ROM/RAM COMPATIBLE FAMILY

RFSH[]1 28 1 2Hvee
ned N P we
a;0d Pcs
As] [ as
asQ] Ao M _pee
A‘C MK 4808 j NC
a3(d] [16e
Ivis (JA10
A [ce
a0 PpowrT TTEe,T TT T B T T T T T sy

oao] 2Kx 8 . |2 pas
DYNAMI
:)'\‘r;:mc RAM
RAM

PIN OUT - §
RFSH—{ 1 28~ V¢e
NC— 2 27p—WE
a7 — 3 26p—Cs
A6 — 4 25— AB
A5 — 5 24— A9
as — 6 23— NC
A3— 7| mkasos [?2|— OE
A2— g 21}— SEL
aA1— 9 20— CE
A0 —]10 19p—DQ7
pQo —{ 11 18}— D06
pa1 —'2 17}—DQ5
paz —{13 16}— D04
Ves— 14 150— pa3
DQO-DQ7  DATA OE  OUTPUT ENABLE
A0 - A9 ADDRESS INPUTS SEL  SELECT FUNCTION
CE CHIP ENABLE WE__ WRITE ENABLE
cs CHIP SELECT RFSH INTERNAL REFRESH
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PRELIMINARY MOSTEI(®

1K x 8-BIT PSEUDOSTATIC™ RAM

MK4809(P) Series

FEATURES O Low Power - 150mW
25mW Standby
O Organized as 1024x8 bits
O All Pins TTL Compatible
O High Performance
O 28 Pin ROM/PROM compatible package

Part number | Access time Cycle time O 128 Refresh cycles/2msec
O Built in Refresh Multiplexer and Refresh Address
MK4809-2 150 nsec 270 nsec Counter
MK4809-3 200 nsec 360 nsec
MK4809-4 250 nsec 450 nsec 0O Power Down (Standby) Refresh Mode
MK4809-5 300 nsec 540 nsec

O Automatic Precharge for minimum cycle time
O Single +5V =10% Power Supply .

O Latched Address and CS and independent OE for
O On Chip Substrate Bias Generator easy interface in any microprocessor system

circuitry while maintaining the internal efficiency of a
DESCRIPTION Dynamic RAM.

The MK4809 uses MOSTEK's N Channel Silicon Gate The MK4809 requires only a single +5 volt (=10%)
process and advanced circuit design techniques to power supply and is fully TTL compatible on all inputs
package 8192 bits of RAM on a single chip. The and outputs. A single Refresh pin allows flexible control
MK4809 is a 5V only wide-word Dynamic RAM of single cycle refresh, burst mode refresh, or automatic
designed specifically for use in present and future refresh in battery back-up mode. Common data I/0 and

generation microprocessor systems. Organized as 1024 independent Chip Select and Output Enable controls
words x 8 bits, the MK4809 utilizes MOSTEK's Edge  permit easy interface to either separate or muitipiexed
Activated ™ design techniques to provide a low-power, address and data bus systems. The MK4809 select
high-performance, cost effective RAM that includes function must be active at address setup time for all
many features designed to minimize external interface memory cycles.
EPROM/ROM/RAM COMPATIBLE FAMILY PIN OUT — X
- 88— Vee
NC— 2 27p—WE
A7— 3 26— cs
resc] 281 Voo bvcc A6 — 4 25}— A8
nel] WE [WE A5 — 5 24— A9
a0 cs Pes
A;C Ap ) as Ad— 6 23— NC
As[] J% pas A3— 7|  mkasos [22|— OE
Aad] MK 4809 NC [ NC A2 —} =
asc] I3 [oE 8 g SEL
Az SEL. [Jalo0 A1— 9 20— CE
A,E & JCE A0 —10 19}—DbQ7
Ao pa? [ Dpo7
o] Dae MK2716(T) 2K x 8 N pas DQO0 —11 18p—NnQ6
1K x8 DQ1 —12 17—DQ5
DYNAMIC 2K x 8
RAM EPROM DQ2 —13 16/—DaQ4
Ves —14 15— DQ3
DQO-DQ7 DATA OE  OUTPUT ENABLE
AO0- A9 ADDRESS INPUTS SEL SELECT FUNCTION
CE CHIP ENABLE WE WRITE ENABLE

cs CHIP SELECT

2|
-
1]
X

INTERNAL REFRESH
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MOSTEK.

2K x 8-BIT PSEUDOSTATIC™ RAM

MK4816(P/J)-2/3

FEATURES

O Organized as 2048 x 8 bits
O High Performance

Part Number Access Time Cycle Time
MK4816-2 150 nsec 270 nsec
MK4816-3 200 nsec 360 nser

O Single +5V + 10% power supply
O On-Chip Substrate Bias Generator

O Low Power -150mw Active
25mw Standby

DESCRIPTION

The MK4816 uses Mostek’'s N Channel silicon Gate
process and advanced circuit design techniques to
package 16,384 bits of Dynamic RAM on a single chip.
The MK4816 is the first available 5V only Dynamic MOS
RAM and the first wide-word Dynamic RAM designed
specifically for use in present and future generation
microprocessor systems. Organized as 2048 words x 8
bits, the MK4816 utilizes Mostek's Edge Activated"
design techniques to provide a low-power, high-
performance, cost-effective RAM that includes many

128 Refresh cycles/2msec
All Pins TTL Compatible
28 Pin ROM/PROM compatible package

Built in Refresh Multiplexer and Refresh Address
Counter

Oo oo

m}

Power Down (Standby) Refresh Mode

m}

Automatic Precharge for minimum cycle time

O Latched Address and CS and independent OE for
easy interface in any microprocessor system

features designed to minimize external interface
circuitry while maintaining the internal efficiency of a
Dynamic RAM.

The MK4816 requires only a single +5 volt (= 10%)
power supply and is fully TTL compatible on all inputs
and outputs. A single Refresh pin allows flexible control
of single cycle refresh, burst mode refresh, or automatic
refresh in battery back-up mode. Common data /0 with
independent chip select and Output Enable controls
permit easy interface to either separate or multiplexed
address and data bus systems.

BLOCK DIAGRAM

CE Self- oF ¢CE
Charge OFE CE
nran Refresh l__{
Timing Pump l l l

Ca. CP[ Output ]
Control

Column Decode

Ca Cp—g—ef address
A7 Aqp——ri Butters l 1.0 Bus

- | 1]

Memory

! Array _}

l——]——j-] Ca. Ci
10 Bus AP
Ca. Ci

wer

Dg- Dy

Address Buffers
Refresh Counter
Row
Decode

Din WE
Butters

Active oDy -

lock  p——eCp 0- 07

Gen.
ense’” Cioek” p—e-Cp
Circuits Gen.

Cp

PIN OUT
RFSH [| 1 28] vee
ne ]2 27{ ] WE
a7 []3 2] | CS
a6 [ |4 25| ] A8
as[|s 24| ] A9
as |6 23 /

as[] 7 MK 4816 22
az[]s 21
a ]9 20
Ao [[]10 19
pao [ 18
po1 [}
paz(]3 16| ] poa
vss [ |a 15[ ] DQ3

JOOUUL
°z

2
3

[RjEEE
g g 9
8 8

12 17["] pas

DATA

ADDRESS INPUTS
CE CHIP ENABLE

cs CHIP SELEST

OE OUTPUT ENABLE
WE WRITE ENABLE
INTERNAL REFRESH

DQO0-DQ7
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative 10 VS S ... i it i e et e e -1.0V to +7.0V
Operating Temperature TA(AMDIENT) ...ttt ittt ettt et etattaeeeeeeeenenannn 0°C to +70°C
Storage Temperature (Ambient) (CeramiC) .. ..vuuiiniin ittt irannnnnnns -65°C to +150°C
o3y B =X -1 T oY= 1 4 oY o 1 Watt
Short Circuit OULPUL CUITENT . ...ttt ittt ittt et tteeetaneseenneeeeeasaseennneeensnnnneennnns 20mA

*Stresses greater than those listed under “"Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress rating only and functional operation of
th at these or any other conditions above those indicated in the operational sections of this specification is notimplied. Exposure to absolute maximum rating conditions for
exeriods may affect reliability.

RECOMMENDED DC OPERATING OPERATIONS
(0°C < TA <+70°C)

SYMBOL | PARAMETER MIN TYP MAX UNITS NOTES
vVce Supply Voltage 4.5 5.0 5.5 Volts 1
Vss Supply Voltage 0 0 o] Volts 1
VIH Logic 1" Voltage All Inputs 22 7.0 Volts 1
ViL Logic 0" Voltage All Inputs -1.0 0.8 Volts 1

DC ELECTRICAL CHARACTERISTICS'
(0°C < Ta <+70°C) (Vcc= 5.0 volts = 10%)

SYMBOL| PARAMETER MIN MAX UNITS NOTES
lcct Average Vcc »Power Supply Current 30 mA

(Tcc = tcemin)
lce2 Average Ve Power Supply Current 5 mA

(Standby)
L Input Leakage Current (Any Input) -10 10 HA 2
loL Output Leakage Current -10 10 uA 2,3
VOH Output Logic "1 Voltage 24 Volts

loyt = -1TmA
VoL Output Logic “0" Voltage 04 Volts

IOUT = 4mA

AC ELECTRICAL CHARACTERISTICS!
(0°C =Ta = +70°C) (Ve = +5.0 volts + 10%)

SYMBOL PARAMETER TYP MAX NOTES
C Input Capacitance 7pF 10pF
Co Output Capacitance 10pF 15pF
?‘.ozisx;anages referenced to VSS 6. Vi (min) and Vi;. (max) are reference levels for measuring timing of input

2. Measured with OV < VIN = 5V signals. Also, transition times are measured between Vi and V..

3. Output open circuit (CE high)

4. Several cycles are required after power-up before proper device operationis 7. Internal refresh counter initilization is required. 64 RFSH stimulated cycles
achieved. Any 8 CE cycles are adequate for this purpose are sufficient for this purpose. RFSH reinitilization is requied when intervals
AC measurements assume t; = 5ns. greater than 2ms have occurred between refresh cycles controlled by RFSH.

o
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (4'5'6)
(0°C =TA =70°C) (VCC = 5.0V £ 10%)

SYMBOL|PARAMETER MK4816-2 |MK4816-3 UNITS| NOTES
MIN| MAX| MIN| MAX|
tc Read, Write, or Refresh Cycle Time 270 360 ns
tCEA Chip Enable Access Time 150 200 ns
tCEZ Chip Enable Data Off Time 35 45 ns
tOEA Output Enable Access Time 35 45 ns
tOEZ Output Enabie Data Off Time 35 45 ns
tASC Address to CE Set Up Time 0 0 ns
tAHC Address from CE Hold Time 20 25 ns
tcsc Chip Select to CE Set Up Time 0 0 ns
tCHC Chip Select from CE Hold Time 20 25 ns
tRCS WE to CE set up Time for Read Cycle (o] 0 ns
tRCH 'WE from CE Hold Time for Read cycle 0 0 ns
tCE Chip Enable Duration 150 oo 200 % ns
tp Chip Enable Precharge Time 50 65 ns
tWSC  |Write Enable to CE Set up Time - Early Write -30 -35 ns
tWHC Write Enable from CE Hold Time - Early Write 65 80 ns
tcsw Write Enable Delay from CE - Late Write 30( 5000 35| 5000 ns ™
tCHW  |CE hold time after WE - Late Write 105 140 ns 3
tDSC Data to CE Set up Time - Early Write -10 -10 ns §
tDHC Data from CE Hold Time - Early Write 55 70 ns
tDSw Data to WE Setup Time - Late Write (o] 0 ns
IDHW Data from WE Hold Time - Late Write 20 25 ns
twD Write Pulse Duration 35 45 ns
tRD1 Refresh Pulse Duration - Single Cycle 35|10000| 45010000 ns 7
tCSR CE to RFSH set-up Time - Latched Refresh 25 35 ns
tARA Auto Refresh Mode Delay Time 20 20 uS
tARH Auto Refresh Mode Hold Time 370 460 ns
tRDA Refresh Pulse Duration - Auto Refresh 20 o 20 q uS 7
T Transition Time (rise and fall) 3 60 3] 80 ns 6
tREF Refresh Period 2 2l ms 7
CER CE to RFSH Setup Time 25 35
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READ CYCLE

- tc

< t -
o Vin- 8 CE ,V N
Vi X \

tp—|

N I R T

tCSC—»{ }«——tCHC
s M-
ViL-

tRCS - »| tRCH

S, | LY,
S e LI //}J; }17//////////////// /

prd

—1tCEA—> > tCEZ
Vv
H- £  VALID X
4 N
DATA .- § _pataoutr ¥

WRITE CYCLE - EARLY WRITE (OE = HIGH)

- tc >

Vv \ a——tCE !
-C—E IH— x N
ViL— K §<
tASC— tAHC tp—>

tcsc e— tCHC
cs /im-
ViL—

twsc » |(¢— tWHC—>]

tw
- \ D——»Z(
Vil N 7

tDSC | tDHC
\)
IH— VALID
DATA y = { DATAIN
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WRITE CYCLE — LATE WRITE (OE = HIGH)

tc
- tCE >
— Viy-— N
CE M f
V- \
<«—tASC—=| |=tAHC tp

w2 %///// T

tCSC <—ICHC——-1
cs Vin-
VIL—

le————— tCSW———»| («——ICHW ——>

el N Y

tDSw > tOHW
V- L
H VALID
DATA DATA IN ¢
Vi

SINGLE REFRESH CYCLE AFTER READ (OR WRITE) CYCLE COMPLETE

N

cE Vin- 3\ v — — — — /7 T 7
ViL-

/ A
i S A
4 BN
o |\ _ i |
DATA { 'v:(.)%:m ;_ _____ tcjzig__
e —

MK '876{P)~2/3
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REFRESH BEFORE READ (OR WRITE) CYCLE COMPLETE

(LATCHED REFRESH — SINGLE CYCLE)

== Vin- y 4

le— tp —

v

NN

oo LKL Xy

TN

|« 1CEZ —»
__ Vig- <~ — - —— [ — 71—
OF v, - £
— l«—— tQEZ tCEZ —> -
Vin- I L
DATA [ VALDDATA f o
Vi- \ ouT 4L 7!
< tCSR tRD1
_ Viu-
RFSHy
- tC I tc

AUTO REFRESH MODE

l«—— tCER

ooNT cARS )/ /)11

y NW/////// 77777777
— VIH
CE vy - - - - L
‘CSR‘_—_:IS ‘RDA g
\%
—_ IH —
RFSH Vi — . F
Internal Auto Refresh Mode
tARA = - Single_Refresh Cycle Approximately Every 15 usec

Only RFSH Input Recognized In Auto Refresh Mode

D

tARH L

——
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OPERATION
ADDRESSING

The 11 address bits required to decode 8 of the 16,384
memory cell locations within the MK4816 are latched
into the on-chip address latches by the high-to-low
transition of Chip Enable (CE). Thus, the unique address
specified by the 11 Address Inputs (An) define which 1
of 2048 bytes of data is to be accessed. Chip Enable also
latches internally the state of Chip Select (CS). For a
device to be selected, CS must be high during the high-
to-low transition of CE. After the specified hold time, the
Addresses and CS may be changed in anticipation of the
next cycle.

ACTIVE CYCLES

The MK4816 can perform three types of active cycles,
determined by user control of CE, OE, CS, WE, and
RFSH. The cycles are READ, WRITE, and REFRESH. The
MK4816 executes an automatic precharge at the end of
any active cycle in preparation for the next active cycle.
After the automatic precharge cycle is complete, the
device will be in the standby mode until another active
cycle is initiated.

READ CYCLE

A READ CYCLE isinitiated by Chip Enable (EE)_g_'ng low
with Chip Select(CS)Highand Write Enable (WE) high.
The__ycle is complete when data is output (OE = LOW) or
by CE going high. Completion of the cycle initiates the
automatic precharge cycle.

Data Out will become valid at access time provided that
Output Enable (OE) is low. If OE is high at access time
valid data will not appear at the output terminals
although the data will be available to the output data
buffers. Access time from OE is approximately 25% of
CE access_time, aliowing adequate time for system
decode of OE. If during the same TE cycle OE is taken
high the outputs will be disabled; however, valid data
may be reaccessed by taking OE low again.

At the end of the READ CYCLE, CE going high unlatches
the output. If both CE and OE are held low, data out will
be valid indefinitely. The trailing edge of CE is non-
critical in that it can be taken high any time after
meeting the minimum CE pulse width (tcg).

After valid data is output (CE = OE = LOW, t =tACCESS).
the MK4816 will initiate an automatic precharge cycle
in preparation for the next active cycle. If OE does notgo
low to perm:t valid data out, precharge will be initiated
by CE going high. The next active cycle may be initiated
after the minimum cycle time (Tc) and the minimum
precharge time (Tp) have been satisfied.

WRITE CYCLE

A WRITE CYCLE is initiated by Chip Enable (CE) going
low with Chip Select (CS) High and Output Enable (OE)
high. The cycle is complete when data is written into the
memory array (WE = LOW) or by TE going high.

Completion of the cycle initiates the automatic

precharge cycle.

Data may be written into the memory locations specified
by the address by either an EARLY WRITE CYCLE or a
LATE WRITE CYCLE. The type of WRITE CYCLE is
determined by the relative timing of the high-to-low
transitions of CE and WE.

In an EARLY WRITE CYCLE, WE and Valid Data In must
be true with the specified setup and hold times relative
to the high-to-low transitions of CE. Upon completion of
the WRITE operation, the MK4816 will initiate an
automatic precharge cycle in preparation for the next
active cycle. The next active cycle may be initiated after
the minimum cycle time (T¢) and the minimum
precharge time (Tp) have been satisfied.

In_a LATE WRITE CYCLE, the high-to-low transition of
CE will latch the Addresses and CS internally; however,
'WE may be delayed as much as 5us to allow for more
flexible system timing requirements. Valid Data In must
be true with the specified setup and hold times relative
to the high-to-low transition of WE. In this case, the
LATE WRITE CYCLE is initiated by the high-to-low
transition of WE. _Upon completion of the WRITE
operation (or upon CE going high, shouldWE not go low)
precharge will be initiated. The next active cycle maybe
initiated after the minimum cycle time (T¢) and the
minimum precharge time (Tp) have been satisfied.

REFRESH CYCLE

The MK4816 can perform several types of REFRESH
cycles, depending upon system requirements and/or
user preference. As in other dynamic RAMs any active
cycle performs refresh. Independent of the type of

may specify the Refresh Address, or the Refresh
Address generated by the interal Refresh Counter may
be used.

EXTERNAL REFRESH ADDRESS (RFSH = HIGH)

This refresh mode is identical to the refresh mode of the
MK4116. The ROW address specified by AQ - Ar defines
the memory locations to be refreshed. AREAD CYCLE or
WRITE CYCLE at each of the 128 unique ROW
addresses specified by AQ - Ag must be executed during
each 2 msec refresh interval. These REFRESH CYCLES
may be either distributed or burst mode.

INTERNAL REFRESH ADDRESS (RFSH =
PULSED LOW)

System refresh logic may be simplified or eliminated by
utilizing the internal refresh control logic of the
MK4816. This REFRESH CYCLE is initiated by an active
low pulse applied to the Refresh pin (RFSH). The RFSH
pulse may occur during an active cycle or during
Standby. In most microprocessor systems, it may be
conveniently generated with each Instruction Fetch
Cycle. (The MK3880 provides a RFSH output signal that
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connects directly to the RFSH input of the MK4816.
Thus, the RAM appears totally static to the system.)

If the RFSH pulse occurs during standby, the RFSH
CYCLE will be initiated immediately. If the RFSH pulse
occurs during an active cycle, the RFSH command will
be latched internally, and the LATCHED REFRESH
CYCLE will be initiated upon completion of the automatic
precharge of that active cycle.

During the internally controlled REFRESH cycle, the
Refresh Address specified by the internal Refresh
Counter will be multiplexed onto the ROW address, the
REFRESH CYCLE will be executed, and the internal
Refresh Counter will be incremented. Upon completion
of the REFRESH CYCLE, the MK4816 will initiate an
automatic precharge cycle in preparation for the next
active cycle. Another active cycle may begin after the
minimum cycle time (T¢) if RFSH is generated during
standby. If a LATCHED REFRESH CYCLE is executed,
two cycle times (2TC) and the minimum prechiarge time
(Tp) must be satisfied prior to the next active cycle.
These REFRESH cycles may be either distributed or
burst mode.
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POWER DOWN AUTO REFRESH (RFSH = LOW)

For either power down (battery back-up) operation or
microprocessor single-step operation, it is convenient
to utilize the AUTO REFRESH mode of the MK4816. The
AUTO REFRESH mode is initiated by maintaining RFSH
in the low state. If RFSH remains low longer than 20
usec, the MK4816 will automatically initiate a single
Internal Refresh Address REFRESH CYCLE
approximately every 15 usec until the AUTO REFRESH
mode is terminated by RFSH going high. During the
AUTO REFRESH mode, all inputs except RFSH are
inhibited.

Valid Data Out from a previous READ CYCLE may be
maintained on the [/0 pins so long as CE and OE remain
low from that cycle. Once the outputs are disabled by
either CE or OE going high, the Valid Data Out may not
be reacessed, since the CE and OE inputs are inhibited.



SUPPLEMENT

MOSTEK.

2K x 8-BIT PSEUDOSTATIC™ RAM

MK4816(P/J)-4/5

FEATURES

O Organized as 2048 x 8 bits

O High Performance

Part Number | Access Time Cycie Time
MK4816-4 250 nsec 450 nsec
MK4816-5 300 nsec 540 nsec

O Single +5V = 10% power supply

O

On-Chip Substrate Bias Generator

O Low Power -150mw Active
25mw Standby

DESCRIPTION

The MK4816 uses Mostek’'s N Channel silicon Gate
process and advanced circuit design techniques to
package 16,384 bits of Dynamic RAM on a single chip.
The MK4816 isthe firstavailable 5V only Dynamic MOS
RAM and the first wide-word Dynamic RAM designed
specifically for use in present and future generation
microprocessor systems. Organized as 2048 words x 8
bits, the MK4816 utilizes Mostek's Edge Activated ™
design techniques to provide a low-power, high-
performance, cost-effective RAM that includes many

O

128 Refresh cycles/2msec
All Pins TTL Compatible
28 Pin ROM/PROM compatible package

o 00

Built in Refresh Multiplexer and Refresh Address
Counter

Power Down (Standby) Refresh Mode

o o

Automatic Precharge for minimum cycle time

O Latched Address and CS and independent OE for
easy interface in any microprocessor system

features designed to minimize external interface
circuitry while maintaining the internal efficiency of a
Dynamic RAM.

The MK4816 requires only a single +5 volt (+ 10%)
power supply and is fully TTL compatible on all inputs
and outputs. A single Refresh pin allows flexible control
of single cycle refresh, burst mode refresh, or automatic
refresh in battery back-up mode. Common datal/O with
independent chip select and Output Enable controls
permit easy interface to either separate or multiplexed
address and data bus systems.

BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VSS .. ... ... e -1.0Vto +7.0
Operating Temperature TA(AMDIENT) .. ...ttt ettt et et et 0°C to +70°
Storage Temperature (Ambient) (CeramicC). ... ...ttt ittt it -65°C to +150°
POWET DiSSIPAtION . ottt ettt ittt ettt e e e e e e e e e e e e 1 Wa
Short CirCUIt OULPUL CUITENT .ottt ettt et ettt et ettt ettt e e it e ettt ae e tte et iae e iinnanens 20m

*Stresses greater than those listed under ""Absolute Maximum Ratings'* may cause permanent damage to the device. This is a stress rating only and functional operation
th at these or any other conditions above those indicated in the operational sections of this specification is notimplied. Exposure to absolute maximum rating conditions {
exeriods may affect reliability

RECOMMENDED DC OPERATING OPERATIONS
(0°C < TA <+70°C)

SYMBOL | PARAMETER MIN TYP MAX UNITS NOTES
vee Supply Voltage 4.5 5.0 55 Volts 1
Vss Supply Voltage [¢] 0 0 Volts 1
VIH Logic “"1”" Voltage All Inputs 2.2 7.0 Volts 1
ViL Logic 0" Voltage All Inputs -1.0 0.8 Volts 1
DC ELECTRICAL CHARACTERISTICS'
(0°C < Ta <+70°C) (Vcc= 5.0 volts £ 10%)
SYMBOL| PARAMETER MIN MAX UNITS NOTES
lcct Average Vcc Power Supply Current 30 mA
(Tcc - tccmin)
lcca Average Ve Power Supply Current 5 mA
(Standby)
L Input Leakage Current (Any Input) -10 10 uA 2
loL Output Leakage Current -10 10 uA 2,3
VOH Output Logic 1" Voltage 24 Volts
oyt -1mA
VoL Output Logic "0" Voltage 0.4 Volts
AC ELECTRICAL CHARACTERISTICS?
(0°C =Tp = +70°C) (Ve = +5.0 volts £ 10%)
SYMBOL PARAMETER TYP MAX NOTES
Cj Input Capacitance 7pF 10pF
Co Output Capacitance 10pF 15pF
NOTES:
1. All voltages referenced to VSS 6. Viu (min) and Vi, (max) are reference levels for measuring timing of input

Measured with OV -_ VIN _ 5V signals. Also, transition times are measured between Vi, and V.

2

3. Output open circuit (CE high)

4. Several cycles are required after power-up before proper device operation s
achieved. Any 8 CE cycles are adequate for this purpose

5. AC measurements assume t; 5ns
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Internal refresh counter initilization is required. 64 RFSH stimulated cycles
are sufficient for this purpose. RFSH reinitilization is requied when intervals
greater than 2ms have occurred between refresh cycles controlled by RFSH.




ELECTRICAL CHARACTERISTICS
(0°C < TA =70°C) (VCC = 5.0V £ 10%)

SYMBOL|PARAMETER MK4816-4 MK4816-5 [UNITS NOTES
MIN | MAX MIN | MAX
tc Read, Write, or Refresh Cycle Time 450 540 ns
tCEA Chip Enable Access Time 250 300 ns
tCEZ Chip Enable Data Off Time 55 65 ns
tOEA Output Enable Access Time 55 65 ns
tOEZ Output Enable Data Off Time 55 65| ns
tASC Address to CE Set Up Time 0 0 ns
tAHC  |Address from CE Hold Time 30 35 ns
tCcsc Chip Select to CE Set Up Time 0 0] ns
tCHC Chip Select from CE Hold Time 30 35 ns
tRCS 'WE to CE set up Time for Read Cycle 0 0 ns
tRCH WE from CE Hold Time for Read Cycle 0 0 ns
tCE Chip Enable Duration 250 o 300 od ns
P Chip Enable Precharge Time 80 95
twsc Write Enable to CE Set up Time - Early Write -40 -45 ns
tWHC Write Enable from CE Hold Time - Early Write 95 100 ns
tcsw Write Enable Delay from CE - Late Write 40 | 5000 45 5000 ns
tCHW CE hold time after WE - Late Write 175 210 ns = :
tDSC Data to CE Set up Time - Early Write -10 -10 ns CPS §
tDHC Data from CE Hold Time - Early Write 85 100 ns ﬁ g §
tbsw Data to WE Setup Time - Late Write 0 0 ns =
tDHW  |Data from WE Hold Time - Late Write 30 35 ns
twD Write Pulse Duration 55 65 ns
tRD1 Refresh Pulse Duration - Single Cycle 55 |10000 65 | 10000 ns 7
tICSR 'CE to RFSH set-up Time - Latched Refresh 45 55 ns
TARA Auto Refresh Mode Delay Time 20 20 uS
tARH Auto Refresh Mode Hold Time 550 640 ns
tRDA Refresh Pulse Duration - Auto Refresh 20 o 20 oq uS 7
T Transition Time (rise and fall) 3 100 3 120 ns 6
tREF Refresh Period 2 2] ms
tCER 'CE to RFSH Inactive Setup Time 45 55 ns
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SUPPLEMENTAL DATA SHEET TO BE USED IN
CONJUNCTION WITH MOSTEK MK4816(P/J)-2/3
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SUPPLEMENT MOSTEI<@

4096 x1-BIT DYNAMIC RAM

Extended Operating Temperature Range (—55°C<T,<+85°C)

MKB4027(J)-83/84; MKB4027(F)-84

FEATURES
O Extended operating temperature range O Low Power: 467 mW active (max)
(—55°< Ta< +85°C) 40 mW standby (max)
O Industry standard 16-pin DIP (MK 4096) O Improved performance with “‘gated CAS”’, “RAS
configuration only” refresh and page mode capability
[J 200ns access time, 375ns cycle (-83) O All inputs are low capacitance and TTL compatible

250ns access time, 375ns cycle (-84
yele (-84) O Input latches for addresses, chip select and data in

D £10% tolerance on all supplies { +12V, +5V) O Three-state TTL compatible output

DESCRIPTION O Output data latched and valid into next cycle

The MK 4027 is a 4096 word by 1 bit MOS random  System oriented features include direct interfacing
access memory circuit fabricated with MOSTEK’s  capability with TTL,only 6 very low capacitance
N-channel silicon gate process. This process allows address lines to drive, on-chip address and data
the MK 4027 to be a high performance state-of-the-  registers which eliminates the need for interface
art memory circuit that is manufacturable in high registers, input logic levels selected to optimize noise
volume. The MK 4027 employs a single transistor  immunity, and two chip select methods to allow the
storage cell utilizing a dynamic storage technique user to determine the appropriate speed/power
and dynamic control circuitry to achieve optimum  characteristics of his memory system. The MK 4027
performance with low power dissipation. also incorporates several flexible operating modes. In
addition to_the usual read and write cycles, read-
A unique multiplexing and latching technique for — modify write, page-mode, and RAS-only refresh
the address inputs permits the MK 4027 to be pack-  cycles are available with the MK 4027. Page-mode
aged in a standard 16-pin DIP on 0.3 in. centers. This  timing is very useful in systems requiring Direct
package size provides high system-bit densities and is ~Memory Access (DMA) operation.
compatible with widely available automated testing
and insertion equipment.

FUNCTIONAL DIAGRAM PIN CONNECTIONS N
-
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e —_— Veg | Oe 16 Vsg -3
RAs = -— vy E PR x ,t
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R A lf Az 60 D11 Ag
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N column ! 32 coLumn ! DATA IN/DATA OUT GATING CAS COLUMN ADDRESS STROBE
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VBB. ...« v v v v .n. . —0.5V to +20V
Voltage on'VppD, VcC relativetoVSS .. ... ...... —1.0V to +15V :itl;es?es greater -than_those listed under
VBB—VSS (VDD=VSS > 0) . . eeovieeiiaeiiiaae e OV permanent damage 1o the device. "This is
Operating temperature, TA (Ambient) .......... —55°C to + 85°C fion ‘of rating only ;";’h{,__ggfg;"gg'yégg;:;
Storage temperature (Ambient)(Ceramic). ... ... —65°C to + 150°C ;‘;’e“r’;{;ggs s%g;jgen;;gget,;?g'gg;?gfég;};gg
H 1 . ¢
Short Circuit Qutput Current . . ... i, 50mA ;j,a;';:;‘u;;"e;gng o 0 B rended
Power dissipation . ........c.i it 1 Watt periods may affect device reliability.
4
RECOMMENDED DC OPERATING CONDITIONS
(—55°C< Ta< 85°C)
PARAMETER MIN TYP MAX UNITS NOTES
VDD Supply Voltage 10.8 12.0 13.2 volts 2
Vce Supply Voltage 4.5V 5.0 55 volts 2,3
Vss Supply Voltage 0 0 0 volts 2
VBB Supply Voltage —45 -5.0 —55 volts 2
VIHC Logic 1 Voltage, RAS, CAS, WRITE 2.7 7.0 volts 2
VIH Logic 1 Voltage, all inputs except 2.7 7.0 volts 2
RAS, CAS, WRITE
ViL Logic 0 Voltage, all inputs -1.0 .8 volts 2

DC ELECTRICAL CHARACTERISTICS 4

(—55°C< Ta< 85°C)' (VDD = 12.0V + 10%; Vcg = 5.0V * 10%; VSS = OV; VBB = —5.0V * 10%)

PARAMETER MIN TYP MAX UNITS NOTES
IDD1 Average Vpp Power Supply Current 35 mA 5
IDD2 Standby Vpp Power Supply Current 3.0 mA 8
IDD3 Average Vpp Power Supply Current 27 mA

during “RAS only” cycles
Icc Ve Power Supply Current mA 6
IBB Average VBB Power Supply Current 200 uA
(L) Input Leakage Current (any input) 10 MA 7
10(L) Output Leakage Current 10 uA 8.9
VOH Output Logic 1 Voltage @ IoyT = 2.4 volts

—5mA
VoL Output Logic 0 Voltage @ IgyT = 0.4 volts

3.2mA
NOTES

1. Tp is specified for operation at frequencies to tRC >‘RC (min).
Operation at higher cycle rates with reduced ambient temperatures
and higher power dissipation is permissible provided that all AC
parameters are met.

2. All voltages referenced to Vgg.

3. Outputvoltage will swing from Vgg to Vg when enabled,with
no output load. For purposes of maintaining data in standby mode,
V¢ may be reduced to Vgg without affecting refresh operations or
data retention. However, the Vo (min) specification is not
guaranteed in this mode.

4. Several cycles are required after power-up before proper device
operation is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.

5. Current is proportional to cycle rate.Ippq (max) is measured at

the cycle rate specified by tgc (min). See figure 1 for Ippq limits
at other cycle rates.
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. lgc depends on output loading. During readout of high level data

CC is connected through a low impedance (135% typ) to Data
Out. At all other times |cc consists of leakage currents only.

. All device pins at O volts except Vgg which is at —5 volts and the

pin under test which is at +10 voits.

. Output is disabled (high-impedance) and RAS and CAS are both

at a logic 1. Transient stabilization is required prior to measure-
ment of this parameter.

.0V < VouT <+ 10V.

. Effective capacitance is calculated from the equation:

¢ = with Av = 3volts.
Av

. A.C. measurements assume ty = 5ns.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (4,11,17)
(—55°C< TA< 85°C) 1(VpD = 12.0V + 10%, Vcc = 5.0V + 10%, VSs = 0V, VBB = —5.0V = 10%)

MK4027-83 MK4027-84

PARAMETER MIN | MAX MIN MAX UNITS NOTES
tRC Random read or write cycle time 375 380 ns 12
tRWC Read write cycle time 375 395 ns 12
tRMW Read Modify Write Cycle 405 470 ns 12
tPC Page mode cycle time 225 285 ns 12
tRAC Access time from row address strobe 200 250 ns 13,15
tCAC Access time from column address strobe 135 165 ns 14,15
tOFF Qutput buffer turn-off delay 50 60 ns
tRP Row address strobe precharge time 120 120 ns
tRAS Row address strobe pulse width 200 | 5,000 250 5,000 ns
tRSH Row address strobe hold time 135 165 ns
tCAS Column address strobe pulse width 135 165 ns
tCSH CAS hold time 200 250 ns
tRCD Row to column strobe delay 25 65 35 85 ns 16
tASR Row address set-up time 0 0 ns
tRAH Row address hold time 25 35 ns
tASC Column address set-up time 0 0 ns
tCAH Column address hold time 55 75 ns
tAR Column address hold time referenced 120 160 ns

to RAS
tCSC Chip select set-up time 0 0 ns
tCH Chip select hold time 55 75 ns
tCHR Chip select hold time referenced to RAS 120 160 ns
tT Transition time (rise and fall) 3 50 3 50 ns 17
tRCS Read command set-up time 0 0 ns
tRCH Read command hold time 0 0 ns
tWCH Write command hold time 55 75 ns
tWCR Write_command hold time referenced 120 160 ns

to RAS
twp Write command pulse width 55 75 ns
tRWL Write command to row strobe lead time 70 85 ns
tcWL Write command to column strobe lead time | 70 85 ns
tDS Data in set-up time 0 0 ns 18
tDH Data in hold time 55 75 ns 18
tDHR Data in hold time referenced to RAS 120 160 ns
tCRP Column to row strobe precharge time 0 0 ns
tcp Column precharge time 80 110 ns
tRFSH | Refresh period 2 2 ms
twcs Write command set-up time 0 0 19
tCWD CAS to WRITE delay 80 90 ns 19
tRwD | RAS to WRITE delay 145 175 ns 19
tDOH Data out hold time 5 5 Ms

Notes Continued

12.

13.

15.
16.

The specifications for tRC (min) and tgyc (min) are used only to
indicate cycle time at which proper operation over the full temp-
erature range (0°C < TaA<700C) is assured. See figure 2 for dera-
ting curve.

Assumes that tgcp <<trcp (max).

- Assumes that tgcp = tRcp (max).

Measured with a load circuit equivalent to 2 TTL loads and 100pF

Operation within the tg (max) limit insures that tRAC (max)
can be met. KRCE, (max) is specified as a reference point only; if
tRCD is greater than the specified tgcp (max) limit, then access
time is controlled exclusively by tcaC-

17.

18.

19.

ViHc (min) or Vi (min) and V| (max) are reference levels for
measuring timing of input signals. Also, transition times are
measured between Vi or Viy and V.

These parameters are referenced to CAS leading edge in random
write cycles and to WRITE leading edge in delayed write or read-
modify-write cycles.

twes, tcwb. and tgwp are restrictive operating parameters in

a read/write or read/modify/write cycle only. If tycs> twes
(Lmn), the cycle is an early write cycle and Data Out will c(ontam
the data written into the selected cell. If t, >t min)
and tgwp > trwp (mMin), the cycle is a rgavggvr/ite g\‘//gB and
Data Out will contain data read from the selected cell, If neither
of the above sets of conditions is satisfied, the condition of Data
Out (at access time) is indeterminate.
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AC ELECTRICAL CHARACTERISTICS
(—55T <TA < 85°C) (VDD = 12.0V * 10%; VSS = OV; VBB = —5.0V + 10%)

PARAMETER TYP MAX UNITS NOTES
CI Input Capacitance (Ag-As), DIN, CS 4 5 pF 10
C 2 Input Capacitance RAS, CAS, WRITE 8 10 pF 10
Co Output Capacitance (DQuT) 5 7 pF 8,10

SUPPLEMENTAL DATA SHEET TO BE USED IN CONJUNCTION WITH MOSTEK MK4027(J)-
1/2/3 AND MK4027(J)-4 DATA SHEETS.
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SUPPLEMENT

MOSTEK

4096 x1-BIT STATIC RAM

Extended Operating Temperature Range (-55°C = Ta = +125°C)

MKB4104(P/J)-85/86

FEATURES

O Combination static storage cells and dynamic

contro! circuitry for truly high performance
PART NUMBER ACCESS TIME CYCLE TIME
4104(J)-85 300ns 510ns
4104(J)-86 350ns 610ns

O Average Power Dissipation less than 150mW.

DESCRIPTION

The MOSTEK MK 4104 is a high performance static
random' access memory organized as 4096 one bit
words. The MK 4104 combines the best character-
istics of static and dynamic memory techniques to
achieve a TTL compatible, 5 volt only, high perfor-
mance, low power memory device. It utilizes ad-
vanced circuit design concepts and an innovative
state-of-the-art N-channel silicon gate process special-
ly tailored to provide static data storage with the per-
formance (speed and power) of dynamic RAMs.
Since the storage cell is static_the device may be
stopped indefinitely with the CE clock in the off
(Logic 1) state.

All input levels, including write enable (WE) and chip
enable (CE) are TTL with a one level of 2.4 volts
and a zero level of .65 volts. The push-pull output
(no pull-up resistor required) delivers a one level of
2.4V minimum and a zero level of .4 volts maximum,
The output has a fanout of 2 standard TTL loads or
12 low power Schottky loads.

The RAM employs an innovative static cell which
occupies a mere 2.75 square mils (% the area of pre-

Standby Power Dissipation less than 53 mW

Single +5V Power Supply (5%

Fully TTL Compatible

Fanout: 2 — Standard TTL
2 — Schottky TTL
12 — Low Power Schottky TTL

0 Standard 18-pin DIP

tolerance)

C 0 0

vious cells) and dissipates power levels comparable
to CMOS. The static cell eliminates the need for
refresh cycles and associated hardware thus allowing
easy system implementation.

Power supply requirement of +5V combined with
TTL compatability on all [/0 pins permits easy
integration into large memory configurations. The
single supply reduces capacitor count and permits
denser packaging on printed circuit boards. The
5V only supply requirement and TTL compatible
1/0 makes this part an ideal choice for next genera-
tion +5V only microprocessors such as MOSTEK's
Z80. The early write mode (WE active prior to CE)
permits common 1/0 operation, needed for Z80 inter-
facing, without external circuitry.

Reliability is greatly enhanced by the low power
dissipation which causes a maximum junction rise of
only 6.6°C at 1.6 Megahertz operation. The MK4104
was designed for the system designer and user who
require the highest performance available along with
MOSTEK's proven reliability.

FUNCTIONAL DIAGRAM

cLock
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PIN CONNECTIONS
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Al 2 [ [J 17 as
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PIN NAMES
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ABSOLUTE MAXIMUM RATINGS*
Voltage on any pin relative to Vss
Operating Temperature TA (Ambient)
Storage Temperature (Ambient) (Ceramic)

*Stresses greater than those listed under
“Absolute Maximum Ratings” may cause
permanent damage to the device. This is a
stress rating only and functional operation
of the device at these or any other condi-
tions above those indicated in the opera-
tional sections of this specification is not
implied. Exposure to absolute maximum

Power Dissipation . ... ... ...ttt i 1 Watt  rating conditions for extended periods may
Short Circuit Qutput Current . ........c..oveen .. 50mA efectretipity:
RECOMMENDED DC OPERATING CONDITIONS®
(—55°C< TA< +125°C)
PARAMETER MIN TYP MAX UNITS NOTES

Vce Supply Voltage 475 5.0 5.25 Volts 1
Vss Supply Voltage 0 0 0 Volts 1
VIH Logic ““1"" Voltage All Inputs 2.4 7.0 Volts 1
ViL Logic ‘0" Voltage All Inputs -1.0 .65 Volts 1
DC ELECTRICAL CHARACTERISTICS
(=55T< TA<+125°C) (V¢ = 5.0 volts +'5%)

PARAMETER MIN MAX UNITS NOTES
Icc Average VG Power Supply Current 27 mA 2
Icc2 Standby V¢ Power Supply Current 10 mA 3
L Input Leakage Current (Any Input) —-10 10 uA 4
loL Output Leakage Current —-10 10 uA 3,5
VOH Output Logic “1”" Voltage |oyT=—500uA 2.4 Volts 11
VoL Output Logic 0"’ Voltage |QUT= BmA 0.4 Volts 1
AC ELECTRICAL CHARACTERISTICS
(—55°C <TA <+125°C) (VcC = + 5.0 volts+'5%)

PARAMETER MIN TYP MAX NOTES
Ci Input Capacitance 4pF 6pF 14
Co Output Capacitance 7pF 7pF 14
NOTES:

1. All voltages referenced to Vss. 9. Determined by user. Total cycle time cannot exceed tcg max.

2. Icct is related to precharge and cycle times. Guaranteed maxi- 10.

mum values for Iccq are at minimum cycle time.

3. Output is disabled (open circuit), CE is at logic 1. 1.

4. All device pins at O volts except pin under test at OV NS 5.5V

(Ve = 6V)
12
5. OVS\VQuT <+ 5.5V. (Ve = 5V)
—_— J— . 13
6. During power up, CE and WE must be at VIH for minimum of 2ms
after Vcc reaches 4,75V, before a valid memory cycle can be ac-
complished.
7. Measured with load circuit equivalent to 2 TTL loads and 14
CL =100 pF.
8. If WE follows after CE by more than TVTS then data out may not 15.
remain open circuited. 6
16.
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Data-in set-up time is referenced to the later of the two falling
clock edges CE or WE.

AC measurements assume tT = 5ns. Timing points are taken at
.8V and 2.0V on inputs and .8V and 2.0V on the output. Tran-
sition times are also taken between these levels.

. tC=tCE +tp+2tT.

. The true level of the output in the open circuit condition will be

determined totally by output load conditions. The output is
guaranteed to be open circuit within tOFF-

At
. Effective capacitance calculated from the equation C = IE with

AV equal to 3V and Ve nominal.

For RMW, tcg = tac * twpL * tMoD.
tC = tAC * twpL * tp + 3tT + tMOD,



AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONSE. 11
(—55°C< TA< +125°C) (Vcc = +5.0 Volts +5%)

MK4104-85 MK4104-86

PARAMETER MIN MAX MIN MAX UNIT NOTES
tC Read or Write Cycle Time 510 610 ns 12
tAC Random Access 300 350 ns 7
tCE Chip Enable Pulse Width 300 5000 350 5000 ns 15
tp Chip Enable Precharge Time 200 250 ns
tAH Address Hold Time 165 190 ns
tAS Address Set-Up Time 0 0 ns
tOFF Output Buffer Turn-Off Delay 0 75 0 100 ns 13
tws Write Enable Set-Up Time 0 0 ns 8
tDHC Data Input Hold Time Referenced | 250 285 ns

to CE
tDHW Data Input Hold Time Referenced | 105 125

to WE
tww Write Enabled Pulse Width 90 105 ns
tMOD Modify Time 0 5000 0 5000 ns 9
tWPL WE to CE Precharge Lead Time 105 120 ns 10
tDS Data Input Set-Up Time 0 0 ns
tWH Write Enable Hold Time 225 260 ns
tT Transition Time 5 50 5 50 ns
tRMW Read-Maodify-Write Cycle Time 620 735 ns 16
tRS Read Set-Up Time 0 0 ns

SUPPLEMENTAL DATA SHEET TO BE USED IN CONJUNCTION WITH MOSTEK MK4104P/N DATA SHEET

D
-
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g
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MK4104(P)85 86
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SUPPLEMENT

MOSTEK.

16,384 x1-BIT DYNAMIC RAM

Extended Operating Temperature Range (—55°C <TA < +85°C)

MKB4116(P/J)-83/93/84

MKB4116(E/F)-84

FEATURES

O Recognized industry standard 16-pin configura-
tion from MOSTEK

(3 200ns access time, 375ns cycle (MK4116-83/93)
250ns access time, 410ns cycle (MK4116-84)

00 +10% tolerance on all power supplies (+12V,+5V)
O Low power: 462mW active, 30mW standby (max)

0O Output data controlled by CAS and unlatched at
end of cycle to allow two dimensional chip selec-
tion and extended page boundary

DESCRIPTION

The MK 4116 is a new generation MOS dynamic
random access memory circuit organized as 16,384
words by 1 bit. As a state-of-the-art MOS memory
device, the MK 4116 (16K RAM) incorporates
advanced circuit techniques designed to provide
wide operating margins, both internally and to the
system user, while achieving performance levels
in speed and power previously seen only in MOSTEK's
high performance MK 4027 (4K RAM).

The technology used to fabricate the MK 4116 is
MOSTEK's double-poly, N-channel silicon gate,
POLY 41 ® process. This process, coupled with the
use of a single transistor dynamic storage cell, pro-
vides the maximum possible circuit densnty and
reliability, while maintaining high performance
capability. The use of dynamic circuitry through-

1 Common
operation

(1 Read-Modify-Write, RAS-only refresh, and Page-
mode capability

3 All inputs TTL compatible, low capacitance, and
protected against static charge

£J 128 refresh cycles (2msec refresh interval:
1msec refresh interval: -93)

= Extended operating ambient temperature range
(-65°C < TA < +85°C)

1/0 capability using ‘“‘early write”

-83, -84;

out, including sense amplifiers, assures that power
dlSSlpatlon is minimized without any sacrifice in
speed or operating margin. These factors combine
to make the MK 4116 a truly superior RAM product.

Multiplexed address inputs (a feature pioneered by
MOSTEK for its 4K RAMS) permits the MK 4116
to be packaged in a standard 16-pin DIP. This
recognized industry standard package configuration,
while compatible with widely available automated
testing and insertion equipment, provides highest
possible system bit densities and simplifies system
upgrade from 4K to 16K RAMs for new generation

FUNCTIONAL DIAGRAM
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MEMORY  ARRAY

OummY CELLS

T T sececT Lines”

N COLUMN DECODERS
switen AoAy 1 OF 6

Ay 7

applications. Non-critical clock timing requirements
allow use of the multiplexing technique while main-
taining high performance.
PIN CONNECTIONS

Ves I e 16 Vsg

Din 2 [ 015 CAs

WRITE 3 (] 014 Doyt

RAS 4[] 013 Ag

Ao 5 (] 012 A4

A, 6 [ 01 Ag

Ay 70 010 As

Voo 8 09 Ve
PIN NAMES
Ag-Ag ADDRESS INPUTS Vece POWER (+5V)
CA COLUMN ADDRESS STROBE Vpp POWER (+12V)
DN DATA IN Vss GROUND
Doyt DATAOUT
Fgf ROW ADDRESS STROBE
WRITE READ/WRITE INPUT
Veg POWER (-5V)
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ABSOLUTE MAXIMUM RATINGS*

i i — *St eater th th licted under

Voltage on any pin relative to VBB. . .................. —0.5V to +20V Stresses O AN Ihoes fisted un e

Voltage on VDD, VCC supplies relative to VSS. .. ....... —1.0V to +15.0V permanent damage to the device. This is a

i f i ion

VBB——\/SS (VDD—Vss>0V) .. N SRR 9V ;‘f"*:;e'zte"’,‘ii;";"yt;gs"e :r"‘;‘n'g":'th‘;fegz‘;gi,

Operatlng temperature, TA (Ambient) . ............... -55°C to +85°C tions above those indicated in the opera

Storage. temperature (Ambient). .......... ... .. ...... —65°C to + 150°C T;:;Iaile ;_““E"x“;o:’ljre"‘(‘; e e

Short circuit outputcurrent .. ... ... . . il 50mMA rating conditions for extended periods may
POWET diSSIDAYION « . . . v o e e e e e e 1 Watt 2Ffect refiapility.

RECOMMENDED DC OPERATING CONDITIONS®
(-65°C< Ta < +85°C)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Voltage VDD 10.8 12.0 13.2 Volts 2
Vee 45 5.0 55 Volts 2,3
Vss Q 0 0 Volts 2
VBB -4.5 -5.0 —-55 Volts 2

Input High (Logic 1) Voltage, VIHC 2.7 — 7.0 Volts 2

RAS, CAS, WRITE

Input High (Logic 1) Voltage, ViH 2.4 — 7.0 Volts 2

all inputs except RAS, CAS

WRITE

Input Low (Logic 0) Voltage, ViL -1.0 — 8 Volts 2

all inputs

DC ELECTRICAL CHARACTERISTICS
(-65° C< TA < +85°C) (Vpp = 12.0V £ 10%; VcG = 5.0V £ 10%; -5.5V < Vgg < -4.5V; Vgs = OV)

PARAMETER SYMBOL MIN MAX UNITS NOTES
OPERATING CURRENT IDD1 35 mA 4
Average power supply operating current Icc 5
(RAS, CAS cycling; tRc = trc Min) IBB1 400 MA

STANDBY CURRENT IDD2 2.25 mA

Power supply standby current (RAS = V|HqC, Icc2 —-10 10 uA

DouyT = High Impedance) IBB2 200 MA

REFRESH CURRENT IpD3 27 mA 4
Average power supply current, refresh mode lces -10 10 A

(RAS cycling, CAS = ViHc: tRC = tRC Min) 1BB3 400 MA

PAGE MODE CURRENT IDD4 27 mA 4
Average power supply current, page-mode lcca 5
operation (RAS =V|_,CAS cycling: IBB4 400 uA

tpC = tPC Min)

INPUT LEAKAGE (L) -10 10 uA

Input leakage current, any input

(VB = =5V, 0OV < V|N< +7.0V, all other

pins not under test = 0 volts)

OUTPUT LEAKAGE lo(L) -10 10 A

Output leakage current (DQUT is disabled,

0V < VouT < +6.5V)

OUTPUT LEVELS

Output high (Logic 1) voltage (loyT = —5mA) VOH 2.4 Volts 3
Output low (Logic 0) voltage (IoyT = 4.2 mA) VoL 0.4 Volts

NOTES:

1. T A is specified here for operation at frequencies to tr = tc mode, Vcc may be reduced to Vgg without affecting refresh

(min). Operation at higher cycle rates with reduced ambient operations or data retention. However, the Vo (min) specifica
temperatures and higher power dissipation'is permissible, how tion is not guaranteed in this mode.
ever, provided AC operating parameters are met. a .
. 'DD1. 'DD3. and Ippg depend on cycle rate. See figures 2,3, and
4 for Ipp limits at other cycle rates.

2. All voltages referenced to Vgg. 5. Icc1 and Iccg depend upon output loading. During readout
i . o(;?ngh level data Vi is connected through a low impedance
3. Output voltage will swing from Vgg to Vi when activated with (135 typ) to data out. At all other times Icc consists of
no current |loading. For purposes of maintaining data in standby leakage currents only.
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8)
(-55° C< TA <+85°C) 1(Vpp = 12.0V + 10%; Vg = 5.0V + 10%, Vss =0V, -5.5V < Vg < -4.5V)

MK4116-83/93] MK 4116-84
PARAMETER SYMBOL | MIN | MAX MIN [MAX UNITS NOTES
Random read or write cycle time tRC 375 410 ns 9
Read-write cycle time tRWC 375 425 ns 9
Read modify write cycle time TtRMW 405 500 ns 9
Page mode cycle time tpC 225 275 ns 9
Access time from RAS tRAC 200 250 ns 10,12
Access time from CAS tCAC 135 165 ns 11,12
Output buffer turn-off delay tOFF 0 50 0 60 ns 13
Transition time (rise and fall) tT 3 50 3 50 ns 8
RAS precharge time tRP 120 150 ns
RAS pulse width tRAS 200 | 5000 250 | 5000 ns
RAS hold time tRSH 135 165 ns
CAS hold time tCSH 200 250 ns
CAS pulse width tCAS 135 | 5000 165 | 5000 ns
RAS to CAS delay time tRCD 25 65 35 85 ns 14
CAS to RAS precharge time ICRP 0 0 ns
Row Address set-up time tASR 0 ns
Row Address hold time tRAH 25 35 ns
Column Address set-up time tASC 0 0 ns
Column Address hold time tCAH 55 75 ns
Column Address hold time referenced to RAS tAR 120 160 ns
Read command set-up time tRCS 0 0 ns
Read command hold time tRCH 0 0 ns
Write command hold time tWCH 55 75 ns
Write command hold time referenced to RAS tWCR 120 160 ns
Write command pulse width twp 55 75 ns
Write command to RAS lead time tRWL 70 85 ns
Write command to CAS lead time tCWL 70 85 ns
Data-in set-up time DS . 0 0 ns 15 - Ny
Data-in hold time tDH 55 75 ns 15 @ <§( pe]
- =~
Data-in hold time referenced to RAS tDHR 120 160 ns ; ; %
[o9] -
CAS precharge time (for page-mode cycle only) tcp 80 100 ns ™ E b
- O M x
Refresh period tREF 2/1 2 ms 19 - =
WRITE command set-up time tWCS 0 0 ns 16
CAS to WRTTE delay tcWD 80 90 ns 16
RAS to WRITE delay tRWD 145 175 ns 16
NOTES (Continued)
6 Several cycles are required after power-up before proper device operation is achieved. 14.  Operation within the tecn (max) imit insures that trac (Max) can pe met. txen (Max) is
Any 8 cycles which perform refresh are adequate for this purpose. specified as a reference point only; if tec1; is greater than the specified twcp (max) limit,
7. AC measurements assume t; 5ns. then access time is controlled exclusively by tcac
8. Vine (min) or Viu (min) and Vi, (max) are reference levels for measuring timing of input 15. These parameters are referenced to CAS leading edge in early write cycles and to
signals. Also, transition times are measured between Viyc or Viu and Vi WRITE leading edge in delayed write or read-modify-write cycles.
9. The specifications for txc (Min) tevw (Min) and trwe {Min) are used only to indicate cycle 16.  twes, town @and tews are restrictive operating parameters in read write and read modify
time at which proper operation over the full temperature range (0°C < T, < 70°C) is write cycles only. If twcs = twes (min), the cycle is an early write cycle and the data out pin
assured. will remain open circuit (high impedance) throughout the entire cycle. If town =tewn
10.  Assumes that tucn = trep (max). If twen is greater than the maximum recommended (min and tywp = trwp (Min), the cycle is a read-write cycle and the data out will contain
value shown in this table, tkci» will increase by the amount that tw > exceeds the value data read from the selected cell; if neither of the above sets of conditions is satisfied the
shown. condition of the data out (at access time) is indeterminate.
11 Assumes that twcn < tren (max). 17.  Effective Icul from the C = 1Atwith AV = 3 volts and
12, N with a load | to 2 TTL loads and 100pF. power supplies at nominal levels. av
13 tor1 (max) defines the time at which the output achieves the open circuit condition and 18 CAS = Vi to disable Doy
is not referenced to output voltage levels. 19.  4116-93 has 1msec refresh.
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AC ELECTRICAL CHARACTERISTICS

(~55°C<TA<85°C) (Vpp = 12.0V * 10%; Vss = OV; —5.5V < Vgg < —4.5V)

SYMBOL

PARAMETER TYP MAX UNITS NOTES
Input Capacitance (Ag—Ag), DIN Ci1 4 5 pF 17
Input Capacitance RAS, CAS, WRITE Ci2 8 10 pF 17
Output Capacitance (DQUT) Co 5 7 pF 17, 18

SUPPLEMENTAL DATA SHEET TO BE USED IN CONJUNCTION
WITH MOSTEK MK4116-2/3 AND MK4116-4 DATA SHEETS
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MOGSTEK.

16K-BIT MOS READ ONLY MEMORY

Extended Operating Temperature Range (—55°C<T, < +125°C)

MKB34000(P)-84

FEATURES

O 2K x 8 organization with static interface
O 450 ns max access time

O Single +bV = 10% power supply

O 550mW max power dissipation

O Extended operating temperature range
—b55°C< Ta < 125°C

DESCRIPTION

The MK 34000 is a new generation N-channel silicon
gate MOS Read Only Memory circuit organized as
2048 words by 8 bits. As a state-of-the-art device,
the MK 34000 incorporates advanced circuit tech-
nigues desn?ned to provide maximum circuit density
and reliability with highest possible performance,
while maintaining low power dissipation and wide
operating margins.

The MK 34000 requires a single +5 volt ( * 10%
tolerance) power supply and has complete TTL
compatibility at all inputs and outputs (a feature
made possible by MOSTEK’s lon-implantation
technique). The three chip select inputs can be
programmed for any desired combination of active
h«gh s or Iow s or even an optlonal “DON'T CARE"
state. The convenient static operation of the
MK 34000 coupled with the programmable chip
select inputs and three-state TTL compatible outputs
.results in extremely simple interface requirements.

O Contact programmed for fast turn-around

O Three programmable chip selects

O Inputs and three-state outputs — TTL compatible
O Outputsdrive 1 TTL load and 100pF

An outstanding feature of the MK 34000 is the use
of contact programming over gate mask programming.
Since the contact mask is applied at a later processing
stage, wafers can be partially processed and stored.
When an order is received, a contact mask, which
represents the desired bit pattern, is generated and
applied to the wafers. Only a few processing steps
are left to complete the part. Therefore, the use of
contact programming reduces the turnaround time
for a custom ROM.

Any application requiring a high performance, high
bit density ROM can be satisfied by this device. The
MK 34000 is ideally suited for 8-bit microprocessor
systems such as those which utilize the Z80 or F8.
The MK 34000 also provides significant cost advan-
tages over PROM.

FUNCTIONAL DIAGRAM
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le—— csi/gsi/NC®

fe—— cs2/Esz/nc*

le—— cs3/&s3/ne *

PIN CONNECTIONS

Az I e 24 Vec

Ag 2 [ 023 Ag

Ag 3.0 022 Ag

Ag 4 [] 21cs3/Cs3 NC*
Az 5 (] 0 20csi/TST Nc*
A, 60| Mk (019 Ap

A, 7| 34000 |[ 18 cs2/Esz nC*
Ao 8 [ D17 os

0 9 [ t] 16 07

0, 10 [ 15 Og

03 g D14 05

GND 12 [ 113 Oa

*Programmable Chip Selects
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* *Stresses greater than those listed under
ABSOLUTE MAXIMUM RATINGS “Absolute Maximum Ratings’’ may_cause

i i — + permanent damage to the device. This is
Voltage on Any Terminal Relative to Ground......... 0.5V to + 7V R T Rt G

()p ing T mp TA (Ambien —B5 °C o+ 25°(; tion of the device at these or any other
erating Te erature ( ient) . . ettt t 1 conditions above thofse indicatedfin the
T -— ic (A i — °f + ° operating sections of this specification
Storage emperature Cerannc( mblent) ........ 65°Cto 150°C is not implied. Exposure to absol(;ng
P Dissi 1 W maximum rating conditions for extende
ower Dissipation . .. ... i i i i e 1 att periods ay affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS °
(Vec =5V £ 10%) (—55°C < Tp < +125°C)

PARAMETER MIN TYP MAX UNITS NOTES
Vce Power Supply Voltage 4.5 5.0 5.5 Volts 6
ViL Input Logic O Voltage -0.5 0.8 Volts
VIH Input Logic 1 Voltage 2.2 Vce Volts

D C ELECTRICAL CHARACTERISTICS ®
(Voe =5V + 10%) (—55°C < Tp < +125°C)

PARAMETER MIN MAX UNITS NOTES
I cc Ve Power Supply Current 100 mA 1
Ty Input Leakage Current 10 uA
lo(L) Output Leakage Current 10 A 3
VoL Output Logic 0 Voltage 0.4 volts ‘
@ loyT = 2.0mA
VoH Output Logic 1 Voltage 24 vVce volts
@ 1oUT =—220 A

AC ELECTRICAL CHARACTERISTICS °
(Voo =5V £ 10%) (—55°C < Tp < +125°C)

PARAMETER MIN MAX UNITS NOTES
tacc Address to output delay time 450 ns 4
tcs Chip select to output delay time 250 ns 4
tcp Chip deselect to output delay 200 ns 4
time
CAPACITANCE
PARAMETER TYP MAX UNITS NOTES
CiNn Input Capacitance 6 8 pF 5
Cout Output Capacitance 10 15 pF 5
NOTES: 5. Capacitance measured with Boonton Meter or effective capacitance

calculated from the equation :

1. All inputs 5.5V ; Data Outputs open. 8 o
C-= 1 At with current equal to a constant 20mA.

2. V|N=0V t0o5.5V

3. Device unselected; VouT = OV to 5.5V. Av

4 Measured with 1 TTL load and 100pF, transition times = 20ns 6. A minimum 250”5 time delay is required after the application of
Ve (+5) before proper device operation is achieved.
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TIMING DIAGRAM

Vin
ADDRESS y VALID )(
L
tACC
::‘ ﬁtco -

PROGRAMMABLE Vi

CHIP SELECTS Vi VALID

VoH -
DATA OUTPUT OPEN VALID > OPEN
VoL

* The chip select inputs can be user programmed so that either the input is enabled by a Logic 0 voltage (VL),
a Logic 1 voltage (V}H), or the input is always enabled (regardless of the state of the input). See chart below
for programming instructions.

MOSTEK 34000 ROM PUNCHED CARD CODING FORMAT ("
FIRST CARD DATA FORMAT

128 data cards (16 data words/card)
CoLS INFORMATION FIELD with the following format:
1-30 Customer

31-50  Customer Part Number COLS INFORMATION FIELD
60-72  MOSTEK Part Number (2) 1-4 Four digit octal address of
first output word on card
SECOND CARD 5-7 Three digit octal output
1-30 Engineer at Customer Site word specified by address in
31-50  Direct Phone Number for column 1-4
Engineer 8-52 Next fifteen output words,
each word consists of three
octal digits.
THIRD CARD g 23
15 MOSTEK Part Number (2) NOTES: 2s%
i EosS
33 Chlp Select One 1. Positive or negative logic formats are accepted as noted in @ 8 %
“1""=CSqor"0" = C'_S_»] the fourth card. N el
or 2" = Don‘t Care 2. Assigned by MOSTEK; may be left blank. 8 s
35 Chip Select Two 3. MOSTEK punched card coding format should be used.
= CSZ or “0" = CS-Q Punch “MOSTEK"’ starting in column one.
or ‘2" = Don‘t Care 4. Pun;:hes as: (a) VERIFICATION HOLD - i.e. customer
. verification of the data as reproduced by MOSTEK is
37 Chlp Select Three required prior to production of the ROM. To accomplish
“1 = C33 or ‘0" = CSE this MOSTEK supplies a copy of its Customer Verification
or 2" = Don‘t Care Data Sheet (CVDS) to the customer.
(b) VERIFICATION PROCESS - i.e. the customer will
FOURTH CARD receive a CV DS but production will begin prior to receipt
of customer verification; (c) VERIFICATION NOT
1-9 Data Format (3) NEEDED - i.e. the customer will not receive a CVDS and
15-28 Logic N (“Positive Logic" production will begin immediately.

or ““Negative Logic”’)
35-57  Verification Code (4)
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SUPPLEMENT

MOGSTEK.

64K-BIT MOS READ-ONLY MEMORY

Extended Operating Temperature Range

MKB36000(P)-80/84

FEATURES

O MK36000 8K x 8 Organization—
""Edge Activated’’ * operation (CE)

O Maximum access time: 300ns (-84)
250ns (-80)

O Single +5V + 10% power supply
O Low Power Dissipation—220mW max active
O Extended operating ambient temperature range

DESCRIPTION

The MK36000 is a new generation N-channel silicon
gate MOS Read Only Memory, organized as 8192
words by 8 bits. As a state-of-the-art device, the MK
36000 incorporates advanced circuit techniques de-
signed to provide maximum circuit density and re-
liability with the highest possible performance, while
maintaining low power dissipation and wide operating
margins.

The MK36000 utilizes what is fast becoming an
industry standard method of device operation. Use
of a static storage cell with clocked control periphery
allows the circuit to be put into an automatic low
power standby mode. This is accomplished by main-
taining the chip enable (CE) inputat a TTL high level.
In this mode, power dissipation is reduced to typi-
cally 35mW, as compared to unclocked devices which

(-65°C < TA < +125°C): -84

(-40°C< TA < +85°C): -80

Low Standby Power Dissipation— 55mW typical
(CE High)

On chip latches for addresses

Inputs and three-state outputs-TTL compatible
QOutputs drive 2 TTL loads and 100 pF

Standard 24 pin DIP (EPROM Pin Out Compatible)

a

Oooagoao

draw full power continuously. In system operation,
a device is selected by the CE input, while all others
are in a low power mode, reducing the overall system
power. Lower power means reduced power supply
cost, less heat to dissipate and an increase in device
and system reliability.

The edge activated chip enable also means greater
system flexibility and an increase in system speed.
The MK36000 features onboard address latches
controlled by the CE input. Once the address hold
time specification has been met, new address data
can be applied in anticipation of the next cycle.
Outputs can be wire- ‘OR’ed together, and a specific

FUNCTIONAL DIAGRAM (MK 36000)
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device can be selected by utilizing the CE input with
no bus conflict on the outputs. The CE input allows
the fastest access times yet available in 5 volt only|
PIN CONNECTIONS

Az I Qe 024 vee

As 2 [ 123 Ag

As 3 0 022 Ag

Ag 4 (] 0 2i A12

Az 5 0 20 CE

Ap 6 [ MK 019 Ap

A, 7 O] 36000 |{118 A

Ao 8 [ D17 og

0, 9 [ Hie 07

02 10 ] 015 0g

03 g 014 05

GND 12 Ni3 04

* Trademark of Mostek Corporation
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ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under

“Absolute Maximum Ratings'’ may_cause

Voltage on Any Terminal Relativeto VSS ........... —0.5V to + 7V  permanent damage to the device. This is
. . ° ° a stress rating only and functional opera-
Operating Temperature TA (Ambient) =84 ....... —55°C to + 125°C tion of the device at these or any other
. . o ° conditions cbove those indicated in the
Operating Temperature TA (Ambient) =80 ......... —40°C to +85°C operating sections of this specification
. . ° ° is not implied. Exposure to absolute

Storage Temperature — Ceramic (Ambient) ....... —65°C to + 150°C maximum rating conditions for extended

.. . periods may affect device reliability.
Power Dissipation . ...ttt 1 Watt

RECOMMENDED DC OPERATING CONDITIONS®
(-65°C < TA < +125°C) for -84; (-40°C < TA < +85°C) for -80

PARAMETER MIN TYP MAX UNITS NOTES
Vce Power Supply Voltage 45 5.0 5.5 Volts 6
ViL Input Logic O Voltage -1.0 0.8 Volts
VIH Input Logic 1 Voltage 2.4 Vce Volts

D C ELECTRICAL CHARACTERISTICS
(Vcc =5V + 10%) (-65°C < TA < +125°C) for -84; (-40°C < Ta < +85°C) for -80 ©

PARAMETER MIN TYP MAX UNITS NOTES
icci Ve Power Supply Current {Active) 40 mA 1
Icc2 Vcc Power Supply Current (Standby) 10 mA 7
(L) Input Leakage Current -10 10 HA 2
lo(L) Output Leakage Current —-10 10 uA 3
VoL OQutput Logic 0" Voltage 04 volts

@ IQgyT =3.3mA
VOH Output Logic 1" Voltage 24 volts

@ loyT = —220 KA

AC ELECTRICAL CHARACTERISTICS
(VCC = 5V £ 10%)¢ (-40° < TA < +85°C) for -80 (-55°C < TA < +125°C) for -84¢

36000-80 36000-84
(-40°C<TA<+85°C)| (-65°C<TA<+125°C)
PARAMETER MIN MAX MIN MAX UNITS | NOTES
tc Cycle Time 375 450 ns 4
tcE | CE Pulse Width 250 300 4
tAC | CE Access Time 250 300 ' ns 4
tOFF| Output Turn Off Delay 60 75 ns 4
tAH |Address Hold Time 60 75 ns
Referenced to CE
tAS |Address Setup Time 0 0 ns
Referenced to CE
tp | CE Precharge Time 125 150 ns
NOTES:
1. Current is proportional to cycle rate. Iccy is measured at the 6. A minimum 250 M4 time delay is required after the application of
specified minimum cycle time. V¢ (+5) before proper device operation is achieved. CE must be
. ViN =0V 1055V @h during this period.
. Device unselected; VoyT = OV to 5.5V 7 CE high.

s wnN

. Measured with 2 TTL loads and 100pF, transistion times = 20ns

. Capacitance measured with Boonton Meter or effective capacitance
calculated from the equation:

¢ =89 ith AV = 3 volts
AV
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CAPACITANCE
(-65°C < TA < +125°C)

PARAMETER TYP MAX UNITS NOTES
Cl Input Capacitance 8 pF 5
co Output Capacitance 15 pF 5
TIMING DIAGRAM
te -

CHIP ENABLE

ADDRESS

DATA OUTPUT

N

le—————— t g

e tP —]
u—tOFF—H

-
D Y,

OPEN

Vie- k__
tas>{ fe—tan
Vi VALID
LI
VoH—

VALID

—— OPEN ——

MK36000 ROM PUNCHED CARD CODING FORMAT (1 & 6)

FIRST CARD
CoLs

INFORMATION FIELD

1-30
31-50
60-72

SECOND CARD
1-30
31-50
THIRD CARD
1-5
FOURTH CARD
1-9
15-28

35-57

DATA FORMAT

Customer
Customer Part Number
MOSTEK Part Number (2)

Engineer at Customer Site
Direct Phone Number for
Engineer

MOSTEK Part Number (2)

Data Format (3)

Logic - (“Positive Logic"
or “Negative Logic")
Verification Code (4)

512 data cards (16 data words/card) with the

tollowing format:

CcOoLS INFORMATION FIELD
1-4 Four digit octal address of
first output word on card
5-7 Three digit octal output
word specified by address in T
column 1-4 o =
8-52 Next fifteen output words, = s g
each word consists of three ’Q:Q 08
octal digits. < T8
g S
O
NOTES: K

1. Positive or negative lcgic formats are accepted as noted in
the fourth card.

2. Assigned by MOSTEK ; may be left blank.

3. MOSTEK punched card coding format should be used.
Punch “MOSTEK"’ starting in column one.

4. Punches as: (a) VERIFICATION HOLD - i.e. customer
verification of the data as reproduced by MOSTEK is
required prior to production of the ROM. To accomplish
this MOSTEK supplies a copy of its Customer Verification
Data Sheet (CVDS) to the customer.

(b) VERIFICATION PROCESS - i.e. the customer will
receive a CVDS but production will begin prior to receipt
of customer verification; (c) VERIFICATION NOT
NEEDED - i.e. the customer will not receive a CVDS and
production will begin immediately.

5. 512 cards for MK 36000

6. Please consult MOSTEK ROM Programming Guide for
further details on other formats.
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DESCRIPTION (Continued)

ROM’s and imposes no loss in system operating
flexibility over an unclocked device.

Other system oriented features include fully TTL
compatible inputs and outputs. The three state
outputs, controlled by the CE input, will drive a

minimum of 2 standard TTL loads. The MK36000
operates from a single +5 volt power supply with a
wide + 10% tolerance, providing the widest operating
margins available. The MK36000 is packaged in the
industry standard 24 pin DIP.

Any application requiring a high performance, high
bit density ROM can be satisfied by the MK36000
ROM. This device is ideally suited for 8 bit micro-
processor systems such as those which utilize the
Z-80. It can otfer significant cost advantages over
PROM.

OPERATION
The MK36000 is controlled by the chip enable (CE)

input. A negative going edge at the CE input will
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activate the device as well as strobe and latch the in-
puts 7into the onchip address registers. At access
time the outputs will become active and contain the
data read from the selected location. The outputs
will remain latched and active until CE is returned to
the inactive state.

Programming Data

MOSTEK is now able to utilize a wide spectrum of
data input formats and media. Those presently
available are listed in the following table:

Table 1

Acceptable Media Acceptable Format

CARDS MOSTEK
PAPER TAPE INTEL CARD
PROMS INTEL TAPE
DATA LINK EA

MOSTEK F-8

MOTOROLA 6800
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SUPPLEMENT MOSTEl(@

4096x1-BIT DYNAMIC RAM

MK4015 (J/N)

FEATURES
O Recognized industry standard 16-pin configuration O Improved performance with ““gated CAS"’, “RAS
from Mostek only” refresh, and Read-Modify-Write

0 250ns access time, 380ns cycle O All inputs are low capacitance and TTL compatible

0O Qutput data latched and valid into next cycle O Input latches for addresses, chip select and data in

O Low Power: 462mW active (max) O Three-state TTL compatible output
38mW standby (max)

DESCRIPTION

The MK 4015 is a 4096 word by 1 bit MOS random System oriented features include direct interfacing
access memory circuit fabricated with MOSTEK's capability with TTL, only 6 very low capacitance
N.Chlslnnfll silicon gate R DCess. This process a}lor\:vs address lines to drive, on-chip address and data
g:s mf’e<mo(3215citr?:u?f ?hg'ltgri‘spr?nraglzrpaac%?asgg[eir? f:ig% registers which elim!nates the need for interface
volume. The MK 4015 employs a single transistor registers, and two chip select _methods to allow the
storage cell utilizing a dynamic storage technique  user to determine the appropriate speed/power char-
and dynamic control circuitry to achieve optimum acteristics of his memory system. The MK 4015 also

performance with low power dissipation. incorporates several flexible operating modes. In addi-

A unique multiplexing and latching technique for tion to the usual read and write cycles, read-modify
the address inpu?s perr?ﬁits the MK 4015 to be pack-  Write, and RAS-only refresh cycles are available with
aged in a standard 16-pin DIP on 0.3 in. centers. This  the MK 4015.

package size provides high system-bit densities and is

compatible with widely available automated testing

and insertion equipment.

FUNCTIONAL DIAGRAM PIN CONNECTIONS
m—“:—@ e - Voo
Lo - VBB | L 3 16 Vss
s — -y —_—
-— DN 2 :l I5 CAS
T ane
WOLTPEXES
o WRITE 3 014 Doyt A
' — —
1 y aoreen 41 3 C 3=
e RAS 40 Hi3 cs &g >
i ©
Ag 500 D12 A; R
= Ty LITURSN A ot A 60 01 A 2SI
5o e I 2 4 RS
Enance
. A TO 110 Ag
o ieLexeo :
T ———
o L oEcooeR : EMoRY amma VDD 8 C 9 Vcc
surrens (61 T
™ —4 1 1 0F 64 ROW| 1 eamow l PIN NAMES
: e
. . : ' I Ag-Ag ADDRESS INPUTS
: . ; T onta o our oxrm . [Pmme oan CAS COLUMN ADDRESS STROBE
Az T cotom ' (1oF 32 [sevect Limes | Skl P s CHIP SELECT
U [ el | DN DATA IN
I | i _ Doyt DATA OUT
o T 1< | FAY ROW ADDRESS STROBE
: MemonY AnnaY WRITE READ/WRITE INPUT
| SUMMY_cecs Ves POWER (—5V)
. | 3 { Ve POWER (+5V)
L Vpbp POWER (+ 12V)
Vss GROUND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VBB. . .. .+ ..o v ..
Voltage on VDD, VCC relativetoVsS . .. ........

VBB-Vss (VDD-Vss > 0)
Operating temperature, TA (Ambient)
Storage temperature (Ambient)(Ceramic)....... —65°C to + 160°C

............................. ov
0°C to +55°C

—0.5V to +20V

—1.0V to +15V  *Stresses greater.than those listed under
“Absolute Maximum Ratings”" may cause
permanent damage to the device. This is

a stress rating only and functional opera-
tion of the device at these or any other
conditions above those indicated in the
operating sections of this specification

. . _ERo o ¢ ¢ ons & |
Storage.tem‘perature (Ambient)(Plastic) ....... 55°C to + 125°C ;;a)’(‘ﬁ"mr'g“r’;’ggg coxposure o sbsolute
Short Circuit Output Current .. ..o i i 50mA  periods may affect device reliability.
Power dissipation ........ ... ... .. . i i, 1 Watt
4

RECOMMENDED DC OPERATING CONDITIONS
(0C < TA<5B5°C) 1

PARAMETER MIN TYP MAX UNITS NOTES
VDD Supply Voltage 114 12.0 12.6 volts 2
Vce Supply Voltage 4.5V 5.0 55 volts 2,3
Vss Supply Voltage 0 0 0 volts 2
VBB Supply Voltage —45 -5.0 —5.5 volts 2
VIHC Logic 1 Voltage, RAS, CAS, WRITE 3.0 7.0 volts 2
VIH Logic 1 Voltage, all inputs except 3.0 7.0 volts 2

RAS, CAS, WRITE
ViL Logic 0 Voltage, all inputs -1.0 .65 volts 2
DC ELECTRICAL CHARACTERISTICS 4
(0°C < TA <55°C)T (VDD = 12.0V + 5%; VcC = 5.0V + 10%; Vss = OV;Vgg = —5.0V + 10%)

PARAMETER MIN TYP MAX UNITS NOTES
IDD1 Average Vpp Power Supply Current 35 mA 5
IDD2 Standby Vpp Power Supply Current 3 mA 8
IDD3 Average Vpp Power Supply Current 25 mA

during "“RAS only’ cycles
Icc Ve Power Supply Current mA 6
IBB Average VBB Power Supply Current 150 MA
(L) Input Leakage Current (any input) 10 MA 7
lo(L) Output Leakage Current 10 MA 8,9
VOH Output Logic 1 Voltage @ lgyuT = 24 volts

—5mA
VoL Output Logic 0 Voltage @ loyT = 0.4 volts

3.2mA
NOTES

1.

2.

3.

T A is specified for operation at frequencies to tgc = trc (min).
All voltages referenced to Vgg.

Qutput voltage will swing from Vgg to Ve when enabled,with

no output load. For purposes of maintaining data in standby mode,
V¢ may be reduced to Vgg without affecting refresh operations or
data retention. However, the Vo (min) specification is not
guaranteed in this mode.

. Several cycles are required after power-up before proper device

operation is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.

. Current is proportional to cycle rate.ippq (max) is measured at

the cycle rate specified by trc (min). See figure 1 for Igp1 limits
at other cycle rates.
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. I\FC depends on output loading. During readout of high level data

is connected through a low impedance (1352 typ) to Data
Out. At all other times I consists of leakage currents only.

. All device pins at O volts except Vgg which is at —5 volts and the

pin under test which is at +10 volts.

. Output is disabled (high-impedance) and RAS and CAS are both

at a logic 1. Transient stabilization is required prior to measure-
ment of this parameter.

LoV < VouT <+ 10V.

. Effective capacitance is calculated from the equation:

c=Aa with Av = 3volts.
Av

. A.C. measurements assume tT = 5ns.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS?,11,%7
(0°C < TA = 55°C)' (VDD = 12.0V £ 5%, VCC = 5.0V £ 10%, VSS = OV, VBB = -5.0V £ 10%)

MK4015

PARAMETER MIN MAX Units | Notes
RC Random read or write cycle time 380 ns
tRWC Read write cycle time 395 ns
tRMW Read modify write cycle time 470 ns
tRAC Access time from row address strobe 250 ns 13,15
tICAC Access time from column address strobe 165 ns 14,15
1OFF Output buffer turn-off delay 60 ns
tRP Row address strobe precharge time 120 ns
RAS Row address strobe pulse width 250 4000 ns
RSH " Row address strobe hold time 165 ns
tcAas Column address strobe pulse width 165 4000 ns
T(;SAH Column address strobe hold time 250 ns
tRCD Row to column strobe delay 35 85 ns 16
tASR Row address set-up time 0 ns
tRAH Row address hold time 35 ns
tASC Column address set-up time 0 ns
tCAH Column address hold time 75 ns
tAR Column address hold time referenced to RAS 160 ns
tcsc Chip select set-up time 0 ns
tcH Chip select hold time 75 ns
tCHR Chip select hold time referenced to RAS 160 ns
tT Transition time (rise and fall) 3 50 ns 17
tRCS Read command set-up time (o] ns
RCH Read command hold time 0 ns
WCH Write command hold time 75 ns
TWCR Write command hold time referenced to RAS 160 ns
wp Write command pulse width 75 ns
IRWL Write command to row strobe lead time 100 ns
tcwi Write command to column strobe lead time 100 ns
DS Data in set-up time 0 ns 18
IDH Data in hold time 75 ns 18
DHR Data in hold time referenced to RAS 160 ns
tCRP Column to row strobe precharge time o] ns
tRFSH Refresh period 1 ms
twcs Write command set-up time (o] ns 19 N
tcwp CAS to WRITE delay ) 90 ns 19 E §: i
tRWD RAS to WRITE delay 175 ns 19 < o 5
1DOH Data out hold time 4 us 'Z:'% E Sr

§os

Notes Continued 17. ViHc (min) or V| {min) and V| (max) are reference levels for

measuring timing of input signals. Also, transition times are

13. Assumes that trcp S tRCD (Max)- measured between V¢ or V| and V.
>

14. Assumes that trep =>tRep (max). 18. These parameters are referenced to CAS leading edge in random

write cycles and to WRITE leading edge in delayed write or read-

15. Measured with a load circuit equivalent to 2 TTL loads and 100pF modify-write cycles.

16. Operation within the tg D (maxg limit insufres that tRAC (max)f 19
can be met. tgcp (mMax) is speci ied as are erence point only;i a read/write or re: 'modif 5 f Y min
tRCD is greater ﬂl'?an the specified tgcp (max) limit, then access the cy/cvlve its a?\ earals/wr?tdel !JZYQ'Z?.S"SL‘};’B'Z; \l/viﬂ'\égﬁt%nvgrﬁaséata g
time is controlled exclusively by tcac- written into the selected cell. If tcyyp >towp (min) and trywp =

trwD (min), the cycle is a read-write cycle and Data Out will contain
data read from the selected cell. If neither of the above sets of conditions
is satisfied, the condition of Data Out (at access time) is indeterminate.

. twes. tcwD. and trwp are restrictive operating parameters in
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AC ELECTRICAL CHARACTERISTICS
(0°C <TA <55°C) (VDD = 12V + 5%; Vgg = 0V; VBB = —5.0V = 10%)

PARAMETER TYP MAX UNITS NOTES
cn Input Capacitance (Ag-As), DiN, CS 4 5 pF 10
C2 Input Capacitance RAS, CAS, WRTTE 8 10 pF 10
Co Output Capacitance (DoyT) 5 7 pF 8,10
MAXIMUM Ipp1 vs. CYCLE RATE
Figure 1 CYCLE TIME tcy (ns)
380
1000 500 400 300 250
50mA N . L
. 40mA
<
£
-
g X
« M
S somA A
o ::3(('
Z A
g S
7] \00'1 »
8 4
5 20mA A e
[} (_b‘ / «4?
1= ™ »
R
v
10mA —
0
0 1.0 2.0 3.0 4.0

CYCLE RATE (MHz) = 103 /tcyc (ns)

SUPPLEMENT - To be used in conjunction with MK4027(P/J/N)-1/2/3 data sheet.
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MOGSTEK.

SUPPLEMENT
8192 x 1-BIT DYNAMIC RAM
MK4115(P/N)
FEATURES

O Recognized industry standard config-

uration from Mostek

16-pin

0 Column Address A0 < 0.65V for upper half
matrix (MK4115-40)

Column Address AQ > 3.0V for lower half
matrix (MK4115-41)

250ns access time, 410ns cycle

Output data controlled by CAS and unlatched
at end of cycle to allow two dimensional chip
selection

DESCRIPTION

The MK4115 is a new generation MOS dynamlc
random access memory circuit organized as 8192
words by 1 bit. As a state-of-the-art MOS memory
device, the MK4115 (8K RAM) incorporates ad-
vanced circuit techniques designed to provide wide
operating margins, both internally and to the system
user, while achieving performance levels in speed
and power previously seen only in MOSTEK's high
performance MK4027 (4K RAM).

The technology used to fabricate, the MK4115 is
MOSTEK's double-poly, N-channel silicon gate,
POLY I1® process. This process, coupled with the
use of a single transistor dynamic storage cell, pro-
vides the maximum possible circuit densnty and
reliability, while maintaining high performance

O Common /O capability using “early write”

operation

O Read-Modify-\Write, RAS-only refresh

O All inputs TTL compatible, low capacitance,
and protected against static charge

O 128 refresh cycles (1msec refresh interval)

[

1 ldeal for consumer electronic applications

capability. The use of dynamic circuitry through-
out, including sense amplifiers, assures that power
dussnpataon is minimized without any sacrifice in
speed or operating margin. These factors combine
to make the MK4115 a truly superior RAM product.

Multiplexed address inputs (a feature pioneered by
MOSTEK for its 4K RAMS) permits the MK 4115
to be packaged in a standard 16-pin DIP. This
recognized industry standard package configuration,
while compatible with widely available automated
testing and insertion equipment, provides highest
possible system bit densities and simplifies system
upgrade from 4K to 8K RAMs for new generation
applications. Non-critical clock timing requirements
allow use of the multiplexing technique while main-
taining high performance.

FUNCTIONAL DIAGRAM

MEMORY  ARRAY

128~ SENSE -

¥

REFRESH  AMPS

MEMORY  ARRAY

PIN CONNECTIONS

Ves 1 Qe N Vss
DiN 20 015 CAS
WRITE 3 (] 014 Doyt
RAS 4 [ 013 Ag
Ag 50 D2 Ay
Ay 6 O A,
A, 70 Do Ag
Voo 8 [ 09 Ve
PIN NAMES

Ag-As ADDRESS INPUTS

CAS COLUMN ADDRESS STROBE
O|Nn ‘DATA IN

Doyt DATAOUT

RA! ROW ADDRESS STROBE
WRITE READ/WRITE INPUT

Vesg POWER (—5V)

Vee POWER (+5V)

Vpp POWER (+12V)

Vss GROUND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pinrelative to VBB. .. . oo v oo e v v vi i n —0.5V to +20V
Voltage on VDD, VCC suppliés relative toVSS. . ... ..... —1.0V to +15.0V ‘Stresses greater than those listed under
VBB=VSS (VDD=VSS>0V) .ttt OV e e T e ovice, This s a
Operating temperature, TA (Ambient) ................... 0°C to +55°C stress rating only and funczionalthzfegztnig?
. . e n o -
Storage temperature (Ambient){Ceramic).............. —65°Cto + 150°C fio,fseabi‘(,; hose ?,‘,;i‘c’;t:d.yjn the opera-
Storage_temperature, TA (Ambient) (Plastic) ........... —55°C to +125T fional sections of thi Z‘L‘Zf,'.'.ﬁit'%'lx'fm not
Short circuitoutputcurrent ... ... ... i BOMA rating conditions for extended periods may

affect reliability.

Power dissipation . .. ........ it e 1 Watt

RECOMMENDED DC OPERATING CONDITIONS
(0°C <TA<55°C)!

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Voltage VbD 11.4 12.0 12.6 Volts 1
vee 45 5.0 5.5 Volts 1,2
Vss 0 0 0 Volts 1
VBB —4.5 -5.0 -55 Volts 1

Input High (Logic 1) Voltage, VIHC 3.0 — 7.0 Volts 1

RAS, CAS, WRITE

Input High (Logic 1) Voltage, VIH 3.0 - 7.0 Volts 1

all inputs except RAS, CAS

WRITE

Input Low (Logic 0) Voltage, ViL -1.0 - 65 Volts 1

all inputs

DC ELECTRICAL CHARACTERISTICS
(0°C<TA<B5°C)1 (VDD =12.0V* 5% ;VcC = 5.0V £10%; VBB = —5.0V £10%; Vs = 0V)

PARAMETER ) SYMBOL MIN MAX UNITS NOTES
OPERATING CURRENT IDD1 35 mA 3
Average power supply operating current lcc 4
(RAS, CAS cycling; tRc = 410ns) IBB1 200 HA

STANDBY CURRENT IDD2 2.0 mA

Power supply standby current (RAS = VHc, Icc2 —-10 10 uA

DouT = High Impedance) IBB2 100 uA

REFRESH CURRENT IDD3 27 mA 3
Average power supply current, refresh mode lces —-10 10 uA

(RAS cycling, CAS = ViHC; tRC = 410ns) 1BB3 200 uA

INPUT LEAKAGE (L) -10 10 mA

Input leakage current, any input
(VBB = -5V, 0OV < VN < +7.0V, all other
pins not under test = 0 volts)

OUTPUT LEAKAGE lo(L) -10 10 HA
Output leakage current (DQUT is disabled,
0V < VouT < +5.5V)

OUTPUT LEVELS

Output high (Logic 1) voltage (IQyT = —5mA) VOH 24 Volts 3

Output low (Logic 0) voltage (loyT = 4.2 mA) VoL 04 Volts

NOTES:

1. All voltages referenced to Vgg.

2. Output voltage will swing from Vgg to Vg when activated with operations or data retention. However, the Vg (min) specifica-
no current loading. For purposes of maintaining data in standby tion is not guaranteed in this mode.

mode, Vcc may be reduced to Vgg without affecting refresh
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (5,6,7)
(0°C<TA<55°C) (VpD=12.0V+ 5%;Vcc=5.0V ¢+ 10%, Vss= 0V, VBB = —5.0V + 10%)

4115
PARAMETER SYMBOL MIN MAX UNITS NOTES
Random read or write cycle time tRC 410 ns
Read-write cycle time tRWC 515 ns
Read Modify Write tRMW 530 ns
Access time from RAS tRAC 250 ns 8,10
Access time from CAS tCAC 165 ns 9,10
Output buffer turn-off delay tOFF 0 60 ns 1
Transition time (rise and fall) tT 3 50 ns 7
RAS precharge time tRP 150 ns
RAS pulse width tRAS 250 4000 ns
RAS hold time tRSH 165 ns
CAS pulse width tCAS 165 4000 ns
CAS hold time tCSH 250 ns
RAS to CAS delay time tRCD 35 85 ns 12°
CAS to RAS precharge time tCRP 0 ns
Row Address set-up time tASR 0 ns
Row Address hold time tRAH 35 ns
Column Address set-up time tASC 0 ns
Column Address hold time tCAH 75 ns
Column Address hold time referenced to RAS tAR 160 ns
Read command set-up time tRCS 0 ns
Read command hold time tRCH 0 ns
Write command hold time tWCH 75 ns
Write command hold time referenced to RAS tWCR 160 ns
Write command pulse width . twP 75 ns
Write command to RAS lead time tRWL 100 ns
Write command to CAS lead time tCWL 100 ns
Data-in set-up time DS 0 ns 13
Data-in hold time tDH 75 ns 13
Data-in hold time referenced to RAS tDHR 160 ns
Refresh period tREF 1 ms =
WRITE command set-up time twes 0 ns 14~
CAS to WRITE delay tCWD 90 ns 14
RAS to WRITE delay tRWD 175 ns 14 °
3. Ipp1. |pp3 depend on cycle rate. The Maximum specified 11. tofrg (max) defines the time at which the output achieves the
current values are for tHC=41°f‘s~ 'DQ fimit at other cycle open cirguit condition and is not referenced to output voltage - —
rates are determined by the following equations: levels. o S 3
12. Operation within the tgcp (max) limit insures that tgac (max) EEEESEEW
1231 st WA IR P 2 gy Lol ke ety G - -
o3 . . . tﬁnceDis controlled exclusively by tCAT:(-:D GN3 i S
o 1gg) depgnde weon oupus loading, | During, readus O RIS 13, These parameters are referenced to TAS leasing scse in carly RS
to data out. At all other times ICC consists of leakage currents write cycles and to WRITE leading edge in delayed write or read- J&d
only. modify write.
T A SRR e e o e S s
6. AC measurements assume t7=5ns. (mi.n), the c\./cle.is an' eafly write cycle and the data out‘pin will re-
7. Vi (min) or Vip( (min) and vy (max) are reference levels for ;nam o;: c|rcun:r:‘ti\;g)ha::;pzdance)ih:oughor;it:)e etr;‘:ri c:lcelei; |;
ngzﬂigégbémg% 3:HQT:‘V:E'::§ v|ﬁl_s°' transition times are recavc‘il?mrite g\‘:\clzll?.a and th: dstaRgYJlt) will ?t\:,:'/-?ain dat;; read fyrom the
B fssames that tRCD S IRCD, (M) I IR i grester than e i comcition o the dets out (a ssests i) o Indetermmiramer
increase by the amount that“ tRcp exceeds the value shown. 15. Effective capacitanc.: calculated from the equation C :J—ﬁ‘A
9. Assumes that trcp >tRCD {max). \I';E/tehis_ v = 3 volts and power supplies at nominal v
10. Measured with a load equivalent to 2 TTL loads and 100pF. 16. CAS = V|Hc to disable DoyT-
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AC ELECTRICAL CHARACTERISTICS

(0°C< TA < 55°C) (Vpp = 12.0V ¢ 5%;Vss=0V; VRg = —5.0V + 10%)

PARAMETER SYMBOL TYP MAX UNITS NOTES
Input Capacitance (AQ—Ag), DIN Cn 4 5 pF 15
Input Capacitance RAS, CAS, WRITE CI2 10 pF 15
hvaﬂput Capacitance (DQUT) Co 5 7 pF 15, 16

DESCRIPTION (continued)

System oriented features include direct interfacing
capability with high performance logic families such
as Schottky TTL, maximum input noise immunity to
minimize “‘false triggering’’ of the inputs (a common
cause of soft errors), on-chip address and data regis-
ters which eliminate the need for interface registers,
and two chip select methods to allow the user to de-
termine the appropriate speed/power characteristics
of his memory system. The MK 4115 also incor-
porates several flexible timing/operating modes. In
addition to the usual read, write, and read-modify-
write the MK 4115 is capable of delayed write cycles
and “RAS-only"’ refresh. Proper control of the clock
inputs (RAS, CAS, and WRITE) allows common 1/0
capability and two dimensional chip selection.

ADDRESSING

The 13 address bits required to decode 1 of the
8192 cell locations within the MK4115 are multi-
plexed onto the 7 address inputs and latched into
the cn-chip address latches by externally applying
two negative going TTL-level clocks. The first clock,
the Row Address Strobe (RAS), latches the 7 row
address bits into the chip. The second clock, Column
Address Strobe (CAS), subsequently latches the
6 column addresses (A1-AB6) into the chip. At
Column Address Strobe time, AO (pin 5) is used
to determine the proper functional half (upper or
lower) of the 16K matrix. AO at this time must be
at the level specified by the MK4115 dash number.
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If an MK4115-40 is utilized A0 must be at a logic
0 (0.65V max). If an MK4115-41 is utilized AO must
be taken to a logic 1 (3.0V min). The other 6 ad-
dress bits used for column addresses (A1-A6) func-
tion normally (see MK4116-2/3 data sheet). Each
of these signals, and CAS, triggers a sequence
of events which are controlled by different delayed
internal clocks. The two clock chains are linked
together logically in such a way that the address
multiplexing operation is done outside of the critical
path timing sequence for read data access. The later
events in the clock sequence are inhibited until
the occurrence of a delayed signal derived from the
RAS clock chain. This ““gated CAS" feature allows
the CAS clock to be externally activated as soon as
the Row Address Hold Time specification (tRAH)
has been satisfied and the address inputs have been
changed from Row address to Column address
information.

Note that CAS can be activated at any time after
tRAH and it will have no effect on the worst case
data access time (tRAC) up to the point in time when
the delayed row clock no longer inhibits the remain-
ing sequence of column clocks. Two timing end-
points result from the internal gating of CAS which
are called tRcD (min) and tRCcpD (max). No data
storage or reading errors will result if CAS is applied
to the MK 4115 at a point in time beyond the tRCD
(max) limit. However, access time will then be de-
termined exclusively by the access time from
(tcac) rather_than from RAS (tRAC), and access
time from RAS will be lengthened by the amount
that tRCD exceeds the tRCD (max) limit.



SUPPLEMENT

MOSTEK.

16.384 x1-BIT DYNAMIC RAM

MK4215(P/N)

FEATURES

O Recognized industgly standard 16-pin config-
uration from MOSTEK

O 250ns access time, 410ns cycle

O Low power: 462mW active, 25mW standby (max)

0O Output data controlled by CAS and unlatched at
end of cycle to allow two dimensional chip selec-
tion and extended page boundary

DESCRIPTION

The MK 4215 is a new generation MOS dynamic
random access memory circuit organized as 16,384
words by 1 bit. As a state-of-the-art MOS memory
device, the MK 4215 (16K RAM) incorporates
advanced circuit techniques designed to provide
wide operating margins, both internally and to the
system user, while achieving performance levels
in speed and power previously seen only in MOSTEK's
high performance MK 4027 (4K RAM).

The technology used to fabricate the MK 4215 is
MOSTEK’s double-poly, N-channel silicon gate,
POLY I1® process. This process, coupled with the
use of a single transistor dynamic storage cell, pro-
vides the maximum possible circuit density and
reliability, while maintaining high performance

O Common |I/0O capability using “‘early write”’
operation

O Read-Modify-Write, RAS-only refresh

O Allinputs TTL compatible,low capacitance, and
protected against static charge

O 128 refresh cycles (1 msec refresh interval)

capability. The use of dynamic circuitry through-
out, including sense amplifiers, assures that power
dissipation is minimized without any sacrifice in
speed or operating margin. These factors combine
to make the MK 4215 a truly superior RAM product.

Multiplexed address inputs (a feature pioneered by
MOSTEK for its 4K RAMS) permits the MK 4215
to be packaged in a standard 16-pin DIP. This
recognized industry standard package configuration,
while compatible with widely available automated
testing and insertion equipment, provides highest
possible system bit densities and simplifies system
upgrade from 4K to 16K RAMs for new generation
applications. Non-critical clock timing requirements
allow use of the multiplexing technique while main-
taining high performance.

FUNCTIONAL DIAGRAM
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pinrelative to VBB. .. .« o« oo oo i n L —0.5V to +2QV Stresses greater than those listed under
. . . “ ] M R "
Voltage on VDD, VCC suppliés relative to VSS. . ........ —1.0V to +15.0V permanent damage 1o the device. This is a
! evice )

VBB=VSS (VDD=VSS>0V) ..o OV siress rating only and functional operation
Operating temperature, TA (Ambient) . ................. 0°C to + 55°C tions above those indicated in the opera-
Storage temperature (Ambient) (Ceramic) ............. —65°C 10 +150°C [ ies ™ Exposure o speatuce maximum
Storage temperature (Ambient) (Plastic)............... —b55°C to +125°C rating conditions for extended periods may
Short circuit output current 5EOmA 2ffect retiability.

Powerdissipation . .......... ... 1 Watt

RECOMMENDED DC OPERATING CONDITIONS
(0°C <TA<55°C)!

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Voltage VbD 11.4 12.0 12.6 Volts 1
Vee 45 5.0 5.5 Volts 1.2
Vss 0 0 0, Volts 1
VBB -4.5 -5.0 —-5.5 Volts 1

Input High (Logic 1) Voltage, VIHC 3.0 - 7.0 Volts 1

RAS, CAS, WRITE

Input High (Logic 1) Volta VIH 3.0 ~ 7.0 Volts 1

all inputs except RAS, A

WRITE

Input Low (Logic 0) Voltage, ViL -1.0 — .65 Volts 1

all inputs

DC ELECTRICAL CHARACTERISTICS
(0°C <TA<55°C)1 (VDD = 12.0V + 5%; VCC = 5.0V £10%; VBB = —5.0V * 10%; Vss = 0V)

PARAMETER SYMBOL MIN MAX UNITS NOTES
OPERATING CURRENT IDD1 35 mA 3
Average power supply operating current Icct 4
(RAS, CAS cycling; tRC = 410ns) IBB1 200 MHA

STANDBY CURRENT IDD2 2.0 mA

Power supply standby current (RAS = V|Hc, lcc2 -10 10 uA

DouT = High Impedance) IBB2 100 HA

REFRESH CURRENT IDD3 27 mA 3
Average power supply current, refresh mode lce3 —-10 10 nA

(RAS cycling, CAS = V|HC; tRC = 410ns) 1BB3 200 LA

INPUT LEAKAGE (L) -10 10 MuA

Input leakage current, any input
(VBB = -5V, OV< V|N< +7.0V, all other
pins not under test = 0 volts)

OUTPUT LEAKAGE lo(L) -10 10 MA
Output leakage current (DQyT is disabled,
0V < VouT < +5.5V)

OUTPUT LEVELS

Output high (Logic 1) voltage (IoyT = —5mA) VOH 2.4 Volts 3

Output low (Logic 0) voltage (loyT = 4.2 mA) VoL 04 Volts

NOTES:

1.  All voltages referenced to Vgg.

2. Output voltage will swing from Vgg to Vg when activated with operations or data retention. However, the Vg (min) specifica-
no current loading. For purposes of maintaining data in standby tion is not guaranteed in this mode.

mode, Vcc may be reduced to Vgg without affecting refresh
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (5,6,7)
(0°C< TA < 55°C) (VDD =12.0V + 5% ;Vcc =5.0V + 10%, Vss = 0V, Vgg = —5.0V = 10%)

MK 4215
PARAMETER SYMBOL MIN MAX UNITS NOTES
Random read or write cycle time tRC 410 ns
Read-write cycle time tRWC 515 ns
Read Modify Write tRMW 530 ns
Access time from RAS tRAC 250 ns 8,10
Access time from CAS tCAC 165 ns 9,10
Output buffer turn-off delay tOFF 0 60 ns 11
Transition time (rise and fall) tT 3 50 ns 7
RAS precharge time tRp 150 ns
RAS pulse width tRAS 250 | 4000 ns
RAS hold time tRSH 165 ns
CAS pulse width tCAS 165 4000 ns
CAS hold time tCSH 250 ns
RAS to CAS delay time tRCD 35 85 ns 12
CAS to RAS precharge time tCRP 0 ns
Row Address set-up time tASR 0 ns
Row Address hold time tRAH 35 ns
Column Address set-up time tASC 0 ns
Column Address hold time tCAH 75 ns
Column Address hold time referenced to RAS tAR 160 ns
Read command set-up time tRCS 0 ns
Read command hold time tRCH 0 ns
Write command hold time tWCH 75 ns
Write command hold time referenced to RAS tWCR 160 ns
Write command pulse width twp 75 ns
Write command to RAS lead time tRWL 100 ns
Write command to CAS lead time tcwL 100 ns
Data-in set-up time tDS 0 ns 13
Data-in hold time tDH 75 ns 13
Data-in hold time referenced to RAS tDHR 160 ns
Refresh period tREF 1 ms
WRITE command set-up time tWCS 0 ns 14
CAS to WRITE delay tCWD 90 ns 14
RAS to WRITE delay tRWD 175 ns 14

3. Ipp1. 'DD3. and Ippg depend on cycle rate. The maximum
specified current values are for trc = 410ns. Ipp limit at other
cycle rates are determined by the following equations:

Ipp1 (max) [MA]=10+10.25 x cycle rate [MHz]
Ipp3 (max) [MA]=10+7 x cycle rate [MHz]
Ipp4 (max) [MA]=10 + 4.7 x cycle rate [MHz]

4. lcc1 and Igccg depend upon output loading. During readout of
h'g‘l‘:\ level data Ve is connected through a low impedance (135
typ) to data out. At all other times Icc consists of leakage
currents only.

5. Several cycles are required after power-up before proper device
operation is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.

6. AC measurements assume tT=5ns.

Vinc (min) or ViH( (min) and V| (max) are reference levels for
measuring timing of input signals. Also, transition times are
measured between V¢ or Vyq and V.

8. Assumes that trcDSS trcp (max). If tRGD is greater than the
l_'naximum recommended value shown in this table, trac will
increase by the amount that tgcp exceeds the value shown.

9. Assumes that tgcp = trep (max).
10. Measured with a load equivalent to 2 TTL loads and 100pF.

torFf (max) defines the time at which the output achieves the
open circuit condition and is not referenced to output voltage
levels.

Operation within the tgcp (max) limit insures that tgac (max)
can be met. tgcp (max) is specified as a reference point only; if
tRcD is greater than the specified tgcp (max) limit, then access
time is controlled exclusively by tCAC-

These parameters are referenced to CAS leading edge in early
write cycles and to WRITE leading edge in delayed write or
read-modify-write cycles.

twes. tcwD and tgwp are restrictive operating parameters in
read write and read modify write cycles only. If tycs = twcs|
(min), the cycle is an early write cycle and the data out pin will re-
main open circuit (high impedance) throughout the entire cycle; If
tcwp = tewp (min) and trwp = trwp (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 indeterminate.

16,384x1-BIT
DYN RAM
MK4215(P/N)

Effective capacitance calculated from the equation C = A t
i v = 3 volts and power supplies at nominal v

CAS

I

V|Hc to disable DoyT-
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AC ELECTRICAL CHARACTERISTICS

(0°C< TA < 55°C) (Vpp = 12.0V £ 5%, Vss =0V; Vgg = —5.0V + 10%)

PARAMETER SYMBOL TYP MAX UNITS NOTES
Input Capacitance (Ag—Ag), DIN Ci1 5 pF 15
Input Capacitance RAS, CAS, WRITE Ci2 10 pF 15
Output Capacitance (DOUT) Co 5 7 pF 15,16

DESCRIPTION (continued)

System oriented features include direct interfacing
capability with high performance logic families such
as Schottky TTL, maximum input noise immunity to
minimize ‘‘false triggering’’ of the inputs (a common
cause of soft errors), on-chip address and data reg-
isters which eliminate the need for interface registers,
and two chip select methods to allow the user to de-
termine the appropriate speed/power characteristics

of his memory system. The MK 4215 also incor-
porates several flexible timing/operating modes. In
addition to the usual read, write, and read-modify-
write cycles, the MK 4215 is capable of delayed write
cycles, and RAS-only refresh. Proper control of the
clock inputs (RAS, CAS and WRITE) allows common
1/0 capability, and two dimensional chip selection.

SUPPLEMENTAL DATA SHEET TO BE USED IN
CONJUNCTION WITH MOSTEK MK4116(P/N)-2/3 DATA SHEET.
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MOSTEK.

DYNAMIC MOS RAMS

By DR. ROBERT PROEBSTING

Technology

ABSTRACT

This paper discusses the evolution of dynamic MOS
RAMs. Included is a discussion of address multi-
plexing and timing considerations of multiplexed
address MOS RAMs. Static and dynamic sense ampli-
fiers are compared in terms of power consumption
and layout problems and the benefits resulting from
the use of dynamic sense amplifiers are discussed.
Data sheet specifications of three presently
available 16K dynamic MOS RAMs are presented.

INTRODUCTION

Semiconductor random access memories have been
developed at a very rapid pace throughout this de-
cade. RAMs with very impressive performance have
been produced using bipolar technology, while RAMs
with moderate performance but very low cost have
been produced using MOS technology. This paper
will discuss dynamic MOS random access memories
which are rapidly replacing core memories in most
memory applications. This recent dominance by
dynamic MOS RAMs in the random access memory
market comes about as a result of the cost, perfor-
mance, and reliability associated with the integration
of up to 16,384 bits of RAM on a single integrated
circuit. This level of integration in turn is made
possible by the use of dynamic circuit techniques,
and more specifically by the use of dynamic data
storage. These techniques have undergone very rapid
development, causing the performance characteristics
of available memory circuits to vary greatly from
design to design as different techniques are incor-
porated. Dynamic and static sense amplifiers will be
discussed, and the performance specifications of a
commercially available 16K RAM using dynamic
sense amplifiers will be compared to the specifi-
cations of two 16K RAMs using static sense ampli-
fiers. The state-of-the-art in commercially available
MOS memory is a .16K x 1 dynamic circuit with a
chip access time of 150 nanoseconds, and a read-
modify-write cycle time of 320 nanoseconds. Cost
of dynamic MOS memory is rapidly decreasing and is
now about 0.1 cent per bit at the chip level and about
0.15 cent per bit at the system level.

DEVELOPMENT OF DYNAMIC MEMORY

The first MOS RAMs used cross-coupled flip-flops as
storage cells, each cell containing six or eight MOS
transistors. The combination of a complex cell
structure and a new technology gave rise to a high
per-bit memory cost that found very few applications.
But applications were expanded by major break-
throughs that significantly reduced the cost of MOS
RAM. The first breakthrough was the development of
the concept of dynamic memory storage — storing
a digital ’0"" or 1" by a low or high voltage stored
on a capacitor in a 3-transistor cell. However, this can
cause a problem since the charge will eventually leak
off any capacitor. If data is to be retained for longer
than the self discharge time of a cell storage capacitor,
typically two milliseconds, the data must be sensed
before it is lost and then restored to its original volt-
age level. The operation of restoring the cell voltages
to good levels is called a refresh operation. This
simultaneously occurs in all cells of the externally
addressed row of the memory matrix. To refresh the
entire memory array, it is necessary to perform a
refresh cycle to each of the 16 to 128 rows of the
memory array at least once every two milliseconds.
second major
of MOS RAMs was the development of the single
transistor cell. This cell is poorly named because it
really consists of a single transistor plus a single
capacitor, and the capacitor occupies the majority
of the cell area. But this cell still occupied less than
half the area of the earlier 3-transistor cell and per-
mitted integration of 4096 bits per chip compared
to only 1024 bits per chip using the earlier 3-tran-
sistor cell. The three year delay between the intro-
duction of the 1-transistor cell was due to the diffi-
culty in sensing the small signal from the 1-transistor
cell. For the first time, there was no amplifier built
into every cell, and signal levels out of the memory
matrix became millivolts instead of volts. Sense
amplifiers have been developed to sense the small
signals from the 1-transistor cell and will be discussed
later.

L o Lwnal,
e i

The 1-transistor cell permitted integration of 4K
bits per chip. In addition, improvements in the inter-
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nal peripheral or support circuits made this new gene-
ration of circuits much easier to use than were the
earlier 1K circuits. The 1K circuits required multiple,
critically-timed, high-capacitance, high-voltage clock
signals. In the 4K chips, these were replaced by a
single high-voltage, high-capacitance clock (22 pin
version) or two TTL-level, low-capacitance clocks
(16 pin version). The 1K chips required high voltages
for address and data inputs, which were replaced by
TTL-level inputs in the 4K chips. The high impedance
output of the 1K chips, requiring an external sense
amplifier, was replaced by a low impedance output
capable of driving one or more TTL loads in the 4K
circuits. The relatively slow P-channel technology
used for the 1K chips was replaced by faster N-
channel technology for the 4K chips. Integration of
4096 bits per chip reduced the per-bit chip cost,
while the simplification of external support circuitry
reduced other system costs. These savings made MOS
memory cost competitive with magnetic core for the
first time in most general applications. Integration of
16,384 bits per chip promises to reduce the per-bit
cost even further. Although 16K chips require the
same external support circuitry as that required by
4K chips, a given printed circuit board size, power
supply, cooling system, set of address buffers, etc.,
supports four times as many bits when using 16K
chips as when using 4K chips. Memory systems using
16K chips should become less expensive than those
using 4K chips some time in the first half of 1978.

ADDRESS MULTIPLEXING

While use of the single transistor cell increased the bit
density on a chip, it degraded the access time by
about 25 percent. This is due to the delay through
the sense ampiifiers in detecting and ampiifying the
very small signals from the memory cells. This delay,
however, made the multiplexing of addresses a very
attractive means for reducing package pin count for
increased memory density on a printed circuit board.

An MOS memory chip is physically arranged as a two
dimentional array of cells. Certain address inputs are
used for row selection and the remaining address
inputs are used for column selection. Row selection is
required before the sense amplifiers can begin their
slow detection process. Column selection is not re-
quired until the outputs of the sense amplifiers are
valid, since its function is to gate data from the
selected sense amplifier to the data output circuitry.
Since the column selection information is not used
internally until well after the row selection infor-
mation is required, only the row addresses need to be
available to the chip at the start of a cycle. The
column address can come later with no penalty of
access time. The multiplexed address memory takes
advantage of this delayed need for column address.
Instead of using 12 address pins to select one
of 4096 memory cells, six address pins are used to
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first select one of 64 rows, and subsequently the same
pins are used to select one of 64 columns. The
result is a 4096 bit RAM in a 16 pin package, rather
than in the more straightforward 22 pin package.

When compared to the 22 pin 4K RAM, the 16 pin
4K RAM has both advantages and disadvantages. The
primary advantage of the 16 pin approach is the sub-
stantial increase in board density that it allows. A
second advantage is the reduction in the required
number of address buffers from 12 to 6. A third
advantage is that multiplexing permits a faster mode
of operation, called page mode, which shall be
discussed later. Finally, two more specific advantages
were available to users of the 16 pin design. These
were the use of TTL-level timing signals rather than a
high voltage clock, and the use of dynamic sense
amplifiers rather than static sense amplifiers to reduce
power comsumption. These last two differences were
not a result of the multiplexing but were nevertheless,
advantageous for users of the 16 pin design.

The 16 pin implementation also had disadvantages.
The multiplexed part required two timing signals
and hence more complex timing. The first signal,
RAS, initiates a cycle and strobes in the row address,
and the second signal, CAS, strobes in the column
address. Any skew in the timing of the second signal
with respect to the first added directly to access time.
Systems using the 22 pin design, which required only
a single clock, had less complex timing and suffered
no such degradation of access time. Finally, the 22
pin design, not having the TTL to MOS level clock
driver on the chip, dissipated less than 1 mW in the
standby mode compared to about 10 mW per chip for
the 16 pin part.

In the first year after various designs were introduced,
the 22 pin approach gained greater acceptance than
the 16 pin approach, not because of the technical
advantages or disadvantages of the two approaches,
but because there were two major MOS memory
suppliers manufacturing the 22 pin part and only one
manufacturing the 16 pin part. Many users would not
choose a single-sourced product. Other users had a
strong enough preference for the multiplexed concept
to commit to that design, correctly assuming that the
market they created for the 16 pin design would
cause additional manufacturers to offer their own
16 pin designs. Meanwhile, the 16 pin design was
improved to eliminate the access time penalty due to
multiplexing. This was accomplished by performing
the critical timing of the second clock with circuitry
on the chip rather than with external circuitry—a
feature referred to as ‘“gated CAS.”” With many users
committed to a multiplexed design, other manu-
facturers began supplying this part. And with multi-
ple sourcing available, more and more users designed
systems using the 16 pin part. This trend has es-
calated to the point where virtually all new memory
system designs now incorporate the 16 pin device.



The acceptance of address multiplexing generated by
4K RAMs virtually assured its use in the next gene-
ration of dynamic MOS RAMs. And indeed all 16K
RAMs on the market today use address multi-
plexing and are pin compatible with each other.
Many new memory system designs take advantage of
the pinout similarity between the 4K and 16K parts.
Printed circuit boards are designed to accommodate
either part, with only a single jumper wire required
to switch from 4K to 16K chips, caused by the need
for a seventh address pin on the 16K part, which
replaces the chip select pin of the 4K part. Chip
selection is accomplished on the 16K part by de-
coding RAS or CAS or both.

MULTIPLEX TIMING CONSIDERATIONS

Although address multiplexing provides some very
substantial system benefits, it complicated system
timing. It requires that both row and column add-
resses get into the chip in a short time using the
same address pins. This establishes a rather tight
timing window during which the individual events
must occur. The sequence of events required to add-
ress the chip is_as follows: (1) establish row add-
resses, (2) bring RAS low, (3) maintain row addresses
valid for some minimum hold time, (4) establish
column addresses, (5) bring CAS low, and (6) hold
column addresses valid for some minimum time. To
achieve specified access time from RAS, it is neces-
sary to bring CAS low within some specified maxi-
mum delay after RAS.

Every attempt is made during the design of multi-
plexed chips to simplify the system timing problem.
Th|s is done by first reducmg the row address hold

abheaenls
time to an absolute minimum, since the system must

not begin to establish column addresses until the
minimum row address hold time is met. Then, if
possible, the design is made to tolerate a negative set-
up time for the column addresses, which means
that column_addresses need not be valid until some
time after CAS starts low. This also increases the time
available for multiplexing. Finally, the critical RAS to
CAS timing is done on the chip, which means that if
CAS occurs earlier than needed by the chip, it is
internally delayed until it is needed (‘‘gated CAS").
For high performance memory systems, the use of
a delay line to minimize timing skews is essential.
With a delay line, the timing sequence can be net
such that CAS occurs early enough after RAS to
guarantee the specified access time from RAS.

SY ST TS

OPERATION OF MULTIPLEXED DYNAMIC RAMS

In a multiplexed design, the 12 addresses of a 4K
memory or the 14 addresses of a 16K memory are
strobed into the memory chip in two groups of 6
or 7 respectively. When an address becomes avail-
able for a memory operation, the row address must

first be presented to the chip address pins. As soon as
the row address inputs are valid, the first of two
timing signals to the chip initiates a cycle. This signal
strobes or latches the row address into the chip and
is appropriately called Row Address Strobe or RAS.
With no further commands to the chip, the latched
addresses are converted to MOS voltage levels, de-
coded, and the selected row is enabled. Data is there-
by destructively read from each cell in the selected
row by dumping its charge onto its respective column
sense line. A sense amplifier for each column detects
the change in voltage level on the column line re-
sulting from this deposited charge, and amplifies this
signal. The ampilified signals from the sense amplifiers
re then impressed back onto the column sense lines,
returning the cells to their original voltages. A cell
whose voltage had decayed is restored to its original
voltage in the process. At this time the sense ampli-
fiers contain the same data or information contained
in the selected row, and the destructively-read cells
in the row are restored (refreshed) to their proper
voltage.

When an active cycle is initiated by RAS going low,

it must not be aborted. It is necessary to keep RAS
low for some minimum length of time to allow the
sense amplifiers time to restore data back into the
destructively-read cells. To summarize, the function
of the Row Address Strobe is to initiate a cycle,
strobe or latch the row address, enable the selected
row of memory cells, sense and restore the data in
that row of memory cells, and maintain the sensed
data from the entire row of addressed memory cells
in their respective sense amplifiers. The sense ampli-
fiers maintain this data as long as RAS remains active.
At the end of a cycle, when RAS is taken high, the
selected row is immediately turned off, isolating the
correct data in the cells. After the row is off, the half-
digit lines are prepared for a new cycle.

The Column Address Strobe (CAS), on the other
hand, controls column selection circuitry and the
transfer of data from the selected sense amplifier to
the output circuitry. After RAS strobes the row add-
ress information from the multiplexed address input
pins, CAS strobes the column address from the same
pins. When CAS goes active (low), the column address
is strobed or latched into the circuit. This address is
then decoded to select the proper column. Data from
the selected sense amplifier is then transferred to the
output buffer, completing read access.

During a write operation, the same sequence of events
occurs as in a read cycle, with identically the same
timing as in a read cycle except that the write enable
signal, WRITE, is brought active (low). This causes
the data at the data input to be strobed into the chip,
buffered, and written into the selected sense amplifier
and, thereby, into the selected cell. A -read-modify-
write cycle starts out as a read cycle until read access
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time. Then when input data becomes available to the
memory, WRITE must be activated. As in a write-
only cycle, this causes the data to be written into
both the selected sense amplifier and into the selected
cell. The active cycle must not be terminated until
the internal write circuitry has had sufficient time to
complete the write operation.

PAGE MODE OPERATION

The Row Address Strobe transfers the data from an
entire row of memory cells into their respective sense
amplifiers. The Column Address Strobe transfers the
single bit of data from the selected sense amplifier
into the output buffer. This organization permits data
to be transferred into or out of multiple column lo-
cations of the same row by having multiple column
cycles during a single active row cycle. This mode of
operation is called page mode. A page of memory
is defined as those memory locations sharing a
common row address, but not necessarily confined
to a single chip.

After a row has been selected by the Row Address
Strobe, the contents of all cells in that row are
available in their respective sense amplifiers. Re-
petitive column address cycles, while maintaining
a single active row cycle, permit faster operation than
is possible in the normal operating mode. This is
because the delay through the sense amplifier only
adds to the access time of the first column in the page.
Data to be accessed from each subsequent column is
already available in its respective sense amplifier.
Therefore, page mode access is the access time from
CAS, which is typically two-thirds the access time
from RAS. Page mode reduces power consumption
while typically doubling maximum operating fre-
quency. Read, write, and read-modify-write cycles
can be performed in either normal cycles or in
page cycles. Page mode operation has a number of
applications, with high-speed block transfer of data
being the most important.

SENSE AMPLIFIER CONSIDERATIONS

The one-transistor memory cell has been simplified
to a rather minimal structure: a capacitor stores
digital data as a high or low voltage, and a transistor
selectively connects the capacitor to a digit/sense
line. (See Fig. 1.) Conduction through the transistor
is controlled by its gate which is electrically con-
nected to the other gates in a row. When a row is
enabled by the row decoder, all transistors in that
row become conductive, transferring charge from
their respective capacitors to their respective digit/
sense lines, destructively reading data. Each column
has its own sense amplifier, whose function is to
detect this charge and to amplify the signal caused
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by this charge. The amplified signal is a full logic
level, either at ground or close to Vpp.

The cell transistors remain conductive throughout
this period so that the amplified signals from the
sense amplifiers feed back into their respective
cells, refreshing the voltage levels in the cells.

To maximize the signal into the sense amplifier,
a large cell capacitance and a small digit/sense line
capacitance are desired. This is because the cell and
its digit line form a capacitive divider that attenuates
the signal from the cell. But integration of large num-
bers of bits on one circuit requires a physically small
cell size which implies an electrically small cell
capacitance. Integration of large numbers of bits also
requires that many cells share a common digit/sense
line, causing this line to be physically long and to
therefore have high stray capacitance. To keep the
signal attenuation to an acceptable level, steps are
taken to both maximize cell capacitance and to
minimize digit line capacitance. Cell capacitance can
be increased by using a double layer polysilicon
fabrication process, which increases the percen-
tage of cell area used for the capacitor. Digit line
capacitance can be reduced by simply cutting the
line in half. The sense amplifier is then placed in the
center of a digit line, and senses a differential voltage
between the two halves of the line. In 16K designs,
the cell capacitance is typically 0.04 picofarad and
the stray capacitance of one half-digit is typically
1 picofarad. Thus the signal from the memory cell is
attenuated by a factor of 25 before being sensed by
the sense amplifier.

Between cycles, the two halves of each digit line are
equilibrated to precisely the same voltage. When an
active cycle is initiated by RAS going low, these lines
are momentarily allowed to float. Then a row is enab-
led, transferring charge from the enabled cell in each
column to its half of its digit line. On each digit line,
only a single memory cell is selected. This cell may be
located on either the top or bottom half of the digit
line. If the cell was originally at a high voltage, it
causes its half-digit line voltage to be at some “high”
value. If the cell was originally at a low voltage, its
resulting half-digit line voltage is some ““low" value. It
should be noted that the attenuation of the digit line
causes the “‘high”. and “low’’ voltages to differ by
less than one-half volt. The half-digit line not con-
taining the addressed cell is simultaneously adjusted
to a voltage somewhere between the “high’ and
“low’* voltages of the addressed half by a special cell
called a ““dummy cell.”” Thus if a cell originally con-
tained a high voltage, the voltage of its half-digit line
will be approximately one-quarter volt above the
adjusted intermediate voltage of the other half-
digit line. If the cell originally contained a low
voltage, the voltage of its half-digit line will be ap-
proximately one-quarter volt below the intermediate



voltage of the other half-digit line. It is now up to
the sense amplifier to detect this differential signal
of one-quarter volt or less.

A detailed analysis of the sense amplifier will not be
attempted. It will simply be noted that the sense
amplifier consists of a balanced flip-flop. Since the
addressed cell, in conjunction with the dummy
cell, guarantees an initial voltage imbalance to this
flip-flop, the positive feedback of the flip-flop causes
it to latch up. The half-digit line having the lower
initial voltage goes to ground while the other half-
digit line goes to or in the case of a dynamic sense
amplifier, remains near Vpp.

Two types of sense amplifiers have been used in
commercially available products. These are variations
of the static amplifier in Fig. 1, and of the dynamic
amplifier in Fig. 2. Both are about equal in their
ability to detect and amplify small signals. The load
resistors, R1 and R2, in the static amplifiers consume
a substantial amount of power, typically half or more
of the total chip power. Since these resistors are not
present in dynamic amplifiers, the total power con-
sumption of memory chips employing dynamic sense
amplifiers is much less than that of circuits employing
static sense amplifiers. There are, however, formid-
able design or layout problems associated with the
use of dynamic sense amplifiers which will be dis-
cussed presently. These problems are severe enough
that many chip designers chose to incorporate power-
consuming static sense amplifiers into their designs.

To understand the differing circuit requirements for
static and dynamic sense amplifiers, one must look at
a write cycle or more accurately, a read-modify-write
cycle. Suppose, in Fig. 1, cell 64 had originally stored
a low voltage and was read. The sense amplifier, de-
tecting a lower voltage on node B than on node A,
will drive node B to ground and node A near Vpp.
Transistor T3 then turns on, and the data from the
cell becomes available to the output buffer at one
end of the data bus. Now, assume that it is desired to
write opposite data back into the cell. This requires
forcing a high voltage onto node B and onto the
storage capacitor, C64. To do this, the data input
buffer will drive the input/output data bus to ground.
Transistor T3 then forces node A to ground, over-
powering R1. When node A goes to ground, transistor
T2 turns off. This allows R2 to pull node B to Vpp
as required to write the high level into the storage
cell. Without R2, node B would simply remain at
ground, and a high voltage could not have been writ-
ten into the cell. With these resistors, data can be
written into a cell in either half of the matrix with a
single input/output data bus. A trade-off exists in the
resistance value chosen for R1 and R2. Since either
R1 or R2 will dissipate power in all of the sense
amplifiers, a low value resistor results in a very high

power consumption. But the digit line capacitance of
node B is quite large, and a high value resistor means
an excessively long write time. There is no good
compromise, and circuits using static sense amplifiers
consume high power and have long write times.

Memory Cells and Dynamic
Sense Amplifier

Memory Cells and Static
Sense Amplifier
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Figure 1 Memory Cells and Static Sense Apmlifier. Memory chips using static
sense amplifiers consume twice the power of chips using dynamic sense amplifiers,
due to the conduction through either R1 or R2.

Figure 2 Memory Cells and Dynamic Sense Amplifier. The use of dynamic sense
amplifiers requires both true and complement input/output data busses. This, in
turn, requires either two full column decoders or placement of a single column
decoder with the sense amplifiers in the center of the memory.

On paper, the dynamic sense amplifier solves the
problem very well. Referring now to Fig. 2 and
having again read a low voltage from cell 64, assume
it is again desired to write a high voltage back into
the cell. Now, as before, the input buffer drives the
true data bus to ground, with transistor T3 causing
node A to follow. But, in addition the input buffer
also forces the complement data bus to Vpp, with
transistor T4 causing node B to follow. In forcing
node B to Vpp, the complement data bus performed
the job previously done by the resistor. With row 64
still selected, the high voltage on node B is transferred
into the cell, and the write operation is complete. It
should be noted that transistors T3 and T4 function
only as switches and can have very low resistances to
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speed-up write time. No speed—power trade-off is
involved. Therefore, memory designs using dynamic
sense amplifiers consume far less power and write
much faster than do designs using static sense ampli-
fiers.

The layout problem associated with the dynamic
sense amplifier is that it requires both a true and a
complement data bus. These, in turn, require that the
column decode outputs be available in both the top
and bottom halves of the memory array. Placing
single column decoder above (or below) the memory
array is ruled out since it is not practical to run its
outputs through the memory array to the other side.
One solution to the layout problem is to use two en-
tire column decoders, one above the top half of the
array to service the true data bus, and the other
below the bottom half of the array to service the
complement data bus. This gains all the advantages of
using dynamic sense amplifiers, but the duplication of
the column decoder consumes a substantial amount
of silicon area, thereby raising the cost of the chip.

A second solution is to use a single column decoder
located in the center of the memory array along with
the sense amplifiers. This approach requires great
care in design. |f the column decoder is located in
the center of the chip, it is topologically necessary
for the digit lines to cross the buffered column
address signals. Just one address signal, moving
from ground to Vpp, capacitively couples more
signal onto a digit line than that provided by the
memory cell. At first thought, this is frightening
indeed. But on second thought, there are 127 un-
selected row lines that cross the digit lines and they
do not cause a problem. They are quiet. Indeed if all
iines crossing the digit line are kept quiet until the
sense amplifier detects and amplifies its signal, there
is no problem. With a multiplexed design, it is parti-
cularly easy to insure that the buffered column add-
ress lines remain quiet during this time, since multi-
plexing automatically causes the column address to
be processed after the row addresses have been
processed.

The advantages of dynamic sense amplifiers over
static sense amplifiers are rather dramatically illus-
trated in Table 1. The power differences between the
MK4116 and the other parts is due almost entirely
to the choice of sense amplifiers. So is the write time.
Other performance differences between the various
designs are due to alternate circuit techniques used
throughout the designs, not necessarily related to the
choice of sense amplifier.

OTHER MOS RAMS

The very small area occupied by a single-transistor
cell makes dynamic MOS RAM substantially less
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Table 1

PART NUMBER MK4116-2 | 2116-2 TMS 4070-2
MOSTEK (INTEL) (Th)

SENSE AMP DYNAMIC | STATIC STATIC

MAX 15p(MA) 35 69 76

VDD TOLERANCE +10% +10% 5%

ACCESS TIME 150 200 250

(FROM RAS) (ns)
ACCESS TIME l 100 125 165

(FROM CAS) (ns)

MAX RAS to CAS
delay for specified 50 75 80
RAS access (ns)

Row Address 20 45 50
Hold Time (ns)
Col Address —10 -10 0
Setup Time (ns)
WRITE TIME 60 125 165
After READ
MIN READ or 375 350 400
WRITE CYCLE
(ns)
MIN READ- 375 400 590
MODIFY-WRITE CYCLE
REFRESH Cycles 128 64 128
REFRESH Interval 2ms 2ms 2ms
PAGE MODE Yes Yes Yes
Package Pins 16 16 16
DATA SHEET SPECIFICATIONS FOR COMMERCIALLY AVAIL-
ABLE 16K MOS RAMs. Ail numbers pertain to fastest speed seiection.

expensive than other forms of MOS RAM. For many
applications, however, other forms of MOS RAM
deserve consideration. All of the RAMs described
below operate from a single +5 volt supply, compared
to the +12, +5, and —5 volt supplies required by
dynamic RAMs. All use static cells, eliminating the
refresh cycles required by dynamic RAMs. These cir-
cuits are not multiplexed, simplifying system timing.
These considerations make this group particularly
attractive in small memory systems.

By using dynamic circuit techniques with a static
(flip-flop) cell, low active power and even lower
standby power can be achieved. Such 4K RAMs are
now available with under 100 mW active power and
under 10 mW standby power. Access times are similar
to those of dynamic RAMs.

When access time is of paramount importance, static
cells are used with static peripheral circuits. This
permits access times of 50 nanoseconds or below at



active power levels of about 500 mW, and standby
power of about 35 mW. Lower power versions are
also available with longer access times.

For applications requiring extremely low power
dissipation, complementary MOS RAMs are very
attractive. These circuits are the most expensive
of the group, but consume nanowatts to microwatts
during standby and microwatts to milliwatts when
active. They also tolerate extremely wide variations in
power supply voltage, often from 3 to 15 volts.

CONCLUSION

Some of the dynamic MOS RAMs on the market
today consume considerably less power than others.
Some are considerably faster than others. But com-
pared to other technologies, all of these parts re-
present very attractive building blocks for random
access memory systems. The highest power 16K
circuits only consume about 35 watts in a 256K work

x 32 bit per word system. The slowest circuits permit
system access times faster than 500 nanoseconds.

The high storage density resulting from the use of
small 16 pin packages, each containing 16K bits, is
very important in the design of large memory systems.
The combination of TTL compatibility of all inputs
and outputs, and relatively straightforward timing
requirements make these circuits equally attractive
for small memory systems.

In systems requiring extremely fast access times,
bipolar technology provides the best answer. In
systems tolerant of relatively slow serial access rather
than requiring fast random access, other technologies,
including disc, CCD, or bubble memories are po-
tentially less expensive than dynamic MOS. But for
those applications requiring random access memory
of low to moderate performance, the combination
speed, power, density, reliability and cost of dynamic
MOS memory just can’t be matched by any other
technology today.

CHIP PHOTOGRAPH OF MK4116
Figure 3

The column decoders are located with the sense amplifiers between the top and bottom halves of the memory array. The chip size of this 16K RAM

is 122 mils x 227 mils.
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MOGSTEK.

AN IN-DEPTH LOOK AT MOSTEK'S HIGH PERFORMANCE MK4027

By DERRELL COKER

Application Note

The MK 4027, like its predecessor the MK 4096,
is a 4096 word by 1 bit N-Channel MOS Random
Access Memory circuit that is packaged in a standard
16-pin DIP. This smail package size is the resuit of a
unique multiplexing and latching technique for the
address inputs which MOSTEK pioneered for its 4K
RAM family. This innovative approach to dynamic
RAM design has proven to be one of the most im-
portant semiconductor memory milestones in the
past few years. With more than a dozen manufac-
turers having announced their intentions to produce
equivalent circuits with identical pin configurations,
the MOSTEK 16-pin 4K RAM family has become an
industry standard.

The purpose of this application note is to acquaint
the user with the MK 4027, and to provide a more
complete and in-depth understanding of the circuit
(and its use) than can be obtained from the data sheet
alone. MOSTEK realizes that most experienced mem-
ory system designers go through a process of evaluat-
ing many potential memory devices and making a
judgfement as to which device is best for a particular
application. MOSTEK also realizes that this evalua-
tion process can be a very tedious and time consum-
ing endeavor, especially if several potential candidates
are to be evaluated. Therefore, the information pre-
sented in this application note is divided into major
sections and presented in the order that MOSTEK has
found to be most desirable in the typical evaluation
process used by most designers.

Figure 1

k3
3
¥
¥
¥
¥

241

2
>
(@]
~
N
[}
<
X
=3

=
<
o«

L]
S
=
s
=
T
L
3
X
<




BACKGROUND

The pin configuration for the 16-pin 4K RAM
was originated by MOSTEK Corporation when the
MK 4096 was announced in 1973. Basically, the 16
pin device is made possible by eliminating six of the
twelve address inputs required to select one out of
4096 bit locations in the RAM. Addressing is accom-
plished by the external generation of negative going
Row and Column Address Strobe signals ( and
CAS) which latch incoming multiplexed addresses
into the chip. This same addressing technique is
carried over from the MK 4096 to the higher perfor-
mance MK 4027.

PIN CONNECTIONS

Figure 2

(-5V POWER SUPPLY) |vgg | (e 116 Vgg | (GROUND REF, O VOLTS)
(DATA INPUT) o 20 115 CAS | (COLUMN ADDRESS STROBE)
(WRITE ENABLE STROBE)| WRITE 3 (] D14 Doyy | (DATA OUTPUT)

(ROW ADDRESS STROBE)| RAS 4[] D13 CS |(CHIP SELECT)

(ADDRESS INPUT) Ay 5 ED]IZ A3 | (ADDRESS INPUT)
(ADDRESS INPUT) A, 6 D1t As | (ADDRESS INPUT)
(ADDRESS INPUT) A 70 010 As | (ADDRESS INPUT)

(+12V POWER SUPPLY) mn 8 [ D 9 Ve | (+5V POWER SUPPLY)

In addition to improved performance characteris-
tics, the MK 4027 also incorporates several different
and flexible operating modes and system-oriented
features. These features include direct interfacing ca-
pability with TTL, low capacitance inputs and out-
put, on-chip address and data registers, two methods
of chip selection, simplified ( -only) refresh oper-

ation, and flexible column address timing to compen-
sate for system timing skews. Also, the MK4027 of-
fers a unique cycling operation called page-mode.
Page-mode timing is very useful in systems requiring
Direct Memory Access (DMA) operation.

Before delving into the more detailed aspects of
the MK 4027, it is helpful to obtain a basic under-
standing of the internal circuit operation. Once a de-
signer understands the fundamental operation of the
MK 4027, it is much easier to see how and why the
device operates with such improved performance
over existing 4K dynamic RAM designs.

Much of the internal structure of the MK 4027 is
made possible by state-of-the-art processing. The
MK 4027 is fabricated with MOSTEK s ion-implanted
N-Channel silicon gate (Poly I)process, whose basic
steps are illustrated in figure 3. This process allows
independent adjustment of gate and field oxide
thresholds by ion-implantation (a technique intro-
duced by MOSTEK in 1971), which maximizes per-
formance, density, and reliability.

INTERNAL CIRCUIT OPERATION

The internal circuit operation of the MK 4027 is
unlike any other 4K RAM in the industry. The
MK 4027 utilizes a revolutionary new architecture for
semiconductor memories. The circuit layout and de-
sign techniques incorporated within the MK 4027 are
the main reasons for the increased performance capa-
bilities and the additional system-oriented features.
As an aid in understanding the operation of the
MK 4027 refer to the block diagram in figure 4 .

A major difference between the MK 4027 and
most conventional RAMs is that the MK 4027 has

4027 PROCESS STEPS
Figure 3
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only one internal decoder and only one set of input After the Row strobe reaches the proper level
buffers for both the Row and Column addresses. This internally, a series of internal clock edges are generat-

feature greatly reduces the active silicon area and ed to perform special control functions. The first of

input capacitance. Note also that the internal single these clocks serves as a signal to “‘trap’’ the first set of
transistor storage cell matrix is divided into two sec- six addresses into the address input buffers. These

tions with the sense amplifiers and input/output cir- input buffers then generate the address into both true 3NN
cuitry located between the two. This type of sense and complement form in high level, as required by > §
amp configuration causes data stored in half of the the decoder. The addresses are then decoded for se- a S s
memory to be inverted from the data stored in the lection of the proper row in the memory cell matrix. [INPES
opposite half. However, this inversion is completely Also, as the selected row is enabled, a set of dummy Q« S
invisible at the device terminals. The sense amplifiers cells are enabled on the opposite side of the sense ¥ 3
incorporated within the MK 4027 are dynamic, ba- amplifier from the selected Row. These dummy cells IS
lanced, differential sense amps which dissipate no serve to establish the proper trip point or reference

D C or steady-state power. Furthermore, virtually voltage as required by the sense amps to differentiate

all of the circuitry used in the MK 4027 is dynamic between a one level and a zero level when the selected

and consequently, most of the power dissipated by  cell is read. As the selected Row and dummy cells are
the MK 4027 is a function of operating frequency enabled, the address input buffers are already being

rather than active duty cycie. reset and precharged so that the column addresses can
be multiplexed into the chip.
MEMORY CYCLES The last action initiated by the row clocks causes

the data in all 64 cell locations in the selected Row to
The MK 4027 will begin a memory cycle as soon  be latched into the sense amplifiers which , in turn,
as the Row Address Strobe (RAS) input is activated. restore proper data back into the cells. (This action is
This is done by changing the voltage potential at the ~ known as refreshing.) The selected Row output from
RAS input from a high level to a low level. The first  the decoder remains enabled as long as the Row Ad-

internal action that takes place is the conversion of dress Strobe (RAS) is at a logic O level.
the TTL-compatible RAS signal to the MOS (12 volt) The second chain of events within the MK 4027
level that is required within the chip. The internal memory cycle, assuming that RAS_is active, occurs
amplifier that performs this conversion is, of necessi- when the Column Address Strobe (CAS) is activated.
ty, powered up at all times. Therefore, the RAS in- As soon as the CAS is brought to logic O level, the
put buffer always dissipates some D C_power. The output buffer is turned off and the output assumes
steady-state power dissipated by the input buf- the high impedance (open-circuit) state. If, at this
fer is the main component of the overall standby time, the input circuitry is ready to process the co-
power. lumn data, the low level CAS signal is converted to
MK 4027 FUNCTIONAL BLOCK DIAGRAM
Figure 4
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high level (12V) CAS. However, if the circuit is not
yet ready to process column data, generation of the
high level CAS signal is delayed. The internal mech-
anism for determining whether the MK 4027 is ready
to process the column information is controlled by
a signal from the row clock generator. This signal in-
hibits all column clocks until the sequence of row
clocks has progressed to the appropriate time in the
memory cycle. The internal “gating” of the RAS
and CAS clocks has a very significant impact on ex-
ternal operation of the part. This is discussed in de-
tail in a later section of this application note.

After CAS reaches the proper internal level, a
series of clock edges are generated which operate in
a similiar manner to the RAS clocks. In the case of
CAS, however, the second rather than the first clock
serves to “‘trap’’ the second set of six addresses into
the address input buffers. These buffers again gen-
erate true and complement high level addresses as re-
quired by the decoder. Also, at this time the
circuitry is enabled and the input/output data buses,
which are routed through the center of the cell ma-
trix, and the output buffer are all precharged to pro-
per levels.

If the WRITE input is activated, a parallel series
of clocks are enabled in addition to those enabled by
the CAS circuitry alone. While the column addresses

are trapped into the address input buffers and con-
verted into true and complement high-level addresses,
the WRTTE input is converted to a high-level clock
and data is latched into the data input buffer where
it is also converted to true and complement, high -
level information. Itshould be pointed out_that the
CAS circuitry also enables the Chip Select (CS) input.
The Chip Select input buffer is essentially the same
type of circuit as an address input buffer, but, if the
Chip Select input is not activated, the remaining se—
ries of CAS clocks are inhibited.

If, at this point in time, the chip has received a
Row Address Strobe and a Column Address Strobe
(with the Chip Select active), the chip will initiate
either the Read or Write operation as indicated by the
state of the input. The decoder selects the
proper column by enabling the coupling transistors
which connect the selected columns to the data
input/data output differential bus pairs. During a
read cycle, data is transferred from the selected sense
lines to the I/0 bus pairs. A write cycle will cause
data to be transferred from the selected data I/0 bus
to the sense lines so that proper data is forced into
the selected storage cell. After the correct data is
present on the I/0 bus, the data output buffer is
latched and the correct information is presented at
the output of the chip. Once the output buffer is
II%cged, the output is decoupled from the internal

us.

FUNCTIONAL FLOW CHART
Figure 5
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After the chip has performed all the functions
required for a read, write or refresh operation,it re-
mains in_a quiescent state until the input control
clocks (RAS and CAS) are taken to the inactive (hi%‘h)
state. |f RAS remains active and CAS is taken to the
precharge (high) condition, the previously selected
column will be turned off and the multiplexed por-
tion of the address decoder will be reset and precharg-
ed,ready for a new CAS cycle. However, the previ-
ously selected row will remain enabled and the sense
amps will retain the information read from that row.
(This feature of the MK 4027 makes possible “‘page-
mode’’ operation.) When RAS is terminated, the se-
lected Row is turned off, the sense lines and the data
1/0 buses are precharged and the dummy cells are re-
set. Also, the input buffers and decoders are reset
and precharged, ready for a new cycle. Deacti-
vating RAS also forces CAS into the precharge condi-
tion internally, even though CAS may remain active
at the input.

The internal workings of the MK 4027 can be
best summarized by referring to the Functional Flow
Chartin figure 5.  From this brief outline of the in-
ternal operation of the device it is easy to see how the
MK 4027 is capable of so many different and flexible
timing modes. Besides the usual read, write, and
read-modify-write cycles, the MK 4027 is also capable
of “page-mode” cycles (very useful in Direct Memory
Access operation) and ‘‘delayed-write” cycles (very
useful in shift register applications.) While keeping
in mind the internal structure of the MK 4027 it is
now appropriate to delve into a more detailed discus-
sion of the external characteristics and system impli-
cations of the MK 4027 memory device.

EXTERNAL DEVICE CHARACTERISTICS
ADDRESSING

As stated earlier, the 12 address bits required to
decode one of the 4096 cell locations within the MK
4027 are multiplexed onto the 6 address inputs and
latched into the on-chip address latches by externally
applying two negative-going, TTL-level clocks. The
first clock, the Row Address Strobe (RAS), latches
the 6 row address bits into the chip. The second
clock, the Column Address Strobe (CAS), subse-
quently latches the 6 column address bits plus Chip
Select (CS) into the chip. Each of these clock signals,

and CAS, triggers off a sequence of events which
are controlled by different delayed internal clocks.
The two clock chains are linked together logically in
such a way that the address multiplexing operation is
done outside of the critical path timing sequence for
read data access. The later events in the clock
sequence are inhibited until the occurence of a delay-
ed signal derived from the RAS clock chain. This
“gated CAS"’ features allows the CAS clock to be ex-
ternally activated as soon as the Row Address Hold
Time specification (tRAH) has been satisfied and the
6 address inputs have been changed from Row ad-
dress to Column address information. This results in
a system limit of tRCD = tRAH *+ tT + tASC (tT =
one transition time).

Note that CAS can be activated at any time
after tRAH and it will have no affect on the worst
case data access time (tho\c) up to the pointin time
when the delayed row clock no longer inhibits the
remaining sequence of column clocks. Two timin
end points result from the internal gating of C—KSg
which are called tRcp (min) and trcp (max). No

data storage or reading errors will result if CAS is
applied to MK 4027 at a point in time beyond the
tRcD (max) limit. However, access time will then
be determined exclusively by the access time for
CAS (tcac) rather than from RAS (tRAC), and
access time from RAS will be lengthened by the
amount that tRcD exceeds the tRcD (max) limit.

The sigiificance of this “gated CAS” feature is
that it allows a multiplexed circuit, such as the
MK 4027, to be comparable in performance (access
time) with non-multiplexed devices such as the 18-
and 22-pin 4K RAMs. In essence, it allows the
designer to compensate for system timing skews that
may be encountered in the multiplexing operation
when addressing the device. In the MK 4027, the
“window’’ available for multiplexing from row ad-
dress to column address information while still
achieving minimum access time (tRAC) is a full 25%
of access time.

MEMORY CYCLES

Once the MK 4027 is properly addressed, the
device is capable of performing various types of
memory cycles. Selection of the various cycles, whe-
ther read, write or some combination thereof is
controlled by a combination of and WRITE
while RAS is active. Also, since Chip Select (C'§)
does not have to be valid until CAS, which is well in-
to the memory cycle, it is possible to start a cycle be-
fore it is known which is the selected device.

Data is retrieved from the memory in a read-only
cycle by maintaining WRITE in the inactive or high
state throughout the portion of the memory cycle in
which CAS is active. Data read from the selected cell
will be available at the output within the specified
access time.

Data to be written into a selected cell is latched
into an on-chip register by a combination of WRITE
and CAS while R?%S is active. The later of these sig-
nals (WRTTE or CAS) to make its negative transition
is the strobe for the Data-In register. This permits
several options_in the write cycle timing. In a write
cycle, if the WRITE input is brought low prior to
C‘kg, the Data In is strobed in by éks, and the set-up
and hold times are referenced to CAS. |f the data in-
put is not available at time or if it is desired that

-the cycle be a read-write cycle, the WRITE signal will

be delayed until after CAS goes low. In this “delayed
write cycle’” the data input set-up and hold times are
referenced to the negative edge of WRITE rather than
to CAS. Note that delaying until after the
negative edge of CAS is termed a “read-write cycle’’
rather than read-modify-write. In a read-write cycle,
it is not necessary to wait until data is valid at the out-
put before the write operation is started. This feature
Is very useful when the MK 4027 is used in sequen-
tial memory applications or in systems that employ
“interleaving techniques.” However, if a true read-
modify-write cycle is required (where the write opera-
tion occurs after read access), then WRITE can occur
while RAS and CAS are still active and after tCAC.
To take full advantage of this CAS/WRITE signal
relationship it is necessary for one to understand how
the Data Out Latch is controlied. The most import-
ant fact to remember is that any change in the condi-
tion of the Data Out Latch is initiated by the CAS ne-
gative edge. The output buffer is not affected by
memory cycles in which only the RAS signal is ap-
plied to the MK 4027. Whenever CAS makes a negative
transjtion, the output will go unconditionally open-
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circuited, independent of the state of any other input
to the chip. If the cycle in progress is a read, read-
modify-write, or a delayed write cycle and the chip is
selected, then the output latch and buffer will again
go active, and at access time will contain the data
read from the selected cell. This output data is the
same polarity (not inverted) as the input data. If the
cycle in_progress is a write cycle (WRITE active low
before CAS goes low) and the chip is selected, then at
access time the output latch and buffer will contain
the input data. Once having gone active, the output
will remain valid until the MK 4027 receives the next
CAS negative edge. Intervening refresh cycles in
which is received, but no EKS will not cause
valid data to be affected. Conversely, the output will
assume the open-circuited state during any _cycle in
which the MK 4027 receives a CAS but no RAS sig-
nal (regardless of the state of any other inputs). The
output will also assume the open-circuit state in nor-
mal cycles if the chip_is unselected. Note that if the
chip is unselected (8’5 high at CAS time) WRITE
commands are not executed and, consequently, data
stored in the memory is unaffected.

The three-state data output buffer presents the
data output pin with a low impedance to V¢ for a
logic 1 and a low impedance to VSS (Ground) for a
logic 0. The effective resistance to V¢ (logic 1"
state) is 42082 maximum and < 100 €2 typically.The
resistance to VS (logic ‘0" state) is 12582 maximum
and < 50Q typically. The separate VG pin allows
the output buffer to be powered from the positive
supply voltage of the logic to which the chip is inter-
faced. During battery standby operation, the VcC
pin may have power removed without affecting the
MK 4027 refresh operation. This allows all system
logic except the timing circuitry and the refresh
address logic to be turned off during battery standby
to conserve power.

Specified on the MK 4027 data sheet are two
electrical characteristics of the device which guaran-
tee the appropriate state of the data output during a
write cycle. These two specifications, to WRI & E
delay (tRwD) and CAS to WRITE delay (tcwD) are
not restrictive operating parameters. They are includ-
ed in the data sheet as electrical characteristics only.
The values listed in the “minimum’’ and “maximum”’

THESE PARAMETERS APPLY TO ALL MK 4027 MEMORY CYCLES:

SYMBOL DEFINITION

tRFSH Maximum time that the device will retain stored data without being refreshed.

tRP RAS precharge, or RAS inactive time of a cycle.

tRCD RAS to CAS lead time. Operation within the tRcD (max) limit insures that tRAC
(max) can be met. tR_?_D max) is specified as a reference point only; if tRcD is
greater than the specified tRcpD (max) limit, then access time is controlled exclusively
by tcac.

tASR Row address set-up time.

tRAH Row address hold time.

tASC Column address set-up time.

tCAH Column address hold time.

tcsH Column address strobe hold time

tAR Column address hold time referenced to RAS.

tCcSC Chip select set-up time.

tCH Chip select hold time.

tCHR Chip select hold time referenced to RAS.

tCRP CAS inactive to RAS active precharge time.

tOFF Output buffer turn-off delay.

tRAS RAS pulse width or active time.

tCAS CAS pulse width or active time.

tRAC Access time from RAS falling edge.

tCAC Access time from CAS falling edge.

tT Transition time (rise and fall). Transition times are measured between V|HC or
VIH and V| . VIHC (min) or VIH (min) and V|| (max) are reference levels for
measuring timing of input signals.
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columns should be inserted as terms in the following 3. If tcwD does not meet the above constraints

equations: then the data out latch will contain indetermi-
1. If tcwD * tT < tcwD (min), the data out nate data at access time.
latch will contain the data written into the se- The following diagrams are representations of the
lected cell. MK 4027 timing waveforms for reelid, write andfd%lay— >
ed-write or read-modify-write cycles. A list of the :
2. L{:{ng?mix)m%wc? ig‘:’é)a; t)-[nfrlftgt?vv\\fllljl c>on- timing parameters associated with each cycle is also 5 =
tain the data read from the selected cell. included. N 3 %
o S
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tACC* Device access time, tACC, is the longer of two calculated intervals:
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*  This parameter is not shown in the timing waveforms.
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WRITE CYCLE

Figure 7
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Random read or write cycle time. tRC (min) > tT + tRAS + tT + tRP.
Write command hold time referenced to CAS.

Write command hold time referenced to RAS.

Write command pulse width.

Write command to RAS lead time.

Write command to CAS lead time.

Data In set-up time (referenced to CAS).

Data In hold time (referenced to CAS)

Data In hold time (referenced to RAS)
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READ - WRITE / READ - MODIFY - WRITE CYCLE
Figure 8
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tRWC Read-write or “delayed write” cycle time. tRwC (min) > tT +tRCD + tT + TCWD
+ tRWL + tT + tRP. This is the minimum time to insure that both a read and write
operation will occur at the same address in a single memory cycle.

tRCS Read command set-up time.

twP Write command pulse width.

tRWD RAS to WRITE delay.

tCWD CAS to WRITE delay.

tRWL Write command to RAS lead time.

tCWL Write command to CAS lead time.

tDS Data In set-up time (referenced to WRTTE).

tDH Data In hold time (referenced to WRTTE).
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PAGE MODE READ CYCLE

Figure 9
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PAGE MODE

Keeping in mind the above mentioned cycle oper-
ations, it is now appropriate to introduce another ca-
tegory of memory cycles. The “page-mode’’ opera-
tion allows for successive memory operations at mul-
tiple column locations at the same row address with
increased speed and with decreased power. This is
done by strobing the row address into the chip and
keeping the RAéJ signal active (at a logic 0) through-
out all successive memory cycles in which the row
address is common. This “page-mode’’ operation will
not dissipate the power associated with the negative
going edge of RAS. Also, the time required for strob-
ing in a new row address is eliminated, thereby de-
creasing the access and cycle times. Every type of
cycle-read, write, read-modify-write and delayed-
write cycles—can all be performed in the page mode.
Also, the chip select (CS) is operative in page mode
just as in normal cycles. It is not necessary that the
chip be selected during the first cycle for subsequent
cycles to be selected properly in a page operation.
Likewise, the CS input can be used to select or disab-
le any cycle (s) in a series of “‘page’’ cycles. This fea-
ture allows the page boundary to be extended beyond
the 64 column locations in a single chip._The page
boundary can be extended by applying RAS to mul-
tiple 4K memory blocks and decoding CS to select
the proper block.

The addition of page mode to the MK 4027's
repertoire of features adds only two additional con-
straints to the timing parameters mentioned earlier.
The first constraint is that the length of time that a
single chip can remain in the page mode is limited to
the maximum RAS pulse width (tRAS) as specified
on the data sheet. Second, the precharge time
(tcp), or the time from the positive edge of in
one page cycle to the negative edge of in subse-
quent page cycles must be obeyed.

The following timing waveforms illustrate the
page mode operation. Note that the page-mode
write cycle depicts the Data In set-up and hold times
referenced to ‘\7)VFH TE rather than . Once again,
this is to illustrate the flexibility of the write cycle
operation. Page-mode operation is particularly use-
ful in transferring large blocks of data into or out of
memory.

REFRESH

Refresh of the dynamic cell matrix is accomplished
by performing a memory cycle at each of the 64 row
addresses within each 2 millisecond time interval.

Any cycle in which a RAS signal occurs, accomplishes
a refresh operation. A read cycle will refresh the se-
lected row, regardless of the state of the Chip Select
(CS) input. A write or read-modify-write cycle also
refreshes the selected row, but the chip should be un-
selected to prevent writing data into the selected
cell. If during a refresh cycle. the MK 4027 receives
a RAS signal but no CAS signal, the state of the out-
put will not be affected. Therefore, data from the
previous cycle will remain_valid throughout the re-
fresh cycle. However, if “RAS-only” refresh cycles
(where RAS is the only signal applied to the chip)
are continued for extended periods, the output buf-
fer may eventually lose proper data and go open-
circuit. The output buffer will regain activity with
the first cycle in which CAS is appiied to the chip.

The following diagram illustrates the “RAS-only”’
refresh cycle:

POWER DISSIPATION

The worst case power dissipation of the MK 4027,
continuously operating at the fastest cycle rate, is
the sum of [VDD (max) X Ipp (max) plus VBB
(max) X IBB (max)], where maximum currents are
the maximum currents averaged over one memory
cycle. The worst case power for the MK 4027 with
a cycle rate of 375 nanoseconds is less than 470mW,
while the typical poweris 170mW ata 1 uscycle time.

Typical power supply current waveforms for
various types of memory cycles are shown in figure
12. From this picture it is easy to see that most of
the power drawn by the MK 4027 is the result of an
address strobe charging the capacitances of various
internal circuit nodes.

Note also that there is very small DC component
in the current waveforms, independent of how long
the address strobes remain active. This is because
most of the circuitry in the MK 4027 is dynamic,
with the exception of the RAS input buffer.

The first portion_of the current waveforms
illustrates a normal RAS/CAS memory cycle. As ex-
pected, the DD waveform has three major current
peaks above ground level. These occur when RAS
goes active,then when CAS internally goes active,
and finally when both RAS and CAS go back into
precharge. On the other hand, both positive and ne-
gative current transients are associated with IgB. This
results in peak currents that can be two to four or-
ders of magnitude higher than the average D C value.

The second cycle is representative of a page-mode
cycle in which is completely enveloped by RAS.

“RAS ONLY” REFRESH CYCLE
Figure 11
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Note that delaying CAS until well after RAS goes_ne-
gative demonstrates the relative contributions of RAS
and CAS to total power. This type of cycle opera-
tion has the effect of reducing the peak current assoc-
iated with RAS and CAS going into precharge simul-
taneously. Instead, two smaller current spikes are
generated, each coinciding with the separate termina-
tion of CAS and RAS. From the current waveform it
is clear that approximately 60% of all active power is
due to RAS and only about 40% of all active power is
due to Thus, even with increased frequency,
the maximum power dissipated in a page-mode opera-
tion is less than that in a normal cycle.

The third cycle is a ““RAS-only”’ cycle which can
be used for the refresh operation. Note that the
MK 4027 will dissipate considerably less power when
the refresh operation is accomplished with a ’‘RAS-
only’’ cycle as opposed to'a normal RAS/CAS cycle.

TESTING THE MK 4027 MEMORY DEVICE

Production testing of each MK 4027 memory
device begins early in the process of every MK 4027
wafer. Once a wafer is processed, each individual die
on that wafer is subjected to probe testing. This is
where each die is probed and tested for functionality,
leakage and continuity. All die that pass this test are
then packaged and subjected to further Quality As-
surance Processing.

The next bagrage of tests include the following:

100% Pre-burn testing at high temperature (for
function, leakage, and continuity)

100% Temperature Cycling-screened to 10 cycles,
—65°C to +150°C

100% Centrifuge - screened to insure positive die
and bond attachment

100% Dynamic Burn-In - each device is operated
at conditions well beyond data sheet limits for
many hours to insure that only quality devices
reach the end user.

All MK 4027 devices that pass the previous tests
are then final tested for customer use. At final test,
all devices are tested at high temperature, to all data
sheet AC and DC specifications with wide guardbands.
This type of Quality Assurance Processing and Test-
ing insures that not only does every MK 4027 per-
form well within the established data sheet limits, but
also exhibits the quality and reliability standards ne-
cessary for today’s (and tomorrow’s) data processing
applications.

Thorough testing of every MK 4027 is performed
on what MOSTEK calls “MASTER TESTERS.” These
machines incorporate a very versatile pattern genera-
tor made by Computest and a very sophisticated para-
metric measurement unit (PMU) and clock section
that was conceived and constructed by MOSTEK Test
Equipment design engineers. This combination of
purcnased and custom designed hardware is controli-
ed by a PDP-11 minicomputer. These MASTER
TESTERS are used not only in production testing
but also in the engineering characterization of the
MK 4027. This permits excellent correlation between
characterization and production testing on the device.
The test equipment is also used as an analysis tool in

RAS /CAS CYCLE - LONG RAS/CAS CYCLE - RASONLY CYCLE

Figure 12
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circuitry shown below. Note that this is for testing
purposes only and is certainly not required or recom-
mended for system use.

MK 4027 ADDRESS INTERPOLATION

Figure 13
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MOSTEK's 4K testing area.

Ag

As
the “‘continuing engineering’’ phase of MK 4027 pro- ’
duction.

Establishing one’s own incoming inspection and

Also, since the sense amplifiers within the MK4027
are located in the center of the memory matrix, data

testing procedures for a device as complicated as a
4K dynamic RAM is one of the most important and
critical procedures in any production program. Usua-
lly the effectiveness of the screening procedure may
not be known until several assembled systems have
been field tested for several months. Therefore, it is
important that proper screening procedures are em-
ployed early in any production program.

Many times, in establishing electrical end-point
tests, it is necessary to know the proper external ad-
dressing sequence to insure sequential addressing
within a memory device. The internal address bit
map of the MK 4027 is arranged in a somewhat un-
usual fashion to keep the chip size to a minimum.
Therefore, sequentially addressing the MK 4027 can-
not be done with a straight binary count without the

stored in half of the memory will be inverted from
the data presented at the input pin. Once again, this
inversion is completely transparent to the user (i.e.,
data stored in the memory as a “‘1" or 0" at the in-
put will, when subsequently accessed, appear as a
““1" or “Q" respectively at the output). However, if
one wishes to determine the polarity of data stored
in the memory, refer to the following chart.

ROW ADDRESS Ag | DATA STORED

0 inverted data
1 true data
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MOSTEK.

16K- THE NEW GENERATION DYNAMIC RAM

By DERRELL COKER

Technical Brief

Extensive design effort has been expended in the devel-
opment of 16K RAMs to insure that many of the problems
and peculiarities of the previous generation RAMs (1K'’s
and 4K'’s) have been eliminated. This paper will show how
such undesirable device characteristics as excessive power
dissipation, inadequate noise margins (at the input and
output terminals), restrictive timing, and unexplained
“soft errors’’, have all been designed out of the new genera-
tion 16K dynamic RAMs.

Looking back at some of the popular MOS RAMs of the
early 1970's, one cannot help but remember the many
different device configurations, each with its own peculiar
operating modes and timing restrictions. Memory devices
have emerged which require multiphase, high level clocks
and others with multiplexed address inputs and/or multi-
plexed 1/0. With a strong move towards standardization,
the semiconductor memory industry is in a much more
fortunate situation with 16K RAMs than with any previous
memory product. Never before could the user experience
such numerous benefits from a single memory device.

16K Technology Overview

Before delving into the user benefits and features of
16K RAMs, it is first necessary to take a look at two of the
most important, yet most often ignored aspects of a device -
chip architecture and process. These two elements combine
to serve as a reference point for comparing any LSI device
to a similar one, and for establishing a device as a "'state-
of-the-art”’ product.

MK 4116 FUNCTIONAL DIAGRAM

Figure 1.
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The block diagram (functional layout) of the MOSTEK
MK 4116 appears in Figure 1. The chip is organized inter-
nally as two 8K sub-arrays which form a single 128x128
baianced array. The coiumn decodei and sense-refresh
amplifiers are in the middle of the matrix and “"dummy
cells” are located at each side. The "dummy cells’’ establish
a voltage reference for the balanced sense amplifiers. One of
the array halves inverts data and will store an input “one”
as a low level in the storage cell (a second inversion is
performed by the output circuitry so that this internal
inversion is not seen at the device terminals). The control
circuitry surrounding the array is controlled by networks
of clock generators which are activated by the externally
applied Row and Column Address Strobe (RAS and CAS)
signals. Access time is determined exclusively by clock
delays internal to the circuit and is influenced only by
influencing these internal delays. This design feature can
greatly inpact testing since there is no reason to search for
a test sequence or data pattern which is worst-case for
access time. As a final comment, note that the address
input buffers are multiplexed between row and column
'ddresses while the row and column decoders are indepen-
dent circuits. This greatly reduces the input capacitance at
these terminals over previous multiplexed RAMs where
each address pin was connected to two input buffer circuits.

As with most 16K RAM devices, the MOSTEK
MK 4116 is fabricated with a two level N-channel poly-
silicon gate process and a single transistor dynamic storage
cell. The two level polysilicon process greatly enhances
circuit density without a substantial increase in process
complexity over the standard single level N-channel poly-
silicon process. Both processes, however, allow independent
adjustment of gate and field oxide thresholds by ion-
implantation which maximizes performance, density, and
reliability.

The layout of the storage cell in the MK 4116 is shown
in Figure 2. This is a conventional one-transistor dynamic
storage cell implemented with MOSTEK's double-level
polysilicon (Poly 1l) process. The row (word) select lines
are metal, eliminating concern over propagation delays
down the long (80 mil) word lines. Data transfer to and
from the cell is through the diffused column (digit) lines.
The top plate of the storage capacitor is Vpp (first level of
polysilicon) which allows charge to be stored in the de-
pleted region beneath this level. Metal word lines contact
the second poly level which forms the gate of the transfer
device isolating the storage cell from the digit line. The cell
is relatively insensitive to variations in the doping level
of both first and second poly. In fact, performance of the
cell is primarily influenced by junction depth, oxide thick-
ness, and mask geometry, all parameters which tend to
remain constant.
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MK 4116 CELL LAYOUT
Figure 2.
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A cross section of a single storage cell is shown in
Figure 3. Using the standard silicon gate process this cell
would be made of two elements —the pass transistor and a
storage capacitor. However, because of the use of two
levels of poly-silicon, no layout space is required to separate
these components and, therefore, should be regarded as
one component only. Actual dimensions of the double-
poly cell are approximately 14.5 um x 30 um. It is esti-
mated that by the end of 1977, further refinements of the
basic five mask Poly II* process technology will produce
16K RAM devices with an overall chip area less than
18,000 mil2,

* Actually, the Poly Il process uses a total of seven
mask steps. However, only five mask steps are required to
define the product; the other two are very non-critical
mask operations which enhance device reliability and
improve yield.

Timing Considerations

Although the multiplexed address 16K RAM requires
two strobe signals (RAS and CAS) for control purposes,
the timing of these clocks is very flexible when compared
to the original multiplexed RAM introduced in 1973. The
original design made no allowances for the additional time
required to perform the address multiplexing. Also, since
the internal RAS and CAS clock generators functioned
totally independent of one another, several unnecessary
restrictions were put on the “precharge’” and "‘refresh’”
operations. Several 16K RAM designs (including MOSTEK's
MK 4116) have overcome these timing inconveniences by
enhancing the operation of the internal_clock generators
and implementing a feature called ""gated CAS".

The inclusion of the “gated CAS’ feature allows for
more flexible timing on the RAS to CAS delay time speci-
fication so that the system designer can compensate for
timing skews and “uncertainties’’ that may be encountered
in the multiplexing operation (refer to Figure 4).
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Each of the control signals, RAS and CAS, triggers
a sequence of events which are controlled by different
delayed internal clocks. The two clock chains, as illustrated
in Figure 5, are linked together logically such that the
address multiplexing operation is done outside of the
critical path timing sequence for read data access.

GATED INTERNAL CLOCK CIRCUITRY
Figure 5.
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The later events in the CAS clock sequence are inhibited
until the occurance of a delayed signal derived from_the
RAS clock chain. This “gated CAS” feature allows the CAS
clock to be externally activated as soon as the Row Address
Hold Time (tRAH) specification has been satisfied and the
address inputs have been changed from Row Address to
Column Address information.

Note that CAS can be activated at any time after tRAH
and it will have no effect on the worst-case data access
time (tRAC) up to the point in time when the delayed row
clock no longer inhibits the remaining sequence of column
clocks. Two_timing end-points result from the internal
gating of CAS which are called tRCD (min) and tRCD
(max). No data storage or reading errors will result if CAS
is applied to the device at a point in time beyond the
tRCD (max) iimit. However, access time wiii then be
determined exclusively by the access time from CAS (tCAC)
rather than from RAS (tRAC), and access time from RAS
will be lengthened by the amount that tRCD exceeds the
tRCD (max) limit. This relationship is depicted in Figure 6.

GATED CAS TIMING RELATIONSHIP
Figure 6.
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Also, as a result of the entertwined clock generators,
precharge of all internal circuitry is initiated by RAS going
to the inactive state. This removes several timing restrictions
from the trailing edge of TAS, allowing the simplified
"“RAS only" refresh operation as well as improved operation
of the Data Output.

WRITE CYCLE

Figure 7
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Basically, Data Out of the “unlatched” type of
16K RAM is valid within the specified access time and will
remain valid until the Column Address Strobe (CAS) is
taken to the inactive state. However, in early write cycles
(WRTTE active low before CAS goes low, see Figure 7) the
data output will remain in the high impedance (open-
circuit) state throughout the entire cycle. This type of
output operation results in some very significant system
implications.

Common 1/O Operation — If all write operations are
handled in the “early write’’ mode, then DjN can be con-
nected directly to DOUT for a common |/O data bus.

Data Output Control — DQUT will remain valid during a
read cycle from tCAC until CAS goes back to a high level

b bl o rnenal 1
{precharge}, allowing data to remain valid from one cycle up

until a new memory cycle begins with no penalty in cycle
time. This makes the RAS/CAS clock timing relationship
very flexible.

Two_Methods of_Chip Selection — Since DQUT is not
latched, CAS and/or RAS can be decoded for chip selection.
If both RAS and CAS are decoded, then a two dimensional
(X,Y) chip select array can be realized.

Noise Margins

The ability of an MOS memory device to interface with
logic families outside its own has always been a marginal
situation. With the new generation 16K RAM, the problems
of high capacitance, high level address inputs have been
eliminated along with the old familiar design glitch which
caused the address inputs of several popular RAM types to
source current out of their input terminals. As veteran
designers might recall, this condition injected a significant
current spike on the address lines which decreased noise
margin and prevented the use of Schottky address drivers
in the system. To overcome these problems in 16K RAM
desngn means, that for the first time, MOS memory
elements can be >unuunucu by mgn per.ormance lugl\.
families (Schottky TTL) in the system to achieve maximum
performance with adequate noise margins.

To provide wide operating margins and noise immunity
desired by users, a special input stage has been incorporated
into the MK 4116 to detect true TTL input levels. A circuit
schematic of this stage is shown in Figure 8. The principle
behind this curcuit is a simple differential amplifier which
compares the incoming TTL level to an on-chip 1.5 volt
reverence level. This type of circuit can be designed to
detect “one” levels greater than or equal to 2.2 volts and
"zero” levels less than or equal to 0.8 volts.

In the circuit in Figure 8, a positive common mode
voltage boost is capacitively coupled to the gates of tran-
sistors T3 and T4 to assure that at least one of them is
turned on when the “latch’’ command is initiated from the
control clock generator. Note that the input buffer will
latch properly even though both the input and reference
voltages may be less than the device threshold voltage. The
addition of T1 and C1 in the V|N path helps to increase the
amount of negative undershoot on V|N which can be
tolerated between the time TA goes low and the time the
latching action takes place. This type of input circuit
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MK 4116 ADDRESS INPUT BUFFER
Figure 8.
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requires the shortest possible address hold times and allows
the input circuitry to function independent of device
thresholds and other process parameters.

The output drive capability of a RAM is also a very
important area of concern. Many times the load circuit
which a vendor uses to measure the access time of a device
is not representative of typical system loading conditions.
If actual system loading is much greater than the load used
by the manufacturer to measure access time, then the device
will be marginal in the system. With typical system capac-
itance loading far in excess of 60pF, it is necessary for the
new generation 16K RAMS to accommodate two TTL
loads in addition to driving 100pF capacitance.

Power Dissipation

A major breakthrough in the reduction of active power
dissipation in dynamic RAMs results from the use of
dynamic circuitry throughout the entire device, specifically
in the sense amplifiers. Without going into a detailed dis-
cussion of dynamic RAM design, it will suffice to say that
dynamic flipflop type level detector is made possible by
providing an access path to both the true and complement
sense lines associated with each amplifier. This sense
amplifier configuration does not require digit pull-up
transistors which are the major source of active power
dissipation in a dynamic RAM. Figure 9 is a comparison of
the current waveforms (characteristics) of two similar
RAMs, one incorporating the dynamic sensing approach
and the other using static loads in the sense amp circuits.

The user benefits derived from RAMs designed with
dynamic sense amplifiers extends far beyond a simple
reduction of the power dissipation. Although low power
is of significant importance, even more important is the
increased inherent reliability (which will be discussed later)
and the impact that the dynamic current characteristics
have on system design.

Since most of the power drawn by the MK 41 16 is the
result of an address strobe transition, the dynamic power is
primarily a function of operating frequency rather than
active duty cycle (as is the case with “static’’ sense amp
designs). This dynamic current characteristic precludes
inadvertent burn-out of the device in the event that the
clock inputs become shorted to ground due to system
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malfunction. With the old conventional design, maximum
current is drawn by the device any time the strobe inputs
are activated. This is the reason that many of the previous
generation RAMs had restrictions on the maximum time
the chip enable strobe could remain active.

STATIC VS. DYNAMIC SENSE AMP
CHARACTERISTICS

Figure 9.
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Fig. 10 Maximum Ipp1 versus cycle rate for device opera-
tion at various frequencies. Ipp1 (max) curve is defined
by the equation:

IDD1 (max) [mA] = 10 + 9.4 x cycle rate [MHz] .




Not only does the dynamic current characteristic of this
device prevent inadvertent burnout, it also allows the
manufacturer of such devices to specify the operating power
as a function of frequency rather than by a "fixed” con-
dition. As illustrated in Figure 10, this allows the system
designer to have a worst-case power specification, guaran-
teed by the manufacturer, which applies to real "use”
conditions.

System Relaibility

Reliability is certainly not a new buzz word in the MOS
memory market. Reliability (or in some cases, the lack of it)
has been an important topic for many years. As most of the
"old-timers” will recall, many of the 1K and early 4K
dynamic RAMs exhibited a phenomenon known as '‘soft
failures’ that drove even the experts into a state of panic.
As 4K RAMs matured it became apparent that something
had to be done to improve the reliability of dynamic RAMs
and restore the credibility of the manufacturers before the
advent of 16K devices.

In evaluating the problems of system reliability, it has
been determined that there exists a strong correlation be-
tween memory devices which exhibit “‘soft failures’ in
systems and memory devices which are intolerent of power
supply noise and/or marginal input levels. Discrete device
testing may prove that the RAM is functional and meets
all specifications; however, what is important to the user
is the “real” system environment.

The new 16K RAM devices have overcome the problems
associated with power supply noise by insuring proper
operation over a wider power supply range — = 10% rather
than + 5% — and by enhanced testing which closely matches
possible user conditions.

POWER SUPPLY TOLERANCE

Figure 11
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|
gf% 7 s \}N | MMB%]
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Fig. 11 Power Supply Tolerance: means that any combina-
tion of (1.) nominal DC level, and (2.) low frequency
ripple, and (3.) high frequency noise is acceptable so long
as the sum of all noise does not go outside the specified
plus and minus (+) envelope.

For any dynamic RAM whose storage capacitor is
returned to Vpp (+12V), a change in Vpp between data
accesses will capacitively couple onto the storage node.
For example, suppose that a low level is written with Vpp
at its lower limit (10.8V) and that the storage node is
discharged to zero volts. If before the next access to this
cell the Vpp level increases, some percentage (typically
about 80%) of this increase will couple onto the storage
node. In older RAM designs, the sense amplifier circuits
had a tendency to recognize this level as a high rather than
the low level which was originally stored.

This condition is further aggrevated in dynamic RAMs
with the static type of sense amplifiers as described earlier.
These high power devices, with their hefty DC current
requirement, have a tendency to cause the DC power
busses, which are routed through the memory matrix, to
droop. The basic nature of a dynamic RAM is such that
the current drawn by the device during an active cycle can
be several orders of magnitude greater than the current
drawn while the device is in standby. This sudden change
in current requirement can create seemingly incurable noise
problems within a system if proper decoupling is not
implemented.

Although no particular power supply noise restriction
exists other than the supply voltages remain within the
specified limits, adequate decoupling should be provided
to suppress high frequency noise resuiting froin the tran-
sient current of the new 16K RAM devices. This insures
optimum system performance and reliability. Bulk capac-
itance requirements are minimal since the MK 4116 draws
very little steady state (DC) current. This characteristic
of the 16K RAM can greatly reduce the expense and com-
plexity of power supply design. This is especially important
when costs of $1 to $1.50/watt are common for a good,
quality power subsystem.

In addition to operating margin, memory component
power consumption is also a major factor affecting
reliability. As degcribed earlier, the technology used to
manufacture 16K” RAMS produces low power devices which
generate little Weat and are less prone to failures induced
by high temperature. Remember, system reliability is
inversely proportional to operating temperature.

CONCLUS!ON

The new generation 16K RAM devices come closer
to answering the needs and addressing the complaints of
semiconductor memory users than any previous Random
Access Memory Product. These emerging 16K RAM devices
are designed and manufactured with the latest state-of-the-
art processing techniques; one which requires few devices
per memory cell; has simple, easily controlled, mature
processing techniques, requires minimal, simple peripheral
circuitry; dissipates little power; is free of intrinsic
reliability problems; and is manufactured by responsible,
careful, and experienced vendors.
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MOGSTEK.

COMPATIBLE MK4027 AND MK4116 MEMORY SYSTEM DESIGNS

By DAVID WOOTEN

Application Note

INTRODUCTION

Memory Systems design is very much like any other
interface design. It requires knowledge of the system
heing interfaced to and also an in-depth knowledge
of the resource being interfaced. This in-depth
knowledge must include the functional and electrical
characteristics of the device as well as power require-
ment, noise sensitivities and driver requirements.
This application note will attempt to cover all of the
areas that are relevant to designing a memory system
using the MK4027 or the MK4116. The discussion
centers around a memory board that was designed
for the LSI-11* microcomputer. Many of the
techniques and methods used in this design can be
applied to almost any other memory system design.

THE LSI-11'BUS

The LSI-11* microcomputer bus is used for all data
transfers within the system. It has four types of
cycles that are of significance to the memory system:
read, write, read-modify-write and refresh. The
timing for each of these cycles as seen from the
interface side of the bus receivers is given in Figs. 1,
2, and 3. Since the memory can never institute a
bus cycle it is always a slave device. As can be seen
from the timing diagrams, all cycles are interlocked
asynchronous. The bus cycles have three phases;
device selection, transfer initiation and transfer
termination. Device selection (either memory or
peripheral) is accomplished by the bus master placing
the device address on the multiplexed address-
data lines. After allowing time for bus delays, driver-
receiver skews and address decode the bus master
sends SYNC to signal that a transfer will take place
between the bus master and the addressed device.
The type of cycle is identified by the state of the
WTBT and the REF lines. Transfer initiation occurs
when the bus master asserts DIN or DOUT. DIN
and DOUT are used to control the direction of
data flow. DIN causes the flow to be from slave
to master (read cycle) and DOUT from master
to slave(write cycle). Transfer termination is caused
by the addressed device (slave) asserting RPLY.
This indicates to the master that the read data is
available on the address/data lines or that the write
data has been received by the slave. In response to
RPLY the bus master drops DIN or DOUT and
the slave in turn drops RPLY. For a read-modify-
write cycle the DIN-RPLY sequence is followed by

a DOUT-RPLY sequence. This allows read-modify-
write to be done with only one address assertion.
The LSI-117also has a protocol to allow for refresh
of dynamic RAMs. Refresh is normally done under
control of the LS!-11%microcode. A refresh cycle
consists of a DIN-RPLY sequence with RFSH active.
During a refresh cycle no data is transferred and
only A1-A6 have any significance. These addresses
are used to indicate which row of a dynamic RAM
is to be refreshed. Sixty-four refresh cycles are
generated in a burst every 1.6ms.

READ (REFRESH) CYCLE TIMING
Figure 1

X DATA e
(oA MR

125 ns MAX —= |o—mo ns MAX

VNG 4
s ans win|—1
|« 150 ns MIN——a[ 015 150 ns
MIN MIN, MIN'
DIN {
300 ns MIN ——e|

TR
A
RS

WRITE CYCLE TIMING
Figure 2
DAL 2 _aoor X DATA

s R vy ep—
swc | l N—/
-l 25ns
— = e 100 ns N | e
MIN ‘

oout

RPLY

T
NN
R R KRR KRR

% i SINEEOIRErss R

25 ns MIN —-|

TS
R RN

wrBT

75 ns,
MIN ™

READ MODIFY WRITE CYCLE TIMING
Figure 3

' l‘_ao s MIN l
SYNC =1 =100 ns MAX
1
I I SR 25 ns MIN—-| [ — gg""f
125 ns
oout —] 125y A ~—=1l150 ns Minf=
=150 ns MiN—=|
OIN
—
f=-150 ns Mine |==300 ns MiN=

RPLY

_~l b=—75 ns MiIN

be—25ns MIN |

*LSI-11 is a trademark of Digital Equipment Corporation
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There are several points about the bus timing that
should be mentioned in passing as they will influence
some of the decisions made later. Since the transfers
on the bus are asynchronous the memory does not
have to respond in a fixed period of time. This is
unlike many other microprocessors that favor syn-
chronous transfers. Another point that should be
made is that the cycle time requirements for the
memory are not very stringent. In fact, the absolute
minimum cycle time with a @ns access memory is
over 800 ns. This leaves quite a bit of ‘dead’ time in
the cycle as far as the memory is concerned.

The final point is that logically there is no difference
between transfers between the CPU and memory, or
CPU and peripheral. Usually, the upper 4K words of
the 32K word address space is reserved for peripheral
addresses. When an address within the range is placed
on the bus, BS7 is asserted to flag the address as being
within the 4K 1/0 page. There is, however, no reason
why the memory cannot be made to respond to some
of the addresses in the /0 page as long as it does not
conflict with peripheral addresses.

MK4027 FUNCTIONAL DESCRIPTION
Addressing

The 12 address bits required to decode 1 of the
4096 cell locations within the MK 4027 are multi-
plexed onto the 6 address inputs and latched into the
on-chip address latches by externally applying two
negative going TTL level clocks. The first clock, the
Row Address Strobe (RAS), latches the 6 row address
bits into the chip. The second clock, the Column
Address Strobe (CAS), subsequently latches the
6 column address bits plus Chip Select (CS) into the
chip. The internai circuitry of the MK 4027 is
designed to allow the column information to be
externally applied to the chip before it is actually
required. Because of this, the hold time require-
ments for the input signals associated with the
Column Address Strobe are also referenced to RAS.
However, this gated CAS feature allows the system
designer to compensate for timing skews that may
be encountered in the multiplexing operation. Since
the Chip Select signal is not required until CAS time,
which is well into the memory cycle, its decoding
time does not add to system access or cycle time.

Data Input/Output

Data to be written into a selected cell is latched into
an_on-chip register by a combination of WRITE and
CAS while RAS is active. The later of the signals
(WRITE or CAS) to make its negative transition
is the strobe for the Data In register. This permits
several options in the write cycle timing. In a write
cycle, if the WRITE input is brought low prior to
CAS, the Data In is strobed by CAS, and the set-up
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and hold times are referenced to CAS. If the data
input is not available at CAS time or if it is desired
that the cycle be a read-write cycle, the WRITE
signal must be delayed until after CAS. In this
""delayed write cycle’’ the data input set-up and hold
times are referenced to the negative edge of WRITE
rather than to CAS. Note that if the chip is un-
selected (CS high at CAS time) WRITE commands
are not executed and, consequently, data stored in
the memory is unaffected.

Data is retrieved from the memory in a read cycle by
maintaining WRITE in the inactive or high state
throughout the portion of the memory cycle in
which CAS is active. Data read from the selected
cell will be available at the output within the
specified access time.

Data Output Latch

Any change in the condition of the Data Out Latch is
initiated by the CAS signal. The output buffer is not
affected by memory (refresh) cycles in which only
the | RAS signal is applied to the MK 4027. Whenever
CAS makes a ne