TMS 4060 JL, NL
LSt 4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

OCTORER 1977
izati 22-PIN CERAMIC AND PLASTIC
= 4096 x 1 Organization DUAL-IN-LINE PACKAGES
o 3 Performance Ranges: (TOP VIEW)
READ,
READOR  MODIFY vas 1[]* 122 ves
ACCESS WRITE WRITE fd i)
TIME CYCLE CYCLE as 2 |( 21 a8
(MAX) {MIN) (MIN) A0 3 I-E' j] 20 A7
TMS 4060 300 ns 470 ns 710 ns
TMS 4060-1 250 ns 430 ns 640 ns
TMS 4060-2 200 ns 400 ns 580 ns an 4 ] 15 a6
. & s g h] ¢ voo
s Full TTL Compatibility on All Inputs Except CE
{No Pull-Up Resistors Needed) o el ) 7 ce
e Low Power Dissipatiqn 5 7 E ﬂ 16 NIC
— 400 mW Operating {Typical)
— 0.2 mW Standby (Typical) a0 8 E h]1s s
* Single Low-Capacitance Clock
e N-Channel Siticon-Gate Technology At e E ﬂ "o
e 22-Pin 400-Mil Dual-in-Line Package AZ 10 E 13 A3
12 RW

description

—— ]
The TMS 4060 series is composed of high-speed dynamic 4096-bit MOS random-access memories, organized as 40%
one-bit words. N-channel silicon-gate technoiogy is employed to optimize the speed/power/density trade -off. Three
performance options are offered: 300 ns access for the TMS 4060, 250 ns access for the TMS 4060-1, and 200 ns for
the TMS 4060-2. These options allow the system designer to mare closely match the memory performance to the

capability of the arithmetic processor.

|
i

Vee

n

requires a positive voltage swing (12 volts), which can be driven by a variety of widety available drivers,

on 0.400:mi! centers.

operation
chip select (CS)

chip enabie {CE)

All inputs except the chip enable are fully TTL-compatible and require no pull-up resistors. The low capacitance of the
address and control inputs precludes the need for specialized drivers. When driven by a Series 74 device, the guaranteed
dc input noise immunity is 200 mV, The TTL-compatible buffer is guaranteed to drive two Series 74 TTL gates. The
TMS 4060 series uses only one clock [chip enablel to simplify system design. The low-capacitance chip-enabie inpu*

The typical power dissipation of these RAM’s is 400 mW active and 0.2 mW standby. To retain data only 6 mW average
power is required, which includes the power consumed to refresh the contents of the memory.

The TMS 4060 series is offered in both 22-pin ceramic [JL suffix) and plastic (NL suffix} dual-in-line packages The
series is guaranteed for operation from 0°C to 70°C. These packages are designed for insertion in mounting-hole sows

The chip-select terminal, which can be driven from standard TTL circuits without an external putl-up resistor, affects
the data-in, data-out and read/write inputs. The data input and data output terminals are enabied when chip selects
low. Therefore, the read, write, and read-modify-write operations are performed only when chip select is low. I the
chip is to be selected for a given cycle, the chip-select input must be low on or before the rising edge of the chip enable
If the chip is not to be selected for a given cycle, chip select must be held high as long as chip enable is high. A registel
far the chip-select input is provided on the chip to reduce overhead and simplify system design.

A single external clock input is required. All read, write, and read-modify-write operations take place when the chip
enable input is high. When the chip enable is tow, the memory is in the low-power standby mode. No read of write
operations can take place because the chip is automatically precharging.
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TMS 4060 JL NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

eration (continued)

mode select (RAW)
The read or write mode is selected through the read/write (RW} input. A logic high on the RAW input selects the read
mode and a logic low selects the write mode. The read/write terminal can be driven from standard TTL circuits without

a puli-up resistor. The data input is disabled when the read mode is selected.

address (A0—A11)

All addresses must be stable on or betore the rising edge of the chip-enabl
standard TTL circuits without putl-up resistors. Address registers are prov
system design.

e pulse. All address inputs can be driven from
ded on chip to reduce overhead and simplify

data-in (D1}
Data is written during a write or read-modify-write cycle while the chip enable is high. The dat;
driven from standard TTL circuits without a putl-up resistor. There is no register on the data-in terminal,

a-in terminal can be

data-out (DO)

The three-state output buffer provides direct TTL compatibility with a fan-out of two Series 74 TTL gates. The output
is in the high-impedance {floating) state when the chip enable is low. 1t remains in the high-impedance state if the
chip-select input is high when chip enable goes high and pravided that chip select remains high as long as chip enable is
high. If the chip select is set up low prior 10 the rise of chip enable and held low an interval after that rise, the output
will be enabted as long as chip enable stays high regardiess of subsequent changes in the level of chip select. A data-valid

mode is always preceded by a low output state. Data-out is inverted from data-in.

refresh functional block diagram

Refresh must be performed every two milliseconds by
¢ycling through the 64  addresses of the
lower-order-address inputs, AG through A5 (pins 8,9,
10, 13, 14, 15), or by addressing every row within
any 2-millisecond period. Addressing any row e
refreshes all 64 bits in that row. The chip does not

need to be selected during the refresh. 1t the chip is A
refreshed during a write mode, then chip select must

be high. The column addresses {A6 through A1) can

be indeterminate during refresh.

P ENABLE

Operating free-air temperature range
Storage temperature range . . . - . . - - s = o oot oo
WOTE: Unger sbsolute maximum r3tings, voltage values are with respect to the most.negative supply voltage. Vgg (substratel,
noted. Throughout the remainder of this data sheet, voltage valuas sre with respect 10 Vsg.

solute maximum ratings over operating free-air temperature range {uniess otherwise noted)

Supply voltage, VCC (seeNote) . . . . . . - - . . —03t020V
Supply voltage, VGG, VDD relativetoVsg . . . - . . -« o 0 - -1t 15V
Supply voltage, Vpp (see Note) . . . . . . . . . ..o e e e e —03t020V
Supply voltage, Vgg (see Note) . . . . . . - . o - ..o e —0.3t 20V
Allinput voltages {see Note) . . . . . . . . . - o . o s e e s T -0.3w 20V
Chip-enable voltage (see Nate) . . . . . . . . . -~ . . . . . .. .....-03w120 v
Output voltage {operating, with respect to Vggl - . o e e e e e e e e —2w0?7V

e e e e e F e 0°C o 70°C

. —55°C 10 150°C

wunless otherwise
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TMS 4060 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

recommended operating conditions (see Note)}

PARAMETER MIN NOM MAX |UNIT
Supply voltage, Vg 475 5 525 v
Supply voltage, Vpp 114 12 126 v
Sugply voltage, Vss 5] v
Supply voltage, Vg —45 -5 55| v
High-level input voltage, Vi (all inputs excapt chip enable) 2.2 5.25| v
High-level chip enable input voltage, V|H{CE} Vpp -06 Vpp *1.0| v
Low-level input voltage, V_{all inputs excep1 chip enable} isee Note} —0.6 06| Vv
Low-level chip enable input voltage, V|| (CE) [see Note) —1 06| v
Refresh time, trpfresh 2| ms
Operating free-air temperature, T a 0 70f C

NOTE: The algebraic convention where the mast negative limit is designated as minimum is usad in this data sheet far lagic voltage levels anty.

electrical characteristics over full range of recommended operating conditions, Ta = 0°C to 70°C

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYPY MAX juNIT
VoH High-level output voltage Ip=—-2mA 24 vee] v
VoL Low-level output voltage lp =3.2mA Vss 04| v
I In(‘)ul current (all inputs except Vi=0105.25V 10| ua
chip enable)
1(CE) Chip enable input current V-0t 13.2V 2| wA
loz High-impedance-state (off-state) Vo 0t525V 10| wa
output current
e Supply current from Veg 2 Series 74 TTL foads D
oD Supply current from Vpp ViHICE) - 126V 30 60| mA
ipp Supply current from Vg, standby VIL(CE) - 0.6 V (after 1 memory cyclel(See Now 2} 20 WA
TMS 4060 32
. Average supply current from Vpp TMS 4060-1 35 .
DDaw) i ing read or write cycle TMS 4060.2 38
Minimum cycle TMS 4060-3 a2
time TMS 4060 32
, Average supply current from Vpp TMS 4060-1 35 - -
DO ring read, modity write cycle TMS 4060.2 38
TMS 4060-3 az
isg Supply current from Vg Veg = —S5V. Vec =525V, 5  -100| uA
Vpp =128V, Vgs = 0V
are ot Tp = 26 C.
2 abla must bI cycled befors | pp) standby measurement is mad +
capacitance at VpDp =12V, Vgs=0V,vgg=-5V,V¢cCc = 5V VI{CE) =0V, V=0V, f=1MHz",
TA = 0°C to 70°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPT MAX JUNIT |
Citag) \nput capacitance address Inputs s 7 ] PF
Cice)  Input capacitance clack input :::23 - ;0\',8 v ;g z: oF
CiCS) Input capacitance chip select input 4 6 | oF
Ci{data) Input capacitance data input 1 6 | oF
Ci(R/W)  !nput capacitance read/write input 5 7 pF
Co Qutput capacitance £ 7 pF
t Al typical values are at T 4 = 25°C.
1ac characterisit only for chip enable duty cycle less than 65% over sach 2 millisecond period
%9 TEXAS INSTRUMENTS
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TMS 4060 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

ad cycle timing requi over r jed supply voltage range, TA = 0°C to 70°C
PARAMETER TMS 4060 | TMS 40601 | TMS 40602 ;¢
MIN_ MAX | MIN_MAX | MIN _MAX
led! Read cycle time 470 430 400 ns.
\WICEH) _ Pulse width, chip enable high 300 4000 | 260 4000 | 230 4000 [ ns
w(GEL) _ Pulse width, chip enable low 130 130 130 s
HCE) Chip-enable rise time 40 a0 a0 | s
HeE) Chip-enable fall time a0 40 40 ns
fufad) __ Address setup time ot ot ot ns
5ulCS) Chip-select setup time ot ot ot ns
sulrd) Read setup time ot ot ot ns
i) Address hold time 501 1507 1501 G
TE Chip-select hold time 1501 1507 1501 s
il Read hold time 404 404 404 [

*.The arrow indicates the edge of the chip enable pulse used for reference: ! far the rising adge, | for the falling edge.

read cycle switching ct istics over nded supply voltage range, Ta = 0°C to 70°C

[r PARAMETER TMS 4080 | TMS 40601 | TMS 40602 |
MIN MAX | MIN MAX | MIN  MAX

tsice) Accass time from chip enable? 280 230 180 | ns

Yalad} Access time Irom address’ 300 250 200 | ns

V‘lpHZ or Output disable time from high i A "30 \; 'ﬁ 50 ~

[Pz or low levelt N A —— P’

leZL Output enable time to low level T 250 200 150 ns

"Titconditions: Cy = 50 pF, tr(CE) = 20 ns, Load = 1 Series 74 TTL gate.
Mastconditions: € = 50 pF, Load = 1 Series 74 TTL gata.

wite cycle timing requi S over r ded supply voltage range, TA = 0°C to 70°C
PARAMETER TMS 4060_| TMS 40601 | TMS 40602 |,
MIN MAX | MIN MAX | MIN MAX
telwr) Write cycle time 470 430 400 ns
wiCEH]  Pulse width, chip enable high 300 4000 260 4000 [230 4000 | ns
WIGELY  Pulse width, chip enable law 130 130 130 ns
"wiwr ] Write pulse width 200 190 180 ns
1ICE) Chip-enable rise time 40 20 40 [ ns
HICE) Chip-enable fall time 40 40 40 [ s
'ailad) Address setup time ot o1 ot ns
' (TF) Chip-select setup time 0! ot ot ns
lgy(da-we) Data-to-write setup time” [ 0 o ns
Ysutwr) Write-pulse setup time 2401 2208 210t s
h{ad) Address hold time 1507 1501 507 e
'h(TE} Chip-select hold time 1601 1507 1501 ns
"hida) Data hold time A07 a0+ 307 ns

*.The artow indicates the edge of the chip snable puise used for reference: ! for the rising edge. | for the falling edge.
"W RAW is low batore CE goes high, then DI must be valid when CE goes high
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TMS 4060 JL, NL :
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read cycle timing

e e eled) -

r‘i - = ~————— tw(CEM)
.
le —

CHIP ENABLE, CE

Tlad) — —

— tsuiad) -
ADDRESS, A0 - A11 M ;
T ,
[ Lu(CS) -
CHIP SELECT, 5 - WCS — -
> ey :

W j— B o S —— X

T 'a

reapmwaite, Ay QO aleal eEr T :
e - — iz — - — PHZ .
DATA OUTPUT.GO FLOATING VALID — FLOATING 7
-~ Lz )

NOTE For the chip anable input, high and low timing points sre 90% and 10% of ViH(CE} Other input timing points ace 06 V (low) E
2.2 V (highl Outpul tming points are 0.4 V (law) and 2.4 V (high)

write cycle timing

e - T Telwe) T o

= * - —— tw(CEH) —

CHIP ENABLE, CE
=~ thiad) ——
B tuiad)

Avoness. a0 - a1 (O | OO

le 3 - - i 4
|

— h(C
. v 1)
CHIP SELECT, TS

READ/WRITE, RAW M:::;;H T wten s ON'T CARE AR -
oM LGARE )
- » [ — Ysutda-wr) e »— thida

YYIVVYV
DATA INPUT, DI W MQ?} T CARE w&

%)
T

NOTE: For the chip-enable input, high and low timing points are 90% and 10% of ViH{CE)- Other input timing paints are 0.6 V (iow} and 2

V (high). Output timing points are 0.4 V (low) and 2.4 V (high). During the time from the rise of CE o the fall of A/W, R/W isp
mitted to changa from high 1o low only. AC charscteristics guaranteed only for cumulative CE duty cycle less than 65% over sech 2 n
period.
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TMS 4060 JL, NL

4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read-modify-write cycle timing requir

over r

dod

supply voltage ranga, TA = 0°C to 70°C

f PARAMETER TMS 4060 | TMS 4060-1 | T™S 40602 oNiT
MIN MAX [ MIN Max| MIN  maXx
to{RMW) Read-modify-write cycle time® 710 640 580 n
wiCEH) __Pulse width, chip enable high~ 540 4000 [ 470 4000| 410 000 ni ]
W(CEL)  Pulse width, chip enable low 130 730 130 o
[ Write pulse width 200 150 i [
W(CE) Chip-enable rise time 40 20 40| ns
WICE) Chip-enable fall time 40 40 40| ns
tsfad) Address setup time ot ot ot ns
W(CS)  Chipselect setup time of of of )
Isy{da-wr) Data-to-write setup time [] 4] [1] ns
Tsutrd} Read pulse setup time CH of o1 ns
Tealwr) Write puise setup time 2461 2201 2101 ns
Thiad} Address hold time 1501 150t 1501 ns
0h(TE) Chip-select hold time 150t 150t 150t ns
htrd) Read hold time 2801 230t 1807 s
th(da) Data hold time 40+ 401 40! n

‘Test conditions: g 4y = 20 ns.

‘sThe arrow indicates the edge of the chip-enable pulse used for reference:

1 for the rising edge, i for the falling edge.

NOTE

V (high). Output timing points are 0.4 V llow) and 2.4
than 65% over each 2 ms period.

For the chip enabte input, high and low timing points are 90% and 10% of V.

V thigh). AC

read-modify-write cycle switching characteristics over r ded supply ge range, Tao = 0°C to 70
TA=0°Cto 70°C
TMS 4060 | TMS 4060-1 | TMS 4060-2
PARAMETER uNIT
MIN MAX | MIN MAX| MIN  mAX
LiCE) Access time from chip enable 280 230 180 ns
Taladh Access time from addressT 300 250 200 ns
- Propagation delay time, low-to-high 30 30 a0 s
V level cutput From write pulset
PHz Output disable time from high tevel T 30 30 30 ns
hzL Output enable time ta low level ¥ 250 200 150 ns
et conditions: €, = 50 pF, tr(CE) = 20 ns, Load = | Series 74 TTL gate.
Han conditions: CL = 50 pF, Load = 1 Series 74 TTL gate.
read-modify-write cycle timing
tei ) -
CHIP ENABLE, CE twCEH) ————— tWiCEL
L ;
aponess, ao-ar SR RXRRRRIRRRK o7 X RRRRRIRRK
(LS 1
cHipseLecT.cs  XO0RY [+ (TS DON'T CAR
| o hird) — - ::lhnl—ﬂ |
= (wr
|
READ/MRITE. RV XXX ’- teulrd) Hird) ]
' - o) b tous{dm-wr) - thiga)
DATA INPUT, OI 2o T £ageX XXX
WLH )
= fo— tpyz
DATA OUTPUT, D
.00 FLOATING DATA MODIFIED FLOATING
—tpzp

1H(CE)- Other input timing points are 0.6 V (low} and 2.2

only for CE duty cycle less
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TMS 4060 JL, NL :
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

timing diagram conventions

MEANING :

TIMING DIAGRAM INPUT OUTPUT i
SYMBOL FORCING FUNCTIONS RESPONSE FUNCTIONS E
Must be steady high or low Will be steady high or low 7

High-to-low changes Wil|| be chang_ing from high
permitted 10 low sometime during
designated interval
tohi Will be changing from low
W— Lo:“i‘x::;gh changes to high sometime during
pe designated interval
V9999990 -
DOCKY X g
”A.,.“"’A ":.!.‘ Don‘t care State unknown or changing -

Center line is high-impedance E

TYPICAL WAVEFORMS
ViH :
CHIP ENABLE
v b :
100
tpp (mA) 50 |- - )
pp '_
oL T 1pp (Standby) ’
25 E
: NICE) (mA) :
a
~25 E
11 (mA) 0.3
(All inputs |: ’\
except CE} 1]
(1] 470 940
TIME (ns) :
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TMS 4060 JL, NL

4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

ACCESS TIMES vs TEMPERATURE
350

TMS 4060 MAX

TMS 4060-1 MAX

250

TMS 4060-2 MAX

200

/‘/‘

TYPICAL SLOPE = 0.75 ns/°C

tatad) — Access Time — ns
3

Cy = 50pF

0 10 20 30 40 50 60 70
Tp — Free-Air Temperature — °c

REFRESH TIME vs TEMPERATURE

ta{ad) — Access Time — ns

ACCESS TIMES vs LOAD CAPACITANCE

350
300 |TMS 2060 MAX [ T T
250 |TMS 4060-1 MAX
| l (PICALTME a5 \
TMS 4060-2 M W
200 A e PCAL T E
T 40602
150 — yPICAL S
] |
100[ | et
TYPICAL SLOPE = 0.25 ns/pF
50
Ta=25°C
0

0 25 50 75 100 125 150 175 200

Cy — Load Capacitance — pF

AVERAGE CURRENT vs TEMPERATURE

WTMNTS RESERVES THE RIGKT T0 MAKE CHANGES AT ANY TIME
MO INPROYE DESIGN AWD TO SUPPLY THE BEST PRODULT POSSIBLE
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£ 100 4 '959(, 3 35 e TYPICATS S 4060.,
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€, a 060
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1 w
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o 4| CURRENT MEASURED AT
2 MAXIMUM RECOMMENDED [—MINIMUM CYCLE TIMES
1 { [ 1 L 15
0 10 20 30 40 50 60 70 0 10 20 3 4 50 60 70
T — Free-Air Temperature — °c Tp — Free-Air Temperature — °c
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