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

OCTOBER 1977

e 4096 x 1 Organization
e 3 Performance Ranges:

READ,
READ OR MODIFY
ACCESS WRITE WRITE
TIME CYCLE CYCLE
(MAX) {MIN) (MIN}
TMS 4060 300 ns 470 ns 710 ns
TMS 40601 250 ns 430 ns 640 ns
TMS 4060-2 200 ns 400 ns 580 ns

Full TTL Compatibility on All Inputs Except CE
{No Puli-Up Resistors Needed)
e Low Power Dissipation
— 400 mW Operating {Typical)
— 0.2 mW Standby (Typical)
* Single Low-Capacitance Clock
N-Channel Siticon-Gate Technology
e 22-Pin 400-Mil Dual-in-Line Package

description

——
The TMS 4060 series is composed of high-speed dynamic 4096-bit MOS random-access memories, organized as 4C%
one-bit words. N-channel silicon-gate technology 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 more closely match the memory performance to the

capability of the arithmetic processor.

Alf inputs except the chip enable are fully TTL-compatible and require no pull-up resistars. The low capacitance of the
address and control inputs prectudes the need for specialized drivers. When driven by a Series 74 device, the guaranteed
de 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 ta simplify system design. The low-capacitance chip-enahie inpu*
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requires a positive voltage swing {12 volts), which can be driven by a variety of widely available drivers.

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-hote sows

on 0.400:mi! centers.

operation
chip select [CS)

The chip-select terminal, which can be driven from standard TTL circuits without an external putll-up resistor, affects
the data-in, data-out and read/write inputs. The data input and data output terminals are enabled when chip select s
low. Therefore, the read, write, and read-modify-write operations are performed only when chip select is low. 1f 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
for the chip-select input is provided on the chip to reduce overhead and simplify system design.

chip enabie {CE)

A single external clock input is required. All read, write, and read-modify-write operations take place when the chio
enable input is high. When the chip enable is tow, the memory is in the low-power standby mode. No read ar wi'te

operations can take place because the chip is automatically precharging.

Vss
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Voo
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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 (RIW) input. A iogic high on the RAW input selects the read
mode and a logic low selects the write maode. 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 before the rising edge of the chip-enabl
standard TTL circuits without pull-up resistors. Address registers are provi
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 data-in terminal ¢
driven from standard TTL circuits without a pull-up resistor. There is no register on the data-in terminal.

an 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. It 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 Jjow prior 1o 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, AQG 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. 1f the chip is bt

refreshed during a write mode, then chip select must
be high. The column addresses (A6 through A11) can
be indeterminate during refresh.

O ENABLE

ange {uniess otherwise noted)

solute maximum ratings over operating free-air temperature r

Supply voltage, VCC (seeNote) . . . . . - . —03t020V
Supply voltage, VCC. VDD relative to 7 S -1t015V
Supply voltage, Vpp (see NOE) . . o e e e e e e e e e e e e e e e —03t020V
Supply voltage, Vgg (see NOW) . . v o e e e e e e e e e e e e e e e 0320V
Allinput voltages {see Note) . . . . . . . . . o . e e e s 0320V
Chipenable voltage (see Nate) . . . . . . . .« <. . oe e e s s T 031020V
QOutput voltage {operating, with respect to Vgl - . e e e e e e e e —2w07V

... .. ....0CwI0C

Operating free-air temperature range
Storage temperature range . . . . . - e e e e e e e
¥OTE: Under absolute maximum ratings, voitage values are with respect to the most-negative supply voltage, Vgg (substratel,
noted. Throughout the remainder of this data sheet, voltage values sre with respact 1o Vss.

. —56°C to 150°C

unless otherwise
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TMS 4060 JL, NL

4096-BIT DYNAMIC RANDOM-ACCESS MEMODRIES

recommended operating conditions (see Note)

PARAMETER MIN  NOM MAX |JUNIT
Supply voltage, Voo 475 5 525 v
Supply voltage, Vpp 14 12 126{ v
Supply voltage, Vsg [ v
Supply voltage, VBB —45 -5 55| v
High-level input voltage, Vi1 (all inputs excapt chip enable) 22 525| v
High-level chip enable input voltage, V)H(CE} Vpp -06 vpp+1.e| v
Low-level input voltage, V{_{all inputs excepi chip enable} (see Note} -08 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 5 0 70] ¢

NOTE: The algebraic convention where the most negative limit is designated ss minimum is usad in this data sheet for logic 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  TYP! MAX [UNIT
VoH High-level output voltage Ip=—2mA 24 veel v
VoL Low-level output voltage 1p =3.2mA Vgs 04| v
N In(‘)ut current (all inputs except 010525V 10| A
chip enable)
11(CE) Chip enable input current =0to 132V [ uA
toz High-impedance-state (off-state} Vo - 016525V 10| un
output current
[ Supply current from VoC 2 Series 74 TTL loads T mA
oD Supply current from Vpp VIHICE) = 126V 30 60| mA
oD Supply current from Vpp, standby VILICE) - 0.8 V (after 1 memory cyclel(See Now 2 20 WA
TMS 4060 32
Average supply current from Vpp TMS 4060-1 35
'DDBY  gring read or write cycle TMS 40602 38 mA
Minimum cycle TMS 4060-3 42
time TMS 4060 32
Average supply current from Vpp TMS 4060-1 35
OO 4ring raad, modity write cycle TMS 40602 38 -
TMS 4060-3 az
isg Supply current from Vgg Vep =55V, Vec =525V, 5 -100| »a
Vpp =128V, Vg5 =0V
B
< Chiy D 3tandby measurement is mad
capacitance at VDD = 12 V, V§S = 0 V., VBB = 5 V., VGC = 5V, VI(CE) =0 V. Vi =0V, f= 1 MHz",
TA = 0°C to 70°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN_ TYPT MAX JUNIT]|
Ci(ad) Input capacitance address Inputs 5 7 | of
- - VI{CE) - 108V w2 [
Ci(ce) Input capacitance clock input Viice) -0V 23 27
Ci{CE) Input capacitance chip select input 4 6 | of
Ci(data)  !nput capacitance data input 4 6 | of
Ci(R/W)  'nput capacitance read/write input 5 T | oF
Co Qutput capacitance 5 7 pF

T ANl typical values are at T o = 25°C.

1Ac charactarisites guaranteed only for cumulative chip enable duty cycle less than 65% over each 2 millisecond period
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TMS 4060 Ji, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

wad cycle timing requir over Jed supply voltage range, TA = 0°C to0 70°C
PARAMETER TMS 4060 | TMS 4060-1 | TMS 4060-2 uNT
MIN MAX | MIN  MAX | MIN MAX
tefed) Read cycle time 470 430 400 ns.
wICEH)  Pulse width, chip enable high 300 4000 | 260 4000 | 230 4000 | ns
twi{CEL)  Pulse width, chip enable low 130 130 130 ns
{CE) Chip-enable rise time 40 40 40 | ns
HeE) Chip-enable fall time a0 40 0|
{iotad) __ Address setup time ot ot ot s
5ulCS) Chip-select setup tima ot ot ot ns
[Gid)  Read setup time of ot of P
Tolad) Address hold time 1501 1501 1501 s
hEE) Chip-select hold time 150t 150t 150t ns
ntrd} Read hold time 40} 404 40| [

. The srrow indicates the edge of the chip enabla pulse used for reference: ! for the rising adge, 1 for the falling edge.

read cycle switching characteristics over recommended supply voltage range, Ta = 0°C to 70°C

r TMS 4060_| TMS 4060-1 | TMS 4060-2

I PARAMETER uNIT

| MIN  MAX [ MIN  MAX | MIN  MAX

taice) Access time from chip enable! 280 230 180 | ns
Yalad) Access time from address’ 300 250 200 [ ns
pyz or  Output disable time from high p /3;\\ —;ﬁ 30 N
L7 or low level¥ N . e

wzL Output enable time to low level ¥ 200 150 | ns

"Tstconditions: Cy = 50 pF, t(GE) = 20 ns, Load = 1 Series 74 TTL gate.

Mastconditions: € = 50 pF, Load = 1 Series 74 TTL gata

wite cycle timing requi over 1 ded supply voltage range, TA = 0°C to 70°C

PARAMETER TMS 4060 | TMs 40601 | TMS4ns0-2 |
MIN MAX [ MIN MAX | MIN MAX

clwr) Write cycle time 470 430 400 ns
tyiCEH]  Pulse width, chip enable high 300 4000 [260 4000 [ 230 4000 | ns
LWGELY  Pulse width, chip enable low 130 130 130 ns
"wiwr] Write pulse width 200 190 180 ns
1ICE) Chip-enable rise time 40 40 40 [ ns
HtCE) Chip-enable fall time a0 a0 40 | ns
'uad)  Address setup time ot ot ot ns
4T  Chip-select setup time [ ot ot ns
lylda-we) Data-to-write setup time* [1] ] [1] ns
Moo Write putse setup time 3807 3507 7700 e
h{ad) Address hold time 1507 1501 (ECH ™
T Chip-sefect hoid time 1507 507 501 ns
"hida) Data hold time 01 a0; 301 ns

*\The arfow indicates the edge of the chip emable pulse used for reference: ! for the rising edge, | for the falling edge.
"HRAN 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
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NOTE  For the chip enable input, high and low timing points are 90% and 10% af V(w(cE) Other nput timing posats ace 06 V (low) E
2.2 V {highl Output umng paunts are 0.4 V llaw) and 2.4 V (high)

write cycle timing )
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== W fad) — ]
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NOTE: For the chip-snable input, high and low timing points are 90% and 10% of V) 4yicg). Other input timing paints sre 0.6 V (fow) and 2

V (high). Qutput timing points are 0.4 V {low) sand 2.4 V thigh). During the time from the rise of CE to the fall of ANN, RN s

mitted ta change from high to low anly. AC istics only for CE duty cycle Jess than 65% over eech 2 n
period.
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TMS 4060 J1, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read-modify-write cycle timing requir over r ded supply voltage range, T = 0°C to 70°C
h PARAMETER TMS 4060 T WS 4060-1] Tws doeoz | -
MIN MAX | MIN MAX| MIN  MAX
t(RMW)  Read-modity-write cycle time* 710 640 580 ns
tw{CEH) _ Pulse width, chip enable high® 540 4000 [ 470 2000 410 A0 i1
W(CEL)  Pulse width, chip enable low 130 730 130 L
yefwr) Write-pulse width 200 190 1 ns
W(CE) Chip-enable rise time 40 40 40 ns
WICE) Chip-enable fall time 40 40 40 ns
teyfad) Address setup time ot ot ot ns
15ulT3) Chip-select setup time ot of ot ns
Sulda-wr) Data-to-write setup time 0 ] o ns
Isy{rd}h Read pulse setup time [ ot ot ns
sy wr) Write puise setup time 240! 2204 2101 ns
Thiad) Address hold time 7501 1507 1507 3
™CS) Chip-select hold time 1507 1507 501 ne
hird) Read hold time 2801 2301 1801 s
th(da) Data hold time 404 401 40 ns

'+The arrow indicates the edge of the chip-enable pulse used for reference: 1 for the rising edge, | for the falling edge.
‘Testcanditions: g 4y = 20 ns.

read-modify-write cycle switching characteristics over r ded supply voltage range, TA = 0°C to 70
TA=0°Cto 70°C
f
PARAMETER TMS 4060 | T™S 40601 | TMS 4060-2 T
MIN  max| min max] MmN max

HICE) Access tima from chip enableT 280 230 T80 | ns
Tlad) Access time from address! 300 250 200 ns
- Propagation delay t-r?a. low-to-high 10 10 20 s
[ level cutput From write pulset

{PHZ Output disable time from high tevel T 30 30 30 ns
@ Output enable time 10 low level 250 200 156 [ s

"Test conditions: €y = 50 BF, t,(ce) = 20 ns, Load = 1 Series 74 TTL oate.
Hentconditions: € = 50 pF, Load = 1 Series 74 TTL gate.

read-modify-write cycle timing

Tc{RMW) - »
CHIP ENABLE, CE o iCEMI— twlCEL
—__1<— thiad) —
S bod ol
(TS} [
CHIP SELECT, CS m su(C5) DON'T CAR
1 o Ihlrd) — - tﬂm)—ﬂ |
W (wr
|
READ/WRITE, R/W l_‘_'m"” Yira) ]

i ) be— tou{du-wr)
e
DATA INPUT, DI WDOL"J.N’SW

e tatedt ———e | |
~— 13(CE) PLH

[ tpuz

FoATIG // batamopiFiED T oATNG
pzL

DATA OUTPUT, DO

WOTE: For the chip enabe input, high and low timing points are 90% and 10% of VIH(CE) Other input timing points are 0.6 V (low) and 2.2

V (high). Output timing points are 0.4 V llow) and 2.4 V {high). AC characteristics guarantsed only for cumulative CE duty cycle less
than 65% over each 2 ms period
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TMS 4060 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

timing diagram conventions

MEANING
TIMING DIAGRAM INPUT OUTPUT
SYMBOL FORCING FUNCTIONS RESPONSE FUNCTIONS
Must be steady high or low Will be steady high or low

L Will be changing from high
sel;‘n'witt‘:elgw changes to fow sometime during
designated interval
e Will be changing from low
—W— Lorv'v“itgeh!;gh changes to high sometime during
pe designated interval
09999990
QOO0 Don't care State unknown or changin
XXX g
Center line is high-impedance
M (Does not apply) off-state

TYPICAL WAVEFORMS

ViH

CHIP ENABLE

Vi -
100

tpp (mA} 50 |-

‘oo
oL T Ipp (Standby)
25 —
hice} ImA)
0
sl
11 (mA) 0.3 n
(Al inputs [
except CE) Q
[ a70 940
TIME (ns)
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TMS 4060 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

ACCESS TIMES vs TEMPERATURE

ACCESS TIMES vs LOAD CAPACITANCE

WIRNENTS RESERVES THE RIGKT TO MAKE CHANGES AT ANY TIME
W10 (MPROYE DESIGN AND TO SUPPLY THE BEST PRODULT POSSIBLE

350 350
200 |TMS 4060 MAX 300 | M5 4060 MAX I O
L 0 TMS 4060-1 MAX . 250 TMS|4060-1 MAX -
¢ 54060 — 2 S —
! TyPICAL ™ 2060-1 I l TyP\C‘\L‘M A
TMS 4060-2 MAX LTINS 4088 TMS 4060-2 MAX Tws A0S0
E 200 ——— TVPICA g 200 — TYP\CAL D .
F 2 -
//l/hmw = 4060
E 150 L—1""] TYPICAL e £ 150 — TYPICAL T™S
"]
| /F/ §I —
5 100 R [ -
3 TYPICAL SLOPE = 0.75 ns/°C k] TYPICAL SLOPE = 0.25 ns/pF
X ]
50 -
C_ =50pF TA=25°c
0 1}
0O 10 20 30 40 50 60 70 0 25 50 75 100 125 150 175 200
T — Free-Air Temperature — °c Cy — Load Capacitance — pfF
REFRESH TIME vs TEMPERATURE AVERAGE CURRENT vs TEMPERATURE
1000 R ] ¢ ®
£ € iy
1 | (o
! \ R ICa TMs 4
E 7‘)7, e @ Typy Cay 060.
= T :
£ 100 3¢ e 3 35\ TrprtaS 4050,
¢ DUIH > \‘ CAL TMS4 —
i N g - —
1 A 30
- ' P—
ﬁ —_—
o 2 2
=L =]
£ CURRENT MEASURED AT
2 MAXIMUM RECOMMENDED 20[—MINIMUM CYCLE TIMES
1 I N 15
0 10 20 30 40 50 60 70 0 10 20 3¢ 40 S0 60 70
T - Free-Air Temperature — °c Tp — Free-Air Temperature — °c
FINTED IN U SA
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