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TREF

where: Ppop = Operating power disspiation
PNOP = Non-operating (chip enable low)
power dissipation
Ppsg = Standby/Refresh power
N = Number of refresh cycles in refresh
period
TREF = Refresh period in usec
Tcy = Refresh cycle time in usec
For the 2107B, the following values apply:
N = 64
TREF = 2000 usec
Tcy = 0.40 usec
4. PpsB = 660 <6———42(000'300)>
2000-25.6
+1.82 (W) mw
or
5. PpsB = (8.45+1.80) mw

10.3 mw

6. PpsB

The above calculations do not include Ve power
since it is dependent only upon the output load
used. The output of the 2107B is in a high imped-
ance state when chip enable is low or chip select is
high and only leakage level currents flow under
these conditions.

System Power

In most systems only a portion of the memory
devices will be continually accessed. For example,
in the system previously described (16K X 18)
worst case power is a continual access of one row
(the other three rows are dissipating power in the
refresh only mode).

System power for the 16K X 18 system is calcu-
lated from:

1. Pgsys = PpDs X N+PppA X M+ Ppop X D+Ppsg X E

where: Ppg = Power dissipated in drivers during

standby (including refresh)

N = Number of drivers in standby

PpAa = Power dissipated in drivers during
max. duty cycle operation

M = Number of drivers in max. duty cycle
operation

Ppop = Power dissipated by memory device

max. duty cycle
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D = Number of devices in PpOp

Ppse = Power dissipated by memory devices
during standby (including refresh)

E = Number of devices in PDSB

For this example, all drivers are assumed to be
3210s. Therefore:

Pps = 387 mw N =
PpA = 467 mw M=
Ppop = 660 mw D= 18
Ppsy = 10.3 mw E = 54
or Memory Component
Driveri’ower Pkozer

PSys = 387 X (6) + 467 (2) + 660 (18) + 10.3 (34)

Drivers Memory Devices
v —_—
2. Pgys = 2322+934+ 11880+ 556
PDRIVERS = 3256 mw

PMEMORY = 12436 mw
or

Total System Power:

3. Pgyg = 15.7 watts

The power dissipated by the drivers is approxi-
mately 26% of total system power in a max.—duty
cycle operating environment.

Total standby power (including refresh is calcu-
lated from equation (1) where:

N=38 M=0 D=0 E=172
or:
Driver Memory
r— e p——

4. Pgys = 387(8)+10.3(72)
Psys = (3096 + 742) mw

or

PDRIVERS = 3092 mw
PMEMORY = 742 mw
5. Pgys = 3.83 watts

Note that in this case, driver power amounts to
approximately 81% of total system power.

Power Supply Sequencing

The Vpp substrate bias supply must never be al-
lowed to be more positive than 0.3V above Vgg,
VpD, or Vcc at any time. Catastropic device fail-
ure can result if these criteria are not met. To mini-
mize this problem of power sequencing and inad-
vertent power shorts, it is recommended that Vgp
be referenced to Vgg.
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|nb| Silicon Gate MOS 2107B

FULLY DECODED RANDOM ACCESS
4096 BIT DYNAMIC MEMORY

* Access Time -- 200 ns max.
* Read, Write Cycle Times--400 ns max.
* Refresh Period --2 ms

= Low Cost Per Bit

» Low Standby Power

* Easy System Interface

* Only One High Voltage
Input Signal—Chip Enable

= TTL Compatible -- All Address,
Data, Write Enable,

Chip Select Inputs

= Read-Modify-Write Cycle

Time-- 520 ns

* Address Registers
Incorporated on the Chip

= Simple Memory Expansion —
Chip Select Input Lead

* Fully Decoded —On Chip
Address Decode

= Qutput is Three State and
TTL Compatible

* Industry Standard 22-Pin
Configuration

The Intel 2107B is a 4096 word by 1 bit dynamic n-channel MOS RAM. It was designed for memory applications where
very low cost and large bit storage are important design objectives. The 2107B uses dynamic circuitry which reduces the

standby power dissipation.

Reading information from the memory is non-destructive. Refreshing is most easily accomplished by performing one read
cycle on each of the 64 row addresses. Each row address must be refreshed every two milliseconds. The memory is re-
freshed whether Chip Select is a logic one or a logic zero.

The 2107B is fabricated with n-channel silicon gate technology. This technology allows the design and production of
high performance, easy to use MOS circuits and provides a higher functional density on a monolithic chip than other
MOS technologies. The 2107B uses a single transistor cell to achieve high speed and low cost. It is a replacement for

the 2107A.

PIN CONFIGURATION
21078

LOGIC SYMBOL

21078
Ao
Ay
A, O -
Az
Aq
Ag

A, Dour -

NS

Ag

Ao

A11

CS CE WE

LA

PIN NAMES

Ag-A;, ADDRESS INPUTS* | Vg POWER (-5V)
CE CHIP ENABLE Ve POWER (+5V)
cs CHIP SELECT Vpp  POWER (+12V)
Din DATA INPUT Vss GROUND
Doyr DATA OUTPUT WE WRITE ENABLE
NC NOT CONNECTED

*Refresh Address Ay-Ag.

CE

Din
WE
cs

O—
O—»|
MEMORY
ROW DECODE 64
O
and BUFFER ARRAY
o—» REGISTER 64 x 64
O—»|
A
L 64
Y
TIMING
MN
o—> CONTROL ? AlagtH:IERS
GENERATOR
I 64
A
o—» COLUMN DECODE
o—» 1/0 and
- BUFFER REGISTER

BLOCK DIAGRAM

! JERRRE

Doyt As A7 Ag Ag Ay Ay

-0 V¢
-0 Vg
0 \gg
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SILICON GATE MOS 2107B

Absolute Maximum Ratings*

Temperature Under Bias . . . . ... ... ...ttt 0°C to 70°C
Storage TeMPErature . . . . . . .. oo ot e e e —65°C to +150°C
All Input or Output Voltages with Respect to the most Negative Supply Voltage, Vgg . . . . .. .. ... ... .... +25V to —0.3V
Supply Voltages Vpp, Ve, and Vgg with Respectto Vgg . . . .. . .. .o oo i e +20V to —0.3V
Power Dissipation . . . . . .. o e 1.25W
*COMMENT:

Stresses above those listed under ''Absolute Maximum Ra t/'ngs” 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 operational sections of
this specification is not implied. E xposure to absolute maximum rating conditions for extended periads may affect device reliability.

D.C. and Operating Characteristics

Ta =0°Cto 70°C, Vpp = +12V * 5%, V¢ = +5V * 5%, Vgg (1] = -5V + 5%, Vgg = OV, unless otherwise noted.

Symbol P Limits Unit | Conditi
ym arameter Min. Typ.2 e, ni onditions
Input Load Current
I . A VIN = \Y
L (all inputs except CE) 01 10 H IN = ViL MIN to ViH max
ILc Input Load Current .01 10 uA ViN = ViL MmN t0 ViH MmAaX
llLol Output Leakage Current .01 10 HA CE=V, corCS=Vy
for high impedance state Vo =0V to 5.25V
Vpp Supply Current
=- +
lop1 during CE off(3] 110 200 HA CE=-1V to +.6V
Vpp Supply Current _ — ogo
IDDZ during CE on 80 100 mA CE V|Hc, TA 25°C
Iop A1 Average Vpp Current 55 80 mA Cycle time=400ns,
tce = 2.30ns Ty = 25°C
Ibb av2 | Average Vpp Current 27 40 mA Cycle time=1000ns,
tce =230ns
Vce Supply Current o
(4] cc = =
lcct during CE off .01 10 HA CE=Vj corCS=Vy
g Vgg Supply Current 5 100 MA
VL Input Low Voltage -1.0 0.6 \ tT=20ns — See Figure 4
ViH Input High Voltage 2.4 Veet+l \%
ViLc CE Input Low Voltage -1.0 +1.0 \
ViHe CE Input High Voltage Vpp-1 Vppt1 \
VoL Output Low Voltage 0.0 0.45 \Y loL =2.0mA
VoH Output High Voltage 2.4 Vee \ lon =-2.0mA
NOTES:

1. The only requirement for the sequence of applying voltage to the device is that Vpp, Vcg, and Vgg should never be .3V more
negative than Vgg.

2. Typical values are for Tp = 25°C and nominal power supply voltages.

The Ipp and Icc currents flow to Vgs. The Igg current is the sum of all leakage currents.

w

4. During CE on Vcc supply current is dependent on output loading, V¢ is connected to output buffer only.
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SILICON GATE MOS 2107B

Typical Characteristics

Fig. 1. Ipp AV1 VS. TEMPERATURE Fig. 2. TYPICAL Ipp AVERAGE VS. CYCLE TIME
90
85mA f‘ %0 Voo - 126V
e 70 Vgg = -4.75V—
& —=TaNTEep | v::: = 525V
I‘ == Z2mh 60 \ Vige = 136V
01—~ e B —— T = 25°C
H i 7 50 i NN A
3 T¥PicaL > 40 tee = 250ns
3 "\ <° ‘2: . Q\
50 8 33— S
20 ~=
CYCLE TIME = 400ns
teg =230ns 10 ‘
» o 1|
0 25 50 70 0 200 400 600 800 1000 1200 1400
T, (°C) Tey (ns)
Fig. 3. Ipp2 VS. TEMPERATURE Fig. 4. TYPICAL V| MAX VS. CE RISE TIME
120 18
1.6
L 105mA
—— 14
100 S — N Vpp = 126V
ARANTEED 1= == — = 12 Ve = 116V
< somi] H 1.0 ™~ T
Eg 8 Ty, 3 0.8 \" T ——
o PicaL ’ R
K \ < Vpp = 114V P —
> o0s Vige = 104V
60 0.4
0.2
) 25 50 70 % 15 20 25 30 35 40
Ta (°C) ty (ns)
Fig. 5. TYPICAL IgH VS. VgoH Fig. 6. TYPICAL IgL VS. VoL
40
\|
-40 AN

\» 30
I
-30 °

Os
\:‘, 2

g Ze i E 20
3 \\ 3
10 \\\ 10
SPEC: *
2mA, 2.8V
I | :
0 1 2 3 4 5 0
Vop (volts) Voo (volts)
Fig. 7. TYPICAL REFRESH VS. TEMPERATURE Fig. 8. TYPICAL ACCESS TIME VS. TEMPERATURE
1000 300
100 ™ < 250
)
2 z
= 10 8 200
@ e
- e —"|
1 150
! 0 25 70 100 ) 2 70
T, C) T, (0
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SILICON GATE MOS 2107B

- - [1]
A.C. Characteristics T, -0°c t 70°C, Vpp = 12V £ 5%, V¢ =5V 5%, Vgg = -5V £ 5%,
READ, WRITE, AND READ MODIFY/WRITE CYCLE Vgg = 0V, unless otherwise noted.

Symbol Parameter Min. Max. Unit Conditions
tREF Time Between Refresh 2 ms
tac Address to CE Set Up Time| O ns tac is measured from end of address transition
tAH Address Hold Time 50 ns
tcc CE Off Time 130 ns
tr CE Transition Time 10 40 ns
tcr CE Off to Output 0 ns
High Impedance State
READ CYCLE
Symbol Parameter Min. Max. Unit Conditions
tcy Cycle Time 400 ns tt = 20ns
tce CE On Time 230 3000 ns
tco CE Output Delay 180 ns Cload = 50pF, Load = One TTL Gate,
tace Address to Output Access 200 ns Ref = 2.0V.
twi CE to WE 0 ns tacc =tac ttco t tr
twe WE to CE on 0 ns
WRITE CYCLE
Symbol Parameter Min. Max. Unit Conditions
tey Cycle Time 400 ns tt = 20ns
tce CE On Time 230 3000 ns
tw WE to CE Off 150 ns
tew CE to WE 100 ns
tow (2] Dy to WE Set Up 0 ns
tDH D)n Hold Time 0 ns
twp WE Pulse Width 50 ns
Capacitance® 1, - 25°c
Plastic And
Symbol Test Ceramic Pkg. Unit Conditions
Typ. Max.
Cap Address Capacitance, CS 4 6 pF ViN = Vss
Cce CE Capacitance 17 25 pF | VIN = Vgs
CouT Data Output Capacitance 5 7 pF Vout = 0V
Cin Dy and WE Capacitance 8 10 pF Vin = Vss
Notes: 1. A.C. characteristics are guaranteed only if cumulative CE on time during tRgF is <60% of tRgF.
2. If WE is low before CE goes high then D must be valid when CE goes high.
3. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation

1At
C= ZV with the current equal to a constant 20mA.
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SILICON GATE MOS 2107B

Read and Refresh CVCle 1l (Numbers in parentheses are for minimum cycle timing in ns)

Vin

toy (400)

{6
)

ADDRESS
AND C§

ADDRESS STABLFE

ADDRESS CAN CHANGE (7)

ADDRESS STABLE

ML

[e———1t,4(50)

tac(0)

tce

(230)

Vi

CE

ViLe

®

Vin

tyc(0)

fe——1;(20) —>| t(20)

[e—— tcc (130) ——|

|

WE
CAN
CHANGE

WE

Vi

VoH == = =

BOUT ~— | MPRDANCE
IMPEDANCE

teol

180)

poces - o — - w—

WE CAN
CHANGE

ty (0)

HIGH
IMPEDANCE

"—

VoL ===

-
wn O

|
Write Cycle

tacc (200)

tey (400)

}4- teg(0)

- &9
ADDRESS
AND CS

Vi

ADDRESS STABLE

ADDRESS CAN CHANGE (7)

ADDRESS STABLE

tacl0)

-ty (60) ———>

.

tcg (230)

Vine

®

. 1, (100)

ty (150)

E CAN CHANGE

ety (50) —

<—1t;(20)
t;(20)

<1 (130) ——>

A_e CAN CHANGE
Z

- tpy (0

tou(0)

Dy CAN CHANGE

Dy STABLE

Din
CAN CHANGE

o= ——————

HIGH

D
OUT =~ |MPEDANCE " |

/

UNDEFINED

HIGH

IMPEDANCE

—

Vo = = =

NOTES:

Noopron=

‘<~ tep(0)

. For Refresh cycle row and column addresses must be stable before t ¢ and remain stable for entire taH period.
VL MAX is the reference level for measuring timing of the addresses, CS, WE, and DiN-

VIH MIN is the reference level for measuring timing of the addresses, CS, WE, and D|.

Vgg +2.0V is the reference level for measuring timing of CE.

Vpp -2V is the reference level for measuring timing of CE.

. Vgg +2.0V is the reference level for measuring the timing of DoyT.
During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high.
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SILICON GATE MOS 2107B

Read Modify Write Cycle""

Symbol Parameter Min. Max. Unit Conditions
tawe Read Modify Write(RMW) 520 ns tt = 20ns
Cycle Time
tcRw CE Width During RMW 350 3000 ns
twe WE to CE on 0 ns
w WE to CE off 180 ns Cioaq = 50PF, Load = One TTL Gate,
tWP WE Pulse Width 50 ns Ref = 2.0V
tow D'N to WE Set Up 0 ns
ton DIN Hold Time 0 ns
too CE to Output Delay 180 ns
tace Access Time 200 ns tacc = tac *tco t 1tt
(Numbers in parentheses are for minimum cycle timing in ns.)
.« tawc(520) (D
Vin /
A°°2§SDS§-§ i ADDRESS STABLE ADDRESS CAN CHANGE (8)
ML \
— <-—tAc(0)
tan (50) {
tcpw (350) — |e—13(20)  t7(20) | -
Vine
CE
@ tyy (150)
ViLe =
—--‘ le— tyc (0 toc(130)
<~ typ(50) ——»
ViH
WE @ / WE CAN
CHANGE
ViL - .
N <_‘DW(0) — «~—tp (0)
ViH
Dy CAN
Dy D;y CAN CHANGE Din STABLE CHANGE
Vi
e, (180)
VOH = o o o e s e —————— 4
o 4 L
o= HIGH HIGH
OUT ~MPEDANCE | j VALID le IMPEDANCE ™|
VoL o= o o e [ ——
I — PP b1 1) top (0) —» ‘<f
NOTES:

1. A.C. characteristics are guaranteed only if cumulative CE on time during tRgF is <60% of tggg. For continuous Read-Modify-Write
operation tcc and tryyc should be increased to at least 195ns and 585 ns, respectively.

VL MAX is the reference level for measuring timing of the addresses, CS, WE, and Dp.

V)H MIN is the reference level for measuring timing of the addresses, CS, WE, and Dj.

Vgg +2.0V is the reference level for measuring timing of CE.

Vpp -2V is the reference leve! for measuring timing of CE.

. Vgg +2.0V is the reference level for measuring the timing of DoyT-

WE must be at V| until end of tcQ.

. During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high.

PNOO LN
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SILICON GATE MOS 2107B

Typical Current Transients vs. Time

0 100 200 300 400 500 0 100 200 300 400 500
L e e e N

CE WRITE READ
CYCLE CYCLE
20
e 10
{mA)

'po
(ma) 60

(mA)

Applications
Refresh

The 2107B is refreshed by either a read cycle, write cycle, or read-modify write cycle. Only the selected row of
memory array is refreshed. The row address is selected by the input signals Ag thru Ag. Each individual row
address must receive at least one refresh cycle within any two milliseconds time period.

If a read cycle is used for refreshing, then the chip select input, CS, can be a logic high or a logic low. If a write
cycle or read-modify write cycle is used to refresh the device, then CS must be a logic high. This will prevent
writing into the memory during refresh.

Power Dissipation

The operating power dissipation of a selected device is the sum of Vpp X Ippav and Vgg x Igg. For a cycle of
400ns and tcg of 230ns typical power dissipation is 660mW.

Standby Power

The 2107B is a dynamic RAM therefore when Vg = V|Lc very little power is dissipated. In a typical system
most devices are in standby with Vcg at V|c. During this time only leakage currents flow (i.e., Ipp1. Icc1,
IBB, ILO, IL1). The power dissipated during this inactive period is typically 1.4mW. The typical power dissipa-
tion required to perform refresh during standby is the refresh duty cycle, 1.3%, multiplied by the operating
power dissipation, or 8.6mW. The total power dissipation during standby is then 10.0mW typical.

System Interfaces and Filtering

On the following page is an example of a 16K x 9 bit memory system. Device decoding is done with the CE in-
put. All devices are unselected during refresh with CS. The 3210, 3230, 3235, and 3404 are standard Intel pro-
ducts. Decoupling is indicated by 1" for Vpp to Vss and ‘2" for Vgg to Vss. Ipp and Igg current surges at
the CE transitions make adequate decoupling of these supplies important. It is recommended that 1uF high
frequency, low inductance capacitors be used on double sided boards. Vcc to Vgs decoupling is required only
on the devices located around the periphery of the array. For each 36 devices a 100uF tantalum or equivalent
“capacitor should be placed from Vpp to Vsg close to the array.
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Typical System

16K X 9 BIT MEMORY CIRCUIT

3235

cE —
_ CE1
ENABLE 1 ——|
. - ce2
ENABLE 2 ——
I — ce3
ENABLE 3 —
ENABLE 4§ —— Ce4

3210/3230/7400/78H00

A

ADDRESS
ENABLE —

Ay —

REF
cs

%

a|

— DI1
— DI2
— I3
— D14
—— DI5
—— DI6

7404

— o7
— 018
—— D19
— WE

Ao, A1, Az, A3, Ag, As, Ag, A7, Ag, Ag, Avg, Arq, WE, CS, DI,

A

DI2, DI3, DI4, DIS, D16, D17, Di8, DI9

[a 12 13 12 13 172 11 12 11

CE 1 —={21078 21078 21078 21078 21078 21078 21078 21078 21078
2 1 2 1 2 1 2 1 2

CcE 2| 21078 21078 21078 21078 21078 21078 21078 21078 21078
1 2 1 2 1 2 1 2 1

CE3—=| 21078 21078 21078 21078 21078 21078 21078 21078 21078
2 1 2 1 2 1 2 1 2

CE 4 —| 21078 21078 21078 21078 21078 21078 21078 21078 21078
1 2 1 2 1 2 1 2 1

3404 3404
FTTT T I
oUTPUT ouTPUT
J_Von -Lvaa
. 1uF "y F (See previous page)

To,

T,

Packaging Information

22-LEAD CERAMIC DUAL IN-LINE PACKAGE OUTLINE (C)

[

1.060

1.110

g |
. .023
10 EQ. SPACES @ .100

PIN #1 1D

25 R. REF
{NOTCH OPTIONAL)
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2107B SELECTION GUIDE

MAXIMUM MINIMUM MINIMUM REFRESH
INTEL PART NO. ACCESS TIME READ OR WRITE CYCLE RMW CYCLE TIME
(ns) (ns) (ns) (ms)
21078 200 400 520 2
2107B-4 270 470 590 2
2107B-6 350 800 960 1

16K X 18 BITS

INTEL"4K RAM MEMORY DESIGNS

16K X 17 BITS

16K X 16 BITS

4K X 16 BITS

Intel sells a complete line of memory and microprocessor
components. In addition, Intel Memory Systems, located in
Sunnyvale, California, designs and manufacturers memory

cards, add-on memories, and complete memory systems.
For more information about these components or memory
systems, contact your local Intel sales representative.
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