















































































































































































































































































































































































































































































































































































































































































































































A.C. TEST CONDITIONS:

Output load : 1 TTL gate and C_= 100 pF.

Input Rise and Fall Times: <20 ns

Input Pulse levels : 0.8V to 2.2V

Timing Measurement Reference Level : Inputs 1V and 2V
Outputs 0.8V and 2V

A.C. WAVEFORMS )

- e . N
ADDRESSES ADDRESSES VALID

tee

—

e oo —
(@) toe (3) toF

(2) tacc toH
e —

ouTPUT Het 2 e VALID OUTPUT }M
RN ]

5-4427

Note: 1. V. must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.
2. OE may be delayed up to tacc - tog after the falling edge of CE without impact on tacc-
3. tpF is specified from OE or CE, whichever occurs first.

READ MODE

The M2716 has two control functions, both of which must be logically satisfied in order to obtain data
at the outputs. Chip Enable (CE) is the power control and should be used for device selection. Output
Enable (OE) is the output control and should be used to gate data to the output pins, independent of
device_selection. Assuming that addresses are stable, address access time (tacc) is equal to the delay
from CE to output (tcg). Data is available at the outputs 120 ns (tog) after the falling edge of OE, as-
suming that CE has been low and addresses have been stable for at least tacc-toe-

STANDBY MODE

The M2716 has a standby mode which reduces the active power dissipation by 75%, from 525 mW to
132 mW. The M2716 is placed in the standby mode by applying a TTL high signal to the CE input.
When in standby mode, the outputs are in a high impedance state, independent of the OE input.

OUTPUT OR-TIEING

Because M2716’s are usually used in larger memory arrays, the product has 2 line control function that
accomodates this use of multiple memory connections. The two line control function allows for:

a) the lowest possible memory power dissipation, and
b) complete assurance that output bus contention will not occur.

To most efficiently use these two control lines, it is recommended that CE (pin 18) be decoded and used
as the primary device selecting function, while OE (pin 20) be made a common connection to all devices
in the array and connected to the READ line from the system control bus. This assures that all de-
selected memory devices are in their low power standby mode and that the output pins are only active
when data is desired from a particular memory device.
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PROGRAMMING OPERATION @ (T, = 25°C % 5%, Ve @)= BV * 5%, Vpp®3)= 25V + 1V)
D.C. AND OPERATING CHARACTERISTICS

Values
Parameter Test conditions R Unit
Min. Typ. Max.
I Input Current (for Any Input) V= 5.25V/0.45 10 uA
Ippy Vpp Supply Current CE/PGM = VL 8 mA
Ippo Vpp Supply Current During CE/PGM = V 30 mA
Programming Pulse
lce Ve Supply Current 100 mA
Vi Input Low Level -0.1 0.8
Vik Input High Level 2.0 Veetl
A.C. CHARACTERISTICS
Values
Parameter Test conditions : Unit
Min. Typ. Max.
tas Address Setup Time 2 us
toes OE Setup Time ] 2 us
tps Data Setup Time 2 us
tan Address Hold Time 2 us
togn  OE Hold Time 2 us
tpH Data Hold Time 2 us
toF Output Enable to Output Float CE/PGM =V 0 120 ns
Delay

toe Output Enable to Output Delay CE/PGM = Vi 120 ns
tpw Program Pulse Width 45 50 55 ms
tprT Program Pulse Rise Time 5 ns
tpET Program Pulse Fall Time 5 ns

CAUTION: The V¢ and Vpp supplied must be sequenced on and off such that V¢ is applied simul-
taneously or before Vpp and removed simultaneously or after Vpp to prevent damage to the M2716. The
maximum allowable voltage during programming which may be applied to the Vpp with respect to
ground is +26V. Care must be taken when switching the Vpp supply to prevent overshoot exceeding
the 26-volt maximum specification. For convenience in programming, the M2716 may be verified with
the Vpp supply at 25V +£1V. During normal read operation, however, Vpp must be at Vec.

Notes: 1. SGS-ATES guarantees the product only if it is programmed to specifications described herein.
2. V¢ must be applied simultaneously or before Vpp and removed simuitaneously or after Vpp. The M2716
must not be inserted into or removed from a board with Vpp at 25 + 1V to prevent damage to the device.
3. The maximum allowable voltage which may be applied to the Vpp pin during programming is +26V. Care
must be taken when switching the Vpp supply to prevent overshoot exceeding this 26V maximum speci-
fication.
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A.C. TEST CONDITIONS

Vee=5V £5% Input Pulse Levels = 0.8V to 2.2V
Vpp =25V £ 1V Input Timing Reference Level =1V and 2V
Input Rise and Fall Times (10% to 90%) = 20 ns Output Timing Reference Level = 0.8V and 2V

PROGRAMMING WAVEFORMS
(Vppz 25V 1V, VCC= 5V £ 5%)

PROGRAM PROGRAM VERIFY
—
ADDRESSES ADDRESS N ADDRESS Nem

N
tas tAH
(2) 2)

DATA ¢ Toaramsmee | Y DATA OUT DATA IN STABLE
ADD.N VALID ADD.N ADD. N+m
N /|
_'E_,_i.‘_ toe toF
(002 MAX)
(072 MAX) (012MAX)
Y \
OF —/ tps | tPw toH
(2) (45ms) )
toes
(2) {—\ tOEH /—
/ \ @
CE/IPGM /| .
tPRT tPET Sraa6

Note: All times shown in parentheses are minimum times and are usec unless otherwise noted.

PROGRAMMING

Initially, and after each erasure, all bits of the M2716 are in the 1" state. Data is introduced by selec-
tively programming “0’s’’ into the desired bit locations. Although only ""0’s” will be programmed, both
"1's" and ""0’s"" can be presented in the data word. The only way to change a "0’ toa 1" is by ultra-
violet light erasure. -

The M2716 is in the programming mode when the Vpp power supply is at 25V and OE is at V. The
data to be programmed is applied 8 bits in parallel to the data output pins. The levels required for the
address and data inputs are TTL.

When the address and data are stable, a 50 msec, active high, TTL program pulse is applied to the CE/
PGM input. A program pulse must be applied at each address location to be programmed. You can pro-
gram any location at any time — either individually, sequentially, or at random. The program pulse has a

maximum width of 55 msec. The M2716 must not be programmed with a DC signal applied to the
CE/PGM input.
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Programming of multiple M2716s in parallel with the same data can be easily accomplished due to the
simplicity of the programming requirements. Like inputs of the paralleled M2716s may be connected
together when they are programmed with the same data. A high level TTL pulse applied to the CE/PGM
input-programs the paralleled M2716s.

PROGRAM INHIBIT

Programming of multiple M2716s in parallel with different data is also easily accomplished. Except for
CE/PGM, all like inputs (including OE) of the parallel M2716s may be common. A TTL level program
pulse applied to a M2716’s CE/PGM input with Vpp. at 26V will program that M2716. A low level CE/
PGM input inhibits the other M2716 from being programmed.

PROGRAM VERIFY

A verify should be performed on the programmed bits to determine that they were correctly program-
med. The verify may be performed with Vpp at 26V. Except during programming and program verify,
Vpp must be at 5V.

ERASURE OPERATION

The erasure characteristics of the M2716 are such that erasure begins to occur when exposed to light
with wavelengths shorter than approximately 4000 Angstroms (A). It should be noted that sunlight and
certain types of fluorescent lamps have wavelengths in the 3000-4000 A range. Data show that constant
exposure to room level fluorescent lighting could erase the typical M2716 in approximately 3 vyears,
while it would take approximately 1 week to cause erasure when exposed to direct sunlight. If the M2716
is to be exposed to these types of lighting conditions for extended periods of time, it is suggested to put
opaque labels over the M27 16 window to prevent unintentional erasure.

The recommended erasure procedure for the M2716 is exposure to shortwave ultraviolet light which has
a wavelength of 2537 Angstroms (A). The integrated dose (i.e. UV intensity X exposure time) for
erasure should be a minimum of 15 W-sec/cm2. The erasure time with this dosage is approximately 15
to 20 minutes using an ultraviolet lamp with a 12000 uW/cm?2 power rating. The M2716 should be
placed within 2.5 cm of the lamp tubes during erasure. Some lamps “ave a filter on their tubes which
should be removed before erasure.
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MOS
INTEGRATED
CIRCUIT

PRELIMINARY DATA

4096-BIT DYNAMIC RANDOM ACCESS MEMORY

POWER SUPPLY Vpp= 12V, Vee= 5V, Vgg= -5V (ALL WITH + 10% TOLERANCE EXCEPT

Voo * 5)

ALL INPUTS ARE LOW CAPACITANCE AND TTL COMPATIBLE

INPUT LATCHES FOR ADDRESSES, CHIP SELECT AND DATA IN

INPUTS PROTECTED AGAINST STATIC CHARGE

THREE-STATE TTL COMPATIBLE OUTPUT

OUTPUT DATA LATCHED AND VALID INTO NEXT CYCLE

ECL. COMPATIBLE ON Vgg POWER SUPPLY (-5.7V)

LOW POWER CONSUMPTION: ACTIVE POWER UNDER 470 mW
STANDBY POWER UNDER 27 mW

ORGANIZATION 4096 x 1 BIT IN 16-PIN STD PACKAGE

FUNCTIONAL AND PIN COMPATIBLE WITH MK4027

ACCESS TIME: TYPE M4015 250 ns

The M4015 is a 4096 word by 1 bit dynamic N-channel silicon gate MOS RAM. The M4015 uses a single
transistor cell utilizing a dynamic storage technigue and dynamic control circuitry with low power dissi-
pation. A unique multiplexing and latching technique for the address inputs permits the M4015 to be
mounted in a standard 16-pin package. The M4015 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 M4015. Page-mode timing is very useful in systems requiring Direct Memory
Access (DMA). The device is available in 16-lead dual in-line plastic or ceramic package (metal-seal),
and ceramic package (frit-seal).

ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Vgg -0.5to +20 \%
Voltage on Vpp, Ve relative to Vgg -1t0 +15 \%
Veg-Vss (Vpp-Vss > 0) 0 \
Top Operating temperature Oto +bb °C |
Teg Storage temperature for ceramic package -65 to +150 °C |
for plastic package -55 to +1256 °C
lo Short circuit output current 50 mA
Piot Total power dissipation 1 w

*

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 indi-
cated in the operating sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

ORDERING NUMBER: M4015 F1 for dual in-line ceramic package, frit-seal
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MECHANICAL DATA (dimensions in mm) PIN CONNECTIONS

Dual in-line ceramic package frit-seal
for M4015 F1

Power(-5v)  Ves [|1 16 [[¥ss  erouno
__ COLUMN
e DATA IN o (]2 15]cRs  acoess
W 7| ROBE
—O‘ o READ/ —
of wRrTe WRITE[| 3 14{]oout DATA OUT
ps
1
046 | l2s4 ROW — =
2 4.l2s4 cHIP
ADDRESS  RAS [|4 13{] €
- B STROBE [ ] SELECT
L20me P057 1 DORE
T aofls i2f]as  ACORESS
onnnooon
e walls e o
TooooooT I‘;‘%DUF%ESS Al [7 10 ]As ADDRESS
POWER(.12v) Voo (|8 9 JVCC POWER(:5V)

5-2258
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RECOMMENDED DC OPERATING CONDITIONS! (T,,,=0to55°C)4

Values
Parameter Unit | Notes
Min. Typ. Max.
Vbo Supply voltage 11.4 12 126 \Y) 2
Vee Supply voltage 4.5 5 5.5 \") 2,3
Vgs Supply voltage 0 0 0 \Y) 2
Vs Supply voltage -45 -5 -5.7 \% 2
ViHe Input high voltage on RAS, CAS, WRITE 3 7 \Y 2
Viu Input high voltage, all inputs except RAS, CAS, WRITE 3 7 \Y) 2
\ T Input low voltage, all inputs -1 0.65 Vv 2

DC ELECTRICAL CHARACTERISTICS! (T,.,= 0 to 55°C)* (Vpp= 12V £6% ,V_ =5y +
10% , Vss= OV, Vgg= -5.7 to -4.5V)

Values
Parameter Unit | Notes
Min. Typ. Max.
Ipp1 Average Vp power supply current 35 mA 5
Ipp2 Standby Vpp power supply current 3 mA 8
Ibp3 Average VQD power supply current during "RAS only” 25 mA
cycles
lec V¢ power supply current mA ‘ 6
Igg Average Vgg power supply current 150 uA
hw Input leakage current (any input) 10 LA 7
lo() Output leakage current 10 kA 8,9
VoH Output high voltage (Isoyrce= -5 mA) 24 |V
VoL Output low voltage (Igyyk= 3.2 mA) 0.4 \
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AC CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS101s
(Tamp= 010 55°C)4, (Vpp= 12V £5% , Vo= 5V * 10% , Vss= OV, Vgg= -5.7 to -4.5V)

M4015
Parameter Unit | Notes
Min, Typ. Max,

trC Random read or write cycle time 380 ns
tRWC Read write cycle time 3956 ns
tRMVMW Read modify write cycle time 470 ns
tRAC Access time from row address strobe 250 ns 11-13
tcac Access time from column address strobe 165 ns 12-13
toFF Output buffer turn-off delay . 60 ns
trRp Row address strobe precharge time 120 ns
trRAS Row address strobe pulse width 250 4000 ns
tRSH Row address strobe hold time 165 ns
tcAs Column address strobe pulse width 165 ns
tocsH Column address strobe hold time 250 ns
trcD Row to column strobe delay 35 85 ns 14
taASR 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
tesc Chip select set-up time o] ns
tcH Chip select hold time 75 ns
tcHR Chip select hold time referenced to RAS 160 ns
tr Transition time (rise and fall) ) 5 50 ns 15
trRcs Read command set-up time 0 ns
tRCH Read command hold time 0 ns
tweH 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 100 ns
tewL Write command to column strobe lead time 100 ns
tps Data in set-up time 0 ns 16
thH Data in hold-time 75 ) ns 16
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AC CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS (cont.)

M4015
Parameter Unit | Notes
Min. Typ. Max.
tDHR Data in hold time referenced to RAS 160 ns
tcrp Column to row strobe precharge time 0 ns
tcp Column precharge time 110 ns
tRFSH Refresh period 1 ms
twcs Write command set-up time 0 ns 17
tewn CAS to WRITE delay 90 ns 17
tRWD RAS to WRITE delay 175 ns 17
tDOH Data out hold time 4 us

CAPACITANCES (T,n,= 010 55°C, Vpp= 12V 5% ; Veg=0V; Vgg= -5.7 to -4.5V)

Values
Parameter Unit | Notes
Min. Typ. Max.

Ciy Input capacitance (Ag-As), DN, CS 4 5 pF 18
Cio Input capacitance RAS, CAS, WRITE 8 10 pF 18
Co Output capacitance (DoyT) 5 7 pF 8-18

1.Several cycles are required after power-up before proper device operation is achieved. Any 8 cycles which perform
refresh are adequate for this purpose.
2.All voltage referenced to Vgg, Vgg must be applied before and removed after other supply voltages.
3.0utput voltage will swing from Vgg to V¢ 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
Vop (min) specification is not guaranteed in this mode.
4.Tamp is specified for operation at frequencies to tgrc = trc (min). Operation at higher cycle rates with reduced
ambient temperatures and higher power dissipation is permissible provided that all AC parameters are met.
5.Current is proportional to cycle rate. Inp; (max) is measured at the cycle rate specified by tge (min).
6.lcc depends on output loading. The V¢ supply is connected to the output buffer only.
7.All device pins at 0 volts except Vgg which is at -5V and the pin under test which is at +10V.
8.0utput is disabled (high-impedance) and RAS and CAS are both at a logic 1. Transient stabilization is required prior
to measurement of this parameter.
9.0V < Vgt < +10V.
10.AC measurements assume t1 = 5 ns.
11.Assumes that trcp < trep (max).
12.Assumes that tgcp = trep (max).
13.Measured with a load circuit equivalent to 2 TTL loads and 100 pF.
14.Operation within the trcp (max) limit insures that tg ac (max) can be met, trcp (max) is specified as a reference
point only;if trcp is greater than the specified tgrcp (max) limit, then access time is controlled exclusively by tcac.
156.V iy (min) or Vi (min) and V;_ (max) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vyc or Vyand V) .
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.
17.twes, tcwp. and trwp are restrictive operating parameters in a read/write or read/modify /write cycle only. If
twcs = twgs (min), the cycle is an early write cycle and Data Out will contain the data written into the selected
cell. If tcwp = tcwp (min) and trwp = trwp (Min), the cycle is a read-write cycle and Data Output 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. AQ
18. Effective capacitance is calculated from the equation: C = A—Vwith AV = 3 volts.
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M0S
INTEGRATED
CIRCUIT

4096-BIT DYNAMIC RANDOM ACCESS MEMORY

POWER SUPPLY Vpp= 12V, Vee= 5V, Vgg= -5V (ALL WITH + 10% TOLERANCE)
ALL INPUTS ARE LOW CAPACITANCE AND TTL COMPATIBLE
INPUT LATCHES FOR ADDRESSES, CHIP SELECT AND DATA IN
INPUTS PROTECTED AGAINST STATIC CHARGE
THREE-STATE TTL COMPATIBLE OUTPUT
OUTPUT DATA LATCHED AND VALID INTO NEXT CYCLE
ECL COMPATIBLE ON Vgg POWER SUPPLY (-5.7V)
LOW POWER CONSUMPTION: ACTIVE POWER UNDER 470 mW
STANDBY POWER UNDER 27 mW

ORGANIZATION 4096 x 1 BIT IN 16-PIN STD PACKAGE
FUNCTIONAL AND PIN COMPATIBLE WITH MK4027
ACCESS TIME: TYPE M 4027-2 150 ns

TYPE M 4027-3 200 ns

TYPE M 4027-4 250 ns

The M 4027 is a 4096 word by 1 bit dynamic N-channel silicon gate MOS RAM. The M 4027 uses a
single transistor cell utilizing a dynamic storage technique and dynamic control circuitry with low
power dissipation. A unigue multiplexing and latching technique for the address inputs permits the
M 4027 to be mounted in a standard 16-pin package. The M 4027 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 M 4027. Page-mode timing is very useful in systems requiring
Direct Memory Access (DMA). The device is available in 16-lead dual in-line plastic or ceramic package
(metal-seal), and ceramic package (frit-seal).

ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Vgg -0.5to0 +20 \Y

Voltage on Vpp, V¢ relative to Vgg -Tto +15 \Y%
Veg-Vss (Vpp-Vss > 0) 0 v

Top Operating temperature Oto +70 °C
Tag Storage temperature for ceramic package -65 to +150 °C
for plastic package -55 to +125 °C

lo Short circuit output current 50 mA
Piot Total power dissipation 1 w

*

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 indi-
cated in the operating sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

ORDERING NUMBERS: M 4027-2/3/4 B1 for dual in-line plastic package
M 4027-2/3/4 D1 for dual in-line ceramic package, metal-seal
M 4027-2/3/4 F1 for dual in-line ceramic package, frit-seat
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MECHANICAL DATA (dimensions in mm)

PIN CONNECTIONS

Dual in-line ceramic package

Dual in-line plastic package
frit-seal for M 4027 - F1 e

for M 4027 - B1
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Dual in-line ceramic package
metal-seal for M 4027 - D1
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RECOMMENDED DC OPERATING CONDITIONS! (T,,,= 0to 70°C)*

I
Values
Parameter Unit | Notes
Min. Typ. Max.

Vbbb Supply voltage 10.8 12 13.2 \Y 2
Vee Supply voltage 4.5 5 5.5 \% 2,3
Vss Supply voltage 0 ) 0 \% 2
VeB Supply voltage -4.5 -5 -5.7 \% 2
ViHe Input high voltage on RAS, CAS, WRITE 2.4 7 \ 2
Vin Input high voltage, all inputs except RAS, CAS, WRITE 2.2 7 \Y 2
ViL Input low voltage, all inputs -1 0.8 \Y 2
DC ELECTRICAL CHARACTERISTICS! (T,np= 0to 70°C)* (Vpp= 12V * 10%,
Vee=5V £ 10%, Vgs= 0V, Vgg= - 5.7 to -4.5V)

Values
Parameter Unit | Notes
Min. Typ. Max.

Ibp1 Average Vpp power supply current 35 mA

Ibp2 Standby Vpp power supply current 2 mA

Ipp3 Average Vpp power supply current during “"RAS only” cycles 25 mA

lce V cc power supply current mA 6

Isg Average Vgg power supply current 150 uA

TR Input leakage current (any input) 10 uA 7

lo) Output leakage current 10 uA | 8,9
Vou Output high voltage (Isoyrce= -5 mA) 2.4 \Y

VoL Output low voltage (Ig;nyk= 3.2 mA) 0.4 \Y
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AC CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS! !0 15

(Tamp= 010 70°C)*, (Vpp= 12V * 10%, Vee= 5V + 10%, Vgs= OV, Vgg= -5.7 to -4.5V)

Types
Parameter M 4027-2 M 4027-3 M 4027-4 Unit | Notes
Min. Max. Min. Max. Min. Max.
trRC Random read or write cycle time 320 375 380 ns
tRwC Read write cycle time 320 375 395 ns
trmw  Read modify write cycle time 320 405 470 ns
tRAC Access time from row address 150 200 250 ns [11-13
strobe
tcac Access time from column address 100 135 165 ns }12-13
strobe
toEFF Output buffer turn-off delay 40 50 60 ns
trRp Row address strobe precharge 100 120 120 ns
time
tRAS Row address strobe pulse width 150 10000 200 10000 250 10000 | ns
tRSH Row address strobe hold time 100 135 165 ns
tcas Column address strobe pulse width | 100 135 165 ns
tcsH Column address strobe hold time 150 200 250 ns
tRCD Row to column strobe delay 20 50 25 65 35 85 ns 14
tASR Row address set-up time 0 0 0 ns
tRAH Row address hold time 20 25 35 ns
tasc Column address set-up time -10 -10 -10 ns
tcAH Column addiess hold time 45 55 75 ns
tAR Column address hold time 95 120 160 ns
referenced to RAS
tcsc Chip select set-up time -10 -10 -10 ns
teH Chip select hold time 45 55 75 ns
tCHR Chip select hold time referenced 95 120 160 ns
to RAS
t Transition time (rise and fall) 3 35 5 50 5 50 ns 15
trRCs Read command set-up time 0 0 ns
tRCH Read command hold time 0 0 ns
tweH Write command hold time 45 55 75 ns
twcRr Write command hold time 95 120 160 ns
referenced to RAS
twp Write command pulse width 45 55 75 ns
tRWL Write command to row strobe 50 70 85 ns
lead time
tcwL Write command to column strobe 50 70 85 ns
lead time
tps Data in set-up time 0 0 0 ns 16
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AC CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS (cont.)

Types
Parameter M 4027-2 M 4027-3 M 4027-4 Unit | Notes
Min. Max. Min. Max. Min. Max.
toH Data in hold-time 45 55 75 ns 16
tDHR Data in hold time referenced to 95 120 160 ns
RAS
tcrRP Column to row strobe precharge 0 0 0 ns
time
tep Column precharge time 60 80 110 ns
trrsH  Refresh period 2 2 2 ms
twes Write command set-up time 0 0 0 ns 17
tcwp  CAS to WRITE delay 60 80 90 ns 17
tRWD RAS to WRITE delay 110 145 175 ns 17
tpoH Data out hold time 10 10 10 us
CAPACITANCES (T,n,= 010 70°C, Vpp= 12V + 10%; Vgs= OV; Vgg= -5.7 to -4.5V)
Values
Parameter Unit |Notes
Typ. Max.
Ci1 Input capacitance (Ag-As), Dy, CS 4 5 pF 18
Cio Input capacitance RAS, CAS, WRITE 8 10 pF 18
Co Output capacitance (DoyT) 5 7 pF | 8-18

1.Several cycles are required after power-up before proper device operation is achieved. Any 8 cycles which perform
refresh are adequate for this purpose.
2.All voltages referenced to Vgg. Vgpg must be applied before and removed after other supply voltages.
3.0utput 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
Vop (min) specification is not guaranteed in this mode.
4.Tamp is specified for operation at frequencies to trc > tre (min). Operation at higher cycle rates with reduced
ambient temperatures and higher power dissipation is permissible provided that all AC parameters are met.
5.Current is proportional to cycle rate. Ippj (max) is measured at the cycle rate specified by tgc (min).
6.lcc depends on output loading. The V¢ supply is connected to the output buffer only.
7.All device pins at 0 volts except Vgg which_is at -6V and the pin under test which is at +10V.
8.0utput is disabled (high-impedance) and RAS and CAS are both at a logic 1. Transient stabilization is required prior
to measurement of this parameter.
9.0V < Vgt < +10V.
10.AC measurements assume t1= 5 ns.
11.Assumes that trep < trep (max).
12.Assumes that trep = trep (max).
13.Measured with a load circuit equivalent to 2 TTL loads and 100 pF.
14.Operation within the tgcp (max) limit insures that tg aoc (max) can be met. tgcp (max) is specified as a reference
point only;if trcp is greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcac-
15.V e (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 V iy and V.
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.
17.twes, tcwp. and trwp are restrictive operating parameters in a read/write or read/modify/write cycle only. If
twcs = twes (min), the cycle is an early write cycle and Data Out will contain the data written into the selected
cell. If tcwp = tcwp (min) and tgwp > trwp (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. Aa
18.Effective capacitance is calculated from the equation: C = AV with AV = 3 volts.
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READ WRITE/READ MODIFY-WRITE CYCLE
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PAGE MODE WRITE CYCLE
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ADDRESSING

The 12 address bits required to decode one of 4096 cell locations within the M 4027 are multiplexed
onto the 6 address inputs and latched into the on-chip row and column address latches.

Row Address Strobe (RAS) latches the six row address bits onto the chip. Column Address Strobe
(CAS) latches the six column address bits plus Chip Select (CS) onto the chip.

Since the internal circuitry allows the columns information to be externally applied to the chip before it
is actually required, the hold time requirements for column address and CS are also referenced to RAS.
However, this gated CAS feature allows the systems 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. .

Additional timing margin is gained because column address is not required until CAS makes its negative
transition. o

The timing is further simplified by the positive transition of CAS not being referenced to the positive
transition of RAS. In fact, CAS need not go HIGH until the beginning of the next cycle.

DATA INPUT/OUTPUT

Data to be written into selected storage cell of the memory chip is first stored in the on-chip data latch.
The gating of this latch is performed with a combination of WRITE and CAS while RAS is active.

The later of this signals (WRTTE or CAS) to make its negative transition is the strobe for the Data In
into the latch. This permits several options in the write cycle timing. In a write cycle, if the WRITE
input is activated prior to CAS, the Data In is strobe by CAS, and set-up time and hold time are refer-
enced to CAS. If the Data In input is not available at E_A—S_tiLn_e or the cycle is a read-write or read-
modify-write, 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. (To
illustrate this feature, Data In is referenced 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, con-
sequently, data stored in the memory is unaffected. Data is retrieved from the memory in read cycle by

maintaining WRITE in the inactive or high state throughout the portion of 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 CONTROL

At the beginning of a memory cycle, the state of the Data Out latch and buffer depend on the previous
memory cycle. - .
Changes in the condition of Data Out latch are initiated by CAS. The negative transition of CAS causes
the Data Output (Doyt) to unconditionally go to its open-circuit state. |f will remain open-circuited
until after the access Doyt time, the will assume the proper state for the type of cycle performed.

If the cycle is a read; read-modify-write, or a delayed write and the chip is selected, then the Doyt
latch and buffer will contain the data from the selected cell. This output data is the same polarity (not
inverted) as the input data. If the cycle is a write cycle (WRITE active low before CAS goes low) and the
chip is selected, then Doyt will contain the input data.

Once the DOUTg_oes active, it will remain active until the next negative transition of CAS.

If the cycle is a CAS only cycle (no RAS signal), then Doy + will assume the open - circuit state.

The same istrue for normal cycles (both RAS and CAS present-when the chip is unselected Dyt
remains in the open-circuit state until the next negative transition of CAS.

RAS only refresh cycles (no CAS) have no effect on the Doyr.

However, when RAS only refresh cycles are continued for extended periods of time, Doyt may even-
tually go open-circuit.

If the chip unselected, it will not accept a write command and the Doyt will remain in the open-circuit
state.
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INPUT/OUTPUT LEVELS

All inputs, including the two address strobes, interface directly with TTL.

The high-impedance, low-capacitance input characteristics simplify input driver selection by allowing
use of standard logic elements rather than specially designed driver elements.

The 3-state output buffer is a low impedance to V¢ for alogic “1” and a low impedance to Vg5 for a
logic "0".

The output resistance to V¢ (logic “1” state) is 420 ohm maximum and 135 ohm tipically.

The output resistance to Vgg (logic “0” state) is 125 ohm maximum and 35 ohm tipically.

The separate V¢ pin allows the output buffer to be powered from supply voltage of the logic to which
chip is interfaced.

During battery stand-by operation, the V¢ pin may be unpowered without effecting the M 4027
refresh operation.

This allows all system logic, except RAS timing circuitry and refresh address logic, to be turned off
during battery stand-by to save power.

REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 64 row
address every two millisecond or less.

Any cycle in which a RAS signal occurs, accomplished 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 M 4027 receives a RAS signal but no CAS signal, the state of the output
will not be affected. However, if “RAS-only” refresh cycles (when RAS is the only signal applied to the
chip) are contained for extended periods, the output buffer may eventually lose proper data and go
open-circuit.

The output buffer will regain activity with the first cycle in which a CAS signal is applied to the chip.

POWER DISSIPATION/STANDBY MODE

Most of the circuitry used in the M 4027 and most of the power drawn is the result of an address strobe
edge. Because the power is not drawn during the time the strobe is active, the dynamic power is a func-
tion of operating frequency rather than active duty cycle.

Tipically, the power is 1770 mW at 1 usec cycle rate for M 4027 with a worse -case power of less than
470 mW at 320 usec cycle time.

To reduce 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 the selected chips, then the chip select (CS) input of all
chips can be at a logic 0.

Then 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 for all chips must be high or the CAS input must be held
high to prevent several "wire-OR” outputs from turning on with. opposing force. Note that the M 4027
will dissipate considerably less power when the refresh operation is accomplished with a “RAS-only”
cycle as opposed to a normal RAS/CAS memory cycle.
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PAGE MODE OPERATION

The "Page mode” feature of the M 4027 allows for successive memory operations at multiple column
location 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 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. 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 made cycles just as in normal cycles. It is
not necessary that the chip be selected during the first operation in 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 location in a single chip.
The page boundary can be extended by applying RAS to multiple 4K memory blocks and deconding CS
to select the proper block.

POWER UP

The M 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,
SGS-ATES recommends sequencing of power supplies such that Vgg is applied first and removed last.
Vgg should never be more positive than Vgg when power is applied to V.

Under system failure condiction in which one or more supplied exceed the specified limits significant
additional 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 M 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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MQS
INTEGRATED
CIRCUIT

16384-BIT DYNAMIC RANDOM ACCESS MEMORY

RECOGNIZED INDUSTRY STANDARD 16-PIN CONFIGURATION

150ns ACCESS TIME, 320ns CYCLE (M 4116-2)

200ns ACCESS TIME, 375ns CYCLE (M 4116-3)

250ns ACCESS TIME, 410ns CYCLE (M 4116-4)

+10% TOLERANCE ON ALL POWER SUPPLIES (+12V, £5V)

LOW POWER: 462 mW ACTIVE, 20 mW STANDBY (MAX)

OUTPUT DATA CONTROLLED BY CAS AND UNLATCHED AT END OF CYCLE TO ALLOW
TWO DIMENSIONAL CHIP SELECTION AND EXTENDED PAGE BOUNDARY

COMMON 1/0 CAPABILITY USING "EARLY WRITE” OPERATION

READ-MODIFY-WRITE, RAS-ONLY REFRESH, AND PAGE-MODE CAPABILITY

ALL INPUTS TTL COMPATIBLE, LOW CAPACITANCE, AND PROTECTED AGAINST STATIC
CHARGE

128 REFRESH CYCLES

MOSTEK 4116 PIN TO PIN REPLACEMENT

ECL COMPATIBLE ON Vgg POWER SUPPLY (-5.7V)

The M 4116 is a new generation MOS dynamic random access memory circuit organized as 16384 words
by 1 bit. The technology used to fabricate the M 4116 is double-poly N-channel silicon gate.

This process, coupled with the use of a single transistor dynamic storage cell, provides the maximum pos-
sible circuit density and reliability, while maintaining high performance 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.

Multiplexed address inputs permits the M 4116 to be packaged in a standard 16-pin DIP. The device is
available in 16-lead dual in-line ceramic and plastic package.

ABSOLUTE MAXIMUM RATINGS*

o<<<

Voltage on any pin relative to Vgg -0.5 to +20
Voltage on Vpp, Ve supplies relative to Vgg -1to+15
Vgg-Vss (Vpp-Vss > 0V) 0
Top Operating temperature 0to+70 °
Tstg Storage temperature for ceramic package -65 to +150 ZC
for plastic package -55 to +125 C
ly Short circuit output current 50 mA
Piot Total power dissipation 1 w

*

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

ORDERING NUMBERS: M 4116-2/3/4 B1 for dual in-line plastic package

M 4116-2/3/4 F1 for dual in-line ceramic package, frit-seal
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MECHANICAL DATA (dimensions in mm)
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RECOMMENDED DC OPERATING CONDITIONS (T,,,= 0 to 70°C)!

Types
Parameter Unit | Note
Min. Typ. Max.
Vbbp Supply voltage 10.8 12 13.2 \Y 2
Vee Supply voltage 4.5 5 5.5 \Y 2.3
Vss Supply voltage 0 0 0 \ 2
Vgg Supply voltage -4.5 -5 5.7 \Y 2
ViHe Input high voltage on RAS, CAS, WRITE 2.7 — 7 \% 2
Vi Input high voltage, all inputs except RAS, CAS, WRITE 2.4 — 7 \Y) 2
Vie Input low voltage, all inputs -1 - 0.8 \ 2

DC ELECTRICAL CHARACTERISTICS (T, = 0 to 70°C)!, (Vpp= 12V£10% Vee= 5V+10%;
Vgg= -5.7 to -4.5V; V= OV)

Types
Parameter Test conditions M 4116-2/3 M 4116-4 Unit | Note
Min. | Max. | Min. | Max.

Ipp1 Average operating current 35 35 mA 4
T A - RAS, CAS cycling
cc1 verage operating current tre= tre (min) 5
IgB1  Average operating current | 200 200 | LA
Ipp2 Standby current 15 1.5 mA
[ Standby current RAS =V Hc 0 | 10 | -10 | 10 | uA
cc2 DoyT= High impedance
Igg2 Standby current 100 uA
Ipp3 Refresh average current Refresh mode: RAS cycling 27 27 mA 4
Icc3 Refresh average current CAS = Vch_ -10 10 -10 10 uA
Igg3  Refresh average current trc= trc (min) 200 HA
Ibpa Page mode average current Page mode: RAS = V,_ 27 27 mA 4
lcca Page mode average current CAS cycling ) 5
Iggs Page mode average current tpc= tpc (min) 200 kA
li(Ly Input leakage current Vgg= -5V

0V < VN < +7V, all other -10 10 -10 10 kA

pins not under test = 0 volts
lo(L) Output leakage current DoyT in disabled _ _

OV < Vour < +6.5V 101 10 | -10 | 10 | kA
VoH Output high voltage loyT=-5 mMA 2.4 24 \Y 3
VoL  Output low voltage louT=4.2mA 0.4 0.4 \% 3
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDIT.
(Tomp= 010 70°C)1,(Vpp=12V£10%; Vec= 5V *10%; Vss=0V, Vgg= -5.7 to -4.5V)

Types
Parameter M 4116-2 M 4116-3 M 4116-4 Unit | Note
Min. Max. Min. | Max. Min. | Max.

trc  Random read or write cycle time 375 375 410 ns 9
trwe Read-write cycle time 375 375 425 ns 9
trmw Read modify write cycle time 320 405 500 ns 9
tpe Page mode cycle time 170 225 275 ns 9
tRAC  Access time from RAS 150 200 250 | ns 10,12
tcac Access time from CAS 100 135 165 | ns |11,12
torr Output buffer turn-off delay 0 40 0 50 0 60 ns 13
t1 Transition time (rise and fall) 3 35 3 50 3 50 ns 8
trp  RAS precharge time 100 120 150 ns
tras RAS pulse width 150 | 10000 | 200 | 10000 250 | 10000 | ns
trsH RAS hold time 100 135 165 ns
tcsq CAS hold time 150 200 250 ns
trecp RAS to CAS delay time 20 50 25 65 35 85 |'ns 14
tcas CAS pulse width 100 | 10000| 135 |10000| 165 | 10000 | ns
tcrp CAS to RAS precharge time -20 -20 -20 ns
tasr Row address set-up time 0 0 0 ns
traH Row address hold time 20 25 35 | ns
tasc Column address set-up time -10 . -10 -10 ns
tcan Column address hold time 45 55 75 ns
tAR %)A_l%mn address hold time referenced to 95 120 160 ns
trcs Read command set-up time 0 0 0 ns
trcH Read command hold time 0 0 0 ns
twcH Write command hold time 45 55 75 ns
twcR \t/zri'_;%ommand hold time referenced 95 120 160 ns
twp  Write command pulse width 45 55 75 ns
trwL Write command to RAS lead time 50 70 85 ns
tcwL Write command to CAS lead time 50 70 85 ns
tps Data-in set-up time 0 0 0 ns 15
tpy  Data-in hold time 45 55 75 ns 15
tpr Data-in hold time referenced to RAS 95 120 160 ns
tcp gﬁﬂseporﬁlc\l/'\)arge time (for page mode 60 80 100 ns
trer Refresh period 2 2 2 ms
twcs WRITE command set-up time -20 -20 -20 ns 16
tcwp CAS to WRITE delay 60 80 90 ns 16
trwp RAS to WRITE delay 110 145 175 ns 16
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Notes:
1. Tamp is specified here for operation at frequencies to trc > trc (min). Operation at higher cycle rates with reduced
ambient temperatures and higher power dissipation is permissible, however,provided AC operating parameters are met.
2.All voltages referenced to Vgg.
3.0utput voltage will swing from Vgg to Ve when activated with no current loading. For purposes of maintaining
data in standby mode,Vcc may be reduced to Vgg without affecting refresh operations or data retention. However,
the Vouy (min) specification is not guaranteed in this mode.
4.1pp1 'pp3 and Ippgs depend on cycle rate.
5.1cc1 and Icca depend upon output loading. During read out of high level data V¢ is connected through a low
impedance to data out. At all other times |c ¢ consists of leakage currents only.
6.Several cycles are required after power-up before proper device operation is achieved. Any 8 cycles which perform
refresh are adequate for this purpose.
7.AC measurements assume t1 = 5 ns.
8.Vinc (min) or V| (min) and V| _ (max) are reference levels for measuring timing of input signals. Also, transition
times are measured between V¢ or Vi and V.
9.The specifications for tge (min) and tryc (Min) tryw (Min) are used only to indicate cycle time at which proper
operation over the full temperature range (0°C < T my, < 70°C) is assured.
10.Assumes that tgep < trep (max). f trep is greater than the maximum recommended value shown in this table,
trac Will increase by the amount that trcp exceeds the value shown.
11.Assumes that trcp = trcp (max).
12.Measured with a load equivalent to 2 TTL loads and 100 pF.
13.torF (max) defines the time at which the output achieves the open circuit condition and is not referenced to
output voltage levels.
14.Operation within the trcp (max) limit insures that trac (max) can be met. trcp (max) is specified as a reference
point only;if tgcp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac.
15.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.
16.twcs, tcwp and trwp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only: If tywcs > 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 tcwp = tcwp (min) and trwp > trwp (min), the cycle is
a read-write cycle and the data out will contain data read from the selected cell; 1f neither of the above sets of con-
ditions is satisfied the condition of the data out (at access time) is indeterminate.

17.Effective capacitance calculated from the equation C =I~§Viwith Av = 3 volts and power suppliesat nominal levels.
18.CAS = V¢ to disable DoyT..

CAPACITANCES (T,mp= 010 70°C; Vpp= 12V + 10%; Vss= OV; Vg = -5.7 to -4.5V)

Parameter Min. Typ. Max. Unit | Notes
Ci1 Input capacitance (Ag-Ag) DIN 4 5 pF 17
Ciz Input capacitance RAS, CAS, WRITE 8 10 pF 17
Co Output capacitance (Do yT) 5 7 pF [17,18
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DESCRIPTION

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 M 4116 also incorporates several
flexible timing/operating modes. In addition to the usual read, write, and read-modify-write cycles, the
M 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 dimensional chip selec-
tion, 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 M 4116 are multiplexed
onto the 7 address inputs and latched into the on-chip address latches by externally applying two nega-
tive 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 logi-
cally 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 occur-
rence 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 (tgan) 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 trapy and it will have no effect on the worst case data
access time (tgac) 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 tgep (min) and tgep (max). No data storage or reading errors will result if CAS is applied to the
M 4116 at a point in time beyond the trcp (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 tgcp exceeds the tgrcp (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 (D.N) register. This permits several options in the write cycle timing. In a write
cycle,if the WRITE input is brought low (active) prior to CAS, the D 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 referenced to the nega-
tive edge of WRITE rather than CAS. (To illustrate this feature, D,y is referenced to WRITE in the tim-
ing diagrams depicting the read-write and page-mode write cycles while the “early write” cycle diagram
shows D, 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 (Dgy+) of the M 4116 is the high impedance (open-circuit)
state. That is to say, anytime CAS is at a high level, the Doyt pin will be floating. The only time the
output will turn on and contain either a logic 0 or logic 1 is at access time during a read cycle. Doyt will
remain valid from access time until CAS is taken back to the inactive (high level) condition.
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DATA OUTPUT CONTROL (continued)

If the memory cycle in progress is a read, read-modify write, or a delayed write cycle, then the data out-
put will go from the high impedance state to the active condition,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. 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 out-
put configuration, the user is given full control of the Doyt pin simply by controlling the placement of
WRITTE command during a write cycle, and the pulse width of the Column Address Strobe during read
operations. Note also that even through data is not latched at the output, data can remain valid from
access time until the beginning of a subsequent 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/O Operation — If all write operations are handled in the "early write” mode, then Dy can be
connected directly to Doyt for a common |/0 data bus.

DouT will remain valid during a read cycle from tcac 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 Do 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 decoded 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 memorv cycles at multiple column
locations of the same row address. By decoding CAS as a page cycle select signal, the page boundary can
be extended beyond the 128 column location 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 V¢ for a logic
1 and a low impedance to Vg for a logic 0. The effective resistance to V¢ (logic 1 state) is 4202 maxi-
mum and 1355 typically. The resistance to Vgg (logic O state) is 952 maximum and 350 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 V¢ pin may have power removed without
affecting the M 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 M 4116 allows for successive memory operations at multiplie 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 maintaining the RAS signal at a logic O throughout all success-
ive 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 page boundary of a single M 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 the 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.
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REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 128
row addresses within eacn 2 millisecond time interval. Although any normal memory cycle will perform
the refresh operation, this function is most easily accomplished with “RAS-only” cycles. RAS-only
refresh results in a substantial reduction in operating power. This reduction in power is reflected in the
Ibp 3 specification.

POWER CONSIDERATIONS

Most of the circuitry used in the M 4116 is dynamic and most of the power drawn is the result of an ad-
dress strobe edge.Consequently, the dynamic power is primarily a function of operating frequency rather
than active duty cycle. This current characteristic of the M4116 precludes 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 re-
liability. Bulk capacitance requirements are minimal since the M 4116 draws very little steady state (DC)
current.

In system applications requiring lower power dissipations, the operating frequency (cycle rate) of the
M 4116 can be reduced and the (guaranteed maximum) average power dissipation of the device will be
lowered in accordance with the |55; (max) spec limit equation.

Note: The M4116 is guaranteed to have a maximum I5p; requirement with an ambient temperature
range from 0° to 70°C.
1 microsecond cycle, results in a reduced maximum lpp; requirement of under 20 mA with an
ambient temperature range from 0 to 70°C.

Although RAS and/or CAS can be decoded and used as a chip select signal for the M 4116 overall sys-
tem power is minimized if the Row Address Strobe (RAS) is used for this purpose. All unselected devices
(those which do not receive a RAS) will remain in a low power (standby) mode regardless of the state
of CAS.

POWER UP

The M 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,
SGS-ATES recommends sequencing of power supplies such that Vgg is applied first and removed last.
Vgg should never be more positive than Vg when power is applied to V.

Under system failure conditions in which one or more supplies exceed the specified limits significant ad-
ditional margin against catastrophic device failure may be achieved by forcing RAS and CAS to the inac-
tive state (high level).

After power is applied to be device, the M 4116 requires several cycles before proper device operation is
achieved. Any 8 cycles which perform refresh are adequate for this purpose.
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Fig. 10 - Cumulative 2 axis schmoo plot Vgg vs. Vpp

THO ARAIS SHMOO PLOT
TEST CONMDITEONS

COMNT BLANK 18@% 9 99% 8 80X 7 70Z 6 68X 5 59X 4 407 3 384 2 204 1 107 # 0
COMNT PATTERM ADDRESS COMPLEMENT

COMNT TIMING T3

COMNT DEVICES TESTED = 49

TEMF. = == T

veRyY < ¥

9. o0 11. 08~ 13. 00 15. @9
VDDY ¢ YD

Fig. 11 - 3 axis schmoo plot Vpp, Vgg, access time

THREF @IS SHMOO PoOT
TEST COMDITIONS

COMNT

DEYICE SERIAL MUMBER: 1

COMNT

COMNT PRTTERM ADDE COMPLEMENT

COMNT ALIMENTAZINHT MNOMINALL % IL = 2y

COMNT TIMING T4

spec. region

WEE ke TRAC  (NSH
.8 .9 1418 148. 9 140. 9 1398 138 @
.8 LB 141, 8 148 9 140.9 139 8 133. 8
.8 LR 142,09 1418 140. 8 13989 132 .8
.8 .8 1428 141 9 445. 8 135 8 1323 9

a 3.8 1428 1419 148. 8 129 8 133. 4
=] 2 142 .9 141, 9 140. B 139. 9 139 A

.8 9 142,89 1418 149. 8 133 8 139. 9
] A 142 9 141. 9 148 .9 °149. B 133. @
. @ A 142 .3 141 2 149. 9 146. 9 133. 9
.8 A 142 0 141. 0 143 3 140. 8 123. 9
5.8 B 442 8 142 8 141 9 148. 8 133. 9
. 8 3 .a =] . @ .8 LB 144D 1430 142 9 141. 9 140. 9 139. 9
LB 1532 151 0 143 8 142. 9 145 3 145 9 144. 9 1439 142 .9 141. 9 140 9 140. @
L@ 153.9 151. 3 150. 9 142. 0 147. 9 145 0 144 0 143 9 142. 9 141. 9 140. 8 149. 8
L8 1548 152.8 150. 8 143. 8 147. 8 145. 9 144. 8 143 2 142 2 141. 9 148. 9 140. 0
LB 154. 9 152 9 158. 8 143. 9 147 @ 146 0 144.8 143 0 142 3 142 3 141 9 149. 9
L@ 1548 152 9 159. 0 145 .8 147. 8 146. 0 145 3 144, 8 143 8 142 9 141. 0 140. 9

12 49 12 289 12 28 13 69 14. 80 14. 49 14 3808 15 280

275




Fig. 12 - Access time distribution for Vpp= 12V, Vgg= -5V, T mp=80°C
TEST: TRAC B398 C. & YEBB=-5 AY YOO=12 @Y

1868, Bna

136, ARa

200, G0
210, ARG

220, GE9

. B
243, BeE

258, o6

Pt bt bt bt bt b bt bed bt dd et b bk bt el b bt bk bl bt bt bt

B17245673901 22456 72901 2345672901 23456 TRI0N 23456 7590123456 73901 23456 72901.23456 7390
@ 1 2 3 4 3 5 7

w

Fig. 13 - Cumulative 2 axis schmoo plot of ViLmax) ¥s. Vpp for addresses (no temperature variation is
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Fig. 14 - Cumulative 2 asix schmoo plot of V|_nax) Vs. Vpp for addresses (no temperature variation

is observed)
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COS/MOS
INTEGRATED
CIRCUIT

ADVANCE DATA

A-LAW COMPANDING CODEC

+5V POWER SUPPLY

LOW POWER DISSIPATION -30 mW (TYP.)

FOLLOWS THE A-LAW COMPANDING CODE

EXCEEDS CCITT SPECIFICATIONS, INCLUDES EVEN-ORDER-BIT INVERSION
SYNCHRONOUS OR ASYNCHRONOUS OPERATION

ON-CHIP SAMPLE AND HOLD

ON-CHIP OFFSET NULL CIRCUIT ELIMINATES LONG-TERM DRIFT ERRORS AND NEED
FOR TRIMMING

SINGLE 16-PIN PACKAGE

MINIMAL EXTERNAL CIRCUITRY REQUIRED

SERIAL DATA OUTPUT OF 64 Kb/s - 2.1 Mb/s at 8 KHz SAMPLING RATE

SEPARATE ANALOG AND DIGITAL GROUNDING PINS REDUCE SYSTEM NOISE PROBLEMS

The M5156 is a monolithic CMOS companding CODEC which contains two sections: (1) An analog-to-
digital converter which has a transfer characteristic conforming to the A-law companding code and (2)
a digital-to-analog converter which also conforms to the A-law code.

These two sections form a coder-decoder which is designed to meet the needs of the telecommuni-
cations industry for per-channel voice-frequency codecs used in PCM systems. Digital input and output
are in serial format. Actual transmission and reception of 8-bit data words containing the analog in-
formation is done at a 64 Kb/s - 2.1 Mb/s rate with analog signal sampling occurring at an 8 KHz rate.
A sync pulse input is provided for synchronizing transmission and reception of multichannel information
being multiplexed over a single transmission line.

ABSOLUTE MAXIMUM RATINGS*

DC Supply Voltage, V + +6 \Y
DC Supply Voltage, V- -6 \%
Operating Temperature range Oto 70 °C
Storage Temperature range -55 to +125 °C
Package Dissipation at 25°C (Derated 9 mW/°C when soldered into PCB) 500 mWwW
Digital Input -05 <V ySV+ \Y
Analog Input V-<Vy S W \Y
+Vrer -05 <+Vggr S V+ \%
-VR&er V-<-Vger <+05 \Y

* 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 any other conditions above those indicated in
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

ORDERING NUMBERS:

M5156 D1 for dual in-line ceramic package, metal-seal
M5156 F1 for dual in-line ceramic package, frit-seal
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MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package, metal-seal
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POWER SUPPLY REQUIREMENTS

Values
Parameter Unit Note
Min. Typ. Max

V+ Positive Supply Voltage 4.75 5.0 5.25 \"

V- Negative Supply Voltage -5.25 5.0 -4.75 \Y

+VREF Positive Reference Voltage 2.375 25 2.625 \ 1
-VReF Negative Reference Voltage -2.625 -25 -2.375 \ 1

DC CHARACTERISTICS (Test conditions: V+= 5.0V, V-= -5.0V, +V ggg= 2.5V, -V ggr=-2.5V)
Values
Parameter Unit | Note
Min. Typ. Max

RinAs Analog Input Resistance During Sampling 2 kQ 2
RINANS Analog Input Resistance Non-Sampling 100 Mo

CinA Analog Input Capacitance 150 250 pF
VoFFseT/1 Analog Input Offset Voltage +1 +8 mV

RouTa Analog Output Resistance 20 50 Q

louTta Analog Output Current 0.25 05 mA
(VorFseT/0) Analog Output Offset Voltage -200 +850 mV

niow - Lot lnout Low Current (v 08Y) HEIESE
hNHIGH Logic Input High Current (Vp=2.4V) _0.25 _08 mA 2

Digital Input, Clock Input, Sync Input

Cpo Digital Output Capacitance 8 12 pF

IpoL Digital Output Leakage Current +0.1 +10 MA
VouTLow  Digital Output Low Voltage 0.4 \ 4
VouTHigH Digital Output High Voltage 3.9 \ 4
I+ Positive Supply Current 4 10 mA

I— Negative Supply Current 2 6 mA

IREF+ Positive Reference Current 4 20 uA

IREF- Negative Reference Current 4 20 kA
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AC CHARACTERISTICS (Refer to Figure 3 and Figure 4)

Values
Parameter Unit Note
Min Typ. Max.
Fm Master Clock Frequency 1.5 2.048 2.1 MHz
FRr, Fx XMIT, RCV. Clock Frequency 0.064 2.048 2.1 MHz
PWcLk Clock Pulse Width (MASTER, XMIT, RCV.) 200 ns
tres tFc Clock Rise, Fall Time- (MASTER, XMIT, RCV) 25% of ns
PWerk
trs, tFg Sync Rise, Fall Time (XMIT, RCV.) 25% of ns
PWc k
tpIr. IDIF Data Input Rise, Fall Time 25% of
PW ns
CLK
twsx: twsr  Sync Pulse Width (XMIT, RCV.) 8 us
Fx(FR)
tpsg Sync Pulse Period (XMIT, RCV.) 125 us
txcs XMIT Clock-to-XMIT Sync Delay 50% of
ns 6
trcltrs)
txCcsN XMIT Clock-to-XMIT Sync (Negative Edge) 200 ns
Delay
txss XMIT Sync Set-Up Time 200 ns
txDD XMIT Data Delay 0 200 ns 4
txpp XMIT Data Present 0 200 ns 4
txpT XMIT Data Three State 150 ns 4
tpoF Digital Output Fall Time 50 ns 4
tpoRr Digital Output Rise Time 50 ns 4
tsrc RCV. Sync-to-RCV. Clock Delay 50% of
ns 6
treltrs)
trRDS RCV. Data Set-Up Time 50 ns 5
tRDH RCV. Data Hold Time 200 ns 5
trcs RCV. Clock-to-RCV. Sync Delay 200 ns
trss RCV. Sync Set-Up Time 200 ns 5
tspo RCV. Sync-to-Analog Output Delay 7 us
SLEW+ Analog Output Positive Slew Rate 1 V/us
SLEW- Analog Output Negative Slew Rate 1 V/us
DROOP Analog Output Droop Rate 25 uVius
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SYSTEM CHARACTERISTICS (Refer to Figures 10 and 11)

Values
Parameter Test conditions Unit
Min. Typ. Max.
S/D Signal-to-Distortion Ratio | Analog Input = 0 to -30 dBmO 35 39 dB
Analog Input = -40 dBmO 29 34 dB
Analog Input = -45 dmO 24 29 dB
GT Gain Tracking Analog Input = +3 to -37 dBmO -0.4 + 0.1 +0.4 dB
Analog Input = -37 to -50 dBmO -0.8 +0.1 +0.8 dB
Analog Input = -50 to -55 dBmO -25 +0.2 +2.5 dB
Nic Idle Channel Noise Analog Input = 0 Volts -80 -72 dBmOp
TLP Transmission Level Point 600 +4 dB
Notes:

1.

2.

+V RreF and -V g must be matched with in +1%
in order to meet system requirements.

Sampling is accomplished by changing the in-
ternal capacitor to within % LSB (< 300 uV)
in 20 us. Therefore, the external source resistance
must be 3k or less. The equivalent circuit during
sampling is shown on the right.

. The M5156 will | source current through an in-

ternal 6 kQ resistor to help pull up the TTL out-
put. When a transition froma "1’ to a "0" takes
place, the user must sink the "1’ current until
reaching the "'0" level.

. Driving one 74L or 74LS TTL load plus 30 pF

with Ig=-100 pA, I =500 pA.

The first bit of data is loaded when Sync. and
Clock are both 1" during bit time 1 as shown on
RCV, timing diagram.

. This delay is necessary to avoid overlapping

Clock and Sync.

FUNCTIONAL DESCRIPTION

Pin 1 — Analog Input
Voice-frequency analog signals which are bandwidth-limited to 4 kHz are input at this pin. Typically,
they are then sampled at an 8 kHz rate (Refer to Figure 1). The analog input must remain between
+V rer and -V gep for accurate conversion.

Pin 5 — Master Clock
This signal provides the basic timing and control signals required for all internal conversions. It does not
have to be synchronized with RCV. SYNC, RCV, CLOCK, XMIT SYNC or XMIT CLOCK and is not
internally related to them.

EQUIVALENT INPUT RESISTANCE
CIRCUIT DURING SAMPLING

CODEC

SAMPLE

GATE
RESISTAN

SOURCE ce

RESISTANCE |  <skq

150pFI
I

<3KQ

S- 4453




FUNCTIONAL DESCRIPTION (continued)
Fig. 1 - A/D, D/A conversion timing

|

125usec

-]
e —
XMIT SYNC
‘4—— ~15-20usec ->-]
SAMPLE AND HOLD
———L SAMPLE TIME L f
~ 32 MASTER CLOCKS [L N

J[‘ = BOMsec——,-‘

ENABLE SAR o SAR GFoATE
SAR REQUIRES comimsonsk o nTRUES AR
\___ =128 MASTER CLOCKS REGISTER

<7usec |
/ RCV. SYNC \

/ ANALOG OUTPUT UPDATED

Fig. 2 - Data input/output timing

200ns Required For Data To Transter

XMIT "’_" From Master to Slave M5156
Internal
Clock DIGITAL
‘OUT __LS/MIS/MIS/M' S/M[S/M[S/M[S/M‘ S/M I
XMIT SYNC |
>< Valid Data
XMIT CLOCK XMIT
Required To Transfer Data R Internal Clock
RCV ] |« 200ns From Master to Slave DIGITAL
Internal '—N—~——a-lm slM slM s]M sim sIM slMs[M s]
Clock RCV. SYNC |
l#—50ns Required to Load Master RCV. CLOCK eV

>\:/alld Incoming Data Internal Clock

Pin 6 — XMIT SYNC (Refer to Figure 3 for the Timing Diagram)

This input is synchronized with XMIT CLOCK. When XMIT SYNC goes high, the digital output is acti-
vated and the A/D conversion begins on the next positive edge of MASTER CLOCK. The conversion by
MASTER CLOCK can be asynchronous with XMIT CLOCK. The serial output data is clocked out by
the positive edges of XMIT CLOCK. The negative edge of XMIT SYNC causes the digital output to
become three-state. XMIT SYNC must go low for at least 1 master clock prior to the transmission of the
next digital word (Refer to Figure 7).

Pin 7 — XMIT CLOCK (Refer to Figure 3 for the Timing Diagram)

The on-chip 8-bit output shift register of the M5156 is unloaded at the clock rate present on this pin.
Clock rates of 64 kHz - 2.1 MHz can be used for XMIT CLOCK. The positive edge of the INTERNAL
CLOCK transfers the data from the master to the slave of a master-slave flip-flop {Refer to Figure 2).
If the positive edge of XMIT SYNC occurs after the positive edge of XMIT CLOCK, XMIT SYNC will
determine when the first positive edge of INTERNAL CLOCK will occur. In this event, the hold time
for the first clock pulse is measured from the positive edge of XMIT SYNC.
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FUNCTIONAL DESCRIPTION (continued)
Fig. 3 - Transmitter section timing

] wsx |

XMIT SYNC

XMt
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tXDD
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THREE-STATE nl MS8 Of 2ND (58 OF 58 0 MsE o SO (58 01 IND U O o
CHORD EHORD CHORO NI site Siee :

INITIAL DATA
NOT VALID

V
PCM DATA PRESENT

Note: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.

Pin 9 — RCV. SYNC (Refer to Figure 4 for the Timing Diagram)

This input is synchronized with RCV. CLOCK and serial data is clocked in by RCV. CLOCK. Duration
of the RCV. SYNC. pulse is approximately 8 RCV. CLOCK periods. The conversion from digital-to-
analog starts after the negative edge of the RCV. SYNC pulse (Refer to Figure 1). The negative edge of
RCV. SYNC should occur before the 9th positive clock edge to insure that only eight bits are clocked in.
RCV. SYNC must stay low for 17 MASTER CLOCKS (min.) before the next digital word is to be
received (Refer to Figure 8).

Pin 10 — RCV. CLOCK (Refer to Figure 4 for the Timing Diagram)

The on-chip 8-bit shift register for the M5156 is loaded at the clock rate present on this pin. Clock rates
of 64 kHz - 2.1 MHz can be used for RCV. CLOCK. Valid data should be applied to the digital input
before the positive edge of the internal clock (Refer to Figure 2). This set up time, tgps, allows the data
to be transferred into the MASTER of a master-slave flip-flop. The positive edge of the INTERNAL
CLOCK transfers the data to the SLAVE of the master-slave flip-flop. A hold time, tgpy, is required
to complete this transfer. If the rising edge of RCV. SYNC occurs after the first rising edge of RCV.
CLOCK, RCV. SYNC will determine when the first positive edge of INTERNAL CLOCK will occur. In
this event, the set-up and hold times for the first clock pulse should be measured from the positive
edge of RCV. SYNC. .
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FUNCTIONAL DESCRIPTION (continued)

Fig. 4 - Receiver section timing

RCV SYNC

.

DIGITAL INPUT

tRDH
RDS

tSAQ—»

ANALOG OUTPUT

Note: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measuref from 1.4V.

Fig. 5 - A/D converter (A-Law Encoder)

transfer characteristic
1010 1010

transfer characteristic
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Fig. 6 - D/A converter (A-Law Decoder)
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FUNCTIONAL DESCRIPTION (continued)

Table 1 - Digital output code: A Law
Chord Code  Chord Value  Step Value

1. 101 0.0 mV 1.221 mV
2. 100 20.1 mV 1.221 mV
1 40.3 mV 244 mV
. 110 20,8 mv 488 mv EXAMPLE:
5. 001 161.1 mV 977 mV 1. ' 110 O111=.+80.6mV+(2x4.88mV)
6. 000 332 mV 19.53 mV Sign Bit Chord Step Bits
7. 011 645 mV 39.1 mV If the sign bit were a zero, then both plus signs
8. 010 1.289 V 78.1 mV would be changed to minus signs.

Pin 8 — Digital Output

The M5156 output register stores the 8-bit encoded sample of the analog input. This 8-bit word is
shifted out under control of XMIT SYNC and XMIT CLOCK. When XMIT SYNC is low, the DIGITAL
OUTPUT is an open circuit. When XMIT SYNC is high, the state of the DIGITAL OUTPUT is determined
by the value of the output bit in the serial shift register. The output is composed of a Sign Bit, 3 Chord
Bits, and 4 Step Bits. The Sign Bit indicates the polarity of the analog input while the Chord and Step
Bits indicate the magnitude. In the first two Chords, the Step Bit has a value of 1.2 mV. In the third
Chord, the Step Bit has a value of 2.4 mV. This doubling of the step value continues for each of the five
successive Chords. Each Chord has a specific value and the Step Bits, 16 in each Chord, specify the
displacement from that value (Refer to Table 1). Thus the output, which follows the A-law, has reso-
lution that is proportional to the input level rather than to full scale. This provides the resolution of a
12-bit A/D converter at low input levels and that of a 6-bit converter as the input approaches full scale.
The transfer characteristic of the A/D converter (A-law Encoder) is shown in Figure 5. '

Pin 12 — Digital Input

The M5156 input register accepts the 8-bit sample of an analog value and loads it under control of RCV.
SYNC and RCV. CLOCK. The timing diagram is shown in Figure 4. When RCV. SYNC goes high, the
M5156 uses RCV. CLOCK to clock the serial data into its input register. RCV. SYNC goes low to in-
dicate the end of serial input data. The 8 bits of the input data have the same functions described for
the DIGITAL OUTPUT. The transfer characteristic of the D/A converter (A-law Decoder) is shown in
Figure 6.

Pin 13 — Analog Output

The analog output is in the form of voltage steps (100% duty cycle) having amplitude equal to the
analog sample which was encoded. This waveform is then filtered with an external low-pass filter with
sinx/Xx correction to recreate the sampled voice signal.

Pins 16 and 15 — Positive and negative reference voltages (+V ger and -V geg)

These inputs provide the conversion references for the digital-to-analog converters in the M5156.
+Vger and -Vgge must maintain 100 ppM/°C regulation over the operating temperature range.
Variation of the reference directly affects system gain.
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OPERATION OF DECODEC WITH 64 kHz XMIT/RCV.

Clock Frequencies
XMIT/RCV. SYNC must not be allowed to remain at a logic ""1"" state. XMIT SYNC is required to be at
a logic "’0"" state for 1 master clock period (min.) before the next digital word is transmitted. RCV.

SYNC is required to be at a logic ""0” state for 17 master clock periods (min.) before the next digital
word is received (Refer to Figs. 7 and 8).

Fig. 7 - 64 kHz operation, transmitter section timing

125 usec

XMIT SYNC

1 MASTER

——-»1 {4—— PWcik l€«—— CLOCK

i
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—> txm:

CHORD 81T CHORD BIT CHORD BT sTep BiT step air STEP BIT sTEP maﬁ/sleu i
THREE SIGN 81T MSB OF 2ND LSB OF LS8 OF MSB OF 3RD S8 OF 2ND LSB OF BIT ernrel
STATE ms8 CHORD CHORD CHORD sTER STEP sTER Lss LAy \Wexr woros

~
PCM DATA PRESENT

Note: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V,

Fig. 8 - 64 kHz operation, receiver section timing

e 125.sec {
RCV SYNC 17 MASTER
—_— W CLOCK PERIODS
—" |<— CLK le— (min)
RCV
cLock ;._I U I__J m I__J U l__, ’ __]_1

tRDS —» | L.l:—'RD"
-

Note: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.
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Offset Null

The offset null feature of the M5156 eliminates long-term drift errors and conversion errors due to tem-
perature changes by going through an offset adjustment cycle before every conversion, thus guaranteeing
accurate A/D conversion for inputs near ground. There is no offset adjust of the output amplifier be-
cause, since the output is intended to be AC - coupled to the external filter, the resultant DC error
(VorrseT/o) will have no effect. The sign bit is not used to null the analog input. Therefore, for an
analog input of 0 volts, the sign bit will be stable.

Performance Evaluation

The equipment connections shown in Figure 9 can be used to evaluate the performance of the M5156.
An analog signal provided by the HP3552A Transmission Test Set is connected to the Analog Input
(Pin 1) of the M5156. The Digital Output of the CODEC is tied back to the Digital Input and the Analog
Output is fed through a low-pass filter to the HP3552A. Remaining pins of the M5156 are connected
as follows:

(1) RCV.SYNC is tied to XMIT SYNC.
(2) XMIT CLOCK is tied to MASTER CLOCK. The signal is inverted and tied to RCV. CLOCK.
The following timing signals are required:

(1) MASTER CLOCK = 2.048 MHz.
(2) XMIT SYNC repetition rate = 8 kHz
(3) XMIT SYNC width = 8 XMIT CLOCK periods.

When all the above requirements are met, the setup of Figure 9 permits the measurement of synchronous
system performance over a wide range of analog inputs.

The data register and ideal decoder provide a means of checking the encoder portion of the M5156 in-
dependently of the decoder section. To test the system in the asynchronous mode, MASTER CLOCK
should be separated from XMIT CLOCK and MASTER CLOCK should be separated from RCV. CLOCK.
XMIT CLOCK and RCV. CLOCK are separated also. Some experimental results obtained with the
M5156 are shown in Figs. 10 and 11.

Fig. 9 - System characteristics test configuration
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Fig. 10 - S/D ratio vs. input level
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MOS
INTEGRATED
CIRCUIT

ADVANCE DATA

PCM TRANSMIT/RECEIVE FILTERS

® MONOLITHIC DEVICE INCLUDES BOTH TRANSMIT AND RECEIVE FILTERS

® CCITT G712 AND AT&T D3/D4 COMPATIBLE

® TRANSMIT FILTER INCLUDES 50/60 Hz REJECTION

® RECEIVE FILTER INCLUDES SIN X/X COMPENSATION

® EXTERNAL GAIN ADJUSTMENT, BOTH TRANSMIT AND RECEIVE FILTERS

® | OWPOWER CONSUMPTION: 20 mW TYPICAL WITHOUT POWER AMPLIFIERS
<1 mW TYPICAL IN POWER-DOWN MODE

® DIRECT INTERFACE WITH TRANSFORMER OR ELECTRONIC TELEPHONE HYBRIDS

® 5% POWER SUPPLIES; +6V, -5V

® STANDARD 16-PIN PACKAGE

® PIN-FOR-PIN COMPATIBLE WITH THE 2912 PCM FILTER

The M5912 is a monolithic device containing the two filters of a PCM line or trunk termination and is
designed to minimize power dissipation, maximize reliability and provide a low-cost alternative to
hybrid filters. The device consists of two switched-capacitor filters, transmit and receive, and power am-
plifiers which may be used to drive a transformer hybrid (2-to-4 wire converter) or an electronic hybrid
(SLIC). If an electronic hybrid is used, the power amplifiers are not needed and may be deactivated to
minimize power dissipation. The transmit filter is a band-pass filter which will pass frequencies between
300 Hz and 3200 Hz and provides rejection of the 50/60 Hz power line frequency as well as the anti-
aliasing needed in an 8 kHz sampling system. The receive filter is a low-pass filter which smooths the
voltage steps present in the CODEC output waveform and provides the sin x/x correction necessary to
give unity gain in the passband for the CODEC-decoder-and-receive-filter pair.

ABSOLUTE MAXIMUM RATINGS*

Supply Voitage with Respect to Vgg -0.3 to +14.0 \
All Input and Output Voltages with Respect to Vgg -0.3to+14.0 \)
All Output Currents 50 mA
Temperature Under Bias -10to +80 °C
Storage Temperature range -65 to +150 °C
Package Dissipation at 25°C (Derated 9 mW/°C when soldered into PCB) 500 mWwW

Stresses above those listed under "Absolute Maximum Ratings’” may cause permanent damage to the device. This s
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. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

ORDERING NUMBERS:

M5912 D1 for dual in-line ceramic package, metal seal
M5912 F1 for dual in-line ceramic package, frit seal
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MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package metal-seal

Dual in-line ceramic package frit-seal
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POWER DISSIPATION

(Power Amplifier)

to ground

Values
Parameter Test conditions Unit
Min. Typ. Max

lcco V¢ Standby Current PDWN = V4 min 100 A

IO Vgg Standby Current PDWN = V iy min 100 uA

leel V¢ Operating Current, PWRI = Vgg 6 mA
! Power Amplifiers Inactive

lgg1 Vgg Operating Current, PWRI =Vgg 6 mA
Power Amplifiers Inactive

Iscpa Short Circuit Output Current | Either power amplifier 20 mA

DC AND OPERATING CHARACTERISTICS

Vgg= -bV * 5%, GRDA= 0V, GRDD = 0V, unless otherwise specified)

DIGITAL INTERFACE

(Tamp= 0°C to +70°C, Voc= +5V * 5%,

PSRR;  Power Supply Rejection,

Values
Parameter Test conditions Unit
Min. Typ. Max.
ILic Input Load Current VN = VL min to V4 max 10 MA
'Lio Input Load Current, CLKS VN = Vgg to V) max 50 MA
ILip Input Load Current, PDWN Vin = Vi min to V| max -40 MA
ViL Input Low Voitage 0.8 \Y
(except CLKS)
Vin Input High Voltage 2.2 \%
(except CLKS)
ViLo Input Low Voltage, CLKS Ve Vggt0.5
Viio Input Intermediate Voltage, GRDD-0.5 0.2
CLKS
Vido Input High Voltage, CLKS Vec05 Vee \
ANALOG INTERFACE, TRANSMIT FILTER GAIN SETTING AMPLIFIER
Igx| Input Leakage Current, -3.2V <V )y <3.2V 100 nA
VFxl*, VExI™
Rix) Input Resistance, 10 MQ
VFEx ™ VExI*
Vosx) |nput Offset Voitage, =3.2V <V |y < 3.2V 25 mV
VFyt, VEx! ™
60 dB
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DC AND OPERATING CHARACTERISTICS (continued)
ANALOG INTERFACE, TRANSMIT FILTER GAIN SETTING AMPLIFIER

Values
Parameter Test conditions Unit
Min. Typ. Max
CMRR  Common Mode Rejection, -3.2V <V |y <3.2V 60 dB
VFylt, VExl =
AvoL DC Open Loop Voltage Gain, ) 2000
GSy
fe Open Loop Unity Gain 2 MHz
Bandwidth, GSx
Voxi Output Voltage Swing, GSx R =10k +25 \
CLx1 Load Capacitance, GSx 20 pF
Rixi Minimum Load Resistance, Minimum R_ 10 k&
GSx
ANALOG INTERFACE, TRANSMIT FILTER
Rox Output Resistance, VFxO 100 Q
Vosx Output DC Offset, VFxO VFxI* Connected to GRDA, 200 mV
. Input Op amp at Unity Gain
PSRR,  Power Supply Rejection of 35 40 dB
Ve at 1 kHz, VFyO
PSRR3  Power Supply Rejection of 25 30 dB
Vgg at 1 kHz, VFxO
CLx Load Capacitance, VFy O 20 pF
Ry x Minimum Load Resistance, Minimum R 3 k2
VFxO
Vox Output Voltage Swing, Ry =10k + 3.2 \Y
1 kHz, VF O
R >3k +25
ANALOG INTERFACE, RECEIVE FILTER
Igr Input Leakage Current, VFgl | -3.2V <V < 3.2V 1 HA
RIR Input Resistance, VF gyl 2 MQ
Ror Output Resistance, VF RO 100 Q
Vosr Output DC Offset, VF g0 VFRI Connected to GRDA 200 mV
PSRR4  Power Supply Rejection of 30 35 dB
Vee at1 kHz, VF R0
PSRRg  Power Supply Rejection of 30 35 dB
Vgg at 1 kHz, VF R0
CLRr Load Capacitance, VF RO 20 pF
RLR Minimum Load Resistance, Minimum R 10 k2
FRrO
Vor Output Voltage Swing, VFRO| R_= 10k +3.2 \%
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DC AND OPERATION CHARACTERISTICS (continued)

ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE

Values
Parameter Test conditions Unit
Min. Typ. Max.
IgrA Input Leakage Current, PWRI [ -3.2C <V < 3.2V 3 uA
RirA Input Resistance, PWRI 10 MO
Rora  Output Resistance, PWRO*, | lloyl <10mA 1 Q
PWRO -3.2V <Vgyt <3.2V
Vosra Output DC offset, PWRO*, PWRI Connected to GRDA 50 mV
PWRO -
CLrA Lead Capacitance, PWRO*, 100 pF
PWRO -~
Vora1 Output Voltages Swing R > 30092 + 3.2 \Y
Across Ry, PWRO*, PWRO ~ | R_Connected to GRDA
Single Ended Connection
Voraz Output Voltage Swing, R, > 60092 +6.4 \
PWRO+, PWRO ~ Balanced R Connected between
Output Connection PWRO* and PWRO ~

AC CHARACTERISTICS (T mp= 0°C to +70°C, Vo= +5V £ 5%, Vgg= -5V £ 5%, GRDA = 0V,
GRDD =0V, unless otherwise specified).
Clock Input Frequency: CLK = 1536 MHz*0.1%, CLKS =V, _¢ (Tied to Vgg)

CLK =1.544 MHz £ 0.1%, CLKS =V, (Tied to GRDD)

CLK=2.048 MHz £0.1%, CLKS =V o (Tied to V¢c)

CLK =2.560 MHz £0.1%, CLKS = Open Circuit

TRANSMIT FILTER TRANSFER CHARACTERISTICS

Values
Parameter Test conditions Unit
Min. Typ. Max.
GRrx Gain Relative to Gain at OdBmO Input Signal
1 kHz Gain Setting Op Amp at
Unit Gain
Below 50 Hz dB
50 Hz -35 dB
60 Hz -26 -30 dB
200 Hz 0OdBmO Signal = 1.2 Vrps, -1.8 -0.125 dB
Inputat VFy 1~
300 Hz to 3000 Hz -0.125 +0.125 dB
3300 Hz -0.65 0.03 dB
3400 Hz Output at VFxO -1.4 -0.1 dB
is~ 1.73Vrms
4000 Hz -145 dB"
4600 Hz and Above -33 dB

295



AC CHARACTERISTICS

(continued)

TRANSMIT FILTER TRANSFER CHARACTERISTICS

Values
Parameter Test conditions Unit
Min. Typ. Max.

Gax Absolute Passband Gain at 2.9 3.0 3.1 dB
1 kHz, VFxO

GaxTt  Gain Variation with OdBmO Signal Level 0.0005 dB/°C
Temperature at 1 kHz

Gaxs Gain Variation with Supplies | OdBmO Signal Level, 0.05 dB/vV
at 1 kHz Supplies + 5%

CTrT Cross Talk, Receive to VFRI=12VRums, -60 dB
Transmit, Measured at VFxO | 1 kHz Input VFxI*, VFx I~

Connected to GSy,
GSyx Connected through
. 10 k2 to GRDA

Nexa Total C Message Noise at Gain Setting Op Amp at 6 dBrncO
Output, VFxO Unity Gain

Nexo Total C Message Noise at Gain Setting Op Amp at 10 dBrncOl
Output, VF %O 20 dB Gain

Dpx Differential Envelope Delay, 40 us
VFxO0 1 kHz to 2.6 kHz

Dax Absolute Delay at 1 kHz, 195 us
VFx0

DPyy Single Frequency Distortion OdBm Input Signal at 1 kHz -50 dB
Products

DPx o Single Frequency Distortion Gain Setting Op Amp at -45 dB
Products at Maximum Signal 20 dB Gain. The +3 dBmO
Level of +3 dBmO at VFxO signal at VFxO is 1.73 Vrus

AC CHARACTERISTICS (T,mp= 0°C to +70°C, Vcc= +5V £ 5%, VBB- -5V £ 5%, GRDA=0V,
GRDD= 0V, unless otherwise specified).

Clock Input Frequency:

CLK = 1,536 MHz £ 0.1%, CLKS =V, ¢ (Tied to Vgg)
CLK = 1544 MHz + 0.1%, CLKS =V, (Tied to GRDD)

CLK =2.048 MHz £0.1%, CLKS =V ;0 (Tied to Vec)

CLK =2.560 MHz £0.1%, CLKS = Open Circuit

RECEIVE FILTER TRANSFER CHARACTERISTICS

Values
Parameter Test conditions Unit
Min. Typ. Max.
GRrR Gain Relative to Gain at 0OdBmO Input Signal
1 kHz with sinx/x Correction
Below 200 Hz 0OdBmO Signal = 1.2 VmsX 0.125 dB
200 Hz -0.125 0.125 dB
. nf nf
__m -0. X d
300 Hz to 3000 Hz ( Sin 18000) / 18000) ), 0.125 0.125 B
3300 Hz Input at VF gl -0.65 0.03 dB
3400 Hz -1.4 ~0.1 dB
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AC CHARACTERISTICS (continued)
RECEIVE FILTER TRANSFER CHARACTERISTICS

Values
Parameter Test conditions Unit
Min. Typ. Max.
A

GrR 4000 Hz -14.5 dB
4600 Hz and Above -32 dB

GaRr Absolute Passband Gain -0.1 0 +0.1 dB
at 1 kHz, VFRO

GaART Gain Variation with 0dBmO Signal Level 0.0005 dB/°C
Temperature at 1 kHz

GaRrs Gain Variation with Supplies | 0dBmO Signal Level, 0.05 dB/vV
at 1 kHz Supplies + 5%

CTrr Cross Talk, Transmit to VFx0 =173 Vgms. 1 kHz -60 dB
Receive, Measured at VF gO Output. VF gl Connected

to GRDA

Ncr Total C Message Noise at VF RO Output or PWRO* 6 dBrncO

Output, VFRO and PWRO ~ Connected
with Unity Gain

Dpr Differential Envelope Delay, 120 us
VFRO, 1 kHz to 2.6 kHz

Dar Absolute Delay at 1 kHz, 125 us
VF RO

DPRr; Single Frequency Distortion 0dBm Input Signal at 1 kHz -50 dB
Products

DPRro Single Frequency Distortion +3 dBmO Signal Level of -45 dB
Products at Maximum Signal 1.73 Vrms, 1 kHz Input
Level of +3 dBmO at VFRO at VFRO

FUNCTIONAL DESCRIPTION

Pin 1 — VFxI*

Pin 1 is the non-inverting input of the gain adjustment op amp in the transmit filter seciton. The signal
applied to this pin typically comes from the transmit leg of a 2-to-4 wire hybrid. This input may be AC
or DC coupled. This signal passes through the op amp to the transmit (band-pass) switched-capacitor
filter which will pass frequencies between 300 and 3200 Hz, provide rejection of the 50/60 Hz power
line frequency and provide antialiasing for an 8 kHz sampling system. This filter exceeds AT&T D3 and
D4 specifications and is compatible with the CCITT G712 recommendations. Its specifications meet the
digital class 5 central office switching systems requirements. The transmit filter transfer characteristics
and specifications are shown in Figure 1.

Pin 2 —VFxI -

Pin 2 is the inverting input of the gain adjustment op amp on the transmit filter. A return path for the
op-amp output is provided by GSx, Pin 3.Pins2 and 3 may be used to provide gain up to 20 dB without
degrading the noise performance of the filters.

This op amp has a common mode range of * 25V, low DC offset (2.5 mV typ.) and can provide a volt-
age gain greater than 2000. The unity gain bandwidth is approximately 2 MHz. The transmit filter, ex-
cluding the input op amp, provides a gain of +3 dB in the passband.
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FUNCTIONAL DESCRIPTION (continued)

Fig. 1 - Transmit filter transfer characteristics
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Pin 3 — GSx

Pin 3 is connected to the output of the gain-adjustment op amp in the transmit filter section. For proper
operation, the load impedance connected to the GSx output should be greater than 10 K in parallel
with 20 pF (Refer to Figure 2).

Pin 4 — VFRO

Pin 4 is the output of the receive (low-pass) filter and is capable of driving high impedance electronic
hybrids. The gain of the receive signal may be attenuated by using a resistor divider as shown in Figure 2.
The resistive load connected to VFRO should be greater than 10 K.

If the receive filter is to drive a transformer hybrid, VFRO should be connected to PWRI (Pin 5) as
shown in Figure 3.

Pin 5 — PWRI

Pin 5 provides the input to the power driver amplifiers which interface the receive filter to a transformer
hybrid. PWRI is a high impedance input which can be driven by VFz O directly. The input voltage range
is £ 3.2V and the gain for a bridged output is 6 dB. The power amplifiers may be deactivated when not
being utilized by tying PWRI to Vgpg.
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FUNCTIONAL DESCRIPTION (continued)

Fig. 2 - Transmit and receive gain adjustment Fig. 3 - Typical connection of the
output power amplifier stage

M5912
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R4 Zy
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nd 7 — PWRO+* and PWRO-

nced differential-output amplifier stage is provided to drive low impedance loads directly. The

1e receive signal may be adjusted by a voltage divider as shown in Figure 3. The series impedance

d resistor and the bybrid transformer should present an AC load resistance of 6002 (min.) to

e amiplifiers in a bridged configuration. With a 60052 load between pins 6 and 7, the maximum voltage

swing across the loads is £6.4 volts. These may also be used to drive loads which are connected to ground.

If the power amplifiers are not required in a particular application they should be deactivated by typing
PWRI to VBB.

Pin 8 — VBB
Pin 8 is the negative supply pin. The voltage supplied to this pin should be -5V * 5%.

Pin 9 — Vce
Pin 9 is the positive supply pin. The voltage supplied to this pin should be +5V + 5%.

Pin 10 — VFRI

Pin 10 is the analog input to the receive filter. The receive signal is typically generated by the decoder
section of a u or A law companding Codec. The receive filter is a low-pass switched-capacitor filter
which will pass frequencies up to 3200 Hz and provides the sin x/x correction needed to give the Codec
decoder and receive filter pair unity gain over the passband. This filter exceeds the AT&T D3/D4 specifi-
cations and is compatible with the CCITT G712 recommendation.

The receive filter transfer characteristics and specifications, including the sinx/x response introduced by
the decoder, are shown in Figure 4.
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FUNCTIONAL DESCRIPTION (continued)

Fig. 4 - Receive filter transfer characteristics
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NOTES:

1. The broken line shows the x/sinx response of the 2. The Typical filter transfer function shown is the
filter only. This response corrects the sinx/x combined response of the codec and the receive
response of the sample and hold output of the filter. The combined response meets the stated
codec and provides unity gain in the passband. specifications.

Pin 11 — GRDD

Pin 11 serves as the digital ground return for the internal clock. The digital ground is not internally con-
nected to the analog ground. The digital and analog grounds should be tied together as close as practical
to the system supply ground.

Pin 12 — CLK

The digital clock signal should be supplied to Pin 12. Four clock frequencies (1.536 MHz, 1.544 MHz,
2.048 MHz, or 2.560 MHz) may be used. The desired clock frequency is selected by the CLKS input
(Refer to Table 1). For proper operation this clock should be tied to the receive clock of the Codec.
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Pin 13 — PDWN

This control input is used to place the M5912 in the standby power-down mode. Power down occurs
when the signal on this input is pulled high. Standard TTL levels may be used. An internal pull up to the
positive supply is provided. A settling time of 15 ms (typ) should be allowed after power is restored.

Pin 14 — CLKS

The voltage level on this pin will select the desired clock frequency to drive Pin 12. Table 1 defines the
clock selection. When using the open circuit (2.560 MHz clock frequency) mode, the capacitance to
adjacent signal lines should be minimized.

Table 1 — Input Clock Select

M5912 M5912
CODEC Clock Bits/ CLK Input | CLKS Input
Clock Frame Pin 12 Pin 14

T

1536 MHz | 192 1.536 MHz Vgg, -5V
1.544 MHz ; 193 1.544 MHz GRDD
2.048 MHz 256 2.046 MHz Vce, 5V
2.560 MHz 320 2.560 MHz Open Circuit

Pin 15 — GRDA

Pin 15 serves as the ground return for the analog circuits of the transmit and receive sections. The analog
ground is not internally connected to the digital ground. The digital and analog ground should be tied
together as close as practical to the system supply ground.

Pin 16 — VFxO

Pin 16 is the analog output of the transmit filter. The output voltage range is + 3.2 volts and the DC
offset is less than 200 mV. This output should be AC coupled to the transmit (encoder) section of the
Codec.

DECOUPLING RECOMMENDATIONS

PC board decoupling should be sufficient to prevent power supply transients (including turn on and turn
on and turn off) from exceeding the absolute maximum rating of the device. A minimum of 1 uF is
recommended for each power supply.

A 0.05 uF bypassing capacitor should also be connected from each power supply to GRDA at the
M5912 device. However, this decoupling may be reduced depending on board design and performance.
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GCOS/M0S
INTEGRATED
CIRCUIT

4 x 4 CROSSPOINT SWITCH WITH CONTROL MEMORY

LOW ON RESISTANCE -850 TYP. AT Vpp= 12V

“BUILT-IN" CONTROL LATCHES

LARGE ANALOG SIGNAL CAPABILITY: + Vpp

TRANSMITS SIGNALS UP TO 10 MHz

MATCHED SWITCH CHARACTERISTICS ARon= 50 TYP. AT Vpp-Ves= 12V.
HIGH LINEARITY: -0.5% DISTORTION (TYP.) AT 1 KHz, V, = 5V PEAK TO PEAK
Vpp-Ves= 10V, R = 10 K0

® STANDARD COS/MOS NOISE IMMUNITY

The M22100 combines a 4 x 4 array of crosspoints (transmission gates) with a 4-line-to-16-line decoder
and 16 latch circuits. Any one of the sixteen transmission gates (crosspoints) can be selected by applying
the appropriate four line address. The selected transmission gate can be turned on or off by applying a
logical one or zero, respectively, to the data input and strobing the strobe input to a logical one. Any
number of the transmission gates can be ON simultaneously.

The device is available in 16 lead dual in-line plastic or ceramic package.

ABSOLUTE MAXIMUM RATINGS

Vep * Supply voltage -0.5 to 20 \

V, Input voltage -0.5t0 Vpp +0.5 \%

I DC input current (any one input) +10 mA

Piot Total power dissipation (per package) 200 mw
Dissipation per output transistor

for Top= full package-temperature range ) 100 mW

Top Operating temperature range: for ceramic -55 to 125 °C

for plastic -40 to 85 °C

Tetg Storage temperature range -65 to 150 °C

* All voltage values are referred to Vgg pin voltage.

ORDERING NUMBERS: M22100 B1 for dual in-line plastic package
M22100 D1 for dual in-line ceramic package frit seal
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MECHANICAL DATA (dimension in mm)

For dual in-line ceramic package, frit seal
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FUNCTIONAL DIAGRAM and TRUTH TABLE

9 1 12 13
]
X1 X2 X3 X4
6§ —A DIf——2
5—B
3—C
4——0D STH——7
Y1 Y2 Y3 Y4
15 14 10 1
VSS(GND)=8
Vpp=16 S-3422
Address Select Address Select
A B C D A B C D
0 0 0 0 X1Y1 0 0 0 1 X1Y3
1 0 0 0 X2Y1 1 0 0 1 X2Y3
0 1 0o 0 X3Y1 0 1 0o 1 X3Y3
1 1 0 6] X4Y1 1 1 0 1 X4Y3
0 0 1 0 X1Y2 0 0 1 1 X1Y4
1 0 1 0 X2Y2 1 0 1 1 X2Y4
0 1 1 0 X3Y2 0 1 1 1 X3Y4
1 1 1 0 X4Y?2 1 1 1 1 X4Y4
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LOGIC DIAGRAM
X1-X4

i

SWITCH
MATRI X <:——_—>V"Y"
DATA

IN —— 16BITLATCH

il

STROBE 4 to 16 LINE
IN DECODER
A B C D- 5-3423

ADDRESS INPUT

STATIC ELECTRICAL CHARACTERISTICS (T = 25°C)

Test conditions Tvpical
Parameter yp Units
value
Vpp (V)

N Quiescent supply current Switches OFF or ON 20 nA

N OFF leakage current 100 pA

RON ON resistance 85 Q

ARoN AON resistance 5 Q

Crosspoint R =10KQ

Cio Feedthrough capacitance 12 0.2 pF |
Cis, Cos Channel input or output 30 pF ‘
capacitance
[off Input capacitance 5 pF .
|
Sine wave response (distortion) fis =1 KHz 0.4 % |
RL=10 K2 |
]
Feedthrough, crosspoints OFF fis=1.6 KHz 95 4B !
RL=1KQ ‘
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DYNAMIC ELECTRICAL CHARACTERISTICS (T,mp= 25°C)

Test conditions

Typical .
Parameter I \y:l,ue Units
Voo (V)

tpHL, tpH Propagation delay time |address or strobe 200 s

input to outputs R_= 10 kQ 12
. = 20 ns

across crosspoint | CL= 50 PF

ty Strobe pulse width 80 ns
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MOS
INTEGRATED
CIRCUIT

PRELIMINARY DATA

64K-BIT READ ONLY MEMORY

® 3K x 8 ORGANIZATION - EDGE ENABLED OPERATION (CE)

® 250 ns ACCESS TIME, 375 ns CYCLE TIME FOR M36000-4

300 ns ACCESS TIME, 450 ns CYCLE TIME FOR M36000-5

SINGLE +5V £10% POWER SUPPLY

LOW POWER DISSIPATION: 220 mW MAX ACTIVE

LOW STANDBY POWER DISSIPATION: 35 mW MAX (CE HIGH)

ON CHIP LATCHES FOR ADDRESSES (CONTROLLED BY CE INPUT)
INPUTS AND THREE-STATE OUTPUTS - TTL COMPATIBLE
OUTPUT DRIVE 2 TTL LOADS AND 100 pF

STANDARD 24 PIN DIP (EPROM PIN OUT COMPATIBLE)

The M36000 is a N--channel silicon gate MOS Read Only Memory, organized as 8192 words by 8 bits.
This device incorporates advanced circuit techniques designed to provide maximum circuit density and
reliability with the highest possible performance, while maintaining low power dissipation and wide
operating margins. The M36000 utilizes a static storage cell with clocked control periphery which allows
the circuit to be put into an automatic low power standby mode. This is accomplished by maintaining
the chip enable (CE) input at a TTL high level. In this mode, power dissipation is reduced to typically
35 mW, as compared to unclocked devices which 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. The edge enabled operation means greater system flexibility and an increase in system speed,
making this device ideally suited for 8 bit microprocessor systems such as those which utilize the Z80.
It can offer significant cost advantages over PROM. The M36000 is available in 24-lead dual in-line
plastic or ceramic package.

ABSOLUTE MAXIMUM RATINGS*

V; Voltage on any pin with respect to Ground -1to +7 \Y)
Piot Total power dissipation 1 W
Tstq Storage temperature: for ceramic package -65 to +150 °c

for plastic package -55to +125 °C
Top Operating temperature Oto +70 °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 conditions above those indi-
cated in the operating conditions of this specification is not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

ORDERING NUMBERS: - M36000 -4 B1 for dual in-line plastic package
M36000 -4 D1 for dual in-line ceramic package
M36000 -4 F1 for dual in-line ceramic package, frit-seal
M36000 - 5 B1 for dual in-line plastic package
M36000 - 5 D1 for dual in-line ceramic package
M36000 -5 F1  for dual in-line ceramic package, frit-seal
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MECHANICAL DATA (dimensions in mm)

Dual in-line plastic package Jmas Dual in-line ceramic package
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RECOMMENDED DC OPERATING CONDITIONS!(T,,,=0to 70° C unless otherwise specified)

Values
Parameter Test conditions Unit
Min. | Typ. | Max
Vce Supply voltage 4.5 5 55 \Y
VinH Input high voitage 2 Vce \%
ViL Input low voltage -1 0.8 \

STATIC ELECTRICAL CHARACTERISTICS! (T,,,= 0 to 70°C unless otherwise specified)

Values
Parameter Test conditions Unit
Min. { Typ. | Max.

Vou Output high voltage loy=-220 uA 2.4 \%
VoL Output low voltage lo=3.3mA 0.4 \%
' Input leakage current V,=0to5.5V -10 10 uA
Lo Output leakage current Device unselected; V,=0to5.5V| -10 10 MA
lcca Supply current (active)? 40 mA
lcca Supply current (standby) CE high 8 mA

DYNAMIC ELECTRICAL CHARACTERISTICS! (T,np,= 0 to 70°C unless otherwise specified)

M36000 - 4 M36000 -5
Parameter Test conditions Unit
Min. { Max. | Min. | Max.
fc C_y_CIe time Output load =2 TTL gate 378 450 il
tcE CE puise width and 100 pF, 250 300 ns
p— ; transition times = 20 ns
tac CE access time 250 300 ns
torr  Output turn off delay 60 75 ns
tAH Address hold time 60 75 ns
tas Address setup time 0 0 ns
tp CE precharge time 125 150 ns
Notes: '

1) A minimum 100 us time delay is required after the application of Ve (+5V) before propex device operation is
achieved. CE must be at V| for this time period.

2) .Current is proportional to cycle rate. Iccy is measured at the specified minimum cycle time.
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CAPACITANCES(T,,,= 0 to 70°C)

Values
Parameter Test conditions Unit
Min. | Typ. | Max.

[of Input capacitance Capacitance measured with Boonton 5 8 pF
Meter or effective value calculated 5 =
o i 7 1
Co utput capacitance from: C= 28 with AV = 3V p

DESCRIPTION OF OPERATION

The M36000 is controlled by the chip enable (CE) input. A negative going edge at the CE input will
activate the device as well as strobe and latch the inputs into the onchip address registers. New address
data can be applied in anticipation of the next cycle once the address hold time specification has been
met. 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.

WAVEFORMS (One cycle)
tc -

T —
cHiIP " \ ,
ENABLE

ViL— }

< tCE tp
tas taH,_ tOFF

ViH— TN
ADDRESS VALID /

ViL-4

tac
v
OH— —
A

gUTT‘;UT 0PEN < VALID N OPEN

VoL— l

$-3292
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