TOSHIBA

TC57512AD-15
TC57512AD-20

SILICON STACKED GATE CMOS

65,536 WORD x 8 BIT CMOS UV ERASABLE AND ELECTRICALLY PROGRAMMABLE READ
ONLY MEMORY

Description

The TC57512AD is a 65,536 word x 8 bit CMOS ultraviolet light erasable and electrically programmable read only memory. It
operates from a single 5-volt power supply and has a low power standby mode which reduces the power dissipation without
increasing access time. The standby mode is activated by applying a TTL-high level signal to the CE input. Advanced CMOS tech-
nology reduces the maximum active current to 30mA/6.7MHz and the standby current to 100pA. Programming is achieved by
using a high speed programming mode. The TC57512AD is fabricated using CMOS technology and N-channel silicon double layer
gate MOS technology.

Pin Connection (Top View)

Features
s Peripheral circuit : CMOS W,
Memory cell : NMCS Al5g1 2P Vop
e Fast access time : TC57512AD-15  150ns Aiigg ;’ g:i;
TC57512AD-20  200ns a6ds 25 a3
* | ow power dissipation asds 24P s
- Active : 30mA/6.7MHz adds BRAL
- .Standby : 100pA ad? 208 Vpp
* Single 5V power supply r2ds 2B ALo
¢ Fully static operation ads - gﬁf
* High speed programming mode |, Il a0d o whor
¢ Inputs and outputs TTL compatible ood: 1806
* Standard 28-pin DIP cerdip package : WDIP28-G-600 oidi2 bos
Pin Names 02(13 1604
A0 ~A15 | Address Inputs e 15003

00 ~07  Qutputs (Inputs)
CE Chip Enable Input

Output Enable Input/
GENVee Program Supply Voltage

Vop Power Supply Voltage (+5V)
GND Ground
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TC57512AD-15/20 Non-Volatile Memory

Block Diagram
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Operating Mode

PIN CE OF Npp Voo 00~ 07
MODE (20) (22) (28) (11~13,15~19)
Read Data Out
Output Deselect 5V High Impedance
Standby
Program

POWER
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High Impedance | Standby

Vpp ) Data In
v 6V

Program Inhibit N High Impedance Active

PP 2
L j 6.25V Data Out
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Program Verify

“HorlL 1) High Speed Progra—ming Made |
21 High Speed Programming Mode 11

Maximum Ratings

SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage 06~70
Vpp Program Supply Voltage -0.6~14.0 v
Vin Input Voltage -06~7.0
Vio Input/Output Voltage 0.6 ~Vpp+05
Pp Power Dissipation 1.5 W
Tsowper | Soldering Temperature « Time 260+ 10 °C »sec
Tstrg | Storage Temperature -65~ 125 .
Topr Operating Temperature -40 ~ 85
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Non-Volatile Memory TC57512AD-15/20
Read Mode
DC Recommended Operating Conditions
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vi | Input High Voltage 22 - Vpp + 0.3
ViL Input Low Voltage -0.3 - 0.8 y
Vpp Power Supply Voltage 4.75 5.0 5.25
Vep Program Supply Voltage Q - Vpp + 0.6
DC Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+5%)}
SYMBOL PARAMETER TEST CONDITION MiN. TYP. MAX. UNIT
Iy Input Leakage Current Vin=0~Vpp - - 10 WA
ho | Output Leakage Current Vour=0.4~Vpp - - %10
tooor Operating Current CE=-ov f=6.7MHz - — 30 mA
lppoz lour = OmA f= 1MHz - - 15
lops: Standby Current CE = Vi - - ! mA
lops2 TE = Vpp - 0.2V _ _ 100 A
Vou | Output High Voltage lon = -400uA 2.4 - v
Voo | Output Low Voltage lop=2.1mA - - 0.4
lppy Vpp Current Vpp=0~Vpp+06 - - +10 uA
AC Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+5%)
TC57512AD-15 TC57512AD-20
SYMBOL PARAMETER TEST CONDITION UNIT
MIN. MAX. MIN. MAX.
tacc | Address Access Time TE=0E=V, - 150 - 200
tce | CE to Output Valid OE=V, - 150 - 200
tog | OF to Output Valid CE=v, - 70 - 70 ns
tory | CE to Output in High-Z OE =V, 0 60 0 60
torz | OF to Output in High-Z CE=vy 0 60 0 60
ton | Output Data Hoid Time CE=0E=V 0 - 0 -
AC Test Conditions
Input Pulse Levels 2.4V/0.45V
Input Pulse Rise and Fall Times 10ns max.
Input Timing Measurement Reference Levels 2.2v/0.8V
Output Timing Measurement Reference Levels 2.0v/0.8V
Output Load 1 TTL Gate and C = 100 pF
Capacitance* (Ta = 25°C, f = 1MHz2)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Cini Input Capacitance Vin=0V - 4 6
Cine | OE/Vpp Input Capacitance Vin=0V - 50 60 oF
Cour | Output Capacitance Vout =0V - 8 12
*This parameter is periodically sampled and is not 100% tested.
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TC57512AD-15/20 Non-Volatile Memory

Timing Waveforms (Read)
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Non-Volatile Memory TC57512AD-15/20

High Speed Programming Mode |

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Viu Input High Voltage 2.2 - Vpp + 1.0
ViL Input Low Voltage -0.3 - 0.8 Y
Voo Power Supply Voltage 5.75 6.0 6.25
Vpp Program Supply Voltage 12.0 12.5 13.0

DC Characteristics (Ta = 25+5°C, Vpp = 6V+0.25V, Vpp = 12.5V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I Input Leakage Current Vin=0~Vpp - - +10 pA
Vo Output High Voltage lon = -400pA 2.4 - - v
VoL | Output Low Voltage lgL=2.1mA - - 0.4
oo Vpp Supply Current - - - 30 mA
lppo Vpp Supply Current Vpp = 13.0V - - 50

AC Programming Characteristics (Ta = 25£5°C, Vpp = 6V+0.25V, Vpp = 12.5V10.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - -
taH Address Hold Time - 2 - -
toes | OENVpp Setup Time - 2 - - Ks
toen | OENVpp Hoid Time - 2 - -
tprr | OE/Vpg Pulse Rise Time ~ 50 - - ns
tps Data Setup Time - 2 - -
toH Data Hold Time - 2 - -
tyR OE/Vpp Recovery Time - 2 - - us
tvps Vpp Setup Time - 2 - -
tow Initial Program Pulse Width CTE = V), OE/Vpp = Vpp 0.95 1.0 1.05
topw Overprogram Pulse Width Note 1 2.85 3.0 78.75 ms
tov Data Vatid from CE OEVpp = V)L - - 1 ps
toF CE to Output in High-2 OENpp = V), - - 130 ns

Note 1: The length of the overprogram pulse may vary as a function of the counter value X.

AC Test Conditions
Input Pulse Levels 2.4V/0.45V
Input Pulse Rise and Fall Times 10ns max.
input Timing Measurement Reference Levels 2.2V/0.8V
Output Timing Measurement Reference Levels 2.0v/0.8V
Qutput Load 1 TTL Gate and C_ = 100 pF
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TC57512AD-15/20 Non-Volatile Memory
High Speed Programming Mode Il
DC Recommended Operating Conditions
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 - Vpp + 1.0
Vi Input Low Voltage -0.3 - 0.8 v
Vop Power Supply Voltage 6.0 6.25 6.5
Vep Program Supply Voltage 12.5 12.75 13.0
DC Characteristics (Ta = 25+5°C, Vpp = 6.25V+0.25V, Vpp = 12.75V+0.25V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I Input Leakage Current Vin=0~Vpp - - +10 HA
Vou Output High Voltage loy = -400pA 24 - - y
VoL | Output Low Voltage lop =2.1mA - - 0.4
oo Vpp Supply Current - - - 30 mA
Ippo Vpp Supply Current Vep = 13.0V - - 50
AC Programming Characteristics (Ta = 2515°C, Vpp, = 6.25V+0.25V, Vpp = 12.75V+0.25V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - -
tan Address Hold Time - - -
us
togs | OE/Vpp Setup Time - - -
toen | OE/Vpp Hold Time - - -
tppr | OE/Vpp Pulse Rise Time - 50 - - ns
tns Data Setup Time - 2 ~ -
toH Data Hold Time - 2 - -
tvr OENpp Recovery Time - 2 - - Ks
tvps Vpp Setup Time - 2 - -
tow | Program Puise Width CE =V, OE/Vpp = Vpp 0.095 0.1 0.105 ms
tov Data Valid from CTE OFE/NVpp = VL - - 1 us
tor CE to Output in High-Z OENpp =V - - 130 ns
AC Test Conditions
Input Pulse Levels 2.4v/0.45V
Input Pulse Rise and Fall Times 10ns max.
Input Timing Measurement Reference Levels 2.2v/0.8V
Output Timing Measurement Reference Levels 2.0v/0.8v
Output Load 1 TTL Gate and C| = 100 pF

A-28

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.




Non-Volatile Memory TC57512AD-15/20

Timing Waveforms (Program)
High Speed Program Mode | (Vpp = 6V+0.25V, Vpp = 12.5V+0.5V)

High Speed Program Mode If (Vpp = 6.25V+0.25V, Vpp = 12.75V+0.25V)

AO~AIS

tag tvr taH

tpw
CE OPW/ \
tprT| |toES OEH
ﬁ/Vpp
————
tps t D tpv tpF

00~07 Dy STABLE [> { v

| PIN / Doyt VALID
V-
oD tvps PROGRAM PROGRAM VERIFY

Notes:

1. Vpp must be applied simuitaneously or before Vpp and cut off simultaneously or after Vpa

2. Removing the device from a programming socket and replacing the device in the socket while Vpp = 12.5V (12.75V) may
cause permanent damage to the device.

3. The Vpp supply voltage is permitted to be up to 14V for programming. Voltages over 14V should not be applied to the Vep
terminal. When the programming voltage is applied to the Vpe terminal, the overshoot voltage should not exceed 14V,
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TC57512AD-15/20 Non-Volatile Memory

Erasure Characteristics

Erasure is achieved by applying shortwave uitraviolet light which has a wavelength of 2537A (Angstroms) to the chip through
the transparent window.

The integrated dose (ultraviolet light intensity W/cm?] x exposure time [sec.]) necessary for erasure should be a minimum of
15 [W » sec/cm?).

When the Toshiba sterilizing lamp (GL-15) is used and the device is exposed at a distance of 1 cm from the lamp surface, era-
sure will be achieved within 60 minutes. Using commercial lamps whose ultraviolet light intensity is 12000 [uW/cmZ] will reduce
the exposure time to about 20 minutes. (In this case, the integrated dose is 12000 [pW/ch] x{20x 60) [sec]=15[W e sec/cmé])

Erasure begins to occur when exposed to light with a wavelength shorter than 4000A. Sunlight and fluorescent lights have
3000 ~ 4000A wavelength components. Therefore, when used under these lighting conditions for extended periods of time,
opaque seals should be used {Toshiba EPROM Protect Seal AC301).

Operation Information

The TC57512AD’s six operating modes are listed in the following table.
Mode selection is achieved by applying TTL level signals to appropriate inputs.

PIN NAMES (NUMBER) (=4 OE Npp Voo 00 - 07 POWER
MODE (20) (22) (28) (11~13,15~19)
Read L L Data Out .
- Active
Read Operation (Ta = -40 ~ 85°C) Output Deselect * H 5V High Impedance
Standby H . High Impedance | Standby
Program L Vpp 1) | Data In
Program Operation (Ta = 25+5°C) Program Inhibit H Vpp v 2 High Impedance | Active
Program Verify L L 6.25V | Data Output

Notes: H =V, L=V, "=VgorVy. 1) High Speed Programming Mode |, Vpp =125
2) High Speed Programming Mode It Vpp = 12.75

Read Mode

The TC57512AD has two control inputs. The chip enable (CE) input controls the operating power and should be used for
device selection while the output enable (OF) input controls the output buffers. Assuming that CE = OF = V|, once the address
has stabilized, output data will be valid after the address access time has elapsed.

The CE to output valid time (tcg) is equal to the address access time (tace)-

Assuming that CE = V,_and that the address has been stable for at least tasc. then output data will be valid after tog from the
falling edge of OE.

Output Deselect Mode

if CE = Vi or OF =V}, the outputs will be in a high impedance state.
Therefore, two or more devices can be connected together on a common bus if the output of only one device is enabled.
When CE is used for device selection, all deselected devices are in the low power standby mode.

Standby Mode

The TC57512AD has a low power standby mode controlied by the CE signal.
By applying a MOS high level voltage (Vpp) to the TE input, the TC57512AD s placed in the standby mode which reduces the
operating current to 100A and puts the outputs in a high impedance state, independent of the OF input.

Program Mode

When the TC57512AD is initially received by customers, all bits of the device are in the “1” state, which is the erased state.
Therefore, the object of the program operation is to introduce “0” data into the desired bit locations.

The TC57512AD is in the programming mode when OENVpp = 12.5V(12.75V), and CE = V.

The TC57512AD can be programmed at any address location at any time - either individually, sequentially, or at random.

Program Verify Mode

The verify mode is used to check that the desired data has been correctly programmed. The verify mode is activated when
UENpp = V”_ and CE = V"_.
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Non-Volatile Memory TC57512AD-15/20

Program Inhibit Mode

When the programming voltage (+12.5V or +12.75V) is applied to the Vpp terminal, a high level CE input inhibits the
TC57512AD from being programmed.

The programming of two or more TC57512ADs in parallel with different data is easity accomplished. All inputs except for CE
may be commonly connected, then a TTL low level program pulse is applied to the TE of the desired device only while a TTL high
level signal is applied to the CE of the other devices.

High Speed Programming Mode |

The device is set up in high speed programming mode | when the programming voltage (+12.5V) is applied to the OENpp ter-
minal with VDD =6V.

Programming is achieved by applying a single 1ms TTL low leve! pulse to the CE input after addresses and data are stable.
Then the programmed data is verified by using the program verify mode. If the programmed data is not correct, another program
pulse of 1ms is applied and then the programmed data is verified. This should be repeated until the data has programmed cor-
rectly (max. 25 times).

After correctly programming the selected address, an additional program pulse with a width of 3 times more than that
needed for initial programming is applied. When programming has been completed, the data in all addresses should be verified
with VDD =5V.

High Speed Programming Mode Ii

Programming time can be greatly decreased by using high speed programming mode II. The device Is set up in high speed
programming mode Il when the programming voltage (+12.75V) is applied to the OE/Vpp terminal with Vpp = 6.25V.

Programming is achieved by applying a single 0.1ms TTL tow level pulse to the CE input after addresses and data are stable.
Then the programmed data is verified by using the program verify mode.

If the programmed data is not correct, another program pulse of 0.1ms is applied and then the programmed data is verified.
This should be repeated until the data has programmed correctly (max. 25 times).

When programming has been completed, the data in all addresses should be verified with Vpp = 5V.
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TC57512AD-15/20

Non-Volatile Memory

High Speed Programming Mode |

Flow Chart
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Non-Volatile Memory TC57512AD-15/20

High Speed Programming Mode I

Flow Chart
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TC57512AD-15/20 Non-Volatile Memory

Electric Signature Mode

The electric signature mode allows one to read out a code from the TC57512AD which identifies its manufacturer and device
type.

The programming equipment may read out the manufacturer code and device code from the TC57512AD by using this mode
before programming and automatically set the programming voltage (Vpp) and algorithm.

The electric signature mode is set up when 12V is applied to address line A9 and the rest of the address lines are set to V)
during a read operation. Data output under these conditions is the manufacturer code. The device code is output when address
AQ is set to V. These two codes possess an odd parity with the parity bit being the MSB (O7). The following table shows the
electric signature of the TC57512AD.

PINS | AD 07 06 05 04 03 02 01 00 | HEX.
SIGNATURE (10) | (19) | (18) | (17) | (16) | (18) | (13) | (12) | (11) | DATA
Manufacturer Code Vi 1 0 0 1 1 0 0 0 98
Device Code Viy 1 0 0 0 0 1 0 1 85

Notes: AQ = 12V+0.5V
Al ~ AB.A10 ~ A15,CE.OE = v,
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