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Thesis Title THE RESEARCH AND DEVELOPMENT OF MUZZLE VELOCITY
MEASURING EQUIPMENT
Name CAPT. WERACHET KHAN-NGERN
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Abstract

This thesis presents the research and development of a
prototype of an instrument which measures the muzzle velocity of the
projectile using the Doppler effect. The difference in frequency between
the transmitted and reflected microwave signals are utilized after
amplification to show the magnitude of the velocity. The study,design,
testing and problem solving of the instrument are presented with the
hope to improve the efficiency and ability of the armed forces.
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dRIDES A1 « BAYINIT(CIRCUIT ELEMENT VALUES, ) AAT
(GAIN) | 1 2 6 10 36 100 (STAGE)

R1 2.661  2.079  1.095 0.738  0.738  0.521

R2 9.521  1.218  2.313  3.432  1.716  2.43

R3 OPEN 6.595 5.112  5.213  2.945  3.281 1
R4 0 6.595 10.225 20.851 14.725 29.527

c1 0.1C c C c 2C 2C

R 1.048  1.048  0.861 0.861 0.551  0.427

R2” | 4.833 4.833  2.941 2.941  2.297  2.965

rR3” | OPEN OPEN 7.604  7.604  3.418  3.769 2
R4 0 0 7.604  7.604 17.092 33.924

ci’ | o.sc 0.5C c c 2C 2c
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R7TN 6.1

(FOURTH-ORDER LOW-PASS BUTTERWORTH CASCADED VCVS FILTER DESIGNS)

ANTA MM

- [
aAENn 1 pRTImang = 2

R1
R2

g &

2.079 % 1.4286
1.218 * 1.4286
6.595 # 1.4286
6.595 % 1.4286

Cc

2.97 kn
1.74 ka
= 9.42 kn

= 9.42 kn

d1ﬁ1§1u10113ﬂ# 6.2
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R14
R15
R16
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3.0 kn
1.8 ka
9.1 kn
9.1 kn
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PAKT 1

CARTRIDGE, HE, M}

CARTRIOGL, CAS, PERSISTENT, H AND HD, M&0 °

CARTRIDGE, GAS, NOVNPERSISTENT, GB, M360
CARTKIDGLy SMOKE, WP, oD

CARTRIDGE « SMOKEs HC, BE, M84AL (MBLEL)

CARTRIDGEe SMCKF, BE, AB& AND MB4Bl (HC AND COLORED)

FUICs PD, M557

CHARGE MUZ2LEF PROPELLING CHARGE M67
vLLUCITY
ns
1 19,1 WASE SECTION |
2 211.8 BASE AND INCRIMENI 2
3 23,2 MASE AND INCRERENIS 2 AND 3
4 268.1 DASE AND INCREMENTS 2, 3 AND &
S 30l.8 PASE AND INCRLMENIS 2, 3.‘6 AND S
é 3e5.8 BASE AND INCREMENTS 2, 3, &y 5 ANV &

46,8 BASE AND INCREMENTIS 24 )y 4, 5, 6 AND 7

-
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TABLE €
PROPELLANT TEMPERATURE

EFFECTS UN MUZILE VELOCITY DUE YO PROPELLANT TEMPERATURE

TEMPERATURE EFFECT TEMPERATURE
OF oN OF
PROPELLANT VELOCITY PIOQELLANI
n'ionus £ ns DEGREES €
-40 -4,0 ~40.0
~30 ~3.8 “34.4
-20 -3.6 ~28.9
-10 -3.3 -23.3

/] -3.0 -17.8
10 ~2.1 -J2.2
20 ~2.3 -6.Y
30 -1.9 “1.1
40 -1.9% &, &
50 -1.0 10.0
60 -0.5 15.6
10 0.0 21.1
80 0.6 26.7

< 90 1.2 32.2
100 1.3 37.8
110 2.5 43.3
120 3.2 48.9
130 4.0 S4 .4
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NOMOGRAM OF FREE-SPACE ATTENUATION
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LF 353

National
Semiconductor

LF353 Wide Bandwidth Dual

JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, dual JFET input
operationa! amplifiers with an internally trimmed input
ofiset voltage (BI-FET 1'% technology). They require low
supply current ye! mantain a large gain bandwidlh
product ang fast slew rate. In addition, weil matched
high voltage JFET input devices provide very low input
bias and offset currents. The LF353 is pin compatible
with the standard LM1558 allowing designers 10
immediately upgrade the overall performance of existling
LM1558 and LM358 gesigns.

These amplifiers may be used In applications such as
high speed integrators, fast D/A converters, sample and
hold circuits and many other circuits fequiting low input
oliset voltage, low input bias current, high input imped-
ance, high slew rate and wide bandwidih. The devices
2150 exhibit low noise and offset voltage drift.

Operational Amplifiers/Buffers

BIFET II‘M Technology

Features

® Internally trimmed offset voltage 10mv
8 Lowinput bias current 50pA
B Low input noise voltage 16nViVH2
® Low input noise current 0.01 pA/VH2
8 W:de gain bandwidih 4 MH2
® High slewrate 13Vius
& Low supply current J.6mA
& High input impedance 10120
= Low total harmonic distortion Ay = 10, <0.02%

R =10k, Vo =20Vp — p, BW = 20 Hz-20kHz

® Low ¥ noise corner 50 Hz
& Fast settling time 10 0.01% 2uS

Typical Connection

Simplified Schematic

1/2 Dua!
u o
A
Yo

- *

1

}[
g g

Vit O

Connection Diagrams

LF353H Metal Con Package (Top View)
v

IVIRTING
wryth

Order Number LF353H
See NS Package HOBC

LF353N Dual-In-Line Puckege {Top View)

1 U . L
CUIPUT A o v
L )
MVIRTING NPT & — surruTs
=J J+14T -
aowtnviATING )] ' vt
Pyt A pee JUVIAVING 1NPYUY B
- }  spwnvinineg
Y i nrute

Oider Number LF353N
See NS Package NOBA
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ule Maximum Ratings

1
i
; voltage =18V  Input Voltage Range (Note 2) =15V
» sssipation (Note 1) 500mW  Output Short Circuit Duration Continuous
iy Temperdture Range 0°Cto 470°C  Storage Temperature Range -65°Cto +150°C
Eri 115°C  Lead Temperature (Soldering, 10 seconds) 300°C
peial Input Voltage 230V
i
Jectrical Characteristics (Note 4
‘! 3 PARAMETER CONDITIONS LF353
ot miN_ | v | wmax | UNTS
P Input Offset Voltage Rg = 10kQ, To=25C 5 10 mv
Over Temperature 13 mv
"y Average TC of Input Offset Rg = 10kQ 10 wVitC
, Voliage
; Input Offset Current Ti =25°C, (Notes &, 5) 25 100 pA
T,- < 70°C 4 nA
Input Bias Current Tj=25°C, (Notes 4. %) 50 200 pA
Tjc70°C 8 nA
i Input Resistance Ti =25°C 1012 [
- Large Signal Voltage Gain Vg= =15V, To =25°C 25 100 vimv
Vo= =10V, R =2kQ
Over Temperature 15 vimVv
Output Voltage Swing Vg = 215V, R = 10kQ =12 2135 v
. Input Common-Mode Voltage Vg= 215V =11 +15 v
Range -12 v
~ Common-Mode Rejection Ratio Rg € 10kQ 70 100 a8
= Supply Voltage Rejection Ratio {Note 6} 70 100 a8
Supply Current 3.6 6.5 mA
:dectrical Characteristics (Note )
ETER CONDITIO LFas3
A N
8% PARAMETE D S MIN e MAX UNITS
Amphifier to Amplifier Coupling Tao=25'C. 1= Y Hz- -120 dB
20kH2 (Input Referred)
, Slew Rate Vge 215V, Tp=25°C 13 Vius
- Gain Bandwidth Product Vg= 215V, Tp=25C 4 MHz
. Equivalen! Input Noise Voltage TaA=25°C, Rg = 1000, 16 nVIVHZ
{= 1000 Hz
; Equivalent Input Noise Curtent Tj=25°C, f = 1000Hz 0.01 pAIVH2

! * operating 8! elevated temparature, the device must be dersted based on a therma!l tesisiance of 160°C/W junction to smbient
i viackape, and 150°C/W juncuion 10 smbient ot the H package.
} swes3 otherwise specitiod Ihe absoiute maximuin negalive inpul voliage is vqual 10 the nugalive power supply voltage
i. e powet Oi3sipation hmit, however, cannot be exceeded.
b st 8peCHications #pply 10t Vg = 215V and 0°C € To € 4 70°C. Vps. Ip and Iog 8ro Muasuted ot Vo = 0.
1 %e mpul bias Currents ate junction leakage Currents which approximately double for every 10°C increase in the junction iem
-t I' Due 10 the hmited production test Lime, the input bias Currenis measured sre correlsted 10 juncuion temperatute. In noIMul

. the junclion temperature rises above the ambient lemperalure as 8 tesull of Internal powet dissipation, P,
138 e Ihermal resistance from junction to ambient. Use of 8 heat sink is recommended it inpul biss cutio

[ X
ot 34

fo) 1'=1A46.A Po
nlis 1o be kept to @

vollage tejection ratio is measured for both supply magniludes increasing or decreasing simullsneously in accordance
actice. .
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Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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aAueIn 4.2

IM 319 |

National
Semiconductor

Voltage Comparators

LM119/LM219/LM319 High Speed Dual Comparator

General Description

The LM119 series are precision high speed dual
comparators fabricated on & single monolithic
chip. They wre designed to operate over a wide
tenye of supply voltayes down 10 & single 5V logic
supply and ground. Further, they hove higher
gain and tower input curremis than devices like
the LM710. The uncommitied coliector of the
cutput stoge mokes the LM119 competible with
RTL, DL and TTL us well us cupable of driving
lamps 8nd relays st currents up 10 25 mA. Out-
standing features include:

Features

& Two independent comparators

& Operastes from o single SV supply

® Typically 80 ns response time at 2 15V
® Minimum fan-out of 2 each side

& Moximum input current of 1 A over tempery-
ture

® Inputs und outputs can be isoluted from systemn
ground

8 High common mode slew role

Although designed primarily for apptications re-
quiring uperation from digitol toyic supphivs, the
LM119 series are tully specibietd for power supphes
up 10 215V, It features faster response than the
LM111 a1 the expense of higher power dissipation.
However, the high speed, wide vpeioting voltage
tange and low packaye count mashe the LM119
much more vessatile than older devices like the
LM, .

The LM119 is specified from -55"C 10 +125°C,
the LM219 is specified f1om -257C 10 +85°C, and
the LM319 s specified from 0°C 10 +70°C.

Schematic and Connection Diagrams

.
s

Dual In-Line-Packays

U

e -

tetents

-
SR
NS s 2 I
. J'/lf:_. —
. s o

v rue

Order Number LMIISN
See NS Packoye N14A

Order Number LM118J, LM215J)
or LM3193
See NS Pockoyr J14A

-

Relsy Driwwr

Matet Can Packaye

10 nernt

toern

Order Number LMYIBH, LM219H

o LMI18H
See NS Pachage HI1DC

e st v,

Winduw Detsctor
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Absolute Maximum Ratings m3is

Totel Supply Volleye AV Power Daspotion (Nute 2) WU sy
Ousput 1o Neyutivr Suppiy Votiepe .4 Outjut Shiwrt Corcunt Duratum U
Groundd 16 Meyative Supply Voo »v Ovwratiny Tempnrsture Rerp: | MY (LN Wy VT o
Groundt 16 Positve Supply Vollegy v Storeye Tempeistute Kot 6% L 190 ¢
Detterential tnput Voltaye SV Lewt Yemprerature (Sulderww, 10 e s ¢
tnput Vulieye [Note 1) ISV
Electrical Characteristics (Note 3
PARAMETLY CONDITIONS MIN b (4 MAX UNITS
1nput Ottset Voltage {Note 4) Ta - 257C, Rg < bk 20 BU mv
Input Otteet Cutrent (Nl 4) Ta* 25°C BO 200 nh
tnuut Bus Current Ta- 25°C . 250 1000 nh
Votteyr Gan Ta*25°C 8 40 vmy
Rewsume Tune (Nuie L) Tat 2V'C Vg - 216V b0 "
Setutetion Vallap Vin €.=10mV_ 15,y - 25mA
Ta+ 25°C 0 15 v
Gutput Leakaye Current Vin > 10mv_v,,,, - 35V,
V sV OV.T, 2uC 02 w wh
tput Ottsel Volieye (NOIe 4) Ag < 5L 10 mv
Ingut Otfaet Current (Note 4} 300 A
Input Buws Current 1200 (Y
Input Vultege Honge Vg + * 1oy 13 v
Va8V, V.0 1 3 v
Sluraton Volluge Vi>abtv. ve 0 [IX] 'Y ] v
Vine=100V, 1z, “ 3 20A
Ditlereniue Ingast Vohiege S v
Pusitie Supply Current Tat25C.V e bV, v .0 a3 ! mA
Puritne Suppty Cutient Ta-25C vge 218y M 12 ™A
Negtive Suppdy Cutrent Ta®* 25°C v, - 016y 3 X ~A

tiote 1: For supply voliages bess than 115V the atwolute Maximum input voliagr 15 equal tu the supply vislluge

Note 2: The maximum jJunction temperature of she LMI19 is 85°C. For Oprraling o1 elevated tempurstutes, devices s the
TO-5 package must be derated based on o thermal restance of 150"C/W, yuncuion 1o ambient, or 45" C/W, junction 16 case,
The thermat sesistance of the Jusiandine packege 5 100" C/W, junction to smibsient.

Note 3: These specrtications apply lor Vs = 115V and 0°C < TA <€ 70°C, unicss Olherwise siared. The offser voltepy, ofbyet
current and bas current specificalions apply 1or 8ny supply voltage from a singte 5V supply up 10 : 15V supplies.

Note 4: The oftsel vollages and otfiel currents given are the masimum valuts 18quired 10 Orive’ the Lulput within & volt of
either 3upply wilh & 1 mA load, Thus, these parpmeters define an e110r band and 1eke 1010 Becount the worst case eltects of
woliage gain and snput impedance.

Note 5: The sexponse tirne specified 13 for 8 100 mV nput siep with 5 mV overdrive,




91

9/LM219/LM319

LM11
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Typical Performance Characteristics imao .
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AN 4.3

TYPES SN54390, SN541S390, SN5439
SN74380, SN74LS390, SH74393, SN74LS393
DUAL 4-BIT DECADE AND BINARY COUNTERS

BULLETINNO. DL S 7612099, OCTOBER 1576

TTL

T74L5393

3, SN5418393,

Dual Versions of the Popular ;90A, ‘LS90
and ‘93A, ‘LS93

‘390, ‘LS390. . .Individual Clocks for A and B
Flip-Flops Provide Dual +2 and +5 Counters

"393, ‘LS393. . .Dual 4.Bit Binary Counter
with Individual Clocks R

All Have Direct Clear for Each

4.Bit Counter

Dual 4-Bit Versions Can Significantly Improve
System Densities by Reducing Counter Package
Count by 50%

Typical Maximum Count Frequency . .. 35 MHz

Buffered Outputs Reduce Possibility of Collector
Commutation -

description

Each of these monolithic circuits contains eight
master-stave flip-flops and additional gating to imple-
ment two individual four-bit counters in a single
package. The °390 and °‘LS390 incorporate dual
divide'by-two and divide-by.tive counters, which can
be used to implement cycle lengths equa! 1o any
whole and/or cumulative multiples of 2 and/or 5 up
to divide-by-100. When connected as a bi-quinary
counter, the separate divide-by-two circuit can be
used to provide symmetry (s square wave) a1 the final
output stage. The ‘393 and ‘L5393 each comprise
two independent four-bit binary counters each having
3 clear and a clock input. N-bit binary counters can
be implemented with each package providing the
capability of divide-by-256. The 390, ‘15390, '393,
and ‘LS393 have paralle! outputs from each counter
stage 30 that any submuttiple of the input count
frequency is available tor system-timing signals,
Senies 5 and Series 54LS circuits sre choaracterized
for operation over the full militarv 1emperature range
of =55°C  to 125°C: Series 74 and Saries 74LS
Crcuits are charactenzed for operation from 0°C
10 70°C

SN54390, SNS4LS390...J OR WPACKAGE
SN74390, SN74LS390 ... JOR NPACKAGE

(TOP VIEW}
OUTPUTS
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& 1 )
a ¥V og ac oo
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SN54393, SN54LSI93...JOR WPACKAGE
SN74393, SN54LS393...JOR NPACKAGE

{TOP VIEW)
outPUTS
2 A
vee .28 cuear Y200 205 s0c 209t
" 13 12 n 0 9 ]
T 1
l 0a Gs  0O¢  C5 I
CLEAR
ry 4
- A I
v
cLEan A
Qa [+73 Q¢ [a5
1 ) § X A
1 2 3 4 5 § ?
14 1 1W0a 10p 1Le "%, Gl
cutan - —\/ /
ouTRUTSY

ou

tput) Io%

potttive fogic. High 1mput 10 ¢ €37 ttvets 0 o0




93

TYPES SN54380, SN5415380, SN54393, SN541S383,

SN74390, SN741S390, SN74383, SN741S393

DUAL 4-BIT DECADE AND BINARY COUNTERS

FUNCTION TABLES

390, °LS390 °390,°LS390
BCD COUNT SEOQOUENCE BIQUINARY (5-2)
{EACH COUNTER) (EACH COUNTER}
{See Note A} {See Note B)
COUNT outPUT COUNT ouTPuT
Op Q¢ Og Op Qp Qp O Op
[4] L L L (] L L L o
1 L L L 1 Lt L L ¥
2 L L WL 2 L L H L
3 L L H H 3 L L H H
a4 L H L L 4 L H L L
5 L H L H 5 H L L L
€ L H H L 6 H L L H
7 L H H H 7 H L H L
e H L L L 8 H L H H
9 H L L H -] H H L L

NOTLES: A, Duiput Oy h connecied to input B for BCD count,
8, Ouviput Op h connected to Input A for Biquinary ¢
count,
C. Mo niph evel L = jow tevel,

functional block diagrams -
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TYPES SN541S390, SN541S393, SN74LS390, SN74LS393
DUAL 4-BIT DECADE AND BINARY COUNTERS

REVISED DECEMBER 1980

switching characteristics, Vo =5V, Ta = 25°C

y FROM TO *LS380 L5383
PARAMETERY TEST CONDITIONS uNIT
(INPUT) (OUTPUT) o MIN  TYP MAX | MIN TYP MaX
A Qa 25 35 25 35
f, MH
max ] Gp 125 20 !
1 1 12
PLM A oa 2 20 20 ~
PHL 13 20 13 20
PLH - A Qg of 'LSI90 | € = 15pF, 37 60 40 60 o
tPHL Qpof'LS393 | R =2k, 9 60 40 60
®wLH See Note 4 and Figure 2 13 Fil
8 Og ns
PHL 14 21
4
PLH . ac 2 39 ~
tPHL 26 39
1 [
PLH B Gp 3 2 ns
tPHL 14 23
tPHL Clear Any 24 39 24 » ny

< Trnas & masimum count frequency
oL & propegetion gelay tima, low-10-high-leve! output
P & Propagation dslay time, high-to-low-tevel output
NOTE 4: Load circult is shown on pege 3-11,

PARAMETER MEASUREMENT INFORMATION
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mewuIn- 4.4

TOSHIBA

TMM2764D

8,792 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

PROGRAMMABLE READ ONLY MEMORY
N-CHAMKEL $ILICON STACKED GATE MO§

TMM2764D
TMM2764D-2

DESCRIPTION T

The TMM2764D is a 8192 word x 8 bit ultraviolet
light erasable and electrically programmable read only
memory, For read operation, the TMM2764Ds access
time is 200 ns, and the TMM2764D operates from a
single 5-volt power supply and has low power stand-
by mode which reduces the power dissipation with-
out increasing access time. The standby mode is
achieved by applying a TTL-high leve! signal to the

CE input. The maximum active current is 120mA
FEATURES

® Singie 5volt power supply
e Fastaccess time : TMM2764D 250 ns
TMM2764D-2 200 ns
e Power dissipation :
120 mA {active current]  Max.
35 mA (standby current) Max.
e Low power standby mode : CE

PIN CONNECTION

1TOP VIEW) o) ernOM TaaM37220

TMM27320
{YOP VIEW)

PIN NAMES

[fo~417 ]
’O.*O, !

Address Inputs
Outputs {Inpuus).
Chip Enabie Input
Output £ nable Input
Program Control Input
NC. No Connection

1 Vs Program Supply Voltage
I Ve Vee Supply Voltage (+5V)
|' GAD Ground

Lower 24 plnt compatibie with 32K

and the maximum standby current is 35mA.
For program operation, the programming is achiev-
.ed by applying a 50ms active TTL low program pulse

10 the PGM input, and it is possible to program

sequentially individually, or at random,

The TMM2764D is fabricated with the N-channel
silicon double layer gate MOS technology and is
packaged in a standard 28 pin dual in line cerdip
package, ’

e Output bufier control : OF

e Fully static operation

e Programs with one 50 ms pulse

e Single location programming

e Three state outputs

® Inputs and outputs TTL compatible

® Pin compatible with i2764 and ROM TMM235647

BLOCKX DIAGRAM .
' Vrn GND Ve 0,0,0,0,0,050,0,

N U B 111171
CE o CE ge ..nd FGH Output Butfers
FGHO— reuit

:? o __E__ Column |32 Column 110
:,’ fan Decodaer Circuit

a;: EAddrcu ] ) ‘}‘

g :B”""‘ 8 Row 256]  Memory Cell
Ao o] -\ . Array

Ayy ol Decoder X
Arzol 8162 x Bbiny

MODE SELECTION

Pn | FGN | ET | OF [Vep IV |- 0. ~0, © N
Mode 211 lizos faas [ eas e naaemrgyt P o
| Read K £V * Data Out :
1 High
Dewi
.vau! wieci} o . H :v ! dmpedance Acive
. AR :
Srenaby .. 2] . {5y "‘ ace | Sunaby
Program L L . ;_5v Dot in
h Hgh
Program ° " * ! 4 Impedance ‘
2v . Acuv
Inhibit L w | L Hn
I °. sv { impedance 1
PogramVenty | W | L | L {5V { Dats Owt t

Now. *: Heor L

1



MAXIMUM RATINGS
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SYMBOL ITEM RATING UNIT
Vee Vec Power Supply Voltage 06 ~ 70 v
Vpp Program Suoply Voltage i -06€ ~ 220 v
ViN Input Voltege 06 ~70 v
VouTt Output Voltage —0.6 ~ 70 v
\ Po Power Dissipation 1.5 w
i TsoLpDER Soldering Tempereture - Time J 260 - 10 °C -sec
TsTRG. Siorage Temperature 1 ~-65 ~ 125 °C
Torr, Operating Temperature ] 0~70 °c
READ OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN, TYP, | MAX, UNIT
E‘* Vin Inz at High Voltage 2.0 - I vee+10 \
) ViL Inout Low Voltage -0.3 - 0.8 Vv
_ Vee Vee Power Supply Voltage 4,75 - 5.25 v
Vpp Ve Power Supply Voltage 20 Vee | Vee+06 v

D.C. snd OPERATING CHARACTERISTICS
!

(Ta=0~70%C. Vcc » 5V 2 5% Unless otherwise noted)

* SYMBOL PARAMETER CONDITIONS I MIN, TYP. [ MAX. | UNIT
i I InoJt Current Vin =0~ Vee - - i 210 pA
e Supdly Current (Standby) CE = Vi - - 1 3 mA
Vo ko Supzly Current [Active) CE =V, - - 0 mA
i Vow Outeut High Voliage fom = —400u4 I 24 ! - - \%
i Vou ! Dutout Low Voltape loL =2.1mA i - | - ca v
ey I Vpg Current Vpp =0~ Ve + 0.6 T - | = i =10 HA
) I Outout Leakage Cuirrent Vourt = 0.4 ~ Vee l~= } - 120 uA




A.C. CHARACTERISTICS
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{Ta=0~70°C, Vec = 5V2 5%, Vep = 2.0V ~ Ve + 0.6V, Unless otherwise noted)

. TMIM2764D.2 TMM.2764D
[ PARAMETER NDITION
SYMBOL E CONDITIONS ) MIN, MAX. MIN, MAX. UNIT
tace Address Access Time EE = O_E. = VIL m - v"q - 2@ - ¢ 250 ns
e CE 10 Output Valid OE = v, FGM= v, - 200 | - 250 ns
toe DT 10 Otput Vatid CE= vy PGM= v, - 0 , ~ . 100 ns
1pGMm PG 10 Outout Valid DE=CE=vV, ] - 0 ] - 100 ns
toF) CE 10 Output in High-Z OF = v, . PGM= v, 0 6 ' 0 90 ns
1oF3 OE 1c Ontput in High-2Z CEn v,  Fi¥=V, Y 60 0 90 ns
1oy PG 1c Output in High-Z DE=TE=v, i 0 6 I o 90 ns
oM Outr.t Data Hold Time CE=OE=v, PGM=V,, | 0 - | - - 1 s
A.C. Test Conditions
o QOutput Loaj 1TTL Gzie and C = 100pF
e Input Pu'se Rise and Fall Times ° 10ns Max. ’
e Input Pulse Leve's 0.8V 10 2.2V
¢ Timing Measurement Reference Level Inputs 1V and 2V, Outputs 0.8V and 2.0V
CAPACITANCE ® (Te=25°C, 1= tMH2)
SYMBOL PARAMETER CONDITIONS MIN TYP, t MAX, UNIT
. Cn Inout Capazitance Viy =0V - 4 ! 6 oF
. Count O.nput Capacitance 1 Vout = OV - s 8 | 12+ pF
* This parameter is pe-icdically sampled and is not 100% tested,
TIMING WAVEFORMS (READ)
Ay ~Ay x
oH
. 3 N . .
= N 00
NN 20 %
1Dk
NN L
ALYV DF2
G/ HERIIIRY
tacc H oF>
1 L
Hign T High 2
C¢~0, >—

m Dsts Dutpuns




PROGRAM OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS'

I svmsor T PARAMETER L MIN TYP. MAX, UNIT
\'M ! Input High Voliage | 20 - Vee ¢ 1.0 \Y%
Vi ! inzut Low Volrage -1 -03 | - 08 v
| Vee ! Ve Power Supply Voltage | 475 5.0 525 v
Ver | Vep Power Sunply Voliage | 205 210 215 v
D.C.and OPERATING CHARACTERISTICS (Ta=2525°C, Ve = SV2 5%, Vpp = 21V 20.5V)
Sympor | PARAMETER | conbrions MIN, TYP, MAX. UNIT
I Inzut Current ' V-,N =0~ Ve - - *10 MA
T Von Outout High Voltage T lom ® —200uA 24 - = v
Vor Outsut Low \'oltage U Tl = 2.9mA - - 0.4 v
lec Vee Swoly Current - | - - 120 mA
Ipps Vpp Supply Current Vpp = 215V | - 30 mA
A.C. PROGRAMMING CHARACTERISTICS (Ta=2525°C, Vee = 5V 25%, Vpp = 21V205V)
SYNMBOL FARAMETER CONDITIONS . MIN, Typ. NMAX, UNIT
s Address Setup Time - ! 2 - - M
Tam Address Hold Time — ] 2 — - s
Ces CE Setuz Time - 2 - - Hs
TCEH CE Holz Time - 2 - - [
105 Data Setuz Time - 2 : - - ps
. lpm Da:2 Hoid Time - 2 | - - Hs
i s PGR:Serun Time - 2 i - - Hs
. T i PGRHo2 Time - 2 [ - Hs
t0Es : DE Setur Time - ¢ 2 { - - us
s i Ve Sew Time - i 2 IS - us
tov: ' Program Puise Widih PGM=CE=Vv, ' 45 | & 55 ms
1cp i PropaT Rezovery Time - 0 - - us
peY i Prograv. Fulse Rise Time - 5 -— ' - ns
tprr ' Progra— Pulse Fa'! Time - 5 - | - ns
tce . CE 13 0mo01 Valid - - - 250 ng
108 OF 10 Outcut Va'id - - H - 100 ns
to5y CE100nzatin Han 2 OE = v - - 90 ns
L Tofa DEwOozitinHen 2 TE=v, i - i - 90 ns

A_C. Test Conditions

e Quiput Load

® Input Pulse Rise an2 Fall Times

® Input Pulse Leve!s

* Timing Measurement Refe-ence Level

1TTL Gate anz CL (100 pF)

10ns Max,

08 ~ 22v

Inputitvens2v  ; Output oév and 2.0V
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TIMING WAVEFORMS (PROGRAM)

PROGRAM OPERATION 1. (Vpp = 21V 2 0SV)

.k
Ao ~AR)3 R

tAs TaM }

.
— f————
ot ,
DF2 tor2
‘ot M=1a)
Ty
Op~01  ynxNOWN D,n STABLE - i Doyt Valid >‘
i

tps M:=1.]
tew

N
7.

.

WwFT

Vor ’:/::i:/‘é% tvs

PROGRAM OPERATION 2 (Vpp » 21V 0.5V)

e TN X
—

L tas - [y, ) tan
* ST e 7
= = 'r’j/"
‘:’°“°" D.n STABLE - J? e 2 —Z Dout veiio }__""" 2
v 7 - ‘ '

Note 1. Ve mutt be soplied simulie~eousty of befors Vpp on¢ cut o simultaneously or atre- Vop,
2. Romowing the Gevice from soci et and eTiing the Cevice ir soch ot with Vpp 21V may CaNgOSrMenent comape 16 the device.
2. The Vpp auppiy vohage W permined up to 22V for Proge T operation, 60 the voltege over 22V should not be applisd 1o the Vpp

Teming', .
When the switrhing pulss voltegs h 80DIIR0 10 The Vs terminel, the overahoot volupe of It puhie should RO Be enceeded 22V,



ERASURE CHARACTERISTICS

The TMM2764D’s erasure is achieved by applying
shortwave ultraviolet light which has a wavelength of
2537A (Angstroms) to the chip through the trans-
parent window. Then integrated dose (Ultraviolet
light intensity [w/cm?) x exposure time [sec.]} 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, the erasure will be achieved within
60 minutes. And using commercial lamps whose
ultraviolet fight intensity is a 12000 [pw/em? ] will

OPERATION INFORMATION

The TMN2764D’s six operation modes are listed in
the foilowing table. Mode selection can be achieved
by applying TTL leve! signal 10 all inputs. In the reas

100 |

reduce the exposJre time 10 about 20 minutes. (In
this case, the integrated does is 12000 [ew/em?)
x (20 x 60) [sec) & 15 {w. sec/em?} )

The TMM2764D"s erasure begins 1o occur when
exposed 1o light with wavelength shorter than 4000
A. The sunlight and Jhe fiuorescent lamps will
include 3000 ~ 4000 A wavelength componehts,
Therefore when used under such lighting for extend-.
ed periods of time, the opajue seals - Toshiba
EPROM Protect Seal AC301 - are available,

operation mode, a single 5V power supply is required
and the levels required for all inputs are TTL.

PGM CE OF | vm Vee 0, ~ 0, Power
(27) (20) 22y . (U (28) (11 ~13,15~19)
! READ Read H L L Data Out Active
i OPERATION | Outout Deselect . » H sv sV High Impedance - Active
({Ta=0~70°C) | Standby . H . High Impedance Standby
PROGRAM PIOQ"T' L L . . Da1a In Active
(] A . .
Prog- . H . High 1 d Active
{ OPERATION | '29'8™ H 2v | sv o Tpecence !
(Ta = 252 5°C) Inhibit . H L H High Impedance Active
L ) Prog-am Verify H Lt Data Out Active
Note: H Vi, L V. *; Vig or V.
READ MODE

The TMM2764D has three control functions. The
chip enable (CE) controls the operation power ang
should be used for device sele:non

_The output enabie (OE) and the program contro!
(PGM) control the output buffers, independent of
device selection,

Assuming that CE = OE = ViL and PG = Vi, the
Output date is vahid at the outputs after address access
time from stabilizing of all addresses,

523

The CE 10 output valid (1cg } is equa! 1o the address
a:cess time (tAcc)

Assuming that CE = Vi, PGM = V4 and ali ad-
dresses are valid, tHe output data is valid at the out-
puts afier 10 from the 1allmg edge of OE.

"And assuming that CE = OF = V)L and all addresses
2'e valid, the output data is valid at the outputs after
tpgi from the rising edge of PGM,
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OUTPUT DESELECT LIODE

Assuming that CE = Vi or OE = Vi, the outputs
will be in 2 high impedance state. So two or more
TMM2764D can be connected together on a common

STANDBY MODE

The TMM2764D has a low power standby mode
controlled by the CE signal. By applyinga TTL high
level to the CE input, the TMM2764D is placed in the
standby mode which reduce the operating cufrent

PROGRAM MODE

Initially, when received by customers, all bits of
the TMM2764D sare in the 1 state which is erased
state.

Therefore the program operation is 10 introduce
*0s’" data into the desired bit locations by electrically
programming. -

The TMM2764D is set up in the program cperation
mode when applied the program voltage (+21V} to
the Vpp terminal under CE=PGM=0E = ViH.

The program operation occurs during the overlap
of the CE low and the PGM low. Then the program-
ming is achieved by applying a 50ms (tpy) active low

PROGRAM VERIFY MODE

The verify mode is to check that the desired data is
correctly programmed on the programmed bits.

PROGRAM INHIBIT MODE

Under the condition that the program voltage
(+21V) is applied to Vpp terminal, a high teve! CE or
PGM input inhibits the TMM2764D from being pro-
grammed. Programming of two or more. TMM2764Ds
in parailel with different data is easily accomplished.

bus line. When CE is decoded for device selection, all
deselected devices are in low power standby mode.

from 120mA to 35mA, and then the outputs are in a
high impedance state, independent of the OE and the
PGM inputs,

program pulse 10 the CE or the PGM input after the
addresses and data are stable,

This program pulse shou!d be a single pulse with
50ms pulse width per address word, and its maximum
value is 55ms,

The levels required for all inputs are TTL.

The TMM2764D can be programmed any location
at anylime — either individually, sequentially, or at
random.,

The TMM2764D should not be programmed with
D:C. signal applied to both CE and PGM inputs,

The verify is accomplished with OE and CE at V.
and FGM at Vjn.

That is. all inputs except for CE or PGM may be
commonly connected, and a TTL low level program
palse is applied 10 the CE and PGM of the desired
device only and TTL high level signa! is applied to the
other devices.
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T
aaeuan 6.1
ﬁbaéwqﬁa§a1u IC 18 TMM2764D

- 1] (-] L] 4
UARMANMUIBUREDALENG MWD 1

‘
N\

{N>=DE0D.DE22.000 {M>=EZAD.E3CS.BAD
@ono 00 EE EE EE GEAD 43 45 47 46
D004 EE EE EE EE ) UER4 45 44 43 47
0G02 EE EE EE EE DEAS 40 29 25 27
00 EE EE EE EE JEAC 236 325 234 22
0010 EE EE EE EE UEED 32 20 g9 28
0014 EE EE EE EE JEE4 27 26 25 24
0012 EE EE EE EE OEBZ 23 22 20 19
001C EE EE EE EE OEEC 13 17 16 15
0020 EE EE EE EE OECO 14 12 12 1n
0024 EE EE EE EE 0EC4 09 08 07 g
002e EE 0EC2 05
<H>=DBED.DCDS.3EU M>=F?D07 .F7FF.1FD7
0ZEQ0 EE EE EE EE 1FDnZ? 23 g2 22 22
0ZE4 EE 92 g9 r7q IFTE 22 22 22 22
0ZEB 69 59 49 24 1IFDF 21 21 21 21
0ZEC 29 19 pa 0o IFE2 21 21 20 20
CZF0 90 €0 70 &0 IFE? 20 20 20 20
0ZF4 51 41 21 22 IFEE 20 19 19 ji9
0ZFe 12 08 92 82 IFEF 19 19 19 19
03FC 72 €4 54 45 1IFF2 12 18 18 1%
0400 35 26 16 07 1FF7 18 12 1¢g 17
0404 97 28 79 g9 1FFB 17 17 17 17
0408 &0 1FFF 17
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ﬁvaéwcﬁagaqu IC 19 TMM2764D

UHASVANMMLAENAN TR

<
M>=DE00.DEe8.000 - {M>=E3A0.E3CE.BA0 |

0000 00 EE EE EE 0EAD 33 33 33 33

0004 EE EE EE EE (EA4 33 33 32 33

0008 EE EE EE EE _ >3
i (EA8 33 33 33 23

000C EE (EAC 33 33 33 33

0010 EE EE EE EE 0EE0 33 33 33 33
0014 EE EE EE EE ha o

0ER4 33 33 33 233
0018 EE EE EE EE .

0EES 33 33 33 23
001C EE EE EE EE . b

(EBC 33 33 33 33
0020 EE EE EE EE 0ECO 33 33 33 33
0024 EE EE EE EE 0EC4 33 33 33 33
0028 EE GECS 33

<

CM>=IEE0.DC08.3E0 {M>=F7D7 .F7FF .1FD7

1FD7 12 12 12 12
1FDE 12 12 12 12
1FDF 12 12 12 12

03EC EE EE EE EE |
1FE3 12 12 12 12 i

03E4 EE 99 99 99
0ZE8 99 99 99 99
0SEC 99 99 99 99
0ZFD 98 98 98 98
03F4 98 98 98 98
0GF8 98 ¢&8 97 97
02FC 97 97 97 97
0400 97 97 97 97
0404 96 96 96 96
0408 96

1FE? 12 12 12 12
1FER 12 12 12 12
1IFEF 12 12 12 12
1IFF3 12 12 12 12
1FF7 12 12 12 12
1FFB 12 12 12 12
1FFF 12
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