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ADAPTIVE PWM INVERTER FOR 3 - (b INDUCTION MOTOR DRIVE
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Wiruch Srihirun

ASSOC. PROF. DR.Wiriya Pichatejumrurn Advisor
Sompop Phollamai Advisor
1995

ABSTRACT
This project proposes general principle of controlled speed 3-¢ induction motor by
adaptive pwm inverter technique ,voltage source type inverter . The adaptive pwm method
obtained by microcontroller produces sinewave and trianglewave, then combine both signal
before compare with feedback signal to generate pwm waveform. This waveform is then
amplified by base drive in next part and used for driving power transister in inverter which
convert DC to AC. This method automatically operates at constant ratio of voltage to
frequency.
In the last chapter of thesis ,the prototype of the inverter test set is used to
test the 3-phase induction motor under various load condition so as to obtain the operating
characteristics of the moter drive system; for example the motor speed-torque

characteristics,the output voltage-to-fundamental frequency ratio.
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8253/8253-5
PROGRAMMABLE INTERVAL TIMER

2 MCS-35™ Compatlble 8253-5

x 3 Independent 16-3it Countars

s DCi0 2.6 MH=>

x Pregrammactle Counter Modes

x Count Blnary or BCD
x Slngle + 5V Supply
2 Avaiiable in EXPRESS

—Standard Temperature Range
—Extended Temperature Rangse

Trenter® 5253 s @ peogrammabia countantimer device designed for use as an latel microcomouter penoberal. it uses nMOS
reennclogy with 2 single +5V supply and is packaged:in a 24-pin glasiic OIP
s a}gamzec as Jincepencent 15-bit countars, each witn a count rate ¢l ug 1o 2.6 MHz. All moces ¢! soeration are software

sregrammaste.
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§253/8253-5

MOQOOE 0: Intsrupt on Terminal Count
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54193,/74193

Synchronous 4-Bit Binary Up/Down Counter (Dual clock with clear)

— Schottky TTL High- Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
- ———
Package . Package . ' Package Package . Package
. T ce T
Device Type CIPIMIcF Device Type P le F Device yp':c o micF Pevice Type clplmice Device Type ROME
T | SNSIL S 19 4 D) wif sNs4i93 4 ) wi| SNsaL 193 1@
o SNIL S8 3 UNGY SN14I93 1IN SNYL 193 1 DIND
fususisy remsia) | o PO | FMS4193/F M9386 (DD
FAIRCHLD RIASIN/ ARSI 104 | PD| | FO| FCT193/F 9366 |DIP D
MOTOROLA . SNLSI9I ) MC74193 PO N
NS C OMSLL5193 L0 OMS4L 193 JTIND I
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PHLIPS NT4LS193 ) N7419) I
554193 IFJ38 D Wi
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. 1 F
FUINTSY 4 S193 L M -
|
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i
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TOSHEBA T T T isan L E | L i
| T a784.6193 Pl . Py T i .
AMD . | T 1] z=74_519 17 (N I

Electrical Characteristics SNS4LS |

93 SN74LS 193

absolute maximum rstings over operating free-ai

r teamperature renge

Swoply voiage. Voo v

Inont voliage 5. 5v.

QOrperaung ree-awr ISMILS
mDesalue rasge | SAaLS

- $5°C 1o t25°C
oC 10 WC

Storage temperature range

~65°C to 150°C

recommended operating conditions

[ snsaisisy | sn7ausisa |

TN NOM MAX ) MIN_ NOM MAX | T
Swooly volage Vo s s 5slais s sas] v
High-evei outpul current, o - 400 - =400 4A
Lowdevel outdul cwrent, Igy L3 Dt 5 Suiond
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Wotn ot any Jnout pul se, Ly, 20 0= ammeaed ng
O21 setwo Ume. Iyeryp 20 20 ns
Satas "3 e, tng g 0 ] ns
Qoecaing free-ms emperature. T 5 - %5 125 ¢ 1] °C

elactrical characteristics over recommended operating

free-sir temperature range

TEST CONDITIONS ¥

LN TYP 2 MAX TuNIT

PARAMETER ¢ ]
L
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54193,/ 74193(CONTINUED)

Functional Block Diagram
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m SEMICONDUCTOR&

MOTOROLA
TECHNICAL DATA

EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

designed for use where the output current is 3 linear product

of an eight-bit digital word and an analog input voltage.

® Zign:-3it Accuracy Available in Both Temcerature Ranges
Relative Accuracy: =0.19% Error maximum
{MC1408L8, MC1408P8, MC1508LS8)

o Seven anc Six-Bit Accuracy Available
oy 7 or 6 Suffix after Package Suifix

® Fast Settling Time — 300 ns typical

e Noninverting Digital inputs are MTTL and
CMOS Compatible

e Gurtput Voltage Swing — 0.4 V0 -5.0V
e High-Speed Muluplying Input
Slew Rate 4.0 mA/us
¢ Srandard Suppty Volitages: +#5.0 V and
-3.0ViosiSV

ith MC1408 Designated

MC1408
MC1508

EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG
CONVERTER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 620

P SUFFIX
PLASTIC PACKAGE !
CASE 648 e ,

FIGURE 1 — O-to-A TRANSFER CHARACTERISTICS

7

19, VU IPUT CURNMENT (mA)

1000000001

INPUT DIGITAL WOROD

{11111 1}

FIGURE 2 - 8LOCK DIAGRAM
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¢ Tracking A-10-O Converters

¢ Successive Approximation A-to-O Converters
& 21/2 Digit Panet Matars snd DVM's

* Waveform Syninesis

* Sample and Hold

® Paak Detsctor

* Programmabie Gain and Attenuation

* CRT Character Gensration

TYPICAL APPLICATIONS

Audio Digituzing ang Decoeding
Progr Power S 1
Anaiog-Oigital Muitiotcation

Oigitat-Oigical Multiplication
Anagicg-Digital Civision

Digital Adcition and Suotraction
Soeecn Comoression and Expansion
Steoping Motor Orive

MOTOROLA LINEAR/INTERFACE DEVICES




National
Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description .

The LF351 is a low cost high speed JFET input operational
amplifier with an internally trimmed input offset voitage
(BI-FET II™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product

current is important, however, the LF351 is the batter

choice.

Features

See NS Package Number HOSC

a:c.d_? fast slew rate. In addition, well matched high voltage g |ntemally timmed offset voltage 10 mv
JFET input davices pr.owd'e very low'r |nput‘ bias and offset & Low input bias current 50 pA
currents. The LF351 is pin compatible with the standard X Low inout noise voltage 25 N/
LM741 and uses the same offset voltage adjustment circuit- v B P X 9 n J__z
ry. This feature aflows designers to immediately upgrade the u Low mpL.'t fiolsg, t,turrent 0.01 pAfyHz
overall performance of existing LM741 designs. B Wids gzin bandwidth 4 MHz
The LF351 may be used in applications such as-highspeed B High slew rate 13 V/ps
integrators, fast D/A converters, sample-and-hold circuits ~ ® Low supply current 1.8 mA
. &nd many other circuits requing low-input offset voltage, B Highnpot impederce 1012
low input bias current, high input impedance, high slew rate & Low total harmonic distortion Ay = 10, <0.02%
and wide bandwidth. The device has low noise and offsat R = 10k, Vo= 20 Vp-p, BW =20 Hz-20 kHz
voltagg drift, but for applications where these r'equiraments ® Low 1/ noise corner 50 Hz
are critical, the LF356 is recommendad. If maximum supply g Fast settiing time to 0.01% 2 ps
Typical Connection Simplified Schematic
Ry Vee O
ENgs q ®
Va
INTERNALLY
INTERAMALLY TRIMMEQ
- TRIMMED
. . < -Veg O
Connection Diagrams (mep views)
Metai Can Package Duai-in-Line Package
x 1Y 1
BALANCE . r-——lC
BALANCE ) f .
INPUT ey ' pe
INVERTING ’ :—_D-l_
INPUT cuTIUT
"PYT —l— L— ouTIUT
NOK-INVERTING SALANCE
InPyt
S 5
v- ¥ —t s SALANCE
Note. Pin 4 connected 10 cate,
TOr VIEW
Order Number LF351H Order Number LF3514, TURUssa-t
LF351M or LF3S1IN

See NS Package Number JOSA, MOSA or NOSE
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AC Electrical Characteristics (Note3)

F
Symbol Parameter . Conditions LF3s1 Units
Min Typ Max
SR’ Slew Rate Vg=£16V, Ta=25'C T 13 V/us
GBW Gain Bandwidth Product Vg= +£15V, Tp=25'C 4 MHz
en Equivalent Input Noise Voitage Ta=25"C, Rg= 10011, 25 VIR
f= 1000 Hz
in Equivalent Input Noise Current Tj=25'C, f=1000 Hz 0.01 pA/fAz
Note 1: For operadng.al slevated temperatura, the device must be derated basad on the thermal resistance, #)a.
Nole 2 Unieas otherwise specrfied the h negative input voltage is equal to the negative power suppiy voltage,

Note 3: These spactficadons apply for Vg = =15V anag "C<To S +70°C. Vs, Ig and lgg are measured at Vo= 0. .
Note 4: The input tias currents are junction laakage currents which approximatsly double for every 10°C increasa in the junction temperature, Ty Oue 10 the fimhied
sroduction test tme, the input bias currents measured are cormsiatad ic juncton temperziure. In normal oparation the juncsicn iemiceratura rises absva the smbdient
lemperature as & result of intemal powaer dissipation, Pp. Ty=Ta+ 6js Fp where 4 Is the thermal resistance from juncuon to amdient. Use of a heat sink is
recommended i input dias current is 1o be kept to @ minimum.

Note §: Supply voilage rejection rauo 18 measured for botn supply mag i ing or d ing simultaneously in accordance with common practica. From
15V o 5V,
Note 6: Max. Power Dissipation is defined by the package char istics. Operating the pant near the Max. Power Oissipation may cause the part lo operats

outside guaranteed limits. .




72 National R
444 Semiconguctor

MM54C922/MM74C922 16-Key Encoder _. m
RiM54C923/MIM74C923 20-Key Encoder ' M

general description

These CMOS key encoders provide all the necessary
logic to fully encode an array of SPST switches. The
keyboard scan can be implemented by either an external
clock or external capacitor. These encoders also have on-
chip pull-up devices which permit switches with up to
S0 k§2 on resistance to be used. No diodes in the switch
array " are needed to eliminate ghost switches. The
internal debounce circuit needs only a single external
capacitor and can be defeated by omitting the capacitor.
A Darta Av'/ai,lable output goes to a high level when a
valid keyboard entry has been made. The Data Available
output returns to a low level when the entered key is
released, even if another key is depressed. The Data
Available will return high to indicate acceptance of the
new key after a normal debounce period; this two key
roll over is provided between any two switches.

provide for easy expansion and bus operation and are
LPTTL compatibie. ’

features

% 50 k§2 maximum switch on resistance

% On or off chip c.:lock .

® On chip row pull-up devices

u 2 key roll-over 2

®  Keybounce elimination with single capacitor
8 | ast key register at outputs

® TRI.STATE outputs LPTTL compatibie

. : u Wi ! 3V 0 15V
An internal register remembers the last ke% pressed dFsupplaBe w18
even after the key is released. The TRI-STATE™ outputs u { ow power consumption .
connection diagrams X .
Neom »d

Duslin-Lins Pachkage
J U
now v1 —f LA
now vz -} LT pataouta
howvs 4 HE saraoute
' 15
nowve = . HE oatagurec
s 10
CSCILLATOR — HE oaraouro
' 12
KEYSOUNCE MASK —d — JUTPUT ERAITE
' 12
COLUMN X4 ot prm DATA AVAILASLE
1t
COLUMN X1 —d LY cavumn xt
1
4.1 ’—" joee COLUMN X2
Tor view

Order Number MM54C922N
: or MM74C922N
See Package 20

Cual-in.Line Fackage

J U
R v1 — 122 vee
Row vz 34 .'—'/-uu ouTA
- b | i1}
Aowvs - ' pataours
' 2
ROW.Y4 — l— bataouTC
‘ 7/
ROWTS L paraour o
(\— g 15
OSCILLATOR — He- OATA OUT £
PR
KEYROUNCE MASK - L1 GUTFUT ERADLE
p
- v s .
COLUMN/-XE ~—t b=—~ DATA AVAILASLE
’ u/
coLumm x3 - L2 cotumx x1 .
r'd
. 1"
oot . L cotusn xz
Fd -
ToPview | . - A .
Order Number MMS4C923N
or MM74C923N

See Package 20A




'absolute maximum ratings

*Voitage at Any Pin Vee = 03Viio Vg + 0.3V Package Dissipation 500 mW
Operating Temperature Range Operating Vo Range 3V o 158V
MM54C922, MMS4C923 55"C 10 +125"C vee 1av
MIATACS22, MMT74CI23 -40' C 1o +85°C Lead Temperature {Snidaring, 10 sernonds) 300°C
Storaae Temperature Range -65°C to +150"C
»
dc electrical characteristics Min/max limits aoply across temperature range unless otherwise noted
PARAMETER CONDITIONS j MIN r TYP l MAX | UNITS
* cMos TO eMos . :
VT+ Positive-Gong Threshold Voliage at Vee = 5V, N 2 0.7 mA 3 35 413 v
i Osc and KBM Inputs " Vet 10V, iy > 1.4 mA 6 6.8 3.6 v
i vee =15V, N2 2.1 mA 9 10 129 v
Vo Negative-Going Threshold Voltage at Vee =5V, hiy207mA 0.7 1.4 2 v
b
i Osc and KBM Inputs Vee = 10V, IInT 1émA 14 3.2 4 v
i Vee = 15V, iy 2 2.1mA 21 5 6 "
» ViN(1)  Logical 17 Input Voltage, Except vVee ~ sV, 35 45 v
é Osc and XBM Inputs vee ® oV 8 9 ) v
; vee = 15V, 12.5 13,5 v
"‘VIN(Q, ‘Logical 0" Inout Voltage, Except Ve =5V, 0.5 15 \
E : Osc and K8M inputs Vee = 10V, 1 2 \
vVee = 15V, 1. 2.5 V.
[ 1ep Row Pull-Up Current at Y1, Y2, Y3, Vee- 8V, Vin 0.1 Vee -2 5 uA
Y4 and Y5 Inputs Vee = 10V -10 -20 uA
Vee = 15V ~22 -45 uA
VouT(1} Logical "1 Qutput Voitage Veg =SV, 1g = -10uA 4.5 Y
Ve = 10V, g = ~10pAa 9 v
Ve = 15V, 1g = - 10gA 13.5 \
VouTio) Logical "0 Output Voltage Vee TSV, g = 10uA 0.5 v
Vee = 10V, 1o = 10uA 1 v
Voo ® 18V, 1o 10rA 1.5. v
Ron Column “"ON" Resistance at Veg =SV, Vg r 0.5V 300 1400 £}
X1, X2, X3 ang X4 Outputs Ve =10V, Vo = 1V 300 700 €2
- Ve T 1SV, v = 15V 200 500 Q
Icec Supgply Curcrent Vee =5V, Oscar OV 0.55 1 m#a
Vee T 10V 1 19 mA
Veeg ® 15V 1.7 2.6 mA
lie(1)  Logreal 17 Input Current at Ve | 15V, iy = 15V 0.005 1.0 HA
Output Enable
HN{O) Logtcal “0” aput Current at Vee = 15V, Vi = 0V ~-1.0 -0.005 HA
Output Enable
CMOS/LPTTL INTERFACE
ViN{1) Logical 1 Input Vollage, Except 54C, Vg T 4.5V vVee 15 v
Osc and KBM Inputs 74C, Voo = 4.75V Vee-t.8 . v
ViN(Q) Logical “0' Input Voltage, Except 84C, Ve = 4.5V 0.8 v
Osc and XBM Inputs 74C. Vg = 4.75V 0.8 v
VouT(1} Logical *1” Qutput Voltage S4C, Vce = 4.5V, 24 v
4
. 10 = —360uA
) 74C. Ve = 4.75V. .24 v
I = ~3604A
VouTI0) Logical “Q Output Voltage 54C,VcC = 4.5V, - 0.4 v
| 10 = =360uA 4
74C. Veg = 4.75V. 0.4 v
F 10 = ~360uA IRl
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dc electrical characteristics (con’t)

PARAMETER ~ | CONDITIONS [ min | 1ve | Max | units
OUTPUT DRIVE (See 54C/74C Family Characxeris_ticsoa'u Sheet) - ' BRI
Ld e ——
1soURCE Output Source Current (P-Channel) vee =5V, VouTt = oV, -1.76 {1 ~33 * “mA
. Ta=25°C ) I
ISOURCE Output Source Current (P-Channel) Vee = 10V, VoyT =0V, -8 —-15 mA
e Ta=25°C . - :
ISINK ° Output Sink Current (N-Channel) vee =5V, VouT = Vee, 1.75 | 36" T mA
- . .- TA-ASC . - ”_
ISINK ~ Output Sink Current {N-Channel) Veg = 10V, VOUT vee. 8 18 mA-
Ta =25°C o )
ac electrical characteristics Ta=25°C . .
PARAMETER ~ - CONDITIONS MIN | TYP | MAX | UNITS
tpdd.tpd1 Propagation Delay Time to Cy =50 pF, (Figuré 1) )
Logical 0’ or Logical 1" Vge =5V 60 150 ns
from D.A. Vee = 10V 35 | 80 | ns
Vg =18V 25 60 ns
.(oH.t‘]H Propagation Delay Time from Ry = 10k, Ct =5 pF, (Figure 2)
Logical ‘0" or Logical "1 Vce =5V R =10k 80 200 ns
into High Impedance State Vee =10V C = 10pF 65 150 ns
Vee = 15V 50 110 ns
tHO.tH1 Propagation Delay Time from Ry =10k, C|_ = 50 pF, (Figure 2] !
High Impedance State to a Vee =5V Ry = 10k 100 250 ns
Logical Q" or Logical 1" Vee =10V Ci =50 pF 55 125 ns
) Vee = 15V 40 90 :ons.
CiN Input Capacitance Any Input, (Note 2} 5 75 | pF
CouT TRI-STATE Output Capacitance Any Output, {Note 2) 10 pF
Nots 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Excapt for ’ Opeunng

Temoerature Range™ they are not meant to imply that the devices should be ‘operated at these limits. The table of "Electrical Characteristics”™

provides conditions for actual device operation,

sw'itchin'g time waveforms
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block diagram
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typical performance characteristics (con‘t)
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typical applications

Synchronous Handshake (MM74C922)
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Keyboard Suppiiers

Mini Key Series KL
Digitran Company
Pasadena, California

Computronics Engineering
7235 Hollywood Blvd
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‘Synchronous Dsta Entry Onto Bus (MM74C322)
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Outputs are erabled when valid entry is made and
g0 into TRI-STATE when key is released.

Asynchronour Data Entry Onto Bus (MM74CS22)
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Outputs are in TRISTATE until key is pressed, then data is placed on bus.
_When key is released, outputs return to TRISTATE.

Now 3: The keyboard may be synchronousty s:anncd by omirting the capacitor at ose. and driving osc. directly if the system clock

rate is lowar than 10 kHz.



' MOTOROLA

QUAD 2-INPUT “NAND" SCHMITT TRIGGER

The MC140938 Schmitt trigger is constructed with MOS P-channel
and N-channel enhancement mode devices in a single monolithic
structure. These devices find primary use where low power dissi-
pation and/or high noise immunity is desired. The MC 140938 may
be used in place of the MC140118B quad 2-input NAND gate for
enhanced noise immunity or to “square up” slowly changing
waveforms,

- L SUFRIX
CERAMIC
* Supply Voltage Range = 3.0 Vde to 18 Vac CASE 832
& Caoable of Oriving Two Low-Power TTL Loads or One Low-
Power Schottky TTL Load Over the Rated Temperature Rangs
* Triple Diode Protection on All Inputs
~ * Pin-for-Pin Compatible with CD4093 P SUFFIX
® Can be Used to Replace MC140118 C?:‘S‘ESTSIEG
® Independent Schmin-Trigger at each Input
MAXIMUM RATINGS® (Voitages Reterenced 1o vgs) @ s} ngglx
Symbdol ) Parameter Velue Unit N CASE 751A
Voo [OC Suooty Voitage -0.5t0 ~18.0 v . ’
Vin. Yout | Input or Output Voitage (OC ar Transient) -0.510 Vpg ~-0.5 v
hne oyt |Inout or Output Current (OC or Transient), per Pin =10 mA ORDERING INFORMATION
Pp Powes Dissipation, per Packaget 500 mw MC1:XXXBCP Plasuc
T,,g Storage Temperature -651o0 - 150 ‘c mg;:::::g" gglzmic
T Lead Temperature (6-Second Soidering) 280 *C

: Ta = -35"10 125°C for all packages.
"Masmum Ratngs are hose values bayoad wivch camage (0 Ihe device may cecwr,

tTemparature Deratng: Plasic "P and D/OW™ Packages: - 73 mwC From 85°C To 125°C
Ceramc "L Packages: ~ 12 mWAC From 100°C To 125°C

EQUIVALENT CIRCUIT SCHEMATIC
(V4 OF CIACUIT SHOWN]
LOGIC DIAGRAM
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This device contains protection circuitry to guarg against damage due (o hign 13—

static voitages or etectric lields. However, precautions must be taken 1o avoid
aoplications ol any voitage higher than maximum rated voitages {0 this hign-
impedance circuit. For proper operation, Vin and Vg should be constrained
i0 the range Vgg « (Vi of Vo) & Vpp. Van « pin 14

Unused inputs must always be tied to an aopropriate togic voitage level (e.g., VOD - Pn? -
either Vgg or Vo). Unused outputs must be left opan. ss -




MC140938B

ELECTRICAL CHARACTERISTICS (Voltages Relerenced to Vgs)

- . v -5 . ~ 1
Characteristic * | Symbal Vgg 5°C - 25°C 25'C Unit
Min Mayx Min Typ # Max Min Max
Output Voltage “0" Level 5.0 - 0.05 0 0.05 — 0.05
Vin = Vppor 0 Vou 10 - 0.05 - 0 0.05 — 0.05 | Vde
15 - 0.05 - 0 0.05 0.05
“1" Level 5.0 395 —_ 295 5.0 4.95
Vin = Gor Vpp Vor 10 | 9.95 - 9.95 10 — 19895 | — | vde
15 14.95 — 12,95 15 14 9§ —
Output Drive Current
(VoH = 2.5 Vdc) Source 5.0 =30 | - -2.4 -42 ) -1.7 .
(VoH = 4.6 Vde) lox 50 | -0.64 - -0.5t | -0.88 - -0.36 — |.mAdc
(VOoH = 9.5 Vdc) 10 -1.8 - -1.3 -225 — -0.9 —
(VOH = 13.5 Vde) 15 -42 bl ~3.4 -88 —_ -2.4 —
(VoL = 0.4 Vdo) Sink 50 | 064 0.51 0.88 - 0.36 —
(VoL = 0.5 Vdc) oL 10 1.6 - 1.3 2,25 — 0.9 — | mAdc
(VoL = 1.5 Vdc) 'S 4.2 =y 34 8.8 — 2.4 —
Input Current fin 1S T =01 — |=000001] =01 | — | =10 | sAce
Input Capacitance Cin - - L4 A 5.0 7.5 - — pF
‘(Vin = 0} J 2
Quiescent Current oo 5.0 - 0.25 o 0.0005 | 025 - 75 | uAdc
(Per Package) 10 - 0.5 —_ 0.0010 0.5 - 15
15 = 1.0 — 0.0015 1.0 - 30
Total Suoply Current**t T 5.0 IT = (1.2 uAkHz) { + Ipp pAdC
{Dynamic plus Quiescent, 10 IT = (2.4 pAKHZ) I + IDD
Per Package) 15 It = (3.6 uA/KH2Z) t + Inp
{C = 50 pF on all outputs. all
butlers switching)
Hysteresis Voltage Vit 5.0 03 2.0 0.3 11 2.0 03 | 20 | vde
10 12 34 1.2 1.7 3.4 1.2 3.4
15 1.6 5.0 1.8 2.1 5.0 1.6 5.0
Threshovs Voltage 15 -~
Positive-Going . VT 5.0 2.2 3.6 22 2.9 3.6 2.2 3.6 Vee
0 48 - 45 5.9 7.4 46 7.1
. 15 6.8 10.8 6.8 8.8 - | 108 6.8 10.8
Negative-Going V1. 5.0 0.9 28 0.9 1.9 2.8 09, | 28 vde
: a} 2.5 5.2 2.5, 3.9 5.2 2.5 5.2
15 40 7.4 4.0 5.8 74 4.0 4

#0ats lavefled “Typ" is not to be used for design purposes dut is
Yintznced as an indicaton of the IC's potential performanca,

""The formulas given are lor the typical characieristics only at 25°C,
1To calcutate total supply current at loads oter than 5Q pF:
IT(CY) = I7(S0 pF) + (Cy ~ $0) Vix

where: IT is in uA (per package). Cy in pF. V = (Vpp ~ Vgg) in votts,
fin kM2 is input frequency, and k = 0.004.




MC14093B

SWITCHING CHARACTERISTICS (C_ = S0 pF, T = 25°C)
. Voo
Charscteristic Symbol Vde Min Typ # Max Unit

Output Rise Time BE ) TLH 5.0 100 200 | as
10 —_ 50 100
15 -— 40 80

Qutput Fall Time THL 5.0 _— 100 200 - ns
10 - 50 100
- 15 -_— 40 80

Propagstion Detay Time PLH. IPHL .0 — 125 250 ns
10 _— o] 100
. . i5 - w0 80

#0ata labelec "Typ™ is not to be usad for design purpases but is Ntendec as an indication of the IC's potential periormance.

o .

FIGURE 1 ~ SWITCHING TIME TEST CIRCUIT AND WAVE FORMS

Voo
14
Pulse 1:L):————v———-o
1
Gensrator R _.L
~=c
70 Vss I [
=

{a} Schemitt Triggers will square vo
INOUtY with slow rise and fall times

Vi Yoo

I ' |

Yout,

20:\;‘—] r— —] r—zcu .

inout 30% Voo
0%

10% X \

Qutous ss
LT TN
F—— Von
Quiout
v
TrHL TLM
/

FIGURE 2 ~ TYPICAL SCHMITT TRIGGER APPLICATIONS

(B) A Schmirt trigger otfers mazimum
noise immunity in gate apptications,

out




MC140938

FIGURE 2 ~ TYPICAL QUTPUT SOURCE
CHARACTERISTICS TEST CIRCUIT
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FIGURE 4 — TYPICAL QUTPUT SINK
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POWER DIODE MODULE

B45E | Features

T X/ R— 3 F v 7 Glass Passivaion Chip
e E135°%E Easy Connection

SRR Insulated Type

B & : Applications

oA~ —HBEERE Inverters
oy 7 ) —KIBYER Battery Chargers
sHFEE—-SEER OC Motors

® tDU—RETFER General purpose DC Power Supplies
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POWER TRANSISTOR MODULE

B4SE | Features
s ZRIE High Voltage

o7~k ¥ F L A= FAR Including Free Wheeling Diode
Excellent Safe Operating Area

e ASO » LW
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B A&  Applications
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