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ABSTRACT

This thesis mentions about the development of DC Motor speed controlling that can be
applied to the electric car or any other industries involving motors. This control system consists of 2
essential parts such as controlling the speed of DC Motor and the direction of the DC motor. As the
result, We use symitical optimum method to design control system also with Pl-controller to study
about the speed and the direction of DC Motor. The important thing is the system response as
mentioned. The study also concentrate on rise time, overshoot, Smoothing time but not focus on the
changing loads So there will be only one-loop system which is speed loop. The experiment will
compare closed-loop system to open-loop system with Pl-controller. As the result, closed-loop
system shows the response faster than open-loop system, not only the faster response but also the
overshoot in closed-loop system. From the study of controlling DC Motor, We have to adjust the
controller to suit the system by adjusting system gain and time constant. These 2 parameters effect
the system response very much. Furthermore, We gather all the circuits as well such as PWM circuit,
Bi-directional circuit, Frequency to Voltage converter circuit. These circuits can be applied to other
control methaods.
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4.7 wamsnaasavsuvasnnuoiluusaau (uuy 2 Hian)

2009/02/07 20:32:12 NORM:IMS/s  1ms/div
Stopped 4 (1ms /div)
: : : B : : B B CH%: ON
: : : : : : : : S5V /div 1011
: : : : . : : : : DC 0.00v
™ ; ; : - : : : T CH: ON
: 5V /div 10:1
M M H H H M M M DC 0.00v
ag|oe R R e O SSRT f b f b CHa: OFF
: : : : : : : : 50V 7div 10:1
pC 0.0V
CH3: OFF
5v/div 11
DC 0.00V
Record Length
Main: 10K
Zoom: 1K
Filter
Smoothing: OFF
ar BW: FULL
= Trigger
Mode: AUTOo
Type: EDGE

Source. CH1 &

T2

Measure [ITtem Delay T-Range jALLScan ||To (57”"5?"
orf [ETMl| setup Setup T3 EXEC  |NextMenu -0div
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2009/02/707 20:34:44 NORM:IMS /s Ims /div
Stepped 4 (ims/div)

P : B CHT ON
5v/div 1001
pC 0.00v
CH2: ON
SV /div 101
DC o.go0v
CH3: OFF
50V /div 101
DC 0.0V
CH4: OFF
BV /div 11
(s103 0.00v
Record Length
Main: 10K
Zoom: K
Filter
Smoothing: OFF

apfreees Bl fn Pt . FULL
Tracel: Avg ' -4.856V AUTO
Trace2: Avg @ —4.893V Type: EDGE

Spurce: CH1 4
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4.8 HANINAABINITINAININNININIVIIIDIUL (Driver Circuit)

2009/02/14 155503 [y NORM20kS/s  50ms/div
Stopped (50ms /<iv)

Record Length
Main: 0K

Zoom: K
Filter

Smootting:  OFF
.| Bw: FuLL
“Trigger

Mode; AUTO

T2 Ti&T2 -o-dhav

310 4.11 wamsnaasImsTamnaimManmve 1399359 (Driver Circuit)
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2009/02/14 14:4229 ] NORMSkS/s 200ms/div

Stopped {200ms /div)
: : : ; : : : : cH: oN
3 4 B : : : 2 : 2V rdiv m

Record Length
Mairc 10K
Zoom: 1K
Filter

Smoothing: OFF
BwWL FULL
Trigger

Mode: AUTO
Type: EDGE
Source: CHi1 4
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2008702707 20:27:59 CC—aommmm—) NORMIEKS/s  200ms /div

Stopped (200ms /div)
T T T T H : H T CH1: ON
101
0.00V
....................... OFE
™ 1o
8.0V
....................... OFF
1021
: ? * : : o.ov
......... : : : : - OFF
H H H : i H H N
o0.00v
T
y Record Length
Main: J0K
...................... Zoom: K
Filter
Smoothing: OFF
...................... BW: FULL
Trigger
Meode: AUTO
.................................. Type: EDGE
Source: CH1 £
Position
[ Position  To | y 8
[C-adv [ odv_ | +adiv__| 25gdiv
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2009/02/07 20:29:04 T a— NORMSKS /s 200ms /div
Stopped {200ms /div)

: : : b : E : : CHL ON

: = ' : : ¢ # = 2V /div 101
DC 0.00v
CH2: OFF

| 50V /div 10:1

DC 0.0v
CH3: OFF
50V /div 10:1
DC o.ov
CHa: OFF
5v/div 1
DC 0.00V
Record Length
Main: 10K
Zoom: 1K
Filter
Smoothing: OFF
BW: FULL
Trigger
Mode: AUTO
Type: EDGE

Source: CH1 £

Position

| Position _ To ] .
__~adiv_ ] 0div [ +adiv | 2.50div
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2009/02/07 20:14:55 j— | NORM:EkS/s  208ms/div

Stopped {200ms /div]
: : g = : R : T CH1: oM
10:1
0.00v
OFF
18:1
o.ov
OFF
10:1
0.0v
OFF
1
o.00v
H : D 3 4 9 5 i Record Length
I a98ms P viga); i of 3 3 E E Main: 10K
2......0..588ms, I M204). .. Ry D A . e B o oy Zoom: 1K
i 90.0ms av(a) -t : i : 1 Filter
: 11.13%1Hz : : H & = Smoothing: OFF
AN, JFL oo I s WAL AR« e-r L VPRI AL, b B ey §N BW: FULL
2 i i 4 : 5 5 Trigger
P ; : ) : : : : Mode: AUTO
R e WS WA RN WAL Lcaror IR T AVAY J A ata N NN Type: EDGE
F ] Y 5 : Y : Source: CH1 £
= T2
Cursor “ Type ” Trace Cursor gl‘:'i;;?r
(il ON- | V-7 < T1 T18T2 i s
H
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2009/02/07 20:15:40 [ | NORMIEKS/s 200ms/div
Stopped (200ms/div)
: : . : - ; : CH1: ON
2v /div 1001
DC o0.00v
........................................................................................ Sl OFF
Im 50V /div 10:1
: : % [s704 oov
.......................................................... i OFF
: : : S0V /div 1o
: = 2 DC o.ov
.......................................................... ...A CHA: OFF
: ; : SV /div LR
_,/ : : : pC 0.00v
i : : : : : : : Record Length
T : 498ms D VI(4): —_ : : : Main: 10K
T2 .....:..688ms Na20ay . Rt SO SRS [ Zoom: 1K
aT : 200ms D AV(4): - : : : Filter
1/4T 5.00000Hz : : : : : Smoothing: OFF
P S S DT UIOE SOSOUUUIIE JOPUTE ST PPN SO SR BW! FULL
Trigger
: : : : H : : Mode: AUTO
......... L | Type: EDGE
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Cursor Type Trace Cursor Cursor
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2009702707 20:25:28 [— =] NORMIEKS /s 200ms/div
Stopped (200ms /div)

CH1: ON
2v/div 10:1
DC 0.00v

CH2: OFF
S0V /div 101
bC 8.0V

CH3: OFF
50V /div 1021
DC 0.0V

CHa: OFF
5V /div hH ]
DC 0.00V

Record Length
Main: 10K
Zoom: 1K

Filter
Smoothing: OFF
BW! FULL

Trigger
Mode: AUTO
Type: EDGE
Source: CH1 &

T2
Cursor Tvpe Trace Ccursor CUI'S?I’
il on | V-7 2 T TiaT2 0.43div
L
‘]Jd =) 11 d,l 3
aun 4.17 4FaIMINA LY INUUBITS U
2009 /02/07 20:26:12 CI ] NORMSKS/s  200ms/div
Stopped (200ms /div)
: E E CH1: OoN
H : : : : H 2V /div 10:1
d H : : : : DC o.00v
......... ; ; B R REEERREPRERFS SRPPERRERS PLed vy OF -
S 50V /div 10:1
DC o.0v
""""""""""""" CH3: OFF
S0V Sdiv 10:1
: 4 DC 0.0V
B - A R - CHa: OFF
: i 2 SV /div :1
H DC o.00v
[X= ¢ ! i i i
= : : s : H : Record Length
474ms H B " : B Main: 10K
............. S1ams ... 1. V2 i ]| Zooms: 1K
200ms : Filter
5.00D00H= : : : Smoothing: OFF
U P S T PN BW: FULL
: ; : : Trigger
: . ? Mode: nUTOo
RUUROTE SUUUURDE RURNURUDE SURUDRUUIE SUUUUUDS SUNTEL IR SUNTRT [OOSR S Type: EDGE
: H : Source: CH1 &
T2
Cursor Cursor Curs?r
orr_ I TiaTz 0.93div
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June 1989

&National Semiconductor

54L.S74/DM54LS74A/DM74LS74A
Dual Positive-Edge-Triggered D Flip-Flops
with Preset, Clear and Complementary Outputs

General Description

This device contains two independent positive-edge-trig-  violated. A low logic level on the preset or clear inputs will
gered D flip-flops with complementary outputs. The informa-  set or reset the outputs regardiess of the logic levels of the
tion on the D input is accepted by the flip-flops on the posi-  other inputs.

five going edge of the clock pulse. The triggering occurs at a

voltage level and is not directly related to the transition ime  Features

of the rising edge of the clock. The data on the D inputmay g Atternate military/aerospace device (54LS74) is avail-

be changed while the clock is low or high without affecting able. Contact a National Semiconductor Sales Office/
the outputs as long as the data setup and hold times are not . Distributor for specifications.

Connection Diagram

Dual-In-Line Package

Vee CLR2 02 CLK2 PR2 Q2 az

14 13 12 I1I 10 9 2

1 2 3 [] 5 7

_ CLR1 01 CLK1 PR (Y] [13] GNO
TL/F/6373-1

Order Number 54LS74DMQB, 54LS74FMQB, 54LS74LMQB,
DM54LS74AJ, DM54LS74AW, DM74LS74AM or DM74LS74AN
See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table

Inputs Outputs
PR CLR CLK

O |ol

Q
H
L
H*
H
L
Qo

X T IXXX|0O

ITITrIr
IIT I I
=== X X X

H = High Logic Leve!
X = Either Low or High Logic Level
L = Low Logic Level
T = Positive-going Transition
* = This configuration is nonstable; that s, it will not persist when either the preset
and/or clear inputs return to their inactive (high) level.
Qg = The output logic level of Q before the indicated input conditions were established.

© 1995 National Semiconductor Corporation TL/F/8373 . ARD-B30M105/Printed in . S. A.
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Absolute Maximum Ratings (vote)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage N
Input Voltage 4’
Operating Free Air Temperature Range

DM54LS and 54L8 —55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°C to +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recornmended Operating Conditions™ table will define
the conditions for actual device operation.

Symbol Parameter DMS4LS74A DM74LS74A Units
Min Nom Max Min Nom Max
Voo Supply Voltage 4.5 5 55 4,75 5 5.25 \
Vig High Level Input Voltage 2 2 \'
Vi Low Level Input Voltage 0.7 0.8 v
lon High Level Output Current —0.4 —0.4 mA
loL Low Level Output Current 4 8 mA
foLk Clock Frequency (Note 2) 0 25 0 25 MHz
foLk Clock Frequency (Note 3) 0 20 (o] 20 MHz
tw Pulse Width Clock High 18 18
(Note 2) Preset Low 15 15 ns
Clear Low 15 15
tw Pulse Width Clock High 25 25
(Note 3) Preset Low 20 20 ns
Clear Low 20 20
tsu Setup Time (Notes 1 and 2) 20T 20T ns
tsy Setup Time (Notes 1 and 3) 257 25T ns
ty Hold Time (Note 1 and 4) of ot ns
Ta Free Air Operating Temperature —55 125 0 70 °C

Note 1: The symbol { T) indicates the rising edge of the clock pulse is used for reference.

Note 2: G| = 15 pF, R = 2k}, To = 25°C, and Vgg = 5V.
Note 3: C_ = 50 pF, R, = 2 kf2, Tp = 25°C, and Vg = 5V.
Note 4: Tp = 25°C and Vgg = 5V.




Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (NB': 1 Max Units
Vi Input Clamp Voltage Ve = Min, | = —18 mA -1.5 \'
VoH High Level Output Voe = Min, loy = Max DM54 2.5 34 v
Voltage Vi = Max, Vi = Min DM74 27 3.4
VoL Low Level Output Vee = Min, o = Max DM54 0.25 0.4
Voltage ViL = Max, Vi = Min DM74 0.35 05 v
loL = 4 mA, Voo = Min DM74 0.25 0.4
Iy Input Current @Max Voo = Max Data 0.1
Input Voltage V=7V Clock 0.1
: mA
Preset 0.2
Clear 0.2
I} High Level Input Voo = Max Data 20
Current Vy= 2.7V Clock 20
pA
Clear 40
Preset 40
i Low Level input Voo = Max Data -04
Current V| = 0.4V Clock —04
. mA
Preset —0.8
Clear -0.8
los Short Circuit Voo = Max DM54 —20 —100
. mA
Output Current (Note 2) DM74 —20 —100
lcc Supply Current Voc = Max (Note 3) 4 8 mA

Note 1: All typicals are at Voo = 5V, Ta = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second. For devices, with feedback from the outputs, where
shorting the outputs to ground may cause the outputs to change logic state an equivalent test may be performed where Vo = 2.25V and 2.125V for DM54 and
DM74 series, respectively, with the minimum and maximum limits reduced by one half from their stated values. This is very useful when using automatic test

equipment.

Note 3: With all outputs open, lgc is measured with CLOCK grounded after setting the Q and @ outputs high in turm.

Switching Characteristics at Voo = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load)

From (Input) Br 2k
Symbol Parameter To (Output) Cp = 15pF CL = 50 pF Units
Min Max Min Max
fnmAax Maximum Clock Frequency 25 20 MHz
tpLH Propagatllon Delay Time Clock_to 25 35 ns
Low to High Level Output QorQ
tPHL Pfopagatlon Delay Time Clock_to 30 a5 ns
High to Low Levei Output QorQ
tp H Propagation Delay Time Preset
25 5
Low to High Level Output toQ 8 ns
tpHL Propagation Delay Time Preset
= 35
High to Low Level Output toQ 8 ns
tpLH Propagation Delay Time Clear
Low to High Level Output toQ 25 85 ns
tpHL Propagation Delay Time Clear
3
High to Low Level Output toQ 0 38 ns
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INSTRUMENTS

Data sheet acquired from Harris Semiconductor
SCHS021

CMOS NAND GATES

Higﬁ-Voltage Types {20-Volt Rating)

Quad 2 Input — CD4011B
Dual 4 input — CD40128
Trlple 3 Input — CD4023B

lCD4011B Cb40128, and CD4023B
NAND gates provide the system designer
with' direct implementation of the NAND
function and supplement the existing family
of CMOS gates. All inputs and outputs are
‘buffered.

e CD4011B, CD4012B, and CD4023B
types are supplied in 14-lead hermetic dual-
in-line ceramic packages (D and F suffixes}),
14-lead dual-in-line plastic packages (E suf-
fix),and in chip form (H suffix).

f
i

CD4011B, CD4012B, CD4023B Types

Features:
® Propagation dalay time = BO ns (typ Yar - PR | e TNV
CL=50pF, Vpp=10V ’
= Buffered inputs and outputs —3 £y
= Standardized symmetrical output characteristics —2 iz
® Maximum input currentof TuAat18 VvV Ke D .
over full package temperature range; 1 k=4 EF i,
100 nA at 18 V and 25°C . _
= 100% tested for quieseont current at 20 V . e St
B 5.V, 10-V, and 15-V parametric ratings p—8 ’ 2 ¢
B Noisa margin (over full package temperature wSTH
range: ' gt L—
TVatVpp=8V
2vatVpp=10V cm:’“'“’”
25VatVpp =15V FUNCTIONAL :':AGRA,M

5 Meets all requirements of JEDEC Tentative
Standard No. 13B, “Standard Specifications
for Description of “B” Series CMOS Devices™

MAXSI}IUM RATINGS, Absolute-Maximum Values: T
DC SUPPLY-VOLTAGE RANGE, {Vpp) e R s,
Voltages referenced to VSS TamiMal} .. ......ccuvuiieneereiaieeeisnasnanasienseashons -0.5V10 +20V . * s
INPU'IVOLTAGERANGE,ALLINPUTS..........................................‘.-O.5VtonD+0.5V A % ®
DC INPUT CURRENT, ANY ONE INPUT .. ... . i i iiiietiaiesurarnennnnsnnsasnsansnan +10mA il iz,
POWER DISSIPATION PER PACKAGE (Pp}: )
FOrTp =—580Ct0 +10000 ... liueuinnrsnsiuavavarsssvaasineeons s tnendonsnbedtne. S00mW c—2 ug
ForTam+1009C 10 +125%C. ... .0 vuniriiecierniannnennnans Derate Linearity at 1 2rnW/°c 10 200mW 1/ 1o
E¥VICE DISSIPATION PER QUTPUT TRANSISTOR | ’
FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (AllPackaga TyPes) .. .. .covvecavaneanen. 100mW ne—2 13 e
OPERAnNG-TEMPERATURE RANGE (Tade ... .- oo .| h 0. . 0. 1 . POV -550C 10 +125°C | s o
STORAGE TEMPERATURE RANGE (Tatgh ..o vvvaiiansusssaneniuarmunnioennsns -659G o +150°C vss— 9 e
LEAD TEMPERATURE (DURING SOLDERING): " | 2cs- 24738
o Cl 28 -
At dfatanco 1716 £ 1/32Inch {1.58 £ 0.79mm) from case for 108 MaxX ......o.iiannenireenranes +265°C FUNCTIONAL DIAGRAM
RECOMMENDED OPERATING CONDITIONS )
For maximum mlhb:my, rnominal operating condmom should be selected so that
operation is always within the following ranges: 7
LIMITS ) v
CHARACTE,RIST ic : UNITS A o0
o MIN. MAX. . »
e [
Supply-Voltage Range {ForTp = Full Package ", 3 - 18 v . \
i Temperature Range) . . o | n
¥ 4 1
£ s
F—3 e
x—2 ?
TERMINAL ASSIGNMENTS KeB-E-
vss— 12
a4
N cmm” 92CS- 24781
ol IR = Voo FUNCTIONAL DIAGRAM
B—2 3 G g
0—3 12p—n
E——td b1
Fad$ 10 = LaTHT
keBEF — ¢ 9 p— JvRIE
Vss —7 8k—¢
9205-24453 NC=NO conn:c:?;nw“ 92CS-24454M TOP ViEw 9248- 24408
CD4011B CcD40128 CD40238

D]
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CD4011B, CD40128B, CD40238B Types

PCI-ReIIIRE

Fig.4 — Minimum output low (sink) current
characteristics.

characreristics.

92¢3- 2432008

3-27

Fig.5 ~ Typical output high {source) current

F;TATIC ELECTRICAL CHARACTERISTICS AMBENT TEWFERATURE {Ta}» 23°C
o [suerLY voLTAGE (Vgol £ 18
CONDITIONS LIMITS AT INDICATED TEMPERATURES {°C) I
CHARACTER- ) ¥
‘ ISTIC 725 UNITS 4
‘ Vo |Vin|VDD § ErHiov
) [tvy vy —B5 | —40 | 485 | 4125 | Min. | Typ. | Max. E
Quiescent Device - 05)] 5 J025]025| 75 751 - 001 ] 0.25 :E: o
Current, - o1c| 10{ 05 | 05 15 | — 0.01 | 05 uA 3 sh
DD Max. — J015{ 161 1 | 1 30| - | oo | 1 i
- 0,20| 20 5 5 150 [ 150 | — 0.02 a
Qutput Low 04 | 05| 5 | 064|061 | 042 | 036 | 0.5 1 — ° IPUT VOLTAGE Yp =¥ =
1 {Sink} Current 05 lo10|10 | 18] 15 | 11 09 { 1.3 2.6 = . szcr-2e904
i . ! P .
‘ 1oL Min, 15 015] 15 a2 2 28 24 34 68 - ig. 1 — Typical voltage transfer charactaristics.
Output High 46 | 05| 5 |-064]-061]-042}-036{-051] -1 - | mA T TR T -
(Source) 2.5 45 5 -2 |-18 | -1.3 |-1.15|-16 | -3.2 ~ 3. 4 } 7
a Ly
Ct:llen;J.“n 9.5 010} 10 | -16 |-186 { -1.1 | ~-08 |-13 | -26 - I i ‘.\”.) . /.4
OH TP 135 |015| 15 |42 | =4 |28 | —24 |34 | -68 | - & A M S
é)utput Voltage: - 08| 8 0.05 - 0 0.05 § ) o 4
Low-Level : - 1 1A
‘i;’gt‘-‘;’h; - loio] 10 0.05 - 0 |oo0s E o S
‘ - e P
- 0,15| 15 0.05 0 0.05 v E 117
Dutput Voltage: - Q5 5 495 4.95 g - g -
High-Lavel, - |010] 10 9.95 9.95 [ 10 - Ty 2 e
VOH Min. % " I — L¥30 oF —
— ]0.15] 18 14.95 1495 ] 1% - IZ4EEN CLeis oF ]
nput Low 45 - 5 18 —_ = 1.5 2 llal — ls]el : il 1 l % )
) i 0 02 ot
Voltage, 9 — 10 3 e o 3 INPUT FREQUENCY 17} — KH1
V||_ Max. FLCH-2909
13.5 — 15 4 T > 4 v Fig.2 — Typical power dissipation characteristics.
nput High 0545 - 5 3.5 35 - —
| Voltage, 1.9 ~ 10, 7 7 >, A [T JAMBIENT TEWPERATURE (Tais 28°C
VIHMin. L6935 - | 15 1 T a8 D! i
"ﬁ“;ﬁ:;‘_‘"‘ 018 18 | 0.1 | 01 0 | = froStr0a] ua §° S0 SR YouTGE Nabis ¥
£
“ H
:g: ? = V.
59 }
§ s :::'51"
° 7 X [
DRAIN-TG-S0URCE VOLIAGE tVpg)—V ey 23803
: Fig.3 — Typical output fow {sink} current
characteristics,
j AMBGIENT TEMPERATURE (131528 °C: DRAIN=TO-SOURCE VOLTAGE (Vpgl—V DRAIN-TO« SOURCE VOLTAGE {vpal—V
[ i -8 10 [} —— -mA - -0 -5 ¢
: AR VeERRTORE [rvas C T
s Lo I b 3
g : TE-T0-SOURGE VOLTAGE (Vom)+18 V11 =§ s 3
5 : i P = i :%
E E g : £
2 1Tt » b - ] 3
£ FHHE Lk onsoss 205 8
2 H £ g
; - 3
L ae ..; -18 "§
HH £ i
P : _ 3 g
DRAN=TO-SOUACE VOLTAGE (Vpgi—V

erCy-2a32iR2

Fig.5 — Minimum output high (seurca) current

characteristics.
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CD40118, CD4012B, CD4023B Types

;ir u?"" ] 2y T
oo - ’ U :3 — ;
) g 7 - ﬂ:i
ro | *
R e e :] Hfun :J
e =i =™ -
: '_oJ_ ) ;}3_(3"."\ ™oy :} - »
U 1 AR
oo s‘éu p |
Hes UQ_ :_ H
oii o m:.m #j ,J r'—T p— .
! s | LOGIC OIAGRAM _Iq _Jq A _l:j Jq +4
‘e s 1 r T IN

FOR OTHER GATES)

Fig.7 — Schematic and logic diagrams for CD40118.

Yoo

1

NUMBERS FOR OTHER GATEX )

(3

LOGIC DIAGRAM

3

Vas

13} L
‘a7 ®aLL NPUTS ARE PROTECTED
BY CMO:

'S PROTECTION
NETWORK

S2CH ~ 208328

. Fig.8 — Schematic and logic diagrams for CD40128.

»
ﬂd . (L
: l 442,12 819,100
3 ) -: I ¥
== \ {813}
'_l :j D LOGIC DIAGRAM
i —
o 7] e o
= "
3:8.501
}_
L)
o
L O AT -
re—9 _l —J Vss
—e q q ® ALL INPUTS ARE PROTECTED
BY CMOS PROTECTION
| OF 3 GATES (NUMBERS IN ) l )
PARENTHESES ARE TERMINAL ?
NUMBERS FOR OTHER GATES) ¢ Vgg 27CM-28927
Fig. 9 — Schematic and logic diagrams for CD40238.
‘:9YIEIAM|C ELECTRICAL CHARACTERISTICS
At Tp=25°C Input ty, tp=20ns, C; =50pF, R = 200k
! . TEST CONDITIONS LIMITS )
i CHARACTERISTIC : — UNITS
V
DD | tvp. - | max.
MOLTS :
Propagation Delay Time, 5 " 125 250
tpHL, 1PLH 10 - 60 120 ns
15 45 90
5 100 200
Transition Time, 10 50 100 ns
THL, TTLH 15 - 40 80
Input Capacitance, Cypy Any Input 5 75 pF

3-28

PROPAGATION DELAY TIME PER GATE

L T TEMPERATURE {Tp ) » 25°C
14
v e
B
Y
1&#\
2 s X
1 SEerit
% 1
A m
-i'- oV T
1T
=, 83 15¥
2 % 40 5 80 10 90 15¢
LOAD CAPACITANCE (&) —pF
BATR-2P08

Fig. 10 — Typical propagation delay time per gate

as & fi

of lead

e,

TRANSITION TIME (ryre A Too)—0

LOAD CAPACITAMCE {Cy }—pF

92c8-2a322

Fig. 11 — Typical transition time as s function of
load capacitance,



W Teas " CD40106B Types

Data sheet acquired from Harris Semiconductor
SCHS097

CMOS Hex Foatures:

Schmite-trigger action with no external components

Schmitt Triggers ® Hysteresis voltage (typ.) 0.9 V at Vpp =5V, 2.3 V at . _'.@oz_..z

Vpp=10V,and35VatVpp=15V
High-Voltage Types {20-Volt Rating} m Noise immunity greater than 50% ]
) u No limit on input rise and fall times
= Standardized, symmetrical output characteristics
[ ]
n

§>°_~_
V
100% tested for quiescent currentat 20 V i B * @ s 3
@»'—
>= 12

B-CD40106B consists of six Schmitt-

wigger circuits. Each circuit functions as an Maximum input current of 1 uA at 18 V over full

inverter with Schmitt-trigger action on the ° Loane ¢o at - 100 nA at 18 V and 25°C 1 o
input. The trigger switches at different points package-temperature range; n end 25 ® ~r

for positive- and negative-going signals. The Low VpD to Vsg current d“’"’9 slow
difference between the positive-going voitage input ramp ’ .
5-V, 10-V, and 15-V paurnatric ranngs . : Voo

{VP) and the negative-going voltage (VN}is @ ] "
n defined ashysteresis voltage (VYY) (see Fig.6). ® Meets all requlmmonu of JEDEC Tentative 1 VayeT s2cs- 28807
he CD40106B types are supplied in 14- Standard No. 138, “Standard Specifications FUNCTIONAL DIAGRAM
lead hermetic dual-in-line ceramic packages 10 Description of ‘B’ Series CMOS Devices™
{D and F suffixes), 14-lead dual-in-line pias- Apphcatlans:
t#c pacfkage (E suffix), and in chip form g Wave and pulse shapers s _
(H suffix). = High-noise-environment systems : ‘?_% >__! So—Q8
! ® Monostable multivibrators 10537 veo.
" = Astabie multivibrators
|
‘i *&L INPUTS mrmm 8y
COS/ MOS PROTE
I‘LAAXIMUM RATINGS, Absolute-Maximum Values: : il
DC SUPPLY-VOLTAGE RANGE, (VpD) P ©
: Voltages referencedtoVgg Terminal) .. ..coveiieiiinerreranas (48 .. ~0.5Vig +20V
INPUT VOLTAGE RANGE, ALLINPUTS 14\ viivnssensinrorsnonnninns -0.5Vto Vpp +Q.5V
DC INPUT CURRENT, ANY ONEINPUT .. ..ot vvictnennnennnsaans a2 AL S o « A IR +10mA
POWER DISSIPATION PER PACKAGE (Pp): sica-1ne03 Vs
For TA==559C10 410000 ..ottt iiinietatseereis s saiaianasannsnss 500mw Fig.1 — Logic diegram
ForTA=+1009C10+1259C ... .oiiiiviiences Derate Linearity at 12mW/9C 1o 200mW {1 of 6 Schmitt triggers).
>3 EVICE DISSIPATION PER OUTPUT TRANSISTOR A
FOR T = FULL PACKAGE-TEMPERATURE RANGE (All Package Types).......... 10CmW
PERATING-TEMPERATURE RANGE{TA) «.viviiiinnciivesianeniensan -550C to +1250C T [RENT TEMPERATORE (TAb25°C. iit T
TORAGE TEMPERATURE RANGE {Tgtg) «.veauvicvueniensssinainnes. .. ~659C 10 +150°C i ]
D TEMPERATURE (DURING SOLDERING); - = i £
" Atdistance 1/16 £ 1/32inch {1.59 £ 0.79mm) from case for 10smax ...... RO +265°C =R -?“ "";-”‘f"“ VOLTRSE tgsh I8 ¥
. 5 - :
§‘ sidin 11'# : AT
RECOMMENDED OPERATING CONDITIONS 3 gl e i
For meximum reliability, nominal operating conditions should be selected 5 oHHGA 3 i
so that operation is always within the following ranges: 5 At SHY ““ EE8
LIMITS i H : i
CHARACTERISTIC oTF T L{r_urrs A A o ,:;°'?"" - mww .
Supply-Voltage Range (For Ta L il - Fuz-— Typm!eumunuv {sink}
| Full Pack age-Temperature Range) 3 i8 W i o - cusrent chmmrgstm
2 ! R P S
DYNAMIC ELECTRICAL CHARACTERISTICS b R — s :
‘AtTA=25°C,Inputrr, tr=20ns, Cp =50pF, R =200k B N e T eI IR I st i et ayteanaas
) < T T +
DR B B 31Dt ) R A
% TEST CONDITIONS LIMITS o e Bt
CHARACTERISTIC Vpp ] UNITS e To-soime Voot (vs)isv i
w1 TYP. MAX. L E R E
' Propagation Delay Time: 5 140 280 | , L Y e i
tPHL. 10 70 140 | ns s §EEp et B
PLH 15 60 120 |~ " 2 PSS
Transition Time: 5 100 - 200 ] H 2
1THL. : 10 50 100 ns , ¥ SEHERcRRE: >
tTLH . ) 15 40 80 DRAIN-TO-SOURCE VOLTAGE (Vo5 —V .
Input Capacitance, Cin Any Input 5 7.5 pF Fig.3 — Minimum output low (sink}
D3 current characteristics.
3-388




CD401068B Types

STATIC ELECTRICAL CHARACTERISTICS : nnm-ro«;oun: vo:)rm: wns)-_-s .
L i ' (AT TEs AT (T2 L ]
] GATE-TO-SOUNCE YOLTAGE gs)v-Sv A ?
CONDITIONS | LIMITS AT INDICATED TEMPERATURES (°C) 3
CHARACTERISTIC S UNITS i
- Ivptvin | VoD +25 AT 5
Viitvi | (v) ] —B5 | a0 | 485 { +125 | Min. | Typ. | Max. -iov e R o
. - 3. 4 &
uioscent Devi —los}l 581 1 1 30 | 30 - {002} 1 g
nescent ilevice 7 " |4
‘Current, lpp Lo 4010l @] 2 | 2 60 | 60 - jooz | 2 A _ ] ok
C Max. T L2035 151 4 4 120 [ 120 | — (002 | 4 5
P - |o20f 20 {20 | 20 | 600 | 600 — (0604 | 20 3
Positive Trigger | — | — 1 6 | 22| 22 [ 22 [ 22 [ 22128 [ =
Threshold Valtage | — | — | 10 | 46 | 46 | 46 | 46 | 46 | 63 | — o
¢ . Fig.4 — Typical hi
Vp Min. — |- | 5| 68|68 |68 | 68 | 68 88 » 9.4 = Typical outout high {source]
- | = 5 | 36|36 | 36 | 36 - | 29 | 3s
Vp Max. -t -t wlzr}710 T 741 71 - |59 171
_ _ 15 108 10.8 108 108 X 88 10.8 DRAIN-TO~S0URCE VOLTAGE (Vpg)—V
A g . K BAL ~1% -i0 -5 g
Negative Trigger | ~ { — | 5 | 09| 09 [ 09 [ 09 | oe| 190 | - LA T b 4t T .
» Threshold Voltage [ — [ = | 10 | 25| 25 | 256 | 256 | 25 ] 38 | = T Y P oci: H
! VN Min . 5T }; # i n‘ H;; FH +
N Min. I T 3 r ! 4 | 58 | - ” e Easay nase s Lo O
‘ ~| -~ {5 |28|28|28/}28]-|195]2s8 - ERstsatItETI it e : i g
; VN Max. -] - {10 52(52 | 52| 62 —~ | 38 | 532 e 2 a
- -] %] 74|74 [ 7474 | — 58 |74 iHEHEE £ =
I=] =0 s5s{e3T03 |03 | a3l o3|os | < : 2 2
Hysteresis Voltage | — | — | 10| 12} 1.2 | 12 | 1.2 | 1.2 | 23 | - SRS = o ¥ o
VH Min. — |- %6716 [ 16| 16| 16135 | = = i F ey tyr i
\Y Bk cianihnbdey 5 =
-1 -1 858118} 16 | 16} 16| - {08 |16 1EE: T O 2
VH Max. — |- [ 10] 3a| 34 | 34 | 34 — | 23 [ 3a : O
A = 15 5 5 5 5 = 35 5 Fig.5 — Minimum output high (source) e
Output Low (Sink} |04 |05 | 5 | 064|061 | 042 | 036 | 051 | 1 | — purrerl cgeraataristice.
C:Jrrera,_ o500 w0 | 16| 16 | 11 | 09 [ 13| 26 | -
| ‘oL Min. 151015] 156 | 42| 4 | 28 | 24 | 34 | 68 | = pvon
. Wy
Output High 461 05 5 |-064 061} -042] ~0.36} «0.517 —1 - mA sy --@o——
| (Source} 2505 | 5 | 218 | 13 [-118| 1.6 -32 ] - DRIVER LGAD
' Current, : 5
or Min, 85 (o10] w0 {-16]| 16| 11)1-08|-13]-26 ] - ;
138{os| 15 [ 42| 4 [ 28124 | 34[-68 | - e & ) AT e
Output Voltage - 15 5 0.05 - | -0 0.05 “oet /d e LOGIC*)
Low-Level, ~ 110 10 0.05 . 0 0.05 T oytruT . hieurd
VoL Max. 15 | 15 0.05 0 | 005 B v ——— N
— : — N You f — —_—— Yy, ——
v LOBIC *07 L] LOGICT]
Output Voitage -1 0 5 4.95 495| S — oon g Iy 471
High Level, —To | 10 9.95 895 | 10 | - FrrAtVor vy
Vo Min. , — ) 15 14.95 1495% 15 - 92¢5 - 28580
lny:::; (gnuar’r(ent, - lo18] 18 | =0.1| 201 +1 o = |+10-5} 201 aA Fig.7 — input and output characteristics,
(&)
Tees E
£ | 2
vr ) ‘iﬂ 5 40 [
Voo T Loy, " £ g
VIN e e e L -t "m_bt’—"o 2 s 3
7 ¥ Vi Ve~V 5 ? =z
— h 3 - o3
Vss _‘—:” 1 Vin Ser 1 B
Voo | — ML ve 23 T
% ™ ASCN e C9RI ' 5; o ok T 3K
INPUT VOLTAGE (Vl -V
Vsy srcs IMa5(
a) Definition of Vp, VN, Vi b} Transfer characteristics of 1 of & gates: Fig.8 — Typital currant and voltage
Fig.B — Hysteresis definition, characteristics, and test set-up. transfer characteristics.
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Fig. 18 ~ Astable multivibrator.

200 AMBIERT TEMPERATURE (T41=28%C

CD401068B Types

PROPAGATION DELAY TIME (tpyq, YpLp! — A0

[~ 20 0 [ 80 g
LOAD CAPACITANCE {Cy ) —pF

ares o

Fig. 10 — Typicat propagation delay time as 3
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of foad Fig.11 - Typical transition time as a function
J N .
of load capacitance.
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Fig. 13 — Typicai trigger threshold voltage as 2
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Fig.16 ~ Wave shaper.
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Fig. 19 — Quiescent device current test circuit.
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Fig. 14 — Typical per cept hysreresis as a function

of supply voltage.
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vss i 1t AC 8 (Vnn-\b
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B205-29427

Fig. 17 — Monostable multivibrator,
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Voo - NOTE:
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Vss
$IC5- 27400

Fig.20 — Input current test gircuit.
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IRF450/451/452/453 POWER MOSFETS !

FEATURES

Low Rps(on) at high voltage
Improved inductive ruggedness -
Excellent high voitage stability

Fast switching times .
Rugged polysilicon gate cell structure
Low input capacitance

Extended safe operating area
improved high temperature reliability

TO-3 package (High voltage)

TO-3

I3
At P Yypune T Py s [T 4 R S e e ¢ 1o

PRODUCT SUMMARY

Part Number Vos Ros(on) Ip
IRF250 500V 0.40Q 13A

i
¥

IRF261 450V 0.4 13A

iRF252 500V 0.59 12A

IRF253 .| 450V 0.50 12A

MAXIMUM RATINGS

Characleristic Symbol IRFA50 1RF451 IRF452 IRF453 Unit
Drain-Source Voltage (1) 28 Vpss 500 450 500 450 Vde
Drain-Gate Voltage (Rgs=1.0MQ){1} Voar 500 - 450 500 450 vde
Gate-Source Voitage Vas +20 Vde

Continuous Drain Current Tc=25°C v/ 13 13 12 12 Adc

Continuous Drain Current Tc=100°C o 8.0 8.0 7.0 7.0 Adc
" Drain Current—Pulsed (3) lom 52 52 48 48 Adc
Gate Current—Pulsed lam *1.5 Adc

Total Power Dissipation @ Tc=25°C Po . 180 Watts
Derate above 25°C 1.2 w/eC
Operating and Storage ! i °

Junction Temperature Range T Tstg £ Joo ¢

Maximum Lead Temp. for Soidering o
Purposes, 1/8" from case for 5 seconds T , 300 c

Notes: (1} T;=25°C to 150°C
{2) Pulse test: Pulse width<300us, Duty Cycle<2%
(3) Repetitive rating: Pulse width limited by max. junction temperature
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7954142 SAMSUNG SEMICONDUCTOR INCG 980 05'1215 _DT-39-/3

B IS - - . . - s
St 1 s s N-CHANNEL -
IRF450I451 I452I453 : POWER MOSFETS
- : 98 DE J736u1uz ooosius 7
ELECTR]CAL CHARACTER|ST|CS (Tc=25°C unless othenwse .specified)
' Ch_araclerlstlc . Symbolj Type (Min| Typ | Max [Units " Test Conditions
. IRF460
: IRF452 500 — — V {Vgs=0V
Drain-Source Breakdown BVpss |-
voltage ) IAP451) 50 V |lb=250uA
) IRF453 -~ DT EStH
Gate Threshold Voltage Vesuy | ALL [2.0f — | 4.0 | V [Vpos=Vgs, Ib=250pA
Gaté—Sourcq Leakage Forward| lass ALL | — | — | 100 | nA [Ves=20V
Gate-Sgurce Leakage Reverse| lass ALL | — | — [|=-100} nA {Vgs=-20V
Zero Gate Voltage 1 Ipss AL LT — 250 | pA |Vos=Max. Rating, Vgg=0V
Drain Current — | — [1000{ puA |Vos=Max. RatingX0.8, Vas=0V, Tc=125°C
: IRF450 13| — p— A
-State Drain- IRF451
On-State Drain-Source Iogont VBs>Io(on X Roston) max., Vas=10V
Current (2) IRF452
e AIN 2 7
" . :g‘;:g? —|0.38| 04 0
Sta!!c Drain-Source On-State Roston] Ves=10V, Ip=7.0A
Resistance (2) IRF452 . o :
mFasa| ~ [ 04| O .
Forward Transconductance (2} 5 Gis AlL {6.0{108| — 8 1Vps>loion) X Roson) mex.. Io=7.0A
Input Capacitance Ciss ALL | — (2850|3000} pF
Output Capacitance - | Coss | ALL | — [ 350|600 | pF [Ves=0V, Vos=25V, f=1.0MHz
Reverse Transfer Capacitance| Cigg ALL | — ! 150|200 | pF [
Turn-On Delay Time fon) | ALL | — | — | 35 | ns
Rise Time § t AL | —1 — 50 s Vop=0.5BVpssg, Ib=7.0A, Zo=4.7 @
. - {MOSFET switching times are essentially
Turn-Off Delay Time faem | ALL | — | — |150 | s lindependent of operating temperature. )
Fall Time W te ALL 1 — | — 1 70 | ns
Total Gate Charge | .
(Gate-Source Plus Gate-Drain){ @8 | ALL [ — | 77 1120 | nC jves=10V, Ip=16A, Vos=0.8 Max. Rating
- {Gate charge is essentially independent of
- |Gate-Bource Charge Qgs |-ALL | —§ Y1 | — | nC |operating temperature. See Fig. 8 page 21
Gate-Drain (“Miller') Charge Qgqd AlL | — | 66 | — nC

THERMAL RESISTANCE

Junction-to-Case Rinsc AL | - | — |0.83 | K/W
Case-to-Sink Rincs ALL | — | O.1 — | K/W {Mounting surface flat, smooth, and greased
Junction-to-Ambient Rihia ALL | = | =— 30 | K/W |Free Air Operation

Notes: (1) Ty=25°C to 150°C
(2} Pulse test: Pulse width<300us, Duty Cycle<2%
(3} Repetitive rating: Pulse width limited by max. junction temperature
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7aeusuz goosave 9 ot E L T T N CHANNEL

I RF450I451 1452/453 . - POWER MOSFETS
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS
- Characteristic Symbol; Type |Min| Typ | Max {Units Test Conditions
- X IRF4501 __ | _ | 45 A :
Continuous Source Current Is IRF451
Di .
{Body Diode) IEao2l— | ~ | 12 | A |Modiied MOSFET symbol |- o
showing the integral & f
/ - IRFA80I _ | _ | g5 | A |[reverse P-N junction rectifier s 1
- Pulse Source Current Tom IRF451 L .
{Body Dicde) (3) RFas2l | _ | o] A ' 3
. IRF453 1
. - . :g,':zg? — | = 114 ] v [te=25°C, Is=13A, Vas=0V
Diode Forward Voltage (2) Vsp FFa52 i . ¢
" . — — = = = 3
. . |irFasa . 1.3 | V [Tc=25°C, ls=12A, Vas=0V ]
Reverse Recovery Time tr ALL -{ — [1300| — ng |Ty=180°C, lr=13A, dlg/dt=100A/us
Notes: (1) Ts=25°C to 150°C (2) Pulse test: Puise wldth<300us, Duty Cycle<2%
. (3) Repetitive rating: Pulse width kmited by max. junction temperature
G ey 80,5 Puiss Test! 1 oy ”
Veso§ 8V
—— BOus Pube Test
7 { Vo> hry X Rotsary e ,
g g /
& &
a
P Vs =SV |
é 10 5
& g
c g
. Z 20 /
g F
s 6 las™4 5V {——1 i) ..
s of ; e I = N/
I B T,=-55°C w
i == /
5 1 /)
0 50 100 150 200 280 300 o 1 2 a 4 5 6 7
- Vbs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE {VOLTS)
. - Typical Output Characteristics . Typical Transfer Characteristics
1 ol P N T Foremamon 1 TS AR
RSy, /4 SEmpesatt i
80 Putse Test Voam V. [~ Rrase o N
Ves=bV. 171 o NT N AN
g A it
(RFA50. 1 o ~ N i) i
g . 4 ol-mris2 3 N MY = 3 ILQ&
E 6 g - L ~
5 AN TN e
§ Vos=4 SV _ E p AR} HI
5 {1 g 2 4 k] A 10ms -
g - NP/ LRI
< 2 1o+ N\ 100ms
g E T Efroed S
s 8 s
T2 N :’m og\: € o
‘.'Eér" L 2 RF450,
v -BFAH <]
- o 1 2 3 4 5 0 10 2 s 10 20 50 100 200 500
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) . Vos, DAAIN-TO-SOURCE VOLTAGE (VOLTS)
Typicai Saturation Characteristics Maximum Safe Operating Area
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TOSHIBA

TLP251

TLP251

Inverter For Air Conditionor
Induction Heating
Transistor Inverter

Power MOS FET Gate Drive
IGBT Gate Drive

The TOSHIBA TLP251 consists of a GaAfAs light emitting diode and a
integrated photodetector. o

This unit is 8-lead DIP package.

TLP251 is suitable for gate driving circuit of IGBT or power MOS FET.

Especially TLP251 is capable of “direct” gate drive of lower power IGBTs.

(~15A)

Input threshold current: IF=5mA(max.)
Supply current I¢¢): 11mA(max.)
Supply voltage (Vco): 10-35V

Output current (I0): +0.4A(max.)
Switching time (tpLH / tpHL): lus(max.)
Isolation voltage: 2500Vrms(min.)

UL recognized: UL1577, file no.F:67349

Schematic

Icc

GaAlAs Ired & Photo-IC

Unit in mm

1.2£0.15

05£0.1% - I

254 +0.25

6.4+10.25

7.62+0.25

4
O w
N
>
3.65 028

0.8%0.25

0.25 50

2.5MIN,

7.85~8.80

11-10C4

TOSHIBA

11-10C4

Weight: 0.54g

Pin Configuration (top view)

© Vee
8 []s
2 4 o lls
VE
3 1:N.C.
Vo 2 : Anode
3 : Cathode
(Tr Z)GND 4:NC.
5 5:Gnd
6 : Vo (Output)
7:N.C.
A 0.1pF bypass capcitor must be connected 8:Vee
between pin 8 and 5(see Note 5).
Truth Table
Tr1 Tr2
Input On On Off
LED Off Off On
1 2002-09-25



TOSHIBA

TLP251

Maximum Ratings (Ta = 25°C)

Characteristic Symbol Rating Unit

Forward current IF 20 mA

Forward current derating

Alg / ATa -0.36 mA/°C

(Ta=70°C)

]
Y | Peak transient forward I 1 A
current (Note 1) FPT

Reverse voltage VR 5 \)

Junction temperature T 125 °C

“H” peak output current

(Pw < 2.0ps, f< 15kHz) lopH -0.4 A

(Note 2)
“L” peak output current
(Pw < 2.0ps, f < 15kHz) lopL 0.4 A
(Note 2)
= (Tas 70°C) 35
g Output voltage Vo \%
o (Ta =85°C) 24
[
a (Ta<70°C) 35
Supply voltage Vee \%
(Ta=85°C) 24
Output voltage derating
AV ! ATa -0.73 Vi/°C
(Ta270°C)
Supply voltage deratin
9 % AVge/ ATa -0.73 Vi/°C

(Taz270°C)

Junction temperature T; 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg —55~125 °C
Lead soldering temperature(10s) Tsol 260 °C
Isolation voltage (AC, 1min.,

BVs 2500 Vims
R.H.£60%) (Note 4)

(Note 1) Pulse width Py < 1us, 300pps

(Note 2) Expornential waveform

(Note 3) Expornential waveform, Igpn € —0.25A(< 2.0ps), lopi £ +0.25A(<2.0us)

(Note 4) Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6,

7 and 8 shorted together.

(Note 5) A ceramic capacitor(0.1uF)should be connected from pin 8 to pin 5 to stabilize the

operation of the high gain linear ampifier. Failure to provide the bypassing may impair the

swiching property.The total lead length between capacitor and coupler should not

exceed 1cm.
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TOSHIBA TLP251

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
Input current, on IF(ON) 7 8 10 mA
Input voltage, off VE(OFF) 0 —_— 0.8 A"
Supply voltage Vee 10 — 30 20
Peak output current lopH / lopL — — 0.1
Operating temperature Topr -20 25 70 85 °C

Electrical Characteristics (Ta = =20~70°C, unless otherwise specified)

Test
Characteristic Symbol Cir— Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE - Ig=10mA, Ta=25°C e 1.6 1.8 V
Temperature coefficient of
AVg/ATa — IF=10mA — -2.0 — mv/°C
forward voltage
Input reverse current IR — VR=5V, Ta=25°C — — 10 MA
Input capacitance Ct — V=0,f=1MHz, Ta=25°C — 45 250 pF
e I =10mA
H” level o 3 v 01 | =025 | —
Output current X%C=3OV U2 F e A
IF =0
“L” level lopL 2 X 0.1 0.2 —
Vg.5= 2.5V
wpgn V =+15V,V =-15V
H” level VoH 4 CC1 » VEE1 —
Ry = 2000, I = 5mA 1 .2
Output voltage s T T > ) \
“ " level V, 5 cC1=+19V, VEgq =~ o (o _
eve oL Ry = 2000, Vg = 0.8V 14.5 12.5
Ve =30V, I = 10mA
o - 7.5 —
H” level IccH - Ta=25°C
Voo =30V, i = 10mA - Y 4 11
Supply current mA
Vee =30V, Ig = 0mA
w n = 8 -
L” level lccL ol Ta=25°C
Vee = 30V, I = OmA & — T
Threshould input “Output | Veet = +#15V, VEgq = =15V
» FLH —— ’ — A
current L—H RL= 2000, Vg > 0V 12 5 m
i “Out ut = =_
Threshold input p T VELH . Vce1 = +15V, VEg1 = ~15V 0.8 _ _ v
voltage - R =200Q, Vg < OV
Supply voltage ' Vce — 10 —_ 35 v
Capacitance c Vs=0,f=1MHz
— — F
(input-output) s Ta=25C 1.0 20 P
. . Vs = 500V, Ta = 25°C 12 14
. R - 1x10 —_ Q
Resistance (input—output) s RH. < 60% 10

* All typical values are at Ta=25°C (*1): Duration of o time < 50us
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National
Semiconductor

LF353

Wide Bandwidth Dual JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, dual JFET input
operational amplifiers with an internally trimmed input offset
voltage (BI-FET {i™ technology). They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well 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 to immediately upgrade the overall performance of
existing LM1558 and LM358 designs.

“These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage, low input bias current, high input impedance, high
slew rate and wide bandwidth. The devices also exhibit low
noise and offset voltage drift.

Features

High slew rate:

Low supply current:
High input impedance:
Low total harmonic distortion :
Low 1/f noise corner:

Fast settling time to 0.01%:

internally trimmed offset voltage:
Low input bias current:

Low input noise voltage:

Low input noise current:

Wide gain bandwidth:

December 2003

10 mV
50pA

25 nV/VHz
0.01 pA/NHz
4 MHz

13 Vius
3.6 mA
10120
<0.02%
50 Hz

2 us

Typical Connection

Rg

Connection Diagram

Dual-In-Line Package

AN
Vc QUTPUT A — 7 LI
INVERTING INPUT A — I outeuts

—o [Nee 5\

I

NON-NVERTING _3
A INVERTING INPUT B
v- ] 5 NON-INVERTING
INPUT B
-VEeE 00564917

00564914 Top View

Simplified Schematic
1/2 Dual

Vee O-

Vo

INTERNALLY

INTERNALLY TRIMMED

TRIMMED

~Vee O ! & L

00564916

BI-FET H™ is a trademark of National Semiconductor Corporation,

Order Number LF353M, LF353MX or LF353N
See NS Package Number MOSA or NOSE

© 2003 National Semiconductor Corporation DS005649

www.national.com
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LF353

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage +18V
Power Dissipation {Note 2)
Operating Temperature Range 0°C to +70°C

TH{MAX) 150°C
Differential Input Voltage +30V
Input Voltage Range (Note 3) +15V
Output Short Circuit Duration Continuous
Storage Temperature Range -65°C to +150°C
Lead Temp. (Soldering, 10 sec.) 260°C
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C

DC Electrical Characteristics

Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C
See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

ESD Tolerance (Note 8) 1000V
6, M Package TBD
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to
the device may occur. Operating ratings indicate conditions for which the
device is functional, but do not guarantee specific performance limits. Elec-
trical Characteristics state DC and AC electrical specifications under particu-
lar test conditions which guarantee specific performance limits. This assumes
that the device is within the Operating Ratings. Specifications are not guar-

anteed for parameters where no limit is given, however, the typical value is a
good indication of device performance.

(Note 5)
Symbol Parameter Conditions LF353 Units
Min Typ Max
Vos Input Offset Voltage Rg=10kQ}, To=25'C & 10 mv
Qver Temperature 13 mV
AVoe/AT Average TC of Input Offset Voltage Rg=10 kO 10 e
los input Offset Current T=25°C, (Notes 5, 6) 25 100 pA
T<70°C 4 nA
Iz Input Bias Current T=25°C, (Notes 5, 6) 50 200 pPA
T<70°C 8 nA
Rin Input Resistance T=25°C 1012 Q
AvoL Large Signal Voltage Gain Vg=%15V, Tp=25'C 25 100 V/imV
V=10V, R =2 kQ
Over Temperature 15 V/mV
Vo Output Voltage Swing Vg=+15V, R =10kQ *12 +13.5 \4
Vem Input Common-Mode Voltage Vg=%15V +11 +15 \
Range -12 A
CMRR Common-Mode Rejection Ratio Rg< 10kQ 70 100 daB
PSRR Supply Voltage Rejection Ratio (Note 7) 70 100 dB
Is Supply Current 3.6 6.5 mA
AC Electrical Characteristics
{Note 5)
Symbol Parameter Conditions LF353 Units
Min Typ Max
Amplifier to Amplifier Coupling T,=25"C, f=1 Hz-20 kHz -120 dB
| (Input Referred)
SR Slew Rate Va=£15V, To=25"C 8.0 13 Vius
GBW Gain Bandwidth Product Vg==£15V, Tp=25°C 2.7 4 MHz
e, Equivalent Input Noise Voltage Ta=25"C, Rg=100Q, 16 =
f=1000 Hz
in Equivalent Input Noise Current T=25°C, {=1000 Hz 0.01 oAz

www.national.com




AC Electrical Characteristics (continued)
2 (Note 5)
Symbol Parameter Conditions LF353 Units
Min Typ Max
THD Total Harmonic Distortion Ay=+10, RL=10k, <0.02 %
V=20Vp-p,
BW=20 Hz-20 kHz
Note 2: For operating at elevated temperatures, the device must be derated based on a thermal resistance of 115°C/W typ junction to ambient for the N package,
and 158°G/W 1yp junction to ambient for the H package.
Niote 3: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
N‘ote 4: The power dissipation limit, however, cannot be exceeded.
:jote 5: These specifications apply for Vg=£15V and 0°CsTa<+70°C. Vos, Izand log are measured at Vem=0.

Iote 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T;. Due to the limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. T=Tat8ja Pp where 6ja is the thermal resistance from junction to ambient. Use of a heat sink is

7y :%commended if input bias current is to be kept to a minimum.

ote 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. Vg
= %6V to £15V.

ote 8: Human body model, 1.5 kQ in series with 100 pF.

ypical Performance Characteristics
! Input Bias Current Input Bias Current
l T 1 =~
100 |-Vvg= 15V i — = =
- TaA=25C = Vem= 1
ey — A A\ —vg= 15V 7
=3 <
el e . V4
= - /'
& P Z 7
S 60 > 3 /
=1 o 100 y 2
w3
P = (7] 4
= 40 < -
> - E
= > |
Z 2 ] oA
0 10
-10 -5 0 5 10 0 10 20 30 40 50 60 70
COMMON-MODE VOLTAGE (V) TEMPERATURE ("C)
00564918 P oseisio
Supply Current Positive Common-Mode Input Voitage Limit
44 T T 20 — T —
0° < Tp <+10°C — 0C<TASHIOC ”
= /
a.
S 4 2 s
= = /
] ,f’/, Sk
5 36 7 =z //
* é - 10
1 2 . L] /
" > 32 og
- S5 /
| % > g 5
! 28 =
o
[-%
0
24
0 5
8 5 18 15 20 25 10 15 20
TIVE SUPPLY VOLTAGE {V
SUPPLY VOLTAGE {:V) PosITl upp W)
00564921
00564920
B
L
3 www. hational.com
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LFJ353

Typical Performance Characteristics (continued)

Negative Common-Mode Input Voltage Limit

NEGATIVE COMMON-MODE INPUT
NEGATIVE QUTPUT VOLTAGE SWING (V) VOLTAGE LIMIT (V)

DUTPUT VOLTAGE SWING (Vp-p)

20

15

; A

L T 1
P°C<TA < +T0°C

/

/

4
0
0 5 10 15 20
NEGATIVE SUPPLY VOLTAGE (V)
00564922
Negative Current Limit
-15
" N\\
J—ZS"C
-5
70°C 0°C
0
0 10 20 30 40
OUTPUT SINK CURRENT (mA)
00564924
Output Voltage Swing
30 T
Vg = £15V
25 | Ta=25°C 4
/
20
185
10
5 L2
0
0.1 1 10

R — OUTPUT LOAD {k$2)

00564926

POSITIVE QUTPUT VOLTAGE SOURCE (V)

OUTPUT VOLTAGE SWING (Vp-p)

UNITY GAIN BANDWIDTH (MHz)

Positive Current Limit

15
AN\ N
10 \ \--‘— 25°C
70°C 0°C
5
0
0 10 20 30 40
OUTPUT SOURCE CURRENT (mA)
00564823
Voltage Swing
40 i T
| R =2k
Tp = 25°C
30 Vi
/
/|
V/
/
20 7
/|
7
10 //
0
0 5 10 15 20
SUPPLY VOLTAGE (V)
00564925
Gain Bandwidth
5
I
Vg=15V ]
R =2k
45 & Cy = 100 pF |
4 \\\
\\
N
35
k]

0 10 20 30 4 50 60 70
TEMPERATURE {°C)

00564927
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rpical Performance Characteristics (continueq)

GAIN {dB}

Bode Plot
30 T 150
Vg =115V
=" RL=2k (i 100
N -
| \\\ Cp= '100 pF n
10 \ \P | 50 >
m
N PHASE| v &
0 N > =
GAIN N ‘ »
~10 N -50 E
-20 -100
-30 -160
0.1 1 10 100
FREQUENCY (MHz)
00564928
Distortion vs. Frequency
02 /=1
Vg = 15V
0.175 —'TA=25°c
oas | ]
g |1 l
= 0.125 |- Vg=20Vpp
= |
[~ RO 10k }
(=1 AV =100
b 0075 | = =
=]
0.050 e A
0.025 Y r/ 4
.,
0
10 100 1k 10k 100k
FREQUENCY (Hz)
00564930
Open Loop Frequency Response
120 T T
E 100 3L=2:5V
- szi —
= N Ta=25°C
[ \
L. N
(L]
< \
Y 60
=] N
>
S 40 \
S N
= \
w20 N
(=]
0 \
1 10 100 1k 10k 100k 1M 10M
FREQUENCY (Hz)
00564932

SLEW RATE (V/us)

OUTPUT VOLTAGE SWING (Vp-p)

COMMON-MODE REJECTION RAT!O (dB)

15

14

13

n

Undistorted Output Voltage Swing

30
Vg = 215V
N RL= 2k
\\ Ta=25°C
Ay=1
20 \<1% DIST
10 \
0
10k 100k ™
FREQUENCY (Hz)
005684931
Common-Mode Rejection Ratio
120 .
Vg = £18V
[ —— S
A _— RL=2k
N Ta=25°C
80 — Vo
60 |— Vem Zk \\
wl v ]
CMRR =20 LOG —Q + QPEN LOGP
20 Vcm i
VOLTAGE GAIN
N I
10 100 1k 10k 100k 1M 10M
FREQUENCY (Hz)
00584933

Slew Rate
Vg = £16V
Ry =2k
Ay =1 FALLING
RISING —
D 10 20 30 40 50 60 70
TEMPERATURE (°C)

00564929
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Typical Performance Characteristics (continueq)

POWER SUPPLY REJECTION RATIO (dB)

QUTPUT VOLTAGE SWING FROM BV (V)

Power Supply Rejection Ratio

140 T
- Vg=315V |
120 P Ta=25°C
100
\
% \\ PLY
+SUP
&0 \\
N
40 N
—SUPPLY \
20
u ——
10 100 1K 10k 100k 1M  10M

FREQUENCY (Hz)

00564934

Open Loop Voltage Gain (V/V)

™ T
s [~ Ry = 2
= Ta=0°CTO +25°C
2 |
3 -
w s ol
g T
5 100K
(=]
>
a.
[=]
o
-
=
[13]
(-
(=]
10K
5 10 15 20

SUPPLY VOLTAGE (zV)

00564936

Inverter Settling Time

—n
=]
" —4

10 mV

L~

L~

1 10
SETTLING TIME (us)

o
Py

00564938

EQUIVALENT INPUT NOISE

VOLTAGE {nv//Hz)

OUTPUT IMPEDANCE (<2)

Equivalent Input Noise Voltage

70
60
50
40
30 T
20
10
0
10 100 1k 10k 100k
FREQUENCY ({Hz)
00564935
Output impedance
100
= Vg = 115V
TA=25"C 7z 7
"4 4
LN e ==— ==
’L l’ &z
y A 4
rd 4
1 — = Ay=1
CAy =10 ,L ra
/
0.1
0.01

100 1k 10k 100k 1M 10M
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lise Response

Small Signaling Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 1is/DIV)

00564904

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 s/DIV)

00564806

OUTPUT VOLTAGE SWING {1V/DIV)

pplication Hints

1ese devices are op amps with an internally trimmed input
iset voliage and JFET input devices (BI-FET Il). These
‘ETs have large reverse breakdown voltages from gate to
wurce and drain eliminating the need for clamps across the
auts. Therefore, large differential input voltages can easily
y accommodated without a large increase in input current.
e maximum differential input voltage is independent of the

Current Limit (R = 100Q)

TIME (5 us/DIV)

Small Signal Non-inverting

OUTPUT VOLTAGE SWING {50 mV/DIV)

TIME (0.2 us/DIV)

00564905

Large Signal Non-Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 us/DIV)

00584307

00564908

supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur

www.national.com
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L300

Application Hints (continued)

since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

The amplifiers will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may OCCuUr.

Each ampiifier is individually biased by a zener reference
which allows normal circuit operation on 6V power sup-
plies. Supply voltages less than these may result in lower
gain bandwidth and slew rate.

The amplifiers will drive a 2 kQ load resistance to =10V over
the full temperature range of 0°C to +70°C. if the amplifier is
forced to drive heavier load currents, however, an increase
in input offset voltage may occur on the negative voltage
swing and finally reach an active current limit-on both posi-
tive and negative swings.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity

Detailed Schematic

or that the unit is not inadvertently installed backwards in a
socket as an unlimited current surge through the resulting
forward diode within the IC could cause fusing of the internal
conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in order
to ensure stability. For example, resistors from the output to
an input should be placed with the body close to the input to
minimize “pick-up” and maximize the frequency of the feed-
back pole by minimizing the capacitance from the input to
ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capacitance
from the input of the device (usually the inverting input) to AC
ground set the frequency of the pole. In many instances the
frequency of this pole is much greater than the expected 3
dB frequency of the closed loop gain and consequently there
is negligible effect on stability margin. However, if the feed-
back pole is less than approximately 6 times the expected 3
dB frequency a lead capacitor should be placed from the
output to the input of the op amp. The value of the added
capacitor should be such that the RC time constant of this
capacitor and the resistance it parallels is greater than or
equal to the original feedback pole time constant.

D3

00564809
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_ Typical Applications

ote 1: All controls flat.

ote 2: Bass and treble boost, mid flat.
ote 3: Bass and trebie cut, mid flat.
Note 4: Mid boost, bass and treble flat.
) Note 5: Mid cut, bass and treble flat.

All potentiometers are linear taper
" Use the LF347 Quad for stereo applications

Three-Band Active Tone Control

GAIN (dB}

BOOST ~+ CUT
0.05
BASS
11k 100k 11k
A A
0.005
11k MID-RANGE
3.6k 100k 3.6k
A A
t | 0.022
1.8k 500k 1.8k
—MN—— W M

TREBLE

T
o T Tiwore o
(NOTE 2)
+15
+10 b / (NOTE 1)\
l \
0 P D
™
e
-5 /
-10 ™
b N [
15 {NOTE 3)
20 T (NOTE 5TT1]
T
10 100 1x 10k 100k
FREQUENCY (Hz)
00564940

00564939
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LF353

Typical Applications (continued)

Improved CMRR Instrumentation Amplifier

SEPARATE

2R2
AL e | FE
R1 R4
/77 and == are separate isolated grounds

Matching of R2's, R4's and R5's control CMRR
With AVT = 1400, resistor matching = 0.01%: CMRR = 136 dB

e Very high input impedance
e Super high CMRR

Fourth Order L.ow Pass Butterworth Filter

00564841

00564942
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[1] 5705050 1lsuils19i5%4. Solid state DC-MOTOR CONTROL.

[2] 5¢.05.Jo5u suils 1815%4. Noise Reduction in electronic system.
L4 3 o r'd 4 a 4

[3] A.A5.2TWY AATTAU. LBUILOIUATNTIUAUYDT : TN, 2548

a a a d o = S A o
[4] 3@ wcwmswaﬁ. “ﬂ']'i‘]Ji‘Ullﬁq\iN'(WI?J'Uﬁu'fN‘V]5']u&"h'flu‘il@\?5$'U1Jﬂ'J'UﬂﬂJﬂ?TﬂJlﬁ?ﬂcﬁﬂJﬂlﬁﬂiTﬂﬂﬂ'ﬁ
= a o= @ A a
auguuuvanezl” USamnidwusimns sumans-dudia a1 3ranssw i

a 4 LY Qs
AUSIAINTIUFTANT, ﬁﬂTUHLVI‘F\TUTQ?J‘Wﬁ3i]ﬂu-&ﬂ%’]&%’]ﬂmﬂﬁ’liﬂ’lﬂﬂigﬂﬂ. 2542.

[5] Katsuhiko Ogata. Modern Control Engineering : Prentice Hall,2002





