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ABSTRACT

This thesis presents 8n idea for. invertepr developement, hy using
PWM DOUBLE EDGE (HFPD) control technique at high frequency switching,
Power MOSFETs are used because of their high switching speed and law
power loss,

TQp~‘operating system can 58 seperated into two parts. The first
part denersted dc voltage, at switching of 20 KHt.The input. part is
supplied from bhattery bank. Switching at f;equency can reduce the
treansfomer size. The second part is used to convert the dc voltage to

sinusodial ac voltage by using Power MOSFET.‘
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NPN  PNP
2N3055  MJ2955

R ! :
COMPLEMENTARY SILICON POWER TRANSISTORS 15 AMPERE ‘
POWER TRANSISTORS
. o . - COMPLEMENTARY SILICON
. .. designed for general-purpose switching and amphfier applications.
. 60 VOLTS
® DC Current Gain — hpg = 20-70 @ I¢ = 4 Adc 115 WATTS -
® Collector-Emitter Saturation Voltage —
VCE(sat) = 1.1 Vdc {Max) @ I¢ = 4 Adc
® Excellent Safe Operating Area &
MAXIMUM RATINGS -
Rating Symbol Value Unit ’
Cotlector-Emiiter Voltage Veceo €0 Vdc
Collector-Emitter Voltage VeER 70 Vdc
Cottector-Base Voltage Vece 100 Vdc
Emitter-Base Voliage VEB 7 Vde A
{Lollector Current — Continvous Ic 15 Adc 8
Base Current g 7 Adc L
Total Power Dissipation ® Tg = 25°C Pp 115 Watts [ ]
Derate above 25°C 0.657 w/°c '
Operating and Storage Junction V3. Tsig | -6510+200 °c E seating - i
Temperature Range PLANE
THERMAL CHARACTERISTICS [
Characteristic Symbo! Max Unit DiA. @ L
Thermal Resistance, Junction to Case Rgic 1.52 Scw { L 1'1 A
HA\T v
o
_ NOTE: STYLE1:
FIGURE 1 — POWER DERATING e 0 15 Dia. ot mase
160 2, EMITTER
CASE: COLLECTOR
140 ™ INCRES )
s MILLIMETERS INCHES
";: 120 , DIM ["MIN_[MAX | MIN | MAX ]
£ A = 33.
g o ~3 B [ - 12
E C 1635 |
s <2 W D_| 059 | 1.0
- L - 1343
a 29.90 [ 30.40
g \\ 6 1667 1118 |
g ~J [ W 1537 | 559
o \ 16, 17.15 | 0:655 | (
20 ~ 11.18_[12.18 | 0.
l : 8 [38% | 409 | .
0 - R | - 26.67 R =
0 » 50 3 00 123 150 1y 200 Coflector sonnected 1o cose. +
Tc. CASE TEMPERATURE (°C) CASE 11-00
{TO-3}
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7N3055 NPN/MJ2955 PNP

t LECTRICAL CHARACTERISTICS {Tc = 25°C untess otherwise notea)
Characteristic , Symbol , Min , Max , Unit ,

0O CHARACTERISTICS

f.ottes tor Emanter Sustaining Voltage (1) VCEO(sus) 60 - Vde
itg - 200 mAdc, Ig = 0)
’ Cuttee vews | miniter Sustaining Voltage (1) VCER({sus) 70 — Vdc

i - 200 mAde, Rge = 100 Ohms)
Colisn 1r Cutot! Current Iceo - 0.7 mAdc
IVer ~ 30 Vde, ig - 0}
Cotim tar Cuto!tt Current IcEX mAdc
Vg ~ 100 Vde, VBE(ot1) » 1.5 Vde) - 1.0
Ver - 100 Vde, Vg (o1q) = 1.5 Vae, Te = 150°C) - 5.0
tonater Cuto!t Current lggo - 5.0 mAdc
Vyr « 2.0 Vde, Ic = 0}

"ON CHARACTERISTICS (1)

DL, Current Gan hrg -
11e - 4 0 Ade, Vgg = 4.0 Vue) 20 20
¢ - 10 Adc, Vo = 4.0 Vdc) 5.0 -

“Cortl torr Emnier Saturation Voltage VCE(sat) Vdc
i ~ 4.0 Adc, ig = 400 mAdc) = 1.1
g “ 10 Ade, g » 3.3 Adc) 3.0

Base Tminsen On Voliage VBE(on) - 16 Vdc

fic - 4.0 Adc, Vg = 4.0 Vi)

£1 COND BREAKDOWN

St ot Breakdown Coliector Current with Base Forward Biased Issby 287 - Adc
tVer = a0 vy, 1 = 1.05s; Nonrepetitive)

DYNAMIC CHARACTERISTICS

Corrent Gan ~ Bandwidih Product T MH2
He - 06 Ade, Veg * 10 v, 1 = 1.0 MHz) 25 7
“hnat! Signat Currgnt Gain h{e -
fle- 1.0 Ade VeE = 4.0 vae, 1> 1.0 kHz) 15 120
-
*Sinall Signat Current Garn Cutoff Frequency fhie 10 - kHz
ver - 40 Vdec, tc=1.0 Adc, f» 1.0 kHz}

“Inthe mies Wathn JEDEC Registration, {2N3055)
U Poise Test. Puise Width < 300 #s, Duty Cycle < 2.0%,

FIGURE 2 ~ ACTIVE REGION SAFE OPERATING AREA

2N3055, MJ2955
7(1}. T T T ]__
~

10 — M \ 30053 N0 NS0 1 There are two limitations on the power handling abitity of a
[ o 1y transistor - average junction tempersture and second breakdown
L ] = ~ -\ Safe operating ares curves indicate te-Vee limits of the transistor
. q i s N that must be observed for reliable operation: i.e., the transistor must
4 - il N not be subjected to greater dissipation than the curves indicate.
: N The data of Figure 2 is based on Te= 25°C; Tstpk) is variable
&7 j‘ depending on power leve! Second breakdown pulse limits are
R N valid for duty cycles to 10% but must be derated for temperature
Lo — according to Figure 1.
- m—
S ug -
" w = = = Bonding Wire Limn
v 04 = == « = Thermally Limited @ T = 259C {Single Pulse)

=7 === Second Braakdown Limit
02 l | | ]
6 10 20 40 60

Vee. COLLECTOREMITTER VOLTAGE (VOLTS)




2N3055 NPN/MJ2955 PNP

NPN PNP
2ZN3055 MJ2955
FIGURE 3 - DC CURRENT GAIN
0 T T
0 e 1] ]
300 150 1500 -
—t-7,- 1500C N7 150°C L
I S o » VeEs 40V
200 - N cE
z - e s ~
3 a z 17 Rl S
S 100 — . g
- 0 ~ 8500 NN
5 5 -550C ot
= ~ zw N NN
g 50 : \ Y
S ow N ey NS
3 g )
@20 o <N
£ N £ 9 \\ \N
10
1.0 %
50
01 02 03 05 07 10 20 30 50 10 10 0 02 63 0507 10 20 30 50 1D 0
tc, COLLECTOR CURRENT (AMP) Ig. COLLECTOR CURRENT (AMP)
FIGURE 4 — COLLECTOR SATURATION REGION
5 20 T NE 7 28 N
= T)+ 250C = 3 1 l UH A
g 4 Ic*10A 40A BOA
@ 16 Y
] [PERT.YY 40A 804 2
3 \ £ |
> 2 > 2t o
w w N
w ¥ 4 i S
15 \ =
= 3
¥ 08 Q8
o [=d \
e ° 4 -4 4 RN
2 \ ™~ 2 o S EEE
= 04 N ~J 20 \7 B
8 o
s w o]
o 0 20
>
50 10 70 56 00 200 500 1000 2000 5000 s0 1020 50 100 200 500 1000 2000 5000
ig. BASE CURRENT {mA) 1p. BASE CURRENT {mA)
FIGURE 5 ~ “ON" VOLTAGES
R i e e R IR s B i - ——
T '] ] "-I it | 32 Ty+ 250C
1.2 Ty 25%C I D . JJ ol e e =1 177 'V
LS ]q- /4 4- J‘l 16F P & pu.
z "0 = ] = /
g Enad =11 2 I TTA
=] VBE () ® i¢/te =3 L1 5 [ S5 T N 7 @ N 3% 8
208 ;5‘7/ T s Vat(an @ 1c/ip < 10 // i
ey - w (3] ] 11 .
?— [ —] i | g vgE B VEE <40V . 7
=
a Vpe ®vpg s 40V 1] g 08 _\i-——"‘"‘ =4 1
> 04 2 > SO S B, ooy
> e >
T 7
04
082 -’
VCE mt) PICIg = 10 | - | | | Veewn®lcie® 10 1
1
0 - o
0. 02 03 05 6) 10 20 30 50 10 10 01 0z 03 05 10 20 30 50 ]
1c, COLLECTOR CURRENT tAMPERES) IC. COLLECTOR CURRENT (AMP}




7N3055 NPN/MJ2955 PNP

FIGURE 6 — COLLECTOR CUTOFF REGION

NPN — 2N3055 PNP — MJ2955
oy =g 7 7 =3 10,000 3 -
R ~ - VeE* 30V ~
vep 7z
oo ——y==g 4 > > o1 14 —]
3 ‘.1.. .I v ~ < 2 .4 1
. _ =z Al 7]
LN IR PRNTU T L z w0 p y—]
- ——d 4 ” I y o >
g . - A g e Z 17
I Z @y I 2
O 1eg > va 3 == an 7
o F — = ~ I F—1 1wo°r ¥
" =Y T 7/ [
L =iV TORWARD 3 = z :
* ! ! o REVERSE FORWARD
CTUR B B i1 R § 20 t—t
i I I - LT ] va
woor 1 1 o == ;i 1
ns 0 0 Ot W02 03 04 s 02 401 0 -0 -0.2 -03 -04 -0%
VBC BASE EMITTER VOLTAGE (VDL TS) VBE. BASE-EMITIER VOLTAGE oL TS)
FIGURE 7 - SWITCHING TIMES TEST CIRCUIT FIGURE B — TURN-ON TIME
10
VCC — 1 1 IBEE vcc 30V
30V 0.5 (o] ] MJ2955 Icip =10
i -, Voscamg”-w
= I 1, #2500
[ L‘ 3 y
§ , .02 N 1 I.#: 2\
a = SCOPE 3 N u'ms? zn:nlrss
g O0t——ynyss t -+
- Z -
L] Dy 005 II Id
1 =
Wy 0m A we 1 | | ]
Gutvevlir 1o = 4 v = 002 T 1T17 T 11T
A and Re VARILD T0 0B AIN DESIRED CURRENT LEVELS 2 1 B I I
o]
Dy MUST BE FAST RECOVERY TYP(_ g 07 87 01 o3 . 3030 5% )
P01 PNP Tast Circunn, MBD5300 USED ABOVE ip - 100 mA
Hoverse Al Potarities. MSDEI00 USED BELOW ig -100 mA 1C. COLLECTOR CURRENT (amp)
FIGURE 8 — TURN-OFF TIME FIGURE 10 - CAPACITANCE
to = . = y 700
- S S— $ i 1711 T f f ! L l
T ] T 1 — — l Ty~ 250C
so . HH— T vee=3ov 500 i
8 H ichg =0 Cib L\
LT .y _:i gy« tgy _ ~o ' Ny s
20 [N i 9 I g Tys25%C S 300 — 2N3055 =
| 3 w305 ] S h M)
- s~0 | = \[_-C,,b
> 100 — 4] . pd = MJ2958
S = £ g m < w1
N —f ] [=]
. > 1'{1 ~ N \‘~ i ] I ,
0y = } 2955 H b 3
RSTY | +7 N © H e \
02 " 2N3055 J 100 rS
171 117
o1 LT wasss | | ) 03 05 3 0 050 1
L 02 03 05 10 20 30 50 0 .
I¢. COLLECTOR CURRENT (AMP) VR. REVERSE VOLTAGE (VOLTS)
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120

5490 /7490 Decade Counter

Schottky TTL High-Speed TTL Low- Power Schattky TTL Standard TTL Low-Power TTL
. Package - Package , Package ' Package
Device Tyge Device Type Device Type Device Type Device Type
e [CTPMEF e TR TMIcr e CIPIMeF ClPIMIcF P
Y | [ Snsesg - Jo| | Jwi{snsas0a BT T Iwil snsacesa lidnrg]
e SNTLSO J N SNT4304 Pl [ [sansoa NGO i
FAIRCHILD U0, Fess F 11 FMS430 FM9390 [D1] I ]
. A 1%, Fous MI*PE] [FriFciesg FCaasa 0 1jp |
: ] MC54%0 & [Fu
MOTOROLA | SNTLS%0 P T “[mCraso L ifeetd IFa |
NS C . 1] OMSaL S99 D] " Tomsg il | Twil Dmsanse [ajnel |Fs
" . HI | DMT4L 530 1 [ DMT49¢ 4 N OM74L 30 [1UNG “
1 : | 1 ; Il
PHILIPS T ] NTILS9q HREA Fliias res0 T 177
: i | T 11 ] 1] S3430 Filan|  wr 1
SIGNETICS P T T T 1 NIHLS% AT N7430 [FijaT] [ 7
: | | [ 1 I ] [ 1]
| 4 Lt 3
SIEMENS I C o T I
T ] I - S I
FUJITS } ! g
v I - 1 ; 1]
T ! - T I
P | i . .
HITACHI F T i I 1 [+orss, { P | |HDYe%0a wozss e 7 [ 1
| .11 | e Pl ! 1
MITSUBISH 1 | LI Twrucse P8 T T wsizs e ] L1
7 i | | ! |
NE.C 17 [T | | T Turs2is oci ]
! ] 1 [T
, 17 .| !
TOSHIBA T [ I 0 S 0 X 17
Electrical Characteristics SN54LS/SN74LS90A (Top View)
absolute maximum ratings over operating free-air temperature range .
Supply_voitage, Voo { v__Operatng free-ar [ snses] =ssc 10 12sc
Input_voltage . 1 1v__ | temperatire rangs | Sn7aLs 0C 1w 0T
Inferemitter voltage (see Note 1) | s.s5v [ Starage temparcire range —65C_to 150°C
- T T T NG —No internat cannegnon
: recommended operating conditions
- SNS4LSI0A SN74LS90A N
MIN_NOM MAX [MIN _NOM MAX a BN | .
Supnly voitage, Voo . 4.5 H $.5]4.15 5 5.25] v ﬂ n ﬂ
High-level output, curront, Top 100 —400 | LA 7T Rauk Pouy RE Vg Ay, g
Low-levet ouf ) 4 8] ma . .
Ow-level output current, 15y g - 2 s = - -Function Table
Ry o L& m: MHz 8CO COUNT STauEnCE 81-QUINARY (3-1) RESET COUNT
Count”traquaney. 1 ounr B mput 0 6] o % TATELN (See Note D WA LIML (Se Mate 81 da ety e n
- : A mput i5 1| 15 A ounT|_OUTAUT count]_ OuTRGT RESET NuTE oUTPUT
Pulss width, t,, L B mnput 30 0 na Qp 9¢ Og Qaf Q4 99 Oc Gg Rut) Rgn A1) #y1)]co oc cmas
Aesat inputs 15 i5 LIS (SN 0 L L oL ~:~;.LLL._
- ' L L L K ' L Ly w L} H x t LLbou ot
Reset inactive-state s8tup. tearyy . 25 25 r‘!s i L o IE 0 CLom L A A PR
Opsrating free-aw_tsmperature, T ] <55 18] 0 0] ¢ PR Yy e Lomow X L3 L count
. slectrical characteristics over recommended cperating ; ": : :.- . : : :‘ ',: t L : : : gg"";
. L UN
- free-air temperature range P PO v L counT
- PARAMETER * TEST CONDITIONSt  [MIN TYP § MAX Junat LA Tolwoun oL
- € $ s L oL oL 1] H L WwN o
Vin_: _ Huh-level input voitage | 2 v . ld el o v [ 8 -
V) Low-level nput voltage { 3.8] v
Yi___lnput clamp voltage [Voo=MN. i~ “iama | o TtE] ¥ 4 Functional Block Diagram
- . VEG=MN, Viy=2v, ’ e (Ses Mose 4}
VoH-  High-tevel autput voltage !v,,_-a.:v,‘ Ygp =+ 400.A 2.1 3.4 v N
VeC=MIN,  Viywav, b
. v
VoL  Low-ievel output voltage Lv,Lao.lv, I =8ma 0.35 0.5
Input current’a] Any reset VegSMAX, V=1V | 0.1 .
I Maximum mput m - i 0.2[ ma
voilage 8 nput veo=Max.  y=fsv 0.4 .
Any reset v 0
I N.gr: levet . Voo mMAX, Vim 2,7V 40 xA
-
NPUL Curral - [0 gt 20
Any reset -0.4
Low-levet — }
e A inprt VCC=MAX, vj=0.4v ~2.4| ma
nput ourrent B wopet . ~-3.2 -
: I S = =100 .
10s Short-circut Voe=MaX SNSILS 20 ma
output current ® ['snrs [ -2 ~i60
f Supply curreny Vog=MAX, See Note? 9 1S ma 4
from A 10 output Qp 32 42 "
ma from B o output O : MHz
irom put Op 16 NOTES: 1. This is the vortage Latween two amitters of 4 multiple-amitter transistor, For
toLH trom A to outout O 10 16 ns ths Girowt. this rating applies batween the two Ag nputs. and it sise apohes
1PHL N 1218 between the two Rg inputs,
T - 2. 10G 13 moaswred with alt Gutputs open, both R inputs grounced following mo-
(’;” trom A to output Op , "{:C;;;’t ;i ;g ns Mmeniary oonection © 4.5 V,and aif other puts grounded, "~
PHL CL =1SpF, 2. Output Q4 13 connected (0 input B for 8C0 count.
tPLH trom 8 10 oupur 0g Re =20 . 10 16 ns Ouout Qp 13 comnecied to nput A for brqunary oount. 3
1PHL 14 21 H=tgh level, L=icw lavel, X =wrelovant,
PLM 21 32 4. The 3 and K inputs shown without coniection are for reference and are
oML from B to ouiput Og , 23 351 "™ functionally at a high level. s J
1PLH 21 32
L from 8 to output Op 23 35 "_3 ?For conditians sho-f:' as MIN or MA’X. Usa the appropriate vaiye specified under
— " r ded operating ons for the applicable type.
PHL from Ser-t0-0 to- Any output 26 40 | ns $A typical values are at vog=5v, Ta=25C
PLH [Irom Set-10-0 to output Qa. Qp 20 30 ns ® Not more than one oulput should bde shorted at 2 time,
'PHL | trom Set-10-9 1o culput 0g. C¢. 26 40 QaOutputs are tested at 10L =16mA plus the limit value for W for the B input Tvs o7

count frequency.
toLH ® propagation deiay time, low to hgh-evel outpur
PR * propagation cewy (nne, Mgh-io-low-level output

iy
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MOTOROLA
m SEMICONDUCTOR
TECHNICAL DATA

IRF820

~ Power Field Effect Transistor IRF821
N-Channel Enhancement IRF822
Mode Silicon Gate TMOS IRF823

These TMOS Power FETs are designed for high

voltage, high speed power switching applications
such as switching regulators, converters, solenoid TMOS POWER FETs
and relay drivers. 2 and 2.5 AMPERES
e Silicon Gate for Fast Switching Speeds rDS{on} = 3 OHM
e low 'DS(on) o Minimize On-Losses. Specified at TMDSW 450 and 500 VOLTS
Elevated Temperature 1 DS{on) = 4 OHM
® Rugged — SOA is Power Dissipation Limited 450 and 500 VOLTS
® Source-to-Drain Diode Characterized for Use With
Inductive Loads o
(4
G
CASE 221A-02
% 2 70-220AB
MAXIMUM RATINGS
{
iRF
Rating Symbol Unit OET_L:NE DIME,:_'?:ONS
820 | 821 | 822 | 823 ol p e i “] i
Drain-Source Voltage Vpss | 500 | 450 | 500 | 450 | vdc K ’- a Fcy $
4 >
Drain-Gate Voltage VDGR | 500 | 450 | 500 | 450 | vae A i AR
(RGs = 1 M) { 1 o] )
Gate-Source Voltage VGs = 20 Vdc 1 t RN :
[ 3 .
Drain Current Adc * Pl
Continuous b 25 2 J e !», i
Pulsed Iom 10 8 - : i leeg
: Total Power Dissipation @ T¢ = 25°C Pp 40 Watts sty 1.
Derate above 25°C 0.32 wWre "'; g,'.f..
3 SOURLE
Operating-and Storage Temperature Range TJ. Tslg - 55 to 150 °C *0MS + DRam
7 DAENSION M ASRLES TO ALL LEADS
THERMAL CHARACTERISTICS AN fvad A w1300
- ANDLEAD WREGULARITNS AR ALOWED
Thermal Resistance °c/w-’ 4 DMNSIONNG AND TR AANCHG PER NS
Junction to Case Rusc 3.12  Cornin ot 5Om ot
Junction 1o Ambient Ruga 62.5 T T
ome | Coax 7o ] e
Maximum Lead Temp. for Soldering Purposes, T 300 °C pyuel B om0
L 178" from Case for 5 Seconds flm i e
- J o7 om 7 oms ! oom ihon
See the MTM3N45 Designer's Data Sheet for a complete set of design curves for the product on this data sheet, 2 ' ’:: . ”: wz onr
Design curves of the MTP3N45 are applicable for this series of product. M ;,, ‘- ;:, . :'.’,: N ::3
J 1 0% 0% oou om
- S R
Wlesisnlom ! em
0 . 2% ju]owe! g
l'm'm-om 01%
IR m]um!nm
Toouel ea ios ] o
v: 0% 127 [ o0 | omo
vio o tew? S
- g, - [ om
MOTOROLA TMOS POWER MOSFET DATA '
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IRF820-823

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

r Characteristic

Symbol

Min

Unit

OFF CHARACTERISTICS

Drain-Source Bregkdown Voltage
(Vgs = 0, Ip = 0.25 mA)

IRF821, IRF823
{RFB20, IRF822

V{BRIDSS

450
500

Vdc

Zero Gate Voltage Drain Current
{(Vps = Rated Vpgs, VGs = 0}
{Vps = 0.8 Rated Vpgs. VGs = 0. Ty = 125°C}

Ipss

0.26

mAdc

Gate-Body Leakage Current, Forward
(VGSF = 20 Vdc, Vpg = 0)

lGssF

500

nAdc

Gate-Body Leakage Current, Reverse
(VGsR = 20 Vdc, Vps = 0)

IGSSR

500

nAdc

ON CHARACTERISTICS®

Gate Threshold Voltage
(Vps = VGs. ip = 0.25 mA)

VGsi(th)

Vdc

Static Drain-Source On-Resistance
(Vgs = 10 Vdc, Ip = 1 Adc)

IRF820, IRF821
IRF822, IRF823

DS({on)

»w

Ohm

On-State Drain Current (Vgg = 10 V)
{Vps = 7.5 Vdc}
{Vpg = 8 Vdc)

IRF820, IRFB21
IRFB22, IRFB23

1D{on)

Adc

Forward Transconductance
(Vps = 7.5V.Ip = 1 A)
(Vps =8V, Ip = 1 A)

IRF820, IRF821
IRFB22, IRF823

8Fs

mhos

DYNAMIC CHARACTERISTICS

Input Capacitance

Output Capacitance Vps

Reverse Transfer Capacitance

-

"

V,Vgs = 0.

MHz)

Ciss

400

pF

Coss

150

Crss

40

SWITCHING CHARACTERISTICS®

Turn-On Dslay Time

Turn-Off Delay Time

Fall Time

Rise Time Vpp =~ 200 V. ip = 1 Apk,
Rgen = 50 Ohms)

tdion)

60

ns

i

50

tdioff)

60

30

Total Gate Charge

Gate-Source Charge

Gate-Drain Charge

(Vgs = 10V, Vpg = 0.8 x
Rated Vpgs, Ip = Rated Ip}

12 {(Typ)

15

nC

- 6(Typ)

6 (Typ)

SOURCE-DRAIN DIODE CHARACTERISTICS®

Forward On-Voltage

Forward Turn-On Time

Reverse Recovery Time

{ilg = Rated Ip.
Vgs = 0

1.5(1}

Vdc

Limited by stray inductance

500 (Typ)

ns

INTERNAL PACKAGE INDUCTANCE

Interna! Drain Inductance

{Measured from the contaci screw on tab to center of die)
{Measured from the drain lead 0.25" from package to center of die}

3.5 (Typ)
4.5 (Typ)

nH

internal Source Inductance

(Measured from the source lead 0.25” from package to source bond pad)

Ls

7.5 {Typ)

*Pulse Test: Pulse Width = 300 us, Duty Cycle < 2%.
(1) Add 0.1 V for IRF820 and !RFB21.

MOTOROLA TMOS POWER MOSFET DATA
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1 MC140238 T
1 See Page 6-5

@ MOTOROLA
N * MC14023UB

SeePage 614

»
7-STAGE RIPPLE COUNTER
The MC14024B is a 7-stage ripple counter with shon propagation delays Mc 1 40248
and kigh maximum clock rates. The Reset input has standard noise immu-
nity, however tne Clock input has increased noise immunity due to Hys-
teresis. The output of each counter stage is buffered.
® Diode Protection on All inputs
® Output Transitions Occur on the Falling Edge of the Clock Pulse éss::;:é
® Supply Voltage Range = 3.0 Vdc 1o 18 Vdc CASE 632
® Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range
® Pinfor-Pin Replacement for CD4024B
P SUFFiIX
PLASTIC
CASE 646
MAXINMUM RATINGS® {Vollages Reterenced to Vgs)
. Symbol Pnumohl( 4 Value Unlt
D SUFFIX
Vop joc Supply Voltage -0510 -180 v S0IC
Vin: Vout[Input or Output Vohtage (DC or Transient) ~0Stovpp -05 | v CASE 7514
1
hin. lous |tnput or Output Current (OC or Transient), per Pin =10 mA
PD Power Dissipation, per P.cnpo]‘ 500 mw
Tot, Storape Temperature - 6510 - 150 c ORDERING INFORMATION
T tead Temperature (8-Secong Soldering) 260 *c MC14XXXBCP  Plaste
g‘:\i?’i\ “Maximum Ramngs are those vatves beyond which damage 10 the devce may occuwr MC14XXXBCL Ceramic
L5 1Temporstuve Deratng: Plagtc P ang b Ow- Packages - 7.0 mw=C From 65°C To 125°C MC1axxxep  sorc
s Coram L Packages: - 12 mW *C From 100°C To 125°C. TA = 5510125 C for all packages,

PIN ASSIGNMENT

i

Lotic DIAGRAM L I i!
l

|

!

[,
12 1" a 3
€ Qr a2 Qs [} Voo * Pin1a
Vgs = Pin )
Q3 - Ping
Qd: Ping NC =~ No Connection !
Q5+ Ping ;
5 ¢ * l
¢ H
6-72 Ny
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ELECTRICAL CHARACTERISTICS (Voltages Referenced 10 Vgg)

Characteristi Symbo! | 15D 55 e 125°C Uni
racteristic ™ t
¥ Vdc in Max Min Typ # ax Min Max "
Output Vollage “0" Level 50 —_ 0.05 _ 0 0.05 — 0.05
Vin = Vppor O VoL 10 —_ 005 — o 0.05 —_— 0.05 Vdc
15 —_ 005 —_ 0 0.05 - 0.05
1" Level 5.0 4.95 - 4.95 50 —_ 4.95 -
Vin = Do Vpp VOH 10 | 995 | ~ 9.95 10 — | 9985 | — | va
15 14.85 _— 14.95 15 —_ 14.95 —
nput Voltage “0" Level
(Vo = 4501 05 Vdc) v 5.0 -— 15 -— 225 1.5 15 Vdc
(VO = ©0 01 1.0 Vce) L 10 - 30 - 4.50 30 | — 30
(Vo = 1350r 1.5 Vdc) 15 —_ 40 — 675 4.0 4.0
“1" Level
(Vo = 0.5 or 4.5 Vdc) v 5.0 35 _ 3.5 275 35 - Vdc
(Vo = 1.0 or 9.0 Vac) i 0 | 70 | — 7.0 5.50 — 70 | —
Vo = 1.50r 13.5 Vdc) 15 11 —_ 11 8.25 11
Output Drive Current
(VoK = 2.5 Voc) Source 50 -3.0 -_ -24 ~42 - - 1.7 _—
(VoK = 4.6 Vdc) 10H 50 | -064! — | -081| -088 [ — }-036] — |maoc
(VOH = 9.5 Vdc) 10 - 1.6 - -13 -225 - -0.9 -
(VoK = 13.5 Vde) 15 -42 = -34 -88 — -24 —
(VoL = 0.4 Vdc) Sink 50 | 064 - 0.51 0.88 — | 036
(VoL = 05 Vdc) oL 10 16 — 1.3 225 - 0.9 — | mAde
(VoL = 1.5 Vdc) 15 | a2 - 3.4 8.8 — 24
input Cunrent In 15 — =01 - = 000001 =01 —_ =10 | pAdc
input Capacitance Cin - — — - 5.0 7.5 - — pF
(Vin = 0)
Quiescent Current ¢ ‘oo 50 - 5.0 - 0005 5.0 - 150 | wAdc
{Per Package) 10 —_ 10 -_— 0.010 10 - 300
15 — 20 —_ 0015 20 = 600
Total Supply Current®*{ r 5.0 It = (031 uA%H2) 1 4 Ipp nAac
(Dynamc plus Quiescent, 10 Iy = (0.60 yAkHz)1 + Ipp
Per Package) 15 T = (1.89 A%HZ) 1 + Ipp
(CL = S0 pF on all outputs, all
buffers switching)

# Data tabelied “Typ™” is not to be used for design purposes bul 1s
intended as an inacalion of the IC's potential performance

““The formulas given ase for the typical characteristics only at 25°C.

1To calculate tota! supply current at loads other than 50 pF: s
17(CL) = (50 pF) 4 (CL - 50} Vik
where: by is in A (per package), C in pF, V = (Vpp - Vgg) in volts,

fin kHz is input frequency, and k = 0.001.

Ttus device contains protection circuilry 1o guatd against damage due 1o high siatc voliages or electiic helds. Howeves.
precautions must be teken 10 avoid applications of any vohage higher than mawimum rated voltages 1o ttus gl imped-
ance cucunl For proper operition Vy, alc Vo, Shou.d be constraw.eo to the 17nge Vgg = (Vin 01 Vout) € Vpp

Unused mpuls must always be tied to an appropriale fogic vollage level {e.g . ether Vgg or Vpp). Unused vutpuls must

be iett open
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SWITCHING CHARACTERISTICS® (C = 50pF, Ta = 25%C)

Chorscrerintic Symbol Vop Min Yyp o Max Unit
Output Rise ang Fall Time LM, ns
MM L » (1.5 nupF)Cp + 250 NhL 5.0 - 100 200
HLH THL = (075 nspF}C) + 125 ns 10 - 50 100
HLH- 1THL = (055 nspF)CL « B.5ns 15 - ac 80
Propagstion Delay Time WLH, ns
Cioch 10 01 PHL
LM, WHL * 1.7 m/pF) C + 295 ns 5.0 - 380 600
1PLH, tPHL = (0.66 ne/pF) Cy + 147 10 - 150 230
WPLH, tPHL * (0.5m/poF) Cp +85m 15 - 110 175
Clock 10 Q7
LM, PHL = (L7 m/pF)I C 918 ny 50 - 1000 | 2000
WPLH, tPHE = (0.65 m/oF) Cy + 367 as 10 - 400 750
WPLH, tPHL ~ (05 m/pF) C + 275 ns 15 - 300 565
Reset 10 O,
WPLH, PHL ™ (1.7 m/pF ) C + 415 ns 6.0 - 500 800
PLK, tPHL = (066 m/pFICy + 217 s 10 - 250 400
PLH, tPHL = (0.5 ns/pF) Cy 4 165 s 15 - 180 300
Clock Pulse Width wH 5.0 600 200 - n
10 165 60 -
15 125 A0 -
Reset Pulse Width TWH 5.0 600 375 - nt
10 Is0 200 -
15 260 159 -
Reset Removal Time tem 5.0 625 250 - ns
10 180 7% -
15 145 50 -
Clock Input Rise and Falt Times TLH, TTHL 5.0 - - 1.0 L3
10 - - 8.0 ms
15 - - 200 Bs
Input Pulse Frequency - 1oy 5.0 - 25 1.0 MHz
10 - 8.0 3.0
1% - 12 4.0
*Ihe formulas given sre for the typical charactenstics only at 25°C
#Data iebeltea “Typ™ is not 15 be used for oesign purposes bout 13
i »s an ioh ot the IC's p hial pertormance
~ TRUTH TABLE
= CLOCX RESET STATE
1 0 No Chenge
[ 1 Atll Outpute Low
1 [+] No Change
1 1 AH Outputs Low
_/-_ [+ No Changs
- 1 All Outputs Low
x [} Advence One Coumt
TN 1 Al Ovtputs Low -
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MC14024B

FIGURE 1 — TYPICAL OUTFUT SOURCE
CHARACTERISTICS TEST CIRCUIT

FIGURE 2 — TYPICAL OUTPUT SINK
CHARACTERISTICS TEST CIRCWAT

Yoo VoL * Yewn Voo Vou = Vour
Voo
Cc GCn C Qpn
R lon l—{ R ‘oL
1 Extornal J Enternal
Comonrer 1'% | s 175 | s

- FIGURE 3 - POWER DISSIPATION TEST CORCUIT
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Optoisolators (cont’'d)

TTL Compatible Device Ratings LED Max Ratings Output Ratings
Phatotransistors Isolation Current Output Propagation Data
Voltage Power Forward Reverse Max Transfer Current Delay Transfer 3
Output Viso Pt Current Voltage Vee Ratio lo Time Rate Ckt. _ﬂ‘
ECG Typo | Configuration (v} {mwW)} IF imA) VR (V) v % * {mA) {nsec) Mbit/sec | Diag. N;ﬁ
ECG3092 |Open Collector 3000 100 25 5 15 16 8 800 1 0 gj
NPN Transistor 3
ECG3083 |NPN Split 3000 100 20 5 18 400 60 tPHL 1 usec 100K P %
Darlington tPLH 7 usec P
: &
ECG3095 | Dual Open 3000 100 25 5 15 15 8 800 1 R j—g«
Collector, NPN fe
Transistors 3
¢ DC Current Transfer Ratio is the output transistor collector current divided by the LED forward current - hgg = Ic /ig -
I
Total Device Ratings Led Max Ratings Output Ratings 7
Isolation Vee Turn-On | Turn-OHf i 3;;3
Voltage Forward Reverse Voltage Output Output Time Time “"l
Output Viso Power Current Voltage Range Voltage Current Ton ToH Ckt. ‘ﬂ; i
ECG Type | Configuration | Surge (V) | Py (mW) IF {mA) VR (V} v} Vo (V) lo (MmA} (unoc) {usec) Diag. ~N§'E
ECG3090 | Schmitt Trigger 7500 150 60 [ 3V to 15V{ 15 max 50 max 1.2 typ 1.2 typ v
- [}
Optoisolator Circuits
Dieg. A Fig. P28 | Diag. B Fig. P28 | Diag. C
ECG r ECG ® ECG3082
3040  anooe (1) ®) oase 3044  anoot () 0 .
3041 3 3045 3 ANODE @
3042 catHooE (2) \ [®) coLLecTor caTHOOE (}— \» () coLecTor e }f\_q (oeTecTon) ‘;»i
3043 : bY
3088 3 (@ emiTreR 3 (D) emrTTER CATuopt (2 OLTALL -
3096 £
Diag. D \ Fig. P27 | Disg. E Fig. P28 | Diag. F . Fig. sté
ECG3081 P ECG 5 . ECG3086 |
e 3083  awooe (1) ®) BASE ANODE @3 l C ) EmiTTER ﬁ
i w }
)
anooe (1) ~ [ eurren caTwooe (2) ~E (2) couLecton frfiooe @) @cou:cr:__g
(EMITTER) (DETECTOR] N & vooe @ @ coLLECTOR
catroot (2 @coutcron > @cmn[n 3 2, t T
anooe (4) O
Diag. G Fig. P28 | Diag. H Fig. P28 | Diag. J Fig. P25]
ECG ry ECG ECG e
—_— ® . . AN e
gs ANODE g ga‘" 3047 o0t O - O maim TERMINAL xg ancoe () ) TERMINAL
CATHOOE ANOOE ? TRIAC DRIVER CATHODE 33'"537"" :
\\ CATHODE @ @ ggiz‘sc;[r RCIOT'E NECT @ @ CONNECT
O (O carnooe © [O:MaN TERMINAL, e (3 (O Yol -
Diag. K Fig. P28 | Diag. L Fig. P29 | Diag. M Fig. P28
ECG3085 Py ECG3087 . @ D) vee - ECG3089
awoe (1) &) ORAIN o aNooe (1 €) BASE
AN n(oo:;z ) ve H -
catnooe (2) ® . ”:M AT o CATHODE (2) () coLLecTor
AT Y,
J (&) sovnce - = " Ne G [DEmTTER
0 (®) oo
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optoisolator Circuits (cont'd)

CATHODE | (2)

ANODE , (4)

LCG30T  ooe | @3 Vee
W
\ »_-

ATH 6)V,
CATHODE 5 ®3¢-" PO vo2

ANODE @}
=¥,
catHooe | (2)
CATHODE , (3} —
pr
ANODE , @}

@ Vou
(© voz
(5) oND

(owa N Fig. P28 | Diag. O Fig. P29 | Diag. P p—
£CG30%0 ECG3032 0 %) vec ECG3093 @ o
ANODE 6)Vee
@3:‘, ANODE @3{; (7) vg ANODE @}/’4 (D vg
GND
ren @ o cATHODE (3) - (© o CATHODE (3) ©) Vo
G (Dvo ne (a) (5) 6No w (3 (5) oo
—
{nag. Q Fig. P29 | Diag. R Fig. P29 | Diag. S Fig. P55
ECG3095 ECG3098
8) Vee ]

(3) coLecTon

anooe (1)
Rl
catnone (2}

(3 emren

Optoisolator Outlines

g, P27 Fig. P28 Fig. P29
ECG (0P viEW) ECG ECG
3081 0-DETECTOR 3040 3631027 s 3086 3003
308> o]l4a E-EMITTER 3041 k (3,18) 3087 3)94
, 3042 2 5 l Imx. .
2 + 0 3043
250" g 4
'-‘ a5 (535) 3044 ,zya"(&u) 3007762) \ :
(ssz) 3045 - . uu
3046 | (¢] .256'(6.50) .300"
7 3047 ' MAX.  (7.62)
350"
{8.89) ] xg .085°(2.16)MAX.  ,070"(1.78)MAX.
SEATING 3084 731448 :1;5,_ 393 (9 98) bo—
‘—L_'rume L MaX, i nso"(a.al)qu.
.300" MAX,
(;I‘.‘SNZ) 3088
: 3089
. —1 3080 - TO (: 78
2222,—4 400%(2.54) ] 3091 -”0.3-;"9) !
3096
3097 (762)
Fig. P55
ECG ~
3098 .
r—-’—.cao 14.58)
4 3
oL
.252
T
LT - .300"
Lz g ‘ i7.621 ’
0y
(.8}
048"
.2} k-
ot .309"
3% ‘%95‘;’, I'_w.as)_’!
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LM119/LM219/LM319

E

National
Semiconductor

Voltage Comparétbrs ,

LM119/LM219/LM319 H:gh Speed Dual Comparator

General Description

The LiM119 series are precision high speed dual
comparators “fabricated on a- single~monolithic
chip. They are designed to operate over a ‘wide
range of supply voltages down to a single 5V.logic
supply ‘and ground. Further, they have higher

-

; &

® Maximum mpux current of 1 A over tempera-
“ ture~ [ e e P

8 Inputs and outputs can be lsola‘eg from systerp
o

ground S A

s Hngh common mode slew rate ' i

w1

gain and ‘lower input currents than devices like
the LM710. The uncomsmitted collector of the Am‘b”Qh des»gned pnmanly for apphcanons e
output Istage makes the LM119 compatible with quiring operation from digital logic supplies, the
RTL, DTL and TTL as well as capable of driving L M138 series are fully specified for power supplies
Jamps and relays 8t currents up to 25 mA. Out up to $15V. It features faster response than the
standing features include: H 1M111 at the expense.of hlgher powcrﬁ:ssvpmon
I TN o~ However, the high speed, wide operaung voltage
Features ' ¢ ) —-vange and low package count, make the LM119
- " ( much more :versatile 1han older devices like the
L Two mdependem comparators ' ¥ LM711 ~ . ‘
® Operates from asingle 5V supply _» The ‘LM18 is specified trom —55°C to 1ZEC. 2
= Typically 80.ns response time st £15V. the LM219 is specified from ~25°C 10 +B5°C, and v
® Minimum fan out of.2each sude ; the LM319 is specified, 1rorf\ 0°C to +70 C.
; § 4 A W I ..
YR - . - . "I T
Schematic and Connection Diagrams. ..~ ‘Y A
t h N £ H g 1. iy
1 B ey : } f .
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Absolute Maximum Ratings Lmis/Lm219 . ,
i . N R S B
Totat Supply Voitage . 3V Power Dissipation (Note 2) . 600 mW
Output 1o Negative Supply Voltage 6V Output Short Circuit Duration .10 sec
Ground 10 Negative Supply Voitage o 25V Operating Tempersture Range LM119 -56°C 10 125°C
Ground 10 Positive Supply Voltage . 18V mM219 R ~25°C 10 85°C
Ditferantial input Voltage . 15V Storage Temperature Range -65°C 10 150°C
tnput Voltage (Note 1) 116V Lead Tempatature (Soldering, 10 sec) B 300°C
e - )
s f T ' ERTEARL: ?‘ ;.
T P T el r - - :
Electrical Characteristics o3 . o SR
. , . 1 - . -
PARAMETER CONDITIONS MIN VP MAX UNITS
Input Offset Voltage (Note 4) Ta* 25°C, R < Bk . 07 a0 ., oy
tnput Offsat Current (Nbte 4) Ta®25°C 30 75 nA
tnput Bias Current Tar25°C ! 150 500 d na
Voltege Gain Tew 25°C 10 0 . Vimv
i ¢
Response Time (Note 5} Ta=25°C Vg~ 315V . 20 ns
Saturation Voltage ' Vin S =5 mV, lour ® 25 mA / - <
. v Tas25°C ' \ 075 1.5 v
Output Leakage Current Vi 25 mV, Vour * 35V . !
a . X Tat25°C 0.2 .2, bA
Input Offset Voltage ;(Nole"l) Rg < 5k 7. .mV
input Otfset Current {Note 4) ) W NA
tnput Bias Current (b= 1000 -1 nA
Input Voltage Range ! Vg = 215V -12 13 "2 v’
. VBV, V' =0 3 PR | a . v
Saturation Voltage : Vi 245V, V=0 as -
: . 4 Vin<-6mV, lgiux € 3.2 mA - y A K .
s : Ta20°C { 023 04 v
P T.<0°C : ' v 06 v
Output Leskage Current Vin25mV, Vour =35V, 7 N T . uA
.- . R Vi : -
Differenial input Vottage % i o3 A B 15
hEA kY ~ o - & al e -
Positive Supply Current . L Tar25°C, V' o6V VIr0 a3 .
Po:;gve Supply Current Ta=25°C Vg@ 215V N ? 1.5’ 1" ma
P . % - IR . e DR N
Negotiv&Supply Current Ta = 25°C Vg = 215V o 3 . 45 | mA
S T vt . G T v ) T s A T T

- N & ks \

Note 1: For supply v'olugg; fess than 215V the absolute maximum input voitage is equa! to the supply volitage. £

Note 2: The i § i p ¢ of the LM118 is 150°C, while that of the LM218 is 110°C. For operating at
I d temp: 83, devi in the TO-5 package must be dersted based on a thermal resistance of 150°C/W, junction to

smbient, or 45°C/W, junction to case. The thermal resistance of the dual-indine package is 100°C/W, junctian to ambient.

Nots 3: These specifications epply for Vg = 175V, snd the Ground pin at ground, snd —=55°C < T € +126°C, uniess other-

wise stated. With the LM210, however, sll tampersture specifications sre limited to —25°C < TA < +85°C. The offset voltage,

offset current snd bias current specifications epply for any supply voltage from a singie 5V~;upplv up to 215V supplies.

offset currents given are the maximum values required 1o drive the output within a voit of ei-

efine an error band snd teke into account the worst case effects of

Note 4: The offset voltages and
ther supply with a 1 mfx ifoad. Thus, these parameters d
voltage gain and input impedance.

Note 6: The response time specified (see definitions) is for » 100 mV input step with 6§ mV overdrive.

6IEWT/BIZINIBLENT
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LM119/LM219/LM319

EEPE PR
Absolute Maximum Ratlngs LM319
Total Supply Voltage sV Power Dissipation {Note 2} . 500 mw
Output to Negative Supply Voltage 36V Output Short Circuit Duration " 108
Ground to Negative Supply Voltage 25V Operating Temperature Range LM319 0"C 10 70°C
Ground to Positive Supply Voltage 18V Storage Temperature Range & -65°C to 150°C
Ditlerential input Voltage #2585V {ead Temperature (Soldering, 10 sec)
Input Voltisge {Note 1) - 215V >
Electrical Characteristics (note 3)
PARAMETER CONDITIONS MIN cTYP- 7). TMAX Y| CUNITE te T
Input Offset Voltage (Note ) Ta=25°C,Rs < 5k | 20 80 | mv
AnpuiOffset Current (Note d) | Ta=25°C° v 80 2000 ] e _
tnput Biss Current ! a = 25°C 250, Y| woo * ©na’
1 - i e
“Voltage Gain t Ta*25°C 8 40 ‘vimV
Response Time {Note 5) Ta=25°C Vg =215V 80 nt
Saturation, Voliage " Vin<-10mv, lou., = 25 mA ! ‘
: Ta=25°C 0.75 1.5 V.
Output Leakage Current Vin 210 mV, Vo = 35V, N :
¥ 4 V™ e Vgnp = OV, T, = 25°C 0.2 10 HA
tnput Offset Voltage (Note 4} Rg < 5k 10 4 s mV
. Inbut Offset Current (Note 4) 300 nA
Input Bias Current ’ 1200 ’ nA’
Input Volisge Range Vg = 216V i 213 . v
- V5V, V-0 1 RV
Sswration Voltage . V'245V.V =0 03 04, v,
Vin <-10mV, lgik < 3.2mA . !
Ditferential Input Voltage | 3 <5 o
Positive Supply Current Ta®25°C.V' =5V, V=0 43 mA
Positive Supply Current Ta=25°C Vg =215V 125 mA
Negative Supply Current Ta=25°C Vg =215V j [3 mA

Note 1: For supply voltages less thln 115V the sbsolute maximumn input voltage is equal to the supply voltage,

Note 2: The maximum junction temperature of the LM319 is 85°C. For operating at elevated temperstures, devices in lhe
TO-5 package must be derated based on » thermal resistance of 150° C/W, junction to embient, or 45°C/W, junction to case,

The thermal resistance of the di

usl-in-line package is 100°C/W, junction to ambient. 5

Note 3: These specificetions apply for Vg = 215V and 0°C < Tp < 70°C, unless otherwise stated. The offset voltage, offset
current and bias current specifications apply for any supply voitage hom » single 8V supply up to 15V supplies.
Note &4: The offset voltages and offset currents given dre the maximium values required to drive the output within'as voit of
either supply with a8 1 mA load. Thus, these parameters define an error band and take into account the worst case effects of

voltage gain and input impedance. .

Note 5: The response timne spe

cified is for @ 100 mV input step with 5 mV overdrive.-
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1 Typical performance Characteristics LM119/LM219 ST
F | O
r
’ input Currents  * ‘. Common Mods Limits Tramfsr Function ' . g
K - v 71T T ryrrsas Rl g
~ Vg L [ sadd H
} : }__ AN - A !‘l!V‘ " q v‘~.;w,v.--' ”» | 5 +14%0 1 ] ‘D
g ™ - " 2_" g Tu= 20 17 | o ;r-
oo Ny 9 - . " ! N . z " —t l.!g ) .
= N E .2 "Wy 218V 8 NSRS 3
T Em nAs & E‘u ] > u.;“ ) .g
b k3 e == w18 y P
3 4 :E aE % T~ §—u 'AEFERMED YO SUPPLY VOLTASES En g ~_‘e
1 -2 W . 2 o | .
128 ’ ] . E .t T3 g z" I’ Rt
, 1ok, A : {.r - L En ¥
L iwm SwIGEY S Vg o 11V, ¥yt o ROV, VT 0 8 2 s
3 - ) - [¥] | 18
1 = . v . R - ] .
. -B6-35 1680 75 WS 85 8 AN g5 3515 K 25 45 U5 85 108138 18 a3 -1 12 s S f
1 - 2t OTEMPERATURE (D) * TEMPERATURE (°C} DIFFERENTIALINPUT VOLTAGE {mV}
o Responm ‘Tum for Various . Resporms Time for Various e
Input Overdrives . % Input Dverdrives Input Characteristics 2.
kY Ty -s4 ; - T [
- 2] Ve® - o3 Vg = 18 W -
s Rl #, * 5000 s il - ¢ [ e
Z a \ = v+ 5.0V 7] Ee 43 » <m0 s s
) . = my 8.0 mV 2 A :
T - T,oawe o EX 3 u £ - ! R £ 4
. - | - - » . -
o= at—t+m v\ bl w s - c .
3 g 2 T samv Y298V g 20V ] g T T t
A " whll S LI 3 3 )
4 IRVEPRT 7208 (1 R KRN
L2 2w veawl BT ' 1 .. 17
E:‘: ™ — §§ L] O L S
: § . 8 E . ' ] ;“ | emeut vprTASE
0 _84 100 360 708 280 380 30 - §- 60 190 150 200 FSO 3 3B T-1g 48 -13 28, 88 1®
TIME (os) ~ WIE (ms) DIFFERENTIAL INPUT VOLTAGE (V)
Response Time for Varlous Response Time for Various _ . e
Input Overdrives - Input Overdrives Output Saturation Voltage
(4] Y] . on
* b J [ vy nitV :1 (4 | L 1’/\
"§ M 1 ::;'i:‘:‘]' R e 5 AT —1T1 2™ 'r | b ‘
T w
E: 1 T D\ a0 25°C E'.' i —] . L § - £ T, e125°C -
55 TR s ] & : 1
H1] eg 18 3R
g g i S 1. o35
3" \ 1] W - £ A" 36
] == P 2 vestv 4 e M T .
l,; '-, T z“ By = 5000 E ¢ Ta=-55°C 5
- B oS Ve i | 2 ]
E:"_ - 2 oy BN Vr 4 ey .
2] - . [ -
'g"m . 2 4 | /) /oy ovinonivi - K3m¥] -
e 56 100 150 200 260 3 38 ¢ - .8 8 450 290 250 200 358 R 52 e s w8
L TINE (s} TIME () OUTPUT VOLTAGE (V)
Supply Current . Supply Gurrent | . Output Limiting Charscteristics
PO - T N s — 12
REEE: \ T . oo
Lon - 1" - Twm - - . ]
- i 7 b FOSITIVE SUPPLY, ¥y = 218V v SHORT CINCUIT CURRERT E
. 'é 1 POSITIVE SUPPLY £ : ™ _ wi
H (1} > - H 1} - 2 ! ui '
% =g - - 9 g POSITIVE SUPPLY, Vg* = KOV, Ve~ = 8 % ' . 2
> N » =
LE A EGATIVE SUPPLY V] — - & ¥ (YR~
5. L ™ g ” t g’ 1 /rowen oissranion 2
. LI ) ] — 20 " NEGATIVE SUPPLY, Vg = 218V 1T § > (Y]
L .
' P w wTo® T3 Ee 2 4 6K ws ;8 " "
) - A gum,_v\vpl.unt (1] TEMPERATURE re OUTPUT VOLTAGE w
]
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CMi19IEM219/LM3H

{ Typical Performance Characteristics ;Lm3i9 .

, Input Currents Supply Currents Trenster Function L K
) 10 o) o ——— ]
B Wy s 316V . ! e :'.‘::i‘:n v - MV " |
5 R o S - . d < F Ll ol i
] Tm - 2 e - s [newe - | | 1A “g )
13 - ‘ et 5-" SITIVE SUPPLY, ¥ = 215 5 - : L 3
r - z = ™ =n T 7 o LV
' __\E 700 { & 10 w l s Y&
J £, T E g : - En z oo
1 3. - o POSITIVE SUPPLY, ¥, * = .0V, ¥ = 8 s. Ay \ H
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‘National . a
Semiconductor

Voltage Comparators

LM139/239/ 339, LM139AI‘2£39AI339A LM2901,LM3302
Low Power.Low Offset Voltage Quad Comparators

General Description ' ‘.
The LM139 series consists of four independent

“precision voltage comparators with an offset voit, ™ ™ ~

age specification as low as 2 mV max for all four \
comparators. These were desvgned specifically to
operate. from a single power supply over a wide
range of voltages. Operation from split power
supplies is aiso possible and the low power supply
current drain is independent of the magnitude of
~the power-supply-voitage. These comparators aiso-
“ have a unique characteristic in that the input
common-mode voltage range includes ground:
even though operated from 8 single power supply
voltage. . 2 B
Application areas include limit comparators, simple
__._snalog 30 _digital_converters; pulse, squarewave and
time delay generators; wide range VvCO; MOS clock
timers; multivibrators and high voltage’ d;gnil logic
gates. The LM139 series was designed to directly
ipterface with JTL and CMOS. When operated
from both plus and ‘minus power supplnes they
will directly interface with MOS logic— where the
low power drain of the LM339 is a distinct advan- 3

—tage over standard comparators S T I
& q S & Ltk
Advantages K g
" & High: precnslon compara!ors . J__-‘ s
- A

® Reduced Vos dvm over temperature

i

Eliminates need for dual supplies
Allows sensing near gnd
Compatible with alt forms of logic

Power drain suitable for battery operation

., Features

N R ._:

13
o et e v

Y .
1)
=
-
3¢
i
=
™

= Low input offset current

Wide single supply voltage range or dual sup-
plies

LM139 series,

LM139A series, LM2901

LM3302

2Vpgto36 Vpgor
+1 Vpcto 18 Vpe
2VpCcto28Vpe
or 1 Vpgto 214 Vpe
Very low supply current drain {0.8 mA) -
independent of supply voltage (2 mW/compara-
tor at +5 V)
Low input biasing current 25 nA
+5 nA

and offset voltage 13 mV

® Input common-mode voltage range includes gnd
® Differential input voltage range equal to the

power supply voltage

Low output
saturanon voltage

250mV a4 mA

5]

Outpu( voltage compatible with TTL DTL
ECL MOS ‘and CMOS idgic systems TR

‘6EENT/6ECINT/6ELINT

L oy
Gy

VRSN TVEEZINTVECLINT

'3

et o s e
i
k]
bS:1)
&
4

s, £

r,..m‘-,

A (S
;

R NP

B

£ L
W

COLEINT LO6ZINT

P
i

>

LS

énic Comparator

Driving CMOS/

Schematic and Connection Dlagr ms

i

Wl =

Duul-ln-Lim sivd Flat Package "

SUTIUTY DYTIUTA  BND  MPUTA WRUI4- WERID  RPUT).

M TR U n » [ []

s e sy

vt ] 0 ] 1

1

*HIPT 2 '.IIIPU‘ '. v -eyty LN ””U‘ »r o8 r
rviw ot
Order Number LM 1384, LM139AJ,
LM238J, LM238AJ, LM339),
LM339A4, LM2901J or LM3302J

Ses NS Package J14A

Order Number LM339N, LM338AN,
LM2901IN or LM3I302N
See NS Package N14A

244 DMsAXK

Driving TTL

527

o e . —

¥ WS

Kl

40

i
!
i
'
]
H
H
!
0
i

P U

- A



MOTOROLA
s SEMICONDUCTOR T

TECHNICAL DATA

) ‘MTM15N35
Designer’s Data Sheet MTM15N40

Power Field Effect Transistor

N-Channel Enhancement
Mode Silicon Gate TMOS TMOS POWER FETs
15 AMPERES
These TMOS Power FETs are designed for high voltage, high , rpSlon) = 0.3 OHM
speed power switching applications such as switching regulators, TMDSM 350 and 400 VOLTS

converters, solenoid and relay drivers.
o Silicon Gate for Fast Switching Speeds — Switching Times
Specified at 100°C D
o Designer's Data — IpsS. VDS(on): YGS(th) and SOA Specified
at Elevated Temperature
e Rugged — SOA is Power Dissipation Limited
e Source-to-Drain Diode Characterized for Use With Inductive Loads

G
MAXIMUM RATINGS
MTM S
Rating Symbol Unit
¥ 15N35 15N40
- Drain-Source Voltage Vpss 350 400 Vvdc
Drain-Gate Voltage (Rgs 1 Mid) VDGR 350 400 Vdc
Gate-Source Voltage VGS 120 Vde
TS
Drain Current — Continuous ip 15 Adc A
— Pulsed Ibm 70 ¥
i Total Power Dissipationw Tc 26C Pp 250 Watts 5 (2
Derate above 25 C 2 wrC n
Operating and Storage Temperature Range TJ. Tsig 65 to 160 C
THERMAL CHARACTERISTICS
CASE 197A-01
Thermal Resistance — Junction to Case RuJC 05 cw TO-204AE
— Junction to Ambient ROJA 30
s Maximum Lead Temperature for Soldering T 275 “C
Purposes, 1 8" from case for & seconds

s — The Designer’'s Data Sheet permits the design of most circuits entirely from the information presented.

Designer’s Data for “Worst Case” Condition
e charactenstics — are given to facilitate “worst case” design.

SOA Linit curves — representing boundaries on devic

#

MOTOROLA TMOS POWER MOSFET DATA
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MTM15N35, 40

ELECTRICAL CHARACTERISTICS (T¢ -~ 25°C unless otherwise noted)

L Characteristic Symbol Min Max ' Unit
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage V(BR)DSS Vdce
(Vgs 0.Ip = 0.25 mA) MTM15N35 350 —
MTM15N40 400 —
Zero Gate Voltage Drain Current Ipss mAdc
(Vps = Rated Vpgs. Vgs = 0) - 0.2
(Vpg ~ 0.8 Rated Vpgs. Vgs = 0, Ty = 125°C) - 1
Gate-Body Leakage Current, Forward (VGSF = 20 Vdc, Vpg = 0) IGSSF - 100 nAdc
Gate-Body Leakage Current, Reverse (VGgR = 20 Vdc, Vps = 0) IGSSR — 100 nAde
ON CHARACTERISTICS*
Gate Threshold Voltage VGSith) Vdc
(Vps = Vgs. Ip = 1 mA) 2 45
Ty = 100C 1.5 4
Static Drain-Source On-Resistance (VGs = 10 Vde, Ip = 7.5 Adc} 'DS{on) — 03 Ohm
Drain-Source On-Voltage (Vgg 10 V) VDS(on) Vdc
{Ip = 15 Adc) — —
{Ip = 7.5 Adc, T = 100°C} - -
Forward Transconductance (Vpg = 15V, Ip = 7.5 A} 9Fs 6 — mhos
DYNAMIC CHARACTERISTICS
Input Capacitance tVps = 25 V. Vgg = 0, Ciss - 3000 pF
Qutput Capacitance t = 1 MHz} Coss — 500
Reverse Transfer Capacitance See Figure 11 Crss — 200
SWITCHING CHARACTERISTICS* (T;  100°C)
Turn-On Delay Time tdion) — 60 ns
Rise Time (VDD = 25V, Ip = 0.5 Rated Ip i - 180
I Rgen = 50 ohms)
Turn-Off Delay Time See Figures 9, 13 and 14 1d{otf) - 450
Fali Time i ol 180,
Total Gate Charge (Vps = 0.8 Rated Vpss, Qg 110 {Typ) 160 nC
Gate-Source Charge Ip = Rated Ip, Vgg = 10V) Qgs 50 (Typ) —
Gate-Drain Charge See Figure 12 Qg 60 (Typ) —
SOURCE DRAIN DIODE CHARACTERISTICS*
Forward On-Voltage {l = Rated Ip Vsp 1.3 (Typ) I 1.6 l Vde
Forward Turn-On Time Vgs = 0) ton Limited by stray inductance
Reverse Recovery Time ter 1200 (Typ) l — , ns
INTERNAL PACKAGE INDUCTANCE
Internal Drain Inductance L4 5 (Typ) — nH
{Measured from the contact screw on the header closer
to the source pin and the center of the die)
internal Source Inductance Lg 12.5 (Typ) —
(Measured from the source pin, 0.25” from the package
<10 the source bond pad)

*Pulse Test' Pulse Width ; 300 us, Duty Cycle = 2%.

3-536
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TYPICAL ELECTRICAL CHARACTERISTICS
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MTM15N35, 40

SAFE OPERATING AREA INFORMATION

100
T 80
=5 ~= 10 us F
N T
e e B DR e . s e TR 2
E +— > -, \# \7\ 100 s 4441 g &
) £ b 1ms 2
=4 = =S £ 50
& 10ms 5
S b= — - TYPICAL ipg(on LIMIT X g
2 [T PACKAGE LIMIT BT 4
S L ——— THERMAL tmIT AN 2w
o s s 0 0 55 e =]
e F o & Ty = 150°C MTMI5N35 —=
F 1c = 25°C £ 2
Vg = 20V, SINGLE PULSE MTMI5N40
T MIMISNSS o—H 10
o T T T T MIMISNe0 4 ) )
T2 4 B0 20 40 8O0 200 400 1000 h % 0 o 200
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS)
Figure 7. Maximum Rated Forward Biased Figure 8. Maximum Rated Switching
Safe Operating Area Safe Operating Area
FORWARD BIASED SAFE OPERATING AREA The power averaged over a complete switching cycle
The FBSOA curves define the maximum drain-to- must be less than:
source voitage and drain current that a device can safely T - T
handle when it is forward biased, or when it is on, or RaJC
being turned on. Because these curves include the limi-
tations of simultaneous high voltage and high current, =
up to the rating of the device, they are especially usefu! 500 . dloff
to designers of linear systems. Thé curves are based on — 2 i 1
a case temperature of 25°C and a maximum junction tem- 20001— o P — 4
perature of 160°C. Limitations for repetitive pulses at var- 1000 ," ; 154 L I a5t
ious case temperatures can be determined by using the z V[:)D 2'25‘/ H— =
thermal response curves. Motorola Application Note, ‘g' C Vgs = 0V :d‘l H
AN56, “Transient Thermal Resistance-General Data and E 0 t /l A A fon}
. . . . . -~
lts Use” provides detailed instructions. 100 L ! P %
SWITCHING SAFE OPERATING AREA =
The switching safe operating area (SOA) of Figure 8 is 20 "1
the boundary that the load line may traverse without in- 10
curring damage to the MOSFET. The fundamental limits 1 10 30 5 100 300 500 1k
are the peak current, Ip\ and the breakdown voltage, RG, GATE RESISTANCE (OHMS)
V(BR)DSS- The switching SOA shown in Figure 8 is ap-
plicable for both turn-on and turn-off of the devices for Figure 9. Resistive Switching Time Variation
switching times less than one microsecond. With Gate Resistance
1 T T T =T T
¥ } H—
o D =05 : Rgyclth = rit) Rgyc 1
28 } =anbi S“cﬁnlgm%:mwm 1]
I8 — L
zZ2 , D=02 -—-f// PULSE TRAIN SHOWN ]
£ g I LT READ TIME AT 1; ]
£2 o D=0 = Tiipk = Tc = Py Reuclt) L]
oW HH
= .1 14
E £ 005 aay
=H A INGLE PULSE B8l
a2 ey 13 f-— 11
17} 1
ot DUTY CYCLE, D = tyy
01 1 10 100 1000 10000
£, TIME ims}

Figure 10. Thermal Response
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10000 "
B 474
5 Vps = 100V
8000 1) = 25°¢C ) o ///
y= % = sovi—A4//
= Vg5 = 0 = 7
=] ] 400V
& 6000 e
g 5 " /4
: :
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% 4000 § :
e
¢ [—Vps=0 $2 Ip=154A
2000 Cuss 3 2]
o
L S COSS 4
| == .
— 0
0 0 W15 0 25 0 0 a 80 120 160 200

0 -
Vs =——f— Vs Qg, GATE CHARGE (nC)

GATE-TO-SOURCE OR DRAIN-TO-SOURCE VOLTAGE {VOLTSI

Figure 12. Gate Charge versus

Figure 11. Capacitance Variation
Gate-to-Source Voltage

RESISTIVE SWITCHING

Voo
|- lon —= toff
Vin R {gion} —— i tg(ot} —] -t
Y
Vout = 0%
OUTPUT, Vour
PULSE GENERATOR ouT INVERTED
r———"Fi - =504 _H-10% c
| Rgen
| 50 {} | S s P 90%
! : o INPUT, Vi 50% 50%
[ W 7 ..]_ 0
= PULSE WIDTH =
Figure 13. Switching Test Circuit Figure 14, Switching Waveforms
OUTLINE DIMENSIONS .

A NoTLS
s 1 DIMENSIONS 0 AND U AR DATUMS
—~C AND T 1S BOTH A DATUM AND
l SUATING PLANE
ﬁ ) 2 POSITIONAL TOLLRANCL [DR HOLL © |
Ll Gl100]
3 POSITIONAL TOLERANCE 1R LEADS
| R ES ] 0002 G[1 ]2 O[5 &) s
E b 4 DUATNSIONING AND TOI{RANCING 6| 109285
o AR PIR Y145, 1987 546 BSC
9 ok RN
F 4 CONTROLLSNG DIMINSIDN INCH ___l,__,_',_“ |_7 ‘_5___ _‘LV 4504
B, 4] 408 j0151 {0161
1= R 175153661 ] 0830 ] 1.050
U | 384 «08 1018110160
[ 2 u STYLE 3
O PIN 1 GAYL
; i 2 SOURCE
" i G CASE DRAIN
CASE 197A-01
I b . TO-204AE
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ICL8038

ICL8038
Precision Waveform
Generator/Voltage
Controlled Oscillator

Note: Ali typical vaiues have been guaranteed by characterization and are not tested.

ol

r—

hel
PR
GENERAL DESCRIPTION FEATURES -
The ICLB038 Waveform Generator is a monolithic inte- & Low Frequency Drift With Temperature N
grated circuit capable of producing high accuracy sine, — 250ppm/°C "
square, triangular, sawtooth and pulse waveforms with a & Simultaneous Sine, Square, and Triangle Wave &
minimum of external components. The frequency (or repeti- Outputs ;;'
tion rate) can be selected externally from .001Hz to more ® Low Distortion— 1% (Sine Wave Output) j
than 300kHz using either resistors or capacitors, and ® High Linearity — 0.1% (Triangle Wave Output) .
frequency modulation and sweeping can be accomplished ® Wide Operating Frequency Range — 0.001Hz to
with an externa! voltage. The ICLB038 is fabricated with 300kHz A
advanced monolithic technology, using Schottky-barrier @ Variable Duty Cycle — 2% to 98%
diodes and thin film resistors, and the output is stable over a o High Level Outputs — TTL to 28V -
wide range of temperature and supply variations. These ® Easy to Use —Just A Handful of External -
devices may be interfaced with phase locked loop circuitry Components Required e
to reduce temperature drift to less than 250ppm/°C. e
. s oug
ORDERING INFORMATION ‘ 2
PART NUMBER STABILITY TEMP. RANGE PACKAGE - .
1CLB038CCID 250ppm/°C typ 0°C to +70°C CERDIP
ICLB038BCID 180ppm/°C typ 0°C to +70°C CERDIP
ICLBO3BACJID 110ppm/°C typ 0°C to +70°C CERDIP T, *
ICL8038BMJD* 350ppm/°C max ~55°C to +125°C | CERDIP vy,
ICLBO3BAMJD" 250ppm/*C max -55°C 10 +125°C CERDIP =
i 1CL8038/D - 3 —_ ; DICE** )
*Add /883B to part number if 883 processing is fequired. i Q.
**Parameter Min/Max Limits guaranteed at 25°C only for DICE orders. }T‘
iy
vt R B
¢
CURRENT
SOURCE COMPARATOR
” M ” N
LR ) SINE WAVE . 2l .
{2 COMPARATOR - s e !
CT P SINE ng'rs E NC t
TRIANGLE 3 ha SINE WAVE
ouT ICL8038 ADJUST
Padpainl 11} v OR GND }
CURRENT g FREQUENCY
URRENT FLIP-FLOP aosust |[B Z"'“P':‘g"oﬂ ‘
” SOUARE WAVE -
: ! V" or GND v ) our
I n FM > o] FM sweep
J‘ BIAS INPUT :
BUFFER BUFFER I ConiERTER coorte *
inn SV LY/ ¥
BDOO730t ;
Figure 1: Functional Diagram Figure 2: Pin Configuration .
(Outline dwg JD) .
g
i
A
§
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|IcL8038
ABSOLUTE MAXIMUM RATINGS

il Voltage (V™ to V¥)
sowet OissipationtV
wput Voltage (any pin)
ggut Current (Pins 4 and 5)
putput Sink Current (Pins 3 and 9)

BINTERSIL

............ -65°C to +150°C

Storage Temperature Range
Operating Temperature Range:

8038AM, BO38BM.................. -55°C to +125°C
8038AC, 8038BC, 8038CC ....... ...0°C to +70°C
Lead Temperature (Soldering, 10seC) ................. 300°C

enenes above those listed under Absolute Maximum Ratings may cause permanent damage to the device. Thase are stress ratings only, and functional
=+ation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure 1o
o wiule maximum rating conditions for extended periods may afiect device reliability.

wOTC 1: Derate ceramic package at 12.5mW/°C for ambsent temperatures above 100°C.

ELECTRICAL CHARACTERISTICS (vsyppLy=*10V or +20V, Ta = 25°C, Ry = 10kS2, Test Gircuit Unless

cmerwise Specified)

8038CC 8038BC(BM) 8038AC(AM)
! SYMBOL GENERAL CHARACTERISTICS UNIT
MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX
P oVLUPPLY Supply Voltage Operating Range
} v? Single Supply +10 +30 +10 30 +10 30 v
oV Dual Supplies 15 215 | %5 115 | 25 15 v
; uPPLY Supply Current (VsyppLy = * 10V)12) . '
! 8038AM, B038BM 12 15 12 15 mA
I' 8038AC, 8038BC, 8038CC 12 20 12 20 12 20 mA
{fREQUENCY CHARACTERISTICS (all waveforms) 4 !
tmay Maximum Frequency of Oscillation 100 100 100 | kHz
fywoep Sweep Frequency of FM Input 10 10 10 kHz
Sweep FM Range(® 35:1 3511 35:1
FM Linearity 10:1 Ratio 05 0.2 0.2 | %
. i i (5)
dear | e O il
X 8038 AM, BM, -55°C to 125°C 350 250
Mav (Fg:""’g:;ps"'co‘,’;’;g‘e 5’;‘::2;)%""99 0.05 0.05 0.05 %IV
OUTPUT CHARACTERISTICS
Square-Wave
log k Leakage Curreni (Vg = 30V) 1 1 1 HA
i Vsat Saturation Voltage (lsink = 2mA) 0.2 0.5 0.2 0.4 0.2 0.4 v
4 Rise Time (R = 4.7kQY) 180 180 180 ns
y Fall Time (R = 4.7k§2) 40 40 40 ns
D Typical Duty Cycle Adjust (Note 6} 2 98 2 98 2 98 %
Triangle/Sawtooth/Ramp
VIRANGLE Amplitude (RTR; = 100kSY) 0.30 | 033 030 | 0.33 030 | 0.33 XVsuppLY
Linearity 0.1 0.05 0.05 %
ET Output Impedance {loyt = 5mA) 200 200 200 Q
Sine-Wave
| Veing Amplitude (Rging = 100kS2) 0.2 0.22 0.2 0.22 0.2 0.22 XVSuPPLY
THD THD (Rg = 1M} 2.0 5 15 3 1.0 15 %
THD THOD Adjusted (Use Figure 6} 1.5 1.0 0.8 %
NOTES: 2. Ra and Rg currents not included.
3. VsuppLy = 20V: Rp and Rg = 10k, { = 10kHz nominal can be extended 1000 to 1. See Figures 7a and 7b,
4. 82kSY connected between pins 11 and 12, Triangle Duty Cycle set al 50%. (Use Ra and Rg.) N
5. Figure 3, pins 7 and 8 connected, VgyppLy = * 10V. See Typical Curves for T.C. vs VsupPLY.
5-73
Note: Al typical values have been guaranteed by characterization and are not tested.
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8
] TEST CONDITIONS
-
PARAMETER Ra 2] RL Ci SW;4 MEASURE : <
Supply Current 10L02 10kQ 10kQ2 3.3nF Closed Current into Pin 6 ‘:\
. T —
Sweep FM Range(!) 10kQ 10k 10kQ 3.3nF Open Frequency at Pin 9 .
Frequency Drift with Temperature 10k2 10k2 10k 3.3nF Closed Frequency at Pin 3 e
Frequency Drift with Supply Voitage™ 10k$2 10k 10k$2 3.3nF Closed  |-Frequency at Pin © . ...
Output Amplitude: Sine 10k§2 “10kQ2 10k2 3.3nF Closed Pk-PK oulput at Pin 2 * & 4]
(Note 4) Triangle 10k 10k 10kS2 3.3nF Closed | Pk-Pk output a1 Pn 3 ]
Leakage Current (off)®) 10k 10kS2 3.3nF Closed | Current info Pin 9 _T‘ 1
Saturation Vohiage (on)® 10k 10802 i 3.3nF Closed | Output (low) st Pin 9 - ="
Rise and Fall Times (Note 5) 10k 10k2 4.7k 3.3nF Closed Waveform at Pin 8 By
Duty Cycle Adjust  |MAX 50k52 ~1.6k$2 10k§2 3.3nF Closed Wavelorm at Pin 8~ |
{Note 5) MIN ~25k8 50kS2 10k§2 3.3nF Closed | Waveform at Pin-®  lcee |
Tnangle Waveform Linearity . 10k 10k2 10k52 3.3nF Closed Waveform at Pin 3
Total Harmonic Distortion 10kQ2 1082 10k§2 3.3nF Closed Waveform at Pin 2 ]
i NOTES: 1. The hi and lo frequencies can be obtained by connecting pin 8 to pin 7 (fn) and then connscting pin 8 to pin 6 (fjo). Othenmse

lpply Sweep Voltage at pin 8 (2/3 VsyppLy +2V) S Vsweep € VsuppLy where VgyppLy is the total supply voltags. in Flgure 7b P
pin 8 should vary between 5.3V and 10V with respect to ground. Fy
2. 10VEV?Y €30V, or 5V S VgyuppLy < 215V,
3. Oscillation can be halted by forcing pin 10 to +5 volts or -5 volts.
4. Output Amplitude is tested under static conditions by forcing pin 10 to 5.0V then to ~5.0V.

M 5. Not tested; for design- purposes only.

DEFINITION OF TERMS:

Supply Voltage (VsuppLy). The total supply voltage from
V toV A Rp.

h |

Supply Current. The supply current required from the o &
power supply to operate the device, excluding load currents '
and the currents through Ra and Rp.

Frequency Range. The frequency range 2! the square 4
wave output through which circuit operation is guaranteed.
Sweep FM Range. The ratic of maximum frequency to
minimum frequency which can be obtained by applying a
sweep voltage to pin 8. For correct operation, the sweep
voltage should be within the range X .

3

s iCL8038

(2/3 VsyppLY *+ 2V) < VSWEEP < VSUPPLY ..I.c‘ -

FM Linearity. The percentage deviation from the best-fit -

straight line on the control voltage versus output frequenc 5 .
. cuwg‘ : * Figure 3: Test Circuit

Output Amplitude. The peak-to-peak signal amplitude

appearing at the oytputs.

Saturation Voltage. The output voltage at the collector of
' Qo3 when this transistor is turned on. It is measured for a

sink current of 2mA.

Rise and Fall Times. The time required for the square wave

output to change from 10% to 80%, or 90% to 10%, of its \

final value. ]

Triangle Waveform Linearity. The percentage deviation

from the best-fit straight line on the rising and falling triangle

waveform.

Total Harmonic Distortion. The total harmonic distortion

at the sine-wave output.
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Note: All typical values have been guaranteed by characterization and are not tested.
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Square-Wave Duty Cycle—50%

\
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WF015001 -

Square-Wave Duty Cycle—80%

Figure 4': Phase Relationship of Waveforms -

DETAILED DESCRIPTION
(See Figure 1)

An external capacitor C is charged and discharged by two
current sources. Current source #2 is switched on and off
by a flip-flop, while current source #1 is on continuously.
Assuming that the flip-flop is in a state such that current
source # 2 is off, and the capacitor is charged with a current
I, the voltage across the capacitor rises linearily with time.
When this voltage reaches the leve! of comparator #1 (set
at 2/3 of the supply voltage), the flip-flop is triggered,
changes states, and releases current source #2. This
current source normally carries a current 2i, thus the
capacitor Is discharged with a net-current | and the vollage
across it drops linearly with time. When it has reached the
level of comparator #2 {set at 1/3 of the supply voltage),
the the flip-flop is triggered into its original state and the
cycle starts again.

Four waveforms are readily obtainable from this basic
generator circuit. With the current sources set at I and 21
respectively, the charge and discharge times are equal.
Thus a triangle waveform is created across the capacitor
and the flip-flop produces a square-wave. Both waveforms
are fed to buffer stages and are available &t pins 3 and 9.

The levels of the current sources can, however, be
solected over a wide range with two external resistors.
Therefore, with the two currents set at values different from
I and 2l, an asymmetrical sawtooth appears at terminal 3
and pulses with a duty cycle from less than 1% to greater
than 99% are available at terminal S.

The sine-wave is created by feeding the triangle-wave
into a non-linear network (sine-converter). This network
provides a decreasing shunt-impedance as the potential of
the triangle tmoves toward the two extremes.

WAVEFORM TIMING

The symmetry of all waveforms can be adjusted with the
external timing resistors. Two possible ways to accomplish
this are shown in Figure 5. Best results are obtained by
keeping the timing resistors Ra and Rp separate (a). Ra

controls the rising portion of the triangle and sine-wave
the 1 state of the square-wave. )
The magnitude of the triangle-waveform is set’at
VsuppLy; therefore the rising portion of the triangle
Cxv Cx’/SXVsuppLyxRA 5 .
= 7 = — RAxC

! 75 x VSUPPLY 3 77
The falling portion of the triangle and sine-wave and |
state of the square-wave is: N

4=

CcxV Cx1/3 VsyppLY 5 RAi

tp= - -——
: 2 VsupLy 1 Vsuppiy 3 2R
5 R " Ra 5

Thus a 50% duty cycle is achieved when Ra = Rp.

If the duty-cycle is to be varied over a small range 8
50% only, the connection shown in Figure 5b is sli
more convenient. If no adjustment of the duty cyc
desired, terminals 4 and 5 can be shorted togethe!
shown in Figure 5c. This connection, however, cause
inherently larger variation of the duty-cycle, frequency,

With two separate timing resistors, the frequency is ¢

ty+t2 5 Rg
—RaCl1+ ———
2RA - Rp
or, if Ra=Rg=R
f 03 (for Fi 5a)
=— (for Figure >a
RC 9

If a single timing resistor is used (Figure Sc only)
frequency is

Note: All typical values have been guaranteed by characterization and are not tested.

0.15
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V™ or GND Y~ ot GND

¥~ or GND
LEDI050!

Figure 5: Possible Connections for the External Timing Resistors

10010601 LCOI07

leither time nor frequency are dependent on supply
voltage, even though none of the voltages are regulated
mside the integrated circuit. This is due to the fact that both
currents and thresholds are direct, linear functions of the
supply voltage and thus their effects cancel.

To minimize sine-wave distortion the B2kS§l resistor

tween pins 11 and 12 is best made variable. With this
enangement distortion of less than 1% is achievable. To
reduce this even further, two potentiometers can be con-
nocted as shown in Figure 6; this configuration allows a
typical reduction of sine-wave distortion close to 0.5%.

===

1CL8038 s—oAN

10 1 12 12 ———-o’\f\} 10k
-]'c 1oom
100k1)
V" o1 GND
LCO10801

Figure 6: Connection to Achieve
Minimum Sine-Wave Distortion
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SELECTING Rp, Rp and C

For any given output frequency, there is a wide range of
RC combinations that will work, however certain constraints
are placed upon the magnitude of the charging current for

optimum performance. At the fow end, currents of less than
1uA are undesirable because circuit leakages will contribute
significant errors at high temperatures. At higher currents
(I > 5mA), transistor betas' and saturation voltages will
contribute increasingly larger errors. Optimum pedormance
will, therefore, be obtained with charging currents of 10pA
to 1tmA. If pins 7 and 8 are shorted together, the magnitude
of the charging current due to Ra can be calculated from:

Ryx(vt-v7) 1 (vt-v7)
JANC S Yow FEY "7
(Ry + R2) Ra 5RaA

A similar calculation holds for Rp.

The capacitor value should be chosen at the upper end
of its possible range.

WAVEFORM OUT LEVEL CONTROL AND
POWER SUPPLIES

The waveform generator can be operated either from a
single power-supply (10 to 30 Volts) or a dual power-supply
(£5 to *15 Volts). With a single power-supply the average
levels of the triangle and sine-wave are at exactly one-half
of the supply voltage, while the square-wave alternates
between V' and ground. A split power supply has the
advantage that all waveforms move symmetrically about
ground.

The square-wave output is not committed. A load resistor
can be connected to a different power-supply, as long as
the applied voltage remains within the breakdown capability
of the waveform generator (30V). In this way, the square-
wave output can be made TTL compatible (load resistor
connected to + 5 Volts) while the waveform generator itself
is powered from a much higher voltage.

Note: All typical values have been guaranteed by characterization and are not tested.
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