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ABSTRACT

THIS THESIS 1S ABOUT HOW TO CONVERT ENERY FOR USE IN
ELECTRONICS POWER SUPPLY. AT FIRST, AC VOLTAGE WILL BE CHANGED
BY RECTIFIER CIQCUITS TO DC VOLTAGE, BEING CHANGED AGAIN BY
SIWTCHING DEVICES, POWER MOSFETS, TO HIGH FREQUENCY SQUARE WAVE
RUNNING INTO HIGH FREQUENCY TRANFORMER, CONNECTING SECONDARY

WITH RECTIFIER CIRCUIT TO DC VOLTAGE AGAIN.
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MTMSP0S, MTMsP10
MTP8POS, MTPP10

(Formerly MTM/™MTP 814, 815)

TMOS POWER FIELW EFFECT TRANSISTOR

converters, solenoid and relay drivers,
¢ Silicon Gate for Fast Switching Speeds — Switching Times
Specified at 100°C

® Designer's Datg — Ipss., VDS(on). VGSsith) and SOA
Specified at Elevated Temperature .

® Rugged — S0A is Power Dissipation Limited

® Source-to-Drain Diode Characterized for Use With
Inductive Loads °

P-CHANNEL ENHANCEMENT MODE siLicon GATE

These TMOS Power FETs gre designed for low voltage, high
speed power switching applications such as switching regulators,

@ MOTORCO

8.0 AMPERE

P-CHANNEL TMOS
POWER FET

fDS(on) = 0.4 OHMS
80 and 100 vOLTS

MTMBPOS

MTMBPI10

STYLEY:
P, Garg
2. sounce
CASE DA
j PULMLTEAS ) nCwEs
NN v
e er
-
CASE 1.04 s o
TO-204A4 N e
(ro-3 TYPE’ : T u” 1 rn. I
I 1)
MAXIMUM RATINGS . L LN Y
MTe2Po8 | MTMBPI0 e
Ruting Symbot MTPBPOS MTPEBP1O Unit
Drain-Source Vohage Vpss Vde 5
- ——
Drain-Gate Vohage (RGs=1.0 MO VoGr Vde MTP8POB
Gate-Source Voltage e VGs 220 Vdc MTPgPi0 =
Drain Current Ade -
Continuous Ip 8.0 STYLE §: ?
L . PN 1 patp
vised ‘om 25 ] 2. pRam ]_
Gate Current — Pyiseg Im 15 Adc 3. sousce
e 4. Dham , N
Total Power Pp 75 Wans i
Dissipation @ Tc = 25°C . )
Derate above 250¢ 06 wrec CASE 2214.02
Operating and Storage LA L ~6510 150 °C T0-220A8
Temperature Range
THERMAL CHARACTERISTICS o S ] e
Ea) A
Thermal Resistance Rgac 1.67 . °crw - s
Junction 10 Case - 7
S — [ [ I, 14
Maximum Leag Temp. for T 278 *c T =
Soldering Purposes, 1,8+ e ] Ve
from case for 5 seconds H
M i X
,' T )
Designers Dsta for ““Worst Case” Conditions ; L
The Designer’s Data Shegt Permits the design of most Circuits entirely from the { &
nformation Presented Limitdaty — representing device characteristics boundaries — are »an =

iven 1o {acilizate “worg: €2s0" design,

MOTOROLA TMOS POWER MOSFET DATA
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Hh
|

ELECTR’CAL CHARACTER!ST!CS (Tc ® 25°C unless otherwise noved) .
lviihedi
Characterisse I Symbot |- Min T Max .| unk ]
o
OFF CHARACTERISTICS .
Drain-Source Breakdown Vohisge | V(SRIDSS Vde
VG =0.1p* 50 mA) MTMBPOB/MTPEPOS 80 -
MTMBP10/MTPBP10 100 —_
|
Zero Geie Voltage Drain Cumnt pss . mAds
(Vps = 0.E5 Raed VDSS- Vs 0) - 0.25
Ty=100°C - . - 25
Gate-Body Leekage Current . Igss - 500 nAde
{VGs ® 20 Vde. Vpg* 01" - R -
ON CHARACTERISTICS®
[Gate Threshold Volisge VGSsih) Vde
ip* 1.0mA Vps*=VGs) ~ . 20 &5
Ty 100°C - 1.5 4.0
Drain-Source On-Valiage (VGS ® 10 Vi VpSton) ~ Vdc.
{ip® 4.0 Adc) L i . — 16 - -
i (lo* B8OAd) ...~ S aoul i . _ . 48 Ces
upsaomc.unoo'q T . - - 20 Y.
Static Drain-Source On- Resistance 1o S(on) - 04 Ohms
(VG = 10 Vdc, Ip= 4.0 Adc) : :
Forward Transconduciance - : ois 20 - . mhos
NDsB‘ISVID!lOA’ .
SAFE OPERATING AREAS X
Forward Biased Safe Operating Ares " FESOA 7 See Figure 13
Switching Safe Operating Area & SSOA See Figure 14
DYNAMIC CHARACTERISTICS Y .
Input Capacitance - E . Ciss —_ 1200 oF
Output Capecitance (Vpg=25V.Vgs* 0, 1= 1.0 MHz2) Coss - 600 pf
Reverse Transies Capacitance Ciss - 180 oF
SWITCHING CHARACTERISTICS® (Ty= 100¢C)
Turn-On Delsy Time tdion) — 80 ns
Rise Time (Vps=25V.1p* 40 A, [ - 150 ns
Turn-Otf Delay Time Roen® 50 ohms) tdiotl) — 200 ns
_‘ Fali Time . = 1 — 150 ns
. SOURCE DRAIN DIODE CHARACTERISTICS® :
Characteristic Symbol Ty> Unit
Forward On-Voliege g 8O0A 2 Vsp 1.3 vde
Forward Turn-On Time -~ Vgst0 ton 250 ns
Reverse Recovery Time tre 328 ns

*pulse Test: Pulse Woath €330 ,8, Duty Cycie £2%.

; RESISTIVE SWITCHING
FIGURE 1 — SWITCHING TEST CIRCUIT FIGURE 2 — SWITCHING WAVEFORMS

) - ton o Totf o
| taion) | || ¥ o) — F".
- °0%

out
Output. Vour 10% h
——d
L "
< b0t Input, Vi
—10% .
}-s— Pulse Width——¢
"-.'? \50&

2

L--_;---

| SR

C:183 5




MTM/MTP8POS, 10

TYPICAL CHARACTERISTICS

: . SIS s

FIGURE 3 OUTPUT CHARACTERISTICS FIGURE 4 — ON-REGION CHAFiACTERISTICS

y . 0
B Age v | ? | BY ¥y ’
1 v poarrnrt .
/ _r ;= 25°C P Ty=25°C // e ;
I g 7 1 £ e % -
z Vgs = 8.0 Voits < // Ve Vgs = 8.0 Vohs !
= £ /
E nlH~ & n -~
N/ £ Y-
B 1v = /A/ _ v
E 80 2 0 -
S o 8" WA o
£ 3 < /-
40 /L v . ag A -
s 1 L
X 4y
] 1 0
0 10 20 30 40 50 0 20 40 80 80 0w oo 1
Vg5, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vg5, ORAIN-TO-SOUACE VOLTAGE (VOLTS}
FIGURE § — GATE.THRESHOLD VOLTAGE .
VARIATION WITH TEMPERATURE
# 1 FIGURE 6 — TRANSFER CHARACTERISTICS
. g 4 y 28
‘ : Vos = Vs - -
g 1= 1.0mA
EE . 2 r £
§ 30 ) A
wv
a 28 e [ /1/
§ 26 i 'y Ty=-§5°¢C -
“ 4 _— o x.
b ~— s 25 5 7
z 24 —~— g 100°C T—r7/—1/
£ n I 3 4 /Y A
t « \ E4 / /
g20 2 /7
= S go}—t Vos=20V . -
RRE) - /474
P ~ 4.0 g
i S0 -2 0 25 5 15 100 125 180 ]
: T, JUNCTION TEMPERATURE (°C) N |
- 0 20 40 68 80 10 12 "
v Vs GATE-TO-SOURCE VOLTAGE (VOLTS)
4 FIGURE 7 — ON-VOLTAGE versus TEMPERATURE FIGURE 8 — CAPACITANCE VARIATION
& 10 T —T 2000 — l l .
’§ p— lp=204 n { -
- : 1600 Ty= 25°C
2 1 L = 4t Ves= 0V
g ] wa g1 1= 1.0 e
= = L 2 m :
" Y 10 " ‘ J // 40A E ‘
: [ -
2 FH : : 3 800 AN - -
K E I AN ;
y a 02 Vgs=15V 400 \ B Coss
13 g ‘]l . ‘T‘
RS
. Crus .
b g 1 1 0 } ,
. -60 40 -20 0 20 40 60 80 100 120 o 10 20 30 40
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TYPICAL CHARACTERISTICS
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EIFURE $ — ON-RESISTANCE versus

v DRAIN CURRENT FIGURE 10 — ON-VOLTAGE VARIAT|Ohi
e 056 - .
3 VGS IHIV E : ! ! ‘
;- M =3 ]
g;ﬂ.ll E g_ 10 =Ty = 25°C
22 a0 -2 A
28™ “"’"ﬂ:unoc = a0 2alea_jeal 4 Ig=20 A4
(=] s
EZ0m g \
= » - S 60
22 024 — H N\
£~ 25°¢C e
ZZ = a0
£° 016 | £ N
1 p -55eC H
0.08 2 20
£ M
0 0
0 48 10 12 16 20 4 20 490 6.0 88 10 12 14
i, DRAIN CURRENT (AMPS} ves GATE-TO-SOURCE VOLTAGE (VOLTS)
THERMAL RESPONSE
FIGURE 11 — MTM8P08/MTMS8P10
19
i e ¥ P s o = =
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w g 4 L s s !
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TYPICAL CHARACTERISTICS

FJ:GU!\EQ—ON-RES'STANCE versus -
. DRAIN CURRENT FIGURE 10 — ON-VOLTAGE VARIATION

~- D56 " . -
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FIGURE 11 — MTMBPO8/MTMSP10 ’
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‘- R . 4N25,4N25A - | |
—@ MOTOROLA 17 4N26 e}
' - . 4N27

4N28 . -

NPN PHOTOTRANSISTORS AND . | - -
. PN INFRARED EMITTING DIODES . - T a e
... gellium arsenide LED optically coupled to silicon phototran- ©l A R
sistors designed for applications requiring electrical isolabdn; .. - OPTO
high-current sfer ratios, small package size and low cost; suchi-. . ° i
s interfacing and coupling systems, phese and feedback controls, COUPLER/ISOLATOR *~ -
solid-state relsys and general-purpose swilchlng circuits. ' .
® High Isolstion Volage — ® Excell y Response — TRANSISTOR OUTPUT ’
Visg = 7500 V (Min) 300 kM2 (Typ) >
® Fast Switching Times @ Ic = 10 mA
o High Collector Output Current ton = 0.87 us (Typ) — 4N35,A4N28 4
€= 10mA— 2.1 ps (Typ) — aN27.4N28
Ic = 5.0 mA (Typ) — &N25,A &N26 =Ly Y
2.0 mA (Typ) — AN27.4N28 toff = 11 us (Typ) — 4N25,A4N26 ~
y 5.0 s (Typ) — AN27.4N28 X
o Economical, Compact, Dual-in-Line ® 4N25A is UL Recognized
Package File Number £54915 H
*MAXIMUM RATINGS (T4 = 25°C unless otherwise noted). ¢
| Rating [ Symbol | Value [ Unit ]
. .. INFRARED-EMITTING DIODE MAXIMUM RATINGS 3
. b Volnge VR 30 Voits N
Forward Current — Continuous [ 80 mA [6) (s} [4]
[ Forward Current — Peak e 3.0 Amp I
Puise Wicth = 300 us, 2.0% Duty Cycle  ~ s DT B
Total Power Dissipation @ Tp = 25°C ’p 150 mw I 1
Negligble Power in Transistor i e
Derate above 25°C . 2.0 mw/C
R PHOTOTRANSISTOR MAXIMUM RATINGS
* lcotecror-Eminer Voltage k . VcEO . 307 Volts
" [Emitter-Coliector Voliage VECO 7.0 Volts
7, [Collector-Baee Voltage - Vceo 70 Vohs T
Tow! Device Dimsipation @ Tp = 2s°c Pp 150 + mwW
> INegligithe Powar in Diode © .-
Derate above 25°C 2.0 mW/C
F, i TOTAL DEVICE RATINGS
. [Totat Device Dissipation @ Ta = 25°C Pp 250 ¥ 2 ;. ::f»?gué . ’
Equal Power Dissipation in Each Element 3. NC .
Derate sbove 25°C : 33 mw/c & EMITTER
}'1 - [unction Tempersture Range . Ty -55 to +100 °c : :2;'5‘“1"
Storage Temperature Range Tsrg 55 10 +150 oS¢ NOTES:
t., Soldering Temperature (10 3} - 260 °c * 1. DIMENSIONS A AND B ARE DATUMS,

2. [T} 1S SEATING PLANE.
3. POSITIONAL TOLERANCES FOR LEADS:
013 (0. T [ A

4. DIMENSION L TO CENTER OF LEADS
. R + Figura t is boseg upon using limit. WHEN FORMED PARALLEL " Lo

- . - vatuss in the squstion: . 5. DIMENSIONING AND TOLERANCING PERE o T
. ANSIYILS 1872,

“lndiﬂ‘lu JEDEC Registered Data.

FIGURE 1 — MAXIMUM POWER DISSIPATION

Ts1-Ta=Reya iPpr ¢ Ko Pp2)| |

whees: . Inlumtnns INCHES
T4y Juncrion Tempersture {100°CH . Dimj Min | WAX | MIN_| MaX
Ta Ambient Temberstwre - .13

Rpga Junction 10 Ambient Thermal
Resi 1500°CW)

 Ppy Power Dissipaticn in One Chip

ol e '02 Povrer Dmmloﬁhm- Qa

With Ppy = < 90 mW in the LED
;@ Tp « 50°C, the traminior "t
Po (Ppimust be lews #han 80 mw




. - erra, ——

_ e | 4N25,4N25A - | .
NPN PHOTOTRANSISTORS AND ~ . . j — X
. PN INFRARED EMITTING DIODES — — —— PO
T Lo gallium ide LED ptically msilmonphotmnn- v s
. °  sistors designed for applicati q Jectrical isoladen, - OPTO
high-current fer ratios, small packag size and low cost; such ~. . : al
s interfacing and coupling :ysterns phese andfeedback controls, COUPLER/ISOLATO R
solid-state relays and general-purpose switching circuits. .'.j
® High Isolation Vohage — ® Excellent Frequency Response — TRANSISTOR OUTPUT ’
. Visp = 7500 V {Min) 300 kHz (Typ) » .
® Fast Switching Times @ Ig = 10 mA -~
¢ High Coliector Output Current ton = 057 s (Typ) — &N25 ALN26 ./
@i = 10 mA— 2.1 ps (Typl —~ 4N27,4N28 3
Ic = 5.0 mA {Typ) ~ ¢N25,A4N26 b8 LY "
20 mA (Typ) — anz7aNzs  ‘off = 11 w8 (Typl — dNZS AeNz6 A\,
5.0 us (Typ) — 4N27,.4N28 L%
® Economical, Compact, Dual-In-Line ® 4N2SA is UL Recognized
N Package File Number £54915 h
*MAXIMUM RATINGS (T 5 = 25°C unless otherwise noted). k
i Rating [ Symbol | Value |  Unr ]
. .. INFRARED-EMITTING DIODE MAXIMUM RATINGS 3
A lorzrse Volape VR 3.0 Voits
Forward Current — Continuous Ig B8O mA
1 Forward Current — Peak ) [ 30 Amp
Pulse Wichh = 300 us, 2.0% Duty Cycle ™ 3 7]
Total Power Dissipation @ Tp = 25°C Pp 150 mw M
" Neghyble Power in Tummor 1
Derste above 25°C 1 2.0 mw/rC
. PHOTOTRANSISTOR MAXIMUM RATINGS
, ICollecmr-Eminer Voltage - . Vceo . 30 Volts
E mitter-Coltector Voltage VECO 7.0 Volts
Collector-Base Voitege - Vceo 70 Volts b’
> |Tota! Device Dissipagion @ Tp = zs‘c Pp 150 » W
[Negligible Power inf Diode * N
Derate sbove 25°C 2.0 oW /C
TOTAL DEVICE RATINGS STYLE ):
» 3 . P 1 ANDDE .
- |Total Device Dissipstion @ T, = 25°C . L) 250 i 2 CATHODE
Equal Power Dissipation in Each E lement 1 WC
___Derame above 25°C : 33 W/rPc 4 EMITTER
i+ [unction Temperature Range ° Ty -55 10 4100 °c : :E;IE.ECTOII
Storage Temperature Range Tag | -5510+4150] ~ °C NOTES:
Soldaring Temperature (10 3) - 260 °c 1. DIMENSIONS A AND B ARE DATUMS.
“Indicates JEDEC Regi 2. [3) 15 SEATING PLANE.
A g Data. 3. POSITIONAL TOLERANCES FOR LEADS:
0@ T [ AmR@)
. FIGURE 1 - MAXIMUM POWER DISSIPATION 4, DIMENSION L YO CENTER OF LEADS
.. - . L. Figure 1 s Basad upon ining limit WHEN FORMED PARALLEL, Lo
Sl C . et values in the squetion: ) & DIMENSIONING AND TOLERANCING PER™ ot
§ I T)1-Ta=PRasa Poy+ e Poa)| | ANSI Y148, 1973, .
P e gy 0 where: MILLIMETERS|  INCHES
£, i T3y Junction T ot .. (ol uik | uax <y
i T Ta Ambient Tembersture (& ‘Tt:‘::_ LT
- Rgja Junction to Ambient Thermat i :IZ :_“
i Resistance (500°C/W) o 5041 ] 651
-' Py Power Dissipation in One Chip 02 | 118 ] l T BS
1 F P03 Powrer Disipation in Other Chip EWe c
5, 1" Ry Thermat Coupting Cuﬂ:m- 0100 0,150 |
S e - 20%) kR 10300 'SC
. KA . Example: |
Wah Py » 90 mW h the LED
® T4 » 50°C, the ronsinor”
Pp (Po2imust be fess than 50 mW.,
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—w—- TYPICAL ELECTRICAL CHARACTERISTICS
FIGURE 4 —~ FORWARD CHARACTERISTICS ’ FIGURE § — COLLECTOR SATURATION VOLTAGE
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FIGURE 4 — FORWARD CHARACTERISTICS
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FIGURE 6 —~ TURN-ON TIME
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FIGURE 5 - COLLECTOR SATURATION VOLTAGE
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. 4, Variable Duty Cy..le ~2%t098%
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-~ Controlled Osculator

fEATURES . GENERAL DESCRlPTiON

(e Low Frequency Drift Wlth 4ol The 8038 Waveform Generator is a monolithic integrated
o Temperature - 50p_meC Max circuit, capable of producing sine, square, triangular, saw-

s.multaneous Outputs— Sme Wave L ;f . 2" ‘=, _ tooth and pulse waveform of _high accuracy with a mini-
_mum of external components (refer to Figures 8 and 9 )

e Square Wave and Tnangl; 7 The frequency {or repemnon rate)'can be selected externally
‘ !,y'gh Level Outputs — T2L to 28V over a range from less than 1/1000Hz to more than TMHz
: 0 Low Distortion — 1% - . and is highly stable over a wide temperature and supply

X Hngﬁ Linearity — 0.1% ) voltage range. Frequency modulation and sweeping can be

Easy to Use — 50% Reductlon m External ¢e v Can be ‘programmed dngnally_ 1hrough the use of either;

“advanced” monolithic techno!ogy, such as thm fnlm res:stors

= and Schottky-barrier diodes... The 8038Vo!tage Controlled
Oscillator can be interfaced with phase lock loop cnrcum'y
to reduce temperature drift to below 50ppm/° C;

P

; Wfde Frequency ﬁange of Operatnon
f:b_OOin to 1.OMplal - 1T _ g ¥ ilxl &

an
i

ICL8038 Precision Waveform"
Generator.Voltage

accomplished with an external voltage and. the frequency-

CONNECTION DIAGRAM

COMPARATOR
=

COMPARATOR
comran

SINE WAVE
ADJUST

SINE WAVE
out

a.... TRIANGLE
ouT

. outy
CYCLE
FREQUENCY
AL IUST

<

y (L
FLIP FLOP . i5) LaEon
. . 8 e ] e e

3] £ SWEEP
INPUT .

"
-0 -Y o GND . o—mmeee

SINE
CONVERTER

TEMPERATURE RANGE: - STABILITY PACKAGE ORDER PART NUMBER

0°Cto+70°C . ~ ~  S50ppm/°Cityp DI ICL8038CCPD -
. omo+7oc=~ 'IOOpme Cmax. ~ ICL8038BCPD .

“*'_ 50ppml Cr_nax . ER AR AR -
2 J100ppin/"C ik “HermetéDIF ™~ ICL 8038 BM DD :

Hermetic DIP _ ICL 8038 AMDD *

n.resnsxors or. capacitors. . The Waveform Generator. utnllzes“
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! ¥ Low Distortion — 1%

' hngh Linearity — 0.1%
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0Q01Hz to 1.0MHz,, PSR
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ICL8038 Precision Waveform‘
Generator.Voltage.

Controlle_'d, Q§ol!lator

GENERAL DESCRIPTION

The 8038 Waveform Generator is a monolithic integrated
circuit, capable of producing sine, square, tmngu!ar saw-

_tooth and pulse waveform of high accuracy with a mini-
_mum of external components (refer to Figures 8 and 9 )

The frequency {or repeutlon rate) can be selected externally
over a range from less than 1/1000Hz to more than TMHz
and is highly stable over a wide temperature and supply
voltage range. Frequency modulation and,sweeping can be
accomphshed with an external voltage and the frequency-

. can be ‘programmed dngnally 1hrough .the use of enthe,r. _
.The Waveform Generator utnlnzes'~ i

resistors _or. capacitors.
advanced “fonolithic technology, such as thm fnlm resxstors

-} and Schottky-barrier diodes. - The 8038 Voltage Controlled .

Oscillator can be interfaced with phase lock loop cnrcumy
to reduce temperature drift to below 50ppm/® C.—

-.- 7
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CONNECTION DIAGRAM

SINE WAVE
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SINE WAVE T
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oo 5]
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;i\ BUFFER
x L.
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CONVERTER

——— BUFFER N 1 8

R 5 W'Q L.
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lGURE 1. BLOC-K DIAGRAM OF WAVEFORM GENERATOR
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Bias L1

STABILITY

TEMPERATURE RANGE:. ! PACKAGE ORDER PART NUMBER

_8038 ce 0°Cto +70°C "7 50ppm/°C typ DIP ICL 8038 CCPD -

: 803880 - 0°C1o+70°C =" i« 100ppm/"Cmax. . ;. DiP ICL 8038 BCPD ..
% 0°C16.470°C: % S0ppm/C max, . ‘7 DIP “ i% % it ICL 8038 AC PD;

'—55°c t‘o +125°C 47
~ [—-55°C'10 +125°C -

100 PomI°C max

Herrnet-c DIF - ICL 8038 BM oD

Hermetic DIP iCL 8038 AMDD *

R Y . A




. w1 N L. "
SupplyVoltage ...........:....'.".‘............................i18Vor36VTotal
: Power Dissipation - .....................750mW(Note5)
Input Voltage {any Pif) e.occoecerseroenpmenennes Not To Exceed Supply Voltages
'lnputCurrent(Pms-%andS) teeesies 25mMA
OutputSkaurrent(Pms:SandB)............... e ieveesseasvecsses 25MA
Storage Temperature Range ......%%.. ......................-65°Cto+125"c
Operating Temperature Range: ) - - ol
 BO3BAM, 803BBM ...eiioencianacsrananresenaroenees *.....—55’Cgo+1_25fg
1 8038AC, 80388C, 803800 creesiotecaes 0‘Cto+70'C-
LeadTemperature(Soldenng.wsec) 300°C

3 ::
Ta

™ R . . S -
A I R e
:CTRlCAL CHARACTERlSTlCS L .
10V or +20V TA = 25° C. Rl_ = 10 KQ. Unless Oxherwue Specified) Note 3.
ez ae
o, ey e e 2 L s 8033CC DR P 8033BC/BM il 3038ACIAM* 8
GENERAL CHARACTERISTI(_ZS M!N . .XYP MAX | MIN TYP MAX MIN TYP  MAX
. s.;poﬁ Volup Opunm. Range ..'.-. NS IR . :F- h .
Single Supply ™ *ue it -t ) #10a- 30 | 10 3 0
Dua! Supplies .8 =15 =5 315
'~ gupply Curfent (Vg™ 210V} Note 1 ‘_' 4 T o~ | 1T S .
€5384M, BO3SEM Vi 12 iH ity 12 18
BO36AC, B03SBC, BO3ECC 12 20 12 2 12 20
FAECUENCY CHARA TERISTICS lait wavelSiinsi
Manimum Frequency of Oscillstion 100,000 100,000 100,000
Sweep Fraguency of FM o0 B - T [ -
Sweep FM Range [Note 21 a0 01 T e ]
£M Linaarity 10:1 Patio oS y 0.2 G ‘ 01. -
Frequency Drift With Temderature . :
Note 6 0 - . 50 100 0 T %0
- Fregquency Drift W’-lh Suoply Voitage R ID)
(Over Supply Voltage Range) 005 % 0.05 0.05 k!
Recommended Programming ce e o % U (.
Resisiors (R and Rg! 1000 ™ 1020 ™M 1000 f M
OUTPUT CHARACTERISTICS” ‘= i ‘-
1 umg-cunmtvm-am R ke ) gl N { K
Saturation Voltage ligpg ® amal " | 02 (1] 0.2 LY S 02 04
Rise Time (R = 4,752} 100 : so0 it A I 100
Falt Time (Ry_* 4.7022) 4 40 a0
Duty Cycle Adjust 2 o 2 o8 2 g8
Tr;mghlStvﬂoolh/Ramp
Amgiitude (Ry=100:0}  © | 0.0 * 033 03 033 oo 033
Linesrity” 0. . 0.08 s 0.08
Outaut impedance ligyy = SmA) T 200 200 200
- Smc-WavC ) N . -
% Amgitude m,- Toonsa) 5. H oz’ ’
S )T ™MD (Rg= Mul Note 8. 5.
1 -monmmmnr..m .

NOTE t: RA and Re collecuon cunents nol included. e : - [
NOTE 2 Vs.= 20V. Ra and Ra = 10kf}, t w 9kHz; Can be enended to 1000 1 See F'gures 13 and 14

NOTE 3: AN parameters measured in test c-rcull given in Fig. 2

NOTE & 82k} connecled between’| pins 11 and "12, Triangle Duty Cycle set at 50%. (Use RA nnd Ra) o
NOTE (33 Dcnu plashc packnge at 6. 7quc for ambient temperatures abovo $0°C Fv-T s '?
;). ol Derate ceramic package at 12.5mwWs* C for ambient |emperatures above 100°C " - -
NOTE & Ovef openlmg temperglure range, Fig. 2, pins 7 and 8 connected Vs = 210V. See Fg Gc for T. C vs Vs

D =) X .
TAYAL L 22 i’z,_v.. R T




(3]

g .. B - - e E “ -, ", .
CONDITIONS (See Fig. 2} =% ) MR RIS 2
£ PARAMETER Ra Rs Ru C1 SWi MEASURE
§ ety Current 10k 10k 10k 3.3nF Closed | Current into Pin 6
! smum Frequency of Oscullatnon - %0 k0 4.7kt~ -~ 100pt Closed | Frequency at Pin9
fisweep FM Range (Note 1)- ‘ 10kN 10k} 10k02 .. 3.3nF Open | Frequency atPin9 -
[ Frequency Drift with Temperature 10k 10k 10k0 33nF Closed | Frequency atPin9
i Frequency Drift with Supply Voltage (Note 2) 10k} 10k} 10k} 3.3nF Closed | Frequency atPin9
mut Amplitude: Sine - 10k 10k 10k 3.3nF Closed | Px-Pk output at Pin 2
Senat Triangle 10k 10k 10k 3.3nF . Closed Px-Pk output st Pin 3
xage Current (off) Note 3 . 10kN 10k 3.3nF . Closed | Currentinto Pin 9
E¥Saturation Voltage lom) Note 3~ . - o 10k0 10k0 -0kQ T 33nF Closed | Output low! at Pin 9
1 gice and Fall Times ’ 10k} 10k} 47kQ:: § .z 33nF | Closed | Wavelorm at Pin 9
y Cycle Adjust: MAX 50k0 ~1.6k02 kY 33nF Closed | Waveform at Pin @
< MIN ~25k0 50kl wkn 3.3nF Closed | Waveform at Pin 8
T T 10k 10k} 10k ° 3.3nF * Closed | Waveform at Pin 3
. 1060 10k2 10k} - 33nF Closed | Waveform at Pin 2

f] 2:10Vchc TE 3V, or VS VsSEISV. o7
3:'0sc:llat|on can be halted by forcmg pin 10 to +5 voits or -5 volts.

{1
The current required from the power supply 10 operate
the device, excluding load currerm and the currents
(hraugh RA and RB.

_The fnquency range at the square wave output through
i whnch cucun opennon is guaranteed,
Rk 14 -‘-\r, et
Thc mlo of maximum 'requency to mm-mum fre-
quency which can be obtained by lpplymg 2 sweep
voltage to Pin 8.° For correct operation, the sweep
voltage should be within the range

123 Vet 2V1 <V, <V
cC sweep cC

The percentage deviation from the best.fit straight line
on tha conxvol voltage versus output frequency curve,

‘The change in outnut 1requency as a function of temp-
erature,

Drift with ,The change in outpul frequency asa function of supply
voltage, k

outputs. e

" of 2mA.

* The time rcquiréd for 'the square wave output to char;dc
from 10% to 90%, o 90% to 10%, of its fina! value,

The percentage deviation from the best-fit straight line
on lh‘ rising -nd) falling mlnglc mve!orm P

A -
e Jt'i

The output \‘folu& at'the collector of Q5q when this *
trangistor n; tumed on, Itis mensund for asizk current ~

1 The hi and 10 frequencies can be obtained by connecting pin 8 to pin 7 () and then connecting pin 8 to pin 6ol
] Otherwiseé abply Sweep Voitage at pin 8(2/3 Ve +2V) S Vsweep < Vee where Vce is the total supply voltage.in
_Fig. 2, Pin 8 should vary between 5.3V and 10V wrth respect to ground e

—4-5 -4
Thc total h:rmomc dmomon nt the nm—wm output, —..~—=f

TESTCIRCUIT © = ol
K ,-" ‘L 0 2100
SPa M
4 s 6
‘— H
o
8 803
w0 n 12
. nm+c| S . H
' -0 -1ov ‘
o -
2 FIGURE2: -~ {
- - . -t I:
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rformance of the,sme -wave output is shown in
Q5 FlgureG ‘shows additional general information

concernmg current consumption and frequency stability
|gure7 shows the phase relationship between the

waveforms

VEFORM TIMING ©~
" mmetry of all waveforms can be adjusted with the
erhal timing resistors. Two possible ways to accomplish
lre‘ shown in Figure 8. Best results are obtained by
ng the timing resistors RA and Rp separate (a). Rp
‘ols the rising portion of the triangle and sine-wave and
mte “of the square-wave. .
nnude of the tnang!e-waveform is set at 1/3 vee:
ore the nslng pomon of the triangleis, . .
v__;‘ C.x 1/3xVeC X RA . l5 R

.3,‘3;:—; 1/5xvcc - 3t

alling pomon of the triangle and sine-wave and the.
of the square- wave is:

Cxv Cx 1/3Vee 5 RaRBC

\x = — X
ID—-z—-vcc ‘1 V¢ 3 2Ra-Rp

—-——x

RA ..,

g

SQUARE-WAVE DUTY CYCLE — 80%

Leemm

if the duty -cycle |s to be varied ovef a sma" range about L

50% only, the connection shown in Figure 8b is slightly _
more convenient. 1f no adjustment of the duty cycle is
desired, terminals 4 and 5 can be shorter together, &s shown
in Figure 8c. This copneruon however, carries an inher-
ently larger varistion of the duty-cycle.. ..

With two separate timing resistors, the frequency is
given by - R B\ -

1requency ls
0.15‘ g L
RC - - .

Neither time _riof frequency are dependent on supply

lated inside the “integrated circuit. _This is due 10 the

. FIGUREB PO SI

I

voltage, even ‘though none of the voltages are regu-




ICL8038 | c [

fact'that' both currents and thresholds are direct, linear . bility of the waveform generator (30V):' 2y 4
_funcgnon of the supply voltage and thus their effects cancel. square-wave output be made TTL compatible {load reg;

To.mlmmlze sine-wave distortion the 82kS2 resistor be-
tweer} pnns 11 and 12 is best made a variable one.; With - 1 :

this arrangement distortion of fess'than 1% is ach:evable To F REQUENCY MODULATION AND swggpm(;
reduce this even further, two potentiometers can be

re__

3 conriected as shown in Figure 9. This configuration alldws a
te reduct:on of sine-wave distortion c|ose 10 0.5%.

-}Vcc) .- By altering this voltage, frequency modu
is performed.

For small deviations {e. g. £10%) the modulating sxgnalm
be applied directly to pin 8, merely providing dc decoupiing
with a capacitor, as shown in Figure 10a. An exisre)
resistor between pins 7 and 8 is not necessary, but it ca
used to increase input impedance. Without it (i.e. terming;
7 and 8 connected together), the input impedang 2
8kQ2; wnth it, th:s nmpedance increases 10 (R+8kﬂ) by

For Iarger FM deviations or for frequency sweepmg,‘
modulating signal is epplied between the paositive .Mpp!y?
voltage and pin 8 (Figure 10b). In this way the entire b
for the current sources is created by the modulating s?y
and a very large (e.g. 1000:1) sweep range is created {{¥
- at” szeep’ )8 Care must be taken, however, to re§u
thé supply voltage in this configuration the charge currml'-
is no longer a function of the supply voltage (yet the tng?uj
thresholds still are) and thus the frequency become%
dependent on the supply voltage. The poiential on Pma
may be swept from Vg to (2/3 Ve + 2V).

FIGURE 9. CONNECTION TO ACHIEVE MINILMUM SINE-WAVE 3
DISTORTICN.

SELECTING Ra, Rgand C, ' >

—o
For any given output frequency, there is a wide range of e S,
RC combinations that will work. However certain con- X
straints are placed upon the magnitude of the charging N - y s ) -
current for optimum performance. At the low end, cur-
_rents of less than 1pA are undesirable because circuit frod] Ry 4 s
: leakages ‘will contribute sxgmfucant errors at high temp-

L o

&

AA
»
o

eratures. At higher currents (I > 5 mAl), transistor betas : ? .
and satuntnon voltages will contribute inéreasingly larger RN N D o
errors Op‘umum performance will be obtained for charging® - _l_

currents “of 'IOuA to 1 mA.: If pins 7 and 8 are shorted -
together, ‘the’ magnitude of the charging current dueto R . . T
can be calculated from:

(4 | 318

is

)
RO TTRer™

. N ePiVee 17 Vee

A T e e——— & — (b) ¢ B

: R (P1+R2) RA . S?A . t =8
; * Asimilar calculation holds for Rg. ) N
| ... - . The capacitor value should be as large as possible. voukee

WAVEFORM OUT LEVEL CONTROL AND . o
POWER SUPPLIES B N xS T .
“The waveform generstor can be ogerated either from a , o= . hated :
.- single power-supply (10 to 30 Volts) or a dual power-
supply (25 to $15 Volits). With'a smgle power-supply the ‘ 0 " = ?
~ average levels of the tnangle and sihe-wave are at exactly R - radiaaib S b8
i one-half | of the supply voltage, whils the square-wave o : ]_ < .
I alternates between +V and ground. A split power supply € g
hus the advamage that al} waveforms move symmetrically ’ ) ’ -[

“about ground, L

AL

e AAA,
A
VA~
»
é
s
Iy
¥ladt o

L L
¢35

b
i »\~.<. 2Bl e X

PR o

+
]

4_9 -V GND

. The square-wave output is not commmed A load resistor - - - - P !
- cn be connected io a dufferent power-sgpply, as long L FIGURE 10. CONNECTIONS FOR FREQUENCY

R as the apphed voltage remains wuthuﬁ“he Bteakdown capa-” 7" " MODULATION (s) AND SWEEP (5],
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FIGURE 12 STROBE TONE BURST GENERATOR
he _ 5 R % With a dual supply voltage the external capacitor on Pin 10 can be
_Tvp). The citcuit of Figure 11 provides buffering, gain and " shorted to ground to halt the 8038 oscillation. Figure 12 shows 8
nplitude sdiustmgm. A simple op amp follower could also be FET switch, diode ANDed with an input strobe signal to allow the
- output to always start bn xhe same slope.
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. FIGURE13. VARIABLE AUDIO OSCILLATOR, 20Hz t0 20 KHz
The Clrcul( of Figure 13 achieves this by usmq ] d-ode to lower .
[{

2 1000: 1 Swoep Range on the 8038 the voltage ecross
wston RA and RB must’ decreate to nnrly zero. This 3
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\ PACKAGE DIMENSIONS % : o
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