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Make Radio-Car control by microcomputer that used programe transfer from
microcomputer ,send them through antenna and execute that command. Also includes Mechanical

Arm control too.
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Direction
NOT

Motor Enable
Pulse Width Mod. AND
Directi

NOT
Motor Enable

AND

+24V

AND

+24V

AND
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U7 4.2 dadyeyrnudnfian 14 289 MC 2833 AzldiAud 16 MHz dalae Spectrum Analyzer
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Tlsunsuaugs 1 auAan1E) C

#include<stdio.h>
#include<conio.h>
#include<dos.h>

#define coml 0
#define BAUD 231
#define UP 0x4800
#define DOWN 0x5000
#define LEFT 0x4B00
#define RIGHT 0x4D00
#define ENTER 0x1COD
#define ESC 0x011B

void init_port();
int key;
main()

{
init __port(com1,BAUD);

do{

switch(key)

{ case UP:
outportb(0x318,1);
break;
case DOWN:
outportb(0x3£8,2);
break;
case LEFT:
outport(0x3£8,3);
break;
case RIGHT:
outportb(0x3138,4);
break;

} } while(key!=ESC);
getch();

}

void init_port(int com,int code)
{

union REGSr;

r.x.dx = com;

r.h.ah=0;

r.h.al = code;

int86(0x14,&r,&r);

}



Tsunsudusy Waudemumoausuua

MAIN:

WAIT:

DETECT:

SPEED:
FAST:

PLUSI:

PLUS2:

PLUS3:

STOP1:

SLOW:

MINUSI:

MINUS2:

ORG 0060H
MOV B,#0ABH
MOV SCON,#50H
MOV TMOD,#20H
MOV THI1,#0f4H
SETB TR1

SETB EA

SETB ES

JNB RLWAIT
ORG 0023H
MOV A,SBUF
CLR RI

SETB C
MOV P0.0,C

SETB C

MOV P0.1,C

CINE A #01H,$+6
SIMP UP \
CINE A,#02H,$+6
SIMP DOWN

CINE A,#03H,$+6
SJMP LEFT

CINE A#04H,$+6
SIMP RIGHT

CINE A H#05H,$+6
SIMP SPEED

CINE A #06H,WAIT
SIMP SPEED

CINE A,#05H,SLOW
XCH A,B

CINE A,#0COH,PLUSI
SIMP STOP]

CINE A,#0ABH,PLUS?
MOV A #0COH

SIMP STOPI

CINE A,#095H,PLUS3
MOV A #0ABH

SIMP STOP1

CINE A,#080H,STOP1
MOV A, #095H

XCH A,B

SIMP WAIT

CINE A,#06H, WAIT
XCH A,B

CINE A,#080H,MINUS1
SIMP STOP2

CINE A,#095H,MINUS2
MOV A ,#080H

SIMP STOP2

CINE A,#0ABH,MINUS3
MOV A,#095H

;SPEED DEFALT
;SERIAL MODE 1
;TIMER 1 MODE 2
;BAUD

;START TIMERL1
;ENABLE INTERRUPT
;ENABLE SERIAL
;RECEIVE DATA

;WHAT IS COMMAND
;MOTOR READY



SIMP STOP2
MINUS3: CINE A,#0COH,STOP2
MOV A#0ABH
STOP2: XCH AB
SIMP WAIT
UP: SETB C
MOV P0.2,C
SETBC
MOV P0.3,C
SIMP WAIT
DOWN: CLR C
MOV P0.2,C
CLR C
MOV P0.3,C
SIMP WAIT
RIGHT: SETB C
MOV P0.2,C
CLR C
MOV P0.3,C
SIMP WAIT
LEFT: CLR C
MOV P0.2,C
SETBC
MOV P0.3,C
SIMP WAIT
END
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National Semiconducior

DAC0800/ DAC0801/ DAC0802 8-Bit Digital-to-Analog
Converters

General Description :
The DACO800 senes are monolithic 8-bit high-speed cur- The DAC0800, DAC0802, DAC0800C, DAC0801C and

rent-output digital-to-analog converters (DAC) featunng typi- DAC0802C are a direct replacement for the DAC-08, DAC-
cal settiing times of 100 ns When used as @ multiplying ~ 08A. DAC-08C, DAC-08E ang DAC-08H, respectively
DAC, monotonic performance over 2 40 1o 1 reference cur- -
rent range is possible. The DACO800 series also features Features
high compliance complementary current outputs 1o allow @ Fast setting outpul current 100 ns
ditferential output voltages of 20 Vp-p with simple resistor g Fyll scale error - 1188
\oads as shown in Figure 1. The reference-to-full-scale Cul- g Nonlinear t " - 0.1%
rent matching of better than +1 LSB efiminates the need for ontingarity OVer er.npera ure - ""
full-scale trims in most applications while the nonfinearities ™ Full scale current drift =10 ppm/*C
of better than +0.1% over temperature minimizes system u High output compliance ~10V to +18V
error accumulations. m Complementary current outputs -
The noise immune inputs of the DACO800 series will accept » Interface directly with TTL, CMOS. PMOS and others
TTL levels with the logic threshotd pin, Vic. grounded. & 2 quadrant wide range multiplying capability
Changing the Vi.C potential will allow directinterface to oth- ® wide power supply range 4.5V to =18V
er logic families. The performance and characteristics ofthe m Low power consumption 33 mW at +5V
device are essentially unchanged over the fult4.5V to @ Low cost
+ 18V power supply range; power dissipation is only 33 mW

ith 45V supplies and is independent ot the logic input

DAC0800/DAC0801/ DAC0802

w
siates. .

Typical Applications

DIGITAL INPUTS

voyy 10 28 Ves

oV

o>

b

e TLIH/5686-1.
FIGURE 1. 20 Vp.p Output Digital-to-Analog Converier.(Note 47 - .

Ordering Information

Temperature
Range

Non-Linearity

J Package (J16A)’
DAC0802LCJ DAC-08HQ DAOOéOZLCN DAC-08HP

£01%FS 0°C £ Tag +70°C

+019% FS | —55°C< Ta s +125°C DAC0800LJ DAC-08Q R I < . .
40.18% FS 0*C s Tas +70°C DAC0800LCJ DAC-08EQ DACOB00LCN. DAC-08EP ,DACpBO@LQM .
+0.39% FS rC 2z Tas ¥ 70°C DACO801LEN DAC-08CP DAEDB0ILCM

*Devices may be ordeted by using edher order aumbar,

pacosokCH

Absoll

' f Military
| please €
| Office/Dlt
‘ Supply Vo'
\ Power Dis
l

Reference
(Vidto
Referenct
V14,V
Referénc
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alog

>, DAC0801C and
 the DAC-08, DAC-
{, respectively

100 ns
+11SB
+0.1%

110 ppm/°C
—-10V to +18V

MOS and others
pability
$4.5V 10 £18V
33 mW at 25V

H/5686-1

SO Package (M16A)

DACOBO2LCM

DACO800LCM
DACO0801LCM

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 (V+ — V™) 18V or 36V
Power Dissipation (Note 2) 500 mW
Reference Input Differential Voltage

(V14 o V15) V=-toVv+
Reference Input Common-Mode Range

(V14,V15) V- toVvt
Reference Input Current 5mA
Logic Inputs V- toV plus36V
Analog Current Outputs (Vg = — 15V} 4.25 mA
ESD Susceptibilty (Note 3) TBDV

Storage Temperature

Electrical Characteristics The foliowing specifications apply for Vg =

- 65°Cto ~ 150°C

Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic)
Dual-In-Line Package (ceramic)

Surface Mount Package

Vapor Phase (60 seconds)

Infrared (15 seconds)

Operating Conditions (ote 1)

Min
Temperature (Ta)
DACO800L -55
DACO0800LC 0
DAC0801LC 0
DAC0802LC 0

Tuax unless otherwise specified. Output characteristics refer 1o both louT and loyy-

Max

+125

- 70
- 70
170

260°C
300°C

215°C
220°C

Units

°C
°C
“C
C

=15V, lggg = 2mAand Tyin = Ta =

DACO800L/
Symbol Parameter Conditions DASOR02LC DAC0B00LC DACOBOILC | s
Min | Typ {Max {Min| Typ | Max [Min| Typ | Max
Resolution 8 8 8 8 8 8 8 [:] 8 Bits
Monotonicity 8 8 8 8 8 8 8 8 8 Bits
R Nonlinearity +0.1 +0.19 +0.39] %FS
I Settling Time To %, LSB, Ali Bits Switched 100 | 135 100 | 150 ns
“ON" or “OFF", Tp=25°C
' DACO800L 100 | 135 ns
DACOB0OLC 100 | 150 ns
1PLH, Propagation Delay Ta=25C
tPHL Each Bit 35 60 35 60 35 60 ns
Al Bits Switched 35 60 35 60 35 60 ns
TClrs Full Scale Tempco +10 | 50 +10 1 150 +10 | 280 [ppm/°C
Voc Output Voltage Cempliance|Full Scale Current Change ~10 18 |- 10 18 {-10 18 \
<V, LSB, Royt> 20 M{l Typ
Fsa Full Scale Current VRer = 10.000V, R14=5.000 kQ2}1.984 1.992 [2.000]1.94| 1.99 | 2.04 [194] 1.99 | 2.04 mA
R15=5000 Kk}, To=25"C
Jrss Full Scale Symmetry Irsa—Ifs2 +0.5]|24.0 11 [ 80 12 | 216 | pA
g 'zs Zero Scale Current 0.1 | 1.0 021 20| | o240l ua
=l g Output Currgnt Range V- = -5V 0 20 {21} 0] 20 2.1 o] 2.0 | 24 mA
! ‘ . V== -8Vio — 18V 0 20 421 0 2.0 4.2 0 2.0 4.2 mA
- Logic Iripuf Levels
v | Logic"o" Vic=0v 0.8 0.8 08 | Vv
Vi I Logic 1" 2.0 2.0 2.0 \
Logic Input Current Vic=0V
y Logic 0" —~10V<V s + 0.8V ~-20]|-10 -20] -10 -20| -10] pA
huy Logic 1" 2V Vn< + 18V 0.002| 10 0002| 10 0.0021 10 pA
Vig Logic input Swing V-=-—15V -10 18 |-10 18 [-10 18 \
ViHR Logic Threshold Range Vg= + 15V ~10 13.5{~-10 13.51-10 13.5 \
BT Reference Bias Current -1.0{-3.0 -1.0} -3.0 ~10}-3.0] pA
di/dt Reference Input Slew Rate |(Figure 12) 401 80 40| 8.0 40| 8.0 mA/ps
PSSlrg. |Power Supply Sensitivity  {4.5V<V+ <18V 00001{ 0.01 0.0001| 0,01 0.0001] 0.01 | %/%
PSSipg . —4,5VsV- <18V 0.0001} 0.01 0.0001]| 0.01 0.0001] 0.01 | %/%
IpgF = 1MA
Power Supply Current Vg= 15V, Ipgp= 1 mA
' 23 | 38 2.3 3.8 2.3 3.8 mA
-43[-58 -431-58 -43| ~58] mA
Vg=5V, - 15V, Ipgr= 2mMA
24 38 24 3.8 24 3.8 mA
! -64|-7.8 -64-78 -64]|-78] mA
Vg= 2z 15V, Irgr = 2mA
b 25 | 38 25 38 2.5 38 mA
. -65|-78 ~65]|-78 -65|-78] mA

37
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DAC0800/DAC0801/DAC0802

Electrical Characteristics (Continued)
The following specifications apply for Vg = £15V, Irg

-

r=2mAand TN £ Ta S Tumax unless otherwise specified. Output

characteristics refer to both loyt and loyt-
DACO800L/
Symbol Parameter Conditions DAC0802LC DACO0800LC DACO0B01LC Units
Min Max Typ | Max | Min | Typ Max
Pp Power Dissipation 15V, Iggr=1mA 48 33 48 33 48 mw
5V,— 15V, Iggr=2 mA 136 108 136 108 136 mwW
+15V, Iggp=2MA 174 135 174 135 | 174 mwW
ur. DC and AC electrical specifications do not apply when operating

Note 1: Absoluts Maximum: Ratings indicate limits beyond which damage 1o the device may oCC

the device beyond its specitied operating conditions.

Note 2: The maximum junction temperature of the DAC0800,
J package must be derated based on a therma! resistance of 100°C/W, junct:

Smalt Qutling M package

Connection Diagrams

Dual-in-Line Package

Note 3: Human body model, 100 pF discharged through a 1 5 ke resisior
Note 4: Pin-out numbers for the DACOBOX tepresent the Dual-in-Line packazé

THRESHOLD 1
CONTROL, Vic

tout

<
i

T O 0 N O

S
<
S

MsE B

-
~

U

e comrensation
ARV
LA
..llv‘

LA

L)

L

Vapr

Top View

Block Diagram (Note 4)

TL/H/5686-13

See Ordering Information

DAC0801 and DAC0802 15 125°
i0n-to-ambrent, 175"

(8]
L1 L]

T" ?\1

18
Vagr -t O—

—

< 1o+¢

LY
A

v‘v‘J L
UV 1) Dy

AAA

—AAA

YW~

DM

"

Come

To
O—4

| 01—
o
¢
gl

e Sman Outine pachage pn-out differs from the Dual-in-Line pachage

Small Qutline Package

vt 1 - 16 |—~Bg LSB
Vage(*)—{ 2 151=8;
Vaer(-)—{ 3 14}-8¢
COMPENSATION—{ 4 13185
THRESHOLD CONTROL, Vy ¢ =1 5 128,
four—186 11}-8s
v—7 1048,

lour—18 9|8, MsB

TL/H/5686-14
Top View

TLIHIS608-7

C For operating at elevated temperatures, devices in the Duat-in-Line
C/W for the molded Dual-in-Line N package and 100°C/W for the
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herwise specified. Output

DAC0801LC Units
lin | Typ | Max
33 48 mw
108 136 mw
135 174 mW.

ons do not apply when operating

lures, devices in the Dual-In-Line
N package and 100°C/W for the

the Dual-In-Line pachage.

ackage

16
15
14
13
12
11
10

w

N

I—Bg LSB
—B;
B
— By
—8,
-85
—B,
[—8, MSB

TL/H/5686-14

TL/H/5686-2

—

Full Scale Current
vs Reference Current

Ta* Touw 70 Tuaax
ALL BITS HIGH +
5 LIMIT FOR
“Veoisy
. RN
1
3 1 i
z %
X UMITE0R™
1 v
A
. 1
[ I H 3 4 5

N3

Ips  OUTPUT CURRENT (mA)

tpgf - REFEREACE CUSRENT e d)

Reference Amp
! Common-Mode Range

3 Ta* Taun W hux
[ aLL girs™

32
1] !

24 L
? TV -5V TV SV LERL

I Ingpe2Ima
16 4
[ =
12 Ings 1 mA 41—
s !
1 i
4 Ingp = 02 mA —]
e L]
-t -10 -6 -2 2 & W0 W 18
V15~ REFERENCE COMMON MODE VOLTAGE (V)

fn  OUTPUT CURRENT {mA)

-1

Note. Positive common-mode range is
always (V4 ) - 15V

Output Current vs Output

Voltage (Output Voltage

Compliance)

ALL BITS “ON™ T4« Tyun 10 Tpax

24 1 1t
T 1T I J J

-V -1V -V=_5V

Ingr = 2mA

16 T A |

ol
ki

12 Iags * 1 mA

H ] i 1

1~ mes

. T 11

- .10 -6 -2 2 & W WU
Vg - DUTPUT VOLTAGE (V)

o
-
S

tp OUTPUT CURRENT ImA)

12 mA
1

Pp - PROPAGATION DELAY (ns}

Vog - OUTPUT VOLTAGE (V)

I; - LOGIC INPUT CURRENT {uA)

450
400
0
300
280
200
150

100
50

Typical Performance Characteristics

LSB Propagation Delay Vs lgg
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1;"
el
p1Lse- 18 Air3
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¢OID2 00501002 65 3 2 5 10
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Logic Input Current
vs Input Voltage

L
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H
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-12-16-8-5-4-207 ¢ § 13012141610

-3
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¥V, LOGIC INPUT VOLTAGE (V)

Output Voltage Compliance
vs Temperature
jI I |
N \L)-‘.‘ S
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PERMISSIBLE DUTPUT

J VOLTAGE RANGE FOR
- -V =18V Iggpe 2mA
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Curve 3: Cc 0O pF, Vin= 100 mVp-p
a1 OV and applied through 50 1 con-
nected 10 pin 14.2V apphed to R14,
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DAC0800/DAC0801/DAC0802

Typical Performance Characteristics (Continued)
Power Supply Current Power Supply Current Power Supply Current
vs ~V vs ~V vs Temperature
=z ¥ [ALLETS G OR Low I ' e MAY BE HIGH OR LOW H ': ALL BITS WIGH OR LOW
! 4 s 7 1+ = =2 mi
é : ‘L 1 : % ) (. WITH lagr 2mA 5 . tagr = 2mATT
g 'l' ! - | £ 1 “v -5V
ERY T g b 1~ WITH Ipgp = d mA T S o - |
: | 5 AL z
. 1 5 4 T U1 T {1 g
2 ) | | 5 3 - WITHIggp* 02 mA _| | 2 4
g | a L I § .
; H te X § 2 i T E N i 1Y o] |
; 4_1_‘t::: g . K |
< 1 —-—t T T h - A 1 H
=, T B o 1 _ . ]
0 2 4 & B 3032 % 16182 6 -2 -¢ -b -8 -0 12 14-16-18-20 -50 40 100 150
Ve POSITIVE POWER SUPPLY IV} v - NEGATIVE POWER SUPPLY (V) Ta~ TEMPERATURE( C)
TL/H 5686-4
Equivalent Circuit
v’ Vig 151' ” ) [}] 4 3 3 i ‘nsn.
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DACO8

Typical Applications (continued)

DIGITAL INPUTS

L1 138
81 82 8) M B4 86 B7 B3

FIGURE 2

les =

“Veer | 255

Rper 256

o+ 15 =
logic states

typical values are.
Vger = 10000V
RRer = 5.000k
R15 = Rgper

Cc = 001 pfF

TLIH/S686-5
FIGURE 3. Basic Positive Reference Operation (Note 4)

FIGURE 4. Recununended Full Scale Adjusiment Circuit

(Note &)

TLIMISELE- 21

“Vags O—O0— WA

IFs =

< _Vaer 255
Ragr | 256

trg for all

For fixed reference, TTL operation,

¢ = OV {Ground)

RRes

L1t

TL/H/5686-15

[

TL/H/568€-16

Note Rpgr sets lrg, R151s
for bias current cancellation

FIGURE 5. Basic Negative Reference Operation (Note 4)

N




swer Supply Current
s Temperature

\LL BITS HIGH DR LOW
Res * 2 mA ] ]
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e

1

-50 $0 we 150
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TLiH/5686-4

‘our

i;f* .
fEr
i

gl

nn na

— DACOS

TL/H/5686-15

TL/H/5686-16

s Ipg, R15 s
' cancellation

erence Operation (Note 4)

Typical Applications (continued)

tRgs = 2 ma O

JEE——

DIGITAL MPUTS

sz 158
B2 H S BDY o

B

TL/H/5686-17

B1 B2 B3 B4 BS B6 B7 BsllgmA|lgmA| Egp Eo
Full Scale 11 1 1 1 1 1t 118920000 -9.960( 0.000
FullScale-LSB | 1 1 1 1 % 1 1 0]1984]|0008|-9920] -0040
HalfScale+1SB |1 0 0 0 0 0 O 1{1008|0984]|-5040]|-4920
Half Scale 1 0 0 0 0 0 0 0]1000|0992[-5000|-4.960
HalfScale-LSB | 0 1+ 1 1 1 1t 1 11]0992|1.000|-4960!-5.000
ZeroScale+tSB| 0 0 0 O 0 O O 1 0008|1984 -0040]|-9920
Zero Scale 0 0 0 0 0 0 O 0/(0000f1992] 0000 |-9.960

FIGURE 6. Basic Unipolar Negative Operation {Note 4)

“Ingt = 1 mh O—t

—_—

oo

TL/H/5686-6

B1 B2 B3 B4 B5 B6 B7 B8 Eo EC—)

Pos. Full Scale 11 1 1 1 1 1 1| -9920]+10.000
Pos.FullScale—LSB|{1 1 1 1 1 1 1 0| -9840] + 9.920

Zero Scale+ LSB 1 00 0 0 O O 1;~0080] +0.160

Zero Scale 1 0 0 0 0 0 0 O] 0.000 +0.080

ZeroScale~LSB [0 1 1 1 1 1 1 1{+0080] 0.000
Neg.FullScale+1SB|0 0 0 0 0 0 0 1| +9920] - 9.840
Neg. Full Scale 0 0 0 0 0 0 0 0}+10.000[ -9.920

FIGURE 7. Basic Bipolar Output Operation (Note 4)

DACHOY

f 8 on
0 = Vg Ty + b

whare X is the input code and

RL = R = Rage

TL/H/5686-18

WAL = A within 2 0.05%, output s symmetncal about ground

B1 B2 B3 B4 B5 Bs B7 B8 Eo
Pos. Full Scale 1T 1 1 1t 1 1 1 1]{+9960
Pos.FullScale-LSB| 1 1 1 1 % 1 1 0| +os880
(+ )Zero Scale 1 0 0 0 0 0O 0 O0|+0040
(-)Zero Scale o1t 1 1 1 t 1 1]-0.040
Neg. FullScale+!SB{ 0 0 0 0 0 0 0 1 |-9880
Neg. Full Scale 0 0 0 0 0 0 0 0]~9.960

FIGURE 8. Symmetrical Offset Binary Operation (Note 4)

¢0800Vva/10800VA/00800vA
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DAC0800/DAC0801/DAC0802

Typical Applications (Contined)

AL
A
‘o
-—————
4
g
DAC0800 b—O 070 +1pg- R

H _ 255

= IFs = = IREF

g —_— — 256

For complementary output (operation as negative logic DAC), connect invert-
ng input of op amp 10 To tpin 2), connect lo (pin 4) to ground

FIGURE 9. Positive Low Impedance Output Operation (Note 4)

to
O#10 g Ay

TFL/H/5686-19

. 255 )
FS® o
DACOIS s 256 &ER
Rt
) e
= Y TL/H/5686-20
For ) y output (op as a negative logic DAC) connect non-in-

verling nr’\—pul ofop amto E (pin 2), connect ig (pin 4) to ground
FIGURE 10. Negative Low Impedance Output Operation (Note 4)

Vi = Vic 4 1.4V
15V CMOS, HTL, HNIL

Vi = 76V
reos
vig v
- R
w =
Lon | 12V 10 15V |
Vyge VAV l I
AL
”nm
I " l vie
bagoano ¥
e
I Vit I W
o “Vaee
vic S Y P ?
\
L l L L | VIO 10V
= = = 2 OPTIONAL RESISTOR
+— —_ el Nl “"%{mn DFFSET INPUTS

-————
= DaCOs0D

PARL %

ey

Typicat values Rjy= 5k, Vin= 10V
TLIH/5686-9

Note. Do not exceed negative logic input range of DAC
FIGURE 11. Interfacing with Various Logic Families

TL/H/5686-10

FIGURE 12. Pulsed Reference Operation (Note 4)
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L
F
TL/H/5686-18
.
H/5686- 20

ACDNO0D

TL/H/5686-10

nce Operation (Note 4)

Typical Applications (Continued)

(a) Iner = peak negative swing of iy

‘VREF
. (b) + Vper must be above peak positive swing ot Vi
REF
RRes
hn “Vaee "
A1s DACONOD
(OFTIONAL)
Vv < V=g O—AA— 18 fngp ~ R1S
RiN HIGH INPUT - | REF
DACDBOD IMPEDANCE
TL/M/S686-12
To o fERioce
FIGURE 13. Accommodating Bipolar References (Note 4)
B1uF
FOR TURN "ON", V| =27V
FOR TURN “DFF", Vi =0TV io—-¢ { ‘ I
P sV
) | h
< —
MinMum @ TX
cnncmuct\ 0.1 4F
HPS082 2800 =
SCHOTTXY DIODES
VeL
0V
Vin -—-04V
s RAeF s 6 7 8 9 1011
Vaes O— WA 14
DACO800
Ats 10.0.1)
15
13 3 15

TL/H/5686-7

FIGURE 14. Settiing Time Measurement (Note 4)

20802Vva/10800vA/00800VA
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DAC0800/DAC0801/DAC0802

Typical Applications (continued)

Lo

] 10 2

v 1 vee [1C I § [T

omz502 [ kA

SV sTO0P
vi
o J- CONVERSION

FREL
Rux

SAR
L
GND
Q) 03 Q2 0 04 05 06 07

- Qe {5 |8 [z
13 Yo E—
i

i
SBIT DIGITAL
WORD

(]

R w2 {1 foee Jo §r Js |8
LS8 7 86 BS B¢ 83 B MSE

DACDS00

= [}] ) Iu -J-I
| onv (X} ,;
(T ]_
- l LI Note. For 1 us conversion ime with 8-bit resolution and 7-bit accuracy, an
= L.M361 comparator replaces the LM319 and the reference current is doubled
-ny by reducing R1, R2 and R3 10 25 kf} end R4 to 2 MO,
TL/H/5686-8
FIGURE 15. A Complete 2 us Conversion Time, 8-Bit A/D Converter (Note 4)
i




LMC555

PRELIMINARY

National Semiconductor

LMC555 CMOS Timer

General Description
The LMC555 is a CMOS version of the industry standard

Features

Less than 1 mW typical power dissipation at 5V supply

555 series general purpose timers. It offers the same czpa- B 3 MHz astable frequency capability
bitity of generating accurate time delays and frequenciesbut  m 1.5V supply operating voltage guaranteed
with much fower power dissipation 2nd supply curest  a Outpul fut, compalile with TTL and CMOS logic at &V
spikes When operated as a one-shot, the time delay 1s £7&- supply
cisely controlled by a single external resistor and capacis. g Testedto 10 mA - 50 mA oulput cumrent levels
In the astable mode the oscillation frequency and dJty ©:2'¢ 4 Reduced sunp 5 Corrent spikes dunng <uize’ (rans hons
are accurately set by two exiernal resisiors and one cepac:- Ext I . o threshoid
1or. The use of National Semiconductor’s LMCMOS™ pro- ® Extremely low reset ingger. and threshol currents
cess exiends both the frequency range and fow supply ca- m Excellent temperature stability
pability. m Pin-for-pin compatible with 555 senes of umers
Block and Connection Diagrams
1 LMC555 8
GROUND — v+
R = 100k
- ) | [C ’ 7
TRIGGER —— DISCHARGE
+
3 6
OUTPUT R { THRESHOLD
0
R
S
7 +
. CONTROL
RESET —— R VOLTAGE

(Pinouts for Molded and Metal Can Packages are identical)

TL/H/B669-1

Order Number LMC555CH, LMCS55CM or LMC555CN
See NS Package Number HO8C, MOBA or NOSE

4-224




RELIMINARY

sipation at 5V supply

y
ranteed
and CMOS logic at 5V

hut current levels
ring output transitiors

hreshold currents

ries of timers

V¢

- DISCHARGE

- THRESHOLD

CONTROL
~ YOLTAGE

TL/H/B669-1

Absolute Maximum Ratings

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

Supply Voltage, V8 15v
Input Voltages, V2, V4, V5, v6 —0.3Vto Vg + 0.3V
Output Voltages, V3, V7 15V
Output Current 13, 17 100 mA
Operating Temperature Range (Note 1)  —40°Cto +85°C*

Storage Temperature Range —65°C to +150°C

Soldering Information
Dual-In-Line Package

Soldering (10 seconds) 260°C
Small Outline Package

Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

Electrical Characteristics testcreur, T =

25°C, a!' switches open, RESET to Vg unless otherwise noted

Symbol Parameter Conditions Min l Typ Max (t;:::tss)
Supp'y Current Vg = 1.8V 50 150
Vg = 5V 100 250 pA
Vg = 12V 150 400
Vo Control Voltage Vg = 1.5V 0.8 1.0 1.2
. Vg = 5V 2.9 3.3 3.8 v
Vg = 12V 7.4 8.0 8.6
v Discharge Saturation Vg =15Vl = 1mA 75 150 mv
Voltage Vg = 5V, 17 = 10 mA 150 300
V3, Output Voltage Vg = 1.5V,i3 =1mA 0.2 0.4
(Low) Vg = 5V,I3 = 8mA 0.3 0.6 v
Vg = 12V, 13 = 50 mA 1.0 2.0
s Output Voltage Vg = 1.5V, 13 = —0.25 mA 1.0 1.25
(High) Vs=5V,l3= -2mA 4.4 4.7 \'
Vg =12V,l5 = —10mA 10.5 1.3
Ve Trigger Voltage Vg = 1.5V 0.4 0.5 0.6 v
Vg = t2v 3.7 4.0 4.3
' Trigger Current Vg = 5V 10 pA
va Reset Voltage Vg = 1.5V (Note 2) 0.4 0.7 1.0 v
Vg = 12V 0.4 0.75 1.1
& Reset Current Vg = 5V 10 pA
b Threshold Current Vg = 5V 10 pA
v Discharge Leakage Vg = 12V 1.0 100 nA
B Timing Accuracy SW 2, 4 Closed
Vg = 1.5V 0.9 1.25
Vg = 5V 1.0 1.20 ms
Vg = 12V 1.0 1.25
W AVs Timing Shitt with Supply Vg =5V 11V 0.3 %IV
Al Timing Shift with Vg =5V .
Temperature ~40°C =T < +85°C 75 ppm/°C
' Aslable Frequency SW 1, 3 Closed 4.0 48 5.6 KkHz
Vg = 12V
M Maximum Frequency Max. Freq. Test
Circuft, Vg = 5V 30 MHz
b Output Rise and Max. Freq. Test Circuit 15 ns
} Fall Times Vg = 5V,Cy = 10pF
Trngger Propagation Delay Vs = 5V, Measure Delay 100 ns
from Trigger to Output

© NI TSCs5RY drawing tor specitications of military LMC555H version,

LN

P operation at elevated temperatures, the device must be der.

ated based on & 150°C maximum junction temperature and s therma! resistance of

S ' he LICESSCN, 167°C/W for the LMCS555CH, and 169°C/W for the LMC555CM  Maximum allowable dissipation at 25°C 15 1126 mW for the
" THL Ve for the LMCS55CH, and 720 mW for the LMC555CM

Ny

**« RESET pin s 10 be used at temperatures of - 20°C and below Vs 15 required to be 2 OV or greater

4-225
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0
[Ty] . .
8 Test Circuit Maxlmurp Frequency Test Circult o A 1 ‘q,g
e B itk R &R Lats
= - S whers d iy o A
5 : PR ERR R ]
. 1 ' Sl F “n
- I Svhg g :’16'.3.-;‘? _' %{g ,;’
. TRIGGER = - b LI i L
— g " g
—

$ {sz s3 [s4
ouTPYT O— 3 3

LMC555 L

{ e o ) 5

i RESET : ] 5 —_l ' —-L:l: 0.901 uF
f Vg =

3

‘ = ‘ TL/H/8669-3-

LMC555 -

—
ol
b
:,
= IIHT
7]
-
L
I
N
(=]
Q
el
s

TL/H/B669-2

Typical Applications

i i
SRS
Monostable (One-Shot) . Variable Duty Cycle Oscillator
h o
i o e
= oS, ==L Io.un;’k -
i I TRIGGER = 3 B Sk 1
' >—2 7 [— 2 7 i .
1 . - . -
; 4. ::RB:"-'.:
QUTPUT OUTPUT - ‘ . 9 - e
«—3 3 - 3 ek 4
R c . - .
k- LMC555 L , LMCSS5
%t o = RESE . .
- R[SUo_. 4 58— [Sno_. 4 5 -~
&i (vs) (¥s) '
{ TL/H/BEED-4 4 an
B g t tq = 1,1 RAC (Grves time that output is high foliowing trigger) fosc = 144 . .
RESET overrides TRIGGER, which can override THRESHOLD. Therefora, (Ra + 2RalC RS -t Iy
:3 ’ l the trigger pulse must be shorter than the desired ;. Duty Cycle = Rg (Glves fraction of tétal enbd” LT ,. B
The minimum tngger pulse width is 20 ns. . Ra + 2Rg that outputis lo - '
= g ‘ The minimum reset pulse width 1s 400 ns.
£
% l 50% Duty Cycie Oscillator . - S e . .
bt 4 A (g “
E‘ 3 - T

fd 3= 0.t uf 2. -
L -3 :
I—' 2 1k . ~ N
- d . . . .
. v - . s D o R
OUTPUT ALTERNATE e e L -
t ‘ h + 3 - 3 OUTPUT -~ -~ . “ . I o
v LMC555 R . < ‘
—_— "t e e . .t e 3 .
Ry o114 S Co T e '
v ¥ G
A . g
w t
——AW————————¢ 5
) Re [

3
1.4RcC
TL/H/B669-6
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SN5404, SN54LS04, SN54504,
SN7404, SN74LS04, Sh74S04
HEX I?JVERTERS

St LEEER T2l TR

e Package Options Include Plastic *Small
outline”’ Packages, Ceramic Chip Carriers
and Flat packages, and Plastic and Ceramic
DIPs

pependable Texas Instruments Quality and
Reliability

TR Y

-

s

E description
Thase davices contain X independent inverters.

Tre SN5404. SN54L504, and SN54S04 are
ccharacternzec for operauion over the full military
emperature rangeé of -55°C to 125°C. The
§N7404, g+y74LS04, and SN74504 are
for operation from 0°C to 70°C.

ety o S S —

cnaracienzes

FUNCTION TABLE teach nverter}

; INPUTS , OuTPUT
A |
I
H | L
L I
logic symbolt
. V& ; @,y
1 4
y 24 2) 14} 2v
1
a5t 6 5y
{ A 8,y
1 {10
TR Loy
o 13 1124 "

“QES und

[r s 3,3 1S 7 sTIDFCANCE L 10 LNSIIEEE S+3 21

£0 Z.onesian €77012
tn wempeTs SNbT ALE -1 o), " | {4 DaLNales

logic diagram {positive logic)

IA——% SO—— 1Y

IA———DO_—"ZY

JA——DO——SY

:A_———DO———-.W >

SA__—D&-——H

GA———-DO_‘GY
.-

SN5404  J PACKAGE
SN54LSO4, SN5AS04  J OR W PACKAGE
SN7403 N PACKAGE
SN74LS04, SN74S08 D OR N PACKAGE
{TOP VIEW)

1a 1l vee
1Y Ca 1 6A
2A (2 1203 6Y
2y g,, 110 5A
3A (Os 1003 BY
3Y (s o] 4A
GND {7 SD 4Y
f W

SN5304 .. W PACKAGE

{TOP VIEW}
1A é\ UJ,]W
2y (2 1203 6A
2A O3 12 8Y
vee 54 113 GNO
3A s 100} 5Y

Y s ar} 5A

4A :7 3!]4‘(

SN54LS04, SN54504 . FK PACKAGE
{TOP VIEW!

NC - NO internal connectior

0
@
Q
>
)
a
i
‘-
P—

PROBUCTIOR DATA docyments cantaa information
cvrveat as ol penticatioa dete. Progucts contorm to
wwecrfications per the terms of Texas lastruments
standaro waregaty. Production precesmiag doss aot
sacastarily achuce tasting of ait parametars.
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SN5404,SN54LSU4,SN54804
N7404,SN74L804,SN74504

HEX INVERTERS

)

it

schematics {each gate)

ouTPUT
Y s

‘LS04

. -4
. -
. - :
t INPU
i o
P ] <
i =
| :

7]

GNO

h

e norminal
s otherwise nott

Resistor values shown af
e maximum ratings over operating free-air temperature range {unies

absolut

Supply voitage. Ve {see Note 1) ..

Input voltage: ‘04, ‘S04 ... -0 D L AN .
g free-air temperature range: N -55°C U
. SSBNPANAY (7 S 0°C
4 . -65°Ct

L]
Operatin

erange .. C

Storage remperatur
ework ground tesmunal.

NOTE V Voltage values are wih tespect t0 ne

e

. TEXAS
.- |NSTRUMENTS
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SN5404, SN7404
HEX INVERTERS

electrical ch

vee

GND

inless otherwise noted)
A &
5.5V
L e e 7V
. -55°Cto 125°C
.. 0°Crwo 70°C
-65°C to 150°C

P sl
recommend

ed operating conditions

Supolv'vouace

H.gn-les’el nput voitage

Low-fewel snput voltag?

righnavet output current

Low-}gvel -1

Operating fre2-aw temperdt Je

aracteristics over recommended o

perating free-air temperatur

SN5404 SN7404
UNIT
MIN  NOM MAX MIN  NOM MAX
a5 5 S.EL! 475 5 535 v
2 ? . v
08 : 03 v
-04 ~-04 mA
ulput current 16 . i6 mA
-55 125 o’ | ¢

e range (unless otherwise noted)

t SN5404 SN7404
PARAMETER TEST CONDITIONS o UNIT
min TYP?  MAX | MIN Tyt MAX
ViK Vcc-MlN, L= ~12mA -1.5 -13 v
VoH veosMIN Vi 2 0BV lon * ~ 04 mA 24 34 24 34 v
S
vou Ve * MIN, Vi =2V, 1oL * 16 mA 0.2 c4
Y Vee - MAX, V=88V 1
WH Ve MAX, Vp=24V 40
TR Vcc=MAX, V|-0AV -186
1os§ Vg = MAX -20 -55
IccH Vee @ MAX, vy=QV 8 12
[fotel Ve * MAX, V=48V 18 33
ondItions.

1 For cONOINONS SNOWN 35 MIN or MA
1 AN tyDical valuss &f@ aVee

switching characteristics, VC

X, use the appropriate value &

5V T, -25°C-

§ Not more than one outous snou:c De shorted at

a ume.

c=5V.Ta~= 25°C [see note 2)

pecired under recommended Operating o

FROM 10
PARAMETER dNPUT] (oUTPUTI TEST CONDITIONS
A l Y fy =400 2. CL =15 0F

NOTE 2: Load ciccuits an

d vottage waveforms are shown in Section 1.

Texas {"
INSTRUMENTS

OALLAS. TEXAS 76265
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SN54LS04, SN74LS04
HEX INVERTERS

*» . d
recommended operating conditions =
SNS4LS0e [ snrausos
uNIT
MIN NOM  MAX MIN NOM  MAX

Veg Sucoty voltage 45 5 35| 478 5§ 5.28 v
Vip  Hignezveiinput voitaze 2 . i 2 v
ViL Lowrgev-.l mput voitaze 0.7 e 0.8 v
IgH Hign-level output current H -04 - 04 mA
igr  Lowsfevel output cur-ent et 8 mA
Ti Opstaung free-aw temoerature -55 125) O 0| “c

electrical characteristics over recommended operating free-air

temperature range {unless otherwise noted)

SN54L504 SN741L504
PARAMETER TEST CONDITIONS t UNST
MIN TYP: MAX ]| MIN TYP$ MAX
2 ViK Vg = MIN, 2= 1BmA - . -15 -1.5
= Yom Vee =N, Vi *MAX, lgy « = 0.4m& 25 34 27 34 v
Vge "IN, Vi r2V. gL r4mA 025 04 04
- VoL v
=] Voo *MIN,  ViH 22V, 1oL * 8 mA 0.25 0.5
= i Veg T MAX, V=7V 01 i 0.1 ma
g ('™ Ve * MAX, V=27V 20 20 b
<, W Vee * MAX, V=04V -0s 04| ma
(2]
o ios § Ve = MAX -~ 20 ~100| =20 - 100 na
iz IccH Ve = MAX, Vi = ov 12 2.4 1.2 2.4 maA
ccL Voo * MAX, V=4SV 8 6.6 3.6 6.6 mé
t For concii ons shown as MIN or *AA X, use (he JDDFODrIATE vaiue soecilied unoer recomMManaed ooerat N3 conecilQns.
1 Al tvoicat values are at Vo S5V Ta=25C
§ Not more thanons outow” shouto D¢ shorteo a* a nimae, ang tne turetion of the snOr™ € “cu:t SRG. O NOT avCesn Q& 58CONA
switching characteristics, VCC = 5V, Ta =25°C (see note 2)
FROM T0 ! '
PARAMET TEST DITION AN TYP MA ur
TTLN 1INPUT) OUTPUT! ESTICONGITORS 1
tPPLMH Q 15 -
= A ¥ AL =2-0, Cp = 15cF : '
P ! 0 15 1

NGTE 2: Load circuits ang voltage waveforms are shown in Secuon 1

Lon 4
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SIBSF VT, WIRE T

HEX INVERTERS

o — {eco-mmended operating conditions
N54504 SN74504 )
SN54S0 S uNIT
SN74LS04 MIN NOM  MAX MIN  NOM  MAX
umtT
VAX MIN NOM  MAX 1 vee Supply voltage 45 5 55| 475 5 525 v
551 478 5 5.25 v vy Hign-ievel inout voltage 2 2 v
— | —
2 v v Lowlevelnout voltage 08| . 08 \
0.7 08 v oM Hign-level output current N -1 -1 mA -
- 0.4 -04 mA loL  Lowlevel outaut current ’ . 20 20 mA :
4 8 mA 75 Operaung free-31¢ lernperature - 55 125 [} ¢ °c
— 3 ™
125 0 70 c L. . . . . .
i electrical characteristics over recommended operating free-air temperature range {unless otherwise noted) N
range (unless otherwise noted) SNS4S04 SN74504
PARAMETER TEST CONDITIONS ” UNIT
' SN74LS04 T | MIN TYPT MAX| MIN TYPD MA
WAX | MIN TYPT MAX ! ViK _vce TMIN 1y 2= 18 mA -1.2 -1.2
-1.5 -5 v VoH Ve = MIN, Vi * 08V, igH==—1mA 25 3.4 27 34 . A
2.7 3.4 v VoL Veg * MIN, Vig 2V, igL = 20 mA 0.5 05 v o
0.4 0.4 . h Vee * MAX, Vi=55V 1 1 mA 8
m— v
| 025 05 | W Voo TMAX, V=21V 50 50| wA S
b
0.1 0.1 mA IR Veg TMAX, V=05V -2 -2 mA 8
20 0| wA | 1os $ Vee = MAX N -0 ~100 |- 40 ~100] mA
L —— —d
- 04 —0a| ma | IcCH Vec = MAX. V=0V 15 24 15 28| mA -
—2 |-
-100| -20 - 100 mA l, leeL Voo = MAX, V=45V 30 54 30 54 mA
— L_
2.4 1.2 24 . mA | + For conditions shown as MIN or MAX, use tha approofiate value 1 unoe’ o operating conditions.
" : Al tyoscat varues sre at Ve ? 5V, Ty = 25°¢c.
‘ 6.6 36 6.6 mA J § Notmore than one outpus should e snortea at a time, and the duration of the snort gurcuit shouid not exceec one econd
LGQ'IKU\G conoI1Ions, ) G o
: switching characteristics, VCC = 5V, Ta =25°C (see note 2)
) @ N0t 2caeC One seLSna
FROM TO
| PARAMETER (INPUT) {ouTPUT! TEST CONDITIONS MIN TYP MAX UNIT
! LA 3 45 as
MIN TYP MAX umT AL =280 0, I, *15pF
PHL 3 S ns
& 4
_ 3 5 ng PLH 45 s
F - - Ry_=280 2, C,_=3500F
0 5 ns PHL ] l ns

NOTE 2. Load circuits anc vontage waveforms are shown in Sectien 1.

i
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herwise noted)

roreetys. e p——

SN5408, SN54LS08, SN54S08,
SN7408, SN74LS08, SN74S08

—..QUADBUPLE 2-INPUT POSITIVE-AND GATES

DECEMBER 1983 — REVISED MARLH288

. Package Options Include Piastic ‘‘Small
Outline’* Packages, Ceramic Chip Carriers

SN5408. SN54LS08, SN54S08 .. . J OR W PACKAGE
SN7408 .. J ORN PACKAGE

............. FAY
. 55yt and Flat Packages, and Plastic and Ceramic SN74L508, SN74S08 ... D. J OR N PACKAGE
TOP Vi
30v DIPs {TOP VIEW)
""" ".5'5: ot ) 1 ;:cv « Dependable Texas Instruments Quality and .
. Ger e - ] < VT 2
. efiabilit .
..... 0°C10°70°C R Y :
..... —65°C to 150° L
. i description
ats. ‘ These devices contain four independent 2-input i
1 AND gates.
, The SN5408, SN54LS08, and SN54S08 are
SN7407 characterized for operation over the full military SN54L508, SNS4S08 . . . FK PACKAGE
SN7417 UNIT temperature range of -55°C to 125°C. The - {TOP VIEW)
MAX | MIN NOM Max | ° SN7408, SN74LS08 and SN74S08 are
5.5 | 475 5 525 v characterized for operauon from 0° to 70°C.
2 )
58 ! 93 v FUNCTION TABLE {each gate}
30 4 30 i INPUTS QUTPUT
v
15 ¢ 15 | 7]
A 8 Y 0]
30 | 40 ! ma | O
125 i 0 70 r ‘¢, H H H 'S
L X L o
ge (unless otherwise noted) X L L (o)
SN7407 . 1
sN7417 uniT || logic symbott [
AAX | MIN TYP$ MAX -
15 15 v 1A (k1] & @ NC —No internat connection
0z | 05 | mA 52| Y 7S ) :
Da 04 | ; @ fogic diagram (positive logic)
! 2A (6}
9.7 0.7 i 51 2y
T —y 28 ——— 18—
2 -0 A (9} e —y N
il - - 3A ® .,
1 16 - 18 mA 18 {10} 2A :
} 1 29 a1, mA | Al 28 i
] 4 111} :
30 30 mA a8 {13) b aY A ;
ating conoitions. v 38 D— ¥
; :]
¢« !This symool is n accordance wit™ ANSLIEEE Ste 91-1984 and aA
* {EC Publication 617-12. D——- ayY
F Pin numoers shown are for D. J. N and W packages 48 L
Y=ABor Y=A+E
.
]
3 MIN  TYP MAX | UMNIT
& 15 )
ns
20 26
\ 3
' w] . .
!
1
| PRODUCTION OATA docaments contain information ,
current as of publication date. Prodects conlorm 19 1,
specifications per the terms sf Texas jostruments 2.2
.3

mntl.. Prod pr g doas not
necazsanly includa tastiag of ail parameters.

EXAS
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SN5408, SN541508, SN54S08,
SN7408, SN74LS08, SN74508
QUADRUPLE 2-INPUT POSITIVE-AND GATES

schematics {each gate) ,

‘Ls08

INPUTS
A
‘ 8"

-
— -+— Ve
509
O
[+]
s
Q INPUTS
a A
T ouTPUT
: Y
'1-
L
¥ 50008 2500
~
L
MIECE ] -
Rasistor vaiues are nom:nat.
absolute maximum ratings over aperating free-air temperature range (unless otherwise noted)
Supoiy voitage, Voo tsee NoteE 1) Lo e e .. ..
Inout voltage: "08.°508 ................
LS8 .. . W A5 16.). Y.
Operauing free<asr t2moperature range: SN54°
SN74°
SIOr3gR TEMDEraTL @ 7ANGR .. .. «vvvs oo v annnoeconeasoanaasnnisnsos
NOTE 1* Vottage vawes are wi™ #304CT 10 neTwork ground terminat,
i
2-42 Texas X
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Hauar

SN5408, SN7408
QUADRUPLE 2-INPUT POSITIVE-AND GATES

ke

— - . . .
* ,ecommended operating conditions

' UNIT
MIN NOM  MAX { MIN NOM MAX

SuoolY voitage

Hign-tevel wnput voitage

Low-\wel nput voitage

H,gn-level output current

Lowtevel output current

Operating free-ai remoperatu’?

recommended operating free-air temperature range {unless otherwise noted)

m vee s MIN.  Vine2V. (QH = - 0.BmA

al characteristics over

R
electric

GNC»

Vee
50 Q2
3

+ e ————

!\I

]
ouTPUT
l v
g * For concditions shown as MiIN or MAX, J58 the appropriate va u¥ spec "1ea unger cgcommenced aperaling conagitions
— W\ TLR o

s Al tvpica saivas are atVee
§ Not mate Than one Sulpul $NOV

< pe snctea at a tme

5V, Ta =25 C lsee note 2)

switching characteristics, vee =

TO
i TEST CONDITIONS
GND { {OUTPUT}

!
4 2, =400 2, CyL = 150F
i NOTE 2: Loaa cwsuits and voitage wavetorms are snown n Secron 1.

fess otherwise noted) {
"

TTL Devices N
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SN64L508, SN74L508
QUADRUPLE 2-INPUT POSITIVE-AND 1755

recommandad operaing conditions wrige .

r T - 1

H SN5-L508 | S:474L508

i . . UNt-

i MING N0 MEAX MIN NOIA MAX

{ L

{ som Supohy 0 nae . . ) viz L rroeapn 3 535 v

T AT RN - ' 2, 2 b
L L B Tt ) P 0341 s
G4 mENeevh Autdut sLtitr - -z -049 mz

g b T D T N < :[ 3 m&

I Ta Thetaln tcawger taer aratyee | - 53 132 i s 7. B

r. -

SN54LS08 SN74LS08

PARAMETER
".NN TYP: MAX gMIN TYP:t MAX

i Vet . -1igy - 1.5 K4
e I RN T toar 24 K4
| PRI .3 ne
J v
P ; ; z3 0
1]
y f s DA ~
:
M ! Vi=27% ! 010 o
'
e | Voo AAL vy edsv -0.2 ] =03 ) ma
ios§ Lo e vad 2 -29 -1 | ~20 -390 | ~=
ek VECt VAL V45 S , s az | 1: g | -
ccL Ve s AN, Yy=0V | 44 52 i =2 88 M-
“Tg-eonc cons QNN 28t N, 3 UA M, 3% "Te 13000577 2°2 vaiug WO0eC @ unTer TRIC T T MNCel QUSTANTS IO
T4 tsoc: atumsareart -- 25, T <
‘,‘-'J' TATE CTTAN 80P BUTH LT ST T D SR 2 AT 30 e 30T CMe T_0atan 3T TRR S0Pt L tn | 5T, 7 At A ~3q Qs e H

switching characteristics, Veg =5V, Ta = 25 C [see note 2)

r

| FROY T0 ) '
PARAMETER b TEST CONDITIONS Mit. TVR S AlAX UM
" HINPUT 1OUTRL™ i
:
T . z -} *
Az g - AR (g A < RS =
sur ! y 1 ': 224 -

NOTZ 2 Loac ceocuns ans Lcitage waverar—: e smawn n Seer st

Texas ‘Q'ra
INSTRUMENTS
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“ry

SN54508, SN74508
QUABRUPLE 2-INPUT POSITIVE-AND GATES

e i
- N . ey
mended operatin conditions
reco™
3 I’ SN74LS08 SNS54S08 SN74s08 oIt
Nt
WAX MIN NOM MAX uniT MIN NOM MAX MIN NOM MAX
< 2 32 7 vee Supoty voitage 45 5 5.5 | 475 3 5325 v
2 : v Vin Hign-level inout voltage 4 2 "2 v
.- 08 | v 1 | v rowlee nout voltage : 0.8 03| v
! .. - A o4 Hwgh-ievel output cusrent -1 -1 mA
< ’ 8 ~p oL Low-level output current -, 20 20 mA
| ——
k¥ g 15} a0 Ta Qoeratird iree-air temparatur? -33 125 [/} 70 ‘C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

nge (unless otherwise noted)

\ SNS4S08 SN74508
8 SN74L508 TEST CONDITIONS T - UNIT
uNIT | N TYPt MAX |MIN TYPt MAX
aax | MIN TYPT MAX !
| - - -1
. 5 T t » =13 MA 12 2 v
. P - - 25 4 .7 34 v
5 14 y 1 VoH Vee = MIN, Vin =2V, 10H 1 mA 23 3 2 w
= = . 25 Y
pa 3,25 24 ‘ Vot vee MIN, viL=0 8V oL 20 mA 05 o
g / " Voo = MAX, VitE5V 1 1| ma k)
02 2.5 >
-1
2.1 01 | A i Vee *MAX, V21V 50 ___—______-2__ 2A 8
p - 2 A
0 20 | A "L Ve *MAX. Vi 05VY : = -
. - - -1 -30 -100 mA.
04 -0a | ma 1058 Ve * MAX 40 00 I
. 3 1 7 A
, 00 | -20 100 | mA ICCH Voot MAX  Vir45V i LI 8 ®T =
{ N s 7 | A
a3 24 e8| ™A | lecy Veg s MAX V2OV 2 8 A T
-
— 38 24 83 mA ‘ 1 For cOna L1ONS $IOWN 33 AN or NMAX Lsetne 2007 O0rate VBILE SOEC +.ed unger recommendgea operating conagiLions
4 201y 08 vaes are at Vo s, ol 8¢
] . § Not —OoTt than cne cuIpat $NOu & Ne shQrTes 31 8" me and 1he Qurat an of tre sNOrT C 75 t shouig not excedq ON¥ 3280~
' switching charactenistics, VCC = 5V, Ta =25°C (see note 2) '
I |
FROM TO
PARAMETER TEST CONDITIONS | MmN TVP MAX  UNIT
HNPUT) ‘QUTPUT! |
‘ AUN TYP  MAX | UNIT S ; i
' Ay 2280 1. 2. 150F
R
- e 5] s | 2l AorB \d
R ] L
0. 20 s Ry = 2802, G, = 500F
y =

“OTZ 2 Loag crouis and voitage waveiorms are snown n Section 1

i
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MOTOROLA

HR SEMICONDUCTOR 150000 sy

TECHNICAL DATA

MC2833

L

Product Preview

r ]

LOW POWER FM TRANSMITTER SYSTEM

MC2833 is a one-chip FM transmitter subsystem designed for

cordless telephone and FM communication equipment. ltincludes
a microphone amplifier, voltage controtled oscillator and two aux-
iliary transistors.

® Wide Range of Operating Supply Voltage (2.8-9.0 V)

Low Drain Current {icc = 2.9 mA Typ)

LOW POWER

FM TRANSMITTER

SYSTEM

® Low Number of External Parts Required
® -30 dBm Power Output to 60 MHz Using Direct RF Output , . «
l nh
¢ +10 dBm Power Qutput Attainable Using On-Chip Transistor ¥ ! I l , l I
Amplifiers § . !
# SUFFIX 0 SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 648-08 CASE 7518.03
S0-16
FUNCTIONAL BLOCK DIAGRAM
1 16 PIN ASSIGNMENTS
RF
Osc Variable r__\_f""i
Variable Reactance | 1 116]
2 R 12 Qutput gF
SC
Decoupting E E
3 M7 WA Butfer O 14 Moduiator ’f
Input E E Quiput
:‘ic , Mic Amp n S Tr2
mp ¢ 1
4 L 013 Outpu Base
Mic Amp Te 2
y v 4 Input 12| gmiter
Tr2
12
2 "'0 GndE Lkl C'ollecto:
,; Te t
Emitter E E Vee
6 O =@ RE! T
;, T 3 Trs
Base Cotllector
7 O VRef Q10
8 O 9

This

ahon On 3 product under development. Motorola reserves the nght

1o change or discontinue this product without notice.




FIGURE 1 — TEST CIRCUIT

Crystal: fo = 16.605 MHz

Cp = 30 pF
Mod Qut - Cq = 6.1 pF
0.0047 uF 39 pF Rg = 10 2 Max
2 15
= 68 pF=
Meod tn O——iq3 14 p———0RF Qut
Mic Amp
|4 1
Out MC2833 3 p————0 Base 2
220 &
Mic An:o 5 12 PO Emniitter 2
" 63k
E—‘ 8 11 p=———0 Collector 2
Emitter 1 O~y 7 10 m
7 0.01 uF
AF,‘I—: g
Base 1 8 99— Collector 1
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RATINGS

Ratings- Sowdot Value Unit
Pownr Suoply Voltage Yoo 10 (max) v
Oparsing Supply Yonsge Range Yeg 28-40 v
Junction Temparstare Ty |- 10 <
Opsrating Amblent Tempersars Ta e 1 X2 hd
Storsge Temoersturs Range Ten | ~S6te o168 <
ELECTRICAL CHARACTENISTICS (Ve = 48 ¥, Ta = 25°C. uniese ctharwies scudh
[ Chuacomoriodes: Sobd | Pe | v [ Tye | Mex | Usk
| Orsies Current 1Mo inout signel} 1 ] 17 | 28 | @ | ma
M MODULATOR N
Output RE Voitege iy = 6.8 MHd Vot N 14 3 0 10 Mrme
Qutowt OC Vottage (No inout signel} Vdu AL 22 8 8 v
Moduistion Sensitivity ify = 188 MM2} s 30 10 10 1
Vig = 88V 12V) 14 — - -
Maximum Oevistion ty = 16.8 MK Fow s 0 58 10 e
Via = 0Vio 210V} 1 - - -
MIC AMPURER
Cosad Loop Voltage Gein (Viy, = 30 mVime) Ay L d n x n o
B « 1.0 kHa} 9 - - -
Output DC Voitige ide inpas sipnal} Vg 88 4.0 11 14 1.7 v
Output Swing Veltege (Vy,, = 30 mvrma} Vout #0 | 40 o8 12 .. Vop
e = 10 D)
Total Harmame Osortion (Viy = 1.0 mVrme) ™D & - as T ] -~
thy = 1.8 D)
AUXRIARY STATIC
Coohed Tre e (]
Cotlectar Bave Broshdown Vekage Oc = 5.8 xA) vy 18 “ —_ v
Cotlactor Emitier Breshdown Voltags tic = 200 nA) 10 18 - v
Cotlecter Substrate Brastdauwn Voltage iic = 56 wA) Vigricso, - 0 - v
tmmmvmug-um Vi - 62 - v
Cotlecter Base Cist Off Carrere (Vg = 10V) 0 - - 200 Py
g =9
OC Current Galn O = 2.8 mA} L “« .o - -
Vog = 10V
AUXIUAKRY *
Current Gain Sardwidin Product (Vog = 16 V) L g = 500 - g
fic = 3.8 mA}
Cotiecier Base Copacxtarce VCE = 30V} Cca - 2.0 - oF
Sc-o
Cobectar Substrate Capmcxance (¥Cs = 30 V) Ces - 3 = of
e =0
—O+VCC.
6V.
100~ ANT.
E.OZ
144 MHz.
it
"
1]
o] g
T n
"
3 1"
1
150 mw.
33 ouT PUT
100
Ne

| 4
W?AFZ N
_PA 270K
—E lex (Y 3
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22 EXAR '
/ N ..the analog plus comparny ™

FEATURES

® Low-Sine Wave Distortion 0.5%, Typical

® Excellent Temperature Stability 20ppm/eC,
' Typical

* Wide Sweep Range 2000:1, Typical
® Low-Supply, Sensitivity 0.01%V, Typical
® Linear Amplitude Moduiation
® TTL Compatible FSK Controls
* Wide Supply Range

® Adjustable Duty Cycle

10V to 26V
1% TO 99%

XR-2206

Monolithic
Function Generator

July 1996-2

APPLICATIONS
® Waveform Generation

® Sweep Generation
* AM/FM Generation
¢ V/F Conversion
¢ FSK Generation

® Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability gnd accuracy. The output waveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator appiications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control volitage, while maintaining
low distortion.

ORDERING INFORMATION

Part No. Package Operating Temperature Range
XR-2206M Ccoip -55°C to +125°C
XR-2206P PDIP 0°C to +70°C

XR-2206CP PDIP 0°C to +70°C
XR-2206D SOIC (JEDEC) 0°C to +70°C
Only in Wide Body .3"

21972

M

EXAR Corporation, 48720 Kato Roza, Fremont, CA £4538 ¢ (510) 668-7000 + (510) 668-7017



XR-2206

Vec GND  BIAS

@ @ 11) SYNCO

— ot @—o|
TIMING ‘)
CAPACITOR vco > ‘ﬁ

— TRt @\
TIMING
RESISTORS CURRENT MULTIPLIER
L— tre .—“ SWITCHES AND SINE +1 sTo
SHAPER

AMS! (4 ———>(%) Mo
WAVEAT ({3)—
WAVER2 (14—

SYMAT ({5)—

SYMaz (16

Figure 1. XR-2206 Block Diagram.




I A 2

AMSI [T]e &l svmaz AMSI | 16 | SYMA2
sTo [2] [15] SYMA1 STO =4} 2 15 [F=3 SYMA1
MO [3] T_‘-] WAVEA2 MO 3| 3 14 |3 WAVEA2
Vee [ (3] WAVEAT Vee = 4 13 |1 WAVEA1
TC1 (5] 2] GND TC1 = 5 12 |=3 GND
Tc2 (6] [11] SYNCO Tc2 =l s 1 | SYNCO
TR1 o] BIAS TR =] 7 10 (=3 BIAS
TR2 [&] 9] FsKi TR2 8 9 |[E3 FSKI
16 Pin PDIP, CDIP 16 Pin SOIC (JEDEC)
PIN DESCRIPTION
Pin # Symbol Type | Description
1 AMS] | Amplitude Modulating Signal Input.
2 STO @) Sine or Triangle Wave Cutput.
3 MO O Multiplier Output.
4 Vee - Positive Power Supply. -
5 TC1 ! © | Timing Capacitor Input.”
6 TC2 | Timing Capacitor input.
7 TR1 o) Timing Resistor 1 Qutput.
8 TR2 (0] Timing Resistor 2 Output.
9 FSKI | Frequency Shift Keying Input.
10 BIAS @) Internal Voltage Reference.
1 SYNCO 0 Sync Qutput. This output is a open collector and needs a pull up resistor to Vee.
12 GND - Ground pin.
13 WAVEA1 ! Wave Form Adjust Input 1.
14 WAVEA2 | Wave Form Adjust Input 2.
15 SYMA1 | Wave Symetry Adjust 1.
16 SYMA2 | Wave Symetry Adjust 2.

3
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DC ELECTRICAL CHARACTERISTICS
Test Conditions:  Test Circuit of Figure 2. Vee = 12V, Ty = 25°
unless otherwise specified. Sy open for trian

722 EXAR

C, C = 0.01uF, Ry = 100kQ, R, = 10kQ, R3 = 25kQ
dle, closed for sine wave.,

XR-2206M XR-2206C
PARAMETERS MIN | TYP l MAX | MIN [ TYP | MAX | UNITS CONDITIONS
GENERAL CHARACTERISTICS
Single Supply Voltage 10 26 10 26 \
Split-Supply Voitage +5 +13 +5 +13 \
Supply Current 12 17 14 20 mA Ry > 10kQ
OSCILLATOR SECTION
Max. Operating Frequency 0.5 1 0.5 1 MHz | C =1000pF, R, = 1kQ
Lowest Practical Frequency 0.01 0.01 Hz C =50uF, R;=2MQ
Frequency Accuracy *1 +4 +2 % offy | fo = 1/R4C
Temperature Stability +10 +50 +20 ppm/°C [0°C < Ta < 70°C
Frequency Ry =Ry =20kQ
Sine Wave Amplitude Stabifity 4800 4800 ppm/°C | See Note 2.
Supply Sensitivity 0.01 0.1 0.01 BN | Viow= 10V, VHigH = 20V,
Rt =Ry =20kQ
Sweep Range 1000:1 | 2000:1 2000:1 fu=fL |fq @R =1kQ
fL@ Ry =2MQ

Sweep Linearity

10:1 Sweep 2 % _ |fL=1kHz, fy = 10kHz

1000:1 Sweep % f_ = 100Hz, fy = 100kHz

FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing
Components

Timing Capacitor; C 0.001 100 | 0.001 100 uF Figure 5.

Timing Resistors: Ry & Ry 1 2000 j 2000 kQ
Triangle Sine Wave Output See Note 1, Figure 3.

Triangle Amplitude 160 160 mV/kQ | Figure 2., Sy Open

Sine Wave Amplitude 40 80 80 80 mV/kQ | Figure 2., S4 Closed

Max. Output Swing 6 8 Vp-p

Output Impedance 600 600 Q

Triangle Linearity 1 1 Y%

Amplitude Stability 0.5 0.5 dB For 1000:1 Sweep
Sine Wave Distortion

Without Adjustment 2.5 2.5 % Ry = 230kQ

‘Mth Adjustment 0.4 1.0 0.5 1.5 Yo See Figure 7. and Figure 8.

Note: Boid face parameters are covered by producton test and guaranteed over operating temperature range.

Yo f ) P ) ) ) P

LI ET TOM




XR- 2206

XR-2206M XR-2206C
PARAMETERS MIN ] TYP [ MAX | MIN [ TYP [ MAX | UNITS CONDITIONS

Amplitude Modulation

Input Impedance 50 100 100 kQ

Modulation Range 100 100 %

Cairier Suppression 55 55 d3

Linearity 2 2 % For 95% modulation
Square-Wave Output

Amplitude 12 12 Vp-p | Measured at Pin 11.

Rise Time 250 250 nsec |C_=10pF

Fall Time 50 50 nsec |Cy =10pF

Saturation Voltage 0.2 0.4 0.2 0.6 \ IL=2mA

Leakage Current 0.1 20 0.1 100 KA Ve =26V
FSK Keying Level (Pin 9) 0.8 1.4 2.4 1.4 2.4 \ See's‘.ection on circuit controis
Reference Bypass Voltage 2.9 3.1 3.3 3 3.5 Vv Measured at Pin 10.

Note 1:  Qutput amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 3.

Note 2:

For maximum amplitude stability, R; should be a positive temperature coefficient resistor.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power Supplye . ......... 26V
Power Dissipation ................ ... .. .. 750mwW
Derate Above 25°C ........ ... ... .. ..., SmwWieC

Total Timing Current ........................ 6mA
Storage Temperature ............ -65°C to +150°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks: a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier: and a set of
current switches.

The VCO produces an output frequency proportional to
an input current. which is set by a resistor from the timing

Viwied P P PP L f

terminals to ground. With two timing pins, two discrete
output irequencies can be independently produced for
FSK generation applications by using the FSK input
control pin. This input controls the current switches which
select one of the timing resistor currents, and routes it to
the VCO.

A TOM
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Vee

L_L e
"
4
1 1 SYMMETRY ADJUST
— 3
L vt s BRL S1= OPEN FOR TRIANGLE
veo SINE ” = CLOSED FOR SINEWAVE
5 SHAPER s
! THD ADJUST
FSK INPUT) TR
SRR — 2 ,  TRIANGLE OR
R2 8| | SWTCHES +1 ~\  SINE WAVE
e v 1 , OUTPUT
- \ SQUARE WAVE
QUTPUT
10J12°[3 XR-2206
= R3 10K
THuF §EZSK
1 l* Vee
1uF
Vee O——'\/\M-—AAl‘Lbr
5.1K 5.1K
' Figure 2. Basic Test Circuit.
i
':
5
| 26 :
i Thangl N
7 S / 7 "] \Dissipation
! <, / 1KQ L~ // N
2 L Sinewave 2 - KO ’)\
>3 74 = g e
3 / Q
= N A O 10 /
6 22— g
E / / 14—
& 1144 [~ Taoxa
y o
0 20 40 80 80 100 8 12 18 20 24 28
R3in KQ Vee W)
Figure 3. Output Amplitude Figure 4. Supply Current vs
as a Function of the Resistor, Supply Voltage, Timing, R.

R3, at Pin 3.
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TIMING RESISTORS2

DISTORTION (%)

10MQ T T T
MAXIMUM TIMING R
-1 - a 4v €< 4V
MQ 2
5 .
A7V ATT7TON & 10
(g 7 7/A A/_/]/A 4
& | NORMAL RANGE ? =
100KQ %A - ‘7L o 23 S
LA :
TYPICAL VALUE 1 7 o 05
1OKQ 4/4/[// Y L Z /4 A <
g YA, z
é/ @ 2
4L _/_é 4
1KQ | MINIMUM TIMING R ~Jy, 0
102 10 102 104 10° Vee/2
FREQUENCY Hz . DC VOLTAGE AT PIN 1
Figure 5. R versus Oscillation Frequency. Figure 6. Normalized Qutput Amplitude
versus DC Bias at AM Input (Pin 1)
5 5
4 4
C=0.01yF R=3KQ
OSTORTION AT K 3 o g F 1S Fin2
3 A RL=10KQ
Q
-
S
2 52
\ a
1 - 1
0 , 0
1.0 10 100 10 10 100 1K 10K 100K 1M
TIMING R KQ FREQUENCY (Hz)
Figure 7. Trimmed Distortion versus Figure 8. Sine Wave Distortion versus
Timing Resistor. Operating Frequency with

Timing Capacitors Varied.
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.||

\ | I
C=0.01uF
2 L
£ R=2KQ
o R=ToRa]
'
z R=200KQ |3
S L —] ——
\ >
2 _— <& & P —
8 . R=1l\;1§2\' . Re or8
- wee Y- Se—
o lnputp & NAN— |
* ™ Ve 1.
-2
R=1KQ \J = R 3V
12
3 N .

50 -25 0 25 50 75 100 125
AMBIENT TEMPERATURE (C°)

Figure 9. Frequency Drift versus Figure 10. Circuit Connection for Frequency Sweep.
Temperature.
Vee
NN
4 :
! 16
—— 5 -
il MULT. . S1 CLOSED FOR SINEWAVE
c veo AND %
T SINE 14
6 | | SHAPER S,
13 200
8 o2
pra s
71 ) currenT \
R 2 ~ TRIANGLE OR
Ri NS TRYgyes 2 — SINE WAVE
11 Y QUTPUT
= \ % — SQUARE WAVE
ouTPUT

R o112 3 XR-2206
l “L R4 10K B I
L™

10ufF
Vee O—N\/“—J-W—’l:-ﬂl-

Figure 11. Circuit tor Sine Wave Generation without External Adjustment.
(See Figure 3. for Choice of Rj)
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Vee

XR-2206

L 1wF

, 4 15 SYMMETRY ADJUST

5
= MULT. KL Rg

1 c {1he AND 15 = Sy CLOSED FOR SINEWAVE
F=§? T . SINE 14

S T| |SHAPER 3 S R,

9 A

M o >

7| | CURRENT 2 TRIANGLE OR
Ry 1k &]]SwrcHes +1 < SINE WAVE
! * 11 OUTPUT

= N —< SQUARE WAVE
R 10]12 |3 ouTPUT
L R, XR-2206 ok L
+
fuF
; Vee
10uF
Vee I3

5.1K

5.1K

Figure 12. Circuit for Sine Wave Generation with Minimum Harmonic Distortion.
(R3 Determines Output Swing - See Figure 3.)

—< FSK QUTPUT

16
= 5 ®
N MULT. &
F c AND
>2V_J— 1 *,— A vCQ SINE 14
: S | | SHAPER ’
<1V Fa 13 200
FSK INPUT)—e
1 71 | CURRENT 2
[ Ry 3] | SWTCHES L‘{ﬂ\
L = |1
F1=1/R1C i
F2=1/R2C b1z 3 XR-2206
. 50K
T e
= +
- 10ufF

5.1K

Figure 13. Sinusoidal FSK Generator
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R
x16 DUTY CYCLE = !

= R1 + R2
_L MULT.
C Ve AND x15
T 5 SINE X14
7! { SHAPER
9 13
R 7| | current
Ry 8| | SWMTCHES + 2 ~ SAWTOOTH OUTPUT
= \1 { PULSE OUTPUT
P o B
10{12 |3 . XR-2208 .
5 R 5.1K

+
T wf

Vee

Figure 14. Circuit for Puise and Ramp Generation.

Frequency-Shift Keying:

The XR-2206 can be operated with two separate timing
resistors, Ry and Ry, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 13, Depending on the
pofarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin 9 is
open-circuited or connected to a bias voitage > 2V, only
Ry is activated. Similarly, if the voltage level at Pin 9 is
<1V, only R is activated. Thus, the output frequency can
be keyed between two levels. f; and fa, as:

fi =1/R4Cand f, = 1/R,C

For split-supply operation, the keying voltage at Pin 9 is
referenced to V-.

Output DC Level Control:

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figure 11., Figure 12. and
Figure 13., Pirf 3 is biased midway between V+ and
ground. to give an output dc level of &~ VV*/2.

APPLICATIONS INFORMATION
Sine Wave Generation

Without Externai Adjustment:

Figure 11. shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
Rt at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V*/2, and the
typical distortion (THD) is < 2.5%. If lower sine wave
distortion is desired, additional adjustments can be
provided as described in the following section.

The circuit of Figure 11. can be converted to split-supply
operation, simply by replacing all ground connections
with V. For split-supply operation, R3 can be directly
connected to ground.

AT L LT LT L LM L M T ST TOM
10



With External Adjustment:

The harmonic content of sinusoidal output can be
reduced to -0.5% by additional adjustments as shown in
Figure 12.  The potentiometer, Ra. adjusts the
sine-shaping resistor, and Rg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

1. Set Rg at midpoint and adjust Ra for minimum
distortion.

2. With Ry set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation

The circuits of Figure 11. and Figure 12. can be converted
to triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e,, Sy open). Amplitude of the triangle is
approximately twice the sine wave output.

FSK Generation

Figure 13. shows the circuit connection for sinusoidal
FSK signal operation. Mark and space frequencies can
be independently adjusted by the choice of timing
resistors, Ry and Ry; the output is phase-continuous
during transitions. The keying signal is applied to Pin 9.
The circuit can be converted to split-supply operation by
simply replacing ground with \/,

Pulse and Ramp Generation

NO TAG shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying
terminal (Pin 9) is shorted to the square-wave output (Pin
11}, and the circuit automatically frequency-shiit keys
itself between two separate frequencies during the
positive-going and negative-going output waveforms.
The pulse width and duty cycle can be adjusted from 1%
‘o $9% by the choice of Ry and Ry. The values of Ry and
Rz should be in the range of 1kQ to 2MQ.

XR-2206

PRINCIPLES OF OPERATION

Description of Controls

Frequency of Operation:

The frequency of oscillation, f,, is determined by the
external timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8. The
frequency is given as:

= L

and can be adjusted by varying either R or C. The
recommended values of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for 4kQ < R <200kQ. Recommended values of C are from
1000pF to 100uF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total timing
current, Iy, drawn from Pin 7 or 8:

£ 3201-(mA)
= T Cwf)

Hz

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12.
Frequency varies linearly with IT, over a wide range of
current values, from 1uA to 3mA. The frequency can be
controlled by applying a control voltage, Ve, to the
activated timing pin as shown in Figure 10. The frequency
of oscillation is related to VVC as:

1 Ry Ve
fr= RC(1 + F\’c< 3))Hz

where Vg isin volts. The voltage-to-frequency conversion
gain. K, is given as:

K= affov = - 132
c

Hz/v

CAUTION: For safety operation of the circuit, Iy should be
limited to < 3mA.

Y AL L &5 55 L O 48 T Y o T TEOM



XR-2206_

Qutput Amplitude:

Maximum’ output amplitude is inversely proportional to
the external resistor, Ra, connected to Pin 3 (see
Figure 3.) For sine wave output, amplitude is
approximately 60mV peak per kQ of Rj; for triangle, the
peak amplitude is approximately 160mV peak per kQ of
Ri. Thus, for example, Ry = 50kQ would produce
approximately 13V sinusoidal output amplitude.

Amplitude Modulation:

butput amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance

VR Vee 11
[ ] [ ]

16v2 5 14 1

22 EXAR

atPin 1is approximately 100kQ. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias -at this pin, within 14 volts of Voe/2 as shown in
Figure 6. As this bias level approaches Vce/2, the phase
of the output signal is reversed, and the amplitude goes
through zero. This property is suitable for phase-shift
keying and suppressed-carrier AM generation. Total
dynamic range of amplitude modulation is approximately
55dB.

CAUTION: AM control must be used in conjunction with a
well-requlated supply, since the output amplitude now becomes
a function of Veg.

—8® N

ot

Figure 15. Equivalent Schematic Diagram

12



Z° EXAR XR-2206

16 LEAD CERAMIC DUAL-IN-LINE
(300 MIL CDIP)

Rev. 1.00

i B B e O e B e O s B o W e |

16 9
1 8
| SV R W SR R S [ SN ) SO0 O N S E
e I
l - 2l [+ Es N
Base Aq .

Plane {
[}

i _L’—ﬂ-*fer*-jl‘ =

INCHES MILLIMETERS
SYMBOL MIN MA X MIN MAX

A 0.100  0.200 2.54 5.08
Ay 0.015  0.060 0.38 1.52
8 0.014  0.026 0.36 0.66
B84 0.045  0.065 1.14 1.65
c 0.008  0.018 0.20 0.46
0 0.740  0.840 18.80 21.34
Ey 0.250  0.310 6.35 7.87
= 0.300 8SC 7.62 BSC
e 0.100 BSC 2.54 BSC
L 0.125  0.200 3.18 5.08
o 0° 15° ° 15°

; Note: The controt dimension is the inch column

ATV L L L L LA 5 A B T B T TOM
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XR-2206

Seating
Plane

)

16 LEAD PLASTIC DUAL-IN-LINE

(300 MIL PDIP)
Rev. 1.00

Y e B8 sy B o Bl e B s B v, B e S0 e

16 9| 1§
D Ey
1 8 *
| S g e gy o gy ety ¢ == g e ¢
Z
F q T
[

A

4

y
A

L

e —

k-

-

lez

A

INCHES MILLIMETERS
SYMBOL MIN  MAX MIN  MAX
A 0.145 0.210 3.68 5.33
Ay 0.015  0.070 0.38 1.78
‘A, 0.115 . 0.195 2.92 4.95
B 0.014  0.024 0.36 0.56
B4 0.030 _ 0.070 0.76 1.78
c 0.008  0.014 0.20 0.38
D 0.745 _ 0.840 1892 2134
E 0.300 __ 0.325 7.62 8.26
E; 0.240 _ 0.280 6.10 7.11
e 0.100 8SC 2.54 8SC
ea 0.300 8SC 7.628BSC
ey 9.310  0.430 787  10.92
L 0.115  0.160 2.92 4.06
o 0° 150 0° 15°

Note: The control dimension is the inch column
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XR-2206

16 LEAD SMALL OUTLINE
(300 MIL JEDEC SOIC)

Rev. 1.00

HARAAAAT
Wil
‘ |

®) 3
dHHEEFIE

' [

Plane —— __Je"_ -.”‘- B"Z_‘

P T

~ff+ o

- nlil
2
w

INCHES MILLIMETERS
SYMBOL MIN MAX - MIN MAX
A 0.093  0.104 2.35 2.65
Aq 0.004 0012 0.10 0.30
8 0.013  0.020 0.33 0.51
c 0.009  0.013 0.23 0.32
D 0.398  0.413 10.10 10.50
£ 0.291  0.299 7.40 7.60
e 0.050 BSC 1.27 B8SC
H 0.394  0.419 10.00 10.65
L 0.016  0.050 0.40 1.27
| « o 8° 0° &

Note: The control dimension is the millimeter column
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ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Figure 1, V* = V- = gv, Ta = +25°C, C = 5000 oF, Ry=Ry=R3=Ry=20KQ, R =47k},

Binary Inputs grounded, Sy and Sy closed unless otherwise specified,

T XR-2211/2211M XR-2211C
PARAMETERS UNITS CONDITIONS
MIN. | TYP. | Max. | mIN. | TYP. | max. '
GENERAL
Supply*Voliage 4.5 20 4.5 20 \"
Supply Current 4 7 ( 5) 9 mA Ro 210 KS) See Fig. 4
|
OSCILLATOR SECTION
; Frequency Acguracy emmanaf- 3 3 =1 % Deviation from fo = 1/RpCq
Frequency Stability ¥ R Ry =%
‘ Temperature 20 50 20 ppm/ C See Fig. 8.
Power Supply 0.05 0.5 0.05 %IV V¥ =1221V, Sée Fig. 7,
0.2 0.2 %IV V*=520.5V. See Fig. 7.
Upper Frequency Limit 100 300 300 kHz Rg = 8.2 K Cy = 200 pF
Lowesy Practical
Operating Frequency 0.01 0.01 Hz Rg =2 MQ Co=SOUF
Timing Resistor, Rg See Fig. 5.
ODerativ_-\g_ Range 5 2000 5 2000 xQ
Recomridnded Range 5 100 15 100 K2 See Fig. 7 and 8.
T
LOOP PHASE
DETECTOR SECTION
Peak Qutout Current 150 200 +300 *100 $200 *300 HA Mezasured at Pin 11,
Outout Offset Current * b 4 HA
Qutput Impedance 1 1 MQ
Maximum Swing *4 5 +4 bt v Ra‘erenceq 10 Pin 10.
QUADRATURE
PHASE DETECTOR Maasured at Pin 3.
Peak Qutput Current 100 150 150 HA
Output Impedance 1 1 MQ
Maximum Swing 1N 1 V on
INPUT PREAMP SECTION M-guree a1 Piny 2.
an Input Impedance 20 20 (391
- Input Signal
) " Voltage Required 10
" Cause Limiting 2 10 2 mV rmg
21s
gh VOLTAGE COMPARATOR
s SECTIONS
o5 Input Impedance 2 2 MQ Measured a1 Pins 3 and 8.
:b input Bias Current 100 100 nA
’ Voltage Gain 55 70 55 70 d8 RL=51KQ
ut Outout Voltage Low 300 300 mv Ic =3 mA
he * Outout Leakage Current 0.01 .01 173 Vo=12V
ce
Hy INTERNAL REFERENCE
ut Voltage Level 49 | 53 | 57 [ 475 | 53 | ses v Measured at Pin 10,
ng Qutput impedance 100 100 Q
he
5K
ire
6233
2
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Figure 1: Functional Block Diagram of a Tone and FSK

Decoding System Using XR-2211

Reference Voltage, VR {Pin 10). This pin is internally biased
at the reference voltage level, VR"’gR = V+/2 - 650 m\)
The dc voltage level at this pin forms an internal reference
for the voltage levels at Pins 5, 8, 11 and 12. Pin 10 must
be bvpassed to ground with a 0.1 uF capacitor for proper
operation of the circuit. 2y
Loop Phase Detector Qutput {Pin 11). This terminal provides
a high ;mpedance ouiput for the loop phase detector, The
PLL loop filter is formec by R1 and C1 tonnected to Pin 11
{see Figure 2), With no input “signal, or with no phase error
within the PLL. the dc level at Pin 11 is very neart ual
to VR. The pesk voitage swsing available at the phase detec-
Tor output is equal 10 2VR.
Q

VCO Control Input (Pin 12): VCO free-r(mning frequency
is determined by external timing resistor, Rg. connected
from this terminal to ground. The VCO free-running fre-
quency, fo, is:

1
fn = Hz
0 RoCo

< where CO is the timing capacitor across Pins 13 and 14. For
Och”:ym 1emperature stability, Rg must be in the range of
10 K 10 100 K ses Figure 8).

This terminal is a lcw impedance point, and is internaily
biased at 3 dc leve! equal 0 VRg. TM_a_x_i_r‘_gum timing
curreht drawn from Pin 12 must be limited 10 €3 mA for
procer cperation of 1-e circuit, -

XR-88

Generalized Circuit Connection for FSK and
Tone Detection

Figure 2:

V(i(lj’nmmg Capacitor {Pins 13 ang 14} VCO freauency is
inversely orocoruonal to the external timing cacacitor, Cq.
Connecied across 1hese terminals (see Figure 5), Cq must be
nonpolar, 3nd in tne r_a_q‘ge.‘qj_Z_Op_glix_q 1”0 _;.x_E.

VCO Frequency Adjustment: VCO can be fne-tuned by
connecting a potentiometer, Ry, in series witn Rg at Pn 12
(see Figure 9).

VCO Free Running Frequency, fg: XR-2211 does not have
a separate VCO output terminal. Instead, the VCO outputs
are internally connected to the phase detector sections of
the circuit. However,
VCO free-running frequency can be measured at Pin 3 {with
Cp disconnecied), with no input and with Pin 2 snorted 10
Pin 10.

DESIGN EQUATIONS
{See Figure 2 for definition of components.)

1. VCO Cenzer Frequency, fg:
. . e - =
ig= 1 ROCO Hz caz -

-

2. Internal Reference Voltage, VR {measure2 2t Pin 10}

Vg = V=/2 - 650 mV

3. Loop Low-Pass Filter Time Constant, 7.

T=R1C‘

for set-up or adjustment ourooses.:“’ )
—t B TR Ay

o Sow]




4. Loop Damping, ¢:

i} %
t=1a/ 2

1

5. Loop Tracking Bandwidth, +Affq:
Afffg = Rp/Ry

TRACKNG
BANDWIOTH
: o i‘ &
1 i 1 H d
1 i 1 4 L]
LY8 f o 2 LU

6. FSK Data Filter Time Constant, TF:
7F = ReCE

7. Loop Phase Detector Conversion Gain, K¢: (K¢ is the
differential dc voliage across Pins 10 and 11, per unit
of phase error at phase detector input):

K¢ = -2VR/x volts/radian

8. VCO Conversion Gain, Kg: (Kg is the amount of

change in VCO frequency, per unit of dc voltage change

at Pin 11):

Ko = - 1/VRCOR1 Hz/volt

9. Total Loop Gain, K:
KT = 2nK¢Ky = 4/CoR rad/sec/volt

10, Peesk Phase Detector Current |5:

B

Ip = VR (vols)/25 mA
APPLICATIONS INFORMATION

FSK DECODING:

‘Figure 9 shows the basic circuit connection for FSK decod-

ing. With reference to Figures 2 and 9, the functions of
external components are defined as follows: Rg and Cg set
the PLL center frequency, Ry sets the system bandwidth,
anc C, sets the loop filter time constant and the loop
damplng factor. Cg and R form a one-pole post-detection
filter for the FSK data output. The resistor R (= 510 KQ2)
from Pin 7 to Pn 8 invroduces posmve feedback across the
FSK comparator 1o fac:htate rapid transmon between
output logic states. . *

Recommended component values for some of the most
commonly used FSK bands are given in Table 1,

Design Instructions:
The circuit of Figure 9 can be t;_j\lg_n'ed for any FSK decoding
application by the choice of five key circuit components:
Rg. Rq. Cp. Cq and Cg. For a given set of FSK mark and
space frequencies, f1 and fo. these parameters can be calcu-
lated as follows:
a) Calculate PLL center frequency, fg:
o f1 + f2
0" 2
b) Choose value of timing resistor Rg, to be in the range
of 10 K to 100 KQ. This choice is arbitrary. The
recommended value is Ry = 20 K. The final value of
Rg is normally fine-tuned with the series potenu- b
ometer, Ry. waine sal
c) Caiculate value of Cg from design equation (1) or from
Figure 6:
CO = 1/R0f0
d) Calculate Ry to give a Af equal 10 the mark space
deviation:
e) Cslculate Cy to set loop damping. (See design equation
no.4.):
Normally, § = 1/2 is recommended.
Then: Cy = Cp/d for § = 1/2
f)  Calcuiate Data-Filter Capacitance, Cg-
For Rp = 100 KQ. Rg = 510 K2, the recommended
value of Cg is:
Cg = 3/(Baud Rate} uF
Note: All calculated component values exceot Rg can be
rounded to the nearest standard value, and Rg can Pe
varied to fine-tune center frequency, through a seres
potentiomater, Ry. (See Figure 9.)
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Figure 3: Desensitizing Input Stage Figure 4: Typical Supply Current vs vt {Logic Outputs

Open Circuited).
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With reference to Figures 2 and 11, the functions of the
external circuit components can be explained as follows:
Rp and Cg set VCO center frequency, Ry sets the detection

bandwidth; Cy sets the low pass-loop filter time constant

and the loop damping factor. Ri1_and R 7 are the respec-*
tive pull-up resistors for the Q and Q logic outputs.

Desigry Instructions:

The circuit of Figure 11 can be optimized for any tone
detection application by the choice of the 5 key circuit
components: Ro. Ry, CO. Cy and CD. For a given input,
the tone frequency, fg. these parameters are calculated

as follows:

a) Choose Rg to be in the range of 15 K& to 100 KS2.
This choice is arbitrary.

bl*Calculate Cq to set center frequency, fo equai to f
tsee Figure 6): Cq = 1/Rpfg

c) Calculate Ry to set bandwigth *Af (see design equa-
tion no. 5):

Ry = Rolfg/af)

Note: The total detection bandwidth covers the fre-
quency range of fg * Af.

d) Caiculate value of C, for a given loop damping factor;
Cy = Cp/16¢2

Normally § = 1/2 is optimum for most tone detector appli-
catidns, giving Cy = 0.25 Co-

Increasing Cy improves the out-of-band signal rejection, but
increases the PLL capture time.

?) Calculate value of filter capacitor Cp. To evoid
chatter at the fogic output, with Rp = 470 KQ, Cp
must be:

CpluF) 2 (16/capture range in Hz)
Increasing Cp slows down the logic outout resgonse time,
Detign Examples:
Tone detector with 3 detection band of 1 kHz * 20 Hz:

a) Choose Rg = 20 KQ (18 KQ in series with 5§ KQ
potentio~—ater),

b) Choose C+ “or fo = 1 kHz (from Figure 6) Cp=0.05
HF.

XR-92

Ve

4 - -

Figure 12: Linear FM Detector Using XR-2211 and an
External Op Amp. (See section on Design
Equation for Component Values.)

¢} Caleulate Ry:Ry = (Rg) (1000/20) = 1 M2,

d) Calculate Cq:for § = 1/2, Cy = 0.25. Cy = 0.013 pF.
e} Caleulate Cy:Cp = 16/38 = 0.42 pF.

f} Fine-tune center frequency with 5 K pozentiometer,

Ry.

LINEAR FM DETECTION:

XR-2211 can be used as a linear FM detecior for a wide
range of analog communications and teleme:ry zzolications.
The recommended circuit connection for shis agolication is
shown in Figure 12. The demodulated output is aken from
the looo phase detector output (Pin 11), through & post-
detection filter made up of Rg and Cr. &ng an external
buffer amolifier, This buffer amplifier is necessa'v because
of the high impedance output at Pin 11. Normally, a non-
inverting unity gain op amp can be used as a hufier ampli-
fier, as shown in Figure 12.

The FM detector gam ie., the output voiisge change per
unit of FM deviation can be gnven as:

Vout = Ry VR/100 Rg Volts/®sdeviation
where Vg is the internal reference voliage (Vg = V+/2 -

650 mV). For the choice of external comzznz-1s Ry, Ry,
Cp. €y and Cg. see section on des’gn equ3% 50,
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