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PROGRAMMABLE WAVEFORM GENERATOR
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ABSTRACT

The generation of signal always generate by linear
circuit, and this method must be change an element when we
want to generate a new signal. It not convenience for
pratical. The generation of signal by digital is a way to
solution this problem. An arbitrary waveform can create by

storedata in memory. The signal that generate by digital
method is higher accurary and stability than signal from

linear circuit.
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BENERAL DESCRIPTION

H 2
The XR-2208 is a monolithic function generator inte-
grated clrcuit capable of produting high quality sine,
square, triangle, ramp, and pulse waveforms of high-
stabllity and accuracy. The outpul waveforms can be
both amplitude and frequency modulated by an exter-
nal volisge. Frequency of oparation can be selecled
extarnally over a range of 0.01 Mz to more than 1 MHz.

The circuit is ideally suited for communications, instru-

mentation, and funclion genaerator applications requir-

g sinusoidal tone, AM, FM, or FSK generation. It has a
typica! drift specification of 20 ppm/°C. The osciflator
trequeftcy can be fineurly swept over 8 2000:1 trequen-
cy range, with an external control voltage, having a
very small aflect on distortion.

FEATURES

Low-Sine Wave Distortion
Excellent Temperature Stabllity
Wide Sweep Range
Low-Supply Sensitivity

Linear Amplitude Modulation
TTL Compatible FSK Controts
Wide Supply Range

Adjustable Duty Cyck>

0.5%, Typical

- 20 ppm/°C, Typical
2000:1, Typical
0.01%V, Typical

10V to 26V
1% 0 99%

APPLICATIONS

Waveform Generation
Sweep Generation

AM/FM Generation

VIF Conversion *
FSK Generation
Pnase-Locked Loops (VCO)

¥

E
ABSOLUTE MAXIMUM RP.TI&G%

Power Supply ; 28V
Power Dissipation 750 mw

Derate Above 25°C * 5 mwWi°C
Tota! Timing Current | 6 mA.

Storage Temparature -65°C to +150°C

Generator

FUNCTIONAL BLOCK DIAGRAM

R, S
weot {1 1 []
SYMMETRY
i AD
v durrut | 2. UnE H
H . MULTIPLIER
. MULT ouT |3 ! e M
SHAPER

CAPACITE E
RESISTORS
L B

1193

WAVEFORM
ADJ.
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7]

[14]
e i) ]

2]

1]

GROUND

Ao

SYNC
ouTPUTY

1

I e

CURRENT -~
SWITCHES

BYPASS

FSK
INPUT

ORDERING INFORMATION

Part Numbsr Package Operating Temperature
XR-2206M Ceramic ~55°C to +125°C
XR-2206N Caramic 0°Cto +70°C
XR-2206P Plastic . 0°Cto +70C
XR-2206CN Ceramic 0°Cto +70°C
XR-2206CP Ptastic 0°Cto +70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of lour funclional blocks; a
voltage-controlied oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buller amplitier; and a set
of current switches.

The VCO actually produces an output frequency pfo-
portional to an input current, which is produced by a re-
sistor from the timing terminals to ground. The current
switches route one of the timing pins current 10 the
VCO controlied by an FSK input pin, 10 produce an out-
put {requency. With two timing pins, two discrele output
frequencies can be independently ptoduced for FSK
Generation Applications.
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ELECTRICAL CHARACTERISTICS %

Test Conditlons: Ted! Circuit of Figure 1, V+ = 12V, Tz = 25°. G = 0.0 #F, Ry = 100k, Ay = 10 kD, Ry = 25 kn
unless otherwise specified, $1 open lor triangle, closed for sine wave.
XR-2206M XR-2206C ’
PARAMEYERS MIN TYP 1 MAX | MIN ] TYP [’MAX‘ UNITS CONDITIONS
GENERAL CHARACTERISTICS . :
Single Supply Vollage 10 26 1 10 26 v .
Split-Supply Voitdge 5 213 ] %5 +13 \'2 ) »
Supply Current 12 17 | 14 20 mA JRy 210k
OSCILLATOP 3ECTION 3 ' ..
Max. Opet * ng Frequency 0.5 1 0.5 1 MHz [C = 1000 pF, Ry = 1k
Lowes! Prac:!ical Frequency 0.01 0.01 Hz IC«50uF Ry m2MQ
Frequency *ncuracy 1 +4 2 % ol Ig|{1g = 1/R4C
Temperature Stability +10] +50 +20 ppm/°C | 0°C < Tp s 70°C,
. y Ry =Ry = 20kN
Supply Sencivity. 0.01 | 0.1 0.01 %N Viow = 10V, VHIGH =
. : 20V,
- Ry = Ry = 20k
Sweep Range 1000:1] 20001 2000:1 =1 | Iy @Ay = 1k0
, "W 'L@Rry =2Mn
Sweep Linearity i
10:1 Sweep 2 2 % I = 1kHz, fy = 10 kHz
1000:1 Sweep. 8 8 %% fi = 100 kHz, {1y = 100
kHz
FM Distortion 0.1 0.1 % 1+ 10% Deviation
Recommended Tifing '
Components i )
Timling Capactitor; C 0.001 100 | 0.001 . 100 uf See Figure 4,
Timing Reslistors: 1 2000 1 20001 k@

R1 & R2 x i - " 'S 4
Trlangle Sine Wave Output See Note 1, Figure 2.

Triangle Amplitude 160 . 160 mV/k Q | Figure 1, S¢ Open

Sine Wave Amplitude 40 60 80 60 mVik Q1 | Figure 1, Sy Closed

Max. Output Swing 6 6 Vpp '

Output Impedance 600 600 0

Triangle Linearity 1 1 %

Amplitude Stability 05 0.5 dB | For 1000:1 Sweep

Sine Wave Ampfitude 4800 4800 ppm/°C | See Note 2.

Stability L

Sine Wave Distortion

Without Adjustment 2.5 2.5 % Ry =30k 0

With Adjustment; 04 | 1.0 05 | 15 % See Figures 6 and 7.
Amplitude Modulation .

Input Impedance 50 100 50 100 k

Modutation Range 100 100 %

Carrler Suppresslon 55 55 ds

Linearity 2 4 % For 95% modulation
Square-Wave Output

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

Rise Time ¢ 250 250 nsec [C = 10 pF

Fall Time . 50 50 nsec [CL = 10 pF

Saluration Voltage 02} 04 02.! 06 v I = 2mA

Leakage Ci'rrent 0.t [ 20 0.1 100 pA  |Viq = 26V
FSK Keying ! svel (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 v See section on clrcult

o controlg -

Reference Byrass Voltage 2.9 311 33 ] 25 3 35 v Measured at Pin 10.

Note 1: Output »mpfitude Is direcily proportional to the reslstance, Ry, on Pin 3. See Figure 2.
Nots 2: For'ma -imum amplitude stability, R3 should be a positive temperature coellicient resistor.
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Fraquency-Shift Keying:

The XR-2206 can be operated With two separale timing
resistors, Ry and Ry, connected 1o the timing Pin 7 and
8, respectively, as shown In Figure 12. Depending on
the polarity of the logic signal at Pin 9, either one or the
other of these timing rosistors I8 activated. If Pin 9 s
open-circulied or connacted 1o 8 bias voltags =2V, only
R4 is activated. Simliarly, il the voltags leve! at Pin 9 is
< 1V, only Ry Is activated. Thus, the oulput frequency
can be keyed batween two levels, 1y and 2, as:

fy = 1/R4C and 12 = 1/R2C

For. split-supply operation, the'keying voltage at Pin 9 Is
relerenced to V=, )

*3

Output DC Leve! Centrol: -

The dc leve! at the output (Pfri 2) Is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12,
Pin 3 is blased midway between V+ and ground, to
gve an output de level of =V +/2,

APPLICATIONS INFORMATION,

Sine Wave Generation “

Witheut Extarnsl Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal output from tha XR-2206. The potentiometer,

/ B1 at Pin 7, provides the esired lrequency tuning. The
maximum output swing is greatsr than V+/2, and the
typical digtortion (THD) is <2.6%. |f lower sine wave
distortion Is desired, adaii:onal adjustments can be pro-
vided as described in the following section.

The circult of Figure 10 c#n be ¢onvertad o split-supply
operation, simply by replacing all ground connections
with V=, For splil-supply operdtion, Rz can be directly
connected to ground.

With Extarnal Adjustment:

The harmonic content of sinusoidal output can be re-

duced to =~ 0.5% by additional adjustments as shown

in Figure 11. The potentiomeler, Ra, adjusts the sine-

shaping resistor, and Rg provides the fine adjustment

lor the waveform symmetry. The adjustment procedure *
15 as follows: ‘

.

1. Set Rg at midpoint, and adjust Rp for minimum
, distortion.

2. With Rp set as above, adjus! Ry 1o further reduce
distortion.

Triangle Wave Qeneration
'The clrcuits of Figures 10 and 11 ¢an be converted 1o
trlangle wave generation, by simply open-circulting Pin

13and 14 (l.e., 51 open). Amplitude of the triangle Is ap-
proximately twice the sine wave output,

x

1-197

FSK Goneration X R-2 206

t

Figure 12 shows the circuil connection for sinusoidal
FSK signal operation. Mark armd space frequencies can
be independently adjusted, by the choice of timing re-
sistors, Ry and R, the oulput is phase-continuous dur- *
Ing transitlons. The keying signal is appited 1o Pin 9. The
circult can be converted 1o splil-supply operation by
simply replacing ground with v =, .

Pulsé and Ramp Generation

Figure 13 shows the circuit for pulse and ramp wave-
form generation. In this mode of operation, the FSK key-
ing terminai (Pin 9} is shorted o the square-wave outpul
(Pin 11), and the clrcuit automatically frequency-shift
keys itseil between two separate frequencies during
the positive-going and negative-going output. wave-
forms, The pulse width and duty cycle can be adjusted
from 1% 10 99%, by the choice of Ry and Ra. The val-
ues of Ry and Ry should be in the range of 1 kfl to 2
MQ.

PRINCIPLES OF OPERATION
Description of Controls
Fraquency of Oparation:

The frequency of oscillation, Iy, is determined by the ex-
ternal 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:

1
'O.R—CHZ

and can be adjusted by varying either R or C. The rec-
ommended values of R, for a given lrequency range, as
shown in Figure 4. Tempetature stability is optimum for
4 k! < R < 200 k0. Recommended values of C are
from 1000 pF to 100 uF.

Froquency Sweep and Modulation;

Frequenc of oscillation is proportional to the total tim-
ing current, I, drawn from Pin 7 or 8:

320 Iy (mA)
C (uF)

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 I, over a wide range of
current values, from 1 pA 1o 3 mA. The frequency can
be controlled by applying a control voltage, Vg. to the
activated timing pin as shown In Figurg 9, The frequen-
cy of oscillation is related to Vg as: .

~

_ g BI0-016rT 00 LTD.
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where Vg Is in volts. The \/oltage-to-frequency conver-

sion gain, K, Is given as: -

K = VG = = 232 Hapy

RcC

CAUTION: For salety operation bf the circult, It
should be limited 10 <3 mA.

Output Amplitude:

Maximum output amplituda I8 inversely proportional o
the extarnal resistor, Ra, connected to Pin 3 {see Figure
2). For sine wave output, smplitude is approximately 60
mV peak per kf} of Ra: lor trighgle, the peak amplitude
is approximately 160 mV peak per k0 of Ry. Thus, for
example, A3 = 50 kN would produce approximately
+ 3V sinusoldal output amplitude.

- Ampiitude Modulation:

Oulput amplitude can he modulated by applying a d¢ bi-
as and a modulating signal to Pin 1. The internal imped-
ance at Pin 1 is approximately 100 k. Qutput ampli-
tude varles lingarly with the applied voltage at Pin 1, for

values of de blas at this pin, within £4voltsof V¥ /2 as |
shown in Figure 5. As this blas level approaches V+/2, .

the phase of the oulput signal is reversed, and the am-
plitude goes through zero. This property Is sultable for
phase-shifl keying and suppressed-carrier AM genera-
tion. Total dynamic range of amplitude modulation is ap-
proximately 55 dB.-

CAUTION: AM control must be used in conjunction
with a well-regulated supply, since the output amplitude
now becomes a function of V+.
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MC14040B -
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12-B|TBINARY COUNTER . .

The MC140408 l2~staga binary counter is constructed with MOS
P-channel and N-channel enhancement mode devices in » single mono- .
* fithic structure. This part is designed with an mput wave shaping
“eircuit and 12 stages of , ripple-carry binary counter.~ The device

CMOS MSI

(LOW—POWER COMPLEMENTARV MOS)

! 12’BIT BI;NARY COUNTER

advances the count on the neganve-gomg edge of the clock pulse,

Applications include time delay clrcuns, counter. controls, and" fre-

quencydnvnng circuits!

¥ BEL 2

J‘

#

#

+

. @ Fully Static Operauon vToees -
® Quiescent Current = 5.0 nA/packagc typ;cal eb Vdc
® Noise Immiunity = 45% of VDD typical o Lt , . ' .
i ® Diode Protection on AllInputs ., - W\ E e ) + L SUFFIX P SUFFIX
 Supply Volwge Range = 3.0 Vde 10 18 Vae ! CERAMIC PACKAGE  PLASTIC PACKAG
. CASE 620 CASE 848
® Low lnput Ccpacmnce =5.0 pF xypu:a! I 1 ! - s .
® ,Capable of Driving Two Low-Power TTL Loads, One Low-L ower A\ ORDERING '"FORTAT'ON
3 i P 2
. Schottky TTL Load or Two HTL Load: Over. the ﬂaled -~ | Mclaxxxe . Suffix Oenotes - -
o Temperature Range Joeee . : -\ -
K ¢ Common Reset Ling. D EAE. [ a0 \ = o L Cersmic Package_
- & i dl¥ A WK A= P Plastic Packege
e 13 MH2 Typical Counting Rate @ VDD WIS M-\ = k: 5 A Extanded Opersting
B ! . T ture R
® Pin-for-Pin Replacevqep‘t for CD40408 v % ) ¢ u.m.o;:m:::.
. — 1 A L Temperature Rangs
\ MAXIMUM RATINGS (Voltsges referenced 1o Vss) 8 .
* Rating Symbol Value " Unit TRUTH TABLE
v DC Supply Voltage . - Vpp ~0.5 to +18 Vde CLOCK | RESET | OUTPUT STATE
: Input Valtage, All Inputs - i Vin |-0610Vpp+¢ 05] Vde >/ § [} No Change
. OC Current Drain per Pin | 10 - mAdc N .9 Advance to next
* T o M statle
Opouung Temperature Rangs — AL Device TA =56 10 #1268 : (] 3 1 All Qutputs are low
CL/CP Device } —~40 10 +85 & )
. Slour Temperature Range : Tap ~65 104160 °c Xy portCare .
. : o 9 Tr T -
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LECTRICAL CHARACTERISTICS ° s, o
PR - . - o, Von . Tiow® i 25%¢C Thigh® -
"‘*Clunchvfﬂle ar Symbol (28 Min Max Min Typ Max Min Max |° Unit
utput Voltage * “0" Level voL'| &+ - 005 [ '~ |~ 0 | 005 - 0.05 vde
vi,,-vonovo ro. ' i v - 1005 | 0.} 005.§ -~ 005 | .
ey T . 15 | .= vos | .| o eos | .| oos [°
Rif 0 g1 tevet [LVou | SC | 488, - 495 5.0 - | a9s - Vde
Vin*0orVpp * 10 988 | |, - 9.95 10 "= 9.95 = 1. .
g : . 15 {4.95 - 14.95 15 - 14.95 -
put Voum": . 0" Lovel] Vit . woou |t . vde
(vg = 4.50r 0.5 Vdc) 5.0 - 15 |- o 225 | 15, |" - 15 .
Vg ~9.00r10Vde) = = |- 10 . iJ- 30. - 4.50 30 | - 3.0
Vo= 1350r15 vde) - .} 18 “ 4.0 = 8.75 4.0 - 4.0
1 Levet] Vi _%‘;«. . ;' Jooo s .
vo~-o0. 5 orasvae) se |73s |- - 35 [ 295 ). 35 = ] vde
tvo=100r9.0vde) - 10 70 - 7.0 550 |, - 7.0 -
Vg « 1.5 or i35 Vdel , 15 11.0 - 11,0 825 | -~ 11.0 ~
tput Drive Current (AL Device) | oM Py .1 ) mAdc
(VOH = 2.5 Vde) Source _ 50 | w12 T Bl A e -0.7 =
(VoH = 4.8 Vde) . - 50 |-0.2s - %] 02 | 036 | .- 014 | . - s
(Vo = 9.5 vde) ~ 10 |-062 - -0.5 09 |, ~ 038 || - » ot
(VoK = 13.5 Vdc) 15 ~1.8 -’ -15 | ‘s - -1.1 -
{Vor » 0.4 Vde! Sink foL 5.0 0.64 - 0.51 0.88 - 0.36 = | mAde
VoL = 0.5 Vde) , '] 1o 1.8 - 13 228 [ - 0.9 .-
(Vor = 1.5 Vde) . 18, 42 | - 34 88 - 24 -
tput Drive Current {CL/CP Dwia‘) 01 . N mAde
{VoH = 2.5 Vde) Source 8.0 -1.0 - 08 | -t7 - 08 | -
IVou * 4.8 Vde) - Lo | 8.0 w | ~02 - | -038 | -036 - 042 - ,
tvou =9.8vdet =~ - 10 ~0.5 - -04 | -09 ~ | -03 - o
(Vo = 135 Vde) ! 7 15 214 5 -12 |.-35 - -1.0 -
(VoL = 0.4 Vde} sink " ~| -lo «| 50 | ds2 - 044 | o088 - 038 | - mAde
VoL = 0.5 Vde) 1 . 10 13 - 1. 226 |, ~ 09 - :
(VoL # 1.5 Vde] ! 15 {738 - 3.0 88 |- 24 -~
wut Currant (AL Device} - Yin® 15 - 0.1 - £0.00001 | 20.1 - 210 pAde
ut Current [CL/CP Davice! Tin 15 - $03 ~  |*0.00001].¢03 - 1.0 | uAde
ut Capacitance , Cin Vs - - - 5.0 15 S, = pF
(Vin =0} T L § VR Y ’;
jescent Currant (AL Device) oo | 50 - 5.0 — | 0005 | 5.0 - 150 | wAde
{Per Packate) . , \ . A A 10 - 10 = oote | 10 - 200
- } . A\ 15 = 20 | - 0015 | 20° - |’ e00
iescent Current (CL/CP Device) - - 1po- 5.0 s 20 - .1 0,006 |* 20 - 150 pAdc
{Per Packaget R 10 Fme 40 - 0.010 *|- 40 - t]. 300
» 15 - 80 - 0015 "| 80 = 600
ts! Supply Current®*? ' i 5.0 1y = (0.42 sA/KH2) t ¢ ipp pAdc
{Dynamic plus Quisscent, * \ 10 v p It ={0.85 uA/XH2I ¢+ Ipp
“Per Package) .15 o Ire{1.43 pAlka! f+ipp
{CL = 60 pF on ali outputs, ailt * N » R
butlers switching! S 4 .
ow'= <559C for AL Device; 40°C for CL/CP Devics. -

figh ™ #125°C for AL Device, +85°C for CL/CP Devire.

“ise immunity specified for worstcam input combine+ian,

2ise Margin for both “4* and "0" level = 1.0 Vde min ® Vg * 8.0 Vde

- - 2.0 Vde min @ Vpy = 10 Vde

5y 25 Vdemin ~ Vg » 15 Vde

o cnlculnn total supply current at loads other then 50 oF:

“EIpiCy) * 1450 oF) ¢ 1 2 10-3 (T -501 Vpo! | (%N .
here: Iy s in‘uA lper package), Cy in pF. Vpp In Ve, and in KMz is

\- Input frequency. °
‘M 'ormulas given are for the typical charscteristics orty at 23 C.

u‘ '.., . .
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This dévice contsing circuitry to protect
the inputs sgainst damage due to high static
voltasges or electric fields; however, it i
- v advised that normal precsutions be taken
to avoid spplication of any voltage higher
» than maximum rated voltages to this high
¢ impedance circuit. For proper operation it
is recommended that Vi, snd Vg, be
constralned to the range Vgg & (Viq or
Voutl € Vpp-
Unused’ inputs must slweys be tied to sn
. sppropriste logic voltage leve! (e.g., either
Vgs or Vppl.
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SWITCHING CHARACTERISTICS® (Cy = 50pF,Ta ~259C) & ) i ’
“, f Chemctermie : T ) Csvmbet [ Y02 f man | Tve | mex | umk
i , . \
Output Rise Time ! tTLH . m
treH = 30 mpFiCL +30m | ¥ H 5.0 - 190 | 360
. LM (LSnepFICL+15ms ¢ - U L - 10 - 90 180
» tyLm = (3.1 na/pE) Cp + 10 ns N ¢ 15 - es | 130
Output Fall Time* &, -, Ce . TTHL [ ns
tTHL= 0 mfoF) EL+ 28 m e a” LI T I 7 - {10 | 20
tTHL = (0.76 ne/BF) € 4125 m 72 @ Ty 5 10 - 50 100
trHL = 1055 ns/pF) C'+9.6ns © X B 1 - 40 80
Propagation Deley Time N B s PLM bl
tPHL oL = (1.7 m/oF) CL ¥316m oo R (R PV 50 - 400 | 800
PHL, LM = (0B8 nslpF) CL #1370 - 3 4 . 10 T 170 340
UL, tPLH * 106 ni/pFI CL 498 m ) ] 4 ’ : 15 - 120 | 240
Clockt6 Q12 : . -7 TEot oy ! P Y N - ns
vippL, e = 7 mioFiCua24tBme - ¢ . - s R Y ) - 25 | 80
tPHL, tpLH = [0.68 7/oF) C + 867 . ' ; 10 - 08 18 <l
5| tpHL, tPLH ™ 10.E mipF) C_+475nd . - ° ! -1 18 - 0.8 14
Prbpagation Dalsy Time oot e < X B [
Reset to Qj, A ;«L‘; : # ¥ .
| L=tz Aifok) CL +4BB ap sy Way™ed < - 80 | < 570 | 1620
1% tpuL® (068Ne/FICL+ 1820  ° £ 0. | - | 215 | 600
oy = (0.5 M/pF) G+ 145 ns ~ | & 3 15 - 170 480
Clock Pulig Width +~ = « | o o 5.0 386 140. - ™
O UL i . 10 150 55
J %., g e p -
| R gk 18 115 38 -
Clock Pulse anumcy.-:’; F 4 y )7L Ty 6.0 R - 35 15 MHz
' SRR MR SRk :3 z %:? T
- PR e A0 il % pdlt 5
Clock Rite and Fell Time S 1 60 1 )
' a Y ost P4 AR y 4 10 |- No Limit . v
. Vb e T S 16. S . . .
Rotet Pulse Width # » = v o fe el -« .60. | 960 320 - ™
1 S P N N A S A 3 $ 10 360 | 120 - .
ol 4 ! A 15 270 80 Z
., The formula given I8 for the typicsl cheracteristics only. 4, WL ’ .
“« I . . Wt AN 1 1: Y, PN 1, ¥ ‘0 o '.'»: [ - - e " .
Vo " {' . ;.-'lt.l ‘;S;» o ¥ R [ ) . N *
. t Ny * A o A R f' v T ‘
" FICURE'Y - POWER DISSIPATION TEST -7 , FIGURE 2 — SWITCHING TIME TEST
¥ CIRCUIT AND WAVEFORM 4+ - ‘3 ., CIRCUIT AND WAVEFORMS
- . — L B Vet e e VTN e AL LA v v
Ch ; RN AT AV g go. i
‘ 3y 4 Ao ;: F i -
o i .01
. 500 EF T o -‘lv Ic.nmlc et ot .
1 " .
‘!__ "2 ':r = L e NPT 2 . Pumntpr
. £ N .
i . f
Pulee . |} . I
13 Genereter,” ca ’ I’
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FIGURE 3 - TIMING DIAGRAM

1 4 4 8 18 32 64 120 288 812 1024 2048 4008

; Reset T 3 - ’
___l_l___j_—l_."L_LLLL-L_LL—l_
___F_LLLLLLLLL'L..'L’
°°_._____..6'—_l__—1__—1__l__1__"l___l._'1._."l__°1_
, o : K i B W K D WG DG L E U
o8 : _l_'—l___l_L—L_"L_LL_L
as i : RGN R S N I P T M T
. @ : s W s T W B
os g : : N N I T s I B I
e . s W B T O
oo - I~ RN L
Qi / _J'—L'L
L1} i 2§ X i i

Py

A APPLICATIONS INFORMATION vl |
TIME-BASE GENERATOR * : , " ' : -

{‘o o
A 60 Hz sinewave obtalned through a 1 O'Meoohm . 3600 is accomphshed The MC140128 decodes the counter
resistor connected directly to h standard 120 Vac power outputs, produces 8 single output pulse, and resets the
line is applied to the clock input of the MC14040B. By ' binary counter. The resultmg output frequency ls 1.0
selectmg outputs Q5, Q10, Q11, and Q12 dwislon by 7 pulse/minute.
¢ - ¢

- 1] .- VDD
v 5 I
% ¢ is W , -
4k p - win A -
1.0 MC 140408 b -
. + . * > v
~\ ."'W"'-I'o—a SN y 1.0 mwxmn
e L ==t - Outp
120 Vae »20 T LR e R F) — w2
60 Hz K o ; Q18 f—Od T MC140128 MC140128/ r 0
. "y Y4 A 012 __o—_j_‘ : N ’ '
M - .
- i ’
7 4
H % ng % : . " )y
§ N .:l_.
. H
H ¥, . ot
Circuit dlagrams utllizing Mo'cvcll products ere Included as 8 mesnt is believed t0 be entirsly reflable, However, no responsibllity ks
of iNuitreting typicet ] astumed for Inaccurscies. Furthermore, sueh Information does not

complete information sufficient for, construetion puvpotu s nut €oNvey to the purchesar of the semiconductor devices described any
necerserlly given. The infornation hes been carefully checked and*  HNeense under'the patent rights of Motorola inc. or others,

LI
A ! . 7 * % 2
o » r
4 v 3} " r &
. »
o 3
- 3 .
e t . .
€ 3
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. DAC-08 "
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4

mciﬁcations and Applications

- Information

3

g . HGH SPEED 8-BIT MULTIPLYING D-TO-A CONVERTER

, ; The DAC-08 series Is 8 monolithic 8-bit high speed multiplying digital-to-

7 gwlog converter, capabls of settling”to within 1/2 LSB (0.19%) in 85 ns,

. Wenotonic multiplying ‘berformance is ratsined over 8 wide 40-t0-1 reference

: renge. Full scale,and raference currents sre matched to within 1 LSB,
porslore aliminating the need for full scale trim in most epplications.

el complementry current outputs with high voltage compliance provide

oAted versatility and aflow differential mode of operstion to effectively dou-

' e pesk-10-peak output swing. In many applications, output current-to-

W'convenion can be sccomplished without requiring an external op

Noise-immune inputs permit direct interfsce with TTL and DTL levels

ghen the fogic’ threshold control, Vi c. [pin 1) is grounded. All other logic

iy thresholds are attpinable by sdjusting the voltage level of pin 1. Per-

nonce charactaristics are virtually unchanged over the entire 245V to

i @9 V power runply rénge. Power conll'lmplioﬁ is typicelly 33 mW with

‘s § 8V supplies '

!r‘ he DAC-08 is. 2vailable in several versions, with“nonlinearity ss tight as

- 98 1% (21/4LSE" over temperature. All versions are guargnteed monotonic

;Y e 8 bits. For &+ extra“margin of performance, Motorols utilizes thin-film

pedetors DRMttic g very accurate rasistive values which are extremely stable

; temperstura
|~

Mgh performar o characteristics along with low cost, make the DAC-08

§ i po ewrellent seleciron for applications such as CRT displays, waveform gen-

redion. high-specd modems, and high-speed anslog-to-digital converters.
9 Post Settling Tire — 85 ns
o Bl Scole Currant Prematched to =1 LSB
# Montinesrity Ovor Temperature to 2 0.1% Max 3
| ¢ Difterential Current QOutputs
1} § #gh Voltage Compliance Outputs -10Vio +18V
9 Wde Renge Muttiplylng Capability

B | routs Compatablo With TTL. DTL, CMOS, PMOS, ECL, HTL

L=

5:'{" Low Full Scale Current Orift

8 " g wide Power Supply Range =45V 10 218V
B* § (ow Power Consumption .

R ¥} twnFilm Resistors

. 1o Low Cost

HIGH.SPEED
8-BIT MULTIPLYING D-TO-A
CONVERTER

. SILICON MONOLITHIC
INTEGRATED CIRCUIT

Q SUFFIX
CERAMIC PACKAGE
CASE 620-02

P SUFFIX
PLASTIC PACKAGE
CASE 648-05

!

DAC-08 EQUIVALENT CIRCUIT

. IMSB]
v Vic 81 B2 B3 B4 85 86 BY B8

{Ls8)

r PINOUT DIAGRAM

—_
Tout [Z 15| VREF(-)
V- E 14] VREF(4)
lout E 13 Ve
81 (s 12] BB (LSO
82 |6 1]87
83 |7 101 88

ér P13 1 s T6 §7. 98 79 frofis fi2
K T N A AN N U O O S
. ,3 m;;’. [ Logte Buffers and Lavel Shilters I o
[N ARG S0U A N1 SN Y O I
? Current f * II L* g‘ INSE * EI e g I ORDERING INFORMATION
3 Switchén| ) L. L. L- L i M RN M 2 T “vemparature
5 '; 14 1 __D_wlco L!?'!'.I.":.L"L- __l-:\pn P.oehgo'_
L angf1e10— . DAC.OBAG| 0 1% _ [-$5°C 10 1135°C| Coramue
- DAC.0BQ | =0 19% {-55°C to +128°C| Casamic
- . DAC.OMHG| =01% 0°C 1o +70°C | Caramuc
1% L} 2‘% 2’%}% 2:&_::{7@ Z,:% I_J_A__c:oﬂfo 09w G°C 10 170°C_| Caramic
3 a-dndrndambanidanabannd HAC 0BCO]  *0 9% | 0°C 10 +70°C | Caramie
) R R R R R R [DAC- 08P | s01% 0°C 10 +70°C_| Prasnc
mi ] OAC.OSEP | +0 19% G°Cio +70°C | Ploste
Compensation V- - DAC.O8CP | 2039% | O°Cio70°C | Mastic
)
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DAC-08

% »
s
&
i“ . ~
MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) -0 ’ .
B Rating * Symbol Value Unit
Az+ Supply 10 V-Supply - a6 \

' | Logic Inputs . - V- to V- Plus 36 v
Logic Threshold ~ontrol vie V-to Ve \
Analog Currem Qutputs lout See Figure 7 mA
Reference Input V14, V15) VREF V-to v+ v
Reference Input Diiferential Voltage (V14 to V1S) VREF(D) * +18 v
Reference Input Current (114) IREF 50 mA
Operating Temperature Range Y °C

DAC-08AQ. O - ! -5510 4125
DAC-OBHQ, EQ, CQ, HP, EP, CP 010470
Storage Temperature TA -6510 4150 °C
Power Dissipation b Po 500 mwW
Derate abave 100°C RoJA 10 mw/°C

i

ELECTRICAL CHARACTERISTICS (Vg ® 215V, IpeF * 2.0 mA, Ta * -55°C to +125°C, unlass otherwise notad.)

T

¥

'
Hlansint”
-

[}
/ DAC-08A DAC-08 ) %
Characteristic Symbo! | Min Typ ax Min Typ Max Unit ; i
Resolution o 8 - 8 B8 8 8 8 Bitg | k%
Monotonicity 4 - 8 8 8 8 8 8 Biis 9
Nonhnearity, Ta = 0°C'to *70°C NL —_ - 01 - - +019 %S 1 i
Settling Time to + ¥/2 LSB, Figure 24 ty - 85 135 - 8s 150 n 7
{All Bits Switched On or OH, Ta™e 25°C) ' '} !
Propagation Delsy, TA = 25°C ns 5
Each Bit tPLH - 3% 60 - 35 60 §1,
All Bits Switched PHL | — 35 60 - 35 Y N
Full Scale Tempco TCles — 10 50 - *10 *80 pom/eC i
Output Voltage Compliance vVoc -10 — +18 -10 - IXY) v . %
Full Scale Current Change < 1/2 LSB, ﬁ‘
Ryt > 20 maegohin typ ¢
Full Range Current (117} 1984| 1992 2.000 194 1.99 2.04 mA k
{VREE = 10 000 V; A14, R16 = 5,000k, Ta 2 25°C) - ;
Full Range Symmaetry (lgR4 - 1FR2) IeRs - *05 40 - 210 80 A i
Zero Scale Current 125 Al 10 — 02 20 »A
Output Current Range. mA ¥
V-2 -50V . loR1 0 — 2.1 0 - 2.1 ;
Vv-2-80Vi0-18V 1082 0 — 42 | 0O - 42 ' {
Logic tnput Levels (V[ ¢ =0V} v N
Logic “0” vie | = - 08 4 = os 1
Logie 1" VIR 20 — - 20 - - H
togic Input Current (Vi g s O V) ~ uA , L
Logic nput "0 (Vin =10 Vto 08 V) fiL - -2.0 -10 - -2.0 -10 *
Logic Input "1 (Vi3 +2.0 V10 *18 V) T - 0002 10 — 0002 10 ?_’
Logic Input Swing, V=12 ~15 V vis | -10 — +18 -10 - +18 v .
Togic Threshold Renge, Vg = £15 V Vi | 10| < T35 | -0] — 135 v <
Referance Bias Current s - -10 -30 - -1.0 -30 uA ":"
Referonce Inuut Slew Rate Figure 19 a7ai |40 | 80 — 40| 80 - mAs |
Power Suppt. Sensitivity [Ipgs = 1.0 mA} %/% !
Vez45VI018V, PSStpgs | — | +00003] 200t — | +00003] 2001 5.
V-x-45Vin-18Y PSSigs. | — | 20002 | 2001 — | *0002 | 2001 ;
Power Supply Current ' mA 5
Vgt £50V. lpgF £,1,0 mA 1+ - 23 38 — 23 38 \
A I- - .43 58 - -43 58
Vg: 150V, -15V, Ipgr* 2.0 mA " | 24 18 — | 24 18 {
k - - | -64 -78 - | -68 -7.8 ;
Vgr $15V, Inge® 20 mA “ts - 25 38 - 25 38 "
L. 1- - -8.5 -7.8 - -65 -78 i
Power Dissipstion Pp mw ;,
Vgt 250V lngrn 1.0mA a3 48 —_ 3 49 }
Vg £ 5.0V, -15 V,Ipgr = 20 mA 103 |+ 138 - 108 138
Vg=215V. IREF ¥ 2.0 mA 138 174 —_ 135% 174
¢
'
4
——
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ELECTRICAL CHARACTERISTICS (Vg = 215V, Iger = 2.0 mA, TA » 0°C to 70°C, unless otherwise noted.)
- . DAC-08H DAC-08E DAC-08C
N Chsractoristic Symbol [Min| Typ | Mex [Min| Typ | Mex [Min| Typ | Mex | Unh
[ Resolution * — 8 8 8 8 8 8 8 8 8 Bits
i 2]
, | Monotonicity ¢ - 8 8 8 8 8 |.8 8 |. 8 8 Bits
v, | Nontinearity, Ta = 0°C to +70°C ML | —| = =01 =] — J=019] — | — [=039] wFs
. [ setting Time to =172 LSB ty - 85 p 135 | —~ 85 | 150 | — 85 150 ns
7 tAu Bits Switched On or Off,
) {TA = 25°C) Figure 24
** | propagstion Dolay, Tp = 25°C ns
v, ] Each Bit LM | — 35 60 | —~ | 35 6 | — 35 60
4 All Bits Switched tPHL - 35 €0 — 35 60 - 35 60
£1 | full Scate Tempco TClps | — | =10 | 250 | — | 210 [ 250 | — | 210 | =80 | ppmrC
P 0
" [‘output Voitags Comptiance voc ‘{-10| — [ s {-t0] — | +18[-10] — | +18| v
.. | Full Scale Current Change
* < 172188,
t Rout > 20 thegohm typ, . )
* [ fult Range Current - ' lgra  [1.9841 1992 [ 2.000 | 194 199 | 208194 199 | 204 | mA
5 VRes = 10.000 V; \ .
] R14, RIS = 5,000 kN
*'i Ta = 25°C ; »
* I#oft Range Symmetry lIFR4 - IFR2L grs | — | 205 | 240 | — | =10 | 280 — [ 220 | =160] ua
., | 26ro Scate Ciircent 128 - | 0 10 | — | 02 20 | — | 02 4.0 pA
pomn— >
¥ | Output Curre v Range . mA
. | v- = -s0v oy | © ~ 29 0 - 2.1 (i - 2.1
C |t v- = -80Vio-18Y 10R2 0 — 4.2 0 — 4.2 0 — 4.2
togic Input Levsis (Vi g ~ O V) 5 v
|, togi 0" s ik | = ~ 08 ( — [ — 08 [ — - 0.8
u\ Logic “1” + ViH 2.0 - —_ 2.0 - - 2.0 - —_
£ [ Logic Input Curcent (Vi c = O V) ) pA
€ Logic Input 0" -
. Vine= -10V10'40.8V) L ~ | =20} ~0] — 1| -20] -0| — ] ~20] ~10
) Logic Input 1" A
1t (Vin = +20Vto +18V) i — |o0002f 0 | — loooz | 10 | — | 0002 10
: Logi Input Swing, V& = ~15V vis | -] — +18 | -10{ — +18 | -10f ~ +18 v
! Logic Threshold Ranoo. g = 216V VrHR | -10{ — +135( -10| - +136( ~10 - +13.5 v
l, Reference Bias Current s - -10 } ~30 | — -10 ~3.0} - -1.0 ~3.0 pA
!'I Referance Input Slow Rete dudt | 4.0 8.0 — | 40 8.0 — | 40| 80 — | mA/s
by Figure 19
A
Power Supply Sensitivity -
Nper = 1.0 mA} "
v V+ = 45Vio 1BV PSSlpg 4| — [£0.0003 2001| — |20.0003 20.01{ — |20.0003 =0.01
« b V- = -45Vio -18V PSSips—| — | =0.002{ £0.01{ — [=+0002|2001| — |=20002{ =0.01
power Supply Currenl I+ - 23 s — 2.3 38| — 2.3 38 mA
|1 vg = £50V.Igpp, = 1.0mA - — ["-43 | -58) — | ~43|-258] — | -43 | -528
}- 1+ - 24 381 — 2.4 38| — 24 38
y {Vg = +50V, -15\/ IRgr = 20 mA| 1= — | -64 ]| -78) ~ | -64 | 78] — | -64 | -738
| I+ -1 25 38| — 25 38| — 2.8 a8
b vg e 218V, IRE; & 20 mA 1- — |'-65 | -78| — | -65] <78 — | -85 | -7.8
, | owsr Dissipation Po ' mw
i.Vg = 250V, Ipgp = 1.0 mA - 33 48 | — 33 8 | - 33 48
] Vg = +5.0V, ~16V, lngr = 20 mA — | 108 | 136 | — | 108 | 136 | — | to8 | 138
1 vg = 218V, Igge = 2.0 mA — | 135 | e | — | 135 | 174 | — | 135 | 174
i !
P’! i
| .
h
"o
e
] £
L
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’ o TYPICAL PERFORMANCE CURVES
FIGIME ¢ -‘- FULL SCALE CURRENT versus FIGURE 2 — REFERENCE AMP
REFERENCE CURRENT COMMON MODE RANGE
$0 L 32 T I s
: o
o bt Tmato Tmex e T
E A® “ag 00" _\ 3 24 - .
- - 1 E Vou-15V . Vx50V Verelby
z 30 Lmit for - 20
£ Ves.15Y ] [ Iggr =20 mA |,
3 < 18
L= W
2 20 5 42 .
o
3 N Lot Jor 5
& V-2-50V CANTR o L Ingr = 1.0 mA
* 10 | =
B ve 04¢ 2 lngr = 0.2 mA
0 ! o L I J
-0 1g ¢ 20 30 0 50 -1 -10 -0 -20 20 50 10 1"® "
Ingr. ut{(utnccl CURRENT {mA} V15, REFERENCE COMMON MOOE VOLTAGE (V) 1
NOTE. Positive Common Mode Renge 15 Alweys (V) -16V -
14
FIGURE 3 — REFEF‘IENCE INPUT FREQUENCY RESPONSE FIGURE 4 — LS8 EROPAGATION DELAY versus igg
\
: t
y 0 -
se T 1T ¥ i 11
40 b—dR1E RIS 21 10D .1 | }
R <5000 i
2.0 |——t ur s g 400 1 _4
i 0 T i) £ 111
- Vi v =
£ 0 ms 20 \ % 300 [ 4+ ‘ SV
=3 e 2 # o
3 A0 \ z 3
1 £
-390 £ - .
§ N < e 1188 = 81 nA
g 0 NI g Q,'M T1S8%= 18
=18 uk
-10 \ ® 100 o fet N e F et
=
2 . NiX SUS  G M- _V-
14 = - [} | 5
01 02 05 10 20 50 10 0005 00% 002 005 61 "02 0y 10 20 50 1
VB 1, FREQUENCY {MHz} Igg. OUTPUT FULL SCALE CURRENT (mA) }
Curve 1 —C# 15 0F, Vip o 2.0V p-p Centorad at *10V {Larga-Signal) 5
Curve 2 — Cc* 15 pF: Vg s B0 mV p p Centered ot +200 mV (Smali-Signal) l b
H
FIGURE 8 = LOGIC INPUT CURRENT versus . {
3 INPUT VOLTAGE FIGURE \8 — V1y - Vig versus TEMPERATURE ;
80 20 T
| ' '
< 16 ] )
360 * - —
% ! a ' P t
& | - JRSUEPS UV S R R = ‘ \\
g - g '? g S—ay :
- 40 L w10 -y
§ ‘ d
o . E 08 ;
3 | { N e :
S 10 :
; 04 ]
1 01 : —
o 0 -
-1 -80 40 0 40 8t 12 18 20 -50 -25 0 25 50 % 100 1
LOGIC INPUT VOLTAGE (V) TEMPERATURE (°C)
A —
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73}
“u TYPICAL PERFORMANCE CURVES ¢
FIGURE 7 — QUTPUT CURRENT versus ~
QUTPUT VOLTAGE FIGURE 8 — OUTPUT VOLTAGE COMPLIANCE
{Output Voltage Compliance} versus TEMPERATURE
H ! 0
. "' Al B' 0 l ’ :
H iy On”
! L T2 Trin 10 Tmge Y 18
B ) > Py 12—
i Vos.18V Va2 -50V REF g . Shaded Arne Indicaten Pormissable
g0 i ] g 40 Outout Vonege Renge for V- = =18 V,
=] fagr & 2.0 mA
g .',' = E 40 For Other V- ordpgr. See Figure 7,
1 R tRr T OmA 2 o
! = El
" . - -40
H El ]
S U —t o ner = 02 mA —— -89 - :
N | I 1 N :
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FIGURE 13 — RECOMMENDED FULL SCALE
ADJUSTMENT CIRCUIT

. BASIC CIRCUIT CONFIGURATIONS T

FIGURE 14 — POSITIVE LOW IMPEDANCE
OUTPUT OPERATION
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1. FIGURE 23 ~ INTERFACING WITH VARIOUB LOGIC FAMILIES .
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FIGURE 24 — SETTLING TIME MEASUREMENT CIRCUIT
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4 FIGURE 21 .- BASIC BIPOLAR OUTPUT OPERATION
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BASIC CIRCUIT CONFIGURATIONS' ' -

FIGURE 18 — ACCOMMODATING BIPOLAR REFERENCES
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