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ABSTRACT
From the conception of the frequency response testing of the several type filter.

For the example; low pass filter, high pass filter, band pass filter, band reject filter. The solution of
the cutoff frequency is difficult and take a lot of time. Therefore, the idea of a tool that find
frequency response quickly and easier than manual method. Maybe not only the filter, if the range
of source sufficiently wide band frequency, the other electrical circuit maybe tested by this tool. In
this project we will study in the magnitude of frequency response

Network Analyzer in this project is only presentation of the principle and concept in this
equipment. In fact, the network analyzer can analyze the circuit efficiency. It can display many
characteristics of network. The invention must use high level knowledge and complexity circuits.
This reason, therefore, network analyzer is the expensive tool.

If we interested in the magnitude of the frequency response. We must provide the
automatic frequency changed sine wave source, then apply this signal to the tested network, and

Keep the output as data for plot graph in the monitor of computer by C language program.
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v X
RANMIINUGIUNS 1T XR2206
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#include<conio.h>

#include<graphics.h>

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

#include<stdlib.h>
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#define PORT_A1l 0x200
'#define PORT_B1 0x201
'#define PORT_C1 0%202
'#define CTRL1 0x203
#define PORT A2 0x204
#define PORT_B2 0x205
- #define PORT_C2 0x206
#define CTRL2 0x207
'#define C 1

#define INPT 120
"#define GL 90
#define GR 600
#define GT 20
#define GB 280
#define TW 3

#define PPCX 8
*#define PPCY 14
#define PX (GR-GL)

i #define PY (GB-GT)

#define GRIDX 1
#define GRIDY 2
double ampdata[PX],
fre[PX]={66,526,1000,1470,1923,2500,2777,3333,3846,4166,
' 5000,5263,5555,6250,6666,7142,7692,8333,8695,9090,10000,
10250,10526,11111,11363,11700,12500,12820,13157,13888,
! 14285,14705,15151,15625,16129,16322,16666,17241,17857,
18518,18867,19230,20000,20400,20833,21276;21739,22222,
22500,22727,23255,23895,24390,25000,25641,26315,26754,
27027,27777,27900,28169,28571,29000,29411,30303,30803,
31200,31746,32258,32786,33333,33500,33800,34482,35087,
35714,36100,36363,37000,37735,38461,39215,40000,40500,
41000,41500,42000,42200,42500,42700,43000,43100,43200,
43500,44000,45454,46511,47000,47619,48200,48780,48880,
49000,49500,50000,50300,50600,51282,51782,52631,53000,
53500,54054,54500,55500,55555,56000,56500,57142,57500,
58000,58500,59000,59500,60000,60500,61000,61500,62000,

i 62500,63000,63500,64000,65053,65591,66129,66666,66949,

) 67231,67514,67796,68000,68482,68965,69465,69975,70475,
70975,71428,71975,72475,73025,74074,74256,74438,74620,
74700,74848,75075,75302,75530,75757,76146,76534,76923,
77524,78125,78525,78925,79325,79655,79985,80315,80645,

. 81967,82240,82513,82786,83060,83333,83804,84274,84745,
85476,86206,86963,87463,87719,88241,88393,89285,89285,
89829,90369,90909,91449,92592,93092,93592,94092,94500};

! int data_pts:;

double x_min, x max, y_min, y_max;
double xl1_min, xl_max;
double dx,dy;
void main (void)
{ int gdriver = DETECT, gmode;
char'x_name[SO]: !Fl’tRl’lE!’!Q!’IUIIIE|"NI'|CIIIYI" l"(!llHIIIZl’l)t}‘
y_name[50]= 'G','A','I','N',' !ll*l’ldl'lBl'l*l};
double x_incr; .
double y_dec;
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double nlc;
int i;
int finish, code; /*finish frequency, counter*/
t int check; /*check from a to d*/
float j; /* counter to wait for output from a to darx/

void get_xparm(), get_yparm(), draw_axes();
' void num_axes(), title(),grid(),plot();
I /% TEST a to d*/
outp (CTRL1, 0x98) ; /*out control port code*/

outp (CTRL2, 0x99) ;

-------------------- VCO ON HIGH FRBQUENCY---—-------——--*/
outp (PORT_C1,0x01) ; /* set high frequency a to d (stop code) */
outp (PORT_B2,0x03); /* set relay and analog switches to high frequency
delay(100) ;
printf ("Enter the finish number control frequency(0-255) : ");
scanf ("%d", &finigh);
data_pts = finish;
while (finish>255) {
‘ printf ("OVERANGE, Enter new finish");
gcanf ("%$d", &finish) ; }
' for (code=0;code<=£finish;code++)
{ outp(PORT_B1,code);
' for(j=0;j<=2000;]j++); :
outp (PORT_C1,0x03); /*set high frequency a to d (start code) */
delay(10) ;
outp (PORT_C1,0x02) ; /*set high frequency a to d (read code) */
t check=0x00;
! while (check==0x00) {check=(inp (PORT_C1) & OxFO);}
~ ampdata [code] =inp (PORT_A2) +1;
outp (PORT_C1, 0x01) ; /*set high frequency a to d (stop code) */
- printf("%3.01f ", ampdatalcodel);}
getch () ;
initgraph(&gdriver, &gmode, "") ;
cleardevice() ;
get_xparm(&nlc);
get_yparm(&y_dec) ;
cleardevice() ;
gotoxy (30,1);
printf ("* FREQUENCY RESPONSE * Ly =
line(GL,GT,GR,GT) ;
line (GR,GT,GR,GB) ;
draw_axes (nlc,y_dec);
num_axes (nlc,y_dec) ;
title(x_name,y_name);
plot();
grid(nlc,y_dec);
getch() ;
void get_xparm(pnlc)
double *pnlc;
{ double x diff;
puts ("Enter x min and number of log cycles");
scanf ("$1f,%1£f", &x_min,pnlc);
x_max = x_min*pow(10.0,*pnlc);

d x1_min = logl0(x_min);
! x1l_max = loglO(x_max) ;
x diff = (x1l_max - x1_min);

dx = x_diff/(double)PX;

}
void get_yparm(py_dec)

-



double *py_dec; 58

puts ("Enter y_min and y_max ");
gcanf ("$1£,%1£", &y_min, &y_max) ;
dy = (y_max-y_min)/PY;

*py_dec = (y_max-y_min)/10.0;

vty o om
[S———

void draw_axes(nlc,y_dec) /*draw x and y axes*/
tdouble nlc,y_dec;

tdoublé ctp;

,double x,z;

;int xb, xe, yb, ye:

[*draw x axes*/

}  line (GL,GB,GR,GB) ;

1 for(z = 1.0; z<=(nlc+0.1); z++)
for(x = 2.0; x<=10.0; X++)
L

L]

{

I

ctp = loglo(x)*PX/nlc;

xb = xe =(int) (ctp+(z-1.0)*PX/nlc+GL) ;
vb = GB-TW;
| Ye = GB;

line (xb,yb,xe,ye) ;/*getch() ; */

¥

/¥draw y axes*/

line (xb,yb,xe,ye);

i line (GL,GB,GL,GT) ;
{for(x = 0.0; x<=(y_dec+0.1); x++)
E xb = GL;
i xe = GL+TW;
l: yb = ye = GB - (int) (x*PY/y_dec);
L]

%

yoid num_axes (nlc,y_dec)
double nlc,y_dec;

Y int yi,i;

/*num x*/

for(i=0;i<=(int) (nlc+0.1); i++)

gotoxy ( (int) ((PX/PPCX) / (nlc) *i+GL/PPCX) -1, 22);
printf ("%$5.1f", x_min*pow(10.0, (double)i));

/*num y */
for(i=0;i<=(int) (y_dec+0.1) ;i++)

{
r gotoxy (6, ((int) ((GB/PPCY) - ( (PY/PPCY)/(y_dec))*i)));
E vi = (y_min<0.0)?(int) (y_min - 0.5):(int) (y_min+0.5);
printf ("%$d",yi+10*1);

3
! void title(x_name,y_name)
{ char x_name([], y_namel(];

int i;

gotoxy (33,24);

printf ("$s",x_name) ;
for(i=0;i<strlen(y_name) ;i++)
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/" EXA R
.the analog plus compaan”

FEATURES

& [ ow-Sine Wave Distortion, 0.5%, Typical

e Excellent Temperature Stability, 20pprv°C, Typ.
e Wide Sweep Range, 2000:1, Typical

%V, Typ.

e Linear Amplitude Modulation

e TTL Compatible FSK Controls

o Wide Supply Range, 10V to 26V

e Adjustable Duty Cycle, 1% TO 99%

o Low-Supply Sensitivity, 0.0

XR-2206

Monolithic
Function Generator

J'..me.’1 9':'57-5
APPLICATIONS

e Waveform Generation

* Sweep Generation

* AM/FM Generation

* V/F Conversion

e FSK Generation

® Phase-Locked Loops (VCQ)

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 and 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 applications
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 voltage, while maintaining
low distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
" XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil POIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil POIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C

1972

" TOM"

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 + (510) 668-7000 # (510) 668-7017

1



11) SYNCO

Vec GND BIAS
[ ® ®
, — o1 O—— )
Timing
E Capacitor vco - N
L e ) < S
E
Rt (———
E R’ﬁming r 3
esistors Current il
. Multiplier
t L TR2 . Switches And Sine
e Shaper

Fskt (Q)————]

: amst (1)

' WAVEAT @

, wavEA2 (12}

syma1 (15)

symaz (6)

- T e

e e e e e

Figure 1. XR-2206 Block Diagram
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XR-2206
T

AMS! 5] SYMA2 amsl il t sl syma2
| STO [15] SYMAT1 sTO |2 sl SYMA1
g MO [14] wavea2 MO |3 14|23 WAVEA2
| \T/&; . % \gg\ésm Vee =) ¢ 1l waveat

TC1 |5 123 GND
TC2 1] SYNCO Tc2 =l's 1= SYNCO

b TR1 [10] BIAS TR =|7 10[3 BIAS

b TR2 s ] FSKI TR2 8 s [E3 FSKI

i

f 16 Lead BEJF, CDIF16:300,) 16 Lead SOIC (Jedec, 0.300")
!

+

PIN DESCRIPTION
Pin#¥ | Symbol Type |Description

f AMSI | Amplitude Modulating Signal Input.

2 STO o Sine or Triangle Wave Output.

1:5 MO (0] Muiltiplier Output.

4 Vee _ | Positive Power Supply.

E‘S TC1 | Timing Capacitor Input.

6 TC2 ! Timing Capacitor Input.
;7l TR1 O | Timing Resistor 1 Output.

!8 TR2 0] Timing Resistor 2 Output.

Bg' FSKi ! Frequency Shift Keying Input.

10 BIAS (0] Internal Voitage Reference.
z11g SYNCO o) Sync Output. This output is a open collector and needs a pull up resistor to V.
11% GND Ground pin.

13 WAVEA1 i Wave Form Adjust Input 1.
*1 4 WAVEA2 } Wave Form Adjust Input 2.
'1? SYMA1 ! Wave Symetry Adjust 1.

16 SYMA2 | Wave Symetry Adjust 2.

~

o

1
|
|
!
~
]
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XR-2206 . Z*EXAR\

]
DC ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 2 Vec = 12V, Tp = 25°C, C = 0.01uF, Ry = 100k, R, = 10kQ, R3 = 25kQ
Unless Otherwise Specified. S1 open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
K Parameters Min. l Typ. [ Max. | Min. [ Typ. I Max. | Units |Conditions
General Characteristics
Single Supply Voitage 10 26 10 26 \
?plit-Supply Voltage +5 +13 +5 +13 v
?upply Current 12 17 14 20 mA Ry = 10kQ
Oscillator Section
I;Aax. Operating Frequency 0.5 1 0.5 1 MHz | C =1000pF, Ry = 1kQ
Lowest Practical Frequency . 0.01 0.01 Hz .|C=50pF Ry;=2MQ
t"-'requency Accuracy g +4 +2  %offy |fo=1/RC
‘ll'emperature Stability +10 +50 +20 ppm/°C [ 0°C < Tp < 70°C
Frequency Ry = Ry = 20kQ
Sine Wave Amplitude Stability2 4800 4800 ppm/°C
Supply Sensitivity 001 | 0. 0.01 %N | Vi gw = 10V, Viygu = 20V,
B Ry =Ry =20kQ
‘Sweep Range 1000:1 | 2000:1 2000:1 fu=f_ |fy @ Ry = 1kQ
H fL @ Ry =2MQ
Sweep Linearity
E 10:1 Sweep 2 2 % f = 1kHz, fy = 10kHz
i 1000:1 Sweep 8 8 % |f_=100Hz, fy = 100kHz
E 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 1 2000 kQ
Triangle Sine Wave Output! Figure 3
Triangle Amplitude 160 160 mV/kQ | Figure 2, Sy Open
Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2, S4 Closed
Max. Output Swing 6 6 Vp-p
Output Impedance 600 600 Q
Triangle Linearity 1 1 %
Amplitude Stabiity 0.5 0.5 dB For 1000:1 Sweep
Sine Wave Distortion
Without Adjustment 2.5 2.5 % Ry = 30kQ
~|- With Adjustment ... . -. ... .| 04.-.]-10-]——].05-] 15 .] % See-Figure-7 and Figure-8---
Notes

! Qutput amplitude is directly proportional to the resistance, R, on Pin 3. See Figure 3.
2 For maximum amplitude stability; Az should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guarantsed over operaling temperature range.

4
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XR-2206

DC ELECTRICAL CHARACTERISTICS (CONT'D)

’ XR-2206M/P XR-2206CP/D
Parameters Min. I Typ. l Max. | Min. I Typ.. [ Max. | Units |Conditions
Amplitude Modulation
Inpat Impedance 50 | 100 50 | 100 kQ
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vp-p |Measured at Pin 11.
Rise Time 250 250 ns C_=10pF
Fall Time 50 ° -1 50" " ns |CL=10pF
S§turation Voltage 0.2 0.4 0.2 0.6 \" I, =2mA
Leakage Current 0.1 20 0.1 100 pA | Vec=26V
FSK Keying Level (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 Vv See section on circuit controls
R:eference Bypass Voltage 2.9 3.1 33 2.5 3 3.5 v Measured at Pin 10.
Notes
! Output amplitude is directly proportional to the resistance, Ry, on Pin 3. See Figure 3. -
2 For maximum amplitude stability, Az should be a positive temperature coefficient resistor. .

Bold face parameters are covered by production test and guaranteed over operating temperature range.

b

Specifications are subject to change without notice

5
ABSOLUTE MAXIMUM RATINGS

j’ower SUPPIY e 26V Total Timing Current ...........ooiiia... HBmA
[Power Dissipation ... 750mw Storage Temperature ............ -65°C to +150°C
Derate Above 25°C . ..........ooiiiiennt SmW/°C

f

4

'SYSTEM DESCRIPTION

t

» The-XR-2206-is-comprised of four- functional-blocks;. a- - - terminals.to ground. With two timing. pins, two discrete _ __
voltage-controlled osciltator (VCO), an analog multiplier  output frequencies can be independently produced for
and sine-shaper; a unity gain buffer amplifie; andasetof ~ FSK generation applications by using the FSK input
current switches. control pin. This input controls the current switches which
The VCO produces an output frequency proportional to  select one of the timing resistor currents, and routes it to
an input current, which is set by a resistor fromthe timing  the VCO.
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General Description

The DAC0808 serios is an 8-bit monolithic digital-to-analog
converter (DAC) featuring a full scale cutput current settling
time of 150 ns while dissipating only 33 mW with £5V sup-
plies. No reference current (Ingr) trimming is required for
most applications since the full scale output current is typi-
calty £1 LSB of 255 Ingg/ 256. Relative accuracies of bet-
ter than +0.19% assure 8-bit monotonicity and linearity
while zero level output current of less than 4 pA provides
8-bit zero accuracy for lngr22 mA. The power supply cur-
rents of the DAC0808 series are independent of bit codes,
and exhibits essentially constant device characteristics over
the entire supply voltage range.

The DAC0808 will interface directly with popular TTL, DTL
or CMOS logic levels, and is a direct replacement for the

NNational Semiconductor

DAC0808/DAC0807/DAC0806 8-Bit D/A Converters

MC1508/MC1408. For higher speed applications, see
DACO0800 data sheet.

Features

® Relative accuracy: £0.19% error maximum (DACQ808)

= Full scale current match: =1 LSB typ

® 7 and 6-bit accuracy available (DAC0807, DACOBOE)

u Fast settiing ime: 150 ns typ

m Noninverting digital inputs are TTL and CMOS compat-
ble

® High speed multiplying input slew rate: 8 mA/us

B Power supply voitage range: £4.5V to =18V

u Low power consumption: 33 mW @ =5V

Block and Connection Diagrams Duakin-Line Package
L] us
A A M ]
‘?‘?TT%‘I@“?"?' s oTey = U 1 cowrrasanos
2 i)
,.,:',‘:::o—-r CURRERT DTTCN(S h Order Number "": i ':"“‘""
DAC0808, DAC0807, Ve b= Yrtse .
Seea NS Package  wem-y  HMO LTS
¢ Number J16A, ' "
aena0 e == oY M16A or N16A 7 Ba
ssuncE PaIs prypna 1"
Yaep-1 O : .
Pty ot N =
L TUH/5887-2
M1} TUL/H/5687-1
| Smal-Outline Package
Vx— 1 11 d VIRE ] ]
gy (4} 2 154=a7
Yogr (-} {3 taf=-as
COMPERSATION = & 15p—a8
nC (vote 2)—s . 12%=as
GHD~—18 11p==a3
Y7 10412
o o 11-=A1 us3
TLH/5887-12
L. . Top View =
Ordering Information -
ACCURACY QPERATING TEMPERATURE ORDER NUMBERS
RANGE J PACKAGE (J16A)* N PACKAGE (N16A)° |SO PACKAGE (M16A)
DACO808LCN| MC1408P8 DACO808LCM
7-bit 0"CLTaA<+75C DAC0807LCI | MC1408L7| DACOB07LCN}| MC1408P7 DACO807TLCM
6-bit 0*C<TAS +75°C DAC0806LCJ|{ MC1408L6| DACOB0SLCN | MC1408P6 DACOB06LCM

*Note. Devices may be orosced by using either order nuMber.

90800vQ/.0800VQ/80800Va

3-15
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DAC0808/DAC0807/DAC0806

Ry

Y
T

Absolute Maximum Ratings (vote 1) _
it Military/Aerospace specified devices are required, - Storage Temperature Range -65'Cto +150°C
please contact the National Semiconductor Sales Lead Temp. (Soldering, 10 seconds) Lk
Ofttice/Distributors for availability and specifications. Oual-In-Line Package (Plastic) 260°C
Power Supply Voltage. - “, oo, . Ouat-ln-Line Package (Ceramic) 300°C

Veo ’ o R +18 Vpe Surface Mount Package

Veg -18Vpc Vapor Phase (60 seconds) . 21sc
.Digital Input Voltage, V5-V12 -10Vpcto +18Vpe .. ..  Infrared (15 seconds) 220°C
Applied Output Voltage, V, .~11Vpcto +18V, . . .

ppied TPt Yoltage, Yo oc °  ° Operating Ratings
Referance Current, I14 SmA . Temperaturs Range Tum € Ta T

] A - MIN S TAS TMax

Reference Amflaﬁer Inputs, V14, V15 Vee. Vee DACOB08LC Series 0STAS +75C
Power Dissipation (Note 3) - 1000 mW )
ESD Susceptibility {Note 4) - . TBD - .

Electrical Characteristics

(Ve = 5V, Vg = —15 Vpe, VRer/R14 = 2 mA, DAC0808: Ty = —55°Cto + 125°C, DACO08C

= 0°C to +75°C, and all digital inputs at high logic level unless otherwise noted.)

8C, DACO807C, DACC8O6C, T

Symbol Parameter Conditions Min Typ Max Unlts
i P ‘Relative Accuracy (Emor Relative (Figure 4) %
to Full Scale lp) -
DACO0808LC (LM1408-8) +0.19 %
DAC0807LC (LM1408-7), (Note 5) +0.39 %
DACO806LC (LM 1408-6), {Note 5) =0.78 %
Settling Time to Within %4 LS8 Ta=25°C (Note 6), . 150 ns
(Includes tpy 1) (Figure 5)
terH, teHL | Propagation Delay Time Ta = 25°C, (Figure 5) 30 100 : ns
TClo Qutput Full Scale Current Drift =20 ppm/*C
Ms8 Digital Input Logic Levels (Figure 3)
Vi High Level, Logic 1" 2 Voc .
ViL Low Level, Logic “0" 0.8 Voc !
‘MS8 Digital Input Current -- {Figure 3)
High Level Viq = 5V 0 0.040 mA
Low Level Vn = 0.8V ~0.003 -0.8 mA
15 Reference Input Bias Current (Figure 3) -1 -3 A
Output Cumrent Range (Figure 3)
Veg = —5V o} 2.0 2.1 mA
Vee = —15V, Ty = 25°C 0 2.0 4.2 mA
lo Output Current Vage = 2.000V, |
R14 = 10000,
) (Figure 3)* - 1.9 1.99 2.1 mA
Output Current, All Bits Low " (Figure 3) 0 4 pA
Output Voltage Compliance (Note 2) | E, < 0.19%, Ta =25C I . .
- - | VEg==5V.lggg=1mA _. _ . - L ..} ~055 +04 | Yoc
' -=5.0,+04 | Vpo

. Veg Below — 10V L

3-16
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Electrical Characteristics (Continued) L
= —15Vpe, Vgep/R14 = 2 mA, DAC0808: T = ~55°C to + 125°C, DAC0808C, DAC0807C, DACO80EC, T

(Vee = 5V, Vee
- 0°C to +75°C. and all digital inputs at high logic levat unless otherwise noted.)
Symt;ol ’ " Parameter Conditions . Min Typ ] Max Units
SRiger - Reference Current Slew Rate (Figure 6) - 4 -8 mA/ s
. Output Current Power Supply —5V < Vgg < —16.5V 0.05 2.7 RASY
Sensitivity .
- Power Supply Current (All Sits (Figwre3) - . . -
Low) " . - - o e
lcc ‘- .23 ) 22 mA
Ieg - =43 |- -13 mA
Power Supply Voltage Range Ta= 25:0,.(F/gure 3}, DA s
Veg- - |=— mr—- ¢ - S 45 j.- 50 f-~.55..-1. Vpc
Veg R : ~45. =15 -} ~=165 Voc
Power Dissipation : '
All Bits Low Vog = SV, Vegg = -5V . 33 170 mw
Vee = 5V, Vgg = —18V 106 308 mwW
All Bits High Voo = 15V, Veg = —5V 90 . o mw
- - Voe = 15V, Vgg = =15V 160 C mwW

Note 1:
the device beyond lts specified op g
Note 2: Range control Is not required.

Absolute Maximum Raﬂnqshdulommmmgcbmdmmqym.mmdAcmmspodﬁammmt 2cply when operating

andis d by T uax. 814, and the ambi - . Ta. The masd

Nou::Thommmmpow«dlssipaﬁmmmmudu

bié digsipation at any temp eis Pp = (Tjmax

—TA)IOMormcnumborgfwnhm'AbsomoMuMRl&\ga.wrﬁdm«ubw.For:hh

device, Touax = 125°C, and the typical §
fine N p ge, bes b

Note 6: Afl bits switched.
Note 7: Pin-out numbers for the DALOBOX represent the

Typical Application

of the dual-in-ine J package when the board mountad is 100°C,W., For the duatun-

b17S‘CIWandIofm¢smlumMp‘dugo(thu100'C/W.

Note 4: Human body model, 1009Fdsdwgodmnhal.5mrm.
Note 5: Al current switches are tastad 1o guarantee at least S0% of rated current.

duat-n-hine package. The small outline package pinout ditters from the dual-n-iine package.

P vpp e ea oo e > M

wty A8 Ot

" 1000
I AN O LMY = Vags

R IR R

Al
Vo= 10V | ~—+——+...7—=
° (z ) 256)

veg e 1Y
TUH/5687-3

FIGURE 1. + 10V Output Digital to Analog Converter (Note 7)

90800vA720800vQ/80800VA
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DAC0808/DAC0807/DAC0806

Typical Performance Characteristics
Voo = 5V, Veg = —15V, Tp = 25°C, unless otherwise noted

Loglc Input Current vs
fnput Voltage
I I
=
H
=
2
H
=
E : Al THRQUCH A3
o
2 I
[

1216344202 4 S 1VO121418103
Yy ~ LOGICIN?UT VOLTAGE (V]

Output Current vs Output
Voltage (Output Voltage
Compllancs)

b Ac a3 “on” [ I

e

1 1 Y 1 L
Veg=-15V [Ygge-sv

1 UTRE LY
‘[ [N

fig*1mA

[

et

i IO

“f4 -8 -8 -2 2 4 18 1
Vg = QUTPUT YOLTAGE (V)

1g ~ QUTPUY CURREXT {mA)

-
-
oy
g

Typicai Power Supply
Current vs Vgg

' G §ITS HIGH 08 LOW [
! Igg WITH iy = 1mA

! TT1

J tgg winu“- 1mA

IR
__J UTROLAITRE ST T Y
T 11
iee
1l
, N
02 4 = == 12-H-16-18-78

Vgg ~ KEGATIVE POWER SUPPLY (V)

3

POWER SUPPLY CURRENT {mA}

1 - OUTPUT CURRENT {mA}

DUTPUT VOLTAGE (V)

POVER SUPPLY CURRENT (mA)

Bit Transfer Characteristics
g asnns
12 M heclmA
A1
1
"
7] A
“Veal5v T
4 pNkaN
M v el
2 AT\
o MOy
“12-18-8-8-4-20 24 0 9 191212 1518
¥g = LOGIC INPUT YOLTAGE (V)
Output Voitage Compllance
vs Temperaturs
& -
16 N W\
N N
1z RN
NN N
[ SNADED AREA INDICATES:
PEAMISSIILE QUTPYT
‘ VOLTAGE AANGE FOR
. VEE* =15V, 1141 mA
N
3
- ‘\ —
LT Y
8 s e 1se
TEMPERATUAE (C)
Typical Power Supply
Current vs Voo
! [*Lammchonton | |
1 bl 11 0
WIS
§ M
s
4
1
2 et
H

[}
240 1MUY
Yog - POSITIVE POWER SUPPLY (V)

Logic Threshold Yottage vg——
_ Temperature .. .
£ I -
g - |
< 33
g it
s u RN
g | i\L
] ! -4
- 1 1
g ™ N
§ (2] I : 7 -
V02
= { Lty
> .

s
A5-TT-18 - 1735 3 MO

Ta ~ TEMPERATUNE (T R

Typical Power Suppty
Current vs Temperature
H ALL BITSHIGH ORLOW | ¢
'f 18 Fhaclima s
E " [ 13 .‘:\
E g — ! |
3 ! !
x T —
§ 10 [l . N
E u Lgg ooy !
¢ u I R
KRR ' [
. !
-58 [ 58 4 (7]
TEMPERATURE (*C)
Reference Input -
Frequency Response
: Pl o 11
y i i
g ¢ (R O M
= AT
-2 § .
N, ANRAE
< DN
g e
2 -n [N
z _, Bt PN ¢
- 1! YR
s 1] CNCHL
U ou 1 3 1
{ - FREQUENCY Oy
TUHSEs?-5

Unless otherwise specified: R14 =
R1§ = 1 kQ2, C = 15 pF, pin 16 tO
Veg: RL = 5090, pin 4 to ground.
Curve A: Large Signal Bandwidth
Method of Figure 7, Vger = 2 Vp-p
offset 1 V above ground.

Curve B: Small Signal Bandwidth
Method of Figure 7, R = 25010, VRer
= 50 mVp-p offset 200 T above
ground.

Curve C: Large 2nd Smz' Sigral
Banawidth Method of Figure 3 (no op
amp, R = 50N), Ag = 3CO, 3eF =
2V, Vg = 100 mVp-p centerad at OV.
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Test Circuits

oerraL
i

vee
. V; and 14 apply to inputs A1-A8.
;1“ . b - - The resistor tied to pin 15 is to temperature compensata the
S “bias curent and may not be necessary for ail applications,
Yaer -
R Al. A2 A3 A4 AS A6 A7 A8
[ -K(—+—+—+—+—-—+——?——+-—
R o..-0 2 4. 8 16 32 6% 128 zse)
oACHe . P =
tents . = + where K = VRer
- . T R14
t v Sa and Ay = “1" if Ay is at high level
: . Ay = 0" if Ay'is at low level
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FIGURE 3. Notatlon Deflnltions Test Clrcuit (Note 7)
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FIGURE 4. Relative Accuracy Test Clrcuit (Note 7)
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FIGURE 5. Transient Response and Settling Time (Note o)
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Test Circuits (Continued)
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FIGURE 6. Reference Current Slew Rate Measurement (Note 7)
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FIGURE 8. Negative Vper (Note 7)

Application Hints
REFERENCE AMPLIFIER DRIVE AND COMPENSATION
The reference amplifier provides a voltage at pin 14 for con-
verting the reference voltage to a current, and a

Gecuit of current mitror foc feeding the ladder. The reterence
ampiifier input cunrrent, ly4, must always flow into pin 14,
ragardless of the set-up method or reference voltage polarity.
Connections for a positive voltage are shown in Figure 7.
—-a reference voltage source supplies ne full current l14.
Zor bipolar reference signals, as in the muitiplying mode.

.SCOPE. 5 0p P

. SEE TEXT FOR VALUES OF €

Vee 7

TUH/5687-10

. FIGURE 7. Positive Vpgr (Note 7)
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. FIGURE 9: Programmable Gain Ampiifier of - -
: Qigltal_@ﬂchua(or Clrcuit (Note 7)

R15 can be tied to a negative voitage corresponding to the
minimum input level. It is possible to efiminate R15 with only
a small sacrifice in accuracy and temperature drift

The compensation capacitor value must be increased with
increases in R14 to maintain preper snase margic; ' =4
values of 1, 2.5 and 5 k2, minimum capacitor values are 15,
37 and 75 pF. The capaciicr may ©2 led (o suner tezz Of
ground, but using Vgg increases necative supply rejecoon.

90800vQ/20800vVA/80802VA
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Application Hints (continued)

A negative reference voltage may be used if R14 is ground-
ed and the reference voitage is applied to R15 as shown in
Figure 8. A high input impedance is the main advantage of
this method. Compensation involves a capacitor to Vgg on
pin 16, using the values of the previous paragraph. The neg-
ative reference voltage must be at least 4V above the Veg
supply. Bipolar input signals may be handled by connecting
R14 to a positive reference voitage equal tothe peak posi-
tive input level at pin 15.

When a DC reference voltags is used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. If a well regulated 5V sup-

ply which drives logic is to' be used as the reference, R14 .

should ba decoupled by connecting it to 5V through another
resistor and bypassing the junction of the 2 resistors with
0.1 uF to ground. For reference vottages greater than 5V, a
clamp diode is recommended between pin 14 and ground.

If pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods
apply and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of —0.55 to
0.4V when Vgg = -5V dus to the cuent switching meth-
ods employed in the DAC0808.

The negative output voltage compiiance of the DAC0808 is
extended to — SV whera the negative supply voltage is more
negative than —10V. Using a fuli-scale cument of 1.992 mA
and load resistor of 2.5 k) betwseen pin 4 and ground will
yield a voltage output of 256 levels between 0 and
—4.980V. Floating pin 1 does not affect the converter
speed or power dissipation. However, the value of the load
resistor determines the switching time due to increased volt-
age swing. Values of Ry up to 5000 do not significantly
affect performance, but a 2.5 k! load increases worst-case
settling time 10 1.2 us (when all bits are switched ON). Refer
to the subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages more negative than —8V,
due to the increased voltage drop across the resistors in the
reterence current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intanded value, and is dependent
upon relative accuracy and full-scale curent drift. Relative
accuracy is the measure of each output current level as a
fraction of the full-scale current. The relative accuracy of the
DACO0808 is essentially constant with temperatire due to

1.

s

.

.

the excelient temperature tracking of the monokthic resister

ladder. The reference cument may drift with temperature,
causing a change in the absolute accuracy of output .
rent. However, the DAC0808 has a very low full-scale aur-
rent drift with temperature. t
The DACOB08 series is guarantsed accurate to within £ 14
LS8 at a full-scale output cumrent of 1.992 mA. This corre-
sponds to a reference amplifier output curent drive 10 the
ladder network of 2 mA, with the loss of 1 LSB (8 uA) which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guarantsed value of between 1.9 and 2.1
mA, allowing some mismatch in the NPN current sowcs
pair, The accuracy test circuit is shown in Fiere 4. The 12.
bit converter is calibrated tor a full-scale output cument of
1.882 mA. This is an optional step sincs the DAC0808 accy-
racy is essentially the same batween 1.5 and 2.5 mA. Then
the DAC0808 circuits' full-scale cumrent is trimmed to the
same value with R14 so that a zero value appears at the
error amplifier output. The counter is activated and the ermor
band may be displayed on an oscilloscope, detected by
comparators, o stored in a peak detector.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of %% of one part in 65,536 or =0.00076%,
which is much more accurate than the =0,019% specifica-
ion provided by the DAC0808.

MULTIPLYING ACCURACY

The DAC0808 may be used in the multiplying mode with
8-bit accuracy when the reference cument is varied over a
range of 256:1. If the reference’ current in the multiplying
mode ranges from 16 uA to 4 mA, the additional error con-
ributions are fess than 1.6 pA. This is well within 8-bit accu-
racy when referred to full-scale.

A monotonic converter is one which supolies an increase in
current for each increment in the binary word. Typically, the
DAC0808 is monotonic for all values of reference current
above 0.5 mA. The recommended rangs for opseration with
a DC reference cument is 0.5 to 4 mA.

SETTLING TIME

The worst-case switching condition occurs when all bits are
switched ON, which cotresponds to a low-to-high transition
for all bits. This time is typically 150 ns for setthng to within
%1/, LS8, for 8-bit accuracy, and 100 ns to 4 LS8 for 7 and
8-bit accuracy. The tum OFF is typically under 100 ns.
These times apply when Ry < 5000 and Cg < 25 pF.
Sxtra care must be taken in board layout since this is usually
the dominant factor in satisfactory test results when mea-
suring settling time. Short leads, 100 uF supply bypassing
forlowfroquenaes.andmmamnsoopeleadlengmmal
mandatory. 3 N
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