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NETWORK ANALYZER

Mr. Chainarong  Ngamchawee
Miss. Tassanee  Lerdchedsadakul
Assoc. Prof. Vanchai Riewruja Advisor

2001

ABSTRACT

A network analyzer is presented in this thesis. Network analyzer is used to test
frequency response of any network that work at frequency range between 1Hz to IMHz.
It 1s controlled by microcomputer using serial communication. The microcomputer calculate

the results from network analyzer and plot logmagnitude graph to show a variety of

characteristics of network.
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Program control MCS-511

3k 3k ok sk sk ok sk ok sk ok sk ok sk ok ok ok ok ok ok ok sk ok sk skok ok sk ok sk kok ok ko ok k sk ok
]

; Data

; pcon.7 SMOD set Timer 1 is used to generate baud rate

; TMOD.7 GATE

Gating control when set. Timer/Counter X is enabled only

;  while INTx pin is high and TRx control pin is set. When
3 cleared, Timer x is enabled whenever TRx control bit is set.

; TMOD.6 C/T(bar)

Timer or Counter Selector cleared for Timer operation

;  (input from internal system clock). Set for Counter
;  operation (input from Tx input pin).
; TMOD.5 M1

3 Mode bit 1

; TMOD.4 M2

. Mode bit 0

; TMOD.3 - TMOD.0
Same TMOD.7-TMOD.4 it is TMOD.7-.4 is Timerl TMOD.3-.0 is Timer0

2

; Baudrate  Fosc SMOD  C/T(bar) Mode Reload value

; 192K 11.059 MHz 1 0 2 FDH
; 9.6K 11.059MHz 0 0 2 FDH
; 48K 11.059MHz 0 0 2 FAH
; 24K 11.059MHz O 0 2 F4H

; 12K 11.059MHz 0 0 2 E8H



; SCON.7 SMO

; SCON.6 SM1

; SCON.5 SM2

;  Serial port mode

; SCON.4 REN

. Enables serial reception. Set by software to enable reception.

:  Clear by software to disable reception.

; SCON.3 TB8

. The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software.
; SCON.2 RBS§

s In Modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 =0,

3 RBS is the stop bit that was received. In Mode 0, RBS is not used.

; SCON.1 TI

. Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0,
. or at the beginning of the stop bit in the other modes, in any serial transmission.
;  Must be cleared by software.

; SCON.ORI

. Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0,
. or halfway through the stop bit time in the other modes, in any serial reception

4 (except see SM2). Must be cleared by software.

; TCON.7 TF1

;  Timer 1 overflow flag.
; TCON.6 TR1

; Timer 1 run control bit.
; TCON.5 TFO

;  Timer 0 overflow flag.
; TCON.4 TRO

: Timer O run control bit.



- ; TCON3 IE1

. Interrupt 1 edge flag. Set by hardware when external interrupt edge detected.
;  Cleared when interrupt processed.

; TCON.2 IT1

. Interrupt 1 type control bit. Set/cleared by software to specify falling

;  edge/low level triggered external interrupts.

; TCON.1 IEO

: Interrupt 0 edge flag. Set by hardware when external interrupt edge detected.
;  Cleared when interrupt processed.

; TCON.O ITO

. Interrupt 0 type control bit. Set/cleared by software to specify falling

;  edge/low level triggered external interrupts.

b

; Defind Port

PCON EQU 87H
TCON EQU 88H
TR1 EQU TCON+6
TRO EQU TCON+4
TMOD EQU 89H
TL1 EQU 8BH
THI EQU 8DH
THO EQU 8CH
TLO EQU 8AH
SCON EQU 98H
ACC EQU 0EOH
I[E  EQU 0ASH

EA EQUIE+7

ES EQUIE+



ETO
EXO0
REN
PSW
PO
Pl
P2
P3
TI
RI

EQU IE+1
EQU IE+0
EQU SCON+4
EQU 0DOH
EQU 80H
EQU 90H
EQU 0AOH
EQU 0BOH
EQU SCON+1
EQU SCON+0

SBUF EQU 99H

Flag

EQU 20H

Status EQU Flag+0

]

; Defind user registry

3

; Main Program

b

ORG 0000H
LIMP MAIN
ORG 0003H
LIJMP INTO_ISR
ORG 000BH
LJMP Timer0 ISR
ORG 0023H
LIMP Serial ISR

ORG 0040H



MAIN:

MOV APCON

CLR ACC.7

MOV PCON, A

MOV
MOV
MOV

MOV

SETB
SETB
SETB
SETB
SETB

SETB

CLR

MOV

LOOP:

SCON,#50H
TMOD,#20H
TH1,#0FDH

TL1,#0FDH

EA

ES

ETO
TR1

EXO0

Status

RO,#34H

LIMP LOOP

)

; Delay 1 sec

DELAY_10ms:

DELAY 10ms 1: MOV  6#0E6H

MOV 74010

DELAY 10ms_2: NOP

NOP

; pcon.7 set Timer 1 is used to generate baud rate

: Serial mode?2 reception claer TI clear RI

: 0010 0000 set timerl mode2

; Enable all interupt
; Enable serial port interupt
: Enable recieve
; Enable timer0 interupt
; Start timerl

: Enable External interuptO

; Init Status

; Init port

; Do 10 time

; Each loop =1 ms

DJINZ R6, DELAY _10ms_2

DINZ R7, DELAY_ 10ms_1

RET



DELAY ls: MOV  5#100 : Do 100 times
DELAY s 1: LCALL DELAY_10ms
DINZ RS, DELAY s 1

RET

-

; Serial service routine

Serial ISR: PUSH PSW

PUSH ACC

JNB RLEnd Serial ; If not recieve then end ISR
CLRRI

MOV A, SBUF

MOV THO,#00H ; Start timer

MOV  TLO,#00H

SETB TRO

JNB Status, Serial4

CIJNE RO,#30H,Seriall
MOV PO, A

LIMP Serial5

Seriall: CINE RO,#31H,Serial2
MOV P1, A

LIMP Serial5



Serial2: CINE RO,#32H,Serial3

MOV P2, A
LIMP Serial5

Serial3: CINE RO,#33H,Serial5

MOV P3, A

LIJMP Serial5

Serial4: SETB Status
MOV RO, A

LJMP End_Serial

Serial5: CLR Status
CLR TRO

End Serial: POP ACC
POP PSW
RETI

b

; Timer0 interupt service routine

Timer0 ISR: PUSHPSW
PUSH ACC

CLR Status

MOV RO,#34H

END Timer0: POP ACC
POP PSW

RETI

; Init status



3

; INTO interupt service routine

b

INTO ISR: PUSH PSW

PUSH ACC

MOV A, P1
MOV SBUF, A
INB TL$
CLR TI

END INTO: POP ACC
POP PSW

RETI

End
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FEATURES

XR-2206

Monolithic
Function Generator

June 1997-3
APPLICATIONS

e Waveform Generation

e Low-Sine Wave Distortion, 0.5%, Typical

e Excellent Temperature Stability, 20ppm/°C, Typ. e Sweep Generation

e Wide Sweep Range, 2000:1, Typical e AM/FM Generation

e Low-Supply Sensitivity, 0.01%V, Typ. e V/F Conversion

e Linear Amplitude Modulation .

e TTL Compatible FSK Controls * ot Ooncipuen

e Wide Supply Range, 10V to 26V e Phase-Locked Loops (VCO)
e Adjustable Duty Cycle, 1% TO 99%

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 canbe
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 PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C

©1972

@M

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 @ (510) 668-7000 4 (510) 668-7017
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Figure 1. XR-2206 Block Diagram
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AMSI
STO
MO
Vee
TC1
TE2
TR1
TR2

16 Lead PDIP, CDIP (0.300")

s 6] SYMA2 AMSI
2] 5] SYMA1 STO
E E WAVEA2 MO
[<] [13] WAVEA Ve
L] 2] GND TC1
[e] 1] SYNCO TC2
=] io] BIAS TR
=] 5| FSKI TR2
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15
14

12
1
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XR-2206

SYMA2
SYMAT1
WAVEA2
WAVEA1
GND
SYNCO
BIAS
FSKI

16 Lead SOIC (Jedec, 0.300")

PIN DESCRIPTION

Pin #

Symbol

Type

Description

:t‘o‘cooo\lc)owhmwd

A S RN Y e
o O Hh O DN

AMSI
STO
MO
Vee
TCH
TC2
TR1
TR2
FSKI
BIAS
SYNCO
GND
WAVEA1
WAVEA2
SYMA1
SYMA2

- O O

o O

Sine or Triangle Wave Output.
Multiplier Output.

Positive Power Supply.

Timing Capacitor Input.
Timing Capacitor Input.
Timing Resistor 1 Output.
Timing Resistor 2 Output.
Frequency Shift Keying Input.
Internal Voltage Reference.

Ground pin.

Wave Form Adjust Input 1.
Wave Form Adjust input 2.
Wave Symetry Adjust 1.

Wave Symetry Adjust 2.

Sync Output. This output is a open colle

Amplitude Modulating Signal Input.

ctor and needs a pull up resistor to Vcc.

TOM
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DC ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Figure 2 Vec =12V, T

Unless Otherwise Specified. S¢ open for triangle, closed for sine wave.

__X’EXAR

— 25°C, C = 0.01uF, Ry = 100kQ, Ry = 10kQ, R = 25kQ

XR-2206M/P XR-2206CP/D
Parameters Min. | Typ- I Max. | Min. I Typ. | Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 Vv
Split-Supply Voltage +5 +13 +5 +13 Vv
Supply Current 12 17 14 20 mA Ry =>10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz |C=1000pF, Ry=1kQ
Lowest Practical Frequency 0.01 0.01 Hz C = 50pF, Rqy=2MQ
Frequency Accuracy +1 +4 +2 % of fy |fo=1/R4C
Temperature Stability +10 +50 +20 ppm/°C |0°C < Ta<70°C
Frequency R{ = Ry = 20kQ
Sine Wave Amplitude Stability? 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %N | Viow = 10V, ViigH = 20V,
Rq= Ry =20kQ
Sweep Range 1000:1 | 2000:1 2000:1 fu=f_ |fn @ Ry =1kQ
fL @ Ry =2MQ

Sweep Linearity

10:1 Sweep 2 % fi = 1kHz, fy = 10kHz

1000:1 Sweep 8 8 % f_ = 100Hz, fiy = 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 & Ra 1 2000 1 2000 kQ
Triangle Sine Wave Output! Figure 3

Triangle Amplitude 160 160 mV/kQ | Figure 2, S1 Open

Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2, S¢ Closed

Max. Output Swing 6 6 Vp-p

Output Impedance 600 600 Q

Triangle Linearity 1 1 %

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

Without Adjustment 25 25 Y% R1 = 30kQ

With Adjustment 04 1.0 0.5 1.5 % See Figure 7and Figure 8

Notes

" Output amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 3.
Ry should be a positive temperature coefficient resistor.
d by production test and guaranteed over operating temperature range.

2 For maximum amplitude stability,
Bold face parameters are covere

TEM
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DC ELECTRICAL CHARACTERISTICS (CONT’D)

XR-2206M/P XR-2206CP/D

Parameters Min. | Typ. I Max. | Min. | Typ. | Max. | Units |Conditions
Amplitude Modulation

Input Impedance 50 100 50 100 kQ

Modulation Range 100 100 %

Carrier Suppression 55 55 dB

Linearity 2 2 %o For 95% modulation
Square-Wave OQutput

Amplitude 12 12 Vp-p |Measured at Pin 11.
Rise Time 250 250 ns C_ = 10pF

Fall Time 50 50 ns C_=10pF
Saturation Voltage 0.2 0.4 0.2 0.6 Vv IL=2mA

Leakage Current 0.1 20 0.1 100 pA Ve = 26V

FSK Keying Level (Pin 9) 0.8 1.4 24 0.8 1.4 24 Vv See section on circuit controls
Reference Bypass Voltage 29 3.1 33 25 3 35 \ Measured at Pin 10.
Notes

1 Output amplitude is directly proportional to the resistance, Rj3, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Rz should be a positive temperature coefficient resistor.

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

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

PoWerSupplV: i i v ia i nai e 26V Total TimingCument ...t 6mA
POWGF DlSSlpatIOn ....................... 750mW Storage Temperature ........... _650C to +1 5000
Derate’Above 253G . s i 5mW/°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

terminals to ground. With two timing pins, two discrete
output frequencies 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.

TEM
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R
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Figure 2. Basic Test Circuit
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Figure 3. Output Amplitude
as a Function of the Resistor,
R3,at Pin 3
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Figure 4. Supply Currentvs
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Figure 5. R versus Oscillation Frequency.
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Figure 7. Trimmed Distortion versus
Timing Resistor.
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Figure 8. Sine Wave Distortion versus
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Figure 9. Frequency Drift versus Figure 10. Circuit Connection for Frequency Sweep.
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Figure 11. Circuit tor Sine Wave Generation without External Adjustment.
(See Figure 3for Choice of R3)
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Figure 12. Circuit for Sine Wave Generation with Minimum Harmonic Distortion.
(R3 Determines Output Swing - See Figure 3)
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Figure 13. Sinusoidal FSK Generator
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Figure 14. Circuit for Pulse and Ramp Generation.

Frequency-Shift Keying APPLICATIONS INFORMATION

The XR-2206 can be operated with two separate timing  Sine Wave Generation

resistors, Ry and Ry, connected to the timing Pin 7 and 8,

respe_ctively, as shown in ngre 13. Depending on the  without External Adjustment

polarity of the logic signal at Pin 9, either one or the other

of these timing resistors is activated. If Pin 9 is Figure 11 shows the circuit connection for generating a

open-circuited or connected to a bias voltage > 2V, only  sinusoidal output from the XR-2206. The potentiometer,

R4 is activated. Similarly, if the voltage level at Pin 9is Ry atPin7, provides the desired frequency tuning. The

<1V, only Ry is activated. Thus, the output frequency can ~ maximum output swing is greater than V*/2, and the

be keyed between two levels. f; and fy, as: typical distortion (THD) is < 2.5%. If lower sine wave
distortion is desired, additional adjustments can be

fi = 1/RCiandifs = 1/R-0 provided as described in the following section.

For split-supply operation, the keying voltage at Pin 9 is  The circuit of Figure 77 can be converted to split-supply

referenced to V. operation, simply by replacing all ground connections
with V-. For split-supply operation, Rz can be directly
Output DC Level Control connected to ground.

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figure 71, Figure 72and
Figure 13, Pin 3 is biased midway between V+ and
ground, to give an output dc level of ~ V*/2.

™
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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, Rj, adjusts the
sine-shaping resistor, and Rg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

1. Set Rp 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 72can 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 13shows 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 V.

Pulse and Ramp Generation

Figure 14shows 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-shift 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%
to 99% by the choice of Ry and Ry. The values of Ry and
R, 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:

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 < 200kS2. Recommended values of C arefrom
1000pF to 100pF.

Frequency Sweep and Modulation:

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

_320/,(mA)

f_—_CWHZ

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 1pA to 3mA. The frequency can be
controlled by applying a control voltage, Vg, to the
activated timing pin as shownin Figure 70.The frequency
of oscillation is related to VC as:
))Hz

Bl e
A, 3

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

el
f HC(1 +

0.32

K= affaV, = e
c

Hz/V

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

TOM’
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Output Amplitude:

Maximum output amplitude is inversely proportional to
the external resistor, R3, connected to Pin 3 (see
Figure 3. For sine wave output, amplitude is
approximately 60mV peak per kQ of Rg; for triangle, the
peak amplitude is approximately 160mV peak per kQ of
Rs. Thus, for example, Rz = 50k would produce
approximately 13V sinusoidal output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internalimpedance

VR Vee 1
® ] &

e

at Pin 1 is approximately 100kQ2. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within 14 volts of Vgc/2 as shown in
Figure 6. As this bias level approaches V¢c/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-regulated supply, since the output amplitude now becomes
a function of Vgc.

15V2 5 14 166 13 §o g
2 & @ e e ® -] [:

JKK}—*

%@7

|
[

i

Figure 15. Equivalent Schematic Diagram
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A ey o

16 LEAD CERAMIC DUAL-IN-LINE

| g 58 o ] o 1 s 16 s 56 8 o B cm

Em
1

Sy R [ Ny [y N [y N Ny i |

0

J

(300 MIL CDIP)
Rev. 1.00

m

Base Aq
Plane ¥
Seating

Plane

lH*’l l*vlL

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.100 0.200 2.54 5.08
Aq 0.015 0.060 0.38 1.52
B 0.014 0.026 0.36 0.66
B4 0.045 0.065 1.14 1.65
c 0.008 0.018 0.20 0.46
D 0.740 0.840 18.80 21.34
E4 0.250 0.310 6.35 7.87
E 0.300 BSC 7.62BSC
e 0.100 BSC 2.54 BSC
L 0.125 0.200 3.18 5.08
o 0° 15° 0° 15°

Note: The control dimension is the inch column

XR-2206
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AR T T

16 LEAD PLASTIC DUAL-IN-LINE

(300 MIL PDIP)

Rev. 1.00

e ra - e

16

1

9
8

I_JL_II__IL_JI_IL_JI_.ILJ

Ao
Seating _A )
Plane L I

e

B1

INCHES MILLIMETERS
SYMBOL MIN  MAX MIN  MAX

A 0.145  0.210 3.68 5.33
Aq 0.015  0.070 0.38 1.78
Ay 0115  0.195 2.92 4.95
B 0014  0.024 0.36 0.56
B 0.030  0.070 0.76 1.78
c 0.008  0.014 0.20 0.38
D 0.745 __ 0.840 18.92  21.34
E 0.300  0.325 7.62 8.26
E; 0.240 _ 0.280 6.10 7.11
e 0.100 BSC 2.54 BSC
ea 0.300 BSC 7.62 BSC
es 0.310  0.430 787 1092
L 0115  0.160 2.92 4.06
o 0° 150 0° 15°

Note: The control dimension is the inch column
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16 LEAD SMALL OUTLINE
(300 MIL JEDEC SOIC)

Rev. 1.00

l+——— D ————

HAAAAAAR!

1

®) 8
HHHHEHEH

Seating

Y
Plane —— -—I e“_ _.“‘_ B—::—

_ﬂi
le—s
VL\)-

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.083 0.104 2.35 2.65
Ay 0.004 0.012 0.10 0.30
B 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
E 0.291 0.299 7.40 7.60
e 0.050 BSC 1.27 BSC
H 0.394 0.419 10.00 10.65
I 0.016 0.050 0.40 1.27
o 0° 8° 0° 8°

Note: The control dimension is the millimeter column
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NOTICE

EXAR Corporation reserves the right to make changes to the products contained in this publication in order to im-
prove design, performance or reliability. EXAR Corporation assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement. Charts and schedules contained here in are only for illustration purposes and may vary
depending upon a user’s specific application. While the information in this publication has been carefully checked:;
no responsibility, however, is assumed for inaccuracies.

EXAR Corporation does not recommend the use of any of its products in life support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly
affect its safety or effectiveness. Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the
user assumes all such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum-
stances.

Copyright 1972 EXAR Corporation
Datasheet June 1997
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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N National Semiconductor

DAC0800/DAC0802

June 1999

8-Bit Digital-to-Analog Converters

General Description

The DACO0800 series are monolithic 8-bit high-speed
current-output digital-to-analog converters (DAC) featuring
typical settling times of 100 ns. When used as a multiplying
DAC, monotonic performance over a 40 to 1 reference cur-
rent range is possible. The DAC0800 series also features
high compliance complementary current outputs to allow

The DAC0800, DAC0802, DAC0800C and DAC0802C are a
direct replacement for the DAC-08, DAC-08A, DAC-08C,
and DAC-08H, respectively.

Features
m Fast settling output current:
Full scale error: =1 LSB

100 ns

differential output voltages of 20 Vp-p with simple resistor ~ ® Nonlinearity over temperature: +£0.1%
loads as shown in Figure 1. The reference-to-full-scale cur- = Full scale current drift:  +10 ppm/°C
rent matching of better than +1 LSB eliminates the need for g High output compliance: —10V to +1 8V
full-scale trims in most applications while the nonlinearities g Complementary current outputs
of better than +0.1% over temperature minimizes system o Interface directly with TTL, CMOS, PMOS an J oSS
effolgee ntialions m 2 quadrant wide range mdltiplying’capability
The noise immune inputs of the DAC0800 series will accept Wide power supply range: %4 5V to +18V
TTL levels with the logic threshold pin, V¢, grounded. i :
Changing the V, ¢ potential will allow direct interface to other o tow pom:er consumption: 33 mW at +5V
m Low cos

logic families. The performance and characteristics of the
device are essentially unchanged over the full +4.5V to
+18V power supply range; power dissipation is only 33 mW
with +5V supplies and is independent of the logic input
states.

Typical Applications

DIGITAL INPUTS

1oV

)

1oV

FIGURE 1. £20 Vp_p Output Digital-to-Analog Converter (Note 5)

Ordering Information

5k
_E‘\N\l— 15
i) 0.1

2
@

St

~
LS8

B2 B3 B4 B5 BG 87 B8

HEFEE i 1

] =ret-d

w

10 11 12 4

DAC0800

16 1

Voyt 70 20 Vp-p

o0

0

HH

V™ 0.01uF

Al
3 12
!u.u.-F__l__ lout

Ce +]_-

v o

DS005686-1

Non-Linearity Temperature Order Numbers
Range J Package (J16A) (Note 1) | N Package (N16E) (Note 1) | SO Package (M1 6A)
+0.1% FS 0°C<To<+70C DAC0802LCJ | DAC-08HQ DAC0802LCN| DAC-08HP DAC0802LCM
+0.19% FS _55°C < To < +125°C | DACO800LJ DAC-08Q
+0.19% FS 0°'C < T, <+70C DACO800LCJ | DAC-08EQ | DACOSOOLCN| DAC-08EP DAC0800LCM

Note 1: Devices may be ordered by using either order number.

© 2001 National Semiconductor Corporation

DS005686
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DAC0800/DAC0802

Absolute Maximum Ratings (ot 2)

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

Supply Voltage (V* - V7)
Power Dissipation (Note 3)

(V14 to V15)
Reference Input Common-Mode
Range (V14, V15)
Reference Input Current
Logic Inputs
Analog Current Outputs
(Vg— =1 5V)
ESD Susceptibility (Note 4)

Reference Input Differential Voltage

+18V or 36V
500 mW

V- to V*
V- to V*
5 mA

V- to V- plus 36V

4.25 mA
TBD V

Electrical Characteristics
The following specifications apply for Vg = £15V, lger = 2 mA an
acteristics refer to both lor and Ioyr

Storage Temperature —65°C to +150°C

Lead Temp. (Soldering, 10 seconds)

Dual-In-Line Package (plastic) 260°C
Dual-In-Line Package (ceramic) 300°C
Surface Mount Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
Operating Conditions (Note 2)
Min Max Units
Temperature (Tp)
DACO0800L -55 +125 ‘C
DACO0800LC 0 +70 ‘C
DAC0802LC 0 +70 ‘C

d Ty < Ta < Tuax unless otherwise specified. Qutput char-

DAC0802LC DACO0800L/
Symbol Parameter Conditions DAC0800LC Units
Min Typ Max Min Typ Max
Resolution 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits
Nonlinearity +0.1 +0.19 %FS
ts Settling Time To £% LSB, All Bits Switched 100 135 ns
“ON” or “OFF", T4=25"C
DAC0800L 100 135 ns
DAC08COLC 100 150 ns
tPLH, Propagation Delay Ta=25C
tPHL Each Bit 35 60 35 60 ns
All Bits Switched 35 60 35 60 ns
TCles Full Scale Tempco +10 +50 +10 +50 ppm/°C
Voc Output Voltage Compliance Full Scale Current Change -10 18 -10 18 \Y
<, LSB, Royt™>20 MQ Typ
lFs4 Full Scale Current VRer=10.000V, R14=5.000 kQ 1.984 1.992 2.000 1.94 1.89 2.04 mA
R15=5.000 k2, T,=25C
less Full Scale Symmetry lrsa-lEs2 +0.5 +4.0 *1 +8.0 pA
Izs Zero Scale Current 0.1 1.0 0.2 2.0 HA
IFsr Output Current Range V~=-5V 2.0 2.1 0 2.0 2.1 mA
V~=-8V to -18V 0 2.0 42 0 2.0 42 mA
Logic Input Levels
ViL Logic “0” Vi =0V 0.8 0.8 v
Vi Logic “1” 2.0 2.0 \
Logic Input Current Vic=0V
I Logic “0” —10V<V)y<+0.8V 2.0 -10 -20 -10 pA
Iy Logic “1” 2V<V <+ 18V 0.002 10 0.002 10 uA
Vis Logic Input Swing V7 =—15V -10 18 -10 18 \
VTHR Logic Threshold Range Vg=x15V -10 135 -10 13.5 \Y
lys5 Reference Bias Current : -1.0 -3.0 -1.0 -3.0 pA
di/dt Reference Input Slew Rate (Figure 11) 4.0 8.0 4.0 8.0 mA/us
PSSles, | Power Supply Sensitivity 4.5V<Vv*<18V 0.0001 0.01 0.0001 0.01 %ol %
PSSles- —45V<V<18V 0.0001 0.01 0.0001 0.01 %ol %
lger=1mA

www.national.com




Electrical Characteristics (continued)

The following specifications apply for Vg = +15V, lgge = 2 mA and Tayyn < Ta < Tuax Unless otherwise specified. Output char-
acteristics refer to both oyt and loyr.

DAC0802LC DAC0800L/
Symbol Parameter Conditions DAC0800LC Units
Min Typ Max Min Typ Max
Power Supply Current Vg=15V, lggr=1 mA

I+ 23 38 2.3 3.8 mA

- -4.3 -58 -4.3 -5.8 mA
Vg=5V, -15V, Igge=2 mA

I+ 2.4 3.8 24 3.8 mA

- —-6.4 -7.8 -6.4 -7.8 mA
Vg=15V, Iggr=2 mA

I+ 25 3.8 25 3.8 mA

- -6.5 -7.8 -6.5 -7.8 mA

Pp Power Dissipation +5V, lggr=1 MA 33 48 33 48 mwW
5V,-15V, Ipgr=2 mA 108 136 108 136 mw
£15V, lggr=2 mA 135 174 135 174 mw

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 3: The maximum junction temperature of the DAC0800 and DAC0802 is 125°C. For operating at elevated temperatures, devices in the Dual-In-Line J package
must be derated based on a thermal resistance of 100°C/W, junction-to-ambient, 175°C/W for the molded Dual-In-Line N package and 100°C/W for the Small Outline
M package.

Note 4: Human body model, 100 pF discharged through a 1.5 k2 resistor.
Note 5: Pin-out numbers for the DACO80X represent the Dual-In-Line package. The Small Outline package pin-out differs from the Dual-In-Line package.

Connection Diagrams

Dual-In-Line Package Small Outline Package
THRESHOLD 1 U 16 N
CONTROL, Vi¢ ™1 @ b— COMPENSATION il 16 _BB LSB
TooT - 2 VRer() Veer(#)— 2 15§—By
v- Y VagF) Veer(=)— 3 Y s
i 13+ COMPENSATION—] 4 1348,
vion g1 Lo 112 0 se THRESHOLD CONTROL,YLE— 5) 12f—8,
loyr—16 11§—B
82 = By Ll 3
Yy —7 108,
33; Llﬂ—BB
: : loyr =18 Sf—By MSB
84— — 85
DS005586-14
DS005686-13 Top View
Top View

See Ordering Information

3 www.national.com
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DAC0800/DAC0802

Block Diagram (Note 5)

%‘J v?l: $5 azﬂ 87 $l %;! ?10 ““ “11
1
NETWORK F T ? 4 <—loyt
,, et TR LTR S IR TR LR LR L TRILTR S e

VRert+

75
p

15
Vagr(-) O= A
REF

AMP

DACE8

18

came

Typical Performance Characteristics

Full Scale Current
vs Reference Current

6 +Ta=TminT0Tmax 4 +
4 L ALLBITSHIGH | &
£ 5 | LIMIT FOB
=4 | -V —15V F\
e BT
< [
& [
3
. Pl |
5 f i
Tt SR
& S LIMITFOR™T ]
2o y VeV ]
1
s el [
0 1 2 3 4 5
Iper - REFERENCE CURRENT (mA)
DS005686-22
Reference Amp
Common-Mode Range
4
36 Ta=Trin 70 Tmax
36 FaLLeiTsON”
L
= 28
@ [ |
el — "
3 2 V=15V = -5V V=15V
= | |'mep=2mA
T g
g 12 Iggf = 1 MA+—
L o8 —
R0 4 iggp=0.2mA—
° 1 | !

14 -0 -6 -2 2 6 10 14 18
V15 — REFERENCE COMMON-MODE VOLTAGE v)
DS005686-25

Note. Positive common-mode range is always
(V4) - 1.5V.

LSB Propagation Delay vs Igs

L
il

450

400 —ﬁw

350 ;
300
250 i l 1
200 p——t 1158 =780

E 1]
180 —

100
60

Pp - PROPAGATION DELAY {ns)

u Ll 1
00102 0050100205 1 2 5 10

igg - OUTPUT FULL SCALE CURRENT (mA)
DS005686-23

Logic Input Current
vs Input Voltage

1
i

1; - LOGIC INPUT CURRENT (uA)
o

Q
_12-10-8-§-4-202 4 6 81012141618

V; - LOGIC INPUT VOLTAGE (V)

DS005686-26

DS006686-2

Reference Input
Frequency Response

12

10 [rig=nis <k r 1l
8 |-RL <500
6 [ALLBITS“ON"
C 4 bvgs=0v
5 LR
£y | i
=g
>
sz ‘ NN T
S T\
= -8 3
10 4
-12 A
-14 ;

01 02 9.5.21 74 5 18

FREQUENCY {MHz)
DS005686-24

Curve 1: Cc=15 pF, Viy=2 Vp-p centered at V.
Curve 2: Cc=15 pF, Viy=50 mVp-p centered at
200 mV.

Curve 3: Cc=0 pF, V|y=100 mVp-p centered at
oV and applied through 50Q connected to pin
14.2V applied to R14.

Viy — Vic vs Temperature

8
24 I
22

Vi -Vic W)
-
A

-50 L} 50 100 150
Ta - TEMPERATURE ('C)
DS006686-27
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Typical Performance Characteristics (continuec)

Output Current vs Output

Volane Ottt Voita Output Voltage Compliance Bit Transfer
o Py
altage (Outpu ge vs Temperature Characteristics
Compliance)
0 14
28 TALUBITS"ON" Ta = Tyun TO Ty U ANNANNANN ANV -
= e 1I\ MIN MAX s 16 3 \ N \ NN = 12 - Iggp =2 mA
g ¥ T o w o RN ARRRRR H o
= —V=-15V —V=-5V < JSHADED AREA INDICATESY L1
=l PPRORT P = g |-y PERMISSIBLE OUTPUT 3 2
& ] REF =2 S { VOLTAGE RANGE FOR § & 08
= 16 T S 4 = -V=-15V,Iggf <2 mA. =
e z & N 3 5 08 B2
2 1 pge = 1mA 5 o }—JFOROTHER -V OR Iggf. 3 b
= REF e SEE FIGURE 5 V= -5y T
2 o8 { ¢l_~, -4 N N N \\\ \ s 04 e f i Y 857
J 1 - = | [
Ll RN ENNNANNN PN rviad ===
= 04 Igep=082mA NN N s T TN - )
[ = ) o UL T T 1 s o
0
ST R T R =505 a0 00 NS0 ~12-10-8-6-4-20 2 4 6 8 101214 1618
i Tp - TEMPERATURE (°C) i
Vo - OUTPUT VOLTAGE (V) V| - LOGIC INPUT VOLTAGE (V)
DS005686-29 DS005686-30
DS00e00-28 Note. B1-B8 have identical transfer
characteristics. Bits are fully switched with less
than ¥z LSB error, at less than £100 mV from
actual threshold. These switching points are
guaranteed to lie between 0.8 and 2V over the
operating temperature range (Vi c = OV).
Power Supply Current Power Supply Current Power Supply Current
vs +V vs =V vs Temperature
e B — B : ——T=
=7 2oareeiTs RIGH OR LOw 1| ] = W - 1
2 ik i J o Wy e ALL .BF,‘.S’!‘,‘EIP.EJ‘,”.G.!",?Q#BI... 2 ALL BITS HIGH OR LOW
£ j =] < I- WITH Ipgg =2 mA £ 9 Figgr=2mA
< = =
wRElE T (Bt = & t & ==t=t
H 4 ¢ -3
E i | 5 | &l V= -15V
3 7 = § I-WITHIggp=1mA [ | Gite -
= o >
g 4 oo e o R | (R =i
) ; & i3 | I-WITHIggg=02mA _| | 2 4
g o j 2 s
< e 3 Vs
g 2 1+ g 2 I+ E ; V=15V ViSE
s 2 1 %t
* ! | { \ » ;
0 0 0
0 2 4 6 B 1012 14161820 0 -2 -4 -6 -8 —10-12-14-16-18-20 5 S0 10 150
Ve — POSITIVE POWER SUPPLY (V) V — NEGATIVE POWER SUPPLY (V) Ta ~ TEMPERATURE (°C)
DS005686-31 DS005686-32 DS005686-33
Equivalent Circuit
MSB LSE
vt Vic %\ 62 83 84 85 BE 87 [}
n‘] 1 § OS 7 Oa ?9 o‘ﬂ O“
oy
4
o { 1 B § 2
+
VREF © A -—
CH L HeveH |
L3 98
= 3 32 $3 3
“VREF m\' ‘ ] ) )
comp o' v ﬁ 12 i n 118 132 1784 112 P 1128
’_ﬁ Lﬂ 164 [ ] [l A A ¢ 4A })u v A VA
N ® N N s
[ R 2R 2R R 2R —I A
£ S A an P
V < \r DACDS
3
(<]
v
DS005686-16
FIGURE 2.
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DAC0800/DAC0802

Typical Applications

DIGITAL INPUTS

(7] Lss
B1 B2 83 B4 BS B6 B7 B8
o LT
—'Vaer s 5 71 8 9 1011 12 4 0
“VRer 14
Rper
(R14) DACE800
A15  “VREF
15
b 16 13 32 1}
-vQ comrQ v &
p1uf | Cc 01,5 VLE
ity W %
DS005686-5

lrs =

. *Veer 255

RRefF 256

lo + To = Igs for all logic states

For fixed reference, TTL operation, typical values are:
VRer = 10.000V

Rger = 5.000k

R15 = RRer

Cc =001 pF

Vi ¢ = OV (Ground)

i DACO8S0

DS005686-21

Circuit (Note 5)

FIGURE 4. Recommended Full Scale Adjustment

R15
“VREF O—O—AAN— 15

RRerF

-V
o e L2

FIGURE 3. Basic Positive Reference Operation (Note 5)

RReF

DACD800

»
5

255

256

DS005686-16

Note. Rger sets Igs; R15 is for bias current cancellation
FIGURE 5. Basic Negative Reference Operation

(Note 5)
DIGITAL INPUTS
MS8
81 B2 !J??BB
{ReF =2 mA Oy 14 DAC0800
DS005686-17

B1 B2 B3 B4 B5 B6 B7 B8| lomA | IomA Eo Eo
Full Scale A 4 4 3w |d9ee | 10ibo0 ) -08.860 | £ 10.000
Full Scale-LSB 1 4414 1.1 0] 1984 | 0008 | -9920 | -0.040
HaitScalsdlse l'a o 70”0 00 0 11008 ) 0983 | -5040 -4.920
Half Scale 7 o 0 0 0O O O O] 1000 | 0992 | ~5.000 ; —4.960
Mafeastecten |0 3 1 1 0 el 09099 1,000 5 =4.960 -5.000
Jero ScaleslSB |00 00 000 1:1:000811.984 | ~0.040 -9.920
Zero Scale 800020 0 0 0 0| 0000xE 1.992 1 0,000 4 ~9060

FIGURE 6. Basic Unipolar Negative Operation (Note 5)
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Typical Applications (Continued)

Eg 10k

g & p— + 10.000V
HIREE = 2 MA Qg 14 DAC0800
B g 2 BN
DS005686-6
B1 B2 B3 B4 B5 B6 B7 B8 Eo Eg

Pos. Full Scale 1 1 1 1 1 1 1 1] -9920 |+10.000
Pos. Full Scale-LSB 11 1 1 1 1 1 0] -9.840] +9.920
Zero Scale+LSB i{ 0 0 0 0 0 0 1]-0080]|+0.160
Zero Scale 1 0 0 0 0 0 O O} 0.000 | +0.080
Zero Scale-LSB 0 1 1.1 %11 3 4] +0.080| 0.000
Neg. Full Scale+LtSB {0 0 0 0 0 0 O 1| +9.920 | —-9.840
Neg. Full Scale 0 0 0 0 0 O O O][+10.000]| -9.920

FIGURE 7. Basic Bipolar Output Operation (Note 5)

5
Ry
e AAA e
sk N >
VRer = 10V 0
DACTIN LuTaie R (.'_.Zi? + ﬁ)
5 756 256
_EWV— T 2 3 where X is the input code and
RL = AL = Rrer

DS005686-18

R = ﬁL within £0.05%, output is symmetrical about ground

B1 B2 B3 B4 B5 B6 B7 B8 Eo
Pos. Full Scale T a e e et [ 2191960
Pos. Full Scale-LSB e (9 e o s 0 | +9.880
(+)Zero Scale 15000 00 20005017 20,1011 7+0:040
(-)Zero Scale 0 i et s e 9 2201040
Neg. Full Scale+LSB 0O 0 0 0o 0 0 O 1] -9.880
Neg. Full Scale 0. 0.0 0 0 00 0] =990

FIGURE 8. Symmetrical Offset Binary Operation (Note 5)

Ry

Eg

DACO800 O 070 +1fs- Ry

255

= 256

&
!

DS005686-19

For complementary output (operation as negative logic DAC), connect inverting input of op amp to 1o (pin 2), connect g (pin 4) to ground.

FIGURE 9. Positive Low Impedance Output Operation (Note 5)

IESs == 'REE

www.national.com

¢0802v(Q/00800VQ



DAC0800/DAC0802

Typical Applications (Continued)

DAC08C0

VREF

?

RREF OPTIONAL RESISTOR
FOR OFFSET INPUTS

Ry
m
-
Rgq ~ 200 DAC0800
L
Rp
15
16 2
L -[_ 3 £
e NO CAP 7

DS005686-10
Typical values: Rjy=5k,+V|y=10V

FIGURE 11. Pulsed Reference Operation (Note 5)

*VRer

IREF

Vin =

DAC0800

)

(a) Iner = peak negative swing of liy

DS005686-11

Eg
=0 070 -5 R

lps = IREF

255
256

DS005686-20

For complementary output (operation as a negative logic DAC) connect non-inverting input of op am to To (pin 2); connect lg (pin 4) to ground.

FIGURE 10. Negative Low Impedance Output Operation (Note 5)

PMOS

| Vin=- 0V
TTL.OTL l 12V 70 15V v ! e
s | | 10418
DACO800 I Vig : e
10K
Vic l liﬁl':x . L I
= -5V 70 -10V
L Eie
Vin =28V

1NA148

1N4148

DS005686-9
Viy = Vic + 1.4V

15V CMOS, HTL, HNIL

Vin = 7.6V

Note. Do not exceed negative logic input range of DAC.

FIGURE 12. Interfacing with Various Logic Families

BREF

*Vaer O VWA= 14

/15 DAC0800

(OPTIONAL)

Vin=_g—  O—AMW— 15

HIGH INPUT _____
IMPEDANCE

Rgep = R16

DS005686-12

(b) +Vrer must be above peak positive swing of Vin

FIGURE 13. Accommodating Bipolar References (Note 5)
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Typical Applications (continued)

FOR TURN “ON"", V| =2.7V
FOR TURN “OFF”,V =0.7V

S 5
MINIMUM =
CAPACITANCE \

HP5082-2800
SCHOTTKY DIODES

VoL
0.7V

Vin

S RREF 5 6 7 8 9 10 11 12
Vaer 14

DACUB00

R15 (0.U.T)

0.1uF 0.1uF
i L

15V -18V
DS005686-7

FIGURE 14. Settling Time Measurement (Note 5)

sV STOP
| CONVERSION
o

CLOCK FREE
RUN

0.01 4F 02502 o p

$AR
g { GND
Q0 01 02 3 Q4 05 Q6 07

3[4 516 J11j12]13 )14
LS8 Q@

8-BIT DIGITAL : ANALOG
WORD
i R4 R3
e 39M 5k
R1 12 11 fols fs |7 s |s
VRgr Sk o, [Us8 87 86 8 B4 B3 B2 MSB \ 7
V'V T d

vg* o
R2 DACE800

15V 0.1

Iy
Il

0.1 uF

i
T

K|

~15v
DS005686-8

Note. For 1 ps conversion time with 8-bit resolution and 7-bit accuracy, an LM361 comparator replaces the LM319 and the reference current is doubled by
reducing R1, R2 and R3 to 2.5 kQ and R4 to 2 MQ.

FIGURE 15. A Complete 2 ps Conversion Time, 8-Bit A/D Converter (Note 5)

9 www.national.com
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DAC0800/DAC0802

Physical Dimensions inches (milimeters) unless otherwise noted

In]

o

AN

0.785
[19.94] MAX ——>

Oiozs/uuvuvvvil

GLASS SEALANT
v

R [0.64] 1
g 0.005-0.020yp
[0.13-051]
0.037 £ 0.005
Il ([ TYP . 0.290-0.320
) 0.055£0.005 [7.37-8.73]
(V== I P lz0s03] TP
JMIN TYP 4040, ;
0.020-0.060 yp
0.200 (0.51-1.52) "7 o g i ]
[5.08] = r] [04'57%
MAX TYP | 1 :
t l T [0.150 uin Tve
0.125-0.200 iyl
il iy | 959¢5
[3.18-5.08] 1" |3 |3
0.080 ! _J
i 0.210-0.410
OTH ENDS 0.018£0.003 210
BOTHJEND T0.46%0.08] "7 {7.87-10.41]

[2.03] MAX =~ = |
0.100£0.010 - i l
[2.52£0.25] VP

Order Numbers DAC0800LCM,
or DAC0802LCM
NS Package Number M16A

Molded Small Outline Package (SO)

0.386-8.334

0.01040.002
[0.25¢0.05] "'F
P4

J164 (REV L)

wes—tgo0 "
hs 5 U OB o2 oo
0.228-0.204 20e
15.791 -6.18) e
GO0 U B=_tt
(EA0 NGY et e
10ENT 0.010 pay
{0.259)
0.160-0 157
(3.810-3.988)
0.053-0.069
0.010-0.020 9.053-0.068
.24 -0.503] *AS S~ 1 (1.346-1.75)) 0.004-0.010
3 ! 8° MAX TYP v (0.102-0.254)
‘ ALL LERDS s 2
4 .
A=k | T‘%ﬂi—;ﬁﬁm === —
T } | f PLANE
' ? B {
' o014
0.008-0.010 AL 0.650 0.014-0.020
D.008-0.018 0.615-0.850 8.650° —» 0.m4-0.020 yp
{0,203 —0.254) —>’ l‘———— 10.356) .z {0,356 —0.508)
{0.406—1.270)
TYP ALL LEAUS 5004 AL (EA0 LU DY
0.102) 0.203) [P
ALLLEAD TIPS

Order Numbers DAC0800LCM,
or DAC0802LCM
NS Package Number M16A

Molded Small Outline Package (SO)

www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740 = 0.780
{18.80- 19.81)

il
OPTION 02

OPTION 01 0.065
0.130£0.005 D
0:130£0.005 0.080 42 TYP 0.300 = 0.320 1.651)
| Gsmzoi) B [~ a0 "\ f“ OPTIONAL *l 7620-8.128) | {
0.145 = 0.200 5. Aty /B \!
(5.683-5.080) { 11 H f
} 950%5° 0.008-0.016
900% 4° TYP e
(g'ggg) MIN ‘ . 0280 ] (0203-0.406)
: 0.125-0.150 0.030£0.015 | (7.112)
{3.175- 3.810) ' T (0.762£0.381) MIN
0.014=0.023 0.100£0.010 (0.325*0.040
{0.356 = 0.584) 0.050£0.010 (2.54010.254) 0T =0.015 NISE (REV F)
s {1.27020.254) TP (8.255 t},‘%‘aﬁ)
- ;

Molded Dual-In-Line Package
Order Numbers DAC0800, DAC0802
NS Package Number N16E

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

sJaleAu0) Bojeuy-oi-jenbig 1g-g 20802vad/00800vaA

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

National Semiconductor
Europe
Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com
Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 87024 0 2171
Frangais Tel: +33 (0) 1 41 91 8790

National Semiconductor
Corporation

Americas

Email: support@nsc.com

&

www.national.com

National Semiconductor
Japan Ltd.

Tel: 81-3-5639-7560
Fax: 81-3-5639-7507

National Semiconductor
Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: ap.support@nsc.com

National does not assume any responsibility for use of any circuitry described, no circut patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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