BURR-BROWN?®

PCM51JG

DESIGNED FOR AUDIO

03904 L

16-Bit ‘9/’4 Cary e bor

DIGITAL-TO-ANALOG CONVERTER

FEATURES

 16-BIT RESOLUTION
« 350nsec SETTLING TIME, typ (I Model)
o 5usec SETTLING TIME, typ {V Model)

« 0.006% OF FSR MAX DIFFERENTIAL LINEARITY
ERROR (0.0025% typ)

* 0.0025% THO (FS Input, 16 Bits), typ
 0.012% THD (-15dB, 16 Bits), typ

» 96dB DYNAMIC RANGE

o EIAJ STC-007 COMPATIBLE

o PIN COMPATIBLE - DAC71 & PCM50
o LOW COST

DESCRIPTION

The PCMSI isdesigned for PCM audio applications
and is compatible with EIAJ STC-007 specifications.
The PCMS51 may be operated as either a 16-bit or a
14-bit converter. It features wide dynamic range. low
differential linearity error. low distortion. and has a
very-fast settling time.

The PCMS5! contains an internal voltage reference. It
uses state-of-the-art 1C and laser-trimmed thin-film
components. The converter combines high quality
and high performance with low cost.

BOTH VOLTAGE-QUTPYT (PCM51J6-V)
AND CURRENT-DUTPUT {PCM51J6-)

MODELS ARE AVAILABLE.
REFERENCE PCMS51J64 DOES NOT CONTAIN OUTPUT
VOLTAGE OPERATIONAL AMPLIFIER,
Re
AN
PARALLEL 16-BIT LADDER
DIGITAL RESISTOR NETWORK OPERATIONAL
AND AMPLIFIER
PuT CURRENT SWITCHES AUDIG OUTPUT

International Airport Industrial Park - P.0. 8ox 11400 - Tucson. Arizona 85734 - Tel. (602} 746-8111 - Twx: 910-952-1111 - Gable: BBRCOAP - Telex: 66-6491
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SPECIFICATIONS MECHANICAL

ELECTRICAL

Ta = +25°C and rated power supplies unless otherwise noted NOTE: Leads Pin numbers
in true position. shown for

MODEL PCM51JG Within 0.10" reference only

MIN TYP MAX UNITS .0.25mm- R at Numbers may

INPUT MMC at seating not be marked

DIGITAL INPUT ] plane. on package

Resolution 16 Bits

Dynamic Range 96 daB T“m

Logic Leveis TTL-Compatible {1} a 13
Logic "1" at +40uA +2.4 +5.5 vDC 8
Logic “0" at -1.6mA 0 +0.4 vDC L 5 12

TRANSFER CHARACTERISTICS [yzoeoveeccce

Gain Error =01 5 % .

Bipolar Zero Error(2 +10 +100 mv ® .

Differential Linearity Error "
at Bipolar Zerc 0.0025 0.006 % of FSR(3) ¢

TOTAL HARMONIC DISTORTION4) Ll_

Vo = +FS at f = 400Hz : | DU i S— .
14-Bit Resolution 0.004 % t lHi100000 B T
16-Bit Resolution 0.0025 0.005 % T | {

Vo =-16dB at f = 400Hz L« L ‘.L — -
14-Bit Resolution 0.023 0.06 % B .
16-Bit Resolution 0.012 004 %

Vo = -20dB at f = 400Hz
14-Bit Resolution 0.04 % CASE: Black Ceramic :Frz
16-Bit Resolution 0.025 % MATING CONNECTOR: 245MC

Vo = -60dB at f = 400Hz WEIGHT: 8.4 grams 0.3 0z.
14-Bit Resolution a2 % HERMETICITY: Conforms to
16-Bit Resolution 19 % method 1014 condition C step 1

DRIFT Over Specified Temperature Range fluoracarbon of MIL-STD-883

Total Bipolar Drift inciudes gain, gross leak
offset, and linearity drift: *25 +50 ppm of FSRPC

SETTLING TIME : To +0.006% of FSR INCHES MILLIME TERS

Voltage Model, PCM51JG-V OM I"MIN [ Max | MIN | max

Qutput: 20V Step 5 usec A 1310 1360 33 27 34 54

1LSB Stept5) 3 usec 2] 770 B0 19 56 2057

Slew Rate 20 V/usec c 150 210 EEA 533

Current Model. PCM51JG-| 2] 018 021 046 053

Qutput: 1mA Step L 0838 050 089 127

100 to 100(} load 350 nsec S 190 BASIC 2oa gReT
1Kk Load(6) 350 nsec - 1To } 130 279 1[ 330
150 Q0 381 2

WARM-UP TIME ! Min o 600 aasx_cLL 15 2a Bas ?:;:L

OUTPUT ~ 002 | oio 005 | 02s

ANALOG OUTPUT R oss | vos | zve | 2%r

Voltage Model, PCM51JG-V

Ranges -10 v

*5(7) \Z

Output Current x5 mA

Output Impedance DC 0.1 n -

Short-Circuit Duration Indefinite To Common

Current Model, PCM51JG-|

Range + mA

Output impedance 3 L1t}

POWER SUPPLY

SENSITIVITY
-15vDC +0.02 % of FSR/% Vs
+15VDC +0.002 % of FSR/% Vs

POWER SUPPLY REQUIRMENTS

Voitage. Vg =145, =15 +1585 vDC

Supply Drain, «15VDC no load =25 mA

-15VDC -40 mA

TEMPERATURE RANGE

Specification a +70 °C

Operating derated specs -25 +85 °C

Storage -55 +85 °C

NOTES

1. Adding external CMOS hex buffers CD4009A will provide 15VDC CMOS
input compatibility. The percentchange in output: Vo aslogic O varies
from 0.0V to +G.4V and logic 1 changes from +2.4V to+5.0V on all inputs

18 less than 0.006% ot FSR

wn

*5V range

el

Adjustable to zero with external irim potentiometer
FSR means Full Scale Range and is 20V for +10V range and 10V for

The measurement of total harmonic distortion is highly dependent on

the characteristics of the measurement circuit. A block diagram of a

measurement circuit is shown in Figure 3. Burr-Brown calculates THD
from the measured linearity errors using equation -2 in the section an
"Total Harmonic Distortion”, and specifies that the maximum THD

measured with the circuit shown in Figure 3 will be less than the limits

indicated

5. LSB is for 14-bit resolution.

6. Measured with an active clamp, as shown in Figure 10. to provide a low
impedance for approximately 200nsec

7. Connect pin 24 to pin 17 to obtain *5V range
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CONNECTION DIAGRAM

PIN ASSIGNMENTS

PCM51JG-i
does not contain Ay

PCM51JG-V

= Ref
Control

|4 cx

+Vs

16-bit
Laader _L
[ Resistor =

Network
- and
Current
}—] Switches

TEPTOOTY

QOAOOMOOOC

Q Audio Output
+5V Range”

| L |

*Note: Leave Pin 24 open for +10V Range.

©J6)

N

1

w

Pin Pin
No. PCMS51JG-| No. PCM51JG-V
1 B8it 1 :MSB. 1 Bit 1 :MSB
2 Bit2 2 Bit 2
3 Bit3 3 Bit3
4 Bit4 4 Bit4
5 Bit5 5 BitS
6 Bit6 6 Bit6
7 Bit7 7 Bit7
8 Bit8 8 Bit8
9 Bit9 9 Bit9
10 Bit 10 -1 10 Bit 10
1 Bit 11 1 Bit 11
12 Bit 12 12 Bit 12
13 Bit13 13 Bit 13
14 Bit 14 14 Bit 14
15 Bit15 15 815
16 Bit 16 LSB 16 Bit16 .LSB
17 +10V RANGE SELECT | 17 AUDIO OUT
18 TEST POINT 18 TEST POINT
19 -15vDC 19 -15vDC
20 COMMON 20 COMMON
21 fout 21 SUMMING JUNCTION
22 TEST POINT 22 TEST POINT
23 +15VDC 23 +15VDC
24 +5V RANGE SELECT 24 +5V RANGE SELECT

THEORY OF OPERATION

The accuracy of a D/ A converter is described by the
transfer function shown in Figure I. The errors in the
D/ A converter are combinations of analog errors due to
the linear circuitry, matching and tracking properties of
the ladder and scaling nétworks, power supply rejection,
and reference errors. In summary, these errors consist of
initial errors including Gain, Offset, Linearity, Differ-
ential Linearity, and Power Supply Sensitivity. Initial
Offset or Bipolar zero errors may be adjusted to zero.
Gain drift over temperature rotates the line (Figure 1)
about the minus full scale point (all bits Off), and Offset
drift shifts the line left or right over the operating
temperature range. Most of the offset and gain drift with
temperature or time is due to the drift of the internal
reference zener diode. The converter is designed so that

ALLBITSON
0000..0000
Leam
0000..0001 TEAROR_ ¢
oo *\
5 omanme 4+ .
=
S et % -
=
S 10000000 4 OFFSET . BIPOLAR ZERD
8
0.0 4 mnm\ R
= -—
meane F . L
niang *Ai T
FSR/Z  ANALOGOUTPUT = (+FSA / 2) -ILSB
*SEE TABLE | FOR DIGITAL CODE DEFINITIONS.

FIGURE I. Input vs Output for an Ideal
Bipolar D! A Converter.

these drifts are in opposite directions. This way the
bipolar zero voltage is virtually unaffected by variations
in the reference voltage. Total Harmonic Distortion
(THD) is useful in audio applications and is a measure of
the magnitude and distribution of the Linearity Error.
Differential Lineanty Error, and Noise. as well as
Quantization Error. To be useful. THD should be
specified for both high level and low level input signals.
This error is unadjustable and is the most meaningful
indicator of D. A converter accuracy for audio appli-
cations. The resolution of a D A converter can be
expressed in terms of Dynamic Range. The Dyvnamic
Range is a measure of the ratio of the smallest signals the
converter can produce to the full scale range and is
usually expressed in decibels (dB). The theoretical
dvnamic range of a converter is approximately 6 x n.
where n is the number of bits of resolution. or 96dB for a
16-bit converter. The actual or useful dynamic range is
limited by noise and linearity errors and is therefore
somewhat less than the theoretical limit.

DIGITAL INPUT CODES

The PCMS5] accepts complementary digital input codes
in binary format. It may be connected by the user for

TABLE L. Digital Input Codes.

DIGITAL INPUT CODES
cos cTC
MSB LSB Complementary Compiementary
‘ Offset Binary Two's Complement
All bits ON 0000...000 +Full Scale -1LSB
Mid Scale 0111..111 Zero -Full Scale
All bits OFF 1111111 -Fuil Scale 2Zera
) 1000...000 -1LSB *Full Scale

*ATTL inverter must be connected between the MSB input signal and bit 1
pin 1 to obtain CTC input code
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either complementary offset binary (COB) or comple-
mentary two’s complement (CTC) codes. See Table 1.

DISCUSSION OF
SPECIFICATIONS

The PCMS51 is specified to provide critical performance
criteria for a wide variety of applications. The most
critical specifications for a D A converter in audio
applications are total harmonic distortion, differential
linearity error, bipolar zero error, parameter shifts with
time and temperature, and settling-time effects on
accuracy. This DAC is factory-trimmed and tested for all
critical key specifications.

|
BIPOLAR ZERO ERROR
nifial bipolar zero error {Bit 1 “ON™ and alt other bits

“OFF™) isfactory-trimmed to typically £10mV (+100mV
maximum) at +25°C. This error may be trimmed to zero
by connecting the external trim potentiometer shown in
Figure 6.

DIFFERENTIAL LINEARITY ERROR

Differential Linearity Error (DLE) is the deviation from
an ideal ! LSB change from one adjacent output state to
the next. DLE isimportant in audio applications because
excessive DLE at bipolar zero (at the “major carry™) can
result inaudible crossover distortion for low level output
signals. Initial DLE on the PCM51 is factory-trimmed to
typically +0.0025% of FSR (£0.006%; of FSR, maximum).

STABILITY WITH TIME AND TEMPERATURE

The parameters of a D’ A converter designed for audio
applications should be stable over a relatively wide
temperature range and over long periods of time to avoid
undesirable periodic readjustment. The most important
parameters are Bipolar Zero Error, Differential Linearity
Error.and Total Harmonic Distortion. Most of the offset
and gaindrift with temperature or time is due to the drift
of the internal reference zener diode. The PCMSI is
designed so that these drifts are in opposite directions so
that the bipolar zero voltage is virtually unaffected by
variations in the reference voltage. Both DLE and THD
are dependent upon the matching and tracking of resistor
ratios and upon the matching and tracking of Vyg and hy
of the current-source transistors. The PCMSI was de-
signed so that any absolute shift in these components has
virtually no effect on DLE or THD. The resistors are
made of identical links of ultra-stable nichrome thin-fitm.
The current density in these resistors is very-low to
further enhance their stability.

POWER SUPPLY SENSITIVITY

Changes in the DC power supplies will affect accuracy.
The PCMS1 power supply sensitivity is specified for
+0.020¢ of FSR ¢ Vs for -15VDC supplies and +0.002¢
of FSR €¢ Vi for+15VDC supplies. Normally. regulated
power supplies with 1€ or less ripple are recommended
for use with this DAC. See also Power Supply Con-
nections paragraph in the Installation and Operating
Instructions section.

SETTLING TIME (PCM514G-V)

Settling time is the total time (including slew time)
required for the output to settle within an error band
around its final value after a change in input (see Figure
2).

Settling times are specified to +0.0065; of FSR: one for
maximum full scale range changes of 20V and one for a
ILSBchange. The I LSB change is measured at the major
carry (0111...11 to 1000...00). the point at which the
worst-case settling time occurs.

SETTLING TIME (PCM51JG-I)

Two settling times are specified to a £0.006¢; of FSR.
Each is given for current model connected with two
different resistive loads: 10£) to 20001 and 1000Q.
Current-output model settling time is particularly im-
portant if the PCMS51JG-l is going to be used to build a
successive-approximation A D converter. See Figure 11.

0 - 10V RAMGE
03
-5V RANGE
fw i}
g voleL
§2 om
3
iz ) MODEL
T o % \\
8
< RL=1k0) \\
LA <] \
o001 L= 200 \ \ \
01 ) 18 0
Setting Thes Ltee)

FIGURE 2. Fult Scale Range Settling Time vs Accuracy.
TOTAL HARMONIC DISTORTION

The Total Harmonic Distortion (THD) is defined as the
ratio of the square root of the sum of the squares of the
value of the rms harmonics to the value of the rms
fundamental andis expressed in percent or dB. A block
diagram of the test circuit used to measure the THD of
the PCMS51 is shown in Figure 3. A timing diagram for
the control logic is shown in Figure 4. The digital input
code stored in the PROM as well as the output obtained
from an ideal PCMS5i. the value of an ideal sine wave.
and the inherent quantization error are given in Tables
11l and IV. If we assume that the error due to the test
circuit is negligible. then the rms value of the PCMS5]
error referred to the input can be shown to be

N
e,,m:‘/l N Y [E)+ Eofi)P ™

i=1
where N is the number of samples, E, (i) is the linearity
error of the PCMS51 at each sampling point. and FEo(i) is
the quantization error at each sampling point. The THD
can then be expressed as

~
\/r N [Edti)+ Eoli)f @
THD =€rme: Exme— izl = x 100¢¢

This expression indicates that. in general. there is a
correlation between the THD and the square root of the
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8B OPAIO3 88 3650K
OR EQUIVALENT  ANALOG SWITCH OR EQUIVALENT
" (MP7512 DR EQUIVALENT) USE 400Kz HIGH-PASS | DISTORTION | P 338A OR
r n FILTERAND 30kHz | METER | EQUIVALENT
| ; Vour LOW-PASS FILTER
1
l_l_ — 59F: > o
SIMPLIFIEDSCHEMATIC 7 = = ~
OF DEGLITCHER DEGLITCHER ~ .
CONTROL ~
~N
x
2x a
TALS16) me LATCH ot DEGLITCHER LOW PaSs
BINARY PROM'S" TaLsTs (PCM 51) FILTER
COUNTER
t cLOCK LATCH ENABLE |
DEGLITCHER CONTROL }
AlBlc[
0
TIMING 2
CONTROL | SEE CONTROL LOGIC TIMING [Figure 4]. = ‘
LOBIC 2 40
=
= 80
sof——+
100
LOW-PASS FILTER v 10! 102 103 10%]|1e®
“SEE TABLE Ili AND TABLE IV. CHARACTERISTIC FREQ. Wzl

FIGURE 3. Block Diagram of Distortion Test Circuit.

B: LATCH EHABLEI |

sum of the squares of the linearity errors at euch digital
word of interest. However. this expression does not mean

[

C: DEGLITCHER ™~ = 500nsec

that the worst-case linearity error of the D A is directly
correlated to the THD.

CONTROL \

U

U

For the PCMSI the test pertod was chosen to be 22 . 7usec

- r~—25u38¢

e [

FIGURE 4. Control Logic Timing for PCMS5|
Distortion Test Circuit.

L

100 T
s
N A N
£ \\ ,
= 04 \C
= N
'g \\\ 14.8its
2 o \\ g
£ 0.04 \C
E N
E 0.01 I \\\\
s
0.004 16-Bits \\
0.001 ‘
60 50 40 30 20 0 0

Vour (48)

008 squals Full Scale Range (FSR)

FIGURE 5. Total Harmonic Distortion (THD) vs Voo,

6-

(44.056k Hz) which is compatible with the EIAJ STC-007
specification tor PCM audio. The test frequency is400H/
and the amplitude of the input signalis-15dBdown from
full scale.

Figure 5 shows the tvpical THD as a function of output
voltage.

INSTALLATION AND
OPERATING INSTRUCTIONS

POWER SUPPLY CONNECTIONS

For optimum performance and noise rejection. power
supply decoupling capacitors should be added as shown
in the Connection Diagram. These capacitors (luF
tantalum or electrolvtic recommended ) should be located
close to the PCMS5I.

EXTERNAL BIPOLAR ZERO ADJUST (OPTIONAL)
In some applications the bipolar zero error may require
adjustment. This error may be adjusted to zero by
installing an external potentiometer as shown in Figure 6.

+Vs
1.5M0 10k12 BIPOLAR
@—"M———.' T0 ZERD
100k 0 ADJUST
g

FIGURE 6. Optional External Bipolar Zero Adjust.
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The TCR of the potentiometer should be 100ppm “C or
less. The 1.5M{ resistor (20¢; carbon or better) should be
located close to the PCMS5I1 to prevent noise pickup.
Refer to Figure 7 for the relationship of bipolar zero
adjust on the D A converter transfer function.

LS8 )
ANALOG OUTPUT .
s
-+FULL SCALE + «”
i o o
i H 4 ./,1
ALLBITS s
LOGIC 1 Lot ALLBITS
. /’ - { Logico
. PR DIGITAL INPUT =
« < < | BIPOLAR
RANGEOF ° * oy ZE"&“ ok AND
OFFSETABJUST ° -~ * S | ALL OTHER BITS OFF)
1 o o=
e Z1| e scae
e
¥ 0FFSET ADJUST
TRANSLATES THE LINE

24
™~
Sk
ko o

COMMON By
- ;
Ry SENSE 0UTPUT—————

S
+ O IuF COM

e 1uF

~15VDC
SUPPLY

¥

FIGURE 7. Affect of Offset Adjustment on a Bipolar
D: A Converter Transfer Function.

ADJUSTMENT PROCEDURE

Apply the digital input code that should produce zero

volts output (bit 1 or MSB “ON™ and all other bits

“OFF"). Adjust the offset potentiometer until zero volts

is obtained.

Table 1l shows the ideal plus and minus full scale voltages

and LSB values for both 14- and 16-bit resolution and

10V, x5V, and £ ImA output ranges.

TABLE 11. Digital Input and Anatog Output

Relationships. )
OQUTPUT CODE
VOLTAGE 1 CURRENT
f v
16-Bit 14-Bit 16-Bit 14-Bit

DIGITAL INPUT CODE|R | 1 R R
Complementary Bipolar
Oftset Binary COB
*10V or *1mA

Orie LSB +305uV +1.22mv 0.031uA 0.122uA

All Bits On 100..00 +9.90060V | +8.99878v -0.90007mA | -0.90088mA

All Bits Off 111.11, -100000V | -10.0000v | +1.0000mA | +1.0000mA
+5V o £1mA

One LSB 4152V +810uV 0.0314A 0.122uA

All Bits On (00.00: 4990848V | +4.90830V | -099997mA | -0.90063mA

All Bits Off (11,11 -5.0000V -5.0000V | +1.0000mA | +1.0000mA

*Connect pin 24 to pin 17 to obtain +5V Range.

INSTALLATION CONSIDERATIONS

If 16-bit resolution is not required, bit 15 (pin 15) and bit
16 {(pin 16) should be connected to +5VDC through a
1k(} resistor.

Figure 8 shows the connection diagram for a PCMSI.
Lead and contact resistances are represented by R,

through Ri. As long as the load resistance (Ri) is
constant, R, simply introduces a gain error. R: is part of
R if the output voltage is sensed at Common (pin 20)and
therefore introduces no error. If Ry is variable, then R,
should be less than Ry min/2'® to reduce voltage drops due
to wiring to less than 1 LSB. Forexample, if Rmin is Sk},
then R, should be less than 0.08(). R, should be located
asclose as possibleto the PCMSI for optimum performance.

FIGURE 8. Output Circuit for PCM51JG-V.

The PCMS51 and the wiring to its connectors should be
located to provide optimum isolation fram sources of
RF! and EMI. The key word in elimination of RF
radiation or pickup is loop area: therefore. signal leads
and their return conductors should be kept close together.
This reduces the external magnetic field along with any
radiation. Also. if a signal lead and its return conductor
are wired close together they present a small flux-capture
cross section for any external field. This reduces radiation
pickup in the circuit.

See Figure 9 for the connectiondiagram ofa PCMS1JG-I
current-to-voltage converter. R, through R: represent
lead and contact resistances.

COM =15VDC
+ v SUPPLY

*Rg SHOULD BE EQUAL TD THE OUTPUT
IMPEDANCE AT PIN 21 TO COMPENSATE

FOR THE BIAS CURRENT DRIFT OF Al. USE
STANDARD 10% 1/4W CARBON COMPOSITION
OR EQUIVALENT RESISTORS.

Ag = 1%

FIGURE 9. Preferred External Op Amp
Configuration for PCMS51JG-1
APPLICATIONS

A single PCM51 can be used for both the left and right
channelas shown in Figure 10. Note thata Sample. Hold
1s not required.
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LM310 LPF RIGHT
PCMSIJGY MP1STZ
An A D converter can be constructed using the
LEFT PCMS51JG-1 shown in Figure H.
LM310
+5V
FIGURE 10. PCMS51 Used for Stereo. 27k
ANALOG
INPUT *5‘/? Tk
2-IN914 Saxa 8
+I5V 24 - +5V RANGE
—-— 17 - -10V RANBE )
1uFm R
- POMS1 G-I 71>
. 7 1uH 7
15V 19— B8k ) 5601
2[3]4]5][6]7]8 91011121314151‘7 . %
. -15Y
Ms | —-——9 5y PMI MAT-01 -15¢
15v 1/2AM319
2 S
34k0
3 22k0)
4
5§ .-
§ -
1
§
g -
.
12~
13 ——
14
15 = +5V
16 BITS
LSB 16— SW1 BIT RESOLUTION __l 14ke
741500 BV 8
sWI 14 7
5 L o~ g AR
14013]12/nj 6] 5 4] 3 14)13)i2)11/6]5]4] 3 10 6
16416 1481Ts 7 1
* ANALOG COM ..
**DIGITAL COM AM2502 AM2503 13
sls = a7pF L Y
LD 9 N 710 9 2 1 15 2
¢ 16
14k )
STATUS ) .
* 7415123
CONVERT COMMAND +5V +5V

FIGURE Il. A D Converter Using PCMS51JG-I.
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Table 111 shows the hex code loaded into the PROM’s of
the Distortion Test Circuit, Figure 3, for 14-bit values
and Table I'V shows the hex code for 16-bit values. Values

are for a 400Hz sine wave (-15dB of full scale); all values
are 1n voits.

I'ABLE IH1. Hex Code for 14-Bit Values (-15d B Output in 20V Full Scale Range).

PCM5I

cooee HEX 1OEAL DAC . CUANTIZING ex 10EAL DAC 10EAL S0eE UANTIZING cones | MEX T 'DEac DAC | 1DEAL SINE | DLANTZING
cooe | our vom VALUE Vorm | EAROR vom coot | our vom VALE Vo | ERMOR voms CODE | OuT sots VALUE voits |, ERRDR v o1
) TFFF | B.BOBOVR | 6. 00800E | 5. 000000 33 | sc7F [ 1.523438 | 1.322828 | -. 000610 -1.5272266 | -1.572769 | -.eeeses
2 | ree3| .101318| .101520 ( .e@eeze1 33 | 6D33 | 1.468%06 | 1.467920 -1.617432 [ -1.617380
3 TUe? . 202637 2082709 .ae8e72 <o EDFT | 1.408691 | 1.4088223 -1. -1.6371:5
4 7CLF . 302734 . 303236 .aeese2 el GECE | 1.343994 | 1. 243934 =1. -1.631244
5 TADT | .482832 | 402775 | -.000037 42 | 6FAB | 1.27563S “1. -1.719857
6 | 7997 | .see4ns | .seas9s| .eeesii 43 | 7098 | 1.202393 -1.743164 [ -1.74286)
7 | 7837 | .s98145 | .597390 | -.eeesss 43 | 7197 | 1125488 -1.768254 | -1.768179
8 a3 692139 69223 . 008092 45 T29F | 1.B44922 -1.271248 | -1.771756
9 | 7sF3| .784312| 784614 |-.000298 ac | 738F | 961914 -1.777344 [ ~1.777554
1u | 74CF | ,B74823 | .874439 | .000415 o | rack ] .eree23 ~1.777346 {~1.777554
¥l T3AF 961914 .961410 | -. 000504 = TEF3 784912 -1.77124@ | -1.771756
12 TI9F [ 1.044922 | 1.045246 . 200325 43 TTa3 692139 -1.7682%54 | -1.76@179 .eeeevs
13 T197 [ 1.125488 [ 1.12%673 .299183 Sé TEST -598134% ~1.743164 .e0e38?
14 | 709B | 1.202393 |1.202428 | 800035 s1 | 7997 | .50@e38 -1.719971 00013
15 6FAB [ 1.279635 [1.27%5261 | -. 098374 5 TADT . 492832 -1.63@674 -. 00857
1 GECB | 1.343394 | 1.343934 | -. 000060 53 TCIF . 382734 -1.65771% eeecad
17 | epF7 | 1.408691 | 1.488223 | -. 000468 sa | 7ne? | .202637 -1.617432 -.Be8148
13 | 6133 | 1.468506 | 1.467920 | -. 888586 sy | "EB3| .1@131E -1.572266 | -1.57276% | -.B@85AY
13 | 6C7F | 1.523438 | 1.522828 | -. 000618 S6 | 7FFF | @.000000 -1.323438 | -1.522828 800510
2a 6BDF | 1.572266 | 1.572769 . 900583 57 8148 : -.181318 -1.468%06 | -1.467328 . 2003586
21 | B4B | 1.617432 [1.617580 148 38 | 8297 -1.408691 | -1.408223 | .@easss
2z | 6ACT | 1,.657715 [ 1.6571:5 | -. 000600 39 | 83DF -1.343394 | -1.343934 628060
23 | 6ASB | 1.690574 [ 1.691244 | .@@03TE ee | 8527 ~1.278635 | -1.275261 | .008374
24 EFFB | 1.719971 [1.719857 [ -.000113 [ 33 8667 -1.202393 | ~1.292428 | -.80@035
S S9AF | 1.7431€4 | 1.7428€1 | -. 0003083 62 87R7 -1.12%488 | -1.12%673 | -.20a13%
25 1.760179 | -. 000075 63 | s8DB ~1.044922 | -1.045246 | -. 2083
27 1.771756 | .0805L6 64 | SAGB -.961914 -.961410 260504
27 1.777%%4 | .0Q8210 65 | 8B2F -.874823 | -.874439 | -.080415
2% 693F | 1,777344 | 1.777554 .8080218 66 SC4F -.7843912 ~.784614 B-CTFET
3a | 6953 | 1.77124811.771756 | .e@0S516 67 | 8DSF [-1.844922!-1.045246: -.692135 | -.69223: | -.000092
31 | 6977 | 1.760254 | 1.768173 68 | BE67 {-1.125488(-1.125673 -.59814% -.%97%90 2B855S
32 | 69AF | 1.743164 | 1.742861 69 | 8Fe3 [-1.282393|-1.202428" -.58843% -.%58099% | -_aB@S11
3% E9FB | 1.719971 | 1,719852 e 9033 [-1.279635 —l.2?52$li 402832 ~.40277% 008
34 | cASB | 1.690674 | 1.691244 71 | 9133 |-1.343994(-1.343934] 302734 | -.3@3236 | -.9@@50s
5 | ency | 1.657715 | 1.85711% 72 | 92087 |-1.408691|-1.408223| 37| -.zez7e% | -.e@e8
3¢ | £EBAE | 1.617432 | 1.€17588 73 [ 92CB |-1.468%06(-1.467928| .eees86 1@ -.101318 -.181520 | -.@80z01
37 | €BDF | 1.572266 | 1.5727e3 | .800563 74 | 937F |-1.523438|-1.5228281 .@0@610
TABLE IV. Hex Code for 16-Bit Values (-15dB Output in 20V Full Scale Range).
cooes | TEX 1DEAL DAC TDEAL SME QUANTIZNG cooer T oearoac | oeacswe QUANTIZWG IDEA. DAZ | DEA. SINE N NG
CODE OUT voits VALUE Vomks ERRDA VoRs DUY vome VALUE voms ERROR Yoks OUT Vous AL UE VoI BOR s
1 7FFF | 0.000000 | 0.080000 | .0200000 % 1.522827 .0@0001 -1.57287€ | -1.572769 | .@ee1a’
2 TERZ .101624 . 181520 El 1.46739% . 008024 -1.617432 -1.617588 | -.808146
3 -202637 .282789 1.4088981 .800142 ~1.657194 -1.6371:5 -.800918
4 303345 | .203236 1.343954 -. 000060 -1.69128¢ | -1.591244 | .e00040
s 402832 | .482775 1.275330 -. 200865 ~1.719971 | -1.719857 | .@@e113
6 .501099 | .50@99 1.202393 200035 -1.742855 | -1.742B€1 | -.868007
7 -9597334 .59759 1.12%793 -.000120 -1.763254 -1.768173% ‘ .29887%
L} 692139 .69223: 1.045227 -eg8919 -1.7718%1 -1.7717%€ | .@800894
. 754587 | .784614 . 961384 .eee1e7 -1.777649 | -1.777554 | _@8009%
1o .874329 | .B874439 | .eee1l1@ 874325 .eve11@ -1.777649 | -1.777554 | 2009895
LB} . 361394 .961410 eeeie7 .T84607 .e0eve7” =-1.7717%8 . 229094
12 1.045227 | 1.045246 | .000819 .69213¢ . 80009 -1.760173 | .88087S
1: 1.125793 | 1.125673 | -. 000120 597534 .0@005¢ -1.7428¢1 | -. 000002
1 1.202393 | 1.202428 | .000803% . 591999 -. 800093 -1.719857 | _e@e11:
1 1.27%330 | 1.275261 | -. 000069 L4835 -. 080857 Z1.691264 | -1.691244 ; .00004@
1 1.343994 | 1,343934 | -, 000060 -.80010% ~1.6%7104 | -1.6571:5 | -.@0881@
: 1.408061 | 1.408223 | 000142 .e@ver: S1.s17432 | -1.617580 |
1.467B9€ | 1.467900 . 800024 L191520 | -. 060104 ~1.572876 | -1.57276% |
1.522827 | 1.5228:8 | .eeseal & ©.000000 | 6.080000 -1.%22827 | -1.5228:5
‘o 1.572876 | 1.572769 | -.00B187 ? -.181526. .908104 S1.4ETBE | -1.467958
' 1.617432 | 1.617580 | 008148 "y | -.20270 S1.408981 | -1.4032
iz ] eRe | 1.657184 | 1.5571:5 800016 E -.303236 -1.3433%3 | -1. 343974
3 BRSNS 1.691284 | 1.691244 | -. 000040 vd | 1 -.4@2775 -1.27%3%0 -1.27%201
a9 1.719971 { 1.7138%7 | -.@0@113 w1 | -.%019899 | -.500999 -1.20239%3
i e 1.742853 | 1.742861 | .000082 ez | B7AS | -.$97534 | -.597596, -1.125792
o 3 1.7602%4 [ 1.758179 | -.808975 .3 ‘ 88DB ! -.692139| -.69223: -1.945227
oo ] e 1.77175€ | -. 200094 v | sReR | -.7eaer| -.784614 -.961304
@ | w3 1. -. 000095 »% | 8330 | -a74329 874439 -.874329
i | 633E H --000095 es | gcap | -.3613e4| -.961418
9| a%sl L. -.000094 ©T | BD6@ |-1.845227|-1.845246
1| 83 1.7 -+ @eqe7s 8 1 BE6B [-1.125793-1.125673
2| s3p2 Lt - 800802 €9 | BF63 [-1,202393(-1.202428
Po| 99FE L ~-9801:3 ve | 9852 [-1.275338|-1.273261
do| €ns? i -. 000040 T1f 9133 {-1.343994(-1.343934
| sAce 657104 |1 -gees1o vz | 92@5 [-1.408081(-1.408223| - @00142
= cB4B | 1.617432 |1 . 000148 “3 | 9209 |-1.467896|-1.4679208] -. 000024 -.181624 . 181526 .000i104
= | sBoD | 1.572876 [1.5727¢9 | -. 200107 ta ' 337D |-1.822827|-1.%22828] -.000e0!
i
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