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CARRIER POWER -2.35dBm ATTEN 0dB MKR4 5MHz
REF —70.00dBc/Hz —149.50dBc/H
3

4

50Hz FREQUENCY OFFSET 5MHz
TRACE: TYPE: X-AXIS: VALUE:

MARKER 1 2 SPOT FREQ 100Hz -91.46dBc/Hz
MARKER 2 2 SPOT FREQ 100kHz ~124.41dBc/Hz
MARKER 3 2 SPOT FREQ 1MHz ~142.43dBc/Hz
MARKER 4 2 SPOT FREQ 5MHz ~149.50dBc/Hz

Figure 32. Phase Noise Performance at 2.1 GSPS for
the Rohde & Schwarz SMA100A Sine Source
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Table 3. Sine Source Phase Noise Summary at 2.1 GSPS

Table 6. ACLR Settings for CDMA2000 IF < 1GHz

Offset (MHz) | Channel Bandwidth
Carrier 0 1.228 MHz
15t Adjacent Channel | 0.885 30 kHz
2" Adjacent Channel | 1.25 30 kHz
Table 7. ACLR Settings for TDSCDMA
Offset (MHz) Channel Bandwidth
Carrier 0 1.228 MHz
1%t Adjacent Channel | 0.750 30 kHz
2" Adjacent Channel | 1.98 30 kHz

Offset
Sine Source 100Hz | 100 kHz 1 MHz 5 MHz
Agilent E4426B —-94.1 —-123.6 —-143.6 —-1459
Rohde & Schwarz
SML 02 -78.1 -120.5 —-139.2 -141.5
Rohde & Schwarz
SMA100A -91.2 —-1244 —-1424 —-149.5

Because the noise performance of the sine source can vary
significantly over the entire operating frequency range, care

must be taken when choosing the correct sine source for a given

application when NSD is a critical parameter.

ADJACENT CHANNEL LEAKAGE RATIO OR
ADJACENT CHANNEL POWER RATIO

The adjacent channel leakage (power) ratio is a ratio, in dBc,
between the measured power within a channel relative to its
adjacent channels. Various standards require different channel
bandwidths and adjacent channel spacing as defined in Table 4

through Table 7.

Table 4. ACLR Setting for WCDMA

Offset (MHz) | Channel Bandwidth
Carrier 0 3.84 MHz
15t Adjacent Channel 5 3.84 MHz
2" Adjacent Channel | 10 3.84 MHz
34 Adjacent Channel 15 3.84 MHz
4th Adjacent Channel 20 3.84 MHz

Table 5. ACLR Settings for CDMA2000 IF > 1 GHz

Offset (MHz) | Channel Bandwidth
Carrier 0 1.228 MHz
1t Adjacent Channel 1.6 1.228 MHz
2" Adjacent Channel | 3.2 1.228 MHz

Figure 33 and Figure 34 show typical ACLR performance for
WCDMA and CDMA2000. The WCDMA data shows the
AD9736 running at 491.52 MSPS. The CDMA2000 data shows
the AD9779 running at 122.88 MSPS, 4x interpolation, FDAC/4

modulation.

REF -28.46dBm
AVG LOG 10dB

ATTEN 2dB

Py
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CENTER 200.00MHz
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RMS RESULTS
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—15.92dBm/
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5.000MHz
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Figure 33. AD9736 Typical WCDMA Performance
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Figure 34. AD9779 Typical CDMA2000 Performance
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CROSSTALK REF -30dBm ATTEN 10dB
PEAK LOG 10dB
. 1 MKR1 | | |
Crosstalk is the measure of any feedthrough from one converter QIRACE o MKRA
- TRACE: 1
to another on a multichannel DAC. Crosstalk can be measured AmpLrrope e TPEFREQ Q&
. . ~85.04dBc/Hz AMPLIFUDES e
using one of the following two methods: ~7L17dBelHz
e Drive each DAC with a distinct frequency tone and check | | |
MKR3
each channel for the appearance of the other tone. TRACE: 1
MKR2 — TYPE: FREQ
. . L. TRACE: 1 X-AXIS: 278.0MHz
e Drive one DAC with a distinct tone and the other DACs R oMz AMPLITUDE:
. AMPLITUDE: T
with 0 and look for the appearance of the tone on the ~87 81dBc/riz 3
spectrum of idle DACs. |
Figure 35 and Figure 36 show the crosstalk measurement using ST YT R ..VL.. PPN PR NP1 B ey
LS ek e e e i e PR AP Tt A L
the second method. Not only does the fundamental signal feed EXT REF
. } AC COUPLED: UNSPECIFIED BELOW 20MHz .
through but the harmonics and images do also. Because START 100kHz VBW 5.1kHz STOP 399.0MHz 3
RES BW 5.1kHz SWEEP 18.49 s (601pts) &

crosstalk results can also be affected by coupling mechanisms ' ' '
on the evaluation board, care must be taken to ensure that what Figure 36. Feedthrough of DACT onto DAC2 with 0 Applied to DAC2
is measured is due to the converter itself and not to the SINX/X ROLL-OFF

evaluation board. All DAC converters have an inherent sinx/x roll-off that affects

BEAK L D& 10dB ATTEN 2248 the amplitude of the signal being synthesized as it gets closer to
A fé‘;ég’:: o - N!Km [ the Nyquist frequency. It is important to characterize this roll-
XCAXIS: o1 30z TRACE. 1 4 off to determine how the decrease in signal amplitude affects
-033dBoHz ﬁ@gﬁg‘%ﬁ””z the ac performance. To measure this effect, simply generate
=17 C/Hz
i | | various full-scale sine waves out of the DAC and measure the
- fundamental amplitude as the output frequency increases.
MKR2 ToPE FREO Figure 37 shows this measurement for the AD9783 running at
TRACE: 1 X-AXIS: 278.0MHz hi Iso h 1 . de th
%L:%T:FEE%MHZ AMPLITUDE: 600 MSPS. T 1§ part also has an ané 0g mix Tno e that can
57 1sd iz (3\ generate tones in the second and third Nyquist zones; thus, the
| amplitude response in mix mode is also shown.
0
"ﬁnll.’.r o _i‘h ndorettbty otpnh, ..VL,. bl RSN PR P 'J.'_ll
EXT REF 05
AC COUPLED: UNSPECIFIED BELOW 20MHz o =N
START 100kH VBW 5.1kH STOP 399.0MHz & -1.0
RES BW 5.1kHz * SWEEP 18495 (601pts) & N\ ORMAL MADE
. 15
Figure 35. Output of DACT for a 60 MHz Sine Wave Input E \\
T 20
Note that, in Figure 35 and Figure 36, the markers are on the B, \\
following spurs: E \\
g 30
1. Fundamental tone: 60 MHz 2 a5 \ MIXMODE L
2. Second harmonic: 120 MHz ' \\ —
3.  FDAC minus the second harmonic: 280 MHz 0 \ = N
4.  First image of DAC (FDAC - Four): 340 MHz —45 \
5.0

0 60 120 180 240 300 360 420 480 540 600
Fout (MHz)
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Figure 37. AD9783 Amplitude Response in Normal and Mix Modes
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DC TEST DEFINITIONS

The dc test definitions in this section assume binary data inputs.

FULL-SCALE GAIN

The full scale of a converter is the measured output current with
all the input bits set to 1. For Iouta (or, for some converter
pinouts, Iourr), full scale is expected when all inputs are set to 1.
For Iouts (or, for some converter pinouts, Ioury), full scale is
expected when all the inputs are set to 0.

GAIN ERROR

Gain error is the difference between the actual and ideal output
span. The actual output span is determined by the output when
all inputs are set to 1, minus the output when all inputs are set
to 0. Figure 39 shows the effect on the DAC transfer function
when a gain error is present.

OFFSET

The offset of a converter is the measured output current with all
the input bits set to 0. For Ioura (or, for some converter pinouts,
Ioutr), 0 mA is expected when all inputs are set to 0. For Iouts
(or, for some converter pinouts, Ioury), 0 mA is expected when
all the inputs are set to 1.

OFFSET ERROR

Offset error is the deviation of the output current from the ideal
zero. Figure 39 shows the effect on the DAC transfer function
when an offset error is present.

3-BIT DAC TRANSFER FUNCTION

IDEAL RELATIONSHIP
FULL SCALE
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1LSB /
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58 X
w /
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0 1/8 2/8 3/8 4/8 5/8 6/8 718
DIGITAL INPUT CODE AND FRACTIONAL VALUE

OFFSET ERROR

OFFSET
ERROR

SCALE-FACTOR ERROR

.y

GAIN
ERROR

N
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Figure 38. Effect of Offset and Gain Errors on the Ideal Transfer Function
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TEMPERATURE DRIFT

Temperature drift is the maximum change over the entire
operating temperature range T to Tmax For offset and gain
drift, the drift is reported in ppm of full-scale range per °C. For
reference drift, the drift is reported in ppm per °C. The drift in
ppm per °C is usually calculated from the maximum measured
value. A typical reference drift plot is shown in Figure 39.

1.210

1.208

1.206

VRer (V)

1.204

P

1.202
—40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90

TEMPERATURE (°C)
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Figure 39. Typical Reference Drift Plot

In this case, the maximum measured value occurs at 85°C, so
the drift is calculated from this value. The data for this curve is
shown in Table 8.

Table 8. Reference Drift Data

Temperature | VREF PPM from Maximum
85 1.20508 0

65 1.204974 —88.035

45 1.204714 —303.092

25 1.204352 —-604.217

0 1.203768 —1088.733

-20 1.203126 -1621.428

—40 1.202425 —2203.190

Maximum 1.20508

PPM/°C 17.62552

PPM from max is calculated by
(VREF — VREFMAX) 16t
VREFMAX
Finally, PPM/°C is calculated by
(PPMMAX — PPMMIN)
125°C
POWER SUPPLY REJECTION RATIO

Power supply rejection ratio (PSRR) is the maximum change in
the full-scale output as the supplies are varied from minimum
to maximum specified voltages.

ppm_ from_max =

PPM/°C =

GAIN MATCHING

Gain matching is the ratio of the gain of one DAC to the gain
of the other DAC. This measurement is only valid for parts with
multiple DACs and is calculated by

B |GAIN_DAC1 - GAIN_DAC2|

GainMatch = x100
| GAIN _DACI1 |

LINEARITY

There are two types of linearity: differential nonlinearity (DNL)
and integral nonlinearity (INL). In order to calculate either the
INL or DNL of a converter, it is necessary to first reconstruct the
entire transfer function of the converter by measuring the
output current for each digital input code. Measuring all of the
codes for a converter, especially 14-bit or 16-bit converters, can
be a long, painstaking process that is not entirely necessary if
the converter has segmentation.

Take, for example, the AD9779, which is a 16-bit 1GSPS DAC.
The AD9779 consists of a PMOS current source array divided
into 63 equal current sources that make up the six most
significant bits (MSBs). The remaining 10 bits are a binary
weighted fraction of the MSB current sources (LSBs).

The entire transfer function can be reconstructed by taking only
73 measurements, rather than 65,535 measurements, which is a
significant savings in test time. Some other converters, such as
the AD9786, a 16-bit 500 MSPS DAC, are segmented into
MSBs, ISBs, and LSBs. The AD9786 has 127 equal current
sources that make up the seven most significant bits. The next
four bits (ISBs) consist of 15 equal current sources whose value
is 1/16 of an MSB current source. The remaining five bits
(LSBs) are a binary weighted fraction of the ISBs. In this case,
the ramp can be reconstructed by taking only 147 measurements,
rather than 65,535 measurements.

INTEGRAL NONLINEARITY ERROR

INL error is the maximum deviation of the actual analog output
from the ideal output, determined by a straight line drawn from
zero to full scale. An illustration of how an INL error manifests
itself using the ideal transfer curve and measured data is shown
in Figure 40 for a 3-bit DAC.

DIFFERENTIAL NONLINEARITY ERROR

DNL error is the measure of the variation in analog value,
normalized to full scale, associated with one LSB change. An
illustration of how a DNL error manifests using the ideal transfer
curve and measured data is shown in Figure 41 for a 3-bit DAC.

MONOTONICITY

A DAC is considered monotonic if the output either increases
or remains constant as the digital input increases. If the analog
output decreases at any point during the digital input sequence,
the converter is nonmonotonic.
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Figure 41. DNL Measurements
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Figure 42. Typical INL Plots for the AD9786
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Figure 43. Typical DNL Plots for the AD9786
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Figure 44. DC Measurement Test Setup
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DIGITAL INPUT TIMING

SETUP TIME

The setup time for a DAC is the amount of time before the
clock latching edge at which the data needs to be stable. This
time is usually defined as a minimum specification. The setup
time can be either positive or negative depending on where the
keep-out window occurs with respect to the latching edge of the
clock, as shown in Figure 45 through Figure 47.

HOLD TIME

The hold time for a DAC is the amount of time the data must be
stable after the latching edge for the data to be acquired accurately.

INPUT CLOCK/

This time is also usually defined as a minimum time. As is the
case with the setup time, the hold time can be positive or
negative, as shown in Figure 45 through Figure 47.

KEEP-OUT WINDOW

The keep-out window for a DAC is the total window around the
latching clock edge, which includes both setup and hold times.

For a more detailed description of the setup and hold measure-
ments for high speed CMOS input DACs, refer to the AN-748
Application Note, Set-Up and Hold Measurements in High Speed

A

—— tg ——

CMOS Input DACs.

ty —>|
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Figure 45. Setup and Hold Times Symmetric to the Latching Clock Edge (ts and tw Are Both Positive)

INPUT CLOCK / \

ts
-

INPUT DATA

XD
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Figure 46. Setup and Hold Times Are Delayed from the Latching Clock Edge (tsIs Negative and tuls Positive)

INPUT CLOCK/

ty
<>

- ts -
INPUT DATA X X X
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Figure 47. Setup and Hold Times Are Advanced in Time from the Latching Clock Edge (tsls Positive and tyIs Negative)
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