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FEATURES APPLICATIONS
@ FAST SETTLING: 35ns @ DIRECT DIGITAL FREQUENCY —
© INTEGRAL LINEARITY ERROR: 10.25LSB SYNTHESIZERS 4
® DIFFERENTIAL LINEARITY ERROR: ® FAST ATE SYSTEMS Q
0.25LSB @ ARBITRARY WAVEFORM GENERATORS o
® HIGH SPECTRAL PURITY: -70dBc, @ HIGH-RESOLUTION VIDEO GRAPHICS S
f = 1MHz @ DIGITAL-TO-ANALOG RECONSTRUCTION Q
® INTERNAL REFERENCE © SPREAD SPECTRUM LOCAL o
@ 24-PIN PLASTIC DIP PACKAGE OSCILLATOR g
DESCRIPTION . 2
23 2 7 1

The DACGS is a fast-settling monolithic 12-bit digital- Q 0‘ : > g
to-analog converter. OFF-chip bypass capacitors are -
included in the package for higher performance and Output <
user convenience. Excellent linearity and accuracy are 50,040 7.8V 21 9
achieved with laser-trimmed thin film nichrome resis- 13, 14, 15} Ref 4
tors. The DAC features bipolar output voltage or L -
current and internal voltage reference. The internal - =
precision resistor network can be used with an external DAC E
op amp to give an output greater than £1.25V. £6.25mA g‘:‘s"v o
Low harmonic distortion and spurious products ':_"1‘: E(.:EL;':” 19 Q
together with a low quantizing noise floor make the b 20 (o)
DAC65 an excellent choice for direct digital 2009 <
frequency synthesizer applications. High accuracy and 7500 (=]
low gain drift allow its use in precision high-speed test = b 18 =
equipment designs. Low-noise ECL logic is used to <

preserve clean analog output spectral performance. 2500

2
Logic Threshold Trim
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SPECIFICATIONS

ELECTRICAL
T, = +25°C, 1V, = 15V, and S-minute warm-up in & normal convection environment unless otherwise noted.
DACE5JP DACE5KP
PARAMETER CONDITIONS MIN TYP MAX MIN TP MAX UNITS
DIGITAL INPUTS
Logic 12 Paralisl Input Lines ECL Compatible
Resolution 12 . Bits
ECL Logic Input Levels™: v, Logic *0” -0.81 -0.9 -0.98 . . . v
I 0.5 12 2 . . . mA
YV Logic 1" -1.95 -1.79 -1.63 * * o v
by 0.5 1.2 2 * . * mA
Logic Threshold: Voltage -12 -1.3 14 N . . v
Current 1.5 23 3.2 * * * mA
ANALOG QUTPUT
Bipolar Output Current® R =00 16.25 . mA
Bipolar Output Voltage ™ R = 1.25 . v
Cutput Resistance 200 * Q
Output Capacitance 3 * pF
Intemal Resistors: R, Pin 1810 Pin 20 750 * Q
R, Pin 18 to Pin 15 250 * Q
Ratio Accuracy R/R, 10.05 10.25 . * %
Absolute Accuracy R, R, 10.25 0.5 * . %
Output Noise Static, All Bits On, BW = 10MHz 10 * pvms
TRANSFER CHARACTERISTICS
integral Linearity Error Vo= £1.26V 1025 10.76 * 0.5 LSB
10.006 10.018 * 10.0t12 | % of FSR®
Ditferential Linearity Error Vo =+1.26V $0.25 10.75 M 10.55 LSB
10.006 10.018 * $0.012 % of FSR
Bipolar Gain Error V= £1.26V 10.1 10.25 . . %FSA
Trim Range Ripgy = 102 5 . mv
Bipolar Offset Emort V, = £1.25V 10.1 10.15 * . %FSA
Trim Range Ripgy = 10k02 13 . mv
Monotonic 128it Guaranieed Guaranteed
Power Supply Rejection AV, =114V 0 16V 0.0012 0.1 * * WFSR%V
SETTLING TIME
Volitage Output: R, = 2004 (Internal)
1LSB Change Settling to £0.024% FSR 30 40 * 35 ns
Full Scale Change Settling to 1% FSR 17 . ns
40.1% FSR 23 . ns
40.024% FSR 30 . ns
10.012% FSR 35 * ns
Glitch Energy® Major Carry 250 * LSB-ns
REFERENCE
Reference Output Voltage No External Load +7 +7.8 +8.6 * . . v
Reference Temperature Drift Toate 10 Tonx +40 * ppm~°C
DYNAMIC PERFORMANCE ®
Spurious Free Dynamic Range feroex = 20MHz
f, = 100kHz -73 * dBc
f, = IMHz =70 . dBc
f = 5MHz 66 . dBc
f, = 100kHz foyoc = 35MHZ -n . dBe
f, = IMHz -68 . dBc
f_ = SMHz -61 . dBc
Total Harmonk: Distortion (THD) fovoo = 20MHZ
f. = IMHz -68 . dBe
Signal-to-Noise Ratio (SNR) fooox = 20MHZ
t. = IMHz BW = 10MHz =70 * dBc
Temperature DRIFT \
Bipolar Gain T 10 Tone 120 140 . . ppm FSRC
Bipolar Otfset Toan 10 Tpux 110 15 * * ppm FSRPC
Integral Linearity Error Toa 10 Tonx 105 1 . 10.75 LS8
10.012 10.024 * 30.018 % of FSR
Differential Linearity Error Toan 10 T 108 Eal * 10.76 Ls8
10.019 10.024 . 10.018 % of FSR
Ratio Accuracy, Wnternal R, and R, Ty 0 T 20 . pom~C
POWER SUPPLIES
Rated Voltage 1V, 15 *
Derated Perfarmance Ve 13 16 * ¢
Current Quisscent: +1; V, = + Full Scale +24 +30 * M
e V, = + Ful Scale -84 -85 . .
Power Dissipation V, = + Full Scale 1.2 1.43 . .
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SPECIFICATIONS (conm

ELECTRICAL
T, = +25°C, 1V, = +15V, and 5-minute warm-up in a normal i i unless otherwise noted.
DACE5JP DACSSKP
PARAMETER CONDITIONS MIN TP MAX MIN TYP MAX UNITS
TEMPERATURE RANGE
Specification Ambient Temperature 0 +70 . . °C
Operating Ambient Temperature -40 +85 * * °C
a,M . 40 . CW
* Same specification as for DACGSJP. :
NOTES: (1) Logic input voliages and currents are dependent on the log itage. The logi given in each column are corect for the logic threshokd

voltage givenin that column. (2) The DACE5 is inteenally trimmed for +1 .zsvmm?m&ﬁbmummmmmummmammme
output. (3) FSRIsFullsweﬂange.vnichls:ﬂ.%vorz.stu.(4)Oﬂseterrorlsmeaswedwmanutsoﬂ(poslﬁvehllscdc-ﬂzV)mdlscalwlmedmnpevwm

of FSR = 2.5V. (5) Refer to Output Glikch section. (6) Measured in direct digital synthesizer (see Figure 9, application section). (7) Thermal resistance depends on many [Te]
tactors, such as whather or not DAC6S is mounted directly to a ground plane, how it is placed on the PC board, or if forced alr cooling Is used. (8) Specifications were [{e]
charactarized at +25°C and over temperature with an air Sow of 8 cu fymin. O
g
ORDERING INFORMATION (=]
TEMPERATURE
MODEL PACKAGE RANGE 6.2
DACS5/P 24-Pin Piastic OIP 0°C 1o +70°C
DACBSKP 24-Pin Plastic DIP 0°C 10 +70°C >,
ABSOLUTE MAXIMUM RATINGS ELECTROSTAT|C g
e, 418V DISCHARGE SENSITIVITY O
Logic Input OVito-82V
‘(,:ase Tomp -40°C to wsg:g Electrostatic discharge can cause damage ranging from s
unction T4 +1 3 i i -
s T’"'""'“'”w“’ e T 125G performance degradauon to complete d.ev.we failure. Burr (=)
Lead Temperature (soldering, 10s} +300°C Brown Corporation recommends that this integrated circuit o
Stresses above these ratings may permanently damage the device. be handled and stored using appropriate ESD protection 7]
»n
PIN CONFIGURATION PIN DEFINITIONS =
Top View PIN NO DESIGNATION DESCRIPTION Q
\ 312 |, ECLDataiput |, |
(MBsit 51) 3 E] N (-15V) ‘ 12 pcalel‘kp\n data Hines, ECL <
13,14,15 Grounds o
g2 [2 _§_| Wy, (+15V) >
Bit3 | 3 El Logic Threshoid Trim 1 Gain Trim m for externally adjusting gain g
gita [ 4 21} Reference Output 7 Offset Trim input for extemally adjusting offset =
[-4(. 8
Bits | 5 E]non 18 2500 Internal resistor raio matched 1o o]
: an internal 75002 resistor for ampli- (&)
Bit6 | 6 19| DAC Outpu fying DAC output voitage with an
:I ' external op amp. g
Bit7 | 7 DACSS 18| 2500 ‘ 19 DAC Output DAC output voitage of +1.25V o o
. output cuent of 16.25mA. =
Bie | 8 17] ofiset Trim 20 7500 intemal resistor ratio maiched to <
an Intemal 25012 resistor for ampli-
Bite | 9 16| Gain Trim fying DAC output voltage with an
extermal op amp.
Bit 10 | 10 15 | Ground 2 ' Out F tputvoltage of +7.8V.
Logic Threshold TAmM | jnout votage for adjusting logic
Bit11 [ 11 14| Ground threshoid.
Bil 12 = +Ver Plus power supply, +15V.
(LSB) 12 13| Ground 24 “Vee Minus power supply, ~15V.
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MECHANICAL
P Package — 24-Pin Plastic, Double-Wide DIP
i 2 o 1 INCHES | MILIMETERS INCHES | MALLINETERS
Fh o Y gy Yy  [om o [ T[] ow T LT 1w ]
A | 155 ] 250 | 3.94 | 635 o ] J00BASIC | 254BASIC |
A | 015 ] 070 | 381 | 1.78 oA | 600 1
% | %0 | 185 | 357 | 470 | | 8 | %
B | .04 ] 022 | 356 | 559 L . 1
) EE Bi | .0e0( 070 | 102 ]| 178 NOTES:
1 C 008 | 015 | 20 | 381 {1) Mot JEDEC Standard.
D 1235 ] 1.265 | 31.37 | 32.13 {2) Conwolling dimension: INCH.
D+ | 040 | .100 | 1.020 (B)WUNMWMSIW
A E 600 | 825 | 1524 | 15.88 Y14.5M-1982.
Ei | 525 | 565 | 1394 ] 1435 {4) Dimensions A, A, and L are measured
with package seated in JEDEC Seaiing
Plane Gauge GS-3.
{5) D and E, does not incude moid fiash.
Mold fiash shak not exceed 010 inches,
0.25mm.
(8) 6B and oC are measured at the lead
o Tips with the leads unconsirained. eC
K must be 2er0 of greater.
eC c "
b NOTE: Leads in true position
within 0.0t" (0.25mm) R at
MMC at seating plane.
DICE INFORMATION
F—> PAD FUNCTION PAD FUNCTION
1 Bitt 20 Reterence Fiiter
2 Bit2 21 NC
3 Bit3 2 NC
| | 4 Bit4 23 Gain Trim
5 BitS 24 Ground (Reference)
8 Bit§ 25 Ground (Power)
da 7 Bit7 26 Reference Out
o 8 Bit8 27 NC
B 9 Bit9 28 +Voo
i 10 Bt 10 29 Offset Trim
H - 1" Bit 11 30 Ground (Analog)
li 12 Bit 12 31 DAC Output
13 Logic Bypass Cap 32 Ground (Op Amp)
14 —Vec (Logic) 3 Amp
15 Ground (Digital)
18 Threshold Trim 3 Igwarcn Threshokd
: (Logic Low) Bypass
DAC65 DIE TOPOGRAPHY 17 Threshoid Trim 35 NC
(Logic High) 38 ~Vec (Analog)
18 —Vo,, (Analog) a7 Vg (Logic)
19 NC 38 NC
NC: Do not AR ground tions should be d o a
ground plane. VCC: All supp Ing good high freq
techniques.
MECHANICAL INFORMATION
MILS {0.001") | MILLIMETERS
Die Size 150x 10315 -
Die Thickness 2013 -_
Min. Pad Size 5x§ —
| Backing Gold
See "DICE PRODUCTS" Section 17 in Data Book Supple-
ment Volume 33c, or contact Burr-Brown for current infor-
mation.
The information providad herein is befieved 1o be BURR-BROWN assumes no responsibitity for inaccuracies or omissions. BURR-BROWN assumes
nomsponsbimylormeuseofmishbmuﬁon,andallusedmuﬁmmﬂonmalboenmwa!meusersmﬂak.Pﬂmuuspecﬁmmmswmmo
without notice. No patent rights toany of the circuits herein are impliad or granted to any third party. BURR-BROWN does not authorize or warrant

any BURR-BROWN product for use in life support devices and/or sy

PRI
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TYPICAL PERFORMANCE CURVES

1V, = 215V, 5-minute warmup, and T, = +25°C, uniess otherwise noted.

POSITIVE FULL SCALE SETTUNG TIME NEGATIVE FULL SCALE SETTUNG TIME
(SEE SETTLING TIME SECTION CIRCUIT) (SEE SETTLING TIME SECTION CIRCUIT)
Plot shows output from gain of 10 amp.
Thig gives 200V/Div at DACES output.
& & To -1 0aces = 1308 = Y24 = 15° ~Bpncpopiay
g8 Hy g & ) - 1
E E--r-1r-- TFernDlriulltnnTrlwer - E N e e et s i i it W L
i vﬁ B | § ® vﬁ . L From DACSS Outpt S
g T From DAC65 Output 2 % h [ 2
2 3 2 -, Tt —-1J &
rig'd -1 go A b
1] Protshows output trom gain of 10 amp.
This gives 200uV/Div at DACES output. T From-Digital Input Trigger
f Ta(.)nwﬁ'“""‘l“z"# = SppopDELAY I l l l |
20ns/Div 10ns/Div
* Includes 15ns settiing time from gain of 10 ampiifier. * Includes 15ns seting time from gain of 10 ampiifier.
100kHz SPECTRAL PURITY
DIRECT DIGITAL FREQUENCY SYNTHESIZER CIRCUIT
(SEE DIRECT DIGITAL SYNTHESZER
ACCURACY vs SETTLING TIME APPLICATION SECTION)
£ ; ° T T T T 1
2} Anti-aliasing filker was not used, —}
\ 20 teia out = 100kHZ _
4 \ foroek = 10MHZ
(7 \ & —73dB dynamic range —
L] e
£ g™
s 0.1 X =
g N (%-eo
g N
N -80 RL $
\\
10.01 -100
0 10 20 30 40 50 [ 1 2 3 4 5
Settling Time (ns) Frequency (MHz)
1MHz SPECTRAL PURITY 5MHz SPECTRAL PURITY
DIRECT DIGITAL FREQUENCY SYNTHESIZER CIRCUIT DIRECT DIGITAL FREQUENCY SYNTHESIZER CIRCUIT
(SEE DIRECT DIGITAL SYNTHESIZER (SEE DIRECT DIGITAL SYNTHESIZER
0 APPLICATION SECTION) 0 APPLICATION SECTION)
1 1T 1T 1 1 1 T P 1
Anti-aliasing filter was not used. — Anti-aliasing filter was not used. —
tsia our = 1MHZ _ fo our = SMHZ ]
20 Toroox = 10MHz Bad forook = 35MHz
& —70dB dynamic range —] 5 —63dB dynamic range —]
w40 % —40
s =
§-60 §—60
-80 e & I\ et '
-100 -100
0 1 2 3 4 5 0 35 7 105 14 175
Frequency {MHz) Fraquency (MHz)
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TYPICAL PERFORMANCE CURVES (CONT) -
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1V, = £15V, 5-minute warmup, and T, = +25°C, unless otherwise noted.

SPURIOUS-FREE DYNAMIC RANGE

SPURIOUS-FREE DYNAMIC RANGE vs CLOCK FREQUENCY

vs CARRIER OUTPUT DIRECT DIGITAL SYNTHESIZER CIRCUIT
DIRECT DIGITAL SYNTHESIZER CIRCUIT WITH OUTPUT DEGLITCHER
WITH QUTPUT DEGLITCHER (SEE APPLICATION SECTION)
-30 -60
7 -64
0 foioek = 35MHzZ fo = SMHZ Y
=1 s fo = 1MHzZ
3 ferocx = 20MHz | | LY 3 7
5 -60 N 5 -72 fo=1
a o’ 1 .( L+ a
et ”
-70 == ——d -76
E ferock = 10MHz
—80 NS 80
0.1 1 5 10 20 10 15 20 25 30
f, Carrier Frequency Output (MHz) Clock Frequency (MHz)
5.2V
+15V 18V
1uF
O.ApF
Ceoramic T/j'*:l:Tmm
8] 1 23 24 =
Bit1—= oo 1
Bit2—2 py
g ald Bzf,
Bit3 D2 . Bt
-t
D @ 3
Bit4 10 D3 g .
3 13 Bit4
gts—ps & @ 4
12 g
Bit6 s = ouf Bi5lg
L] P 15 Bit6 19 DAC
5 6 Output
. 2 DACSS Voltage
Bit7—-21 po @ Bk7 ), .25V FS
sts—2{ o1 g o 3 Btele —_?_—
! 7
Bit9 D2 i
1 g el gitg |
" 0
Bit10 D3 W !
“ E @ 13 Bit 10 10
Bit 11 D4 o
3 14 Bit11
g2t 2los = ¥ 1"
Dala_| 9 15 Bit 12 Logic
Cok 05 2 Ground  Tweshold
Strobe == <>:><><> T Une Recetver —9:2V g
onr 8 jife = b riple oce 13| 1 15’ 22
Ceramic 1 ! 7 3300
52V -52v : = j 1WF
1000 +__ Tantalum
4 =
NOTES: 2000 Optional Logic
- 2 Threshold Adjust
— Analog and digital ground plane. 1000 .
MC10116 is used as a temperature 3300
tracking voltage reference. Other —
pins are not connected.
52V

FIGURE 1. DAC65 Basic Connection Diagram Including Interface Latches and Glitch Adjust Circuitry.

62112
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THEORY OF OPERATION

The DACS6S is a laser-trimmed high-speed menolithic cir-
cuit. Internal capacitors are used to reduce the amount of
external filtering required.

The DAC6S is comprised of 12 high-speed current switches
which steer a reference current, of approximately +6.25mA,
into a 200Q R-2R resistor ladder network. An accurate
+1.25V output voltage is produced at pin 19 by laser-
trimming the reference voltage and ladder.

The reference voltage and output current have low drift.
Integral linearity is trimmed to 14 bits.

INSTALLATION AND
OPERATING INSTRUCTIONS

Figure 1 shows the basic connection for the DAC6S5.

Input ECL buffer latches shown are required and can also
be used to adjust data skew to reduce output glitch energy
(see output glitch section). In addition, logic threshold can
be adjusted to optimize glitch and noise immunity (see logic
threshold section). One ground plane is recommended for
analog and digital signal returns as shown (see grounding
section).

OPTIONAL OFFSET AND GAIN ADJUSTMENT

The offset and gain errors can be optionally adjusted to zero
by using potentiometers shown in Figure 2. These points
can be driven by low speed DACs to servo these errors to
zero. If desired the trim pins maybe left unconnected.

Ofiset Trim Galn Trim
15V 15V 415V -1V
MV o 5 1

s

DAC DAC

Input DACSS Output
Unes

FIGURE 2. Optional Extemnal Offset and Gain Adjust.

LOGIC CODING TABLE, BOB, Bipolar Offset Binary

ECL Logic Coding | ECL Logic Voitage | V,,,, Bipotar | I, Bipolar
000000000000 More Pos than 0.8V | -125V | —6.25mA
ot o O0mA

ERRRRRRRRRLE More Neg han —1.79V |  +1.25V | +6.25mA

ECL Logic Threshold Is —1.3V.

DAC
Input
Lines

Ogptional transmission line back-
termination resistor; increases
insertion loss by 6dB.

DAC
Input
Lines

Optional transmission line back-
termination resistor; increases insertion

6.2.113
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OPTIONAL EXTERNAL AMPLIFICATION

The +1.25V at the output of the DAC65 can be accurately
amplified by using the two thin film internal resistors with
an extemal op amp shown in Figure 3. These resistors have
been ratio-trimmed to high precision and are very stable
over temperature. Also, since they will temperature-track
the DAC65 internal ladder network, good overall tempera-
ture stability is achievable. Altematively, the 16.25mA can
be converted to a voltage by a transimpedance amplifier
such as the OPA600, or OPA620 circuit shown in Figure 4.
This potentially gives higher speed due to the “virtual”
ground load compared to the high impedance load of the
circuit in Figure 3. Achieving settling times consistent with
the DAC6S current output requires an exceptionally high
performance op amp.

DISCUSSION OF
SPECIFICATIONS

ACCURACY

Linearity of a digital-to-analog converter is one of the true
measures of its performance. The linearity error of the
DACGS5 is specified over its entire temperature range. The
analog output will not vary by more than +1/2LSB from a
best fit straight line over the specified temperature range.

Differential linearity error of a digital-to-analog converter is
the deviation from an ideal 1LSB voltage change from one
adjacent output state to the next. A differential linearity
error specification of +1/2LSB means that the output volt-
age step sizes can range from 1/2LSB to 3/2LSB when the
input changes from one adjacent input state 10 the next.

Monotonicity over the specified temperature range is guar-
anteed.

DRIFT

Gain drift is a measure of the change in the full scale range
output over temperature expressed in parts per million per
°C (ppm/°C). Gain drift is established by: 1) testing the end
point difference for the DAC6S at t,;, =+25°C, and t,,,,; 2)
calculating the gain error with respect to the +25°C value
and; 3) dividing by the temperature change. This figure is
expressed in ppm FSR/°C and is given in the electrical
specifications (includes drift of internal reference).

Offset drift is a measure of the actual change in output
around zero over the specified temperature range. The offset
is measured at t,,, = +25°C, and t,,, .. The maximum change
in offset is referenced to the offset at +25°C and is divided
by the temperature range. This drift is expressed in parts per
million of full scale range per °C (ppm FSR/°C).

POWER SUPPLY SENSITIVITY

Power supply sensitivity is a measure of the effect of a
power supply change on the digital-to-analog converter
output. It is defined as a percent of FSR per percent of
change in either the positive or negative supplies about the
nominal power supply voltage. To improve high frequency

6.2.114

noise rejection, each supply lead should be bypassed to
ground as close to the unit as possible with a 1pF CS-type
tantalum capacitor.

GROUNDING

Care must be exercised when grounding the DACG65 (pins
13, 14, and 15). In order to preserve the stated linearity and
accuracy specifications, it is necessary to use the ground
pins as the analog ground reference point. Any voltage drop
that develops between any of these three pins and the actual
ground reference point will degrade the performance of the
DACS65. To achieve fast settling performance, it is recom-
mended that pins 13, 14, and 15 be returned directly to a
heavy copper ground plane. The analog ground should be
located as close to the DAC65 as possible.

DIGITAL INTERFACE,
LOGIC THRESHOLD, AND NOISE IMMUNITY

The DACS6S is compatible with conventional ECL logic
families such as ECL 10k and 100k. Each DAC65 digital
input is connected to the base of one side of a differential
amplifier. The logic 0 input voltage is ~1.79V with an input
current of 1.2mA. The logic 1 input voltage is -0.9V with
an input current of 1.2mA.

The logic threshold function of the DAC65 can be used to
deal with noise in the ECL input-driving circuitry. The ECL
10k logic family has a noise immunity of 125mV maximum.
It has a temperature coefficient of ~1.4mV/°C and a power
supply sensitivity of 16mV/%AV. With a realistic condition
of a 5% power supply variation and a 25°C temperature
change, the noise immunity would be degraded to 10mV. In
addition, a precision high-speed digital-to-analog converter
analog output is more susceptible to noise than is the ECL
logic. Noise at levels acceptable to the digital logic can

Method 1

To Logic
Threshold
(pin 22)

MC10101

Other logic types can also be used in this manner: MC10102,
MC10103, MC10104, MC10105, MC10107, AND MC10108.
(Al ECL 10k).

Method 2

MC10115
——j> Bit 1

Digital Data Digital Data

v To Logic
B s Threshokl

{pin 22)
FIGURE 5. Driving the Logic Threshold Input.
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couple through the D/A, resulting in an unacceptably noisy
analog output. Low spurious output requires a clean digital
input.

By making use of the logic threshold input feature, the
threshold voltage of the DAC65 can be dynamically ad-
justed as the temperature and power supplies vary to give
maximum noise immunity at the analog output over a wide
range of conditions.

The MC10115 line receiver (or similar logic function) can
be used to drive the DAC65 logic threshold, pin 22 (driven
by the V; output of the ECL gate as shown in Figure 1).
Refer to an ECL 10k data book for more detail. Figure 5
shows altemate methods for generating a logic threshold
voltage.

SETTLING TIME

Settling time for the DACG5 is the total time required for the
output to settle within an error band around its final value
after a digital input change. This includes the digital delay
of the internal switches.

The settling time of the DAC6S5 is determined by digitizing
the output waveform produced by toggling the inputs be-
tween 011111111111 and 100000000000 continuously and
verifying that the output settles to within £1/2LSB in the
specified time. The testing technique used is described in
detail in Burr-Brown Application Note AN-115. Figure 6
shows a settling time circuit. The output amplifier, set to a
gain of 10, is used to more easily observe the fast settling
signal. Its gain, settling time, and propagation delay must be
removed to arrive at the DAC65 performance.

Typical seitling time curves of the DAC6S versus output
error is shown in the Typical Performance Curves section.
These curves are for digital code changes around the major
carry. Typical output response characteristics of the DAC65
are also shown in the Typical Performance Curves section.
Notice that these curves display the output of the gain of 10
amplifier from Figure 6. The unamplified DAC65 output is
actually ten times smaller and is more difficult to observe
due to noise.

In order to achieve minimum settling time, it is necessary to

observe the following good high-frequency construction

techniques:

1. The power supplies, including the logic threshold input
(pin 22), should be bypassed by 1uF CS-type tantalum
capacitors connected directly to the pins.

2. Use a heavy 2 ounce ground plane to connect common
ground points.

3. Remove the ground plane beneath signal lines where it
would add capacitance.

4. Separate analog and digital signal leads to avoid coupling
of the digital signal into the analog paths.

5. Bring the source of the digital driving signal as close to
the inputs of the DAC65 as possible. If the digital inputs
are not clean, it will be necessary to reshape them using
a latch or line drivers. Figure 1 shows how to interface
the DAC65 to input latches. It is recommended that the
logic power line be bypassed near the digital logic
circuitry to achieve clean logic signals.

6. If possible, the DAC65 should be soldered directly u::m
the printed circuit board although low profile sockets

acceptable.

OUTPUT GLITCH

“Glitch” is defined as the difference in the waveforms at the
output of the DAC when data skew is present and when it
is not. The measurement of glitch is accomplished by
measuring the area between these two waveforms.

An output glitch of less than 250LSBns is achievable with
the DAC65 because it employs ECL circuitry and current
switches that have virtually identical delay times for input
signals, making either positive or negative logic transitions.
A glitch results when the digital data changes from one code
to the next and the bits do not all switch at the same time.
The delay time between the earliest and latest switching bits
is called skew time. Typically during the skew time of the
digital data, which includes the DAC switching, the digital
code is undefined and the DAC output can go to any voltage
between the full scale extremes. The glitch creates noisy
output spurs and harmonics which can be troublesome in

Tg Total = Y3582 +15052 = 3808, Tppop peay ~6NS g‘“‘“"’ﬁm
e i
Ve ~ 512 Print Window
25MHz 3E 2
11| wetwons
Trigger Pulse ECL s DUT DACSS
ECL
T ix Buffers 7 <1ns Prop Delay
Teumsoosw Digital 2.5ns o 35ns Settling
Trigger | Prop Delay |—»
MSB 011111111114
Transiion 100000000000

FIGURE 6. High Speed DAC65 Settling Time Test Circuit.
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applications such as’ precision displays and complex wave-
form generation. Figure 7 is a photograph of a scope trace
of the DAC output with a glitch occurring at the major carry
transition.

The DAC65 design has been optimized for low glitch
energy. However, a further reduction in the output glitch can
be achieved by adjusting the skew of the higher order bits
of the driving circuitry and by adjusting the logic threshold.
This can be done by connecting a variable capacitor from
the data lines to ground on each of the first three significant
bits, as shown in Figure 1. More than three lincs may be
adjusted if desired. It will be necessary to create a driving
digital code pattern that causes a major carry transition
around these bits. It is convenient Yo use a digital ramp from
a counter for this purpose. Initially set the logic threshold
exactly half-way between logic 1 and a logic 0. This will be
about —1.3V. Then examine the major carry transition asso-
ciated with bit 3 and adjust the capacitor for minimum
_glitch. Make the same’ adjustment to bit 1. If done in this
order, interactions will be minimized. Finally, fine tune the
response by adjusting the logic threshold veltage (pin 22)
for minimum glitch. It may be necessary to repeat this
procedure once or twice for complete optimization.
Another approach is to apply a sinewave of amplitude that
just toggles bit 3 with bits 32 and 1 at zero. Observe the
spectrum on an analog spectrum analyzer and adjust C, for

s s

Output Voltage (2mVidiv)

o oL i L ;
input Digital Code (200 ns/div)
FIGURE 7. Typical Glitch Response at Major Carry Tran-
sition.

minimom amplitude of frequency spurs. Successively in-
crease the sinewave amplitude and stop at each bit (bit 2 and
bit 1) to adjust C, and C, for minimum spurs. This method
assures lowest distortion by minimizing spurs caused by
DAC output glitch.

APPLICATIONS INFORMATION

The DAC65 can be used to reconstruct an analog signal at
the output of a digital arbitrary waveform generator. It can
be used without an external output amplifier or can be used
with a 50Q coaxial cable driver amplifier such as the
OPA620, OPA621, or OPA600. ECL buffers can be used in
addition to laiches on the digital input to reduce high
frequency noise on the ECL inputs from leaking through to
the analog output.

TWO CHANNEL SWITCHED OUTPUT

Higher speed can be obtained from a direct digital fre-
quency synthesizer by using two DAC65s in the .circuit
shown in Figure 8. DACs are ping-ponged and each DAC
samples every other data point. While one DAC is settling
on one sample, the other is being applied to the OPA675 (a
switched input op amp used as a high speed buffered
multiplexer). This circuit can be used to produce higher
bandwidth signals or can be used as an output deglitcher
when timed properly. Trimming or matching the two DACs
may be required.

DIRECT DIGITAL SYNTHESIZER

The DAC65 can be used to construct a high quality direct
digital synthesizer (DDS). Figures 9 and 10 show a Stanford
Telecom STEL-1173 numerical controlled oscillator (NCO)
with internal sinewave weighed ROM. DAC deglitching is
done with a SHC600 sample/hold in Figure 9. Five poten-
tiometers are used for skew timing adjust at the input in
Figure 10. Test results shown in the Typical Performance
Curves were generated by circuits shown in Figure 9.
Output deglitching and data skew adjust can be used to-
gether for somewhat lower spur levels.

Sine
ROM

FIGURE 8. Multiplexed DAC Outputs Increase Frequency of Direct Digital Frequency Synthesizer.
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FIGURE 9. Schematic and Block Diagram of Direct Digital Frequency Synthesizer (DDFS) with Deglitched Output.
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