| l ’ \D LTC1666/LTC1667/LTC 1668

TECHNOLOGY 12-Bit, 14-Bit, 16-Bit,
50Msps DACs

FEATURES DESCRIPTION
= 50Msps Update Rate The LTC®1666/LTC1667/LTC1668 are 12-/14-/16-bit,
= Pin Compatible 12-Bit, 14-Bit and 16-Bit Devices 50Msps differential current output DACs implemented on
= High Spectral Purity: 87dB SFDR at 1MHz foyr a high performance BiCMOS process with laser trimmed,
= 5pV-s Glitch Impulse thin-film resistors. The combination of a novel current-
= Differential Current Outputs steering architecture and a high performance process
= 20ns Settling Time produces DACs with exceptional AC and DC performance.
= Low Power: 180mW from +5V Supplies The LTC1668 is the first 16-bit DAC in the marketplace to
= TTL/CMOS (3.3V or 5V) Inputs exhibit an SFDR (spurious free dynamic range) of 87dB
= Small Package: 28-Pin SSOP for an output signal frequency of 1MHz.
Operating from £5V supplies, the LTC1666/LTC1667/

APPLICATIONS LTC1668 can be configured to provide full-scale output

. currents up to 10mA. The differential current outputs of
= Cellular Base Stations the DACs allow single-ended ortrue differential operation.
* Multicarrier Base Stations The —1V to 1V output compliance of the LTC1666/
. V\/_welesg Qommunlca’glon LTC1667/LTC1668 allows the outputs to be connected
= Direct Digital Synthesis (DDS) directly to external resistors to produce a differential out-
= xDSL Modems _ putvoltage without degrading the converter’s linearity. Al-
= Arbitrary Waveform Generation ternatively, the outputs can be connected to the summing
= Automated Test Equipment junction of a high speed operational amplifier, or to a
= |nstrumentation transformer.

The LTC1666/LTC1667/LTC1668 are pin compatible and
are available in a 28-pin SSOP and are fully specified over
the industrial temperature range.

AT, LTC and LT are registered trademarks of Linear Technology Corporation.
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LTC1666/LTC1667/LTC 1668
ABSOLUTE MAXIMUM RATINGS (o 1)

Supply Voltage (Vpp) .eeeeeeeererereereicieeeiceieeeeveves 6V Power Dissipation.........cccccoeeveeeviceieicieiee, 900mw

Negative Supply Voltage (Vgg) .ocovevevererererererennnn. -6V Operating Temperature Range

Total Supply Voltage (Vpp 10 Vss) .ovvvvvviiienne 12V LTC1666C/LTC1667C/LTC1668C ........... 0°Cto 70°C

Digital Input Voltage .................... -0.3Vto (Vpp + 0.3V) LTC16661/LTC16671/LTC1668I.......... -40°C to 85°C

Analog Output Voltage Storage Temperature Range ................ -65°C t0 150°C
(loutaand loytg) v (Vsg=0.3V) to (Vpp + 0.3V)  Lead Temperature (Soldering, 10 Sec).................. 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW ORDER PART
DBY [1] 28] DB10 NUMBER
DBS [2] [27] DB11 (MSB)
087 [3] 26] CLK LTC1666CG
DB6 [4] 25] Voo LTC16661G
D85 [5] [24] DGND
DB4 [6] 23] Vss
DB3 [7] [22] comP2
DB2 [ 8] [21] comp1
pB1 [9] 20] Ioura
DBO (LSB) [10) [19] loure
ne [11] 18] LADCOM
NG [12] [17] AGND
NG [13] 16] Irerin
Ne [14 [15] REFOUT
G PACKAGE

28-LEAD PLASTIC SSOP
Tumax = 110°C, 8y = 100°C/W

TOP VIEW ORDER PART TOP VIEW ORDER PART
DB11 [1] 28] DB12 NUMBER DB13 [1] 28] DB14 NUMBER
DB10 [2 27] DB13 (MSB) DB12 [2] [27] DB15 (MSB)
DB % % oLk LTGC1667CG o811 [3] 25 cik LTGC1668CG
oss (4] 7] Voo LTC16671G o810 [4] % Voo LTC1668IG
pB7 [5] [24] DGND DBY [5 [24] DGND
DB6 [6] 23] Vss DBg [6] 23] Vss
DB5 [7] [22] comp2 pB7 [7] 22] comp2
DB4 [8] [21] COMP1 DB6 [8] [21] comP1
DB3 [9] 20] lout A D85 [9] [20] lour A
DB2 [10} 9] lours D84 [10] 19] lours
DBt [11] 18] LADCOM D83 [11] 18] LADCOM
DBO (LSB) [12] [17] AGND B2 [12] [17] AGND
ne [13 6] Irerin D81 [13] 16] Inern
NG [14] [15] REFOUT DBO (LSB) [14] [15] REFOUT
G PACKAGE G PACKAGE
28-LEAD PLASTIC SSOP 28-LEAD PLASTIC SSOP
Tymax = 110°C, 8yp = 100°C/W Tymax = 110°C, 64 = 100°C/W

Consult LTC Marketing for parts specified with wider operating temperature ranges.
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LTC1666/LTC1667/LTC1668

GLGCTBICHL CHHBHCTGBISTICS The « denotes specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vpp = 5V, Vgg =—5V, LADCOM = AGND = DGND = 0V, lgyrrs = 10mA.

LTC1666 LTC1667 LTC1668
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | MIN TYP MAX | UNITS
DC Accuracy (Measured at Igyr a, Driving a Virtual Ground)
Resolution 12 14 16 Bits
Monotonicity 12 14 14 Bits
INL Integral Nonlinearity (Note 2) +1 +2 +8 LSB
DNL Differential Nonlinearity | (Note 2) +1 +1 1 #4 LSB
Offset Error 0.1 0.2 0.1 0.2 0.1 02| %FSR
Offset Error Drift 5 5 5 ppm/°C
GE Gain Error Internal Reference, Riggrin = 2k 2 2 2 % FSR
External Reference, 1 1 1 % FSR
VRer = 2.5V, Rigerin = 2K
Gain Error Drift Internal Reference 50 50 50 ppm/°C
External Reference 30 30 30 ppm/°C
PSRR Power Supply Vpp =5V £5% +0.1 +0.1 +0.1 | % FSRNV
Rejection Ratio Vgg =—5V +5% +0.2 +0.2 +0.2 | % FSRNV
AC Linearity
SFDR Spurious Free Dynamic | foLk = 25Msps, foyt = TMHz
Range to Nyquist 0dB FS Output 76 78 78 87 aB
—-6dB FS Output 87 dB
—-12dB FS Output 83 dB
foLk = 50Msps, foyt = TMHz 85 dB
foLk = 50Msps, foyt = 2.5MHz 81 dB
foLk = 50Msps, foyt = 5MHz 79 dB
foLk = 50Msps, foyt = 20MHz 70 dB
Spurious Free Dynamic | fo x = 25Msps, 85 86 86 96 dB
Range Within a Window | foyt = 1MHz, 2MHz Span
foLk = 50Msps, 88 dB
fout = 5MHz, 4MHz Span
THD Total Harmonic Distortion | fg k = 26Msps, foyt = 1MHz =75 =77 -84 -77 dB
foLk = 50Msps, foyt = 5MHz -78 dB
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LTC1666/LTC1667/LTC 1668

GLGCT“ICHL CHHBHCTGBISTICS The « denotes specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vpp = 5V, Vgg =—5V, LADCOM = AGND = DGND = 0V, lgyrrs = 10mA.

LTC1666/LTC1667/LTC1668

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Analog Output
louTrs Full-Scale Qutput Current o 1 10 mA

Output Compliance Range l[rg = 10mA o -1 1 \

Output Resistance; Rjoyt A, Riouts | louT A, 8 to LADCOM ° 0.7 1.1 1.5 kQ

Output Capacitance 5 pF
Reference Output

Reference Voltage REFOUT Tied to Igey Through 2kQ 2.475 2.5 2.525 Y

Reference Output Drift 25 ppm/°C

Reference Output Load Regulation ILoap = OmA to S5mA 6 mV/mA
Reference Input

Reference Small-Signal Bandwidth | Ig = 10mA, Ceopt = 0.14F | | 20 kHz
Power Supply
Vbp Positive Supply Voltage o | 475 5 5.25 \
Vss Negative Supply Voltage o | 475 -5 -5.25 v
Ipp Positive Supply Current Irs = 10mA, ok = 25Msps, foyt = TMHz . 3 5 mA
Iss Negative Supply Current lrs = 10mA, oLk = 25Msps, foyt = TMHz . 33 40 mA
Pois Power Dissipation lrs = 10mA, fok = 25Msps, foyt = 1MHz 180 mw

l[rg = TmA, foLk = 25Msps, foyt = TMHz 85 mWw

Dynamic Performance (Differential Transformer Coupled Output, 50Q Double Terminated, Unless Otherwise Noted)
foLock Maximum Update Rate o 50 75 Msps
ts Output Settling Time To 0.1% FSR 20 ns
tpp Output Propagation Delay 8 ns

Glitch Impulse Single Ended 15 pV-s

Differential 5 pV-s

ty Output Rise Time ns
tf Output Fall Time ns
iNo Output Noise 50 pA/VHz
Digital Inputs
Viy Digital High Input Voltage ° 2.4 \
ViL Digital Low Input Voltage o 0.8 Y
I Digital Input Current o 10 pA
Cin Digital Input Capacitance 5 pF
tps Input Setup Time o 8 ns
tpH Input Hold Time ° 4 ns
toLk Clock High Time o 5 ns
toLkL Clock Low Time o 8 ns

Note 1: Absolute Maximum Ratings are those values beyond which the life

of the device may be impaired.

Note 2: For the LTC1666, +1LSB = £0.024% of full scale;

for the LTC1667, +1LSB = £0.006% of full scale = +61ppm of full scale;
for the LTC1668, +1LSB = +0.0015% of full scale = +15.3ppm of full scale.
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LTC1666/LTC1667/LTC 1668

TYPICAL PERFORMANCE CHARACTERISTICS (irci66s)

Single Tone SFDR at 50MSPS
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LTC1666/LTC1667/LTC 1668

TYPICAL PERFORMANCE CHARACTERISTICS (L1c166s)

SFDR vs Digital Amplitude (dBFS)
and ferock at fout = feLock/11

100 ‘
95
. 455k|-|/zAT5MSPs ——
—
85 /| T~
— // e 4/\
& 80p —— ~
s ‘\/ 4.55MHz AT 50MSPS
(2
2 2.277MHz AT 25MSPS
s 70
65
60
55
50
-20 -15 -10 -5 0
DIGITAL AMPLITUDE (dBFS)
1666/7/8 G10
Differential Output
Full-Scale Transition
T T T T
V(louta) - V(louts)
100mVv |
v 0000 FFFF
CLK IN 1
5VDIV |
5ns/DIV
1666/7/8 G13
Single-Ended Midscale
Glitch Impulse
T T T T
V(louta), V(louts)
i
[\
L 7FFF b 8000
AMV/DIV fomstt™ F
]
l.;
CLK IN —
5V/DIV
5ns/DIV

1666/7/8 G16

SFDR vs Digital Amplitude (dBFS)
and feock at fout = feLock/d

INTEGRAL NONLINEARITY (LSB)
Lo

100
95 —
90— 1MHz AT 5®,/

85 =" 5MHz AT 25MSPS_ 7~
% = /
S 10 //m 50MSPS |
]
60
55
50
-20 -15 -10 -5 0
DIGITAL AMPLITUDE (dBFS)
1666/7/8 G11
Single-Ended Output
Full-Scale Transition
V(loura)
100mV i
DIV FFFF——-0000
E V(‘loum)
LK IN ——CLOCK INPUT
5V/DIV [
5ns/DIV
1666/7/8 G14
Differential Midscale
Glitch Impulse
T T T T
V(louta) - V(louts)
—7FFF 8000
1mV/DIV = e
k'
CLKIN —4-—
5V/DIV
5ns/DIV

1666/7/8 G17

Single-Ended Outputs
Full-Scale Transition

V(louts)
100mv i
/DIV 0000 FFFF
N
2 V(louta)
CLKIN — | CLOCK INPUT
S5VDIV | | ‘ ‘
5ns/DIV

1666/7/8 G12

Differential Output
Full-Scale Transition

V(ioura) - Vl(louTe)

II.
|
i
100mVv o |
DIV FFFF 0000
|
|
f
CLK IN et L
5V/DIV J
5ns/DIV

1666/7/8 G15

Integral Nonlinearity

16384 32768 49152 65535

DIGITAL INPUT CODE

1666/7/8 G18

LY LN



LTC1666/LTC1667/LTC 1668

TYPICAL PERFORMANCE CHARACTERISTICS (11c1668)
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PIN FUNCTIONS

LTC1666

REFOUT (Pin 15): Internal Reference Voltage Output.
Nominal value is 2.5V. Requires a 0.1uF bypass capacitor
to AGND.

Irerin (Pin 16): Reference Input Current. Nominal value is
1.25mA for lFS =10mA. ||:s = lperiv ® 8.

AGND (Pin 17): Analog Ground.

LADCOM (Pin 18): Attenuator Ladder Common. Normally
tied to GND.

louts (Pin19): Complementary DAC Output Current. Full-
scale output current occurs when all data bits are 0s.

lout A (Pin 20): DAC Output Current. Full-scale output
current occurs when all data bits are 1s.

COMP1 (Pin 21): Current Source Control Amplifier Com-
pensation. Bypass to Vgg with 0.1pF.

COMP2 (Pin 22): Internal Bypass Point. Bypass to Vsg
with 0.1pF.

Vgs (Pin 23): Negative Supply Voltage. Nominal value is
-5V.

DGND (Pin 24): Digital Ground.
Vpp (Pin25): Positive Supply Voltage. Nominal value is 5V.

CLK (Pin 26): Clock Input. Data is latched and the output
is updated on positive edge of clock.

DB11toDBO (Pins 27,28, 1t010): Digital Input Data Bits.

LY LN
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LTC1666/LTC1667/LTC 1668

PIN FUNCTIONS

LTC1667

REFOUT (Pin 15): Internal Reference Voltage Output.
Nominal value is 2.5V. Requires a 0.1uF bypass capacitor
to AGND.

Irerin (Pin 16): Reference Input Current. Nominal value is
1.25mA for lgg = 10mA. lgg = Irggy © 8.

AGND (Pin 17): Analog Ground.

LADCOM (Pin 18): Attenuator Ladder Common. Normally
tied to GND.

lours (Pin19): Complementary DAC Output Current. Full-
scale output current occurs when all data bits are 0s.

lout A (Pin 20): DAC Output Current. Full-scale output
current occurs when all data bits are 1s.

COMP1 (Pin 21): Current Source Control Amplifier Com-
pensation. Bypass to Vgg with 0.1pF.

COMP2 (Pin 22): Internal Bypass Point. Bypass to Vsg
with 0.1pF.

Vgs (Pin 23): Negative Supply Voltage. Nominal value is
-5V.

DGND (Pin 24): Digital Ground.
Vpp (Pin25): Positive Supply Voltage. Nominal valueis 5V.

CLK (Pin 26): Clock Input. Data is latched and the output
is updated on positive edge of clock.

DB13to DBO (Pins 27,28, 1t012): Digital Input Data Bits.

LTC1668

REFOUT (Pin 15): Internal Reference Voltage Output.
Nominal value is 2.5V. Requires a 0.1uF bypass capacitor
to AGND.

Irerin (Pin 16): Reference Input Current. Nominal value is
1.25mA for lgg = 10mA. lgg = Irggy © 8.

AGND (Pin 17): Analog Ground.

LADCOM (Pin 18): Attenuator Ladder Common. Normally
tied to GND.

lourg (Pin19): Complementary DAC Output Current. Full-
scale output current occurs when all data bits are 0s.

lout A (Pin 20): DAC Output Current. Full-scale output
current occurs when all data bits are 1s.

COMP1 (Pin 21): Current Source Control Amplifier Com-
pensation. Bypass to Vgg with 0.1F.

COMP2 (Pin 22): Internal Bypass Point. Bypass to Vsg
with 0.1pF.

Vgs (Pin 23): Negative Supply Voltage. Nominal value is
-5V.

DGND (Pin 24): Digital Ground.
Vpp (Pin25): Positive Supply Voltage. Nominal valueis 5V.

CLK (Pin 26): Clock Input. Data is latched and the output
is updated on positive edge of clock.

DB15to DBO (Pins 27, 28, 1t014): Digital Input Data Bits.
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LTC1666/LTC1667/LTC 1668

BLOCK DIRGRAM
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LTC1666/LTC1667/LTC 1668

BLOCK DIRGRAM

LTC1668
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LTC1666/LTC1667/LTC 1668

APPLICATIONS INFORMATION

Theory of Operation

The LTC1666/LTC1667/LTC1668 are high speed current
steering 12-/14-/16-bit DACs made on an advanced
BiCMOS process. Precision thin film resistors and well
matched bipolar transistors result in excellent DC linearity
and stability. A low glitch current switching design gives
excellent AC performance at sample rates up to 50Msps.
The devices are complete with a 2.5V internal bandgap
reference and edge triggered latches, and set a new
standard for DAC applications requiring very high dy-
namic range at output frequencies up to several mega-
hertz.

Referring to the Block Diagrams, the DACs contain an
array of current sources that are steered to lgyta or louts
with NMOS differential current switches. The four most
significant bits are made up of 15 current segments of
equal weight. The remaining lower bits are binary weighted,
using a combination of current scaling and a differential
resistive attenuator ladder. All bits and segments are
precisely matched, both in current weight for DC linearity,
and in switch timing for low glitch impulse and low
spurious tone AC performance.

Setting the Full-Scale Current, lgytrs

The full-scale DAC output current, loytes, is nominally
10mA, and can be adjusted down to TmA. Placing a
resistor, Rggt, between the REFOUT pin, and the Igggyy pin
sets lgutes as follows.

The internal reference control loop amplifier maintains a
virtual ground at Irggy by servoing the internal current
source, Iy, to sink the exact current flowing into Irggy.
l\yT is a scaled replica of the DAC current sources and
loutrs = 8 © (IjNT), therefore:

loutrs = 8 * (IRerin) = 8 * (VRer/Rser) (1)

For example, if Rget = 2k and is tied to VRgr = REFOUT =
2.5V, lgeriy = 2.5/2k =1.25mA and IOUTFS =8¢ (1 .25mA)
=10mA.

The reference control loop requires a capacitor on the
COMP1 pin for compensation. For optimal AC perfor-
mance, Ggonmp1 Should be connected to Vsg and be placed
very close to the package (less than 0.1").

For fixed reference voltage applications, Ceompy Should
be 0.1uF or more. The reference control loop small-signal
bandwidthis approximately 1/(2m)* Ccomp1©80 or 20kHz
for Coompt = 0.11F.

Reference Operation

The onboard 2.5V bandgap voltage reference drives the
REFOUT pin. It is trimmed and specified to drive a 2k
resistor tied from REFOUT to Irgrn, corresponding to a
1.25mA load (lgytrs = 10mA). REFOUT has nominal
output impedance of 6Q, or 0.24% per mA, so it must be
buffered to drive any additional external load. A 0.1pF
capacitor is required on the REFOUT pin for compensa-
tion. Note that this capacitor is required for stability, even
if the internal reference is not being used.

External Reference Operation

Figure 1, shows howto use an external reference to control
the LTC1666/LTC1667/LTC1668 full-scale current.

REFOUT 25V
o | REFERENCE
e T Ciciese
= =Lt
EXTERNAL REFIN  LTC1668
REFERENCE _‘RVSVEV_T

1666/7/8 F02

Figure 1. Using the LTG1666/LTC1667/LTC1668
with an External Reference
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LTC1666/LTC1667/LTC 1668

APPLICATIONS INFORMATION

Adjusting the Full-Scale Output

In Figure 2, a serial interfaced DAC is used to set lgytrs.
The LTC1661 is a dual 10-bit Voyt DAC with a buffered
voltage output that swings from OV to VRgr.

5V

2.5V
REFERENCE

| Ltc1e66/
— LTC1667/
IREFIN LTC1668

1/2 LTC1661

1666/7/8 FO3

Figure 2. Adjusting the Full-Scale Current of
the LTC1666/LTC1667/LTC1668 with a DAC

DAC Transfer Function

The LTC1666/LTC1667/LTC1668 use straight binary digital
coding. The complementary currentoutputs, loytaand loyt
B, Sink current from 0 to lgytrs. For loytrg = 10MA (nomi-
nal), loyt A Swings from OmA when all bits are low (e.g.,
Code =0)to 10mA whenall bitsare high (e.g., Code =65535
for LTC1668) (decimal representation). Iyt g is comple-
mentaryto loyta- loutaand Igytg are given by the following
formulas:

LTC1666:
lout A = louTrs ® (DAC Code/4096) (2)
lout B = louTrs ® (4095 — DAC Code)/4096 (3)
LTC1667:
louT A = louTrs ® (DAC Code/16384) (4)

lour 8 = loutrs * (16383 — DAC Code)/16384  (5)
LTC1668:
lout A = louTrs ® (DAC Code/65536) (6)
louT B = louTrs ® (65535 — DAC Code)/65536 (7)

In typical applications, the LTC1666/LTC1667/LTC1668
differential output currents either drive a resistive load
directly or drive an equivalent resistive load through a
transformer, or as the feedback resistor of an I-to-V
converter. The voltage outputs generated by the Iyt A and
loyT g OUtput currents are then:

Vouta=louta*RLoap (8)

Vout s = lout 8 * RLoAD (9)
The differential voltage is:

Vpirr = Voura—Vouts (10)
= (lout A= lout B) * (RLoAD)

Substituting the values found earlier for Igyt A, loyT 8 and
louTrs (LTC1668)Z

Vpire = {2 * DAC Code — 65535)/65536} © § ©
(RLoaD/RseT) * (VReF) (11)

From these equations some of the advantages of differen-
tial mode operation can be seen. First, any common mode
noise orerroron lgytaand lgytgis cancelled. Second, the
signal power is twice as large as in the single-ended case.
Third, any errors and noise that multiply times lgyt A and
loyT B, Such as reference or lgytes noise, cancel near
midscale, where AC signal waveforms tend to spend the
mosttime. Fourth, this transfer functionis bipolar; e.g. the
output swings positive and negative around a zero output
at mid-scale input, which is more convenient for AC
applications.

Note that the term (R oap/Rset) appears in both the
differential and single-ended transfer functions. This means
that the Gain Error of the DAC depends on the ratio of
RLoap to Rset, and the Gain Errortempco is affected by the
temperature tracking of R gap With Rget. Note also that
the absolute tempco of Rioap is very critical for DC
nonlinearity. As the DAC output changes from OmA to
10mA the R gap resistor will heat up slightly, and even a
very low tempco can produce enough INL bowing to be
significant at the 16-bit level. This effect disappears with
medium to high frequency AC signals due to the slow
thermal time constant of the load resistor.

Analog Outputs

The LTC1666/LTC1667/LTC1668 have two complemen-
tary current outputs, loyt A and lgyt g (see DAC Transfer
Function). The output impedance of lgyt A and loyt B
(Rioutaand Rigytg) istypically 1.1kQto LADCOM. (See
Figure 3.)
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LTC1666/LTC1667/LTC1668 LADCOM

Riout B Riout A =
TIkS ST oura
— < 20
| 52.3Q
. _ ouT8 s
_| I_ _| I_‘ 52.3Q
___| 5pF — _5pF
‘ ‘ Vss
—= & & & 23 -5V

1666/7/8 F04

Figure 3. Equivalent Analog Output Circuit

LADCOM

The LADCOM pin is the common connection for the
internal DAC attenuator ladder. It usually is tied to analog
ground, but more generally it should connect to the same
potential as the load resistors on lgyt a and lgyt g- The
LADCOM pin carries a constant current to Vgg of approxi-
mately 0.32  (Igutes), plus any current that flows from
loyTaand lgyt g through the Rigyt A and Rjgyt g resistors.

5V

| _—'—_=l_ 0.1pF

Output Compliance

The specified output compliance voltage range is +1V. The
DC linearity specifications, INL and DNL, are trimmed and
guaranteed on lgyt A into the virtual ground of an
I-to-V converter, but are typically very good over the full
outputcompliance range. Above 1V the output current will
start to increase as the DAC current steering switch
impedance decreases, degrading both DC and AC linear-
ity. Below -1V, the DAC switches will start to approach the
transition from saturation to linear region. This will de-
grade AC performance first, due to nonlinear capacitance
and increased glitch impulse. AC distortion performance
is optimal at amplitudes less than £0.5Vp_p on IgyT A and
loyT g due to nonlinear capacitance and other large-signal
effects. At first glance, it may seem counter-intuitive to
decrease the signal amplitude when trying to optimize
SFDR. However, the error sources that affect AC perfor-
mance generally behave as additive currents, so decreas-
ing the load impedance to reduce signal voltage amplitude
will reduce most spurious signals by the same amount.

[ rerour oo Vb LTC1668
A REFERENCE
0.14F SET MINI-CIRCUITS
o . T0 HP3589A
_-L—_ T1-1T SPECTRUM
ANALYZER
lout A 50Q INPUT
+ 16-BIT
HIGH SPEED 110Q
_ DAC lout B _ =
- >
COMP1 x / 50Q 500
o | COMP2 LADCOM j__ 1 1
0WFT™ o L | vgs AGND DGND CLK| DB15 | |DBO
0.14F N ——
1 = = L 16
0.1uF A
= DIGITAL
= [ | DATA
0UT1 OUT2 HP1663EA
CLK 4pg110A DUAL CLK Logic ANALYZER wiTH
PULSE GENERATOR PATTERN GENERATOR | .
LOW JITTER
CLOCK SOURCE

Figure 4. AC Characterization Setup (LTC1668)
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Operating with Reduced Output Currents

The LTGC1666/LTC1667/LTC1668 are specified to operate
with full-scale output current, lgytes, from the nominal
10mA down to TmA. This can be useful to reduce power
dissipation or to adjust full-scale value. However, the DC
and AC accuracy is specified only at Igyrs = 10mA, and
DCand ACaccuracy will fall off significantly at lower loyTes
values. At loytrs = 1mA, the LTC1668 INL and DNL
typically degrade to the 14-bit to 13-bit level, compared to
16-bit to 15-hit typical accuracy at 10mA lgytrs. Increas-
ing loytrs from 1mA, the accuracy improves rapidly,
roughly in proportion to 1/gytes. Note that the AC perfor-
mance (SFDR) is affected much more by reduced loytes
than itis by reduced digital amplitude (see Typical Perfor-
mance Characteristics). Therefore it is usually better to
make large gain adjustments digitally, keeping lgytes
equal to 10mA.

Output Configurations

Based on the specific application requirements, the
LTC1666/LTC1667/LTC1668 allow a choice of the best of
several output configurations. Voltage outputs can be
generated by external load resistors, transformer coupling
or with an op amp I-to-V converter. Single-ended DAC
output configurations use only one of the outputs, prefer-
ably lgyt A, to produce a single-ended voltage output.
Differential mode configurations use the difference be-
tween lgyt A and lgyr g to generate an output voltage,
Vbirr, @s shown in equation 11. Differential mode gives
much better accuracy in most AC applications. Because
the DAC chip is the point of interface between the digital
input signals and the analog output, some small amount
of noise coupling to lgyt o and lgyt g is unavoidable. Most
of that digital noise is common mode and is canceled by
the differential mode circuit. Other significant digital noise
components can be modeled as VRgg or lgyTrg NOise. In
single-ended mode, lgyTrs NOiSe is gone at zero scale and
is fully present at full scale. In differential mode, lgyTes
noise is cancelled at midscale input, corresponding to zero
analog output. Many AC signals, including broadband and
multitone communications signals with high peak to aver-
age ratios, stay mostly near midscale.

Differential Transformer-Coupled Outputs

Differential transformer-coupled output configurations
usually give the best AC performance. An example is
shown in Figure 5. The advantages of transformer cou-
pling include excellent rejection of common mode distor-
tion and noise over a broad frequency range and conve-
nient differential-to-single-ended conversion with isola-
tion or level shifting. Also, as much as twice the power can
be delivered to the load, and impedance matching can be
accomplished by selecting the appropriate transformer
turns ratio. The center tap on the primary side of the
transformer is tied to ground to provide the DC current
path for loyt A and lgyt g. For low distortion, the DC
average of the Igyt A and IgyT g currents must be exactly
equal to avoid biasing the core. This is especially impor-
tant for compact RF transformers with small cores. The
circuit in Figure 5 uses a Mini-Circuits T1-1T RF trans-
former with a 1:1 turns ratio. The load resistance on
lout A and lgyt g is equivalent to a single differential
resistor of 50Q, and the 1:1 turns ratio means the output
impedance from the transformer is 50Q. Note that the
load resistors are optional, and they dissipate half of the
output power. However, in lab environments or when
driving long transmission lines it is very desirable to have
a90Q output impedance. This could also be done with a
50Q resistor at the transformer secondary, but putting
the load resistors on gyt o and lgyt g is preferred since
it reduces the current through the transformer. At signal
frequencies lower than about 1MHz, the transformer core
size required to maintain low distortion gets larger, and at
some lower frequencies this becomes impractical.

MINI-CIRCUITS
AT

lout A

LTG1666/
LTC1667/
LTC1668

lout B

1666/7/8 FO6

Figure 5. Differential Transformer-Coupled Outputs
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Resistor Loaded Outputs

Adifferential resistor loaded output configurationis shown
in Figure 6. It is simple and economical, but it can drive
only differential loads with impedance levels and ampli-
tudes appropriate for the DAC outputs.

The recommended single-ended resistor loaded configu-
ration is essentially the same circuit as the differential
resistor loaded, case—simply use the Igyt A output,
referred to ground. Rather than tying the unused lgyt g
output to ground, it is preferred to load it with the equiva-
lent R oap Of lout A. Then Igyt g will still swing with a
waveform complementary to lgyt .

%52.39 %52.39
<
lout A

LTC1666/
LTC1667/
LTC1668

lout B

1666/7/8 FO7

Figure 6. Differential Resistor-Loaded Output

Op Amp | to V Converter Outputs

Adding an op amp differential to single-ended converter
circuit to the differential resistor loaded output gives the
circuit of Figure 7.

This circuit complements the capabilities of the trans-
former-coupled application at lower frequencies, since
available op amps can deliver good AC distortion perfor-
mance at signal frequencies of afew MHz down to DC. The
optional capacitor adds a single real pole of filtering, and

500Q

200Q
lout A * N
LTC1666/ |
LTC1667/ 60pF — v
LTC1668 P R
| 200Q 10dBm
0UTB —0 Y

>
%52.39 isz.sg

1666/7/8 F08

Figure 7. Differential to Single-Ended Op Amp I-V Converter

helps reduce distortion by limiting the high frequency
signal amplitude at the op amp inputs. The circuit swings
+1V around ground.

Figure 8 shows a simplified circuit for a single-ended
output using I-to-V converter to produce a unipolar
buffered voltage output. This configuration typically has
the best DC linearity performance, but its AC distortion at
higherfrequencies is limited by U1’s slewing capabilities.

Digital Interface

The LTC1666/LTC1667/LTC1668 have parallel inputs that
are latched on the rising edge of the clock input. They
accept CMOS levels from either 5V or 3.3V logic and can
accept clock rates of up to 50MHz.

Referring to the Timing Diagram and Block Diagram, the
data inputs go to master-slave latches that update on the
rising edge of the clock. The input logic thresholds, V|4 =
2.4V min, V; = 0.8V max, work with 3.3V or 5V CMOS
levels over temperature. The guaranteed setup time, tpg,
is 8ns minimum and the hold time, tpy, is 4ns minimum.
The minimum clock high and low times are guaranteed at
6ns and 8ns, respectively. These specifications allow the
LTC1666/LTC1667/LTC1668t0 be clocked atupto50Msps
minimum.

For best AC performance, the data and clock waveforms
need to be clean and free of undershoot and overshoot.
Clock and data interconnect lines should be twisted pair,
coax or microstrip, and proper line termination is impor-
tant. If the digital input signals to the DAC are considered
as analog AC voltage signals, they are rich in spectral
components over a broad frequency range, usually in-
Cour

Rrg
200Q
loutrs ———VW—o
10mA

lout A -

LTC1666/
LTC1667/
LTC1668

lout B
LADCOM —

- 1666/7/8 F09

— Vour

U1
LT®1812 0V TO 2V

200Q

Figure 8. Single-Ended Op Amp I to V Converter
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cluding the output signal band of interest. Therefore, any
direct coupling of the digital signals to the analog output
will produce spurious tones that vary with the exact digital
input pattern.

Clock jitter should be minimized to avoid degrading the
noise floor of the device in AC applications, especially
where high output frequencies are being generated. Any
noise coupling fromthe digital inputs to the clock input will
cause phase modulation of the clock signal and the DAC
waveform, and can produce spurious tones. It is normally
best to place the digital data transitions near the falling
clock edge, well away from the active rising clock edge.
Because the clock signal contains spectral components
only at the sampling frequency and its multiples, it is
usually not a source of in band spurious tones. Overall, it
is better to treat the clock as you would an analog signal
and route it separately from the digital data input signals.
The clock trace should be routed either over the analog
ground plane or over its own section of the ground plane.
The clock line needs to have accurately controlled imped-
ance and should be well terminated near the LTC1666/
LTC1667/LTC1668.

Printed Circuit Board Layout Considerations—
Grounding, Bypassing and Output Signal Routing

The close proximity of high frequency digital data lines and
high dynamic range, wide-band analog signals makes
clean printed circuit board design and layout an absolute

necessity. Figures 11 to 15 are the printed circuit board
layers foran AC evaluation circuitforthe LTC1668. Ground
planes should be split between digital and analog sections
as shown. All bypass capacitors should have minimum
trace length and be ceramic 0.1uF or larger with low ESR.

Bypass capacitors are required on Vss, Vpp and REFOUT,
and all connected to the AGND plane. The COMP2 pin ties
to a node in the output current switching circuitry, and it
requires a 0.1pF bypass capacitor. It should be bypassed
to Vgg along with COMP1. The AGND and DGND pins
should bothtie directly tothe AGND plane, and the tie point
between the AGND and DGND planes should nominally be
near the DGND pin. LADCOM should either be tied directly
tothe AGND plane or be bypassed to AGND. The lgyTaand
louT B traces should be close together, short, and well
matched for good AC CMRR. The transformer output
ground should be capable of optionally being isolated or
being tied to the AGND plane, depending on which gives
better performance in the system.

Suggested Evaluation Circuit

Figure 10 is the schematic and Figures 11 to 15 are the
circuit board layouts for a suggested evaluation circuit,
DC245A. The circuit can be programmed with component
selectionand jumpers foravariety of differentially coupled
transformer output and differential and single-ended re-
sistor loaded output configurations.

= QUADRATURE
< < -
3523035230 MODULATOR
REFOUT LADCOM
J— LTC1668 lout A
0.1pF S 0 LOF\II\{»]!)EARSS R
I_ I-CHANNEL g
REF IRerIN CLK / LocaL _|
I OSCILLATOR o
SERIAL 1/2 LTC1661 C)_
INPUT us Your 21 1 [90] O outeur
- 3523035230
_L_ REFOUT LADCOM )
5% LTC1668 lout A
RELATIVE GAIN B il U2 > Low-pass | {62
ADJUSTMENT RANGE = Q-CHANNEL loute FILTER
IREFIN CLK /

CLOCK
INPUT

Figure 9. QAM Modulation Using LTC1668 with
Digitally Controlled I vs Q Channel Gain Adjustment
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Output DAC Evaluation Board
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Figure 11. Suggested Evaluation Circuit Board—Silkscreen
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Figure 12. Suggested Evaluation Circuit Board—Component Side

19



LTC1666/LTC1667/LTC 1668

APPLICATIONS INFORMATION

O

O
o
I
o)
Q
O
o)
O
O
5
o)
Q
Q
Q
Olv
O
(0)

@]

Q00O
QO000
QO0000

N\

OO0
D
000000000 . 00000000

N

000000000 COOOOOO0
DOO0O0000.  OO000
C
\§Y>Q\.EQ§<323 00
o N R\eete
‘\ \ \Oéé

Q0000000000000 000000
0000000000000 00Q0000

0000000000000 00000
[e]ejcjejele]c]ele[0]0)0]0[0]0]0]0]6)
00000000000000000000
00000000000000000000
00000000000000000000

Figure 13. Suggested Evaluation Circuit Board—GND Plane
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Figure 14. Suggested Evaluation Circuit Board—Power Plane
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Figure 15. Suggested Evaluation Circuit Board—Solder Side
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PACKAGE DESCRIPTION

G Package
28-Lead Plastic SSOP (5.3mm)
(Reference LTC DWG # 05-08-1640)

10.07 - 10.33*
(.397 = .407)

7.65-7.90
(.301 -.311)
123 456 7 8 91011121314 -
5.20-5.38**
(205-212) 173-1.99
(.068 —.078)
0°-8° e
* By N [ O A
13-.22 55-.95 F ? (gigs)»\ |l T
(.005 -.009) (.022 -.037) BSC 05— 21
NOTE: _25-.38 || (.002-.008)
1. CONTROLLING DIMENSION: MILLIMETERS (:010-.015) 265507 0501
MILLIMETERS
2. DIMENSIONS ARE IN (INCHES)
3. DRAWING NOT TO SCALE
*DIMENSIONS DO NOT INCLUDE MOLD FLASH. MOLD FLASH
SHALL NOT EXCEED .152mm (.006") PER SIDE
**DIMENSIONS DO NOT INCLUDE INTERLEAD FLASH. INTERLEAD
FLASH SHALL NOT EXCEED .254mm (.010") PER SIDE
Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ' Llnw However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
TECHNOLOGY tationthatthe interconnection of its circuits as described herein will not infringe on existing patent rights.



LTC1666/LTC1667/LTC 1668
TYPICAL APPLICATION

5V

S NEEEING
523035230

REFOUT Vbp LADCOM <
0.1pF Rsﬂ lout A ® ¢ -
LTC1668 > 100pF T—L LT1227 — Vour

= IReFIN +10V
I — COMP1 lout B *—o— +
0.1uF COMP2
_I__ Vgs AGND DGND CLK DB15-DBO
0.1uF 1k
LI 1Y i
- - - 1666/7/8 F17
-5V CLOCK 18-BIT
INPUT  DATA
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Figure 16. Arbitrary Waveform Generator Has +10V Qutput Swing, 50Msps DAC Update Rate

RELATED PARTS

PART NUMBER | DESCRIPTION COMMENTS

ADCs

LTC1406 8-Bit, 20Msps ADC Undersampling Capability Up to 70MHz Input

LTC1411 14-Bit, 2.5Msps ADC

LTC1420 12-Bit, 10Msps ADC 72dB SINAD at 5MHz fy

LTC1604/LTC1608 16-Bit, 333ksps/500ksps ADCs 16-Bit, No Missing Codes, 90dB SINAD, —100dB THD

DACs

LTC1591/LTC1597 Parallel 14/16-Bit Current Output DACs On-Chip 4-Quadrant Resistors

LTC1595/LTC1596 Serial 16-Bit Current Output DACs Low Glitch, £1LSB Maximum INL, DNL

LTC1650 Serial 16-Bit Voltage Output DAC Low Power, Deglitched, 4-Quadrant Multiplying Vqyt DAC,
+4.5V Output Swing, 4us Settling Time

LTC1655(L) Single 16-Bit Voyt DAC with Serial Interface in SO-8 | 5V (3V) Single Supply, Rail-to-Rail Output Swing

LTC1657(L) 16-Bit Parallel Voltage Output DAC 5V (3V) Low Power, 16-Bit Monotonic Over Temp., Multiplying Capability

AMPLIFIERs

LT1809/LT1810 Single/Dual 180MHz, 350V/ps Op Amp Rail-to-Rail Input and Output, Low Distortion

LT1812/LT1813 Single/Dual 100MHz, 750V/ps Op Amp 3.6mA Supply Current, 8nV/vHz Input Noise Voltage

166678f LT/TP 0701 2K « PRINTED IN USA
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