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FEATURES

100 MHz Typical/85 MHz Minimum Clock Rate
32-Bit Phase Accumulator

12-Bit Sine Output

=90 dB Spurious Free Dynamic Range
Continuous Frequency Update

On-Board Data Ready Signal

APPLICATIONS
Frequency Synthesizers
DDS Tuning
| Demodulation
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AD99335

The AD9955 i1s a 100 MHz direct digital synthesizer for fre-
quency synthesis applications. It comprises a 32-bit phase accu-
mulator and a 15-bit phase-to-12-bit sine amplitude converter.
The control logic is CMOS compatible, and the clock input is
TTL. CMOS outputs are latched on board, and a data ready
signal is provided.

Designed for applications in communications, instrumentation,
and military systems, the AD9955 can be combined with a clock
reference and a DAC such as the AD9713B or AD9721 to form
a digitally-controlled analog frequency reference.

The AD9955 is available in an 80-lead plastic quad flatpack
(PQFP) for commercial (0°C to +70°C) temperature range appli-
cations. Contact the factory for information concerning the avail-
ability of a military temperature range device.
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AD9955—SPECIFICATIONS
ELECTRICAL CHARACTERISTICS (+v, = +5V; t,, = 40 MHz; ¢, = 20 pF, unless otherwise noted)

Test AD9955
Parameter (Conditions) Temperature Level Min Typ Max Units
CMOS INPUTS!
Logic “1” Voltage Full I1 3.5 V
Logic “0” Voltage Full I1 1.5 \'
Logic “1” Current Full II 1.0 pA
Logic “0” Current Full II -1.0 A
Input Capacitance +25°C A" 10 pF
CMOS OUTPUTS
Logic “1” Voltage (V) Full II 4.5 \'%
Logic “0” Voltage (Vy;) Full 1 0.4 %
Logic “1”" Current | Ful II 12 mA
Logic “0” Current Full II 12 mA
Output Capacitance +25°C A% 3 pF
Full v 2.0 \Y
Full II 0.8 \'%
Full 11 1.0 pA

Full 11 ~1.0 WA
aput Cdpacy Ju\ +27C—N| V + pF
POWER SUPI%\‘I-ES\_/J N
+Vg Current?
CLK = 50 MHz ull 160 mA
CLK = 100 MHz C 240 mA
Nominal Power Dissipation ]

CLK = 50 MHz +25°C

CLK = 100 MHz +25°C 1.2

Relative to Frequency +25°C Vv 11.5 Ry z

AC SPECIFICATIONS* B U 7

Clock Update Rate (CLK)® Full v 85 100 Z MH:z
Frequency Update Rate (BRCLK)® Full II 40
Clock Pulse Width

CLK Digital “1” Full v 7.9 5.7 ns

CLK Digital “0” Full v 3.8 2.2 ns
Frequency Update Pulse Width

BRCLK Digital “1” Full I 10 ns

BRCLK Digital “0” Full I 10 ns
Input Rise/Fall Times

CLK Rise Time Full IV 2 ns

CLK Fall Time Full v 2 ns

BRCLK Rise Time Full v 5 ns

BRCLK Fall Time Full v 5 ns
BRCLK Input Timing

Setup Time (tcs, tgs)’ Full 11 5 2 ns

Hold Time (tcy, tey)’ Full v 5 1.8 ns
CLK Input Timing

Setup Time (t; ¢)* Full v 2.0 0.7 ns

Hold Time (t; 44)® Full v 2.0 0.7 ns
RESET 0 Timing

Setup Time (tgg)® Full v 6 ns

Hold Time (tgzy)° Full v 6 ns
Output Timing Characteristics

Data Output Delay (top)"° Full v 3.4 6.1 8.7 ns

DRDY Output Delay (tpg)'® Full v 4.7 7.5 10 ns

Output Data Setup Time (tog)"! Full v 0.8 1.9 ns
Carry Output Delay!? +25°C ' 7.7 ns
Spurious-Free Dynamic Range (SFDR)

Worst Case Spur'? +25°C \Y >90 dBc
Latency of Initial Data'* +25°C A% 14 Clock Cycles
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AD9335

NOTES

'Includes F[0:31], PSEL, BREN, FCLD, CIN, TGLE, BRCLK, TCMS, and RSTO.

*Only the clock (CLK) is TTL compatible.

forr = /2 ey k. See performance curves.

*Nominal conditions (Vy; = 3.4 ViV, = 0.4 V).

*Based on minimum clock pulse width duty cvcle (68% HIGH @ 85 MHz).

®This specification defines the maximum rate at which the output frequency tuning word (F[0:31]) can be updated.

"Referenced to 2.5 V point of rising edge of BRCLK, specified for F[0:31], BREN.

“Referred to rising edge of CLK, specified for FCLD. CIN setup time is typically 1.2 ns, specified for FCLD, CIN.

“Referred to 1.6 V point of the rising edge of CLK. See Timing Diagram.

“Referenced to 1.6 V point of the rising edge of CLK for 1.6 V point of the rising/falling edge of SIN [0:11]; or the falling edge of DRDY. Load is shown
below.

!"Referenced from 1.6 V point of the rising/falling edge of SIN[0:11] to 1.6 V point of the falling edge of DATA READY. Specified driving AD9713B; no addi-
tional capacitive load.

'“Referenced from 1.6 V point of rising edge of CLK to 1.6 V point of the rising/falling edge of COUT.

"“Based on proprietary phase-to-sine algorithm, TGLE HIGH.

“Referred to CLK for FCLD high. See Timing Diagram.

EXPLANATION OF TEST LEVELS ORDERING GUIDE
Test Level Temperature
100% productfon tested. ) . Model Range Package
ion tested at +25°C; parameter is ]
ign and characterization at temp- AD9955KS-66" 1 0°C to +70°C 80-Terminal Plastic
Quad Flatpack
A AD9955K -6 0°C to +70°C 80-Terminal Plastic
xanteed % ign dad chaps Y Quad Flatpack
N/A DDS Evaluation Board

a normal distribution; typical values ar

ABSOLUTE MAXIMUM RATINGS'

Supply Voltage (+Vg) . ............... -05Vto +7V

Input Voltage iviiviai oi b i 5e i 0.5Vt +Vg +0.5V

Qutput Voltage Swing . .......... -05Viw +Vg +0.5V are exm;ed © ar TS

Operating Temperature Range (Ambient) .. ... 0°C to +70°C +125°C prior to assembly.

Maximum Junction Temperature? . ............. +150°C

Storage Temperature Range . .......... —65°C to +150°C

Lead Temperature (soldering, 10 seconds) . ... ... .. +250°C +5V AD9713B
NOTES 10k

'Absolute maximum ratings are limiting values to be applied individually, and
beyond which the serviceability of the circuit may be impaired. Functional

operability is not necessarily implied. Exposure to absolute maximum rating T
conditions for an extended period of time may affect device reliability. 200F
S . ; p
Typical thermal impedance; part soldered in place:

6,4 = 62°C/W

by = 7°C/W.

ADS9955 Load Circuit

REV.0 Lo



AD9955

AD9955 PIN DESCRIPTIONS

Name Description Name Description

GND Ground Reference Voltage Connection. Frequency Control Register (A phase) as

+Vg Positive voltage power connection, nominally +5 V. four = f A phase

BRCLK  Buffer Register Clock. Data inputs are loaded into QTR T
e Restpuenicy Comel, Wond e i Binary data format of 12-bit samples is either twos
rising edge of BRCLK when register is enabled complement or unsigned magnitude, determined by
(BREN input at Logic “1"). TCMS signal.

CLK System Clock. Continuous TTL signal for ) RSTO Reset Phase to Zero Signal. Activates synchronous
synchronizing all internal operations, except loading reset of the Phase Accumulation Register to a
of Frequency Control Word Buffer Register; rising binary value of “0,” or zero radians. Reset is
edge initiates synchronization. enabled when RSTO is a Logic “1” and takes place

[0:31] 32 parallel data inputs for loading frequencv tuning on rising edge of system clock (CLK). Normally

word. low.

DRDY

CIN

TGLE

TCMS

SIN[0:11]

CouT Carry-Out signal output of the 32-bit adder in the
phase accumulator; used for stacking two AD9955
units for 64-bit DDS. Normally allowed to float.

PSEL Parallel/Serial Frequency Control Word Buffer
Input Selector. Selects mode for loading the Buffer
Register. If a load is enabled (BREN = “1), and
PSEL is a Logic “1,” data is parallel loaded into the

Control Word Buffer Register from the

next nsmg edge of BRCLK. If

Logic “0,” data is

Buffer Load Enable Signal. Enables loading of data

Control Word Buffer Register into Freq NG

senal y d into the Fre ntgal Word

Control Register. Loading takes place on ne STITE Buffér K& the F[31]/nput on fis
edge of CLK signal. FCLD = LOW disables BR
loading of data.
Data Ready Signal. Output data (SIN [0:11]) is ml(}NA NS
valid on the rising edge of DRDY, which tracks
propagation delay variations of the output data vs. .
temperature. The duty cycle of DRDY is dependent 3EE223 iy 852
on the duty cvcle of the CLK input. The DRDY EEEFEERGEEEEEREEE |_3H_-=-|_‘
signal should be used only for applications which
have a very high clock rate (85 Msps) and require ano [1] [ed] oo
operation over a wide temperature range. Normally 0:; % % D::‘”
allowed to float. w.li — cour
Carry-In signal is provided as the carry input to the Fo s [ 5| s SiNo (MSB)
least significant bit (LSB) of the 32-bit adder in the N [59] sine
phase accumulator. This signal is used as the carry r (1] s3] sinz
input only if the TGLE signal is a logic zero; carry Sn s7] sin3
has 1 LSB weight, and is used for stacking units for e O st 2] GNO
64-bit DDS. Normally tied to ground. : = (Not to Scale) = :'I::
Carry Toggle Enable. When HIGH, the CIN signal oy s o [
is disabled, and the Carry-In toggles internally ra 2 s2] sy
between HIGH and LOW on each clock (CLK) "o [1a [s1] +vs
cycle to reduce the worst case spurious response of F10 [1s so| siNg
the digital output signal by 3.92 dB. Normally tied Firlis 12 SIN9
to ground. - o] noree

F13 |18 47 | SIN11 (LSB)
Twos Complement/Magnitude Mode Select. Selects r14 5 5] ano
binary output format of data on SIN[0:11] outputs. F1s [0 [s] +vg
If TCMS is a Logic “1,” format of output data at ovg [a [a] wvg
SIN[0:11] is in twos complement format. If TCMS ano 2] =] Toms
is a Logic “0,” data is binary unsigned magnitude BRCLK |3 12| GND
format. Normally tied to ground. o L - R
12 parallel data bits comprising the sine data output. Lel [&]5] LE“_ﬂLE! L:J @[—EIM@[—*!MWI—;‘!@
Frequency of the sine data outputs is defined by the SRR EEEEE R LR R E: g8
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DIE INFORMATION

Die Dimensions . . ... ........ 215 x 199 x 20.7 (£1) mils
Pad Dimensions . . . . .. .« v o v i it 4 % 4 mils D
Metalization i 5 e snaninm a8 W BRI Aluminum -
Backing = »o wa o Bh 59 e SRR PR o None Fi msB)
. F2
SUbstEate PoteRtiall . ws snwnoemim an up an scovmms Ground Fa
Passivation . . ..o vvv it e Oxynitride =
DieAttach . ... ... . ... . . . . . . Epoxy ;E_,?
Bond Wire: 5 oavanesi &5 05 0% Uoesyasas 58 5 v Gold o
F10
Fi1
{LSB}
-8R RHE!: S _I_'
G
| | | |
X SEZ2RANRAARRREAREZY
g CLlifurelbbuelicidndgd
=4 = =
@ 5
GENERATES §AMPLE
AVE
DIGITAL CIRCUIT '
CLOCK |
! ] T~ 7
N, PHASE SN _L-..l Dlgg:‘-’“\\ t
-
A PHASE ——F—m| AccUMULATOR[™] AMPLITUDE s, e o
I CONVERTER | |
\ ; | CONVERTER ouT
SPECIFIES OUTPUT
FREQUENCY AS
FRACTION OF CLOCK ; ”“”l
FREQUENCY il
Figure 1. Block Diagram of DDS Generator
DDS the signal is defined by Aphase as
Direct digital synthesis (DDS) is a method of deriving a wide- Ankase Aphitsi
band, digitally controlled frequency (sine wave) synthesizer from four = ——— ferock = —=x— ferock
Aphaseyax 2

a single reference frequency (system clock).
The circuit has three major components:

1. Phase accumulator
2. Phase-to-amplitude converter
3. Digital-to-analog converter

These major stages and their relationships to one another are
illustrated in the block diagram shown above.

The phase accumulator is a digital device which generates the
phase increment of the output waveform. Its input is a digital
word which (with the reference oscillator) determines the fre-
quency of the output waveform. The output of the phase accu-
mulator stage represents the current phase of the generated
waveform. In effect, the accumulator serves as a variable-
frequency oscillator generating a digital ramp. The frequency of

REV.0

Translating phase information from the phase accumulator into
amplitude data takes place in the phase-to-amplitude converter.
This is most commonly accomplished by means of a look-up
table (LUT) stored in memory, but may be calculated instead
using a digital algorithm to minimize circuit complexity and/or
increase the update rate.

In the final step of frequency synthesis, amplitude data is con-
verted into an analog signal. This is done by a digital-to-analog
(D/A) converter which must have good linearity; low glitch
impulse; and fast, symmetrical rise and fall times. When it does,
the frequency synthesizer is able to produce a spectrally pure
waveform.
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cess technology, and designed to minimize the number of exter-
nal devices necessary to implement a high speed DDS system.

Phase Accumulator Architecture

The phase accumulator is comprised of 8 pipelined, 4-bit adder
cells to achieve the typical 100 MHz operation. The pipelined
accumulator requires the use of input data alignment registers
between the frequency control register and the accumulator to
maintain the phase-coherent switching characteristics of the
DDS. The alignment registers on the 16 least significant bits of
the accumulator were eliminated to save power and reduce the
number of pipeline delays; this results in a maximum phase dis-
continuity of 0.005°.

240 1 T
\ = +5V; C, = 20pF;
230 cc L PFi |
z TEMP = +25°C
E 200 "
=
& 180
g 7
2 160
g FCLK = 100MHz 7 N
< 140
o T~
[- 8
2 120 o
) ~
& \_ FCLK = 50MHz
= 100 ~— —
=] —
b 8o — —
--""""-——._
60
1 i T A ale sle  piloe 23S M
27 24 26 28 210 212 214 218 218

f
OUTPUT FREQUENCY [&
CLOCK

Figure 3. Power Supply Current vs. Output Frequency

ices to achieve greater than
N~will_be connected to

making the worst case spurious free dynamic rangg
SIN[0:11] outputs 90.3 dBc. In addition, the DDS spur
performance is made more consistent versus frequency due to
the randomizing of the errors introduced by possible DAC
nonlinearities.

Resetting the AD9955

The synchronous reset function (RSTO) resets the output of the
phase accumulator to zero radians, allowing the user to initialize
the AD9955 from a known state. A reminder: the RSTO signal
does not affect the contents of the alignment registers on either
side of the adders. To properly reset the AD9955 to zero radians
(SIN[0:11] = 1000 0000 0000), perform the following steps in
the order listed:

1. Frequency input should be preloaded to zero (F[0:31] = 0;
see loading the AD9955).

2. Four clock cycles must pass to clear the prealignment
registers.

3. The RSTO signal should go HIGH for at least 12 ns, and
meet required setup (tgg) and hold (tgyy) times.

4. Nine additional clock cycles must pass to clear the post-
alignment registers and allow the new tuning word (0 radi-
ans) to propagate through the phase to sine amplitude
conversion circuitry.

Critical timing and pipeline delays required for resetting the
AD9955 are illustrated in the reset timing diagram. After the
RSTO signal is returned to LOW, a new frequency can be

-6- REV.0
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F[0:31] X FREQUENCY 1 X X

FREQUENCY 2

‘ 4——‘::»1

BRCLK / \ / \
tes -—1ey

BREN

loaded into the frequency control register;
will remain at the midscale value for 14 clock cycles whilt
new tuning word propagates through the AD9955.

Loading the Frequency Control Word
For convenience, the frequency control register is double buff-
ered at the inputs to allow asynchronous loading of a new fre-
quency control word. The frequency control word buffer
register can be loaded in either parallel (PSEL = HIGH) or
serial (PSEL = LOW) mode. The data is clocked on the rising
edge of the BRCLK signal when the BREN pin is held HIGH.
In serial mode, the data is fed through the LSB (F[31]) and
requires multiple clock edges to shift in data.

Once new frequency data is loaded into the frequency control
word buffer, it is passed into the frequency control register on
the next rising edge of the CLK signal following a HIGH signal
on the FCLD pin. The new frequency control word is then used
as the input to the phase accumulator and it begins to accumu-
late at the new rate. The Parallel Mode Timing diagram illus-
trates the critical timing relationships for loading new frequency
data into the AD9955 from the reset condition; these relation-
ships remain the same for any arbitrary condition.

Phase to Sine Architecture

The phase to sine amplitude converter calculates the sine ampli-
tude using a proprietary algorithm for the first 90° of the sine
cycle, and takes advantage of the symmetry of the waveform to
calculate the remaining quadrants. Only the 15 most significant
bits of the phase accumulator output are needed to achieve the
12-bit accuracy of the SIN[0:11] outputs.

In normal operation (TGLE = LOW), the frequency tuning
word may take on both odd and even values. Odd frequency
input words will result in a spurious free dynamic range (SFDR)
of 90.3 dBc, while even frequency words may have spurious fre-
quency content as high as 86.4 dBc. The carry toggle fearure
discussed above guarantees a worst case SFDR of the frequency
tuning words of 90.3 dBc.

REV.0 o I

tpn DATA READY DELAY
typ OUTPUT DATA DELAY
tos OUTPUT DATA SETUP TIME

guaranteed operation at 85 MHz will require adjustig
clock duty cycle (see specification table). All other inputs™
outputs are CMOS logic compatible.

SIN Outputs

The SIN[0:11] outputs of the phase to sine conversion circuitry
are latched at the output to minimize data skew. The TCMS
control signal specifies the format of the output data as either
binary unsigned magnitude or two’s complement format. The
output dara is valid on the rising edge of the data ready signal
(DRDY), and is designed to track the temperature variation of
the output data. The DRDY signal is not recommended for
clocking the DAC because of phase uncertainty (jitter). The par-
allel mode timing diagram also illustrates the timing relation-
ships relevant to capturing the output data, and also the pipeline
delays associated with loading a new frequency word. The
curves below show the typical propagation delays of SIN[0:11]
and DRDY vs. temperature.
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Applications Information

The AD9955 can be used in digital demodulation applications to
provide a digital frequency reference, or combined with a DAC
to provide an analog frequency reference. In the latter applica-
tion, a DAC with exceptional ac performance is required. The
diagram below gives a recommended hookup for a complete
direct digital synthesizer employing the AD9955 and the
AD9721, a 10-bit 100 Msps DAC.

As in all high speed applications, proper layout is critical; it is
particularly important when both analog and digital signals are
involved. Analog signal paths should be kept as short as possi-
ble, and properly terminated to avoid reflections.

Digital signal paths should also be kept short, and run lengths
matched to avoid propagation delay mismatch. In the diagram,
series resistors (130 ohms) are inserted in the connections
between the SIN[0:9] outputs of the AD9955 and the data
inputs of the AD9721 (D,-D,,) to reduce data feedthrough
effects and to insure that the setup and hold times of the
AD9721’s input register are met over the commercial tempera-
ture range (0°C to +70°C).

Layout of the ground circuit is a critical factor. A single, low
impedance ground plane will reduce noise on the circuit ground.
gr supplies should be capacitively coupled to the ground

e to reduce ngisen the circuit. Multlayer boards allow

acterizing the DDS synthesizer. The
Figure 9 illustrates its operation. For more in
consult the AD9955/PCB data sheet.

TTL INVERTERS
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Figure 7. AD9955/AD9721 DDS Synthesizer
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Figure 10. AD9955/AD9721 Qutput Spectrum
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Figure 11. AD9955/AD9721 Output Spectrum
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Figure 12. AD9955/AD9721 Output Spectrum
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Figure 13. AD9955/AD9721 Qutput Spectrum
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Figure 14. AD9955/AD9721 Output Spectrum
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Figure 15. AD9955/AD97212 Output Spectrum
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Figure 17. AD9955/AD9721 Output Spectrum
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Figure 18. ADS955/AD9721 Output Spectrum
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Figure 20. AD9955/AD9721 Output Spectrum
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Figure 21. AD9955/AD9721 Output Spectrum
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Table I. Recommended Operation

—

' Input Voltage

Parameter Min | Nominal | Max
+Vg 4.75 | 5.0 | 5.25
CLK 0 TTL | +Vg

BRCLK, PSEL, BREN, | 0 CMOS | +Vg
FCLD, CIN, TGLE, |
TCMS, RSTO, F[0:31]

MECHANICAL INFORMATION

Dimensions in inches and (mm)

0.9507 (24.15)
0.9311 (23.65)

0.1338 (3.40) MAX
—- 0.0141 (0.36)
Q[ N 0.0039 (0.10)
Slalin yalalalalalulninn
05551 (14.1) : =
05a72 (13.9) -
0.7145 (18.15) =
[ 0.6948 (17.85) .I,*
E v
0.0374 (0.95)
e 0.0255 (0.65)
0.0177 (0.45)
—-H-— S —>| |-1— 0.0314 (0.80) T
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