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DEVICES

1 GSPS Quadrature Digital Upconverter
with 18-Bit 1/Q Data Path and 14-Bit DAC

AD93951

FEATURES

1 GSPS internal clock speed (up to 400 MHz analog output)
Integrated 1 GSPS 14-bit DAC

250 MSPS input data rate

Phase noise < —125 dBc/Hz (400 MHz carrier @ 1 kHz offset)
Excellent dynamic performance >80 dB narrow-band SFDR
8 programmable profiles for shift keying

Sin(x)/(x) correction (inverse sinc filter)

Reference clock multiplier

Internal oscillator for a single crystal operation

Software and hardware controlled power-down
Integrated RAM

Phase modulation capability

Multichip synchronization

Easy interface to Blackfin SPORT

Interpolation factors from 4x to 252x

Interpolation DAC mode

Gain control DAC

Internal divider allows references up to 2 GHz

1.8V and 3.3V power supplies

100-lead TQFP_EP package

APPLICATIONS

HFC data, telephony, and video modems
Wireless base station transmissions
Broadband communications transmissions

GENERAL DESCRIPTION

The AD9957 functions as a universal I/Q modulator and agile
upconverter for communications systems where cost, size, power
consumption, and dynamic performance are critical. The
AD9957 integrates a high speed, direct digital synthesizer
(DDS), a high performance, high speed, 14-bit digital-to-analog
converter (DAC), clock multiplier circuitry, digital filters, and
other DSP functions onto a single chip. It provides baseband
upconversion for data transmission in a wired or wireless
communications system.

The AD9957 is the third offering in a family of quadrature
digital upconverters (QDUCs) that includes the AD9857 and
AD9856. It offers performance gains in operating speed, power
consumption, and spectral performance. Unlike its predecessors,
it supports a 16-bit serial input mode for I/Q baseband data.
The device can alternatively be programmed to operate either as
a single tone, sinusoidal source or as an interpolating DAC.

The reference clock input circuitry includes a crystal oscillator,
a high speed, divide-by-two input, and a low noise PLL for
multiplication of the reference clock frequency.

The user interface to the control functions includes a serial port
easily configured to interface to the SPORT of the Blackfin®
DSP and profile pins to enable fast and easy shift keying of any
signal parameter (phase, frequency, or amplitude).
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SPECIFICATIONS

ELECTRICAL SPECIFICATIONS

AVDD (1.8V) and DVDD (1.8V) = 1.8 V + 5%, AVDD (3.3V) = 3.3 V + 5%, DVDD_1/O (3.3V) =3.3 V £ 5%, T = 25°C, Reer = 10 kQ,
Iour = 20 mA, external reference clock frequency = 1000 MHz with REFCLK multiplier disabled, unless otherwise noted.

Table 1.

Parameter Test Conditions/Comments Min Typ Max | Unit

REF_CLK INPUT CHARACTERISTICS
Frequency Range

REFCLK Multiplier Disabled 60 1000 | MHz
Enabled 32 60 MHz
Maximum REFCLK Input Divider Frequency Full temperature range 1500 1900 MHz
Minimum REFCLK Input Divider Frequency Full temperature range 25 35 MHz
External Crystal 25 MHz
Input Capacitance 3 pF
Input Impedance (Differential) 2.8 kQ
Input Impedance (Single-Ended) 1.4 kQ
Duty Cycle REFCLK multiplier disabled 45 55 %
REFCLK multiplier enabled 40 60 %
REF_CLK Input Level Single-ended 50 1000 | mV p-p
Differential 100 2000 | mVp-p
REFCLK MULTIPLIER VCO GAIN CHARACTERISTICS
VCO Gain (Kv) @ Center Frequency VCOO range setting 429 MHz/V
VCO1 range setting 500 MHz/V
VCO2 range setting 555 MHz/V
VCO3 range setting 750 MHz/V
VCO4 range setting 789 MHz/V
VCO5 range setting? 850 MHz/V
REFCLK_OUT CHARACTERISTICS
Maximum Capacitive Load 20 pF
Maximum Frequency 25 MHz
DAC OUTPUT CHARACTERISTICS
Full-Scale Output Current 8.6 20 31.6 mA
Gain Error -10 +10 %FS
Output Offset 23 MA
Differential Nonlinearity 0.8 LSB
Integral Nonlinearity 15 LSB
Output Capacitance 5 pF
Residual Phase Noise @ 1 kHz offset, 20 MHz Aour
REFCLK Multiplier Disabled -152 dBc/Hz
Enabled @ 20x —-140 dBc/Hz
Enabled @ 100x -140 dBc/Hz
AC Voltage Compliance Range -05 +0.5 \%
SPURIOUS-FREE DYNAMIC RANGE (SFDR SINGLE TONE)
four =20.1 MHz -70 dBc
four = 98.6 MHz -69 dBc
four =201.1 MHz -61 dBc
four = 397.8 MHz -54 dBc
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Parameter Test Conditions/Comments Min Typ Max | Unit
NOISE SPECTRAL DENSITY (NSD)
Single Tone
four =20.1 MHz -167 dBm/Hz
four = 98.6 MHz -162 dBm/Hz
four =201.1 MHz -157 dBm/Hz
four =397.8 MHz -151 dBm/Hz
TWO-TONE INTERMODULATION DISTORTION (IMD) I/Q rate = 62.5 MSPS; 16X interpolation
four =25 MHz -82 dBc
four = 50 MHz -78 dBc
four = 100 MHz -73 dBc
MODULATOR CHARACTERISTICS
Input Data
Error Vector Magnitude 2.5 Msymbols/s, QPSK, 4x oversampled 0.53 %
270.8333 ksymbols/s, GMSK, 32x 0.77 %
oversampled
2.5 Msymbols/s, 256-QAM, 4x 0.35 %
oversampled
WCDMA—FDD (TM1), 3.84 MHz Bandwidth,
5 MHz Channel Spacing
Adjacent Channel Leakage Ratio (ACLR) IF =143.88 MHz -78 dBc
Carrier Feedthrough -78 dBc
SERIAL PORT TIMING CHARACTERISTICS
Maximum SCLK Frequency 70 Mbps
Minimum SCLK Pulse Width Low 4 ns
High 4 ns
Maximum SCLK Rise/Fall Time 2 ns
Minimum Data Setup Time to SCLK 5 ns
Minimum Data Hold Time to SCLK 0 ns
Maximum Data Valid Time in Read Mode 1 ns
I/O_UPDATE/PROFILE<2:0>/RT TIMING CHARACTERISTICS
Minimum Pulse Width High 1 SYNC_CLK
cycle
Minimum Setup Time to SYNC_CLK 1.75 ns
Minimum Hold Time to SYNC_CLK 0 ns
I/Q INPUT TIMING CHARACTERISTICS
Maximum PDCLK Frequency 250 MHz
Minimum I/Q Data Setup Time to PDCLK 1.75 ns
Minimum I/Q Data Hold Time to PDCLK 0 ns
Minimum TxEnable Setup Time to PDCLK 1.75 ns
Minimum TxEnable Hold Time to PDCLK 0 ns
MISCELLANEOUS TIMING CHARACTERISTICS
Wake-Up Time? 1
Fast Recovery Mode 8 SYSCLK cycles*
Full Sleep Mode 150 us
Minimum Reset Pulse Width High 5 SYSCLK cycles*
DATA LATENCY (PIPELINE DELAY)
Data Latency Single Tone Mode
Frequency, Phase-to-DAC Output 79 SYSCLK cycles*
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Parameter Test Conditions/Comments Min Typ Max | Unit
CMOS LOGIC INPUTS
Voltage
Logic 1 20 \'
Logic 0 0.8 \'
Current
Logic 1 90 150 MA
Logic 0 90 150 MA
Input Capacitance 2 pF
XTAL_SEL INPUT
Logic 1 Voltage 1.25 Vv
Logic 0 Voltage 0.6 Vv
Input Capacitance 2 pF
CMOS LOGIC OUTPUTS 1 mA load
Voltage
Logic 1 2.8 \'
Logic 0 0.4 \
POWER SUPPLY CURRENT
DVDD_I/0 (3.3V) Pin Current Consumption QDUC mode 16 mA
DVDD (1.8V) Pin Current Consumption QDUC mode 610 mA
AVDD (3.3V) Pin Current Consumption QDUC mode 28 mA
AVDD (1.8V) Pin Current Consumption QDUC mode 105 mA
POWER CONSUMPTION
Single Tone Mode 800 mwW
Continuous Modulation 8x interpolation 1400 1800 | mW
Inverse Sinc Filter Power Consumption 150 200 mW
Full Sleep Mode 12 40 mwW

" The system clock is limited to 750 MHz maximum in BFI mode.
2The gain value for VCO range Setting 5 is measured at 1000 MHz.

3 Wake-up time refers to the recovery from analog power-down modes. The longest time required is for the Reference Clock Multiplier PLL to relock to the reference.
4SYSCLK cycle refers to the actual clock frequency used on-chip by the DDS. If the reference clock multiplier is used to multiply the external reference clock frequency,
the SYSCLK frequency is the external frequency multiplied by the reference clock multiplication factor. If the reference clock multiplier and divider are not used, the

SYSCLK frequency is the same as the external reference clock frequency.
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ABSOLUTE MAXIMUM RATINGS

Table 2.

Parameter Rating

AVDD (1.8V), DVDD (1.8V) Supplies 2V

AVDD (3.3V), DVDD_I/O (3.3V) Supplies 4V

Digital Input Voltage -0.7Vto+4V
XTAL_SEL -0.7Vto+2.2V
Digital Output Current 5mA

Storage Temperature Range —-65°C to +150°C
Operating Temperature Range —40°C to +85°C
0a 22°C/W

Bic 2.8°C/W
Maximum Junction Temperature 150°C

Lead Temperature, Soldering (10 sec) 300°C

Stresses at or above those listed under Absolute Maximum
Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may

affect product reliability.

DIGITAL INPUTS
DVDD_I/O

A
INPUT O—4

A

AVOID OVERDRIVING DIGITAL INPUTS.
FORWARD BIASING ESD DIODES MAY
gﬁ)\]léPLE DIGITAL NOISE ONTO POWER

06384-003

Figure 2. Equivalent Input Circuit

DAC OUTPUTS
AVDD

IoUT  IOUT

MUST TERMINATE OUTPUTS TO AGND
FOR CURRENT FLOW. DO NOT EXCEED
THE OUTPUT VOLTAGE COMPLIANCE
RATING.

06384-055

Figure 3. Equivalent Output Circuit

ESD CAUTION

ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features
A patented or proprietary protection circuitry, damage
may occur on devices subjected to high energy ESD.

‘% \ Therefore, proper ESD precautions should be taken to

avoid performance degradation or loss of functionality.
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PIN CONFIGURATION AND FU

CTION DESCRIPTIONS
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Z2 22 ZAXODZACQIErCa<CzZzZZ0CgI=2CICICI
8 ][] s3]l s][e ][l e[zl ][l
7
NG [ O\P|N1
PLL_LOOP_FILTER [ 2 | INDICATOR
AVDD (1.8V) [ 3]
AGND [4 |
AGND [ 5 |
AVDD (1.8V) [ |
SYNC_IN+ [ 7 |
SYNC_IN-[Ts |
SYNC_OUT+ [ 9 |
SYNC_OUT-[10 |
DVDD_I/O (3.3V) [11 | AD9957
SYNC_SMP_ERR [12 TGFP-100 (E_PAD)
DGND |13 TOP VIEW
(Not to Scale)

MASTER_RESET [14 |
DVDD_l/O (3.3V) [15 |
DGND |16

DVDD (1.8V) [17 |
EXT_PWR_DWN [18
PLL_LOCK |19
CCI_OVFL [20
DVDD_I/O (3.3V) [21 |
DGND [22 |

DVDD (1.8V) [23 |
NC (24

D17 25

75 | AVDD (3.3V)
74 | AVDD (3.3V)
73 ] AGND

72 |NC

71 ] 1O_RESET
70 | CS

69 | SCLK

68 | sbo

67 | SDIO

[66 | DVDD_1/O (3.3V)
65 | DGND

64 | DVDD (1.8V)
63 | DGND

62 | DGND

61 ] NC

[60 ] OSK

59 | 1/0_UPDATE
58 | DGND

[57 | DVDD (1.8V)
56 | DVDD_I/O (3.3V)
55 | SYNC_CLK
[52 | PROFILEO
53 | PROFILE1
[52 | PROFILE2

51] RT

NOTES
1.NC = NO CONNECT.

D16 [26 |
D15 [27 |
(3:3V) 28|
DGND |29 |

DVDD (1.8V) [30 |

DVDD_l/O

D14 [31]
D13 [32 |
D12 [33]

E|EBEEIEIERE)
D O N~ O
reB88658Y¥PE
[= =] om<

E_IQ.
2
Z o
o
X 0O
(a7}
I
a

2. EXPOSED PAD SHOULD BE SOLDERED TO GROUND.

Figure 4. Pin Configuration
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Table 3. Pin Function Descriptions

Pin No. Mnemonic 1/0" | Description

1,24,61,72, 86, NC Not Connected. Allow the device pin to float.

87,93,97to 100

2 PLL_LOOP_FILTER | I PLL Loop Filter Compensation. See External PLL Loop Filter Components section.

3,6,89,92 AVDD (1.8V) | Analog Core VDD. 1.8V analog supplies.

74t0 77,83 AVDD (3.3V) | Analog DACVDD. 3.3V analog supplies.

17,23,30,47,57, | DVDD (1.8V) | Digital Core VDD. 1.8 V digital supplies.

64

11,15, 21, 28,45, | DVDD_I/0 (3.3V) | Digital Input/Output VDD. 3.3 V digital supplies.

56, 66

4,5,73,78,79, AGND | Analog Ground.

82, 85, 88, 96

13,16, 22,29,46, | DGND | Digital Ground.

58, 62, 63, 65

7 SYNC_IN+ | Synchronization Signal, Digital Input (Rising Edge Active). Synchronization signal from
external master to synchronize internal subclocks. See the Synchronization of Multiple
Devices section.

8 SYNC_IN— | Synchronization Signal, Digital Input (Falling Edge Active). Synchronization signal from
external master to synchronize internal subclocks. See the Synchronization of Multiple
Devices section.

9 SYNC_OUT+ 0} Synchronization Signal, Digital Output (Rising Edge Active). Synchronization signal from
internal device subclocks to synchronize external slave devices. See the Synchronization of
Multiple Devices section.

10 SYNC_OUT- 0] Synchronization Signal, Digital Output (Falling Edge Active). Synchronization signal from
internal device subclocks to synchronize external slave devices. See the Synchronization of
Multiple Devices section.

12 SYNC_SMP_ERR (0} Synchronization Sample Error, Digital Output (Active High). A high on this pin indicates
that the AD9957 did not receive a valid sync signal on SYNC_IN+/SYNC_IN—. See the
Synchronization of Multiple Devices section.

14 MASTER_RESET | Master Reset, Digital Input (Active High). This pin clears all memory elements and sets
registers to default values.

18 EXT_PWR_DWN | External Power-Down, Digital Input (Active High). A high level on this pin initiates the
currently programmed power-down mode. See the Power-Down Control section for
further details. If unused, tie to ground.

19 PLL_LOCK (0] PLL Lock, Digital Output (Active High). A high on this pin indicates that the clock multiplier
PLL has acquired lock to the reference clock input.

20 CCI_OVFL (0] CCl Overflow Digital Output, Active High. A high on this pin indicates a CCl filter overflow.
This pin remains high until the CCl overflow condition is cleared.

25t027,31to D<17:.0> 1/0 Parallel Data Input Bus (Active High). These pins provide the interleaved, 18-bit, digital, |

39,4210 44,48 and Q vectors for the modulator to upconvert. Also used for a GPIO port in Blackfin

to 50 interface mode.

42 SPORT I-DATA | I-Data Serial Input. In Blackfin interface mode, this pin serves as the I-data serial input.

43 SPORT Q-DATA | Q-Data Serial Input. In Blackfin interface mode, this pin serves as the Q-data serial input.

40 PDCLK (¢} Parallel Data Clock, Digital Output (Clock). See the Signal Processing section for details.

41 TXENABLE/FS | Transmit Enable, Digital Input (Active High). See the Signal Processing section for details.
In Blackfin interface mode, this pin serves as the FS input to receive the RFS output signal
from the Blackfin.

51 RT | RAM Trigger, Digital Input (Active High). This pin provides control for the RAM amplitude
scaling function. When this function is engaged, a high sweeps the amplitude from the
beginning RAM address to the end. A low sweeps the amplitude from the end RAM
address to the beginning. If unused, connect to ground or supply.

52 to 54 PROFILE<2:0> | Profile Select Pins, Digital Inputs (Active High). These pins select one of eight
phase/frequency profiles for the DDS core (single tone or carrier tone). Changing the state
of one of these pins transfers the current contents of all I/O buffers to the corresponding
registers. Set up state changes to the SYNC_CLK pin.

55 SYNC_CLK (0] Output System Clock/4, Digital Output (Clock). Set up the I/O_UPDATE and PROFILE<2:0>

pins to the rising edge of this signal.
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Pin No. Mnemonic 1/0" | Description

59 1/O_UPDATE 1/0 Input/Output Update; Digital Input Or Output (Active High), Depending on the Internal
I/0 Update Active Bit. A high on this pin indicates a transfer of the contents of the I/O
buffers to the corresponding internal registers.

60 0OSK | Output Shift Keying, Digital Input (Active High). When using OSK (manual or automatic),
this pin controls the OSK function. See the Output Shift Keying (OSK) section of the data
sheet for details. When not using OSK, tie this pin high.

67 SDIO 1/0 Serial Data Input/Output, Digital Input/Output (Active High). This pin can be either
unidirectional or bidirectional (default), depending on configuration settings. In
bidirectional serial port mode, this pin acts as the serial data input and output. In
unidirectional, it is an input only.

68 SDO o Serial Data Output, Digital Output (Active High). This pin is only active in unidirectional
serial data mode. In this mode, it functions as the output. In bidirectional mode, this pin is
not operational and must be left floating.

69 SCLK | Serial Data Clock. Digital clock (rising edge on write, falling edge on read). This pin
provides the serial data clock for the control data path. Write operations to the AD9957
use the rising edge. Readback operations from the AD9957 use the falling edge.

70 [ | Chip Select, Digital Input (Active Low). Bringing this pin low enables the AD9957 to detect
serial clock rising/falling edges. Bringing this pin high causes the AD9957 to ignore input
on the serial data pins.

71 I/O_RESET | Input/Output Reset. Digital input (active high). This pin can be used when a serial I/0
communication cycle fails (see the I/O_RESET—Input/Output Reset section for details).
When not used, connect this pin to ground.

80 louT o Open-Source DAC Complementary Output Source. Analog output, current mode. Connect
through 50 Q to AGND.

81 I0UT 0 Open-Source DAC Output Source. Analog output, current mode. Connect through 50 Q to
AGND.

84 DAC_RSET 0 Analog Reference Pin. This pin programs the DAC output full-scale reference current.
Attach a 10 kQ resistor to AGND.

90 REF_CLK | Reference Clock Input. Analog input. See the REFCLK Overview section for more details.

91 REF_CLK | Complementary Reference Clock Input. Analog input. See the REFCLK Overview section
for more details.

94 REFCLK_OUT 0o Reference Clock Output. Analog output. See the REFCLK Overview section for more details.

95 XTAL_SEL | Crystal Select (1.8 V Logic). Analog input (active high). Driving the XTAL_SEL pin high enables
the internal oscillator to be used with a crystal resonator. If unused, connect it to AGND.

(EPAD) Exposed Pad The EPAD should be soldered to ground.

(EPAD)

"lisinput, O is output.
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TYPICAL PERFORMANCE CHARACTERISTICS

>=

-100
START OHz 50MHz/DIV STOP 500MHz

Figure 5. 15.625 kHz Quadrature Tone, Carrier = 102 MHz,
CCl=16,fs=1GHz

1
0 SZ

0
START OMHz 50MHz/DIV STOP 500MHz

Figure 6. 15.625 kHz Quadrature Tone, Carrier = 222 MHz,
CCl=16,fs=1GHz

-100
START 0Hz 50MHz/DIV STOP 500MHz

Figure 7. 15.625 kHz Quadrature Tone, Carrier = 372 MHz,
CCl=16,fs=1GHz
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Figure 9. Narrow-Band View of Figure 6
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Figure 10. Narrow-Band View of Figure 7
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Figure 11. QPSK, 7.8125 Msymbols/s, 4x Oversampled Raised Cosine,
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Figure 12. QPSK, 7.8125 Msymbols/s, 4x Oversampled Raised Cosine,
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Figure 13. QPSK, 7.8125 Msymbols/s, 4x Oversampled Raised Cosine,

a=0.25,CCl=8, Carrier=372 MHz, fs= 1 GHz
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Figure 14. Narrow-Band View of Figure 11
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Figure 17. Wideband SFDR vs. Output Frequency in Single Tone Mode,
PLL with REFCLK = 15.625 MHz X 64
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Figure 18. SFDR vs. Output Frequency and Supply (+5%) in Single Tone
Mode, REFCLK = 1 GHz

FREQUENCY OUT (MHz)

350 400

o

N

4

-60

SFDR (dBc)

-65

POWER DISSIPATION (mW)

Figure 19. SFDR vs. Frequency and Temperature in Single Tone Mode,
REFCLK =1 GHz
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Figure 20. Residual Phase Noise, System Clock = 1 GHz
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Figure 21. Residual Phase Noise Using the REFCLK Multiplier,
REFCLK = 50 MHz with 20x Multiplication, System Clock = 1 GHz
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Figure 22. Power Dissipation vs. System Clock (PLL Disabled)
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Figure 23. Power Dissipation vs. System Clock (PLL Enabled)
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MODES OF OPERATION

OVERVIEW than that of the DAC. An internal chain of rate interpolation
filters the user data and upsamples to the DAC sample rate.
Combined, the filters provide for programmable rate interpola-
tion while suppressing spectral images and retaining the original
baseband spectrum.

The AD9957 has three basic operating modes.

e  Quadrature modulation (QDUC) mode (default)
e Interpolating DAC mode

e  Single tone mode QDUC mode employs both the DDS and the rate interpolation
filters. In this case, two parallel banks of rate interpolation

The active mode is selected via the operating mode bits in filters allow baseband processing of in-phase and quadrature

Control Function Register 1 (CFR1). Single tone mode allows (1/Q) signals with the DDS providing the carrier signal to be

the device to operate as a sinusoidal generator with the DDS modulated by the baseband signals. A detailed block diagram of

driving the DAC directly. the AD9957 is shown in Figure 25.

Interpolating DAC mode bypasses the DDS, allowing the user The inverse sinc filter is available in all three modes.

to deliver baseband data to the device at a sample rate lower
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Figure 25. Detailed Block Diagram
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QUADRATURE MODULATION MODE

A block diagram of the AD9957 operating in QDUC mode is
shown in Figure 26; grayed items are inactive. The parallel input
accepts 18-bit I- and Q-words in time-interleaved fashion. That
is, an 18-bit I-word is followed by an 18-bit Q-word, then the
next 18-bit I-word, and so on. One 18-bit I-word and one 18-bit
Q-word together comprise one internal sample. The data assem-
bler and formatter de-interleave the I- and Q-words so that each
sample propagates along the internal data pathway in parallel
fashion. Both I and Q data paths are active; the parallel data
clock (PDCLK) serves to synchronize the input of I/Q data to
the AD9957.

The PROFILE and I/O_UPDATE pins are also synchronous to
the PDCLK.

The DDS core provides a quadrature (sine and cosine) local
oscillator signal to the quadrature modulator, where the
interpolated I and Q samples are multiplied by the respective
phase of the carrier and summed together, producing a
quadrature modulated data stream. This data stream is routed
through the inverse sinc filter (optionally), and the output
scaling multiplier. Then it is applied to the 14-bit DAC to
produce the quadrature modulated analog output signal.
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Figure 26. Quadrature Modulation Mode
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BLACKFIN INTERFACE (BFI) MODE

A subset of the QDUC mode is the Blackfin interface (BFI)
mode, shown in Figure 27; grayed items are inactive. In this

The Blackfin interface includes an additional pair of half-band
filters in both I and Q signal paths (not shown explicitly in the
diagram). The two half-band filters increase the interpolation
of the baseband data by a factor of four, relative to the normal

mode, a separate I and Q serial bit stream is applied to the QDUC mode.

baseband data port instead of parallel data-words. The two

serial inputs provide for 16-bit I- and Q-words (unlike the The synchronization of the serial data occurs through the
18-bit words in normal QDUC mode). The serial bit streams PDCLK signal. In BFI mode, the PDCLK signal is effectively
are delivered to the Blackfin interface. The Blackfin interface the bit clock for the serial data.

converts the 16-bit serial data into 16-bit parallel data to

propagate down the signal processing chain.

PDCLK

TxENABLE

Note that the system clock is limited to 750 MHz in BFI mode.
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Figure 27. Quadrature Modulation Mode, Blackfin Interface
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INTERPOLATING DAC MODE

A block diagram of the AD9957 operating in interpolating DAC
mode is shown in Figure 28; grayed items are inactive. In this
mode, the Q data path, DDS, and modulator are all disabled; only

the I data path is active.

As in quadrature modulation mode, the PDCLK pin functions

as a clock, synchronizing the input of data to the AD9957.

/IQIN

PDCLK

TXENABLE

No modulation takes place in the interpolating DAC mode;

therefore, the spectrum of the data supplied at the parallel port
remains at baseband. However, a sample rate conversion takes
place based on the programmed interpolation rate. The inter-

polation hardware processes the signal, effectively performing
an oversample with a zero-stuffing operation. The original

input spectrum remains intact and the images that otherwise

would occur from the sample rate conversion process are
suppressed by the interpolation signal chain.
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Figure 28. Interpolating DAC Mode
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SINGLE TONE MODE cosine or sine output of the DDS. The sinusoid at the DDS
output can be scaled using a 14-bit amplitude scale factor (ASF)

A block diagram of the AD9957 operating in single tone mode
and optionally routed through the inverse sinc filter.

is shown in Figure 29; grayed items are inactive. In this mode,

both Tand Q data pa.ths are disabled from the 18_b1.t parallel Single tone mode offers the output shift keying (OSK) function.
data port up to, and m?ludmg, the modl'llator. The internal It provides the ability to ramp the amplitude scale factor between
DDS core produces a single frequency signal based on the zero and an arbitrary preset value over a programmable time
programmed tuning word. The user may select either the interval
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Rev. D | Page 20 of 64




AD9957

SIGNAL PROCESSING

For a better understanding of the operation of the AD9957, it
is helpful to follow the signal path in quadrature modulation
mode from the parallel data port to the output of the DAC,
examining the function of each block (see Figure 26).

The internal system clock (SYSCLK) signal that generates from
the timing source provided to the REF_CLK pins provides all
timing within the AD9957.

PARALLEL DATA CLOCK (PDCLK)

The AD9957 generates a signal on the PDCLK pin, which is a
clock signal that runs at the sample rate of the parallel data port.
PDCLK serves as a data clock for the parallel port in QDUC
and interpolating DAC modes; in BFI mode, it is a bit clock.
Normally, the device uses the rising edges on PDCLK to latch
the user-supplied data into the data port. Alternatively, the
PDCLK Invert bit selects the falling edges as the active edges.
Furthermore, the PDCLK enable bit is used to switch off the
PDCLK signal. Even when the output signal is turned off via the
PDCLK enable bit, PDCLK continues to operate internally. The
device uses PDCLK internally to capture parallel data. Note that
PDCLK is Logic 0 when disabled.

In QDUC mode, the AD9957 expects alternating I- and Q-
data-words at the parallel port (see Figure 31). Each active edge
of PDCLK captures one 18-bit word; therefore, there are two
PDCLK cycles per 1/Q pair. In BFI mode, the AD9957 expects
two serial bit streams, each segmented into 16-bit words with
PDCLK indicating each new bit. In either case, the output clock
rate is fepcix as explained in the Input Data Assembler section.

In QDUC applications that require a consistent timing relation-
ship between the internal SYSCLK signal and the PDCLK signal,
the PDCLK rate control bit is used to slightly alter the operation
of PDCLK. When this bit is set, the PDCLK rate is reduced by

a factor of two. This causes rising edges on PDCLK to latch
incoming I-words and falling edges to latch incoming Q-words.
Again, the edge polarity assignment is reversible via the PDCLK
Invert bit.

TRANSMIT ENABLE PIN (TXENABLE)

The AD9957 accepts a user-generated signal applied to the
TxENABLE pin that gates the user supplied data. Polarity of
the TXENABLE pin is set using the TXENABLE invert bit (see
the Register Map section for details). When TxENABLE is true,
the device latches data into the device on the expected edge of
PDCLK (based on the PDCLK invert bit). When TXENABLE
is false, the device ignores the data supplied to the port, even
though the PDCLK may continue to operate. Furthermore,
when the TXENABLE pin is held false, then the device either
forces the 18-bit data-words to Logic Os, or it retains the last
value present on the data port prior to TXENABLE switching
to the false state (see the data assembler hold last value bit in
the Register Map section).

Alternatively, rather than operating the TXENABLE pin as a
gate for framing bursts of data, it can be driven with a clock
signal operating at the parallel port data rate. When driven by
a clock signal, the transition from the false to true state must
meet the required setup and hold times on each cycle to ensure
proper operation.

In QDUC mode, on the false-to-true edge of TXENABLE, the
device is ready to receive the first I-word. The first I-word is
latched into the device coincident with the active edge of PDCLK.
The next active edge of PDCLK latches in a Q-word, and so on,
until TXENABLE is returned to a static false state. The user may
reverse the ordering of the I- and Q-words via the Q-First Data
Pairing bit. Furthermore, the user must ensure that an even
number of data words are delivered to the device as it must
capture both an I- and a Q-word before the data is processed
along the signal chain.

In interpolating DAC mode, TXENABLE operation is similar to
QDUC mode, but without the need for I/Q data pairing; the
even-number-of-PDCLK-cycles rule does not apply.

In BFI mode, operation of the TXENABLE pin is similar except
that instead of the false-to-true edge marking the first I-word,
it marks the first I and Q bits in a serial frame. The user must
ensure that all 16-bits of a serial frame are delivered because the
device must capture a full 16-bit I- and Q-word before the data
is processed along the signal chain.

The timing relationships between TXENABLE, PDCLK, and
DATA are shown in Figure 30, Figure 31, and Figure 32.
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Figure 30. 18-Bit Parallel Port Timing Diagram—Interpolating DAC Mode
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Figure 31. 18-Bit Parallel Port Timing Diagram—Quadrature Modulation Mode
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Figure 32. Dual Serial I/Q Bit Stream Timing Diagram, BFI Mode
INPUT DATA ASSEMBLER When the PDCLK rate control bit is active in QDUC mode,
The input to the AD9957 is an 18-bit parallel data port in however, the frequency of PDCLK becomes
QDUC mode or interpolating DAC mode. In BFI mode, it forscik . )
operates as a dual serial data port. Sepex == with PDCLK rate control active
In QDUC mode, it is assumed that two consecutive 18-bit In the interpolating DAC mode, the rate of PDCLK is the same
words represent the real (I) and imaginary (Q) parts of a as QDUC mode with the PDCLK rate control bit active, that is,
complex number of the form, I + jQ. The 18-bit words are 1
supplied to the input of the AD9957 at a rate of Sfepcix = % for interpolating DAC mode
Sfrpcix = fs;% for QDUC mode In BFI mode, the 18-bit parallel input converts to a dual serial
input that is, one pin is assigned as the serial input for the I-words
where: and one pin is assigned as the serial input for the Q-words. The
fsvscrx (for all of the PDCLK equations in this section) is the other 16 pins are not used. Furthermore, each I- and Q-word
sample rate of the DAC. has a 16-bit resolution. frpcix is the bit rate of the I- and Q-data
R (for all of the PDCLK equations in this section) is the streams and is given by

interpolation factor of the programmable interpolation filter. f
Sfepcix = % for BFI mode
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Encoding and pulse shaping of symbols must be implemented
before the data is presented to the input of the AD9957. Data
delivered to the input of the AD9957 may be formatted as either
twos complement or offset binary (see the Data Format bit in
Table 13). In BFI mode, the bit sequence order can be set to
either MSB-first or LSB-first (via the Blackfin Bit Order bit).

INVERSE CCI FILTER

The inverse cascaded comb integrator (CCI) filter predistorts
the data, compensating for the slight attenuation gradient imposed
by the CCI filter (see the Programmable Interpolating Filter
section). Data entering the first half-band filter occupies a maxi-
mum bandwidth of ¥ fiq as defined by Nyquist (where fiq is the
sample rate at the input of the first half-band filter); see Figure 33.

If the CClI filter is used, the in-band attenuation gradient can pose a
problem for applications requiring an extremely flat pass band.
For example, if the spectrum of the data supplied to the AD9957
occupies a significant portion of the % foara region, the higher
frequencies of the data spectrum are slightly more attenuated
than the lower frequencies (the worst-case overall droop from
f=0to Y% fpara is <0.8 dB). The inverse CCI filter has a response
characteristic that is the inverse of the CCI filter response over
the ¥ fiq region.

INBAND

GRADIENT

CCI FILTER RESPONSE

t t t —f
fia 4fiq

06384-013

Yifia

Figure 33. CCl Filter Response

The product of the two responses yields an extremely flat

pass band (+£0.05 dB over the baseband Nyquist bandwidth)
eliminating the in-band attenuation gradient introduced by the
CCl filter. The cost is a slight attenuation of the input signal
(approximately 0.5 dB for a CCI interpolation rate of 2, and

0.8 dB for higher interpolation rates).

The inverse CCI filter can be bypassed using the appropriate bit
in the register map; it is automatically bypassed if the CCI inter-
polation rate is 1x. When bypassed, power to the stage turns off
to reduce power consumption.

FIXED INTERPOLATOR (4x)

This block is a fixed 4x rate interpolator, implemented as a
cascade of two half-band filters. Together, the sampling rate

of these two filters increases by a factor of four while preserving
the spectrum of the baseband signal applied at the input. Both
are linear phase filters; virtually no phase distortion is intro-
duced within their pass bands. Their combined insertion loss
is 0.01 dB, preserving the relative amplitude of the input signal.

The filters are designed to deliver a composite performance that
yields a usable pass band of 40% of the input sample rate. Within
that pass band, ripple does not exceed 0.002 dB peak-to-peak.
The stop band extends from 60% to 340% of the input sample
rate and offers a minimum of 85 dB attenuation. Figure 34 and
Figure 35 show the composite response of the two half-band filters.
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Figure 34. Half-Band 1 and Half-Band 2 Composite Response
(Frequency Scaled to Input Sample Rate of Half-Band 1)
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Figure 35. Composite Pass-Band Detail
(Frequency Scaled to Input Sample Rate of Half-Band 1)

In BFI mode, there are two additional half-band filters resident,
yielding a total fixed interpolation factor of 16x. The extra BFI
filters use the same filter tap coefficient values as the QDUC
half-band filters, but their data pathway is 16 bits (instead of

18 bits as with the QDUC half-band filters). As such, baseband
quantization noise is higher in BFI mode.
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Knowledge of the frequency response of the half-band filters is
essential to understanding their impact on the spectral properties
of the input signal. This is especially true when using the quad-
rature modulator to upconvert a baseband signal containing
complex data symbols that have been pulse shaped.

Consider that a complex symbol is represented by a real (I) and
an imaginary (Q) component, thus requiring two digital words
to represent a single complex sample of the form I + jQ. The
sample rate associated with a sequence of complex symbols is
referred to as fsymsor. If pulse shaping is applied to the symbols,
the sample rate must be increased by some integer factor, M

(a consequence of the pulse shaping process). This new sample
rate (fiq) is related to the symbol rate by

fra = Mfsympor

where fiq is the rate at which complex samples must be supplied
to the input of the first half-band filter in both (I and Q) signal
paths. This rate should not be confused with the rate at which
data is supplied to the AD9957.

Typically, pulse shaping is applied to the baseband symbols via
a filter having a raised cosine response. In such cases, an excess
bandwidth factor (a, 0 < a < 1) is used to modify the bandwidth
of the data. For a = 0, the data bandwidth corresponds to fsymsor/2;
for a = 1, the data bandwidth extends to fsymeor. Figure 36 shows
the relationship between a, the bandwidth of the raised cosine
response, and the response of the first half-band filter.

TYPICAL SPECTRUM OF A RANDOM SYMBOL SEQUENCE
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Figure 36. Effect of the Excess Bandwidth Factor (a)

The responses in Figure 36 reflect the specific case of M = 2 (the
interpolation factor for the pulse shaping operation). Increasing
Factor M shifts the location of the fiq point on the half-band

response portion of the diagram to the right, as it must remain
aligned with the corresponding Mfsvmsor point on the frequency
axis of the raised cosine spectral diagram. However, if fiq shifts
to the right, so does the half-band response, proportionally.

The result is that the raised cosine spectral mask always lies
within the flat portion (dc to 0.4 fiq) of the pass band response
of the first half-band filter, regardless of the choice of a so long
as M > 2. Therefore, for M > 2, the first half-band filter has
absolutely no negative impact on the spectrum of the baseband
signal when raised cosine pulse shaping is employed. For the
case of M = 2, a problem can arise. This is highlighted by the
shaded area in the tail of the a = 1 trace on the raised cosine
spectral mask diagram. Notice that this portion of the raised
cosine spectral mask extends beyond the flat portion of the
half-band response and causes unwanted amplitude and phase
distortion as the signal passes through the first half-band filter.
To avoid this, simply ensure that o < 0.6 when M = 2.

PROGRAMMABLE INTERPOLATING FILTER

The programmable interpolator is implemented as a low-pass
CClI filter. It is programmable by a 6-bit control word, giving a
range of 2x to 63x interpolation.

The programmable interpolator is bypassed when programmed
for an interpolation factor of 1. When bypassed, power to the
stage is removed and the inverse CCI filter is also bypassed,
because its compensation is not needed.

The output of the programmable interpolator is the data from
the 4x interpolator further upsampled by the CCI filter, accord-
ing to the rate chosen by the user. This results in the upsampling of
the input data by a factor of 8x to 252x in steps of four.

The transfer function of the CCI interpolating filter is
R-1 >
H(f)=| X efj(Znﬂc) (1)
k=0

where R is the programmed interpolation factor, and fis the
frequency normalized to fsvscix.

Note that minimum R requirements exist depending on the
mode and frequency of fsvscix. The minimum R setting is
defined under the follo wing conditions.

QDUC Mode
If fsyscix is between 500 MSPS to 1 GSPS, then the minimum R is 2.

If fsvscix is less than 500 MSPS, then the minimum R is 1.

BFI Mode

If fsyscix is between 500 MSPS to 750 MSPS, then the minimum
Ris 3.

If fsyscik is between 250 MSPS to 500 MSPS, then the minimum
Ris 2.

If fsyscix is less than 250 MSPS, then the minimum R is 1.

Rev. D | Page 24 of 64




	Contact us
	FEATURES
	APPLICATIONS
	GENERAL DESCRIPTION
	FUNCTIONAL BLOCK DIAGRAM
	REVISION HISTORY
	SPECIFICATIONS
	ELECTRICAL SPECIFICATIONS

	ABSOLUTE MAXIMUM RATINGS
	ESD CAUTION

	PIN CONFIGURATION AND FUNCTION DESCRIPTIONS
	TYPICAL PERFORMANCE CHARACTERISTICS
	MODES OF OPERATION
	OVERVIEW
	QUADRATURE MODULATION MODE
	BLACKFIN INTERFACE (BFI) MODE
	INTERPOLATING DAC MODE
	SINGLE TONE MODE

	SIGNAL PROCESSING
	PARALLEL DATA CLOCK (PDCLK)
	TRANSMIT ENABLE PIN (TxENABLE)
	INPUT DATA ASSEMBLER
	INVERSE CCI FILTER
	FIXED INTERPOLATOR (4×)


