ghipsmall

Chipsmall Limited consists of a professional team with an average of over 10 year of expertise in the distribution
of electronic components. Based in Hongkong, we have already established firm and mutual-benefit business
relationships with customers from,Europe,America and south Asia,supplying obsolete and hard-to-find components
to meet their specific needs.

With the principle of “Quality Parts,Customers Priority,Honest Operation,and Considerate Service”,our business
mainly focus on the distribution of electronic components. Line cards we deal with include
Microchip,ALPS,ROHM, Xilinx,Pulse,ON,Everlight and Freescale. Main products comprise
IC,Modules,Potentiometer,IC Socket,Relay,Connector.Our parts cover such applications as commercial,industrial,
and automotives areas.

We are looking forward to setting up business relationship with you and hope to provide you with the best service
and solution. Let us make a better world for our industry!

Contact us

Tel: +86-755-8981 8866 Fax: +86-755-8427 6832
Email & Skype: info@chipsmall.com Web: www.chipsmall.com
Address: A1208, Overseas Decoration Building, #122 Zhenhua RD., Futian, Shenzhen, China

iy [0



ANALOG
DEVICES

Dual, 14-Bit, 1230 MSPS,

TxDAC+ Digital-to-Analog Converter

AD9121

FEATURES

Flexible LVDS interface allows word or byte load

Single-carrier W-CDMA ACLR =82 dBc at 122.88 MHz IF

Analog output:adjustable 8.7 mAto31.7 mA,
R ,=25Qt0 50Q

Integrated 2x/4x/8x interpolator/complexmodulatorallows
carrier placement anywherein the DACbandwidth

Gain, dc offset, and phase adjustment for sideband
suppression

Multiple chip synchronizationinterfaces

High performance, lownoise PLL clock multiplier

Digital inverse sincfilter

Lowpower: 1.5 W at 1.2 GSPS, 800 mW at 500 MSPS,
full operating conditions

72-lead, exposed paddle LFCSP

APPLICATIONS

Wireless infrastructure

W-CDMA, CDMA2000, TD-SCDMA, WiMAX, GSM, LTE
Digital high or low IF synthesis

Transmit diversity

Wideband communications: LMDS/MMDS, point-to-point

GENERAL DESCRIPTION

The AD9121 is a dual, 14-bit, high dynamic range digital-to-
analog converter (DAC) that provides a sample rate of 1230 MSPS,
permitting multicarrier generation up to the Nyquist frequency.

The AD9121 TxDAC+® includes features optimized for direct
conversion transmit applications, including complex digital mod-
ulation, and gain and offset compensation. The DAC outputs
are optimized to interface seamlessly with analog quadrature
modulators, such as the ADL537x F-MOD series from Analog
Devices, Inc. A 4-wire serial port interface provides for program-
ming/readback of many internal parameters. Full-scale output

current can be programmed over a range of 8.7 mA to 31.7 mA.
The AD9121 comes in a 72-lead LFCSP.

PRODUCT HIGHLIGHTS

1. Ultralow noise and intermodulation distortion (IMD)
enable high quality synthesis of wideband signals from
baseband to high intermediate frequencies (IF).

2. Proprietary DAC output switching technique enhances
dynamic performance.

3. Current outputs are easily configured for various single-
ended or differential circuit topologies.

4. Flexible LVDS digital interface allows the standard 28-wire
bus to be reduced to one-half of the width.

COMPANION PRODUCTS

1Q Modulators: ADL5370, ADL537x family

1Q Modulatorswith PLLand VCO: ADRF6701, ADRF670x family
Clock Drivers: AD9516, AD951x family

Voltage Regulator Design Tool: ADIsimPower
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REVISION HISTORY
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FUNCTIONAL BLOCK DIAGRAM
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AD9121

SPECIFICATIONS

DC SPECIFICATIONS
Ty to Tyax, AVDD33 =3.3V,DVDDI18 =1.8 V, CVDDI8 = 1.8 V, I, =20 mA, maximum sample rate, unless otherwise noted.

Table 1.
Parameter Min Typ Max Unit
RESOLUTION 14 Bits
ACCURACY
Differential Nonlinearity (DNL) +0.5 LSB
Integral Nonlinearity (INL) +1.0 LSB
MAIN DACOUTPUTS
Offset Error —0.001 0 +0.001 % FSR
Gain Error (with Internal Reference) -3.6 +2 +3.6 % FSR
Full-Scale Output Current’ 8.66 19.6 31.66 mA
Output Compliance Range -1.0 +1.0 Vv
Power Supply Rejection Ratio, AVDD33 -0.3 +0.3 % FSR/V
Output Resistance 10 MQ
Gain DAC Monotonicity Guaranteed
Settling Time to Within+0.5 LSB 20 ns
MAIN DAC TEMPERATURE DRIFT
Offset 0.04 ppm/°C
Gain 100 ppm/°C
Reference Voltage 30 ppm/°C
REFERENCE
Internal Reference Voltage 1.2 \Y
Output Resistance 5 kQ
ANALOG SUPPLY VOLTAGES
AVDD33 3.13 33 347 Vv
CVvDD18 1.71 1.8 1.89 Vv
DIGITAL SUPPLY VOLTAGES
DVDD18 1.71 1.8 1.89 Vv
IOVDD 1.71 1.8/3.3 347 Vv
POWER CONSUMPTION
2x Mode, fyac =491.22 MSPS, IF = 10 MHz, PLL Off 834 mwW
2x Mode, fyac =491.22 MSPS, IF = 10 MHz, PLL On 913 mwW
8x Mode, fy,c = 800 MSPS, IF = 10 MHz, PLL Off 1135 1241 mw
AVDD33 55 57 mA
CVvDD18 85 90 mA
DVDD18 444 495 mA
Power-Down Mode (Register 0x01 = 0xF0) 6.5 18.8 mW
POWER-UP TIME 260 ms
OPERATING RANGE -40 +25 +85 °C

' Based ona 10 kQ external resistor between FSADJ and AVSS.
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AD9121

DIGITAL SPECIFICATIONS

Ty t0 Tyax, AVDD33 =3.3V,I0VDD =3.3V,DVDD18 =1.8 V, CVDDI18 =1.8 V, I;; =20 mA, maximum sample rate, unless otherwise

noted.
Table 2.
Parameter Test Conditions/Comments Min Typ Max Unit
CMOS INPUTLOGIC LEVEL
InputV,, Logic High IOVDD =1.8V 1.2 \%
IOVDD =2.5V 1.6 \Y
IOVDD =3.3V 2.0 \Y
InputV,, Logic Low IOVDD =1.8V 0.6 Vv
IOVDD =2.5V,3.3V 0.8 Vv
CMQOS OUTPUT LOGIC LEVEL
Output Vg Logic High IOVDD =1.8V 1.4 \%
IOVDD =25V 1.8 Vv
IOVDD =33V 24 Vv
Output Vq; Logic Low IOVDD =1.8V,2.5V,3.3V 04 Vv
LVDS RECEIVER INPUTS' Appliestodata, DCl, and FRAME inputs
Input Voltage Range, V,, or Vg 825 1675 mV
Input Differential Threshold, Vo, -100 +100 mV
Input Differential Hysteresis, Vigmyn t0 Vipm. 20 mV
Receiver Differential Input Impedance, R 80 120 Q
LVDS Input Rate SeeTable 5
DAC CLOCKINPUT (DACCLKP,DACCLKN)
Differential Peak-to-Peak Voltage 100 500 2000 mV
Common-Mode Voltage Self-biasedinput, ac-coupled 1.25 Vv
Maximum Clock Rate 1230 MHz
REFCLK INPUT (REFCLKP, REFCLKN)
Differential Peak-to-Peak Voltage 100 500 2000 mV
Common-Mode Voltage 1.25 \%
REFCLK Frequency (PLL Mode) 1 GHz < f,o 2.1 GHz 15.625 600 MHz
REFCLK Frequency (SYNC Mode) See the Multichip Synchronization section | 0 600 MHz
for conditions
SERIAL PORT INTERFACE
Maximum Clock Rate (SCLK) 40 MHz
Minimum Pulse Width High (tpyy) 12.5 ns
Minimum Pulse Width Low (tpy,) 12.5 ns
Setup Time, SDIO to SCLK (tp) 1.9 ns
Hold Time, SDIO to SCLK (tp,,) 0.2 ns
Data Valid, SDO to SCLK (tpy) 2.3 ns
Setup Time, CS to SCLK (tpcss) 14 ns

' LVDS receiver is compliant with the IEEE 1596 reduced range link, unless otherwise noted.

DIGITAL INPUT DATA TIMING SPECIFICATIONS

Table 3.

Parameter Value Unit

LATENCY (DACCLKCYCLES)
1x Interpolation (With or Without Modulation) | 64 Cycles
2x Interpolation (With or Without Modulation) | 135 Cycles
4x Interpolation (With or Without Modulation) | 292 Cycles
8x Interpolation (With or Without Modulation) | 608 Cycles
Inverse Sinc 20 Cycles
Fine Modulation 8 Cycles
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AC SPECIFICATIONS
Ty to Tyax, AVDD33 =3.3V,DVDDI18 =1.8 V, CVDDI8 = 1.8 V, I, =20 mA, maximum sample rate, unless otherwise noted.
Table 4.
Parameter Min Typ Max Unit
SPURIOUS-FREE DYNAMIC RANGE (SFDR)
fopc = 100 MSPS, f.,r = 20 MHz 78 dBc
fouc = 200 MSPS, .,y = 50 MHz 80 dBc
fouc = 400 MSPS, f.,r = 70 MHz 69 dBc
fouc = 800 MSPS, f.,r = 70 MHz 72 dBc
TWO-TONE INTERMODULATION DISTORTION (IMD)
fouc = 200 MSPS, f.,r = 50 MHz 84 dBc
fouc = 400 MSPS, f.,r = 60 MHz 86 dBc
fouc = 400 MSPS, f.,r = 80 MHz 84 dBc
fopc = 800 MSPS, .,y = 100 MHz 81 dBc
NOISE SPECTRAL DENSITY (NSD), EIGHT-TONE, 500 kHz TONE SPACING
fopc = 200 MSPS, f.,r = 80 MHz ~162 dBm/Hz
fouc = 400 MSPS, f.,r = 80 MHz -163 dBm/Hz
f_uc = 800 MSPS, fo; = 80 MHz ~164 dBm/Hz
W-CDMA ADJACENT CHANNEL LEAKAGE RATIO (ACLR), SINGLE-CARRIER
fopc =491.52 MSPS, foyr = 10 MHz 84 dBc
fopc=491.52 MSPS, .,y = 122.88 MHz 82 dBc
fopc = 983.04 MSPS, f.,; = 122.88 MHz 83 dBc
W-CDMA SECOND ACLR, SINGLE-CARRIER
fopc =491.52 MSPS, four = 10 MHz 88 dBc
fopc=491.52 MSPS, .,y = 122.88 MHz 86 dBc
foac = 983.04 MSPS, f.,; = 122.88 MHz 88 dBc
Table 5. Maximum Rate (MSPS) with DVDD and CVDD Supply Regulation
fintereace (MSPS) foac (MSPS)
Interpolation DVDD18, CVDD18 = DVDD18, CVDD18 =
Bus Width Factor 1.8V £5% 1.8V 2% 19V +2% 1.8V £5% 1.8V 2% 19V +2%
Byte (7 Bits) 1% 1100 1200 1230 275 300 307.5
2% 1100 1200 1230 550 600 615
4x 1100 1200 1230 1100 1200 1230
8% 550 600 615 1100 1200 1230
Word (14 Bits) | 1x 1100 1200 1230 550 600 615
2% (HB1) 900 1000 1000 900 1000 1000
2% (HB2) 1100 1200 1230 1100 1200 1230
4x 550 600 615 1100 1200 1230
8% 275 300 307.5 1100 1200 1230
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ABSOLUTE MAXIMUM RATINGS

Table 6.

Parameter Rating

AVDD33 to AVSS, EPAD, CVSS, DVSS | —0.3Vto+3.6V

IOVDD to AVSS, EPAD, CVSS, DVSS -03Vto+3.6V

DVDD18,CVDD18 to AVSS, EPAD, -03Vto+2.1V
CVSS, DVSS

AVSS to EPAD, CVSS, DVSS -0.3Vto+0.3V

EPAD to AVSS, CVSS, DVSS -0.3Vto+03V

CVSS to AVSS, EPAD, DVSS -0.3Vto+0.3V

DVSS to AVSS, EPAD, CVSS -0.3Vto+0.3V

FSADJ, REFIO, IOUT1P, IOUTIN, —0.3V to AVDD33 + 0.3V
IOUT2P, IOUT2N to AVSS

DI[15:0]P,D[15:0IN, FRAMEP, FRAMEN, | —0.3V to DVDD18 + 0.3V
DCIP,DCIN to EPAD, DVSS

DACCLKP, DACCLKN, REFCLKP, -0.3VtoCVDD18+0.3V

REFCLKN to CVSS

RESET, IRQ, CS, SCLK, SDIO, SDO
to EPAD, DVSS

Junction Temperature

Storage Temperature Range

-0.3VtolOVDD + 0.3V

125°C
—65°Cto+150°C

THERMAL RESISTANCE

The exposed pad (EPAD) of the 72-lead LFCSP must be
soldered to the ground plane (AVSS). The EPAD provides an
electrical, thermal, and mechanical connection to the board.

Typical 6,,, 6,5, and 0, values are specified for a 4-layer board in

still air. Airflow increases heat dissipation, effectively reducing
0,,and 0.

Table 7. Thermal Resistance

Package 0,0 | 60,5 |0 Unit | Conditions

72-LeadLFCSP | 20.7 | 109 | 1.1 °C/W | EPAD soldered
to ground plane

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress

rating only; functional operation of the device at these or any
other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect

device reliability.

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features

patented or proprietary protection circuitry, damage
‘%I\ 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 FUNCTION DESCRIPTIONS

72 CVDD18
71 CVDD18
70 REFCLKP
69 REFCLKN
68 AVDD33
67 IOUT1P
66 IOUTIN
65 AVDD33
64 AVSS

63 FSADJ
62 REFIO
61 AVSS

60 AVDD33
59 IOUT2N
58 IOUT2P
57 AVDD33
56 AVSS
55 NC

cvDD18 1 PIN 1 RESET
DACCLKP 2 INDICATOR cs
DACCLKN 3 SCLK
CVSSs 4 SDIO
FRAMEP 5 Sbo
FRAMEN 6 DVDD18
IRQ 7 NC
D3P 8 AD9121 NC
DI3N 9 TOP VIEW NC/BYTELSBN
NC 10 (Not to Scale) NC/BYTELSBP
10VDD 11 DVSS
DVDD18 12 DVDD18
D12P 13 DON
D12N 14 DOP
D11P 15 DIN
D11N 16 D1P
D10P 17 D2N
D10N 18 D2P
DO Tr ANMNMITVOMNOIO-ANMT L O
FAANANANANANANANANNOOOOOOO®M
azazazozazegazazasz
6ooonanaf89>000a0a
Qn
>
[=]
NOTES

1. EXPOSED PAD (EPAD) MUST BE SOLDERED TO THE GROUND PLANE (AVSS).
THE EPAD PROVIDES AN ELECTRICAL, THERMAL, AND MECHANICAL
CONNECTION TO THE BOARD.

2. PINS LABELED NC CAN BE ALLOWED TO FLOAT, BUT IT IS BETTERTO CONNECT
THESE PINS TO GROUND. AVOID ROUTING HIGH SPEED SIGNALS THROUGH
THESE PINS BECAUSE NOISE COUPLING MAY RESULT.

09988-003

Figure 3. Pin Configuration

Table 8. Pin Function Descriptions

Pin No. Mnemonic Description

1 CvDD18 1.8V Clock Supply. Supplies clock receivers, clock distribution,and PLL circuitry.

2 DACCLKP DAC ClockInput, Positive.

3 DACCLKN DAC ClockInput, Negative.

4 CVSS Clock Supply Common.

5 FRAMEP Frame Input, Positive. This pin must be tied to DVSS if not used.

6 FRAMEN Frame Input, Negative. This pin must be tiedto DVDD18if not used.

7 IRQ Interrupt Request. Open-drain, active low output. Connect an external pull-up to IOVDD through a 10 kQ
resistor.

8 D13P Data Bit 13 (MSB), Positive.

9 D13N Data Bit 13 (MSB), Negative.

10 NC This pin isnot connected internally (see Figure 3).

11 I0VDD Supply Pinfor Serial Port /0 Pins,RESET, and IRQ. 1.8V to 3.3V can be suppliedto this pin.

12 DVDD18 1.8V Digital Supply. Supplies power to digital core and digital data ports.

13 D12pP Data Bit 12, Positive.

14 D12N Data Bit 12, Negative.

15 D11P Data Bit 11, Positive.

16 D11N Data Bit 11, Negative.

17 D10P Data Bit 10, Positive.

18 D10N Data Bit 10, Negative.

19 DoP Data Bit9, Positive.

20 D9N Data Bit9, Negative.

21 D8P Data Bit 8, Positive.

22 D8N Data Bit 8, Negative.
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Pin No. Mnemonic Description

23 D7P Data Bit 7, Positive.

24 D7N Data Bit 7, Negative.

25 D6P Data Bit6, Positive.

26 D6N Data Bit6, Negative.

27 DCIP Data ClockInput, Positive.

28 DCIN Data ClockInput, Negative.

29 DVDD18 1.8V Digital Supply. Supplies power to digital core and digital data ports.

30 DVSS Digital Common.

31 D5P Data Bit 5, Positive.

32 D5N Data Bit5, Negative.

33 D4pP Data Bit4, Positive.

34 D4N Data Bit4, Negative.

35 D3P Data Bit 3, Positive.

36 D3N Data Bit 3, Negative.

37 D2P Data Bit 2, Positive.

38 D2N Data Bit 2, Negative.

39 D1P Data Bit 1, Positive.

40 D1N Data Bit 1, Negative.

41 DoP Data Bit0, Positive.

42 DON Data Bit0, Negative.

43 DVDD18 1.8V Digital Supply. Supplies power to digital core and digital data ports.

44 DVSS Digital Common.

45 NC/ByteLSBP | This pinisnot connected internally (see Figure 3) in word mode.LSB Positive (Data Bit 0) in byte mode.

46 NC/ByteLSBN | This pinisnot connected internally (see Figure 3) in word mode.LSB Negative (Data Bit 0) in byte mode.

47 NC This pin isnot connected internally (see Figure 3).

48 NC This pin isnot connected internally (see Figure 3).

49 DVDD18 1.8V Digital Supply. Supplies power to digital core and digital data ports.

50 SDO Serial Port Data Output (CMOS Levels with Respectto IOVDD).

51 SDIO Serial Port Data Input/Output (CMOS Levels with Respectto IOVDD).

52 SCLK Serial Port Clock Input (CMOS Levelswith Respectto IOVDD).

53 [ Serial Port Chip Select, Active Low (CMOS Levelswith Respectto IOVDD).

54 RESET Reset, Active Low (CMOS Levels with Respectto IOVDD).

55 NC This pin isnot connected internally (see Figure 3).

56 AVSS Analog Supply Common.

57 AVDD33 3.3V Analog Supply.

58 IOUT2P Q DAC Positive Current Output.

59 IOUT2N Q DAC Negative Current Output.

60 AVDD33 3.3V Analog Supply.

61 AVSS Analog Supply Common.

62 REFIO Voltage Reference.Nominally 1.2V output. Should be decoupledto AVSS.

63 FSADJ Full-Scale Current Output Adjust. Place a 10 kQ resistor from this pin to AVSS.

64 AVSS Analog Supply Common.

65 AVDD33 3.3V Analog Supply.

66 IOUTIN | DACNegative Current Output.

67 IOUT1P | DAC Positive Current Output.

68 AVDD33 3.3V Analog Supply.

69 REFCLKN PLL Reference Clock Input, Negative.This pinhas a secondary function as a synchronization input.

70 REFCLKP PLL Reference ClockInput, Positive. This pin has a secondary function as a synchronization input.

71 CvDD18 1.8V Clock Supply. Supplies clock receivers, clock distribution,and PLL circuitry.

72 CVvDD18 1.8V Clock Supply. Supplies clockreceivers, clock distribution,and PLL circuitry.
EPAD The exposed pad (EPAD) must be soldered to the ground plane (AVSS). The EPAD provides an electrical,

thermal, and mechanical connection to the board.
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 13. Single-Tone Spectrum, 2x Interpolation,
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TERMINOLOGY

Integral Nonlinearity (INL)

INL is the maximum deviation of the actual analog output from
the ideal output, determined by a straight line drawn from zero
scale to full scale.

Differential Nonlinearity (DNL)
DNL is the measure of the variation in analog value, normalized
to full scale, associated with a 1 LSB change in digital input code.

Offset Error

Offset error is the deviation of the output current from the ideal
of 0 mA. For IOUT1P, 0 mA output is expected when all inputs
are set to 0. For IOUT1N, 0 mA output is expected when all
inputs are set to 1.

Gain Error

Gain error is the difference between the actual and ideal output
span. The actual span is determined by the difference between
the output when all inputs are set to 1 and the output when all
inputs are set to 0.

Output Compliance Range

The output compliance range is the range of allowable voltage
at the output of a current output DAC. Operation beyond the
maximum compliance limits can cause either output stage
saturation or breakdown, resulting in nonlinear performance.

Temperature Drift

Temperature drift is specified as the maximum change from
the ambient (25°C) value to the value at either Ty, or Tyux.
For offset and gain drift, the driftis reported in ppm of full-scale
range (FSR) per degree Celsius. For reference voltage drift, the
drift is reported in ppm per degree Celsius.

Power SupplyRejection (PSR)

PSR is the maximum change in the full-scale output as the
supplies are varied from minimum to maximum specified
voltages.

Settling Time

Settling time is the time required for the output to reach and
remain within a specified error band around its final value,
measured from the start of the output transition.

Spurious-Free Dynamic Range (SFDR)

SFDR is the difference, in decibels, between the peak amplitude
of the output signal and the peak spurious signal within the dc
to Nyquist frequency of the DAC. Typically, energy in this band
is rejected by the interpolation filters. This specification, there-
fore, defines how well the interpolation filters work and the
effect of other parasitic coupling paths on the DAC output.

Signal-to-Noise Ratio (SNR)

SNR is the ratio of the rms value of the measured output signal
to the rms sum of all other spectral components below the Nyquist
frequency, excluding the first six harmonics and dc. The value
for SNR is expressed in decibels.

Interpolation Filter

If the digital inputs to the DAC are sampled at a multiple rate of
fpara (interpolation rate), a digital filter can be constructed that
has a sharp transition band near f;, ,;,/2. Images that typically
appear around f, . (output data rate) can be greatly suppressed.

Adjacent Channel Leakage Ratio (ACLR)

ACLR is theratio, in decibels relative to the carrier (dBc), between
the measured power within a channel and that of its adjacent
channel.

Complex Image Rejection

In a traditional two-part upconversion, two images are created
around the second IF frequency. These images have the effect
of wasting transmitter power and system bandwidth. By placing
the real part of a second complex modulator in series with the
first complex modulator, either the upper or lower frequency
image near the second IF can be rejected.
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THEORY OF OPERATION

The AD9121 combines many features that make it a very attractive
DAC for wired and wireless communications systems. The dual
digital signal path and dual DAC structure allow an easy interface
to common quadrature modulators when designing single side-
band (SSB) transmitters. The speed and performance of the
AD9121 allow wider bandwidths and more carriers to be syn-
thesized than in previously available DACs. In addition, the
AD9121 includes an innovative low power, 32-bit, complex
NCO that greatly increases the ease of frequency placement.

The AD9121 offers features that allow simplified synchroniza-
tion with incoming data and between multiple devices. Auxiliary
DAC:s are also provided on chip. The auxiliary DACs can be used
for output dc offset compensation (for LO compensation in SSB
transmitters) and for gain matching (for image rejection optimiza-
tion in SSB transmitters).

SERIAL PORT OPERATION

The serial port is a flexible, synchronous serial communications
port that allows easy interfacing to many industry-standard micro-
controllers and microprocessors. The serial I/O is compatible
with most synchronous transfer formats, including both the
Motorola SPTand Intel® SSR protocols. The interface allows
read/write access to all registers that configure the AD9121.
Single-byte or multiple-byte transfers are supported, as well as
MSB first or LSB first transfer formats. The serial port interface
can be configured as a single-pin I/O (SDIO) or as two unidi-
rectional pins for input and output (SDIO and SDO).

SDO (50)

spio G spy

sk @ O
oS ® §

Figure 37. Serial Port Interface Pins

A communication cycle with the AD9121 has two phases.
Phase 1 is the instruction cycle (the writing of an instruction
byte into the device), coincident with the first eight SCLK rising
edges. The instruction byte provides the serial port controller
with information regarding the data transfer cycle—Phase 2 of
the communication cycle. The Phase 1 instruction byte defines
whether the upcoming data transfer is a read or write, along with
the starting register address for the first byte of the data transfer.
The first eight SCLK rising edges of each communication cycle
are used to write the instruction byte into the device.

A logic high on the [ pin followed by a logic low resets the
serial port timing to the initial state of the instruction cycle.

From this state, the next eight rising SCLK edges represent the
instruction bits of the current I/O operation.

The remaining SCLK edges are for Phase 2 of the communication
cycle. Phase 2 is the actual data transfer between the device and
the system controller. Phase 2 of the communication cycle is a
transfer of one or more data bytes. Registers change immediately
upon writing to the last bit of each transfer byte, except for the
frequency tuning word and NCO phase offsets, which change
only when the frequency tuning word (FTW) update bit
(Register 0x36, Bit 0) is set.

DATA FORMAT

The instruction byte contains the information shown in Table9.

Table 9. Serial Port Instruction Byte

17 (MSB) 16 15 14 13 12 I 10 (LSB)

R/W A6 A5 A4 | A3 A2 Al A0

R/W, Bit 7 of the instruction byte, determines whether a read
or a write data transfer occurs after the instruction byte write.

Logic 1 indicates a read operation, and Logic 0 indicates a write
operation.

A6 to A0, Bit 6 to Bit 0 of the instruction byte, determine the
register that is accessed during the data transfer portion of the
communication cycle. For multibyte transfers, A6 is the starting

byte address. The remaining register addresses are generated by
the device based on the LSB_FIRST bit (Register 0x00, Bit 6).

SERIAL PORT PIN DESCRIPTIONS
Serial Clock (SCLK)

The serial clock pin synchronizes data to and from the device
and runs the internal state machines. The maximum frequency
of SCLK is 40 MHz. All datainput is registered on the rising edge
of SCLK. All data is driven out on the falling edge of SCLK.

Chip Select (CS)

An active low input starts and gates a communication cycle.

It allows more than one device to be used on the same serial
communications lines. When the &pin is high, the SDO and
SDIO pins go to a high impedance state. During the communica-
tion cycle, the [ pin should stay low.

Serial Data l/O (SDIO)

Data is always written into the device on this pin. However, this
pin can be used as a bidirectional data line. The configuration

of this pin is controlled by Register 0x00, Bit 7. The default is
Logic 0, configuring the SDIO pin as unidirectional.

Serial Data Output (SDO)

Data is read from this pin for protocols that use separate lines
for transmitting and receiving data. If the device operatesin a
single bidirectional I/O mode, this pin does not output data and
is set to a high impedance state.
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SERIAL PORT OPTIONS

The serial port can support both MSB first and LSB first data
formats. This functionality is controlled by the LSB_FIRST bit
(Register 0x00, Bit 6). The default is MSB first (LSB_FIRST = 0).

When LSB_FIRST =0 (MSB first), the instruction and data bits
must be written from MSB to LSB. Multibyte data transfers in
MSB first format start with an instruction byte that includes the
register address of the most significant data byte. Subsequent data
bytes should follow from high address to low address. In MSB first
mode, the serial port internal byte address generator decrements
for each data byte of the multibyte communication cycle.

When LSB_FIRST =1 (LSB first), the instruction and data bits
must be written from LSB to MSB. Multibyte data transfers in
LSB first format start with an instruction byte that includes the
register address of the least significant data byte. Subsequent data
bytes should follow from low address to high address. In LSB first
mode, the serial port internal byte address generator increments
for each data byte of the multibyte communication cycle.

If the MSB first mode is active, the serial port controller data
address decrements from the data address written toward 0x00
for multibyte I/O operations. If the LSB first mode is active, the
serial port controller data address increments from the data
address written toward 0x7F for multibyte I/O operations.

INSTRUCTION CYCLE DATA TRANSFER CYCLE |_

SDIO |R/V_\l| A6 | A5 | A4|A3 | A2| Al | A0 |D7N|DGN|D5N| |030|020|D10|00,,|

09988-011

SDO lm,.lne,,leNl |D3o|DZo|D1o|D°o|—

Figure 38. Serial Port Interface Timing, MSB First

INSTRUCTION CYCLE DATA TRANSFER CYCLE :

SDIO |AD | A1 |A2| A3 | A4 | A5 | A6 |H/W| D0°|D1°|D2°| |D4N|D5N|DSN|D7N|

09988-012

SDO lnool D1, | D20| |D4N|DSN|D6N|D7N|—

Figure 39. Serial Port Interface Timing, LSB First
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Figure 40. Timing Diagram for Serial Port Register Write
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DEVICE CONFIGURATION REGISTER MAP AND DESCRIPTIONS

Table 10. Device Configuration Register Map

Addr
(Hex) | RegisterName | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default
0x00 | Comm SDIO LSB_FIRST | Reset 0x00
0x01 Power control Power Power Power Power 0x10
down down downdata | down
I DAC Q DAC receiver aux ADC
0x03 | Data format Binary Q data MSB swap Data Bus Width[1:0] 0x00
data first
format
0x04 | Interruptenable | Enable Enable Enable Enable Enable Enable 0x00
PLLlock | PLL sync sync FIFO FIFO
lost locked signal lost | signal Warning1 | Warning 2
locked
0x05 | Interruptenable | 0 0 0 Enable Enable Enable 0 0 0x00
AED AED SED
compare | compare | compare
pass fail fail
0x06 | Eventflag PLLlock | PLL Sync Sync FIFO FIFO N/A
lost locked signal signal Warning1 | Warning 2
lost locked
0x07 | Eventflag AED AED SED N/A
compare | compare | compare
pass fail fail
0x08 | Clockreceiver | DACCLK | REFCLK DACCLK REFCLK 1 1 1 1 0x3F
control duty duty Cross- Cross-
correction | correction | correction | correction
0xOA | PLL control PLL PLL Manual VCO Band[5:0] 0x40
enable manual
enable
0x0C | PLL control PLL Loop PLL Charge Pump Current[4:0] 0xD1
Bandwidth[1:0]
0x0D | PLL control N2[1:0] PLL cross- NO[1:0] N1[1:0] 0xD9
control
enable
OXOE | PLL status PLLlocked VCO Control Voltage[3:0] N/A
OxOF | PLL status VCO Band Readback[5:0] N/A
0x10 | Sync control Sync Data/FIFO Rising Sync Averaging[2:0] 0x48
enable rate toggle edge sync
0x11 | Sync control Sync Phase Request[5:0] 0x00
0x12 | Sync status Sync lost | Sync N/A
locked
0x13 | Sync status Sync Phase Readback([7:0] (6.2 format) N/A
0x15 | Data receiver LVvDS LVDS LvDS DCI | LVDS DCI LVDS data | LVDS data N/A
status FRAME FRAME level high | level low levelhigh | levellow
level high | levellow
0x16 | DCldelay DClI Delay[1:0] 0x00
0x17 | FIFO control FIFO Phase Offset[2:0] 0x04
0x18 | FIFO status FIFO FIFO FIFO soft | FIFO soft N/A
Warning 1 | Warning 2 alignack align
request
0x19 | FIFO status FIFO Level[7:0] N/A
0x1B | Datapath Bypass Bypass Bypass NCO gain | Bypass Select Send OxE4
control premod | sinc™ NCO phase sideband | data to
compand Q data

dc offset
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Addr
(Hex) | Register Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default
0x1C | HB1 control HB1[1:0] BypassHB1 | 0x00
0x1D | HB2 control HB2[5:0] BypassHB2 | 0x00
Ox1E | HB3 control HB3[5:0] BypassHB3 | 0x00
0x1F | ChipID Chip ID[7:0] 0x08
0x30 | FTWLSB FTWI[7:0] 0x00
0x31 FTW FTW[15:8] 0x00
0x32 | FTW FTW[23:16] 0x00
0x33 | FTW MSB FTW[31:24] 0x00
0x34 | NCOphase NCO Phase Offset[7:0] 0x00
offset LSB
0x35 | NCOphase NCO Phase Offset[15:8] 0x00
offset MSB
0x36 | NCOFTW FRAME FRAME Update Update 0x00
update FTW ack FTW FTW ack FTW
request request
0x38 | I phaseadj LSB | Phase Adj[7:0] 0x00
0x39 | I phaseadj MSB | | | | Phase Adj[9:8] 0x00
0x3A | QphaseadjLSB Q Phase Adj[7:0] 0x00
0x3B | Qphase adjMSB | | | Q Phase Adj[9:8] 0x00
0x3C | I DACoffset LSB | DAC Offset[7:0] 0x00
0x3D | IDACoffset MSB I DAC Offset[15:8] 0x00
0x3E | Q DAC o offset Q DAC Offset[7:0] 0x00
LSB
0x3F | QDAC o offset Q DAC Offset[15:8] 0x00
MSB
0x40 | I DACFS adjust I DAC FS Adj[7:0] 0xF9
0x41 | 1 DACcontrol I DAC I DAC FS Adj[9:8] 0x01
sleep
0x42 | laux DAC data | Aux DAC[7:0] 0x00
0x43 | laux DAC I aux laux DAC | laux DAC | Aux DAC[9:8] 0x00
control DACsign | current sleep
direction
0x44 | QDACFS adjust Q DAC FS Adj[7:0] 0xF9
0x45 | Q DACcontrol Q DAC Q DAC FS Adj[9:8] 0x01
sleep
0x46 | Q aux DAC data Q Aux DAC[7:0] 0x00
0x47 | QauxDAC Q aux Qaux DAC | Q aux Q Aux DAC[9:8] 0x00
control DACsign | current DAC
direction | sleep
0x48 | Dietemprange FS Current[2:0] Reference Current[2:0] Capacitor 0x02
control value
0x49 | DietempLSB Die Temp[7:0] N/A
0x4A | Dietemp MSB Die Temp[15:8] N/A
0x67 | SED control SED Sample Autoclear Compare | Compare 0x00
compare error enable fail pass
enable detected
0x68 | ComparelOLSBs Compare Value 10[7:0] 0xB6
0x69 | Compare Compare Value 10[15:8] 0x7A
10 MSBs
0x6A | Compare Compare Value QO0[7:0] 0x45
QO LSBs
0x6B | Compare Compare Value Q0[15:8] OxEA
QO MSBs
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Addr
(Hex) | Register Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default
0x6C | Comparel1LSBs Compare Value 11[7:0] 0x16
0x6D | Compare Compare Value 11[15:8] 0x1A
11 MSBs
0x6E | Compare Compare Value Q1[7:0] 0xC6
Q1 LSBs
0x6F | Compare Compare Value Q1[15:8] 0xAA
Q1 MSBs
0x70 | SED I LSBs Errors Detected |_BITS[7:0] 0x00
0x71 SED | MSBs Errors Detected |_BITS[15:8] 0x00
0x72 | SED QLSBs Errors Detected Q_BITS[7:0] 0x00
0x73 | SED Q MSBs Errors Detected Q_BITS[15:8] 0x00
Ox7F | Revision 0 | 0 | Revision([3:0] 0 0 N/A
Table 11. Device Configuration Register Descriptions
Register Address
Name (Hex) Bits | Name Description Default
Comm 0x00 7 SDIO SDIO pin operation. 0
0 =SDIO operatesas an input only.
1 =SDIO operatesas a bidirectional input/output.
6 LSB_FIRST Serial port communication, LSB or MSB first. 0
0 = MSB first.
1 =LSB first.
5 Reset The deviceis placedin reset when this bitis written high 0
and remainsin reset until the bitiswritten low.
Power 0x01 7 Powerdown | DAC 1 = powerdown | DAC. 0
Control Powerdown Q DAC 1 = powerdown Q DAC. 0
5 Power down data 1 = powerdown the input data receiver. 0
receiver
4 Power down auxiliary 1 = power down the auxiliary ADC for temperature sensor. 1
ADC
Data 0x03 7 Binary data format 0 =input data isin twos complement format. 0
Format 1 =input data isin binary format.
6 Q data first Indicates|/Q data pairingon data input. 0
0 =1 data sent to data receiverfirst.
1 = Qdata sent to data receiverfirst.
5 MSB swap Swaps the bitorder of the data input port. 0
0 =order of the data bits corresponds to the pin descriptions.
1 = bitdesignations are swapped; most significant bits
become the least significant bits.
[1:0] | Data BusWidth[1:0] Data receiverinterface mode. See the LVDS Input Data Ports | 00
section for information about the operation of the different
interface modes.
00 = word mode; 14-bitinterface bus width.
01 = byte mode; 7-bitinterface bus width.
10 =invalid.
11 =invalid.
Interrupt 0x04 7 Enable PLL lock lost 1 = enableinterruptfor PLL locklost. 0
Enable 6 Enable PLL locked 1 = enableinterruptfor PLL locked. 0
5 Enable sync signal lost 1 = enableinterruptfor sync signal lost. 0
4 Enable sync signal locked | 1 =enable interruptfor sync signal locked. 0
1 Enable FIFO Warning 1 1 =enableinterruptfor FIFO Warning 1. 0
0 Enable FIFO Warning 2 1 =enableinterruptfor FIFO Warning 2. 0
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Register Address

Name (Hex) Bits | Name Description Default
Interrupt 0x05 [7:5] | SettoO Set these bitsto 0. 000
Enable 4 Enable AED compare pass | 1 =enableinterruptfor AED comparison pass. 0

3 Enable AED compare fail 1 =enableinterruptfor AED comparisonfail. 0

2 Enable SED compare fail 1 = enableinterruptfor SED comparisonfail. 0

[1:0] | Setto0 Set these bitsto 0. 00

Event Flag 0x06 7 PLL lock lost 1 =indicates that the PLL, which had been previously N/A
locked, has unlocked from the reference signal. Thisis a
latched signal.

6 PLL locked 1 =indicates that the PLL has lockedto the reference N/A
clockinput.

5 Sync signal lost 1 =indicates that the sync logic, which had beenpreviously | N/A
locked, has lost alignment. This is a latched signal.

4 Sync signal locked 1 = indicates that the sync logic has achieved sync N/A
alignment. This is indicated when no phase changes
were requestedfor at leasta few full averaging cycles.

1 FIFO Warning 1 1 = indicates that the difference betweenthe FIFO read N/A
and write pointersis 1.

0 FIFO Warning 2 1 = indicates that the difference betweenthe FIFO read N/A
and write pointersis 2.

Note that all eventflags are cleared by writing the respective bit high.
0x07 4 AED compare pass 1 =indicates that the SED logic detecteda valid input data N/A
pattern comparedagainst the preprogrammed expected
values. This is a latched signal.

3 AED compare fail 1 =indicates that the SED logic detectedan invalid input N/A
data pattern comparedagainst the preprogrammed
expectedvalues. This latched signal isautomatically cleared
when eight valid I/Q data pairs are received.

2 SED compare fail 1 =indicates that the SED logic detectedan invalid input N/A
data pattern comparedagainst the preprogrammed
expectedvalues.This isa latched signal.

Note that all eventflags are cleared by writing the respective bit high.
Clock 0x08 7 DACCLKduty correction 1 = enable duty cycle correctionon the DACCLKinput. 0
Eecelszr 6 REFCLK duty correction 1 = enable duty cycle correctionon the REFCLK input. 0
ontro 5 DACCLKcross-correction | 1=enable differential crossing correctionon the DACCLK 1
input.

4 REFCLK cross-correction 1 = enable differential crossing correctionon the REFCLK 1
input.

PLL Control | Ox0A 7 PLL enable 1 =enable the PLL clock multiplier. The REFCLK inputis used | O
as the PLL reference clocksignal.

6 PLL manual enable 1 = enable manual selection of the VCO band. The correct 1
VCO band must be determined by the user and written to
Bits[5:0].

[5:0] | Manual VCO Band[5:0] Selects the VCO band to be used. 000000

0x0C [7:6] | PLL Loop Bandwidth[1:0] | Selectsthe PLL loop filter bandwidth. 1
00 = widest bandwidth.
11 = narrowest bandwidth.
[4:0] | PLL Charge Pump Sets the nominal PLL charge pump current. 10001

Current[4:0]

00000 = lowest current setting.

11111 = highest current setting.
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Register Address
Name (Hex) Bits | Name Description Default
PLL Control | 0xOD [7:6] | N2[1:0] PLL control clock divider. This divider determinestheratioof | 11
the REFCLK frequency to the PLL controller clock frequency.
foc_ax must always be less than 75 MHz.
00= fREFCLK/ fPC,CLK =2.
01 = frgreu/ fPC,CLK =4.
10 = fagecu/ fPC,CLK =8.
11 = frgre/! fPC,CLK =16.
4 PLL cross-control enable | 1=enablePLL cross-pointcontroller. 1
[3:2] | NO[1:0] PLL VCO divider. This divider determines the ratio of the VCO | 10
frequency to the DACCLK frequency.
00 = fyco/foacax = 1.
01 = fyco/foacax = 2.
10 =fyco/foncax = 4-
11 =fyco/foncax = 4
[1:0] | N1[1:0] PLL loop divider.This divider determines the ratio of the 01
DACCLKfrequency to the REFCLK frequency.
00= fDACCLK/ fREFCLK =2.
01= fDACCLK/ fREFCLK =4.
10 = foncaw/frerex = 8-
11 = forcaw/Frgrax = 16.
PLL Status 0xOE 7 PLL locked 1 = the PLL-generated clockis tracking the REFCLK input N/A
signal.
[3:0] | VCO Control Voltage[3:0] | VCO control voltage readback. See Table 24. N/A
O0xOF [5:0] | VCOBand Readback[5:0] | Indicatesthe VCO band currently selected. N/A
Sync 0x10 7 Sync enable 1 = enable the synchronization logic. 0
Control 6 Data/FIFO rate toggle 0 = operate the synchronization at the FIFO resetrate. 1
1 = operate the synchronization at the data rate.
3 Rising edge sync 0 = sync is initiated on the falling edge of the sync input. 1
1 =sync is initiated on the rising edge of the sync input.
[2:0] | Sync Averaging[2:0] Sets the number of input samplesthat are averaged in 000
determiningthe sync phase.
000=1.
001=2.
010=4.
011=8.
100=16.
101=32.
110=64.
111=128.
0x11 [5:0] | Sync Phase Request[5:0] | Thisregistersetsthe requested clock phase offset after sync. | 000000

The offset unitis in DACCLK cycles.Thisregisterenables
repositioning of the DAC output with respecttothe sync
input. The offset can also be used to skew the DAC outputs
between the synchronized DACs.

000000 =0 DACCLK cycles.

000001 =1 DACCLK cycle.

111111=63 DACCLK cycles.
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