ANALOG
DEVICES

CMOS 200 MSPS 14-Bit
Quadrature Digital Upconverter

AD9857

SPECIFICATIONS

V=33V + 5%, By = 1.96 ki, external reference chock frequency = 10 MHz with REFCLE multiplier enabled at 20:x.

AD9857

FEATURES
200 MHz internal clock rate
14-bit data path
Excellent dynamic performance:

B0 dB SFDR @ 65 MHz (+100 kHz) Acur
4 to 20x programmable reference dock multiplier
Referemce clock multiplier PLL lock detect indicator
Internal 32-bit quadrature DDS
F5K capability
B-bit output amplitude control
Single-pin power-down function
Four programmable, pin-selectable signal profiles
SIMix)/x correction [inverss SINC function)
Simplified control interface

10 MHz serial, 2-wire or 3-wire SPI"-compatible

1.3 V single supply
Single-ended or differential input reference clock
BO-lead LOFP surface-mount packaging
Three modes of operation:
Quadrature modulator mode
Single-tone mode
Interpolating DAC mode

APPLICATIONS

HFC data, telephony, and video modems
Wireless base station

Agile, LD frequency synthesis
Broadband communications

FUNCTIONAL BLOCK DIAGRAM
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Figure 1.

Tahle 1.
Parameter Temp Test Level | Min Typ Max Unit
REF CLOCK INPUT CHARACTERISTICS
Frequency Range
REFCLE Multiplier Disabled Full Wi 1 200 MHz
REFCLE Multiplier Enabled at 4: Full W 1 50 MHz
REFCLE Multiplier Enabled at 20x Full Wi 1 10 MHz
Input Capacitance 5°C v 3 pF
Input Impedance 257 W 100 MO
Dusty Cycle 25°C v 50 =%
Dty Cyele with REFCLE Multiplier Enabled 257C v 35 65 L
Differential lnput (VDDV2) £200 v 25°C W 145 1.85 W
DAC CUTPUT CHARACTERISTICS
R solurtion 14 Bits
Full-5cale Output Current 5 10 20 mA
Gaiin Error 25°C | 85 1] % F5
Output Offser 25%C 1 2 WA
Differential Nonlinearity 25°C W 16 LSB
Integral Nonlinearity 25°¢C v 2 LSB
Output Capacitance 5°C W 5 pF
Residual Phase Noise @ 1 kHz Offset, 40 MHz Aour
REFCLE Multiplier Enatsled at 20 25°C W =107 dBefHE
REFCLE Multiplier at d:x 25°C W -123 dBc/Hz
REFCLE Multiplier Disabled 25°C W =145 dBefHE
Voltage Compliance Rangs 25¢C | 05 +1.0 v
Wideband SFDR
1 MHz te 20 MHz Analog Out 25°C W —75 dBe
20 MHz ta 40 MHE Analog Dt 25°C W —&5 dBe
40 MHz 1o 60 MHz Analog Cut 25°C W —62 dBe
60 MHz to 80 MHz Analog Out 25°C W —60 dBe
Marnowksand SFDR
10 MHz Analog Out {1 MHz) 25°C W —B7 dBe
10 MHz Anabog Out {250 kHz) 25°C W —E8 dBe
10 MHz Analog Out {50 kHz) 25°C W -2 dBe
10 MHz Analog Out {10 kHz) 25°C W =5 dBe
65 MHz Anabog Out {1 MHz) 257 W —B& dBc
65 MHz Anakosg Out {+250 kKHE) 25°C W —BE6 dBe
65 MHz Anabog Out {50 kHz) 25°C W —B& dBc
65 MHz Anakog Out (10 kHz) 25°C W —E8 dBe
80 MHz Anabeg Out {1 MHz) 25°C W —E5 dBe
80 MHz Anaksg Out {+250 kKHE) 25°C W —ES dBe
80 MHz Anakog Out {£50 kHz) 25°C W —E5 dBe
B0 MHz Anakog Ouit {0 kHz) 25°C W —B& dBe
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Parameter Temp TestLevel | Min Typ Max Uniit
MODULATOR CHARACTERISTICS [65 MHE Ao
{Input data: 2.5 M5/, QPSE, 4 ovesampled, imers SINC
filter OM, inverse CIC OMN)
W Offset 25°C 1 55 65 dB
Error Vector Magnitude 25°C v 04 1 b3
INVERSE SINC FILTER {wariation in gain frorm DC to B0 MHz, 25°C v =01 dB
ivverse SINC filter ON)
SPURIOUS POWER (off channel, measured in equivalent
bandwidth), Full-5cale Output
6.4 MHz Bandwidth 257 I —65 dBe
3.2 MHr Bandwidth 25°C v —67 dBe
1.6 MHz Bandwidth 257 1 —£9 dBc
LB MHE= Bandiwidth 25°C v —69 dBe
0.4 MHz Bandwidth 257 1 il dBc
0.2 MHE: Bandwidth 25°C v -T2 dBe
SPURIOUS POWER (04 channel, measured in equivalent
bandwidth), Cutput Attenuated 18 dB
Relative 1o Full Scale
6ud MHr Bandwidth 25°C v =51 dBe
3.2 MHz Bandwidth 257 I —54 dBe
1.6 MHr Bandwidth 25°C v =56 dBe
0.B MHz Bandwidth 257 I -59 dBe
0.4 MHE Bandwidth 25%C v —62 dBe
0.2 MHz Bandiwidth 25°C 1) —63 dBec
TIMING CHARACTERISTICS
Serial Control Bus
Masirrum Fraqueney 257 I 10 MHz
Minimum Clock Pulse Width Low (Tra) 25°C | 3 113
Minimum Clack Pulse Width High [tewsi] 25°C | 30 s
Maxirnum Chock RisesFall Time 25°C | 1 s
Minimum Data Setup Time (tosh 25°C | 30 s
Minimum Data Hold Tirme [ioek 25°C | a 113
Maxirmum Data Valid Tirme (o 257C | 35 ns
‘Wake-Up Time' 257C 1 1 ms
Minimum RESET Pulse Width High [trs) 257C | 5 E?EELK’IEyclﬂ
Minimum C5 Setup Time 5T I an fis
CMIOS LOGIC INPUTS
Logic 1 Valtage 25%C v rdi] ¥
Logic 0 Valtage 25°C 1) 0.E W
Logie 1 Currant 257 I 5 A
Logic O Current 25C I 5 A
Input Capacitance 25°C v 3 pF
CMIOS LOGIC OUTPUTS (1 rA LDADY
Logic | Valtage 57 I 7 v
Logic D Valtage 25C I 04 v

Parameter Temp TedtLevel | Min Typ Max Unit
POWER SUPPLY ViCURRENT® (all power specifications at
Voo =33 V, 25°C, REFCLK = 200 MHz)
Full Dperating Conditions 25 1 540 615 mA
160 MHZ Closcle (=16} 25°C 1 445 515 A
120 MHE Chosck {212} 257 1 345 400 A
Burst Operation [25%) 25°C 1 395 450 A
Single-Tone Mode 25 1 265 3o A
Pavmer-Diovam Mode 25°%C 1 | Bl A
Full-Sleep Mode 25°C 1 B 13.5 A

VW kit e refiors b reoovery fraem Sull-alep miode. Tha kang et time requined i for the reference chock mult plier PLL to lock up (I it i being wsed). Thie wake-up
i assumes that these is no capachor o DARC_BP, and that the recammaen ded PLL kaop fltesr values ane used. The stae of the reference o ook multipier kack can be

detemmined by obisenving the slgnal cn the FLL_LOCK pin.

15¥SCLE refers 1o thee actual chock fesquency weed onechip by the ADSAST. K the reference dock multiplier |s uwed to

iply the:

fap oy, the

SYSCLK frequency ks the extemal frequency maltinlied by the reference clock multiplier multiplication fachor. I the reference dock multiplier is not used, the SYSCLE

frequency is the same as the extennal FEFCLE frequency.

1O = I, INY SINC OB, FTW = 40%, FLL OFF, auto power-down betseen burst On, TeENASLE duty cyche = 5%,
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ABSOLUTE MAXIMUM RATINGS

Stresses above those listed under Absohete Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional eperation 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 conditivns for extended periods may affect
device reliahility.

EXPLANATION OF TEST LEVELS

Table 3.

Test Lewvel

1 100% prrodusction tested.

2 100% prodwction tested at 257 and sample tested at
spedific lemperatures.

k] Sarmple testad anly.

4 Parameter is guaranteed by design and
characterization testing.

5 Parameter i a typical walue anly.

& Devices are 100% production tested at 25°C and

guarantesd by design and characterization testing for
industrial operating lemperature range.

Tahle 2.

Parameter Rating
Maxirrium hunclion Temperature 150°C

Vg 4V

Digital Input Valtage —0.F W 1o+
Diigital Outpast Current Sma

Storage Temperature —65°C to +1507C
Operating Temperatuire —40°C to +B5"C
Lead Temperature (Soldering 10 5} Eloigs

B, ISCAW

-5 1E"CAW

ESD CAUTION

ESDH (electrostatic discharge) sensitive device. Electrostatic charges & high as 4000 V readily sccumulate on
the human bady and 12 equipment and can discharge without detection. Althaugh this praduct features
proprietary ESD protection cireuitry, permanent damage may occur on devices subjected to high enengy
electrostatic dischanges. Therefore, proper ESD precautions are recommended to avoid perfermance

degradation o lois of functionality.

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS
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Tabbe 4. Pin Function Descriplions

Pin Number Mnemonic | VO | Function
20-14,7-1 Do-D6, 07— | | 14-Bit Parallel Data Bus for | and Q Data. The required nurneric farmat is twos comp lerment with D13
o3 &5 the sign bit and D12-D0 as the magnitude bits. Altermating 14-bit words ane demultiplexed onto
thve | and O data pathways [except when operating in the interpolating DAC mode, in which case
every word is rauted anto the | data path). When the TREMABLE pin is asserted high, the nesxt
sccepted word is presumed 1o be | data, the nest O data, and so forth.

8-10,31-33, VDD 3.3V Digital Power pin(s).

73-75

11-13, 26-30, | DGND Digital Ground pinis).

70-71, 76-T8

2 P51 1 Prafile Select Pin 1. The LSE of the two profile select ping. In conjunction with P50, selects one of four
profile configurations.

22 P50 1 Prafile Select Pin 0. The MSE of the twa profile select pins. In conjunction with P1, selects one of four

_ profile configurations.

23 3 1 Serial Port Chip Select pin. An active low signal that allows multiple devices o operate on a single
serial bus.

24 SCLE 1 Serial Por Data Clock pin. The serial data CLOCK for the serial part.

5 SO0 10 | Serial Port InputfOutput Data pin. Bidirectional serial DATA pin for the serial port. This pin can be
programmed 1o operate a5 & serial impul anly pin, via the control register bit 00h<7>. The defaulr
atate is bidirectional.

26 S00 O | Serial Port Qutput Data pin. This pin serves as the serial data output pin when the SDIO pin is
configured for serial input only mode. The default state is three-state.

7 SYNCIO 1 Serial Port Synchronization pin, Synchronizes the serial port withowt affecting the programmable
register cantents. This is an active high inpat that aborts the current serial communication cycle.

34,41,50,52, | MNC Mo connect.

57
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Pin Number Mnemonic Function

35, 37,38, 43, AvDD 3.3V Analog Power pinds).

48, 54, 58, 64

36, 39,40, 42, AGND Analog Ground pinds).

44, 47, 53, 56,

59,861,685

a5 1ouT DAL Output pin. Mormal DAC output current (analag).

46 ouT DAL Complementary Cutput pin. Complementary DAC output current (analog).

49 DALC_BP DAL Reference Bypass. Typically nat used.

50 DAL _RSET DAC Current S&t pin. 5ets DAC reference curment

55 PLL_FILTER PLL Filter. R-C netwark for PLL filter.

a0 DHF FCLKEN Clock Mode Select pin. A logic high on this pin selects DIFFERENTIAL REFOLK input mode. A lagic
levw sedects the SINGLE-ENDED REFCLE input mode.

a2 REFCLE Reference Clack pin. In single-ended clock mode, this pin is the Reference Clock input. In differential
clock maode, this pin is the positive cock input.

63 REFCLEK Irverted Reference Clock pin. In differential clock mode, this pin is the negative dock input.

66 DPD Digital Panwer-Down pin. Assertion of this pin shuts down the digital sections of the deviee 1o
consarve power. However, il selected, the PLL remains operational.

67 RESET Hardwane RESET pin. An active high input that lores the device into a predefined state.

68 PLL_LOCK PLL Lock pin. Active high output signifying, in real time, when PLL is in lock state.

69 O _OVIRFL CIC Overflow pin. Activity on this pin indicates that the CIC Filters are in “overflow™ state. This pin is
typically low unless a OIC avedlow oceurs.

79 POCLKSFUD Farallel Data Clock/Frequency Update pin, When not in single-tene mode, this pin is an eutput
signal that should be used as a clock 1o synchronize the acceptance of the 14-bit parallel
data-words on Pind D1 3-00. In single-tone mode, this pin is an input signal that synchronizes the
transfer of a changed frequency tuning word (FTW] in the active profile (FSx) to the aceurnulator
{FUD = frequency update signal)]. When profiles are changed by means of the PS-P51 ping, the FUD
o ol v 00 be adserted to make the FTW active.

80 TxEMABLE ‘When TREMABLE is asserted, the device processes the data thraugh the | and Q data pathways;

otherwise D8 are internally substituted for the | and O dats entering the signal path. The first data
wiord sccepted when the TxEMABLE i asserted high is treated as | data, the next data word is O data,
and o forth.

TYPICAL PERFORMANCE CHARACTERISTICS

MODULATED OUTPUT SPECTRAL PLOTS
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MODES OF OPERATION

The AD9E57 has three operating modes:

*  (uadrture modulation mode {default)

- Si.nﬁle—tm'le e

#*  Interpalating DAC mode

Munle selection is accomplished by programming a control
register via the serial Pm.'L'hu inverse SINC filter and output
scale u'rl.l]ti.pl:in are available in all three modes.

QUADRATURE MODULATION MODE

Inn quadrature madulation mode, both the 1and ) data paths
are active. A block diagram of the AD9E5T operating in the
quadrature modulation mode & shown in Figure 18,

I qmﬂm‘l.m masdulation made, the PDCLE/FUD Pi.‘l'l % an
arutput and functions as the parallel data check {PDCLK), which
serves to synchranize the input of data to the ADSBS7. In this
made, the imput data must be synchronized with the fsing edge

of FDMCLE. The PDCLE operales al fuice the rate of either the 1
or () data path. This is due to the fact that the [ and ) data must
be Pmuntm‘] o the pu.raﬂul port as two 14-hit words
multiplexed in time. One | word and one ( word together
comprise ong internal sa'rrl]tli'e‘. Each sa.rnplzi: 'Puupa.plud. EIJL'AHE
the internal data pathway in parallel fashion.

The DDS core Pn.n'.id.zs a quarlnhlru {sin and cos) bocal
oscillater signal to the guadrature modulstor, where the [and 3
data are n'ru]tipli:d. by the respective Phasu of the carrier and
summed together, to produce 2 quadrature-modulated data

siream.

All o this oocurs in the digital domain, and only then is the
ﬂi.;sjl:ﬂ data stream :Fplmd. 1o the 14-bit DAC to become the
quadrature-modulated amlog cutput signal.
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Figure 18 Quadnsture Modulation iodes
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SINGLE-TONE MODE

A block d.ia.ﬂra.m of the ADSBST operating in the !i.‘l'lﬁl.t—buﬂ'lﬂ
maode is shown in Figure 19. In the single-tone mode, both the
Land 0} data Path: are disabled from the 14-bit Pmuﬂ data
port up to and including the madulator. The PDCLES FUD pin
i% an i.1'rp1.r|.a:|1r3 functions as a l’r\eql.m:rtrpdﬂ:{l‘l.‘ﬂ] control
signal. This is necessary because the frequency tuning word is
'FI'L‘ISI:I.rI'LrI'I.H’J.\"I.l the asynchromous serial port. The FUD :itpul

causes the new frequency tuning word to become active.

In the si.nsle—tm'lu mawde, mo 14-hit pml]d data 15 n.FPHErJ.In the
A[ARS5T. The internal DO core is used 1o produce a single
fn:qu:nc\..- :iplal a:\cm'ﬂi:lﬁlu the tuning wuord. The :i.nE]E-innz
sgmal then moves toward the output, where the inverse SINC
filter and the okt s:a]:i.nﬁ can be q:pl::r]. Fu'l.'llly..lhz rlitpital
sngle-tone signal is converted to the anabog domain by the
14-bat DAL,

Inn single-tone mode, the cosine portion of the DDS serves as
the signal source. The owtput signal consists of 2 dngle
frequency as determined by the tuning word stored in the
appropriate contral register, per each profile.

ADSRET
UL _RSET
ouT
o
IPOWER-
LS LOGKE i [-T3 _— REFCLE
MULTIFLIER
o CONTROL L
= L L =
POSELE RESET SERIAL CISITAL LAl ] PLL CLOCK E
Fub PORT IFOWER- LOCK MPUT i
MODE

Figure 19, Single-Tane Mode




