ANALOG
DEVICES

Four Channel, 65 MSPS Digital
Transmit Signal Processor (TSP)

PRELIMINARY TECHNICAL DATA

AD6622

FEATURES
Wideband Digital IF Output
Wideband Digital IF Input

Allows Cascade of Chips for Additional Channels
Programmable IF and Modulation for each Channel
Programmable Interpolating RAM Coefficient Filter
High Speed CIC Interpolating Filter
NCO Frequency Translation

Worst Spur Better than -100dBc

Tuning Resolution Better than 0.02Hz

Real or Complex Outputs
Digital Summation of Channels

Clipped or Wrapped Over-Range

2's Complement or Offset Binary Output
Separate 3-wire Serial Data Input for each Channel
Microprocessor Control
JTAG Boundary Scan

APPLICATIONS

Cellular/PCS Basestations
Micro/Pico Cell Basestations
WBCDMA

Wireless Local Loop Basestations
Phase Array Beam Forming Antennas

PRODUCT DESCRIPTION

The AD6622 comprise four identicd digitd transmit signd
processors (TSP) complete with synchronization circuitry and
cascadable wideband channd summation. An externd Digita-to-
Anaog Converter (DAC) isdl thet isrequired to complete awide
band digitd up-converter. On-chip tuners dlow the relative
phase and frequency for each RF carrier to be independently
controlled.

Each TSP has three cascaded Signd processing dements a RAM

programmable Codfficient interpolating Filter (RCF), a
programmable Cascaded Integrator Comb (CIC) interpolating
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filter, and a Numericaly Controlled Oscillator/tuner (NCO). The
outputs of the four TSPs are summed and scaled on-chip.

In multi-channel wideband tranamitters, multiple AD6622s may
be combined using the chip’s cascadable output summation stage.
Each channel provides independent serid data inputs that may be
connected directly to the seria port of DSP chips. User
programmeable FIR filters can be used to filter linear inputs.

All control registers and coefficient vaues are programmed
through a generic microprocessor interface.  Two microprocessor
bus modes are supported.  All inputs and outputs are LVCMOS
compatible. All outputsare LVCMOS and 5V TTL compatible.
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THEORY OF OPERATION

As Digita-to-Anadog Converters (DACs) achieve higher sampling
rates, andog bandwidth, and dynamic range it becomes
increasingly attractive to accomplish the first IF stage of a
transmitter in the digital domain. Digitd |IF signd processng
provides repeatable menufacturing, higher accuracy, and more
flexibility than comparable high dynamic range andog designs.

The AD6622 Four Channd Transmit Signa Processor (TSP) is
designed to bridge the gap between DSPs and high speed DACs.
The wide range of interpolation factors in each filter stage makes
the AD6622 useful for creating both narrowband and wideband
cariersin ahigh speed sample stream.  The high resolution NCO
dlows flexihility in frequency planning and supports both digital
and andog ar interface standards. The RAM-based architecture
alows easy reconfiguration for multi-mode applications.

The interpolating filters remove unwanted images of sgnds

sampled at a fraction of the wideband rate. When the channd of

interest occupies far less bandwidth than the wideband output

signd, rgjecting out-of-band noiseis caled “ processing gain”. For

large interpolation factors, this processing gain dlows a 12-hit

DAC to express the sum of multiple 16-bit Sgnals sampled at a
lower rate without significantly increasing the noise floor about

eech carrier.  In addition, the programmable RAM Coefficient

stage dlows anti-imaging, and dtatic equdization functions to be
combined in asingle, cost-effectivefilter.
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The high gpeed NCO can be usad to tune a quadrature sampled
sgnd to an IF channd, or the NCO can be directly frequency
modulated & an IF channd. Multi-carrier phase synchronization
pinsand phese offst regigers dlow intelligent management of
the rddive phase of the independent RF channds.  This
cgpability supports the requirements for phased array antenna
architectures and management of the wideband pesk/power ratio
tominimize clipping a the DAC.

The wideband input and output ports allow multiple AD6622s to
be cascaded into a sngle DAC. The magter dock for the entire
system is based on the DAC clock rate (up to 65 MSPS). The
externa 18-bit resolution reduces summation of truncation noise.
The wideband ports can be configured for red or quadrature
outputs. Quadrature sampled outputs (1& Q) islimited to haf the
master clock rate on the shared output bus.

Analog Devices Preliminary Specification
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RECOMMENDED OPERATING CONDITIONS

Test AD6622AS
Parameter Leve MIN Typ Max Units
VDD [\ 24 30 33 \%
T AMBIENT [\ -40 +25 +70 °C
ELECTRICAL CHARACTERISTICS
Test ADG6622AS
Parameter (Conditions) Temp Leve Min Typ Max Units
LOGIC INPUTS (5V TOLERANT) 3.0V CMOS
Logic Comptihility Full
Logic“1" Voltage Full Y 20 VDD+0.3 V
Logic“0’ Voltage Full IV -0.3 08 V
Logic“1" Current Full v 1 10 UA
Logic“0" Current Full v 1 10 UA
Input Capacitance +25°C V 4 pF
LOGIC OUTPUTS
Logic Compatihility Full
Logic“1" Voltage (Ion=0.25mA) Full \% VDD-0.05 \VVDD-0.035 \%
Logic“0" Valtage (1o, =0.25mA) Full Y 0.02 0.05 V
IDD SUPPLY CURRENT
CLK=60MHz, 3.3V * Full \Y 506 566" mA
CLK=GSM Example \Y 350°
CLK=1S-136 Example \ Thd
CLK=WBCDMA Example \% Thd
Seep Mode Full v 0.1 05
POWER DISSIPATION
CLK=60MHz, 3.3V * Full v 177 187 w
CLK=GSM Example V Thd
CLK=15-136 Example v Thd
CLK=WBCDMA Example V Thd
Sleep Mode Full v 0.33 165 mw

NOTES

! This specification denotes an absolute maximum supply current for the device.  The conditions incdlude al channds active, minimum
interpolation in both CIC stages, maximum switching of input data, and maximum VDD of 3.3V. In an actud application the power will be
less, e the Thermdl Management section of the data shest for further details.
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TIMING CHARACTERISTICS (CLOAD=40pF All Outputs Unless Specified)

Test ADG6622AS
Name Parameter (Conditions) Temp | Leved | Min Typ Max Units
CLK Timing Requirements:
teik CLK Period Full I\ 125 ns
terke CLK Width Low Full v 55 05Xtk ns
teLkH CLK Width High Full v 55 05Xtk ns
/RESET Timing Requirements:
tres /RESET Width Low Full v 30.0 ns
Input Wideband Data Timing Requirements
tg Input to CLK Setup Time Full [\ 05 ns
th Input to CLK Hold Time Full \Y 35 ns
Parallel Output Switching Characteristics.
to CLK to Output Setup Time Full v 12 ns
tho CLK to Output Hold Time Full v 4.1 ns
tz0 Output Tri-gate Time Full V 5 ns
SYNC Timing Requirements:
ts SYNCto CLK Satup Time Full \Y 26 ns
tus SYNCto CLK Hold Time Full v 15 ns
Serial Port Timing Requirements.
toscik CLK to SCLK Dday Full \ 85 ns
tosors SCLK to SDFSDday Full 1\ -1.2 24 ns
[ SDI to SCLK Setup Time Full I\ 10.2 ns
ths DI to SCLK Hold Time Full \Y% 137 ns
MICROPROCESSOR PORT, MODE INM
(ALE=0)
MODE INM Write Timing:
thwr WR(R/W) to RDY (/DTACK) Hold Time Full [\ 0 ns
tsam AddressDaato /WR(RW) Setup Time Full v 0 ns
tham Address’Datato RDY (/DTACK) Hold Time Full \Y 0 ns
toroY WR(R/W) to RDY (/DTACK) Dday Full v 102 ns
taccFAST MWR(RW) to RDY(/DTACK) High Delay Full v 2*toLk 3 tok ns
taccMEDIUM | /WR(RW) to RDY (/DTACK) High Dday Full \% 3 toik I to i ns
taccSLOW WR(R/W) to RDY (/IDTACK) High Delay Full \% 4tk 5* toik ns
MODE INM Read Timing:
tsam Addressto /RD(/DS) Setup Time Full 1\ 0 ns
tha Addressto DataHold Time Full \Y4 0 ns
tzo Data Tri-state Delay Full \Y 34 7 105 ns
top RDY (/DTACK) to DataDelay Full \Y) tak-10ns | ns
toroY /RD(/DS) to RDY (/DTACK) Delay Full v 10.2 ns
taccFAST /RD(/DS) to RDY (/DTACK) High Delay Full \% 2% tok 3 tok ns
taccMEDIUM [ /RD(/DS) to RDY (/DTACK) High Dday Full % 3 tok 4tk ns
taccSLOW /RD(/DS) to RDY (/DTACK) High Delay Full v 4tk 5* toik ns
MICROPROCESSOR PORT, MODE MNM
(ALE=1)
MODE MNM Write Timing:
thps /DS(/RD) to /DTACK(RDY) Hold Time Full v 0 ns
thrw R/W(/WR) to /DTACK(RDY) Hold Time Full v 0 ns
tsam AddressData To RW/(/WR) Setup Time Full v 0 ns
tham Address’Datato RW(/WR) Hold Time Full v 0 ns
topTack /DS(/RD) to /DTACK(RDY) Dday Full % I* to ns
taccFAST RW(WR) to /DTACK(RDY) Low Dday Full v 2 tak 3 tak ns
taccMEDIUM | RW(WR) to/DTACK(RDY) Low Delay Full v 3 tok 4 to i ns
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taccSLOW RW(/WR) to /DTACK(RDY) Low Dday Full v 4tk 5* toik ns
MODE MNM Read Timing:
tsam Addressto /DS(/RD) Setup Time Full [\ 0 ns
tha Addressto DataHold Time Full v 0 ns
t2p Data Tri-State Delay Full v 0 ns
top /DTACK(RDY) to Data Delay Full [\ tek-10ns | ns
tooTACK /DS(/RD) to /DTACK(RDY) Dday Full \Y% 1* to « ns
taccFAST /DS(/RD) to /DTACK(RDY) Low Dday Full % 2 to i 3 tok ns
taccMEDIUM | /DS(/RD) to /DTACK(RDY) Low Delay Full v 3 tok 4tk ns
taccSLOW /DS(/RD) to /DTACK(RDY) Low Dday Full v Atk 5* toik ns

All Timing Specifications valid over VDD range of 2.4V to 3.3V.
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1. tacc Access time depends on the Address accessed. Access time is measured from FE of /WR to RE of RDY.
tacEAST requires a maximum of 3 CLK periods and applies to A[2:0]=7,6,5,3,2,1
t,c MEDIUM requires a maximum of 4 CLK periods and applies to A[2:0]=4 and 0 if the access is to a Control Register not a RAM Register.
tacSLOW requires a maximum of 5 CLK periods and applies to A[2:0]=0 when accessing RAM Registers.
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Figure X. INM MicroPort Write Timing Reguirements.
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ACC

Figure X. INM MicroPort Read Timing Requirements.
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IACJ\AEDIUM requires a maximum of 5 CLK periods and applies to A[2:0]=4,5 and 0 if the access is to a Control Register versus a RAM Regit
taccSLOW requires a maximum of 6 CLK periods and applies to A[2:0]=0 when accessing RAM Registers.

Figure X. MNM MicroPort Write Timing Requirements.
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tACCMEDIUM requires a maximum of 5 CLK periods and applies to A[2:0]=4,5 and 0 if the access is to a Control Register versus a RAM Reqgit
taccSLOW requires a maximum of 6 CLK periods and applies to A[2:0]=0 when accessing RAM Registers.

Figure X. MNM MicroPort Read Timing Requirements.
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ABSOLUTE MAXIMUM RATINGS*

Supply Voltage.........cooveevivnennn -0.3V to +4.5V

Input Voltage. .. .-0.3 to VDD+0.3V (not 5V Tolerant)

IN[17:0], QIN, OEN

Input Voltage................... -0.3to 5V (5V Tolerant)

CLK, /RESET, IDS, RW, ALE, A[2:0], D[7:0], SYNC, /TRST,
TCK, TMS, TDI, SDINA, SDINB, SDINC, SDIND

Output Voltage Swing........... -0.3V to VDD +0.3V
Load CaoatitanCe. . .......oeveeeeeniiiiiiieee e 200pF
Junction Temperature Under Bias............. +125°C
Storage Temperaiure Range...........-65°C to +150°C
Lead Temperature (5S80).....vvvvneeveninnenene +280°C

* Stresses grester than those listed above may cause permanent
damage to the device These are dress ratings only; functiona
operation of the devices a these or any other conditions grester
than those indicated in the operationd sections of this
specification is not implied. Exposure to asolute maximum

rating conditions for extended periods may affect device
reliability.

THERMAL CHARACTERISTICS

1281 eed MQFP

03a=33°C/Wait, no airflow

gn=27°C/Wett, 200 Ifpm airflow

gn=24°C/Wett, 400 Ifpm airflow

Thermd measurements made in the horizontal podtion on a 2-
layer board.

EXPLANATION OF TEST LEVELS

[. 100% Production Tested.

[1. 100% Production Tested at +25°C, and Sample Tedted a
Specified Temperatures.

1. Sample Tested Only.

IV. Parameter Guaranteed by Design and Anaysis.

V. Parameter is Typica Vaue Only.

V1. 100% Production Tested at 25°C, and Sample Tested &
Temperature Extremes.

ORDERING GUIDE

Package
Mode Temperature Range Package Description Option
AD6622AS -40°C to +70°C (Ambient) 128-L.ead MQFP (Metric Quad Flatpack) S128A
AD6622SPCB Evduation Board with AD6622 and Software
CAUTION

ESD (Electrostatic Discharge) sensitive device. Electrogtatic charges as high as 4000V readily accumulate on the human body and test
equipment and can discharge without detection.  Although the AD6622 fegtures proprietary ESD protection circuitry, permanent damage
may occur on devices subjected to high energy dectrodtatic discharges. Therefore, proper ESD precautions are recommended to avoid

performance degradation or loss of functionality.
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Analog Devices Preliminary Specification




AD6622 PRELIMINARY SPECIFICATION

GND
VDD
GND
T™MS
TDO
TDI
SCLKA
VDD
SDFSA
SDINA
SCLKB
SDFSB
GND
GND
GND
SDINB
SCLKC
SDFSC
SDINC
VDD
SCLKD
SDFSD
SDIND
GND
VDD
GND

REV. PrKk

GND
GND
SYNC
/IRESET
Ics

VDD

AO

Al

A2

ALE

GND
GND
GND
RIW(/WR)
IDTACK(RDY)
IDS(IRD)
DO

VDD

D1

D2

D3

D4

GND

VDD

D5

GND

-

O x U oo [alya) [a) [alNalyal O-H N QO mMS<ST Lo OO~ 00 x nOQO

[ o - N M < n © ~ 0 o zZ
GCEG6256622228222256060622229222256256060 55
o

§§9|g g||g g|gmm||a||% %”a 8”&3 g||se||ms||a g||p||s||m ;r||m||m||:||gw||sw
103 64
104 63
105 62
106 61
107 60
108 59
109 58
110 57
111 56
112 55
113 54
AD6622 5
115 52
5 TOP VIEW =
117 50

(Not to Scale)

118 49
119 48
120 47
121 46
122 45
123 44
124 43
125 42
126 41
127 40
128 (:) 39

[l e e e lie =l e sl e R IR IR R T 1 SRR R 1S 1 e s s (1 1 151

SZSSCCEBCECEELRERERES 222299838 wyes588052828¢8

tovoo3d3393333~°3335¢v0o0oE5555>E555000 ocoo 0o

o) 0Oood 0009
10 Analog Devices Preliminary Specification



AD6622 PRELIMINARY SPECIFICATION

PIN FUNCTION DESCRIPTIONS

Name Type | Description

VDD P +3.0V Supply

GND P Ground Connection

CLK | Input Clock (actively pulled down if not connected)

/RESET | Active Low Reset Pin (actively pulled up if not connected)

OEN | Active High Output Enable Pin (actively pulled down if not connected) (not 5V tolerant)

OUT[17:0] oT Wideband Output Data

QOUT oT Indicates Q Output Data (Complex Output Mode)

D[7:0] I/OT | Microprocessor Interface Data

/DSor /RD | INM Mode Read Signd, MNM Mode: Data Strobe Signdl

/IDTACK or RDY 0] Acknowledgment of a Completed Transaction (Signas when uP Port Is Ready for an Access) Open Drain,
must be pulled up externdly

RW o WR | Read/Write Line (Write Signd)

ALE I Sats MicroPort Mode: ALE =1, MNM Mode ALE =0, INM Mode

Al[2:0] | Microprocessor Interface Address

ICS | Chip Sdect, Enable the Chip for uP Access

SYNC | SYNC Signd for Synchronizing Multiple AD6622 (actively pulled down if not connected)

QIN | Indicates Q Input Data (Complex Input Mode) (actively pulled down if not connected) (not 5V tolerant)

IN[17:Q] I Wideband Input Data (Allows Cascade of Multiple AD6622 Chips in a System) (ectively pulled down if
not connected) (not 5V tolerant)

[TRST | Test Reset Pin (actively pulled up if not connected)

TCK | Test Clock Input (actively pulled down if not connected)

TMS | Test Mode Sdlect (actively pulled upif not connected)

TDO ©) Test Data Output

TDI I Test Data Input (actively pulled downif not connected)

SCLKA ) Serid Clock Output Channd A

DFA O Serid Data Frame Sync Output Channd A

SDINA | Serid Data Input Channel A (actively pulled down if not connected)

LLKB O Serid Clock Output Channe B

DFB 0 Sarid Data Frame Sync Output Channd B

SDINB | Serid Data Input Channel B (actively pulled down if not connected)

CLKC o] Seria Clock Output Channd C

DFC O Seria Data Frame Sync Output Channd C

SDINC I Serid Datalnput Channd C (actively pulled down if not connected)

SCLKD ) Serid Clock Output Channd D

DFD @] Sarid Data Frame Sync Output Channel D

SDIND | Serid Datalnput Channe D (actively pulled down if not connected)
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Name Pin Number

VDD 14,26,41,47,59,66,78,90,104,110,122,127

GND 1,3,4,5,9,19,20,21,31,32,34,35,36,38,39,42,52,53,54,63,64,65,68,69,72,73,83,84,85,95,96,98,99,102,103,105,115,116
,117,126,128

CLK 67

/RESET 61

OEN 2

OUT[17:0] 29,28,27,25,24,23,22,18,17,16,15,1312,11,10,87,6

QOUT 30

D[7:0] 33,37,40,43,44,45,46,48

/DSor /RD 49

/IDTACK or RDY 50

RW o \WR 51

ALE 55

Al2:.0] 56,57,58

ICS 60

SYNC 62

QIN 70

IN[17:0] 71,74,75,76,77,79,80,81,82,86,87,88,89,91,92,93,94,97

[TRST 100

TCK 101

TMS 106

TDO 107

TDI 108

SCLKA 109

DFA 11

SDINA 112

SCLKB 113

DFB 114

SDINB 118

SCLKC 119

DFC 120

SDINC 121

SCLKD 123

SDFSD 124

SDIND 125
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FUNCTIONAL OVERVIEW

Thefollowing descriptions explain the functiondity of each of the
core sections of the AD6622. Detailed timing, gpplication, and
specifications are described in detail in their respective portions
of the data sheet.

SERIAL DATA PORT

The AD6622 has four independent Seria Ports (A, B, C, and D)
that each accepts data to its own channd (1, 2, 3, or 4) of the
device. Each Seid Port has 3 pins SCLK, SDFS, and SDIN.
The SCLK and SDFS pins are outputs that provide serid clock
and framing. The SDIN pins are inputs that accept channd data.
The Serid Ports do not accept configuration or control inputs.
The Serid Ports do not accept externd clock or framing signals,
athough it is possible to synchronize the AD6622 Seria Portsto
mest an externd timing requirement.

The seria cdock output, SCLK, is created by a programmable
interna counter that divides down the magter clock. When the
channd is reset, SCLK is held low. SCLK darts on the firgt
risng edge of CLK after Channd Reset is removed (DO through
D3 of externa address 4). Once active, the SCLK frequency is
determined by the master CLK frequency and the SCLK divider,
according to the equation below. The SCLK divider is a 5-hit
unsigned vaue located in Channd Register OxOD. The user must
sdect the SCLK divider to insure that SCLK is fast enough to
accept full input sample words at the input sample rate. See the
design example a the end of this section. The maximum SCLK
frequency is 1/2 of the master clock frequency. The minimum
SCLK frequency is 1/64 of the master clock frequency.

fCLK

~ 2X(SCLKdivider +1)

fSCLK

The serid data frame sync output, SDFS, is pulsed high for one
SCLK cycle a the input sample rate. The input sample rate is
determined by the master clock divided by channel interpolation
factor. If the SCLK rete is not an integer multiple of the input
sample rae, then the SDFS will continually adjust the period by
one SCLK cyde in order to keep the average SDFS rate equd to
the input sample rate. When the channd isin deep mode, SDFS
is hdd low. The firs SDFS is delayed by the channd reset
laency after the Channdl Reset is removed. The channd reset
latency varies dependent on channel configuration.

The serid data input, SDIN, accepts 32-bit words as channd
input data.  The 32-bit word is interpreted as two 16 bit 2's
complement quadrature words, | followed by Q, MSB firs. The
firgt bit is shifted into the seria port sarting on the second rising
edge of SCLK dfter SDFS goes high, as shown by the timing
diagram blow.

REV. PrKk 13
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Figure X. Serial Port Switching Characteristics.

As an example of the Serid Port operation, consder a CLK
frequency of 62.208 MSPS and a channd interpolaion of 2560.
In that case, the input sample rate is 24.3 kSPS (62.208 MSPS /
2560), which is dso the SDFS rate. Subgtituting, fsc k 3 32fsors
into the equation below and solving for SCLK divider, we find the
minimum value for SCLK divider according to the equation below.

SCLKdivider £¢- 1
X SDFS

Evaudting this equation for our example, SCLKdivider must be
lessthan or equa 10 39. Sincethe SCLK divider channd regigter is
a 5-hit unsgned number it can only range from 0 to 31. Any
vaue in that range will be vdid for this example, but if it is
important that the SDFS period is congtant, then there is another
restriction. For regular frames, the ratio s «/fsprs Must be equa
to an integer of 32 or larger. For this example, congtant SDFS
periods can only be achieved with an SCLK divider of 19.

In concluson, SDFS rate is determined by the AD6622 master
clock rate and the interpolation rate of the channd. The SDFS
rateisegua tothe channd input rate. The channe interpolation
is equa to RCF interpolation times CIC5 interpolation, times
CIC2 interpolation

(L = LRCF ><LCICS ><LCICZ)'

The SCLK rate is determined by the AD6622 master clock rate
and SCLKdivider. The SCLK isadivided verson of the AD6622
mester. CLK. The SCLK divide ratio is determined by
SCLKdivider as shown in the previous equation. The SCLK
must be fast enough to input 32 hits of data prior to the next
SDFS. ExtraSCLKsareignored by the serid port.
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PROGRAMMABLE INTERPOLATING RAM
COEFFICIENT FILTER (RCF)

Each channd has a fully independent RAM Coefficient Filter
(RCF). The RCF accepts data from the Serid Port, filtersit, and
passes the result to the CIC filter. The RCF implements a FIR
filter with optiona interpolation. The FIR filter can produce
impulse responses up to 128 output samples long. The FIR
response may be interpolated up to a factor of 128, athough the
best filter performance is usudly achieved if the RCF
interpolation factor is confined to 8 or below.

FIR Filter Implementation
The RCF accepts quadrature samples from the serid port with a
fixed point resolution of 16 bitseach, for | and Q.

|
SDFS«4— Serial Dat
scLk4—] o —:> e |
10 ) 4 1Q Tol
16
| }—»{ }~ cic |
Filter
| 16 |
| Coefficient RCF Coarse |
| MEM Scale

The AD6622 RCF redlizes a sum-of-products filter using a poly-
phase implementation. This mode is equivaent to an interpolator
followed by a FIR filter running &t the interpolated rate. In the
functiond diagram below, the interpolating block increases the
rate by the RCF interpolation factor (Lger) by inserting Lge—1
zero valued samples between every input sample. The next block
is a filter with a finite impulse response length (Nrer) and an
impulse response of h[n], where nisaninteger from 00 Ngc—1.

fin finiLrer NRCF Tap fin-Lrer
— L. > FIRFilter |—»
a b h[n] c

The difference equation for the diagram above is written below,
whereh[n] is the RCF impulse response, b[n] is the interpolated
input sample sequence at point ‘b’ in the diagram above, and ¢[n)|
isthe output sample sequence at point ‘¢’ in the diagram above.

on] = gj_h[n]xb[n- K]

This difference equation can be described by the transfer function
from point ‘b’ to ‘¢’ as shown below.

Negr -1
H(2)= a hin]xz™"

n=0
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The actua implementation of this filter uses a poly-phase
decomposition to skip the multiply-accumulates when

b[nk] is zero. Compared to the diagram d&bove, this
implementation has the benefits of reducing by a factor of Lger
both the time needed to cdculate an output and the required data
memory (DMEM). The price of these bendfits is that the user
must place the coefficients into the coefficient memory (CMEM)
indexed by the interpolation phase. The process of sdecting the
coefficients and placing them into the CMEM is broken into three
steps shown below.

1. Sdect the Impulse Response Length (Ngre) and the
Interpolation Factor (Lrer). The Impulse Response Length
(Nrer) is limited in three ways. by the available caculaion
time, by the data memory sze (DMEM), and by the
coefficient memory size (CMEM). The equation below
shows that Nker is limited to the minimum of these three

conditions.
Time CMEM
Restriction Restriction

Nee £ min( %,16 Moo 128)

T

DMEM
Restriction

where L = LRCF ch|c5 XI-CIC2

2. The interpolation rate (Lrcr) May be any integer of Nece
ranging from 1 to 128, while meeting the above equation.
Mogt filter designs can be optimized by choosing the
smallest Lrer that does not compromise the image rejection
of the subsequent CIC filter. The qudity of an interpolating
filter isastrong function of the Ngce/Lrer ratio and a weeker
function of Nxcr. - The best filters are usudly achieved by
maximizing Nrce/Lrer (NO larger than 16) and then increesing
both Nrcr and Lrcr by the sameratio until the filter becomes
time or CMEM limited.

3. Once Nxer and Lger are SHected, Channd Regigter Ox0A is
programmed to Neer — 1, and Channd Regiger OxOC is
programmed to Ngce/Lger — 1.

4. Determine the Impulse Response.  The impulse response

relative to the RCF output rate can be cdculated using
ordinary FIR design techniques. In most cases, it isdesirable
to pre-compensate the inband frequency roll-off of the CIC
filter that follows. There are no symmetry requirements, so
the RCF can dso be used for gtatic phase equdization. The
impulse response must be quantized to 16-hit 2's
complement numbers for the CMEM. The channdl center
gan and wordt case pesk can be cadculated for each of the
Lrer phases (p) according to the equations below. A RCF
coae xde factor (g) that ranges between 0 and 3 is
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provided to limit the gan without excessve loss of
resolution in the CMEM. The coarse scde factor is located
in Channed Register OXOD.

Nece
LR8F

ChannelCenterGain, =279 x g hlk XL + p]

/*

k=0

The channd center gain is the response to a congtant full
scae input a every output phase. The summation is split
into phases because the interpolation of the data insures that
only Nee/Lree COefficients can be active for any single
output. For Lger=1, thereis only one phase and the channe
center gain isthe smple sum of dl the coefficients, scaed by
29. If the channd center gain is not the same for every vaue
of p, then some or Al of the images of the channel center will
be imperfectly reected by the RCF.

NRCF 1

Lrgr
WorstCasePeak, =29 x g |WkXq + |
k=0

The worst case pesk is caculated similarly to the channe
center gain, except the input sequence swings from full scale
positive to full scale negative to match the polarity of the
coefficient by which it will be multiplied, so that each
product is positive. This results in a maxima, which must
be less than one to guarantee no possibility of wrapping.
Note that when Lgcr is gregter than one, each phase may
produce its worst case peak in response to a different input
suence

Programming DMEM and CMEM. The DMEM must be
initidized to al zeros to avoid any unpredicteble startup
trandents since a resst does not clear the memory.  The
impulse response h[n] must be reordered by phase for the
CMEM as shown in the code below. Severd filters with
impulse lengths that totd less than 128 can be programmed
into the CMEM simultaneoudy and sdlected later using the
RCF offset pointer (Orcr) Which is set by Channel Register
OxO0D.

FIR Coefficients for

Reor der AD6622

CMVEM */
for (p=0; p<L_RCF; p++)

for (k=0; k<N _RCF/L_RCF; k++)

CMEM O RCF  + p*N_RCF/L_RCF + K] =
C[ k*L_RCF +p];

/* End of routine */

REV. PrK 15

Applicable RCF Control RegistersFor FIR Mode

Channd | Bit
Address | Width | DESCRIPTION
Ox0A 8 7: Reserved (must be written to 0)
ox0B 8 7: Reserved (must be written to 0)
6-0: Orcr
oxoC 8 7-6. Resarved
5-4: Reserved (must be written to 0)
3-0: Npee/Lpee1
0x0D 8 7-6: RCF Coarse Scde
00=0dB
01=-6dB
10=-12dB
11=-18dB
5. Resarved (must be written to 0)
4-0: Serid Clock Divider
Ox0E 16 15-0: Resarved
OxOF 16 15-0: Resarved
0x10 16 15-0: Reserved (must be written Q)
Ox11 16 15-0: Reserved (must be written Q)
0x20- 16 15-0: DataMemory (DMEM)
Ox3F
Ox80- 16 15-0: Coefficient Memory (CMEM)
OxFF
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CASCASDED INTEGRATOR COMB (CIC)
INTERPOLATING FILTER

The | and Q outputs of the RCF stage are interpolated in integer
factors by two cascaded integrator comb (CIC) filters. The CIC
section is separated into three discrete blocks: a fifth order filter
(CICH), a s=cond order filter (CIC2), and a scding block (CIC
Scding). The CIC5 and CIC2 blocks eech exhibit a gain thet
increases with respect to their interpolation factors, Lgcs and
Lace. The product of these gains must be compensated for in a
shared CIC Scding block.

P 2°CIC_Scale > Tmes > TLucz >
CIC_Scale CIC5 cic2
CIC Scaling

The CIC5 and CIC2 stages have a base-band gain of Locs™Laico.
The CIC Scding block is used to avoid numeric overflow in the
CIC stages. The CIC Scae block reduces the signd level without
truncation or loss of resolution. The overdl gain of the CIC
section is given by the equation below.

CIC _Gain= |_‘(‘:|C5 Mooy X2 cIc_scale

The vaue CIC Scde may range from O to 25, and can be
independently programmed for each channe a Control Register
0x06. CIC_Scde may be safely cdculated according the eguation
below to insure the net gain through the CIC stages.

CIC _&ale = call (|092(L4c|05 XLCICZ))

The‘call’ function isthe next highest integer. While this normaly
condtitutes a smd| loss, it can be recovered in the RCF scding.
Likewise, if the RCF output leved is known to be less than full
scae, the CIC gain can beincreased by reducing CIC_Scade.

CIC5

The CICS is afifth order interpolating cascaded integrator comb
whose impulse response is completdly defined by its
interpolation factor, Lgcs. The vdue Lgessl can be
independently programmed for each channd a location Ox09.
Whilethis contral register is 8-hitswide, L5 should be confined
to the range from 1 to 32 to avoid the possibility of interna
overflow for full scale inputs. The transfer function of the CIC5
is given by the following equations with respect to the CIC5
output samplerate, femps.

CIC5(2) :gl—
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This polynomid fraction can be completely reduced as follows
demongrating a finite impulse response with perfect phase
lineaxity for al values of L¢ics.

5 "

ghcgsl g  Llogs-lae i2 o)

cics(2) = ¢ P e
k=0 /] k=1 8 ﬂ

The frequency response of the CIC5 can be expressed as follows.

Theinitid 1/L s factor normaizes for the increased rate, which

is gppropriate when the samples are destined for a DAC with a
zero order hold output. The maximum gan is (Locs)! &

baseband, but interna registers pesk in response to various

dynamic inputs. Aslong as Lg s is confined to 32 or less, there

isno possibility of overflow at any register.

%n% LCICS Xf 29

CIC5(f) = —+ : focs g

LCICS% S'na?) f g
fucsﬂ

[SRE

As an example, we will congder an input from the RCF whose
bandwidth is 0.141 of the RCF output rate, centered at baseband.
Interpolation by a factor of five reveds five images, as shown
below.

10

-10

=30

-5

& _7

-0

-110

-130

-150

~2 ~1 0 1 2

The CIC5 rejects eech of the undesired images while passng the
image at baseband. The images of a pure tone a channel center
(DC) are nulled perfectly, but as the bandwidth increases the
regection is diminished. The lower band edge of the firg image
adways has the least rejection. In this example, the CICS is
interpolating by a factor of five and the input sgnad has a
bandwidth of 0.141 of the RCF output sample rate. The plot
below shows —110 dBc rgection of the lower band edge of the
firgimage. All other image frequencies have better rejection.
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10

-10

-30

-5

=70 [

-0

~110

-130
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The table below lists maximum bandwidth that will be rgected to
various levels for CICS interpolation factors from 1 to 32. The
example above corresponds to the liging in the —110dB column
and the L¢cs=5 row. It isworth noting here that the rejection of

the CIC5 improves as the interpol ation factor increases.

-110dB |-100dB |-90dB |-80dB |-70dB
1 |Full Full Full Full Full
2 [0.101 [0.127 [0.160 |0.203 |0.256
3 ]0.126 |0.159 ]0.198 |0.246 (0.307
4 (0.136 |[0.170 [0.211 [0.262 |0.325
5 10.141 |0.175 ]0.217 |0.269 [0.333
6 [0.143 ]0.178 ]0.220 |0.272 |(0.337
7 10.144 10.179 |0.222 |0.275 |(0.34
8 [0.145 [0.180 [0.224 |0.276 |0.341
9 (0.146 [0.181 [0.224 |0.277 |0.342
10 [0.146 |0.182 |0.225 (0.278 (0.343
11 |0.147 ]0.182 |0.226 |0.278 |0.344
12 |0.147 ]0.182 |0.226 |0.279 0.344
13 |0.147 ]0.183 |0.226 |0.279 |0.345
14 10.147 ]0.183 |0.226 |0.279 |0.345
15 [0.148 |0.183 |0.227 (0.280 (0.345
16 [0.148 |0.183 |[0.227 (0.280 [0.345
17 [0.148 |0.183 |[0.227 {0.280 (0.346
18 |0.148 |0.183 |0.227 |0.280 |0.346
19 |0.148 |0.183  |0.227 ]0.280 |0.346
20 |0.148 ]0.184 ]0.227 |0.280 . (0.346
21 |0.148 10.184 0.227 |0.280 [0.346
22 10.148 0.184 0.227 |0.280 [0.346
23 (0.148 [0.184 [0.227 |0.280 |0.346
24 (0.148 [0.184 [0.227 |0.280 |0.346
25 (0.148 [0.184 [0.227 |0.281 |0.346
26 (0.148 [0.184 [0.227 |0.281 |0.346
27 10.148 ]0.184 ]0.227 |0.281 (0.346
28 10.148 ]0.184 ]0.227 |0.281 |(0.346
29 10.148 ]0.184 ]0.227 |0.281 (0.346
30 |0.148 |0.184 |0.227 |0.281 (0.346
31 |0.148 |0.184 |0.227 |0.281 (0.346
32 (0.148 [0.184 [0.228 |0.281 |0.346
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Cic2

The CIC2 is a second order interpolating cascaded integrator
comb whose impulse response is completely defined by its
interpolation factor, Lgico. The vdue Lge-l can be
independently programmed for each channd a location Ox08.
Whilethis control register is 8-hitswide, L, should be confined
to the ranges shown by the table bdow according to the
interpolation factor of the CIC5. Exceeding the recommended
guiddines may result in overflow for input sequences at or near
full scde. While rdaively smadl vaues of Lgcs dlow for the
larger overdl interpolation factors with minima power
consumption, Lges should be maximized to achieve the best
overdl image rgection.

Laics Max. Leice
1-19 256
20 209
21 172
22 143
23 119
24 101
25 85
26 73
27 63
28 4
29 47
30 41
31 36
32 32

The transfer function of the CIC2 is given by the following
equations with respect to the CIC2 output sample rate, fo.

Lcnczo
CIC2(2) = gi E
(%]

This polynomid fraction can be completely reduced as follows
demongtrating a finite impulse response with perfect phase
lineaxity for dl values of Lgc,.

The frequency response of the CIC2 can be expressed as follows.
Themaximum gainisLlgc, a basdband. Theinitid 1/L . factor
normalizes for the increased rate, which is appropriate when the
samples are destined for a DAC with azero order hold outpuit.

REV. PrKk 18

I --2
%n% I‘CICZ Xf 99
1 f o+
cIca(f)=——¢ 2,
Laco e f o0 .
é sngp—1z= =
fout 7] Q
As an example, we will congder an input from the CIC5 whose
bandwidth is 0.0033 of the CIC5 rate, centered at baseband.
Interpolation by a factor of five reveds five images, as shown
below.

-10

-0

-5

=70

-0

~110

-130

-150

The CIC2 rgects each of the undesired images while passng the
image a baseband. < The images of a pure tone a channd center
(DC) are nulled perfectly, but as the bandwidth increases the
rgjection is diminished.  The lower band edge of the firgt image
aways has the least rgjection. In this example, the CIC2 is
interpolating by a factor of five and the input sgna has a
bandwidth of 0.0033 of the CIC5 output sample rate. The plot
below shows —110 dBc rgection of the lower band edge of the
firstimage. All other image frequencies have better rejection.

dB

The table below lists maximum bandwidth that will be rejected to
various levels for CIC2 interpolation factors from 1 to 32. The
example above corresponds to the listing in the —110dB column
and the L,=5 row. It isworth noting here that the rgection of
the CIC2 improves asthe interpolation factor increases.
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-110dB

-100dB

-90dB

-80dB

-70dB

Full

Full

Full

Full

Full

0.0023

0.0040

0.0072

0.0127

0.0226

0.0029

0.0052

0.0093

0.0165

0.0292

0.0032

0.0057

0.0101

0.0179

0.0316

0.0033

0.0059

0.0105

0.0186

0.0328

0.0034

0.0060

0.0107

0.0189

0.0334

0.0034

0.0061

0.0108

0.0192

0.0338

0.0035

0.0062

0.0109

0.0193

0.0341

O[N] |WIN |-

0.0035

0.0062

0.0110

0.0194

0.0343

10 |0.0035

0.0062

0.0110

0.0195

0.0344

11 [0.0035

0.0062

0.0110

0.0195

0.0345

12 10.0035

0.0062

0.0111

0.0196

0.0346

13 |0.0035

0.0062

0.0111

0.0196

0.0346

14 10.0035

0.0063

0.0111

0.0196

0.0347

15 10.0035

0.0063

0.0111

0.0197

0.0347

16 |0.0035

0.0063

0.0111

0.0197

0.0347

17 10.0035

0.0063

0.0111

0.0197

0.0348

18 |0.0035

0.0063

0.0111

0.0197

0.0348

19 [0.0035

0.0063

0.0111

0.0197

0.0348

20 |0.0035

0.0063

0.0111

0.0197

0.0348

21 |0.0035

0.0063

0.0111

0.0197

0.0348

22 |0.0035

0.0063

0.0111

0.0197

0.0348

23 |0.0035

0.0063

0.0111

0.0197

0.0348

24 10.0035

0.0063

0.0112

0.0197

0.0348

25 |0.0035

0.0063

0.0112

0.0198

0.0349

26 |0.0035

0.0063

0.0112

0.0198

0.0349

27 [0.0035

0.0063

0.0112

0.0198

0.0349

28 10.0035

0.0063

0.0112

0.0198

0.0349

29 |0.0035

0.0063

0.0112

0.0198

0.0349

30 [0.0035

0.0063

0.0112

0.0198

0.0349

31 [0.0035

0.0063

0.0112

0.0198

0.0349

32 [0.0035

0.0063

0.0112

0.0198

0.0349
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NUMERICALLY CONTROLLED OSCILLATOR (NCO)
TUNER

Each channd has a fully independent tuner. The tuner accepts
data from the CIC filter, tunes it to a digita Intermediate
Frequency (IF), and passes the result to a shared Summation
block. The tuner condsts of a 32-bit quadrature NCO and a
Quadrature Amplitude Mixer (QAM). The NCO serves as a
loca ostillator and the QAM trandates the interpolated channe
data from baseband to the NCO frequency. The worst case
spurious sgnd from the NCO is better than -100dBc for al
output frequencies. The Tuner can produce red or complex
outputs as requested by the shared Summeation block.

In the complex mode, the NCO serves as a quadrature loca

ogcillator running at f «/2 cgpable of producing any frequency
between o, /4 and +, /4 with aresolution of fo,«/2* (0.0076

Hz for fo k=65 MHz).

Phase

16 16

—>

NCO
Frequency
Word

32 32 32 32§32

CLK

Microprocessor Interface

Phase Dither

The AD6622 provides a phase dither option for improving the

spurious performance of the NCO. Phase dither is enabled by

writing a one to Bit 3 of Channd Register Ox01. When phase
dither is enabled, spurs due to phase truncation in the NCO are

randomized. The choice of whether Phase Dither is used in a
system will ultimately be decided by the system gods and the

chaoice of IF frequency. The 18 most significant bits of the phase
accumulator are used by the angle to Cartesian conversion. If the

NCO frequency has al zeroes below the 18" bit, then phase
dither has no effect. If the fraction below the 18" bit is near a 1/2

or 1/3, etc. of the 18" bit, then spurs will accumulate separated

fromthe IF by 1/2 or 1/3, etc. of the CLK frequency. The smadler

the denominator of this residua fraction, the larger the spurs due

to phase truncation will be. If the phase truncation spurs are

unacceptably high for a given frequency, then the phase dither can

reduce these a the pendty of a dight elevation in tota error

energy. If the phasetruncation spursare small, then phase dither

REV. PrKk 20

In the real mode, the NCO serves as a quadrature locd oscillator
running at f « capable of producing any frequency between —
fok/2 and +c /2 with a resolution of £ /2 (0.015 Hz for
fok=65 MHZz). The quadrature portion of the output is
discarded. Negdive frequencies are digtinguished from postive
frequencies solely by spectrd inversion.

Thedigitd IF is cdculated using the equation below.

NCO__ frequency

fIF = fNCO 232

where

NCO _frequency isthe value written to 0x02,

fie isthe desired intermediate frequency, and

faco 1STeLk/2 for complex outputs and fc « for red outputs.

| data from
CIC5
Angl :
ngle to
32 Cartesian + LS
Conversion
Q
PN PN Q datafro

Gen. On__ | Gen. cICc5

off

will not be effective in reducing them further, but a dight
eevationintota error energy will occur.

Amplitude Dither

Amplitude dither can aso be used to improve spurious
performance of the NCO. Amplitude dither is enabled by writing
a 1 to Bit 4 of Channd Register a Ox01. When endbled,
amplitude dither can reduce spurs due to truncation at the input
to the QAM. If the entire frequency word is close to a fraction
that has a smdl denominator, the spurs due to amplitude
truncation will be large and amplitude dither will spread these
spurs effectively.  Amplitude dither aso will increase the tota
error energy by approximately 3 dB. For this reason amplitude
dither should be used judicioudly.

Phase Offset

The phase offsat (Channd Register 0x04) adds an offset to the
phase accumulator of the NCO. Thisis a 16-hit register that is
interpreted as a 16-hit unsigned integer. Phase offset ranges from
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0to nearly 2p radians with aresolution of p/32768 radians. This
register dlows multiple NCOs to be synchronized to produce
sine waves with aknown phase relationship.

NCO Frequency Update and Phase Offsst Update Hold Off
Counters

The update of both the NCO Frequency and Phase Offset can be
synchronized with internal hold off counters. Both of these
counters are 16-hit unsigned integers and are clocked at the master
CLK rate. These hold off counters used in conjunction with the
frequency or phase offsat registers, dlow Beam Forming and
Frequency Hopping. See the Synchronization section of the data
sheet for additiond details. The NCO phase can dso be deared
on Sync (set to 0x0000) by setting Bit 2 of Channel Register 0x01
high.

NCO Output Scale

The output of the NCO can be scaed in four steps of 6dB each
via Channd Regigter 0x01, Bits 1-0. Below is a table of the
control scale. The NCO dways has loss to accommodate the
possibility that both the | and Q inputs may reach full-scde
smultaneoudy, resulting in a+3dB input magnitude.

0x01 Bit 1 0x01Bit 0 NCO Output Level

0 0 -6dB (no attenuation)

0 1 -12dB attenuation

1 0 -18dB attenuation

1 1 -24dB attenuation

REV. PrK 21
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SUMMATION BLOCK

The Summation Block of the AD6622 sarves to combine the
outputs of each channd to create a composite multi-carrier sgndl.
The four channds are summed together and the result is then
added with the 18-bit Wideband Input Bus (IN[17:0]). The find
summation is then driven on the 18-bit Wideband Output Bus
(OUT[17:0]) bus on the risng edge of the high speed clock. If the
OEN input is high then this output bus is tri-stated. If the OEN
input is low then this bus will be driven by the summed data.
The OEN is active high to adlow the Wideband Output Bus to be
connected to other busses without using extralogic. Most other
busses (like 374 type registers) require a low output enable,
which is opposite of the AD6622 OEN, thus diminating extra
circuitry.

The Wideband Output Bus may be interpreted as a 2's
complement number or as an offset binary number as defined by
bit 1 of the Summation Mode Control Register a address 0x000.
When this bit is high then the Wideband Output is in 2's
complement mode and when it is low it is configured for offset
binary output data.

The MSB (bit 17) of the Wideband Output Bus istypically used
as a guard bit for the purpose of clipping the wideband output

bus when bit 0 of the Summation Mode Control Regigter a

address 0x000 is high. If dlip detection is enabled then bit 17 of

the output bus is not used as a data bit. Instead, bit 16 will

become the MSB and is connected to the MSB of the DAC.

Configuring the DAC in this manner gives the summation block a
gain of 0dB. When clip detection is not enabled and bit 17 isused
a a daa bit then the Summation Block will have a gain of —
6.02dB.

There are two data output modes. The first is offset binary.
This mode is usad only when driving offset binary DACs. 2's
complement mode may be used in one of two circumstances. The
first is when driving a DAC that accepts 2's complement data.
The second iswhen driving another AD6622 in cascade mode.

When clipping is enabled, the 2's complement mode output bus
will clip to Ox2FFFF for output signals more positive than the
output can express and it will clip to 0x3000 for signals more
negative than the output can express. In offset binary mode the
output bus will clip to Ox3FFFF for output signals more positive
than the output can express and it will clip to 0x2000 for signals
more negative than the output can express.

The Wideband Input is aways interpreted as an 18-bit 2's
complement number and is typicaly connected to the Wideband
Output Bus of another AD6622 in order to send more than 4
cariers to a single DAC. The Output Bus of the proceeding
ADB622 should be configured in 2's complement mode and dlip
detection disabled. The 18-hit resolution insures that the noise
and spur performance of the wideband data stream does not
become the limiting factor as large numbers of carriers are
summed.
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Thereisatwo clock cycle latency from the Wideband Input Bus
to the Wideband Output Bus. This latency may be cdibrated out
of the sysem by use of the Start Hold-Off counter. The
preceding AD6622 in a cascaded chain can be gtarted two high
speed dock cycles before the following AD6622 is started and
the data from each AD6622 will arrive a the DAC on the same
cock cyde. In systems where the individud signds are not
correlated, thisis usualy not necessary.

The AD6622 is capable of outputting both Real and Complex
Data. Whenin Red modethe QIN input istied low signding that
al inputs on the Wideband Input Bus are red and that al outputs
on the Wideband Output Bus are red. The Wideband Input Bus
will be pulled low and no data will be added to the composite
signd if thisport isunused (not connected).

If Complex data is desired then there are two ways this can be
obtained. The first method isto smply set the QIN input of the
AD6622 high and to st the Wideband Input Bus low. This
dlows the AD6622 to output Complex Daa on the Wideband
Output Bus. The | data samples would be identified when
QOUT .is low and the Q data samples would be identified when
QOUT is high. The second method of obtaining complex datais
to provide a QIN sgnd that toggles on every risng edge of the
high speed clock. "This could be obtained by connecting the
QOUT of another AD6622 to QIN. In a cascaded system the
QIN of thefirst AD6622 in the chain would typicaly betied high
and the QOUT of the first AD6622 would be connected to the
QIN of the fallowing pat. All AD6622s will synchronize
themsdlves to the QIN input so that the proper samples are
adways pared and the Wideband Output bus represents valid
Complex Datasamples.

Wideband Input | Output Data Type
QIN | IN[17:0] OUT[17:0], QOUT
Low Red Red
High Zero Complex
Pulsed - | Complex Complex
2's Comp, Offset Bin,
Clipping Clipping
Disabled Enabled
Logicl — Qi Qour P Qn 14-Bit
- " AD66220UT i AD6622OUT | DAC
LogicO —[17:0] [17:0] [17:0] [16:3]

Figure XX. Cascade Operation of two AD6622s.
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SYNCHRONIZATION

Three types of synchronization can be achieved with the
AD6622. These are Start, Hop, and Beam. Each is described in
detail below. The synchronization is accomplished with the use
of ashedow register and ahold off counter. See Figure XX below
for asmplistic schematic of the NCO shadow register and NCO
Freq Hold Off counter to understand basic operation. Enabling
the clock (AD6622 CLK) for the hold off counter can occur with
dther a Soft_Sync (via the micro port), or a Pin Sync (via the
ADB6622 Sync pin, pin 62). The functions that include shadow
registersto alow synchronization include:

1 Sat
2. Hop (NCO Frequency)
3. Beam (NCO Phase Offst)

NCO Shadow ’ NCO Phase
Register NCO Register y or
32 32 32
q) oD Q D Q p—
® —> —DENA
q) HOP Ho Idoff
"E Holdoff Counter
= 16 16
[ D] Q D C=1
o PL =0
g —_—D +— ENA
8 Start Start
O oldoff Counter
— 15 16 SLEEP
Q —) Qeg—— C=1
@) PL c=0
b —P +—7 ENA
5 Start Sync
CLK Reset
Pin

Figure XX. NCO Shadow Regigter and Hold Off Counter

Start refers to the sart-up of an individud channd, chip, or
multiple chips. If achanne is not used, it should be put in the
Sleep Mode to reduce power disspation. Following a hard reset
(low pulse on the AD6622 /Reset pin), dl channels are placed in
the Sleep Mode.

Start With No Sync
REV. Prk 23

If no synchronization is needed to start multiple channels or
multiple AD6622s, the following method should be used to
initidize the device.

1. To program a channel, it mugt first be set to the Program
Mode (bit high) and Sleep Mode (bit high) (Ext Address 4).
The Program Mode alows programming of data memory and
coefficient memory (dl other registers are progranmable
whether in Program Mode or not). Since no synchronization
is used al Sync hits are st low (Externa Address 5). All
gppropriate control and memory regigters (filter) are then
loaded. The Start Update Hold Off Counter (0x00) should
besettoO.

2. Se the gppropriate Program and Sleep bitslow (Ext Address
4). This endbles the channd. The channd must have
Program and Sleegp Mode low to activate achannd.

Start With Soft Sync

The AD6622 includes the ability to synchronize channels or
chips under microprocessor control. One action to synchronizeis
the start of channels or chips. The Start Update Hold Off
Counter (0x00) in conjunction with the Start bit and Sync hit (Ext
Address 5) dlow this synchronization. Basicadly the Start
Update Hold Off Counter delays the Start of a channdl(s) by its
vaue (number of AD6622 CLKS). The following method is used
to synchronize the gart of multiple channels via microprocessor
control.

1. Set the appropriate channels to deep mode (a hard reset to
the AD6622 Reset pin brings dl 4 channds up in deep
mode).

2. Write the Start Update Hold Off Counter(s) (0x00) to the
gppropriate vaue (greater than 1 and less than 2016-1). If
the chip(s) is not initidized, dl other registers should be
loaded at this step.

3. Write the Start bit and the SyncX(s) bit high (Ext Address
5).

4. This starts the Start Update Hold Off Counter counting
down. The counter is clocked with the AD6622 CLK sgnd.
When it reaches a count of one the Seep bhit of the
gppropriate channe (s) is set low to activate the channel (s).

Start With Pin Sync

A Sync pin is provided on the AD6622 to provide the most
accurate synchronization, especidly between multiple AD6622s.
Synchronization of Start with an externad sgnd is accomplished
with the following method.

1. Set the appropriate channels to deep mode (a hard reset to
the AD6622 Reset pin brings dl 4 channds up in deep
mode).

2. Write the Start Update Hold Off Counter(s) (0x00) to the
gppropriate vaue (greater than 1 and less than 2°16-1). If
the chip(s) is not initidized, dl other registers should be
loaded at this step.

3. Se the Start on Pin Sync hit and the gppropriate Sync Pin
Enable high (0x01).
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4.  When the Sync pin is sampled high by the AD6622 CLK
this enables the count down of the Start Update Hold Off
Counter. The counter is clocked with the AD6622 CLK
sgnd. When it reaches a count of one the Seep hit of the
gppropriate channel(s) is set low to activate the channel (s).

Hop is a jump from one NCO frequency to a newv NCO
frequency. This change in frequency can be synchronized via
microprocessor control or an externad Sync signd as described
below.

To set the NCO frequency without synchronization the following
method should be used.

Set Freg NoHop

1. SettheNCO Freq Hold Off counter to O.

2. Load the appropriate NCO frequency. The new frequency
will beimmediatdly loaded to the NCO.

Hop With Soft Sync

The AD6622 includes the ahility to synchronize achangein NCO
frequency of multiple channels or chips under microprocessor
control. The NCO Freg Hold Off counter (0x03) in conjunction
with the Hop hit and the Sync hit (Ext Address 5) dlow this
synchronizetion. Basicaly the NCO Freq Hold Off counter
delays the new frequency from being loaded into the NCO by its
vaue (number of AD6622 CLKs). The following method is used
to synchronize a hop in frequency of multiple channels via
MiCcroprocessor control.

1. Write the NCO Freg Hold Off (0x03) counter to the
gppropriate value (greater than 1 and lessthen 2°16-1).

2. Write the NCO Frequency register(s) to the new desired
frequency.

3. Writethe Hop bit and the Sync(s) bit high (Ext Address 5).

4. This gtarts the NCO Freq Hold Off counter counting down.
The counter is clocked with the AD6622 CLK signd. When
it reaches a count of one the new frequency isloaded into the
NCO.

Hop With Pin Sync

A Sync pin is provided on the AD6622 to provide the most
accurate synchronization, especidly between multiple AD6622s.
Synchronization of Hopping to a new NCO frequency with an
externa sgnd is accomplished with the following method.

1. Write the NCO Freq Hold Off counter(s) (0xX03) to the
gppropriate value (greater than 1 and lessthan 2°16-1).

2. Write the NCO Frequency register(s) to the new desired
frequency.

3. S the Hop on Pin Sync hit and the gppropriate Sync Pin
Eneble high (0x01).

4.  When the Sync pin is sampled high by the AD6622 CLK
this enables the count down of the NCO Freq Hold Off
counter. The counter is clocked with the AD6622 CLK
sgnd. When it reaches a count of one the new frequency is
loaded into the NCO.
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Beam is a change in phase for a particular channel and can be
synchronized with respect to other channels or AD6622s. This
change in phase can be synchronized via microprocessor control
or an externd Sync Sgnd as described below.

To st the amplitude without synchronization the following
method should be used.

Set Phase No Beam

1. Set the NCO Phase Offset Update Hold Off Counter (0x05)
to 0.

2. Load the gppropriate NCO Phase Offset (0x04). The NCO
Phase Offset will beimmediately |oaded.

Beam With Soft Sync

The AD6622 includes the ahility to synchronize achangein NCO
phase of multiple channels or chips under microprocessor control.
The NCO Phase Offsat Update Hold Off Counter in conjunction
with the Beam bit and the Sync bit (Ext Address 5) dlow this
synchronization. Basicdly the NCO Phase Offsat Update Hold
Off Counter delays the new phase from being loaded into the
NCO/RCF by its vdue (number of AD6622 CLKs). The
following method is used to synchronize a beam in phase of
multiple channels via microprocessor control.

1. Write the NCO Phase offsst Update Hold Off Counter
(Ox05) to the appropriate value (greater than 1 and less then
2M6-1).

2. Wirite the NCO Phase Offset regigter(s) to the new desired

phase and amplitude.

Write the Beam bit and the Sync(s) bit high (Ext Address 5).

4. This gtarts the NCO Phase Offsat Update Hold Off counter
counting down. ' The counter is clocked with the AD6622
CLK sgnd. When it reaches a count of one the new phaseis
loaded into the NCO.

w

Beam With Pin Sync

A Sync pin is provided on the AD6622 to provide the most
accurate synchronization, especidly between multiple AD6622s.
Synchronization of Beaming to a new NCO Phase Offsat with an
externd signd is accomplished with the following method.

1. Write the NCO Phase Offset Hold Off (0x05) counter(s) to
the appropriate value (greater than 1 and lessthan 2'16-1).

2. Write the NCO Phase Offset regigter(s) to the new desired
phase and amplitude.

3. Se the Beam on Fin Sync hit and the appropriate Sync Pin
Enable high (0x01).

4. When the Sync pin is sampled high by the AD6622 CLK
this enables the count down of the NCO Phase Offset Hold
Off counter. The counter is clocked with the AD6622 CLK
sgnd. When it reaches a count of one the new phase is
loaded into the NCO regigters.
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JTAG INTERFACE

The AD6622 supports a subset of IEEE Standard 1149.1
Specification. For additiona details of the standard, please see
“I[EEE Standad Test Access Port and Boundary-Scan
Architecture” |EEE-1149 publication from |EEE.

The AD6622 has five pins associated with the JTAG interface.
These pins are used to access the on-chip Test Access Port and
areliged in the table bel ow.

Name | Pin Number Description
/TRST | 100 Test Access Port Reset
TCK 101 Test Clock
TMS 106 Test Access Port Mode Sdlect
TDI 108 Test Data Input
TDO 107 Test Data Output

The AD6622 supports four op codes as shown below. These
indructions set the mode of the JTAG interface.

Instruction Op Code
IDCODE 10
BYPASS 11
SAMPLE/PRELOAD 01
EXTEST 00

The Vendor Identification Code can be accessed through the
IDCODE ingruction and has the following format.

MSB Part Manufacturing LSB
Version Number ID# Mandatory
000 0010 00011100101 1
0111
1000
0000

A BSDL filefor thisdevice will be available from Andog Devices,
Inc. Contact Analog Devices Inc. for moreinformetion.
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SCALING

Proper scaling of the wideband output is critica to maximize the
spurious and noise performance of the AD6622. A rdaively
smal overflow anywhere in the data path can cause the spurious
free dynamic range to drop precipitoudy. Scaling down the
output levels dso reduces dynamic range relaive to an
approximately congtant noise floor. A well-balanced scaling plan
a each point in the sgna path will be rewarded with optimum
performance. The scaling plan can be separated into two parts:
multi-carrier scaling and Sngle-carrier scaling.

Multi-Carrier Scaling

An arbitrary number of AD6622s can be cascaded to cregte a
composite digitdl IF with many carriers.  As the number of
carriers incresses, the pesk to RMS ratio of the composite digital
IF will increase as well. It is possible and beneficid to limit the
pesk to RMS ratio through careful frequency planning and
controlled phase offsets. Nevertheless, in most cases with alarge
number of carriers, theworst case pesk isan unlikely event.

The AD6622 immediatdy preceding the DAC can be
programmed to clip rather than wrap around (see the Summation
Block description). For alarge number of carriers, arare but finite
chance of clipping & the Ad6622 wideband output will result in
superior dynamic range compared to lowering esch carrier leve
until clipping is impossible. This will dso be the case for most
DACs. Through analyss or experimentation, an optimal output
levd of individud carriers can be determined for any particular
DAC.

Single Carrier Scaling

Once the optimal power leve is determined for each carrier, one
must determine the best way to achieve thet level. The maximum
SNR can be achieved by maximizing the intermediate power level
a each procesing dage.  This can be done by assuming the
proper leve at the output and working backwards dong the sgnd
path: Summetion, NCO, CIC, and findly, RCF.

The Summation Block is intended to combine multiple carriers,
with each carier a leest 6 dB bdow full scde. For this
configuration, the AD6622 driving the DAC should have dip
detection enable. OUT17 becomes a clip indicator that reports
clipping in both polarities. If the DAC requires offset binary
outputs, then the interna offset binary conversion should be
enabled as wdl. Any preceding cascaded AD6622s should
disable clip detection and offset binary conversion. The IN17-
INO of the first AD6622 in the cascade should be grounded. See
the Summeation Block section for details.  In this configuration,
intermediate OUT17s will serve as guard hits that dlow
intermediate sumsto exceed full scale. Aslong asthefind output
does not exceed 6 dB over full scale, the clip detector will perform
correctly.

If a sngle carier needs to exceed -6 dB full scale, hardwired
scaling can be accomplished according to the table below. Thisis
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most useful when the AD6622 is processing a Single Wideband
Carrier suchas UMTS or CDMA 2000.

Max. Single Connect to Clip Offset Binary
Carrier Level | DACMSB | Detect | Compensation
-12.04dB ouUT17 N/A Interna
-6.02 dB OUT16 +/- Internd
0dB OUT 15 +only 0x18000
+6.02 dB OuUT 14 +only 0x1C000
+12.04 dB OUT 13 +only Ox1E000
+18.06 dB OuUT 12 +only Ox1F000
+24.08 dB OuUT 11 +only Ox1F800

The NCO/Tuner is equipped with an output scalar that ranges
from —6.02 to —24.08 dB below full scade, in 6.02 dB eps. See
the NCO/Tuner section for details.  The best SNR will be
achieved by maximizing the input level to the NCO and using the
largest possble NCO attenuation.  For example, to achieve an
output level =20 dB below full scde, one should st the CIC
output level to—1.94 dB below full scale and attenuate by —18.06
dB inthe NCO.

The CIC is equipped with an output scalar that ranges from O to
—15051 dB bdow full scae in 6.02 dB steps.  This large
attenugtion is necessary to compensate for the potentialy large
gains associated with CIC interpolation.  See the CIC section for
detals. For example to achieve an output levd of —1.94 dB
below full scale, witha CIC5 interpolation of 27 (114.51 dB gain)
and a CIC2 interpolation of 3 (9.54 dB gain), one should st the
CIC_Scdeto 20 and the RCF output level to —-5.59 dB below full
e

-1.94- 9.54-114.51+20>6.02 =- 5.59

The RCF is equipped with an output scalar that ranges from 0 to
—18.06 dB below full scalein 6.02 dB steps. This atenuation can
be used to compensate for filter gainin the RCF. For example, if
the desired RCF output is —5.59 dB and the maxim gain of the
RCF coefficients is 11.04dB, then the RCF_Coarse_Scde should
be sat to 2 and the coefficients should be scaled so thet the largest
coefficient is—4.59 dB below full scale. The largest possible gain
of the RCF coefficients is when the largest coefficient of the
impulse response is normaized to one. Thismeansthat dl of the
coefficients are as large as possible so the sum of the coefficients
are as large as possble. This maximum gain will determine the
RCF_Coarse_Scde, which should be used to make the totd RCF
gan between 0 and -6.020B. After the RCF_Coarse Scde is
chosen then the Coefficients can be rescded, as in the example,
to set the totd RCF gain to adesired level. See the RCF section
for additiond information.

- 559- 11.04+26.02=-4.59

Finaly, as described in the RCF section, there may be a worst
case peak of aphasethat islarger than the channd center gain. In
the preceding example, if the worst case to channd center raio is
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larger than 4.59 dB (potentidly overflowing the RCF), then the
RCF_Coarse_Scde should be reduced by one and the CIC_Scde
should be increased by one. In the preceding example, if the worst
case to channd center ratio is larger than 5.59 dB (potentidly
overflowing the RCF and CIC), then the RCF_Coarse Scde
should be reduced by one and the NCO_Output_Scae should be
increased by one.
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MICROPORT INTERFACE

The MicroPort interface is the communications port between the
AD6622 and the hogt controller. There are two modes of bus
operation: Intel non-multiplexed mode (INM), and Motorola non-
multiplexed mode (MNM) which is set by hard wiring the ALE
pin to either ground or supply. The mode is selected based on
the use of the MicroPort control lines (/DS or /RD, DTACK or
RDY, RW or /WR) and the capabilities of the host processor.
See the timing diagrams for details on the operation of both
modes.

The Externa Memory Map provides data and address registersto
read and write the extensve control registers in the Internd
Memory Map. The control registers access globd chip functions
and multiple control functions for each independent channel.

MicroPort Control

All accesses to the internd registers and memory of the AD6622
are accomplished indirectly through the use of the microprocessor
port external registers shown in Table x below. Accesses to the
Externa Registers are accomplished through the 3 bit address bus
(A[2Q]) and the 8 hit data bus (D[7:0]) of the AD6622
(MicroPort). External Address[3:0] provides access to data read
from or written to the internal memory (up to 32 bits). Externa
Address [(] is the least Significant byte and Externa Address [3]
is the most significant byte. External Address [4] controls the
resets of esch channd. Externa Address [5] controls the sync
datus of each channd. External Address [7:6] determines the
Internal Address selected and whether this addressis incremented
after subsequent reads and/or writesto theinterna registers.

EXTERNAL MEMORY MAP

The Externd Memory Map is used to gain access to the Interna
Memory Map described below. External Address[7:6] sets the
Internal Address to which subseguent reads or writes will be
performed. The top two bits of External Address [7] dlow the
user to set the address to auto increment after reads, writes, or
both. All interna data words have widths that are less than or
equd to 32 hits. Accesses to Externd Address [0] trigger
accesses to the AD6622's internad memory map.  Thus during
writes to the internd regiders, Externd Address [0] must be
written last to insure dl deta is transferred. Reads are the
opposite in that Externd Address [0] must be the first data
register read (after setting the gppropriate internal address) to
initiate an internal access.

Externd Address [54] reads and writes are transferred
immediately to interna control registers. Externd Address [4] is
the reset register. The reset bits can be sat collectively by the
address. The reset bits can be cleared by operation of gart syncs
(described below).

External Address [5] is the sync register. These bits are write
only. There are three types of syncs: start, hop, and beam. Each
of these can be sent to any or dl of the four channds. For
example, awrite of X0010100 would issue a start sync to
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channd C only. A write of X1101111 would issue a beam
sync and ahop syncto dl channdls.

Theinternd address busiis 11 hits wide and the internal data bus
is 32 bitswide. Externa address 7 isthe Chan (Channd ) and
stores the upper three hits of the address space in Chan[2:0].
Chan[7:6] define the auto-increment feature. If bit 6 is high, the
internd address in incremented after an internd read. If bit 7 is
high, the internal addressisincremented after an interna write. If
both bits are high, the internal address in incremented after ether
awriteor aread. Thisfeatureis designed for sequentid accessto
interna locations. Externd address 6 isthe Addr (Address) and
gores the lower 8 hits of the internal address. External addresses
3 through 0 store the 32 hits of the interna data.  All internd
acceses are 2 clock cyceslong.

Writing to an internd location with a data width of 16 bits is
achieved by firgt writing the upper three bits of the address to
bits 2 through O of the Chan (bits 7 and 6 of the Chan are
written to determine whether or not the auto increment feature is
enabled). The Addr is then written with the lower eight bits of
the internal address (it doesn't matter if the Addr is written
beforethe Chan as long as both are written before the internd
access).  Since the data width of the interna address is 16 hits,
only dataregiter 1 and dataregister 0 are needed. Dataregister 1
must be written first because the write to data register O triggers
the internal access. Data register 0 must dways be the last
register written to initiate the interna write.

Reading from the MicroPort is accomplished in a similar manner.
Theinterna address is first written. A read from data register O
activates the internd read, thus register 0 must dways be read
firg toinitiate an interna read. This provides the 8 LSBs of the
internal read through the MicroPort O[7:0]). Additiond bytes
are then read by changing the externd address (A[2:0]) and
performing additiona reeds. If data register 3 (or any other) is
reed before data register O, incorrect data will be reed. Data
register 0 must be read first in order to transfer data from the core
memory to the externa memory locations. Once data regigter is
read, the remaining locations may be examined in any order.

The MicroPort of the AD6622 alows for multiple accesses while
/CSishdd low (/CS can betied permanently low if the MicroPort
is not shared with additiond devices). The user can access
multiple locations by pulsing the /WR or /RD line and changing
the contents of the externd three bit address bus. Accessto the
externd registers of Table 2 is accomplished in one of two modes
using the /CS, /RD, WR, and ALE inputs. The access modes are
Intel Non-Multiplexed mode and Motorola Non-Multiplexed
mode. These modes are controlled by the ALE input (ALE=0 for
INM, ALE=1 for MNM). /CS, /RD, and /WR control the access
type for each mode.
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Intel Non-Multiplexed M ode (INM)

ALE mugt be tied low to operate the AD6622 MicroPort in INM
mode. The access type is controlled by the user with the /CS,
/RD (/DS), and WR (R/W) inputs. The RDY (/DTACK) sgnd
is produced by the MicroPort to communicate to the user the
MicroPort is ready for an access. RDY (/DTACK) goes low a
the gtart of the access and is released when the interna cycle is
complete.  See the timing diagrams for both the read and write
modes in the Specifications.

M otorola Non-Multiplexed Mode (MNM)

ALE must be tied high to operate the AD6622 microprocessor in
MNM mode. The accesstypeis controlled by the user with the
ICS, IDS (/RD), and R'W (/WR) inputs. The /IDTACK (RDY)
signd is produced by the MicroPort to acknowledge the
completion of an access to the user. /DTACK (RDY) goes low
when an interna accessis complete and then will return high after
/DS (/RD) is de-assarted.  See the timing diagrams for both the
read and write modes in the Specifications.

The/DTACK pin is configured as an open drain so that multiple

devices may be tied together a the
microprocessor/microcontroller without contention.

External External Data

Address D7 D6 D5 D4 D3 D2 D1 DO

7: Chan Wrinc Rdinc - - - IA10 IA9 1A8

6. Addr IA7 IA6 IA5 IA4 IA3 IA2 IA1 I1A0

5: ync - beem hop dart SyncD SyncC SyncB SyncA

4: Reset Prog D ProgC | ProgB ProgA | SleepD | SeepC | SeepB | SeepA

3: Byte3 ID31 ID30 ID29 ID28 ID27 ID26 ID25 ID24

2: Byte? ID23 ID22 ID21 ID20 ID19 ID18 ID17 ID16

1: Bytel ID15 ID14 ID13 ID12 ID11 ID10 ID9 ID8

0: ByteD ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO

External Address 7 Upper Address Register (Chan)
Satsthe 3 most Significant bits of the internal address, effectively
secting channds 1, 2, 3 or 4 (D2:D0). The auto-increment. of
read and write are dso st (D7:D6).

External Address6 Lower Address Register (Addr)
Setstheinternd address 8-LSBs (D7:D0).

External Address5 Sync

This register is Read only. Bits in this address control the
synchronization of the AD6622 channels. If the user intends to
bring up channds with no synchronization requirements then al
bits of this register should be written low. Two types of sync
sgnds are available with the AD6622. The fird is Soft Sync.
Soft Sync is software synchronization enabled through the
miroport. The second synchronization method is Pin Sync. Pin
Syncis enabled by asigna applied to the Sync pin (pin 62). See
the Synchronization section of the data sheet for detalled
explanations of the different modes.

External Address4 Reset

Bits in this regigter determine how the chip is programmed and
enablesthe channds. The program bits (D7:D4) must be set high
to dlow programming of CMEM and DMEM for each channel.
Sleep hits (D3:D0) are used to activate or deep channds. These
can be used manudly by the user to bring up achannd by smply
writing the required channel high. These bits can aso be used in
conjunction with the Start and Sync signds available in Externd
Address 5 to synchronize the channels. See the Synchronization
section of the data sheet for detailed explanation of different
modes.
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External Address 3:0 (Address Bytes)
These hits s&t the internd address to be accessed for a read or
write.
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INTERNAL CONTROL REGISTERSAND ON-CHIP RAM

Listed below isthe mapping of interna AD6622 registers.

Address | Bit Width | Name

| Notation

| Description

Common Function R

ister s (not associated with a particular channel)

0x000 8 Summeation MODE Control 0: Clip Wideband Output
1: Offsat Binary Wideband Output
2. Resarved, must be st high
3-7: Resarved, should be st low
0x001 8 Sync MODE Control 0: Ch.A Sync Pin Enable
1: Ch.B Sync Pin Enable
2: Ch.C Sync Pin Enable
3: Ch.D Sync Pin Enable
4; Start on Fin Sync
5: Hop on Pin Sync
6. Beam Steer on Pin Sync
7. First Sync Only
Channel Function Registers (0Ox1IXX=Ch.A, 0x2XX=Ch.B, 0x3XX=Ch.C, 0x4XX=Ch.D)
0x100 16 Start Update Hold Off Counter Start Update Hold Off Counter
0x101 8 NCO Control 1-0: Ch.A NCO Output Scae
2: Ch.A NCO Clear Phase Accum on Sync
3: Ch.A NCO Phase Dither Endble
4: Ch.A NCO Amp Dither Endble
7-5. Resarved
0x102 32 NCO Frequency Ch.A NCO Frequency Vdue
0x103 16 NCO Freq Hold Off Ch.A NCO Freguency Update Hold Off Ctr
0x104 16 NCO Phase Offset Ch.A NCO Phase Offset
0x105 16 NCO Phase Hold Off Ch.A NCO Phase Offsat Update Hold Off Ctr
0x106 8 CIC Scde 50: ChAA CIC Scde
7-6: Resarved
0x107 8 Reserved 7-0: Resarved
0x108 8 CIC2 Interpolation-1 Ch.A CIC2 Interpolation Factor-1
0x109 8 CICS Interpolation-1 Ch.A CIC5 Interpolation Factor-1
Ox10A 8 RCF Coefficient Count Nrce1 6-0: Ch.A RCF Coefficient Count, Ngc—1
7: Reserved
0x10B 8 RCF Coefficient Offsat Orcr 6-0: Ch.A RCF Coefficient Offset
7: Resaved
ox10C 8 Channd MODE Control 1 Nrcr/Lree1 3-0: ChA Nger/Lpee1
5-4; Ch.A Input Format:
00=FIR
6: Reserved
7: Reserved
0x10D 8 Channd MODE Control 2 4-0: Ch.A Serid Clock Divider
5: Ch.A Phae EQ Encble
7-6: Ch.A RCF Coarse Scde
00=0dB
01=-6dB
10=-12dB
11=-18dB
OX10E 16 16-0: Reserved
Ox10F 16 16-0: Resarved
0x110 16 Phase EQ Coefl Ch.A Phase EQ Codfficient 1
0x111 16 Phase EQ Coef2 Ch.A Phase EQ Codfficient 2
Ox112- Reserved Reserved
Ox11F
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0x120- 16 DataMem Ch.A DataMemory

Ox13F

0x140- 16 Reserved Resarved

Ox17F

0x180- 16 Coef. Mem Ch.A Cofficient Memory

Ox1FF

Additional Channels

0x200- Various Channd B Ch.B Regidters (organized as Ch.A above)
Ox2FF

0x300- Various Channd C Ch.C Regidters (organized as Ch.A above)
Ox3FF

0x400- Vaious Channd D Ch.D Regigers (organized as Ch.A above)
Ox4FF

(0x000) Summation Mode Control

Controls functions in the summetion block of the AD6622.
When szt high, Bit 0 causes the output data to be clipped (no
wragp-around) when over-range of the output occurs. When Bit O
is low, over-range will result in wrap-around. When set low, Bit
1 formats the output data as 2s complement. Bit 1 set high will
format output data as offset binary.

(0x001) Sync M ode Contral

Bits 4-0 when high enable synchronization of these channels. See
the Synchronization section of the data sheet for detalled
explanation.

Channel Function Registers

The following regigters are channd specific. ‘Ox’ denotes that
these vaues are represented as hexadecimd numbers.
represents the specified channd. Vdid channdsaren=1, 2, 3 and
4,

(0xn00) Start Update Hold Off Counter

The Start Update Hold Off Counter is used to synchronize start
up of AD6622 channels and can be used to synchronize multiple
chips. The Start Update Hold Off Counter is clocked by the
AD6622 CLK (master clock). See the Synchronization section of
the data sheet for detailed explanation. If no synchronization is
required, this register should be set to O.

(0xn01) NCO Contral
Bit 1.0 set the NCO scaing per the table below.

Bit1 | Bit0O | NCO Output Level

0 0 -6dB (no attenuation)
0 1 -12dB attenuation

1 0 -18dB attenuation

1 1 -24dB attenuation

Bit 2 when high clears the NCO phase accumulator to O on ether
a Soft Sync or Pin Sync (see Synchronization for details).

Bit 3 when high enables NCO phase dither.

Bit 4 when high enables NCO amplitude dither.

Bit 7:5 are reserved and should be written low.

(0xn02) NCO Frequency
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This regigter is a 32-bit unsigned integer that sets the NCO
Frequency. The NCO Frequency contains a shadow regigter for
synchronization purposes. The shadow can be read back
directly, the NCO Frequency can not.

fc annel
NCOFrequenCy = 232 * ChLKI)

(0xn03) NCO Frequency Update Hold Off Counter
TheHold Off Counter is used to synchronize the change of NCO
frequencies. See the Synchronization section of the data sheet for
detalled explanaion. If no synchronization is required, this
register should be set to O.

(0xn04) NCO Phase Offset

Thisregister isa 16-bit unsigned integer that is added to the phase
accumulator of the NCO. This dlows phase synchronization of
multiple channels of the AD6622(s). See the Synchronization
section of the data sheet for details The NCO Phase Offsat
contains a shadow register for synchronization purposes. The
shadow can be read back directly, the NCO Phase Offset can not.

(0xn05) NCO Phase Offsaet Update Hold Off Counter

The Hold Off Counter is used to synchronize the change of NCO
phases.  See the Synchronization section of the data sheet for
detalled explanation. If no synchronization is required, this
register should be set to O.

(0xn06) CIC Scale
Bits 5:0 set the CIC scding per the equation below.

CIC _Scale = cell (|092(L4v:|c:5 XLCICZ))

See CIC section of the data sheet for detals. Bits 7:6 are reserved
and should be set to 0.

(0xn07) Reserved
Thisregister isreserved and should be set to O.

(0xn08) CIC2 Interpolation - 1
This regiger sats the interpolation rate for the CIC2 filter stage
(undgned integer). The programmed vdue is the CIC2
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scding available (See CIC section of the data shest).

(0xn09) CIC5 Interpolation - 1

This register sets the interpolation rate for the CIC5 filter stage
(undgned integer).  The programmed vdue is the CICS
Interpolation — 1. Maximum interpolation is limited by the CIC
scding available (See CIC section of the data shest).

(0xnOA) Number of RCF Coefficients- 1

This register sets the number of RCF Coefficients and is limited
to a maximum of 128. The programmed vaue is the number of
RCF Cosfficients— 1.

(0xn0OB) RCF Coefficient Offset

This register sets the offset for RCF Coefficients and is normaly
st t0 0. It can be viewed as a pointer which selects the portion
of the CMEM used when computing the RCF filter. Thisalows
multiple filters to be stored in the Coefficient memory space,
selecting the appropriate filter by setting the offset.

(0xn0C) Channel Mode Contral 1
Bits 3:0 set Nger/Lre 1.
Bits 5:4 set the channd input format as shown below.

Bit5 | Bit4 | Input Mode
0 0 FIR

0 1 Reserved

1 0 Resarved

1 1 Reserved
Bit 6 Reserved

Bit 7 Resarved

(0xn0OD) Channel Mode Control 2
Bits 4.0 st the SCLKpjyiger that determines the sarid clock
frequency basad on the following egueation.

f _ CLK
e 2* (g:LKDivider + 1)

Bit 5 Reserved. Must be set low.
Bits 7:6 set the RCF Coarse Scale as shown below.

Bit7 [ Bit6 | RCF CoarseScde

0 0 0dB

0 1 -6dB
1 0 -12dB
1 1 -18dB
(OxnOE) Reserved

(OxnOF) Reserved
(0xn10) Reserved (Must bewritten to 0)

(0xn1l) Reserved (Must bewritten to 0)

(0xn12-0xn1F) Reserved

(0xn20-0xn3F) Data Memory
This group of regigters contain the RCF Filter Data. See the RCF
section of the data sheet for additiona detail.

(0xn40-0xn7F) Reserved
(0xn80-0xnFF) Coefficient Memory

This group of regigters contain the RCF Filter Coefficients. See
the RCF section of the data sheet for additional detail.
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WRITE PSEUDOCODE

Void Write Micro(ext_address, int data);
Main()

{

¥ This code shows the programming of the NCO frequency
regiser using the Write Micro function defined above. The
variable address is the Externd Address A[2:0] and data is the
vaueto be placed in the externd interface regigter.

Internd Address= 0x102, channd 1
*/

f*Holding registersfor NCO byte wide access deta*/
int d3, d2, d1, do;

*NCO freguency word (32 bits wide)*/
NCO_FREQ=0x1BEFEFFF,;

f*write Chan */

Write_ Micro(7, Ox01);

[*write Addr */

Write_Micro(6,0x02);

[*write Byte 3*/

d3=(NCO_FREQ & 0xFF000000)>>24;
Write_Micro(3,d3);

[*write Byte 2%/

02=(NCO_FREQ & OxFF0000)>>16;
Write_ Micro(2,d2);

[*write Byte 1*/

d1=(NCO_FREQ & OxFF00)>>8;
Write Micro(1,d1);

[*write Byte O, Byte O is written last and causes an interna write
to occur*/

d0=NCO_FREQ & OxFF;
Write_Micro(0,d0);

}
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READ PSEUDOCODE

Void Reed Micro(ext_address);
Main()

{

/* This code shows the reading of the NCO frequency register
usng the Read Micro function defined above. The varigble
addressisthe Externd Address A[2:0]

Internd Address = 0x102, channd 1
*/

/*Holding registersfor NCO byte wide access data*/

int d3, d2, d1, do;

/*NCO frequency word (32 bits wide)*/

fwrite Chan */

Write_Micro(7, 0x01);

fwrite Addr*/

Write_Micro(6,0x02);

[*read Byte O, al datais moved from the Interna Registersto the
interface registers on this access, thus Byte 0 must be accessed
firgt for the other Bytesto be vaid*/

d0=Read_Micro(0) & OxFF;

*read Byte 1*/

d1=Read Micro(1) & OxFF;

[*read Byte 2*/

d2=Read Micro(2) & OxFF;

[*read Byte 0 */

d3=Read Micro(3) & OxFF;

}
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APPLICATIONS

The AD6622 provides considerable flexibility for the control of
the synchronization, relative phasing, and scaling of the individual
channd inputs.  Implementation of a multi-channd transmitter
invariably begins with an analysis of the output spectrum that
must be generated.

DIGITAL
SELECTION
The sdection of a high performance DAC depends on a number
of factors. The dynamic range of the DAC must be considered
from a noise and spectrad purity perspective.  The 14-bit
AD9754 and AD9772 are the best choices for overdl bandwidth,
noise, and spectrd purity.

TO ANALOG CONVERTER (DAC)

In order to minimize the complexity of the analog interpolation
filter which must follow the DAC, the sample rate of the master
clock is generdly st to a least three times the maximum anaog
frequency of interest.

In the case where a 15 MHz band of interest is to be up-
converted to RF, the lowest frequency might be 5 MHz and the
upper band edge a 20 MHz (offset from DC to afford the best
image reject filter after the firgt digita IF). The minimum sample
rate would be set to 65 MSPS.

Consderation must also be given to data rate of the incoming data
stream, interpolation factors, and the clock rate of the DSP.

MULTIPLE TSP OPERATION

Each of the four Transmit Signd Processors (TSPs) of the
ADB622 can adequately reject the interpolation images of narrow
bandwidth carriers such as AMPS, 1S-136, GSM, EDGE, and
PHS. Wider bandwidth carriers such as 1S-95 and UMTS require
acoordinated effort of multiple processing channels.

This section demongtrates how to coordinate multiple TSPs to
creste wider bandwidth- channds without sacrificing image
rejection. Asan example, aUMTS carrier is modulated using four
TSPs (an entire AD6622).  The same principas can be gpplied to
different designs using more or fewer TSP This section does
not explore techniques for using multiple TSPs to solve problems
other than Seria Port or RCF throughput.

Designing filter coefficients and control settings for de-interleaved
TSPs is no harder than designing a filter for a single TSP.  For
example, if four TSPsare to be used, smply divide the input data
rate by four and generate the filter as normd. For any design, a
better filter can dways be redized by incrementing the number of
TSPsto beused. Whenitistimeto program the TSPs, only two
gmdl differences must be programmed. First each channd is
configured with exactly the same filter, sclars, modes and NCO
frequency. Since each channel receives data at ¥4 the data rate and
in a staggered fashion, the Start Hold Off Counters must also be
Saggered (see "Programming Multiple TSPS' section beow).
Second, the phase offset of each NCO must be set to match the
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de-multiplexed ratio (Y4 in this example). Thus the phase offset
should be sat to 90 degrees (16384 which is % of a 16 bit
register).

Determining the Number of TSPsto Use

There are three limitations of a single TSP that can be overcome
by de-interleaving an input stream into multiple TSPs: Serid Port
bandwidth, the time retriction to the RCF impulse response
length (Nrcr), and the DMEM restriction to Ngcr.

If the input sample rate is faster than the Serid Port can accept
data, the data can be de-interleaved into multiple Serid Ports.
Recalling from the Serid Port description, the SCLK frequency
(fsck) is determined by the equation below. To minimize the
number of processing channels, SCLK divider should be set aslow
as possible to get the highest fs ¢ that the serid data source can

accept.

fCLK

f =
S 2 SCLKdivider +1)

A minimum of thirty-two SCLK cycles are required to accept an
input sample, so the minimum number of TSPs (Nys) due to
limited Serid Port bandwidth is a function of the input sample
rate (f,y), as shown by the equation bel ow.

La832xf 0
N;g 2 cell T
fS:LK (%]

For an example UMTS system, we will assume ¢« = 61.44
MHz, and the seria data source can drive data a 30.72 MBPS
(SCLKdivider = 0). To achieve fy=3.84 MHz, the minimum
Ny iS4 (Thisis TSP channels, not TSP ICs).

Multiple TSPs are dso requiired if the RCF does not have enough
time or DMEM space to cdculae the required RCF filter.
Recaling the maximum Ny 5 psequation from the RCF description,
are three regtrictions to the RCF impul se response length, Ngcr.

Time CMEM
Restriction Restriction
L

Nee £ min( = 164 128)

T

DMEM
Restriction
N o Xf
_ _ Ny Xk
wherel = Leee XLgies XLgier = f
IN

De-interleaving the input data into multiple TSPs will extend the
time regtriction and may possibly extend the DMEM rediriction,
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but will not extend the CMEM regtriction. De-interleaving the
input stream to multiple TSPs divides the input sample rate to
each TSP by the number of TSPs used (Nysp). ToO keep the
output rate fixed, L must be increased by a factor of Ny, which
extends the time redtriction. Thisincrease in L may be achieved
by increesing any one or more of Lrer, Leics, OF Leicp Within their
normd limits. Achieving alarger L by increesing Lger instead of
Leics Or Leep Will relievesthe DMEM restriction aswell.

In a UMTS example, Nrsp=4, £ «=61.44 MHz, and {\=3.84
MHz, resulting in L=64. Factoring L into Lge=8, Lo=8, and
Laieo=1 resultsin amaximum Ngc==32 due to the time restriction.
Figure-MX shows an example RCF impulse reponse which hasa
frequency response as shown in FigureMY from 0 Hz to 7.68
MHz (fin XLree/Nrsp). The composite RCF and CIC frequency
response is shown in Figure-MZ, on the same frequency scde.
This figure demongrates a good gpproximation to a root-raised-
cosine with aroll-off factor of 0.22, a pass-band ripple of 0.1 dB,
and a stop-band ripple better than —65 dB until the Iobe of the
first image which pesks a -50 dB about 5.6 MHz from the
carier center. This lobe could be reduced by shifting more of the
interpolation towards the RCF, but that would sacrifice near-in
performance. Asshown, the first image can be eesily rejected by
an andog filter further up the signa peth.

Scaling must be considered as normd with an interpolation factor
of L, to guarantee no overflow in the RCF, CIC, or NCOs. The
output level at the summation port should be caculated using an
interpolation factor of L/Nygp.

Programming Multiple TSPs
Configuring the TSPs for de-interleaved operation is draight
forward. All of the Channel Registers and CMEM of each TSP

are programmed identicaly, except the Start Hold-Off-Counters
and NCO Phase Offset.

In order to separate the input timing to each TSP, the Hold-Off-
Counters must be used to start each TSP successively in response
to a common Stat SYNC. The Start SYNC may originate from
the SYNC pin or the MicroPort. Each subsequent TSP must
have a Hold-Off-Counter vaue L/Nre larger than its
predecessor's. If the TSPs are located on cascaded AD6622s, the
Hold-Off-Counters of the upstream device should be incremented
by an additiona one.

Inthe UMTS example, L=64 and Nys-=4, s0 in order to respond
as quickly as possible to a Start SYNC, the Hold-Off-Counter
vaues should be 1, 17, 33, and 49.

Driving Multiple TSP Serial Ports

When configured properly, the AD6622 will drive each SDFS out
of phase. Each new piece of data should be driven only into the
TSP that pulsesits SDFS pin a that time.

Inthe UMTS example, L=64 and Nrs-=4, s0 each serid port need
only accept every 4" input sample. Each serid port is shifting at
pesk capacity, so sample 1, 2, and 3 begin shifting into Serid
Ports B, C, and D before sample 0 is completed into Seria Port

A.
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THERMAL MANAGEMENT

The power dissipation of the AD6622 is primarily determined by
three factors: the clock rate, the number of channdls active, and
the distribution of interpolation rates. The faster the clock rate
the more power disspated by the CMOS dructures of the
AD6622 and the more channds active the higher the overdl
power of the chip. Low interpolation rates in the CIC dtages
(CIC5, CIC2) results in higher power disspation. All these
factors should be andyzed as each application has different
thermal requirements.

The AD6622 128-leed MQFP is specidly designed to provide
excdlent thermd performance. To achieve the best performance
the power and ground leads should be connected directly to
planes on the PC board. This provides the best therma transfer
from the AD6622 to the PC board.
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PACKAGE OUTLINE DIMENS ONS
Dimendons shown in mm.

128-L ead Terminal Metric Quad Flatpack (M QFP)

Dim Min. Nom. Max.
A 34
Al 0.25
A2 2.6 2.7 2.8
D 17.00 17.20 17.40
D1 13.90 14.00 14.10
E 23.00 23.20 2340
El 19.90 20.00 20.10
B 0.17 0.22 0.27

e 05BSC
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