ANALOG 4-Channel, 104 MSPS Digital
DEVICES Transmit Signal Processor (TSP)

AD6623

FEATURES Digital Resampling for Noninteger Interpolation Rates
Pin Compatible to the AD6622 NCO Frequency Translation
18-Bit Parallel Digital IF Output Spurious Performance Better than -100 dBc

Real or Interleaved Complex Separate 3-Wire Serial Data Input for Each Channel
18-Bit Bidirectional Parallel Digital IF Input/Output Bidirectional Serial Clocks and Frames

Allows Cascade of Chips for Additional Channels Microprocessor Control

Clipped or Wrapped Over Range 2.5V CMOS Core, 3.3 V Outputs, 5 V Inputs

Two’'s Complement or Offset Binary Output JTAG Boundary Scan

Four Independent Digital Transmitters in Single Package
RAM Coefficient Filter (RCF)
Programmable IF and Modulation for Each Channel
Programmable Interpolating RAM Coefficient Filter

p/4-DQPSK Differential Phase Encoder Wireless Local Loop Base Stations
3p/8-PSK Linear Encoder Multicarrier, Multimode Digital Transmit

8-PSK Linear Encoder ggll\\n/lAI;ng)E 1IS136, PHS, 1S95, TDS CDMA, UMTS,
Programmable GMSK Look-Up Table

Programmable QPSK Look-Up Table gh?sed A’I;a‘f’_Be:'; ';‘?"“"‘9 Antennas
All-Pass Phase Equalizer oftware Defined Radlo

Programmable Fine Scaler Tuning Resolution Better than 0.025 Hz

Programmable Power Ramp Unit Real or Complex Outputs
High Speed CIC Interpolating Filter

APPLICATIONS
Cellular/PCS Base Stations
Micro/Pico Cell Base Stations
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AD6623

PRODUCT DESCRIPTION

The AD6623 is a 4-channel Transmit Signal Processor (T'SP)
that creates high bandwidth data for Transmit Digital-to-Analog
Converters (TxDACs) from baseband data provided by a Digital
Signal Processor (DSP). Modern TxDACs have achieved suffi-
ciently high sampling rates, analog bandwidth, and dynamic range
to create the first Intermediate Frequency (IF) directly. The
AD6623 synthesizes multicarrier and multistandard digital signals
to drive these TxDACs. The RAM-based architecture allows easy
reconfiguration for multimode applications. Modulation, pulse-
shaping and anti-imaging filters, static equalization, and tuning
functions are combined in a single, cost-effective device. Digital
IF signal processing provides repeatable manufacturing, higher
accuracy, and more flexibility than comparable high dynamic
range analog designs.

The AD6623 has four identical digital TSPs complete with synchro-
nization circuitry and cascadable wideband channel summation.
AD6623 is pin compatible to AD6622 and can operate in AD6622-
compatible control register mode.

The AD6623 utilizes a 3.3 V I/O power supply and a 2.5 V core
power supply. All I/O pins are 5 V tolerant. All control registers
and coefficient values are programmed through a generic micro-
processor interface. Intel and Motorola microprocessor bus modes
are supported. All inputs and outputs are LVCMOS compatible.

FUNCTIONAL OVERVIEW

Each TSP has five cascaded signal processing elements: a pro-
grammable interpolating RAM Coefficient Filter (RCF), a
programmable Scale and Power Ramp, a programmable fifth order
Cascaded Integrator Comb (CIC5) interpolating filter, a flexible
second order Resampling Cascaded Integrator Comb filter (rCIC2),
and a Numerically Controlled Oscillator/Tuner (NCO).

The outputs of the four TSPs are summed and scaled on-chip.
In multicarrier wideband transmitters, a bidirectional bus allows
the Parallel (wideband) IF Input/Output to drive a second DAC.
In this operational mode two AD6623 channels drive one DAC
and the other two AD6623 channels drive a second DAC. Mul-
tiple AD6623s may be combined by driving the INOUT[17:0] of
the succeeding with the OUT[17:0] of the preceding chip. The
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INOUT[17:0] can alternatively be masked off by software to
allow preceding AD6623’s outputs to be ignored.

Each channel accepts input data from independent serial ports
that may be connected directly to the serial port of Digital Signal
Processor (DSP) chips.

The RCF implements any one of the following functions:
Interpolating Finite Impulse Response (FIR) filter, m/4-DQPSK
modulator, 8-PSK modulator, or 3 7/8-8-PSK modulator, GMSK
modulator, and QPSK modulator. Each AD6623 channel can
be dynamically switched between the GMSK modulation mode
and the 3 7/8-8-PSK modulation mode in order to support the
GSM/EDGE standard. The RCF also implements an Allpass
Phase Equalizer (APE) which meets the requirements of IS-95-A/B
standard (CDMA transmission).

The programmable Scale and Power Ramp block allows power
ramping on a time-slot basis as specified for some air-interface
standards (e.g., GSM, EDGE). A fine scaling unit at the pro-
grammable FIR filter output allows an easy signal amplitude
level adjustment on time slot basis.

The CIC5 provides integer rate interpolation from 1 to 32 and
coarse anti-image filtering. The rCIC2 provides fractional rate
interpolation from 1 to 4096 in steps of 1/512. The wide range
of interpolation factors in each CIC filter stage and a highly
flexible resampler incorporated into rCIC2 makes the AD6623
useful for creating both narrowband and wideband carriers in a
high-speed sample stream.

The high resolution 32-bit NCO allows flexibility in frequency
planning and supports both digital and analog air interface stan-
dards. The high speed NCO tunes the interpolated complex signal
from the rCIC2 to an IF channel. The result may be real or com-
plex. Multicarrier phase synchronization pins and phase offset
registers allow intelligent management of the relative phase of
independent RF channels. This capability supports the require-
ments for phased array antenna architectures and management
of the wideband peak/power ratio to minimize clipping at the DAC.

The wideband Output Ports can deliver real or complex data.
Complex words are interleaved into real (I) and imaginary (Q)
parts at half the master clock rate.
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RECOMMENDED OPERATING CONDITIONS

Test AD6623
Parameter Level Min Typ Max Unit
VDD v 2.25 2.5 2.75 \Y%
VDDIO v 3.0 3.3 3.6 A%
TAMBIENT v -40 +25 +70 °C
ELECTRICAL CHARACTERISTICS
Parameter (Conditions) Temp Test Level Min Typ Max Unit
LOGIC INPUTS (5 VTOLERANT)
Logic Compatibility Full 3.3 VCMOS
Logic “1” Voltage Full v 2.0 5.0 \%
Logic “0” Voltage Full v -0.3 +0.8 \Y%
Logic “1” Current Full v 1 10 UA
Logic “0” Current Full I\Y 0 10 UA
Input Capacitance 25°C A% 4 pF
LOGIC OUTPUTS
Logic Compatibility Full 3.3 VCMOS/TTL
Logic “1” Voltage (Iog = 0.25 mA) Full v 2.0 VDD -0.2 A%
Logic “0” Voltage (I, = 0.25 mA) Full v 0.2 0.4 A%
IDD SUPPLY CURRENT
CLK = 104 MHz, VDD = 2.75 V¥ Full v 422 TBD* | mA
CLK = 104 MHz, VDDIO = 3.6 V¥ Full v 193 mA
GSM Example: CORE A% 232 mA
/0 56 mA
1S-136 Example: CORE \% 207 mA
/0 55 mA
WBCDMA Example A% Thbd mA
Sleep Mode Full 1\Y Tbd TBD mA
POWER DISSIPATION
GSM Example A% 740 mW
1S-136 Example A% 700 mW
WBCDMA Example A% Tbd mW
Sleep Mode Full v Tbd TBD mW

*This specification denotes an absolute maximum supply current for the device. The conditions include all channels active, minimum interpolation in both CIC
stages, and maximum switching of input data. In an actual application the power will be less.

See the Thermal Management section of the data sheet for further details.
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GENERAL TIMING CHARACTERISTICS"2

AD6623

Test AD6623AS
Parameter (Conditions) Temp Level Min Typ Max Unit
CLK Timing Requirements:
talk CLK Period Full I 9.6 ns
teLkL CLK Width Low Full v 3 ns
tCcLKH CLK Width High Full v 3 0.5 X tcrx ns
RESET Timing Requirement:
tRESL RESET Width Low Full I 30.0 ns
Inpur Data Timing Requirements:
ts INOUT][17:0], QIN to TCLK Setup Time Full v 1 ns
tHT INOUT[17:0], QIN to TCLK Hold Time Full v 2 ns
Output Data Timing Characteristics:
oo TCLK to OUT[17:0], INOUT[17:0],

QOUT Output Delay Time Full v 2 6 ns
tpzo OEN HIGH to OUT([17:0] Active Full v 3 7.5 ns
SYNC Timing Requirements:
tss SYNC(0, 1, 2, 3) to TCLK Setup Time Full v 1 ns
tus SYNC(0, 1, 2, 3) to TCLK Hold Time Full v 2 ns
Master Mode Serial Port Timing Requirements (SCS = 0):

Switching Characteristics’

tDSCLKI TCLK to TSCLK Delay (divide by 1) Full v 4 10.5 ns
tDSCLKH TCLK to TSCLK Delay (for any other divisor) | Full v 5 13 ns
IDSCLKL TCLK to sLSCLI( Delay

(divide by 2 or even number) Full v 3.5 9 ns
UDSCLKLL l{CLK to |SCLK Delay

(divide by 3 or odd number) Full v 4 10 ns

Channel is Self-Framing
tsspio SDIN to TSCLK Setup Time Full v 1.7 ns
tHSDIo SDIN to TSCLK Hold Time Full v 0 ns
tDSFO0A TSCLK to SDFO Delay Full v 0.5 3.5 ns

Channel is External-Framing
tSSEI0 SDFI to TSCLK Setup Time Full v 2 ns
tHSFI0 SDFI to TSCLK Hold Time Full v 0 ns
tsspIo SDIN to TSCLK Setup Time Full v 2 ns
tHSDIo SDIN to TSCLK Hold Time Full v 0 ns
tDSFOOB TSCLK to SDFO Delay Full v 0.5 3 ns
Slave Mode Serial Port Timing Requirements (SCS = 1):

Switching Characteristics®

tscLk SCLK Period Full v 2 X tcix ns
tSCLKL SCLK Low Time Full v 3.5 ns
tsCLKH SCLK High Time Full v 3.5 ns

Channel is Self-Framing
tsSDH SDIN to TSCLK Setup Time Full v 1 ns
tHSDH SDIN to TSCLK Hold Time Full v 2.5 ns
tpsFo1 TSCLK to SDFO Delay Full v 4 10 ns

Channel is External-Framing
tSSFII SDFI to T SCLK Setup Time Full v 2 ns
S SDFI to TSCLK Hold Time Full v 1 ns
tsspI1 SDIN to TSCLK Setup Time Full v 1 ns
tHSDII SDIN to TSCLK Hold Time Full v 2.5 ns
tpsFo1 ISCLK to SDFO Delay Full v 10 ns
NOTES

!All Timing Specifications valid over VDD range of 2.375 V to 2.675 V and VDDIO range of 3.0 V t0 3.6 V.

2CLoap = 40 pF on all outputs (unless otherwise specified).

>The timing parameters for SCLK, SDIN, SDFI, SDFO, and SYNC apply to all four channels (A, B, C, and D).

Specifications subject to change without notice.
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MICROPROCESSOR PORT TIMING CHARACTERISTICS'-

Test AD6623AS
Parameter (Conditions) Temp Level Min Typ Max Unit
MICROPROCESSOR PORT, MODE INM (MODE = 0)
MODE INM Write Timing:
tsc Control® to TCLK Setup Time Full v 4.5 ns
tHC Control® to TCLK Hold Time Full v 2.0 ns
tHWR WR(RW) to RDY(DTACK) Hold Time Full v 8.0 ns
tsam Address/Data to WR(RW) Setup Time Full v 3.0 ns
tHAM Address/Data to RDY(DTACK) Hold Time Full v 2.0 ns
tDRDY WR(RW) to RDY(DTACK) Delay Full v 4.0 ns
tacc W_R(RW) to RDY(DTACK) ngh Delay Full v 4 Xtk 5 Xtaxk 9Xtoik ns
MODE INM Read Timing:
tsc Control® to TCLK Setup Time Full v 4.5 ns
tHC Control® to TCLK Hold Time Full v 2.0 ns
tsam Address to RD(DS) Setup Time Full v 3.0 ns
tHAM Address to Data Hold Time Full v 2.0 ns
tzoz Data Three-State Delay Full v ns
tpp RDY(DTACK) to Data Delay Full v ns
tpRDY RD(DS) to RDY(DTACK) Delay Full v 4.0 ns
tacc RD(DS) to RDY(DTACK) High Delay Full v 8 Xtk 10X tex 13 Xterx ns
MICROPROCESSOR PORT, MOTOROLA (MODE =1)
MODE MNM Write Timing:
tsc Control® to TCLK Setup Time Full v 4.5 ns
tHC Control® to TCLK Hold Time Full v 2.0 ns
tups DS(RD) to DTACK(RDY) Hold Time Full v 8.0 ns
tHRW RW(WR) to DTACK(RDY) Hold Time Full v 8.0 ns
tsam Address/Data to RW(WR) Setup Time Full v 3.0 ns
tHAM Address/Data to RW(WR) Hold Time Full v 2.0 ns
tpbpTACK m(ﬁ) to DTACK(RDY) Delay ns
tacc RW(WR) to DTACK(RDY) Low Delay Full v 4 Xtk 5 Xtok 9 Xteix ns
MODE MNM Read Timing:
tsc Control® to TCLK Setup Time Full v 4.0 ns
tac Control® to TCLK Hold Time Full v 2.0 ns
tHDS DS(RD) to DTACK(RDY) Hold Time Full v 8.0 ns
tsam Address to DS(RD) Setup Time Full v 3.0 ns
tHAM Address to Data Hold Time Full v 2.0 ns
tzp Data Three-State Delay Full v ns
top DTACK(RDY) to Data Delay Full v ns
{DDTACK DS(RD) to DTACK(RDY) Delay Full 1\Y ns
tacc DS(RD) to DTACK(RDY) Low Delay Full v 8 Xtk 10 Xterx 13 X tarx ns
NOTES

!All Timing Specifications valid over VDD range of 2.375 V to 2.675 V and VDDIO range of 3.0 V t0 3.6 V.

2Croap = 40 pF on all outputs (unless otherwises_peci@)._ .
3Specification pertains to control signals: RW, (WR), DS, (RD), CS.

Specifications subject to change without notice.
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TIMING DIAGRAMS
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Figure 1. Parallel Output Switching Characteristics Figure 4. RESET Timing Requirements
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Figure 2. Wideband Input Timing Figure 5. SCLK Switching Characteristics (Divide by 1)
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Figure 3. SYNC Timing Inputs Figure 6. SCLK Switching Characteristic (Divide by 2 or
EVEN Integer)
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Figure 7. SCLK Switching Characteristic (Divide by 3 or ODD Integer)
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Figure 8. Serial Port Timing, Master Mode (SCS = 0), Channel is Self-Framing
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Figure 9. Serial Port Timing, Slave Mode (SCS = 1), Channel is Self-Framing
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Figure 10. Serial Port Timing, Master Mode (SCS = 0), Channel is External-Framing
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TIMING DIAGRAMS—INM MICROPORT MODE

TIMING DIAGRAMS—MNM MICROPORT MODE
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NOTES NOTES

1. tacc ACCESS TIME DEPENDS ONTHE ADDRESS ACCESSED. ACCESSTIME IS

MEASURED FROM FE OF WR TO THE RE OF RDY.
2.tpcc REQUIRES A MAXIMUM 9 CLK PERIODS.

Figure 12. INM Microport Write Timing Requirements

1.tacc ACCESSTIME DEPENDS ONTHE ADDRESS ACCESSED. ACCESSTIME IS
MEASURED FROM FE OF DS TO THE FE OF DTACK.
2. tpcc REQUIRES A MAXIMUM 9 CLK PERIODS.

Figure 14. MNM Microport Write Timing Requirements
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NOTES NOTES
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1.tacc ACCESS TIME DEPENDS ONTHE ADDRESS ACCESSED. ACCESSTIME IS
MEASURED FROM FE OF DS TO THE FE OF DTACK.

TIME IS MEASURED FROM FE OF WR TO THE RE OF RDY.
2.tpcc REQUIRES A MAXIMUM OF 13 CLK PERIODS AND APPLIESTO
A[2:0]=7,6,5,3,2,1

2. tacc REQUIRES A MAXIMUM 13 CLK PERIODS.

Figure 13. INM Microport Read Timing Requirements Figure 15. Motorola Microport Read Timing Requirements
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ABSOLUTE MAXIMUM RATINGS*

Supply Voltage . . ... 36V
Input Voltage .............. -0.3 Vto +5V (5 V Tolerant)
Output Voltage Swing .......... -0.3Vto VDDIO + 0.3V

Load Capacitance .............c..vuitvuenennnn. 200 pF
Junction Temperature Under Bias . ................ 125°C
Storage Temperature Range ............ -65°C to +150°C
Lead Temperature (5seC) .......ovviiieennnnn. 280°C

*Stresses greater than those listed above may cause permanent damage to the
device. These are stress ratings only; functional operation of the devices at these
or any other conditions greater than those indicated in the operational sections of
this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

THERMAL CHARACTERISTICS
128-Lead MQFP:

0;a = 33°C/W, no airflow

04 = 27°C/W, 200 lfpm airflow

0;a = 24°C/W, 400 lfpm airflow

196-Lead BGA:
0;a = 26.3°C/W, no airflow
0;a = 22°C/W, 200 Ifpm airflow

Thermal measurements made in the horizontal position on a
2-layer board.

EXPLANATION OF TEST LEVELS

I. 100% Production Tested

II. 100% Production Tested at 25°C, and Sample Tested at
Specified Temperatures

III. Sample Tested Only

IV. Parameter Guaranteed by Design and Analysis

V. Parameter is Typical Value Only

ORDERING GUIDE
Model Temperature Range Package Description Package Option
AD6623AS —40°C to +70°C (Ambient) 128-Lead MQFP (Metric Quad Flatpack) S-128A
AD6623ABC —-40°C to +85°C (Ambient) 196-Lead BGA (Ball Grid Array) BC-196
AD6623S/PCB MQPFP Evaluation Board with AD6623 and Software
AD6623BC/PCB BGA Evaluation Board with AD6623 and Software
CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection. Although
the AD6623 features proprietary ESD protection circuitry, permanent damage may occur on
devices subjected to high-energy electrostatic discharges. Therefore, proper ESD precautions are
recommended to avoid performance degradation or loss of functionality.

WARNING!

| ESD SENSITIVE DEVICE

~10-
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PIN CONFIGURATION

128-Lead MQFP
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128 PIN FUNCTION DESCRIPTIONS

Pin Number Mnemonic Type | Description
1, 3-5, 9, 19-21, 31, 32, 34-36, 38, 39,
42, 52-54, 64-65, 68, 72, 83-85, 95, 96,
98, 99, 102, 103, 116, 128 GND P Ground Connection
2 OEN! I Active High Output Enable Pin
29, 28, 27, 25, 24, 23, 22, 18, 17, 16, 15,
13,12,11,10,8,7,6 OUT[17:0] O/T Parallel Output Data
47, 59, 66, 104, 127 VDD P 2.5V Supply
14, 26, 41, 78, 90, 110, 122 VDDIO P 3.3 V Supply
30 QOUT o/T When HIGH indicates Q Output Data
(Complex Output Mode)
33, 37, 40, 43, 44, 45, 46, 48 D[7:0] I/O/T | Bidirectional Microport Data
49 DS (RD) I INM Mode: Read Signal, MNM Mode: Data Strobe Signal
50 DTACK
(RDY) (0] Acknowledgment of a Completed Transaction (Signals when
WP Port Is Ready for an Access) Open Drain, Must Be
Pulled Up Externally
51 RW (WR) I Active HIGH Read, Active Low Write
55 MODE I Sets Microport Mode: MODE = 1, MNM Mode; MODE = 0,
INM Mode
56, 57, 58 A[2:0] I Microport Address Bus
60 CS I Chip Select, Active low enable for UP Access
61 RESET? I Active Low Reset Pin
62 SYNCO! I SYNC Signal for Synchronizing Multiple AD6623s
63 SYNC1! I SYNC Signal for Synchronizing Multiple AD6623s
67 CLK! I Input Clock
69 SYNC2! I SYNC Signal for Synchronizing Multiple AD6623s
70 QIN! I When HIGH indicates Q input data (Complex Input Mode)
71, 74-77, 79-82, 86-89, 91-94, 97 INOUT[17:0]} | /O Wideband Input/Output Data (Allows Cascade of Multiple
AD6623 Chips In a System)
73 SYNC3! I SYNC Signal for Synchronizing Multiple AD6623s
100 TRST? I Test Reset Pin
101 TCK! I Test Clock Input
105 SDFIA I Serial Data Frame Input—Channel A
106 TMS? I Test Mode Select
107 TDO o Test Data Output
108 TDI! I Test Data Input
109 SCLKA /0 Bidirectional Serial Clock—Channel A
111 SDFOA o Serial Data Frame Sync Output—Channel A
112 SDINA! I Serial Data Input—Channel A
113 SCLKB /0 Bidirectional Serial Clock—Channel B
114 SDFOB (0] Serial Data Frame Sync Output—Channel B
115 SDFIB I Serial Data Frame Input —Channel B
117 SDFIC I Serial Data Frame Input—Channel C
118 SDINB! I Serial Data Input—Channel B
119 SCLKC /0 Bidirectional Serial Clock—Channel C
120 SDFOC o Serial Data Frame Sync Output—Channel C
121 SDINC! I Serial Data Input—Channel C
123 SCLKD /0 Bidirectional Serial Clock—Channel D
124 SDFOD (0] Serial Data Frame Sync Outpu—Channel D
125 SDIND! I Serial Data Input—Channel D
126 SDFID I Serial Data Frame Input—Channel D
NOTES
!Pins with a Pull-Down resistor of nominal 70 kQ.
Pins with a Pull-Up resistor of nominal 70 kQ.
12— REV. 0
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PIN CONFIGURATION
196-Lead BGA

TOP VIEW
1 2 3 4 5 6 7 8 9 10 11 12 13 4
AOOOOOOOOOOOOOO“
B1O O OO O0OO0OO0OO0OO0OO0OO0OO0o0OO0O0
cloO OO OO0 O0O0O0O0OO0O0O0OO0O0
b|1O O OO O OO O0OO0OO0OO0OO0O0O0
EfIO OO OO0 000 OO OO0
FIO OO OS®S @0 0 O OO OO0
cs|O 0O O0OO0O0Ce e e e S OO OO0 15mm sq.
HIO OO OS® @0 @0 OO O OO0
J IO OO OO0 @@ e @0 ©S© O O OO0
k|O OO OO0 0008 0 OO0 O0O0
tfO O OO OO0 O0O0O0OO0OO0OO0O0
m{O OO OOOOOO0OOO0OO0O OO0 BALL LEGEND.
W[OOO0OO0OO00DO000D00O0O0O0 ® crouno
© CORE POWER
PO O OO OOOOOOO OO O] §y O~NPOWER
I
1 2 3 4 5 6 7 8 9 10 1 12 13 14
NC SDFID | SDINC | SDINB | SDFOB | SCLKB | SCLKA | TDO | SDFIA | TCK NC
OEN | SDIND | SDFOC | SDFIC | SDINA | TDI TRST
SDFOD SKLKD | SKLKC | SDFIB | SDFOA | TMS INO
ouT2 ouTo IN2 IN1
OUT1 | OUT3 vDDIO | VDD | vDDIO | VDD | VDDIO | VDD IN4
OUTs | OUT4 | OuTe VDD | GND | GND | GND | GND | VDDIO IN3 IN5 IN7
ouTs | OUT4 VDDIO | GND | GND | GND | GND | VDD ING IN8 IN9
OUT9 | OUTi0 | OUT12 VDD | GND | GND | GND | GND | VDDIO INT1 | IN10
OUT11 | OUT13 VDDIO | GND | GND | GND | GND | VDD IN12 IN14 | IN13
OUT14 OuT17 vDD | VDDIO | VDD | VDDIO | VDD | VDDIO IN16 IN17 | IN15
OUT16 OUT15 QIN SYNC3
Qout D7 D4 D1 W "(",3_'2')5 Al RESET SYNC2
D5 D3 DO RW(WR) A0 SYNCO
NC D6 D2 DS(RD) A2 CS | sYNci CLK NC

NC = NO CONNECT

-13-
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196-PIN FUNCTION DESCRIPTIONS

Mnemonic Type Function

POWER SUPPLY

VDD P 2.5 V Supply

VDDIO P 3.3 VIO Supply

GND G Ground

INPUTS

INOUT[17:0]} I/0 A Input Data (Mantissa)

QIN! I When HIGH Indicates Q Input Data (Complex Input Mode)
RESET? I Active LOW Reset Pin

CLK! I Input Clock

SYNCO! I All Sync Pins Go to All Four Output Channels
SYNC1! I All Sync Pins Go to All Four Output Channels
SYNC2! I All Sync Pins Go to All Four Output Channels
SYNC3! I All Sync Pins Go to All Four Output Channels
SDINA! I Serial Data Input—Channel A

SDINB! I Serial Data Input—Channel B

SDINC! I Serial Data Input—Channel C

S_DIND1 I Serial Data Input—Channel D

CS I Active LOW Chip Select

CONTROL

SCLKA I/O0 Bidirectional Serial Clock—Channel A
SCLKB I/0 Bidirectional Serial Clock—Channel B
SCLKC /0 Bidirectional Serial Clock—Channel C
SCLKD /O Bidirectional Serial Clock—Channel D
SDFOA (0] Serial Data Frame Sync Output—Channel A
SDFOB o Serial Data Frame Sync Output—Channel B
SDFOC o Serial Data Frame Sync Output—Channel C
SDFOD (0] Serial Data Frame Sync Output—Channel D
SDFIA I Serial Data Frame Input—Channel A

SDFIB I Serial Data Frame Input—Channel B

SDFIC I Serial Data Frame Input—Channel C

SDFID I Serial Data Frame Input—Channel D

OEN! I Active High Output Enable Pin
MICROPORT CONTROL

D[7:0] I/O/T Bidirectional Microport Data

A[2:0] I Microport Address Bus

DS (RD) I Active Low Data Strobe (Active Low Read)
DTACK (RDY)? o/T Active Low Data Acknowledge (Microport Status Bit)
RW (WR) I Read Write (Active Low Write)

MODE I Intel or Motorola Mode Select

OUTPUTS

OUT[17:0] (6] Wideband Output Data

QOUT o When HIGH Indicates Q Output Data (Complex Output Mode)
JTAG AND BIST

TRST? I Test Reset Pin (Active Low)

TCK! I Test Clock Input

TMS? I Test Mode Select Input

TDO o/T Test Data Output

TDI! I Test Data Input

NOTES

!Pins with a Pull-Down resistor of nominal 70 kQ.

Pins with a Pull-Up resistors of nominal 70 kQ.

~14-
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SERIAL DATA PORT

The AD6623 has four independent Serial Ports (A, B, C, and D),
and each accepts data to its own channel (A, B, C, or D) of the
device. Each Serial Port has four pins: SCLK (Serial CLocK), SDFO
(Serial Data Frame Out), SDFI (Serial Data Frame In), and SDIN
(Serial Data INput). SDFI and SDIN are inputs, SDFO is an output,
and SCLK is either input or output depending on the state of SCS
(Serial Clock Slave: 0xn16, Bit 4). Each channel can be operated
either as a Master or Slave channel depending upon SCS. The Serial
Port can be self-framing or accept external framing from the SFDI
pin or from the previous adjacent channel (0xnl6, Bits 7 and 6).

Serial Master Mode (SCS = 0)

In master mode, SCLK is created by a programmable internal
counter that divides CLK. When the channel is “sleeping,” SCLK
is held low. SCLK becomes active on the first rising edge of CLK
after Channel sleep is removed (DO through D3 of external
address 4). Once active, the SCLK frequency is determined by
the CLK frequency and the SCLK divider, according to the
equations below.

AD6623 mode:

— f CLK
Fserx = SCLKdivider + 1 M
AD6622 mode:

_ fCLK
Fserx = 5 (SCLKdivider + 1) @)

The SCLK divider is a 5-bit unsigned value located at Internal
Channel Address 0xn0D (Bits 4-0), where “n” is 1, 2, 3, or 4 for
the chosen channel A, B, C, or D, respectively. The user must
select 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 at the end of this section. The maximum SCLK
frequency is equal to the CLK when operating in AD6623 mode
serial clock master. When operating in AD6622 compatible mode,
the maximum SCLK frequency is one-half the CLK. The minimum
SCLK frequency is 1/32 of the CLK frequency in AD6623 mode
or 1/64 of the CLK frequency when in AD6622 mode. SDFO
changes on the positive edge of SCLK when in master mode. SDIN
is captured on positive edge when SCLK is in master mode.

Serial Slave Mode (SCS =1)

Any of the AD6623 serial ports may be operated in the serial slave
mode. In this mode, the selected AD6623 channel requires that
an external device such as a DSP to supply the SCLK. This is
done to synchronize the serial port to meet an external timing
requirement. SDIN is captured on negative edge of SCLK when
in slave mode.

Self-Framing Mode

In this mode Bit 7 of register 0xn16 is set low. The serial data
frame output, SDFO, generates a self-framing data request and
is pulsed high for one SCLK cycle at the input sample rate. In
this mode, the SDFI pin is not used, and the SDFO signal would
be programmed to be a serial data frame request (0xnl6, Bit 5 = 0).

REV. 0

SDFO is used to provide a sync signal to the host. The input
sample rate is determined by the CLK divided by channel interpo-
lation factor. If the SCLK rate is not an integer multiple of the
input sample rate, then the SDFO will continually adjust the
period by one SCLK cycle to keep the average SDFO rate equal
to the input sample rate. When the channel is in sleep mode, SDFO
is held low. The first SDFO is delayed by the channel reset latency
after the Channel Reset is removed. The channel reset latency
varies dependent on channel configuration.

External Framing Mode

In this mode Bit 7 of register 0xn16 is set high. The external
framing can come from either the SDFI pin (0xnl6, Bit 6 = 0)
or the previous adjacent channel (0xnl16, Bit 6 = 1). In the case
of external framing from a previous channel, it uses the internal
frame end signal for serial data frame syncing. When in master
mode, SDFO and SDFI transition on the positive edge of SCLK,
and SDIN is captured on the positive edge of SCLK. When in
slave mode, SDFO and SDFI transition on the negative edge of
SCLK, and SDIN is captured on the negative edge of SCLK.

Serial Port Cascade Configuration

In this case the SDFO signal from the last channel of the first
chip would be programmed to be a serial data frame end (SFE:
0xnl6, Bit 5 = 1). This SDFO signal would then be fed as an
input for the second cascaded chip’s SDFI pin input. The second
chip would be programmed to accept external framing from the
SDFI pin (0xnl6, Bit 7 = 1, Bit 6 = 0).

Serial Data Format

The format of data applied to the serial port is determined by
the RCF mode selected in Control Register 0xn0C. Below is a
table showing the RCF modes and input data format that it sets.

Table I. Serial Data Format

0xn0C | 0xn0C | 0xn0C | Serial Data RCF
Bit6 | Bit5 Bit 4 Word Length Mode
0 0 0 32 FIR
0 7/4-DQPSK
0 1 0 GMSK
0 1 1 MSK
1 0 0 24 (Bit 9 is high)
16 (Bit 9 is low) FIR,
compact
1 0 1 8-PSK
1 1 0 31/8-8-PSK
1 1 1 QPSK

The serial data input, SDIN, accepts 32-bit words as channel input
data. The 32-bit word is interpreted as two 16-bit two’s comple-
ment quadrature words, I followed by Q, MSB first. This results in
linear I and Q data being provided to the RCF. The first bit is
shifted into the serial port starting on the next rising edge of SCLK
after the SDFO pulse. Figure 16 shows a timing diagram for SCLK
master (SCS = 0) and SDFO set for frame request (SFE = 0).
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CLK
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Figure 16. Serial Port Switching Characteristics

As an example of the Serial Port operation, consider a CLK fre-
quency of 62.208 MHz and a channel interpolation of 2560. In
that case, the input sample rate is 24.3 kSPS (62.208 MHz/2560),
which is also the SDFO rate. Substituting, fscix > 32 X fspro
into the equation and solving for SCLKdivider, we find the mini-
mum value for SCLKdivider according to the equation below.

f CLK

SCLKdivider < ——=~— (3)
32X fsrpo

Evaluating this equation for our example, SCLKdivider must be
less than or equal to 79. Since the SCLKdivider channel register
is a 5-bit unsigned number it can only range from 0 to 31.
Any value in that range will be valid for this example, but if it is
important that the SDFO period is constant, then there is another
restriction. For regular frames, the ratio fscr x/fspro must be equal
to an integer of 32 or larger. For this example, constant SDFO
periods can only be achieved with an SCLK divider of 31 or less.
See Table II for usable SCLK divider values and the corresponding
SCLK and fscr x/fspro ratio for the example of L = 2560.

In conclusion, SDFO rate is determined by the AD6623 CLK
rate and the interpolation rate of the channel. The SDFO rate is
equal to the channel input rate. The channel interpolation is
equal to RCF interpolation times CIC5 interpolation, times
CIC2 interpolation:

L
L=Lyor XL x—CR’CzJ 4
( RCF CIC5 Mo (4)
The SCLK divide ratio is determined by SCLKdivider as shown
in the previous equation. The SCLK must be fast enough to
input 32 bits of data prior to the next SDFO. Extra SCLKSs are
ignored by the serial port.

Table II. Example of Usable SCLK Divider
Values and fgc; x/fsppo Ratios for L = 2560

SCLKdivisor fSCLK’ fs])]:()
0 2560

1 1280

3 640

4 512

7 320

9 256

15 160

19 128

31 80

~16-

PROGRAMMABLE RAM COEFFICIENT FILTER (RCF)
Each channel has a fully independent RAM Coefficient Filter (RCF).
The RCF accepts data from the Serial Port, processes it, and passes
the resultant I and Q data to the CIC filter. A variety of processing
options may be selected individually or in combination, including
PSK and MSK modulation, FIR filtering, all-pass phase equalization,
and scaling with arbitrary ramping. See Table III.

Table III. Data Format Processing Options

Processing Block Input Data Output Data

Interpolating FIR Filter | Iand Q Tand Q

PSK Modulator 2 or 3 bits

per symbol Unfiltered I

and Q:
7/4-QPSK,
8-PSK, or
3m/8-8-PSK

MSK Modulator 1 bit per symbol Filtered MSK
or GSMIand Q

QPSK 2 bits per symbol | Filtered QPSK
ITand Q

All-pass Phase Equalizer | Tand Q ITand Q

Scale and Ramp Iand Q Iand Q

OVERVIEW OF THE RCF BLOCKS

The Serial Port passes data to the RCF with the appropriate
format and bit precision for each RCF configuration, see Figure 17.
The data may be modulated vectors or unmodulated bits. I and
Q vectors are sent directly to the Interpolating Fir Filter. Unmodu-
lated bits may be sent to the PSK Modulator, the Interpolating
MSK Modulator, or the Interpolating QPSK Modulator. The PSK
Modulator produces unfiltered I and Q vectors at the symbol
rate which are then passed through the Interpolating FIR Filter.
The Interpolating MSK Modulator and the Interpolating QPSK
Modulator produce oversampled, pulse-shaped vectors directly
without employing the Interpolating FIR Filter. When possible,
the MSK and QPSK modulators are recommended for increased
throughput and decreased power consumption compared to
Interpolating FIR Filter. In addition, the Interpolating MSK
Modulator can realize filters with nonlinear inter-symbol inter-
ference, achieving excellent accuracy for GMSK applications.

After interpolation, an optional Allpass Phase Equalizer (APE)
can be inserted into the signal path. The APE can realize any real,
stable, two-pole, two-zero all-pass filter at the RCF’s interpolated
rate. This is especially useful to precompensate for nonlinear
phase responses of receive filters in terminals, as specified by IS-95.
When active, the APE utilizes shared hardware with the interpo-
lating modulators and filter, which may reduce the allowed RCF
throughput, inter-symbol interference, or both. See Figure 18.
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si|o|n|B|7|x]|s5]|a]|s]2]20]0]19]B]17[6]15[14]]2]1n]10]o]|8]7|[6]s5[a]3]2]1]0 BIT
< msb, |, Isb > < msb, Q, Isb > FIR
Bl2|2|20|19]8]17]6][15]14a[wB]2][n]w0]o]s]7|[e]s5[a]s]2]1]0 BIT
< msb, I, Isb > < msb, Q, Isb > COMPACT FIR
slule|le]nfwo]efls|7[e]s]a]a]2]1]0 BIT
< msb, |, Isb > < msb, Q, Isb > COMPACT FIR
as[2]1To BIT
m| s |[Di|D2]D0 8PSK
as[2]1To BIT SERIAL SYNC
s | x| ot [po QPSK RAMP
al3f2]1]o BIT
m[s X [ Do | mMsk/iGgsm
2 1o BIT
o [Dt|Do 8PSK
1]o BIT
D1 | DO QPSK
0 BIT
Do | msk/gsm
Figure 17. Data Formats Supported by the AD6623 when
SCLK Master (SCS = 0), and SFDO Set for Frame Request (SFE = 0)
INTERPOLATING
PSK o 71 moer [ ]
"™ MODULATOR -
INTERPOLATING > SCALE
» MSK AND >
MODULATOR RAMP
ALLPASS
PHASE
EQUALIZER DATATO CIC FILTERS
INTERPOLATING
> QPSK —
DATA FROM SERIAL PORT MODULATOR
Figure 18. RCF Block Diagram
Table IV. FIR Filter Internal Precision
Minimum Maximum
Signal x x y Notation Decimal Hexadecimal (h) Decimal Hexadecimal (h)
I and Q Inputs 1.15 -1.00000 +1.00000 0.999969 0.FFFE
Coefficients 1.15 -1.00000 +1.00000 0.999969 0.FFFE
Product 2.18 —-0.99969 +3.00020 1.000000 1.00000
Sum 4.18 -7.00000 +8.0000 7.999996 7.FFFFC
FIR Output 1.17 -1.00000 +1.00000 0.999992 0.FFFF8

The Scale and Ramp block adjusts the final magnitude of the
modulated RCF output. A synchronization pulse from the SYNC0-3
pins or serial words can be used to command this block to ramp
down, pause, and ramp up to a new scale factor. The shape of
the ramp is stored in RAM, allowing complete sample by sample
control at the RCF interpolated rate. This is particularly useful
for time division multiplexed standards such as GSM/EDGE.
Modulator configurations can be updated while the ramp is quiet,
allowing for GSM and EDGE timeslots to be multiplexed together
without resetting or reconfiguring the channel. Each of the RCF
processing blocks is discussed in greater detail in the following
sections.

REV. 0

INTERPOLATING FIR FILTER

The Interpolating FIR Filter realizes a real, sum-of-products filter
on I and Q inputs using a single interleaved Multiply-Accumulator
(MAC) running at the CLK rate. The input signal is interpolated
by integer factors to produce arbitrary impulse responses up to
256 output samples long.

Each bus in the data path carries bipolar two’s complement values.
For the purpose of discussion, we will arbitrarily consider the radix
point positioned so that the input data ranges from —1 to just

below 1. In Figure 19, the data buses are marked x X y to denote
finite precision limitations. A bus marked x X y has x bits above
the radix and y bits below the radix, which implies a range from
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—2%1 t0 21— 27V in 27 steps. The range limits are tabulated in
Table IV for each bus. The hexadecimal values are bit-exact and
each MSB has negative weight. Note that the Product bus range is
limited by result of the multiplication and the two most significant
bits are the same except in one case.

DMEM |INPUT ACCUMULATOR
32x16 [1.15
OUTPUT
2.18 > > 1.17
CMEM
256x16 [1.15 20,271,272 OR 273

Figure 19. Interpolating FIR Filter Block Diagram

The RCEF realizes a FIR filter with optional interpolation. The FIR
filter can produce impulse responses up to 256 output samples
long. The FIR response may be interpolated up to a factor of 256,
although the best filter performance is usually achieved when the
RCF interpolation factor (Lrcr) is confined to eight or below. The
256 X 16 coefficient memory (CMEM) can be divided among an
arbitrary number of filters, one of which is selected by the Coef-
ficient Offset Pointer (channel address 0x0B). The polyphase
implementation is an efficient equivalent to an integer up-sampler
followed FIR filter running at the interpolated rate.

The AD6623 RCEF realizes a sum-of-products filter using a polyphase
implementation. This mode is equivalent to an interpolator followed
by a FIR filter running at the interpolated rate. In the functional
diagram below, the interpolating block increases the rate by the RCF
interpolation factor (Lgcg) by inserting Lrcg—1 zero valued samples
between every input sample. The next block is a filter with a finite
impulse response length (Nycp) and an impulse response of h[n],
where n is an integer from 0 to Nrce—1.

The difference equation for Figure 20 is written below, where h[n]
is the RCF impulse response, b[n] is the interpolated input sample
sequence at point ‘b’ in the diagram above, and c[n] is the output
sample sequence at point ‘c’ in Figure 20.

fin fin X Lrcr NrcreTAP | fin X Lrer
- f Lrer *| FIR FILTER
a b h[n] c
Figure 20. RCF Interpolation
NR(}F -1
c[n]= Pl h{n]x b[n- k] ©)

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

Npgr — 1 1
H, ()= k§0 h[n]x z (6)
The actual implementation of this filter uses a polyphase decom-

position to skip the multiply-accumulates when b[n-K] is zero.
Compared to the diagram above, this implementation has the benefits
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of reducing by a factor of Lycp both the time needed to calculate
an output and the required data memory (DMEM). The price of
these benefits is that the user must place the coefficients into the coefficient
memory (CMEM) indexed by the interpolation phase. The process of
selecting the coefficients and placing them into the CMEM is broken
into three steps shown below.

The FIR accepts two’s complement I and Q samples from the serial
port with a fixed-point resolution of 16 bits each. When the serial port
provides data with less precision, the LSBs are padded with zeroes.

The Data-Mem stores the most recent 16 I and Q pairs for a total
of 32 words. The size of the Data-Mem limits the RCF impulse
response to 16 X Lycr output samples. When the data words from
the Serial Port have fewer than 16 bits, the LSBs are padded with
zeroes. The Data-Mem can be accessed through the Microport
from 0x20 to 0x5F above the processing channel’s base internal
address, while the channel’s Prog bit is set (external address 4).
In order to avoid start-up transients, the Data-Mem should be
cleared before operation. The Prog bit must then be reset to
enable normal operation.

The Coef-Mem stores up to 256 16-bit filter coefficients. The Coef-
Mem can be accessed through the Microport from 0x800 to 0x8FF
above the processing channel’s base internal address, while the channel’s
Prog bit is set (external address 4). For AD6622 compatibility, the lower
128 words are also mirrored from 0x080 to 0xOFF above the processing
channel’s base internal address, while the Prog bit is set. To avoid

start-up transients, the Data-Mem should be cleared before operation.
The Prog bit must then be reset to enable channel operation.

There is a single Multiply-Accumulator (MAC) on which both the
I and Q operations must be interleaved. Two CLK cycles are required
for the MAC to multiply each coefficient by an I and Q pair. The
MAC is also used for four additional CLK cycles if the All-pass

Phase Equalizer is active.

The size of the Data-Mem and Coef-Mem combined with the
speed of the MAC determine the total number of the taps per
phase (Trcp) that may be calculated. Tyrcr is the number of
RCEF input samples that influence each RCF output sample.
The maximum available Trcp is calculated by the equation below.

256 Jorx
Trer < least of | 16, floor , floor| —————-2x APE
ker ( (LRCF ) (2 X fspo ™

The impulse response length at the output of the RCF is determined
by the product of the number of interfering input samples (Trcr)
and the RCF interpolation factor (Lrcg), as shown by equation
(8) below. The values of Nrcr and Trcr are programmed into control
registers. Lrcr is not a control register, but Nrcr and Trcer must
be set so that Lycr is an integer. If the integer interpolation by
the RCF results in an inconvenient sample rate at the output of
the RCF, the desired output rate can usually be achieved by
selecting non-integer interpolation in the resampling CIC? filter.

Nrer = Trop X L ®)
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Table V. RCF Control Registers

Channel | Bit Channel Bit
Address | Width | Description Address Width | Description
0x0A 16 15-8: Nrcr—1 B; 7-0: Nrcr-1 A 5: Ch. A External SDFI Select
0x0B 8 7-0: Ogcr 0: Internal SDFI
0x0C 10 9: Ch. A Compact FIR Input Word Length 1: External SDFI
0: 16 bits-8 I followed by 8 Q 4: Ch. A SCLK Slave Select
1: 24 bits—12 I followed by 12 Q 0: Master
8: Ch. A RCF PRBS Enable 1: Slave
7: Ch A RCF PRBS Length 3: Ch. A Serial Fine Scale Enable
0:15 2: Ch. A Serial Time Slot Sync Enable
1: 8,388,607 (ignored in FIR mode)
6-4: Ch. A RCF Mode Select 1: Ch. A Ramp Interpolation Enable
000 = FIR 0: Ch. A Ramp Enable
001 = p/4-DQPSK Modulator 0x117 6 5-0: Ch. A Mode 0 Ramp Length, R0-1
010 = GMSK Look-Up Table 0x118 6 5-0: Ch. A Mode 1 Ramp Length, R1-1
011 = MSK Look-Up Table 0x119 5 4-0: Ch. A Ramp Rest Time, Q
100 = FIR compact mode 0x11A—-0x11F Reserved
101 = 8-PSK 0x120-0x13F | 16 15-0: Ch. A Data Memory
0x140-0x17F |16 15-14: Reserved
110 = 3p/8-8PSK Modulator
13-0: Ch. A Power Ramp Memory
111 = QPSK Look-Up Table 0x180-0x1FF| 16 15-0: Ch. A Coefficient Memory
3-0: Ch. A RCF Taps per Phase This address is mirrored at 0x900-0x97F
0x0D 8 7-6: RCF Coarse Scale (g): and contiguously extended at
00=0dB 0x980-0x9FF
01=-6dB
10=-12 dB PSK MODULATOR
11=-18 dB Thle PSI'<1 l\éllodu;latort }ils an AtD?623' ixtegii%n éf)&(l)tl;r? tl}}at his
only available when the control register bit 0x000:7 is high.
5: Ch. A Allpass Ph. Eq. Enable Thz PSK Modulator creates 32—bi%[ complex inputs to thi
4-0: Serial Clock Divider (1, ..., 32) Interpolating FIR Filter from two or three data bits captured
0x0E 16 15-2: Ch. A Unsigned Scale Factor by the serial port. The FIR Filter operates exactly as if the 32-
1-0: Reserved bit word came directly from the serial port. There are three
0xOF 18 17-16: Ch. A Time Slot Sync Select PSK modulation options to choose from: m/4-DQPSK, 8-PSK,
00: Sync0 (See 0x001 Time Slot) and 3m/8-8-PSK. Every symbol of any of these modulations
01: Syncl can be represented by one of the 16 phases shown in Figure 21.
10: Sync2 i
11: Sync3 G)
15-0: Ch. A RCF Scale Hold-Off Counter )
1) Ramp Down (if Ramp is enabled)
2) Update Scale and Mode O
3) Ramp Up (if Ramp is enabled) G
0x110 16 15-0: Ch. A RCF Phase EQ Coefl -
Ox111 16 15-0: Ch. A RCF Phase EQ Coef2 ® ®
0x112 16 15-0: Ch. A RCF MPSK Magnitude 0
0x113 16 15-0: Ch. A RCF MPSK Magnitude 1 (3) (2)
0x114 16 15-0: Ch. A RCF MPSK Magnitude 2
0x115 | 16 15-0: Ch. A RCF MPSK Magnitude 3 O ©
0x116 8 7: Reserved © ®
6: Ch. A Serial Data Frame Select
0: Serial Data Frame Request Figure 21. 16-Phase Modulations
1: Serial Data Frame End
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All of these phase locations are represented in rectangular coor-
dinates by only four unique magnitudes in the positive and negative
directions. These four values are read from four channel registers
that are programmed according to the following table, which
gives the generic formulas and a specific example. The example
is notable because it is only 0.046 dB below full-scale and the
16-bit quantization is so benign at that magnitude, that the rms
error is better than —122 dBc. It is also worth noting that because

none of the phases are aligned with the axes, magnitudes slightly

beyond 0.16 dB above full-scale are achievable.

Table VI. Program Registers

Channel

Register Magnitude M Magnitude E 0x7F53
0x12 M 3 cos(p/16) 0x7CE1

0x13 M 3 cos(3p/16) 0x69DE

0x14 M 3 cos(5p/16) 0x46BD

0x15 M 3 cos(7p/16) 0x18D7

Using the four channel registers from the preceding table, the PSK
Modulator assembles the 16 phases according to Table VII.

Table VII. PSK Modulator Phase

Phase I Value Q Value
0 0x12 0x15
1 0x13 0x14
2 0x14 0x13
3 0x15 0x12
4 -0x15 0x12
5 —0x14 0x13
6 —0x13 0x14
7 —0x12 0x15
8 -0x12 -0x15
9 -0x13 -0x14
10 -0x14 -0x13
11 —0x15 —0x12
12 0x15 —0x12
13 0x14 —0x13
14 0x13 -0x14
15 0x12 -0x15

The following three sections show how the phase values are
created for each PSK modulation mode.

w/4-DQPSK Modulation

IS-136 compliant w/4-DQPSK modulation is selected by setting
the channel register 0x0C: 64 to 001b. The phase word is calculated
according to the following diagram. The two LSBs of the serial
input word update the payload bits once per symbol. The QPSK
Mapper creates a data dependent static phase word (Sph) which
is added to a time dependent rotating phase word (Rph). The Rph
starts at zero when the RCF is reset or switches modes via a sync
pulse. Otherwise, the Rph increments by two on every symbol.

—20-

Figure 22. QPSK Mapper

The Sph word is calculated by the QPSK Mapper according to
the following truth table.

Table VIII. QPSK Mapper Truth Table

Serial [1:0] Sph [3:0]
00b 0

01b 4

11b 8

10b 12

8-PSK Modulation

IS-136+ compliant 8-PSK modulation is selected by setting the
channel register 0x0C: 6—4 to 101b. The Phase word is calculated
according to the following diagram. The three LSBs of the serial
input word update the payload bits once per symbol.

SERIAL 8PSk |PHASE
[2:0] MAPPER |~ [3.01

Figure 23. 8-PSK Mapper

The Phase word is calculated by the 8-PSK Mapper according
to the following truth table:

Table IX. 8-PSK Mapper Truth Table

Serial [2:0] Sph [3:0]
111b 0

011b 2

010b 4

000b 6

001b 8

101b 10

100b 12

110b 14

3 w/8-8-PSK Modulation

EDGE compliant 3 1/8-8-PSK modulation is selected by setting the
channel register 0x0C: 6—4 to 110b. The phase word is calculated
according to the following diagram. The three LSBs of the serial
input word update the payload bits once per symbol. The 8-PSK
Mapper creates a data-dependent static phase word (Sph) which is
added to a time-dependent rotating phase word (Rph). The 8-PSK
Mapper operates exactly as described in the preceding 8-PSK
Modulation section. The Rph starts at zero when the RCF is reset
or switches modes via a sync pulse. Otherwise, the Rph increments
by three on every symbol.
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Figure 24. 3 1/8-8-PSK Mapper

MSK Look-Up Table

The MSK Look-Up Table mode for the RCF is selected in Control
Register 0x10C. In the MSK Mode, the RCF performs arbitrary
pulse-shaping based on four symbols of impulse response. For the

MSK Mode (3, [16] bits), the serial input format is 11 bits of scaling
(MSB first) followed by 1 bit of data. The 11 bits can be used to
scale the input data.

GMSK Look-Up Table

The GMSK Look-Up Table mode for the RCF is selected in Control
Register 0x10C. In the GMSK Mode, the RCF performs arbitrary
pulse-shaping based on four symbols of impulse response. For the

GMSK Mode (3, [16] bits), the serial input format is 11 bits of

scaling (MSB first) followed by 1 bit of data. The 11 bits can be used
to scale the input data.

QPSK Look-Up Table

The QPSK Filter mode for the RCF is selected in Control
Register 0xXO0C. In the QPSK Mode, the RCF performs baseband
linear pulse-shaping based on filter impulse response up to 12
symbols. For the QPSK Mode (3, [16]bits), the serial input format
is 13 bits of scaling (MSB first) followed by one bit I and then
one bit Q. The 13 bits can be used to scale the input data.

PHASE EQUALIZER

The IS-95 Standard includes a phase equalizer after matched
filtering at the baseband transmit side of a base station. This
filter pre-distorts the transmitted signal at the base station in
order to compensate for the distortion introduced to the received
signal by the analog baseband filtering in a handset. The AD6623
includes this functionality in the form of an Infinite Impulse
Response (IIR) all-pass filter in the RCF. This Phase Equalizer
pre-distort filter has the following transfer function:

Y(z) 1+blz+b2z2°

H(z)= =
(=) X(z) Z+blz+b2 ®
Xe) z . - z
&
17 ® ®
x & -
' - z1 Ye)

Figure 25. Second Order All-Pass IIR Filter

The Phase Equalizer is enabled/disabled in Control Register
0xn0D Bit 5. The coefficients b; and b, are located in Control
Registers 0xn10 and 0xnl1 respectively

The format for b; and b, is two’s complement fractional binary
with a range of (-2, 2). With one bit for sign at most significant bit
position there are 15 bits for magnitude. The value of one bit is

REV. 0

(271%) X 2, or 0.00006103515625. The register values, in hexadecimal,
and the corresponding coefficient weight from positive full-scale
through zero to negative full-scale is illustrated in Table X.

Table X. Coefficient Weights

Register Value Coefficient Weight
0x7FFF 1.999938964844
0x0001 0.00006103515625
0x0000 0

0xFFFF —0.00006103515625
0x8001 -1.999938964844
0x8000 -2

Table XI shows the recommended b; and b, coefficients for the
respective oversampling rate.

Table XI. b; and b, Coefficients

Oversampling by b, b,

4 1 -1.45514 0.57832
5 1 -1.56195 0.64526
6 1 -1.63412 0.69414
8 1 -1.72513 0.76047

SCALE AND RAMP
Scale factors can be range from 0 to [CHF]-1/[CHF] with a
resolution 1/[CHF]

FINE SCALING

AD6623 allows fine scaling of the RCF output signal. A scale
factor of 12 to 14 bits is available through the Microport. The
Microport fine scale factor is located in Channel Register 0xnOE.

RCF POWER RAMPING

The output of the RCF will be multiplied by a 14-bit ramping
profile before entering the CIC filters. It is a RAM program-
mable engine that starts indexing through ramping coefficients
when the RAMP bit works its way through the chain. It will then
count a programmable number of samples and then RAMP down
in reverse order. This will allow the ramping values to update at
a modest rate relative to the DAC and still contain the spectral
leakage associated with the ramping. A user should provide
through the MicroPort the ramping coefficient values, the number
of samples to ramp up, and one bit to define the air-interface
standard. The programmable power ramp up/down unit allows
power ramping on time-slot basis as specified from some wireless
transmission technologies (e.g, TDMA).

CASCADED INTEGRATOR COMB (CIC)
INTERPOLATING FILTERS

The I and Q outputs of the RCF stage are interpolated by two
cascaded integrator comb (CIC) filters. The CIC section is sepa-
rated into three discrete blocks: a fifth order filter (CIC5), a second
order resampling filter (rCIC2), and a scaling block (CIC Scaling).
The CIC5 and rCIC2 blocks each exhibit a gain that changes with
respect to their rate change factors, L.cica, Micicz and Lcics. The
product of these gains must be compensated for in a shared CIC
Scaling block and can be done to within 6 dB The remaining
compensation can come from the RCF (in the form of coeffi-
cient scaling) or the fine scaling unit.
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CIC Scaling
The scale factor Scic is a programmable unsigned integer
between 4 and 32. This is a combined scaler for the CIC5 and
rCIC2 stages. The overall gain of the CIC section is given by
the equation below

CIC _Gain= Lyyss' X Ly, X 2750 (10)
CICs
The first CIC filter stage, the CIC5, is a fifth order interpolating
cascaded integrator comb whose impulse response is completely
defined by its interpolation factor, L¢ics. The value Leics—1 can
be independently programmed for each channel at location 0xn09.

Lrcic,
2-Scic > Lecics > py ——>
rcic,
CIC_SCALE CIC5 rCic2

Figure 26. CIC5

While this control register is 8 bits wide, Lcics should be confined
to the range from 1 to 32 to avoid the possibility of internal
overflow for full scale inputs. The output rate of this stage is given
by the equation below.

(11

Jerc2 = Jores X Leres

The transfer function of the CIC5 is given by the following
equations with respect to the CIC5 output sample rate, f,mps.

1_ Z*LCICS >
CIC5(z) = [1—] (12)

— 271
The SCIC value can be independently programmed for each
channel at Control Register 0xn06. Scic may be safely calculated
according to equation (13) below to ensure the net gain through

the CIC stages.

SCIC serves to frame which bits of the CIC output are transferred
to the NCO stage. This results in controlling the data out of the
CIC stages in 6 dB Increments. For the best dynamic range, Scic
should be set to the smallest value possible (lowest attenuation)
without creating an overflow condition. This can be safely
accomplished using the equation below. To ensure the CIC
output data is in range, equation (13) must always be met. The
maximum total interpolation rate may be limited by the amount
of scaling available.

Scic 2 ceil(4 X Ing(Lcms) + IOgZ(LCICZ )) (13)

0< Sy <58 (14)

This polynomial fraction can be completely reduced as follows
demonstrating a finite impulse response with perfect phase
linearity for all values of Lcics.

L(II(I’;71 k > L(II(,‘571 1 ]ZELL ’
CIC5(z)=| Y 2| = Y |2 —e ™o (15)
k=0 k=

1

The frequency response of the CIC5 can be expressed as follows.
The initial 1/Lcics factor normalizes for the increased rate,
which is appropriate when the samples are destined for a DAC
with a zero order hold output. The maximum gain is Lycs* at

-22—

baseband, but internal registers peak in response to various
dynamic inputs. As long as Lcics is confined to 32 or less, there
is no possibility of overflow at any register.

5
L
sin (TE cics X f]

Jeres
Leyes . f (16)
| Jercs

The pass band droop of CIC5 should be calculated using this equation
and can be compensated for in the RCF stage. The gain should
be calculated from the CIC scaling section above.

CIC5(f) =

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

r—T1 T L I 1

dB
4
o

-110

-130

-150

-3 -2 -1 0 1 2 3

Figure 27. Interpolation Images

The CICS5 rejects each of the undesired images while passing the
image at baseband. The images of a pure tone at channel center
(DC) are nulled perfectly, but as the bandwidth increases the
rejection is diminished. The lower band edge of the first image
always has the least rejection. In this example, the CIC5 is inter-
polating by a factor of five and the input signal has a bandwidth
of 0.141 of the RCF output sample rate. The plot below shows
—110 dBc rejection of the lower band edge of the first image. All
other image frequencies have better rejection.
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Figure 28. —110 dBc Rejection
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Table XII lists maximum bandwidth that will be rejected to various

Table XIII. Maximum Permissible Lycc; Values

levels for CIC5 interpolation factors from 1 to 32. The example -
above corresponds to the listing in the 110 dB column and the Chosen Lcycs Value Maximum Allowed L.cic;
Lcics =5 row. It is w01‘“th noting.here that Fhe rejection of the 32 4096
CIC5 improves as the interpolation factor increases. 31 1162
30 - 4log,(Leges)

Table XII. Max Bandwidth of Rejection for L Values g;l 30 3%%1602 - 2[ !
-110dB -100 dB -90 dB -80 dB -70 dB 1-22 4096
Full Full Full Full Full Two parameters determine the rate change in this block. They are
0.101 0.127 0.160 0.203 0.256 the interpolation factor (L,cicy, 12 bits) and the decimation factor
0.126 0.159 0.198 0.246 0.307 (M, 9 bits). When combined, and subject to the maximum values
0.136 0.170 0.211 0.262 0.325 of L;cics, the total rate change can be any fraction in the form of:
0.136 0.175 0.217 0.269 0.333
0.143 0.178 0.220 0.272 0.337 R oo =£21,1SLS4096,1S M<512 (17
0.144 0.179 0.222 0.275 0.340 M
0.145 0.180 0.224 0.276 0.341 The only constraint is that the ratio L/M must be greater than or
0.146 0.181 0.224 0.277 0.342 equal to one. This implies that the rCIC2 has a net interpolation
0.146 0.182 0.225 0.278 0.343 of 1 or more.
0.147 0.182 0.226 0.278 0.344 L . . .
0.147 0.182 0.226 0.279 0.344 Resampling is implemented by apparently increasing the input
0.147 0.183 0.226 0.279 0.345 sample rate by the factor L, using zero stuffing for the new data
0.147 0.183 0.226 0.279 0.345 samples. Following the resampler is a second order cascaded
0.148 0.183 0.227 0.280 0.345 integrator comb filter. Filter characteristics are determined only
0.148 0.183 0.227 0.280 0.345 by the fractional rate change (L/M).
0.148 0.183 0.227 0.280 0.346 The filter can produce output signals at the full CLK rate of the
0.148 0.183 0.227 0.280 0.346 AD6623. The output rate of this stage is given by the equation
0.148 0.183 0.227 0.280 0.346 below.
0.148 0.184 0.227 0.280 0.346
0.148 0.184 0.227 0.280 0.346 fou = Leic, Forcs (18)
0.148 0.184 0.227 0.280 0.346 T M oen
8 }ig 8 }gi 8;;; gggg ggig Both L,cic, and M,cic; are unsigned integers. The ipterpolation
0.148