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Abstract

This thesis investigates the testing and verification of adigital power amplifier controller (PAC).
The power amplifier controller is an instantaneous, closed-loop, handset transmit power
controller. The PAC provides the control voltage to the power amplifier (PA) when a handset
needs to transmit information. The verification comprises of testing the functionality of each

sub-block of the loop and performance testing of the entire loop.

Anintegrated digital PAC versus the current analog PAC alows for many advantages. The
digital PAC is more flexible for better power control over fabrication and temperature. The
saturation characteristic of adigital integrator can be better controlled. Saving physical space

and reducing part count provides benefit.

In thisthesis, | performed tests to verify block functionality, system performance, and system
stability. 1 used atest methodology for creating atest platform that provides reproducible test
results with respect to functionality and performance. Using the ideas supporting this
methodology, | was able to create atest platform that had the ability to create verification
configurations from reusable models with minimal effort and maximum consistency. Thetest
methodology | used to create test cases for each individual block was to isolate the block itself

and to keep other system parameters constant.
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1 Introduction

Currently, the wireless communications industry is greatly expanding and its demand is equally
growing. The need in the market for smaller, cheaper phones has grown to alevel that forces
chip manufactures to reduce part counts and create chip sets that use less power. In order to
create these chip sets, better power management control and integration of discrete functionality
isnecessary. Converting functionality to the digital world, allows for better control over

temperature and process, reduced part count, and saved physical space on the final product.

One step to meet the need for asmaller phoneisto digitally implement the existing external
power amplifier controller. Thedigital controller eliminates discrete parts that were previously

used. A digital implementation also allows better control over the loop characteristics.

1.1 Conexant Systems, Inc.

Conexant Systems, Inc. provides semiconductor products and system solutions for a wide variety
of communications electronics. Conexant delivers semiconductor integrated circuit products and
system-level solutions for a broad range of communications applications. These products
facilitate communications worldwide through wire line voice and data communications
networks, cordless and cellular wireless telephony systems, personal imaging devices and
equipment, and emerging cable and wireless broadband communications networks. The
company has two business segments:. the Personal Networking and the Internet Infrastructure

business.

1.2 Air Force Chip Set

The Air Force System isamulti-slot Global System for Mobile Communications (GSM) /
Genera Packet Radio Service (GPRS) system solution with a Direct-Conversion Transceiver.
GSM isaglobaly accepted telecommunications standard. GPRS is an extension of GSM that
allows high speed packet data to be transmitted, similar to packets transmitted on the Internet.
Multi-slot enabled systems allows for the service providers to give users more speed if required
by allowing a user to consume from one to eight of the possible time slots available in the GSM

standard. The chip set provides all the necessary components for building a multi-band



GSM/GPRS handset including baseband, power management, integrated analog device, direct-
conversion transceiver, and power amplifier. All the components descriptions are specified in
provides ablock diagram of all the components contained in the Air Force chip set

solution.

Speaker Microphone

? ? Direct

Conversion
TxzREx

Antenna
I Diata 7 ?

H;DAI /EemceJ l" j
System P
Connector i

Dual P&

Module

Discrete  CX77304

f IrDa Port F—

Figure 1: The GSM/GPRS system solution is comprised of the CX815 baseband processor,
CX20505 integrated analog device, CX20460 power management integrated circuit, CX74017
direct-conversion transceiver, and CX77304 tri-band, multi-slot power amplifier. Connections to
ports, services, battery, speaker, microphone, memory, antenna and subscriber identity module
(SIM) are shown with directional arrows that indicates data flow

The CX815 baseband processor contains an ARM7TDMI Thumb processor, digital signal
processor (DSP), and all the interface logic required for the handset. The CX815 provides
support for all the voice coding agorithms including full-rate, enhanced full-rate, and half-rate.
Built in cache memory on the processor removes the requirement for external memory. All

functions contained in the processor can be individually managed for power consumption.

The CX20505 is an integrated mixed-signal device that manages timing controls, interfacing
between the baseband and radio frequencies. The mixed-signal device also handles all the
CODEC functions.



The CX20460 power management controller (PMIC) handles all the battery charging and power
supply functions. The interface to the controller consists of a seria interface that allows for
simple programmability. The controller handles the voltage switching, conversion and

regulation. The subscriber identity module is interfaced to phone through the controller.

The CX 74017 isaDirect Conversion Transceiver that utilizes a direct down-conversion
architecture that eliminates any intermediate frequency components. The receiver contains low
noise amplifiers, quadrature demodulator, baseband filters, high frequency voltage controlled
oscillator, and direct current offset correction sequencer. The transmitter contains a phase-
frequency detector, charge pump, offset mixer, high-power voltage controller oscillators and
buffer for the radio frequency output and intermediate frequency inputs. The transceiver isfully
integrated with a synthesizer suitable for multi-slot GSM/GPRS.

The CX 77304 Tri-Band, Multi-Slot Power Amplifier supports EGSM 900, DCS1800, and
PCS1900 with up to afour-glot transmission for Class 12 GPRS. The inputs and outputs are
matched to 50 ohms.

1.3 Power Amplifier Controller

The power amplifier controller (PAC) is an instantaneous, closed-loop transmit power controller.
The power amplifier controller controls the CX 77304 Tri-Band, Multi-slot Power Amplifier for
transmitting radio frequency (RF) signals. The transmitter of cellular phoneis critical portion of
the system. Maintaining spectral considerations while optimizing signal quality and battery life
isessential to aquality phone call and overall phone performance. Proper and reliable control of
the power amplifier iscrucial. Without the power amplifier, al the other information processing

of the phone renders useless.

The integrated PAC resides on the mixed-signal device. shows the generalized closed-
loop PAC block diagram. The control loop in isavery simplified version of what is
required for power amplifier control. The DSP provides the profile for the output power. The
integrator sums the error signal and the system will respond by increasing or decreasing the
output accordingly. The forward gain and feedback gain blocks provide gain control for

adjusting system stability and response time. The power amplifier (PA) converts a control



voltage to an associated output power level. The coupler redirects a small amount of the power
amplifier output to the detector. The detector converts the radio frequency energy to a
corresponding voltage level to be used in the feedback path for closed loop control. There are
two approaches to realizing this controller, an analog version and digital version. The current
version in useis the analog controller and the current version in development, testing and in

discussion in thisthesisis digital version.

IntegratorH F%n/avi?]rd }—»[ PA ]—W—b Pout
Feedback ]‘
Gain H Detector J‘

Figure 2: The power amplifier controller is a closed-loop system. The forward path consists of an
integrator, gain block, power amplifier, and coupler. The feedback path consists of a detector and
gain block. Pout is the amount of power outputted by the power amplifier. An example of a
simplified version of the actual controller.

1.3.1 Analog Power Amplifier Controller

The current power amplifier controller in the system is an analog controller. This system has
been in use since the conception of the chipset solution. The analog controller is the industry
standard and has proven sufficient against the test of time. Even though the analog controller has
many benefits and isfairly reliable, thereis aways room for improvement. Discrete parts, board
space, and parameter control are desired when creating chipsets that will be manufactured by the
hundreds of thousands. Currently, there is no control of the saturation characteristics of the
analog integrator that can pose problems. The gain valuesin the forward and reverse path are set
and cannot be changed during normal operation. Thereis no built in flexibility for better control
over process and temperature. One problem that can occur isif the power amplifier saturates, the

analog controller cannot compensate and the loop exhibits open loop characteristics.

1.3.2 Digital Power Amplifier Controller

Converting the analog controller to adigital controller can solve many of the analog controller
issues. First and foremost board space will be reduced since the mixed signal device will contain

the digital controller. Controllability has been increased ten fold since the micro controller can



modify gain values and other controller characteristics during normal operation. Temperature
will become less of afactor since the signals are digitized and a less affected by extreme
temperature conditions. Since the integrator will be adigital integrator, the saturation
characteristics are fully controllable. All these factors will increase the power amplifier

controller’ sreliability.

The digital power amplifier controller was achieved by incorporating al the digital blocksin the
mixed signal device. The solution was developed and incorporated into the design of the mixed
signal device. Full parameter controls are integrated in to the micro controller and can be
controlled viaa serial communication interface. The software used to the control the device
through the serial port can be used to initialize and control the power amplifier controller. The
actual digital control of the controller alows for higher levels of testability and in the final
product allows for greater product verification. For compatibility purposes the mixed signa
device can be set to external mode, where the external power amplifier controller can be used.

This allows for backward compatibility while the digital controller is till in the testing phase.

1.4 Road Map

The work supporting this thesis has contributed to the area of testing and verification of the
digital power amplifier controller. The major contributions are testing and verifying the
functionality of each block of power amplifier controller, testing and verifying the performance
of the power amplifier control loop, development of a high-level GUI program that allows
control over the PAC settings. In addition, an investigation and resolution of a power on

transient that causes an unwanted voltage overshoot in the power amplifier.

In Section |Z| of thisthesis, the entire system is broken down into its basic components. The entire
system is described as a whole and each subsystem is described individually along with
information indicating the protocol between each block. Sectiondeﬂ:ri bes the test platform
development approach used to test the PAC. Section [l discusses the test stimulus generation and
response check for block functionality and performance in the PAC. Section E|describes in detail
the devel opment of the PAC controller program that provides efficient testability. Section|g]
describes the resolution to the power on transient that causes unwanted voltage overshoot.

Section[7 concludes with a summary of the work and future considerations.



2 Overview of the Testing System

The system consists of a personal computer, serial connection, micro controller, DSP, and
integrated analog device. This system allows for infrastructure to control the PAC and other
device through a high-level interface. shows the interconnections and sub-blocks of

each sub-system.

PC Micro Controller DSP

Automated Memory Buffer
Test Program i Serateh Pad

RFTestDOS @ RFTestuC DSP Core

A

1A
Ram Block
»] Intra-Frame Sequencer Store le
g ° -
—L % Ramp Store %
PAC < 5
‘ Tune Store F Control
‘ Burst Store le Interface
Subsystem
Y External % Control Store ‘ﬁ
PAC
| .
> Monitor Store }——b

Test Pins € GPIO >

Figure 3: The system contains four major sub-systems with sub-blocks. The personal computer,
micro controller, DSP, and integrated analog (IA) device are the major sub-systems. The arrows

indicate data flow direction between blocks. The integrated analog device can select two power

amplifier controllers. The internal PAC is discussed in this thesis.

The following sub-sections describe in detail the major sub-systemsin The external
power amplifier and general purpose input / output (GPIO) bus are also described. The internal
PAC, noted asthe PAC in is described in full and complete detail. In Section[2.7} there

isacomplete break down of all the sub-components of the PAC and are described in detalil.



2.1 Personal Computer System

The personal computer system operates the automated test program and a DOS program called
RFTestDOS. RFTestDOS is the used to communicate back and forth to the device. The
automated test program alows the high-level graphical user interface (GUI) to control the
different settingsin the PAC. Thislevel of parameter control allows for great ability to run
function and performance tests. The communication connection between the PC and the micro
controller isaserial cable at 57600 bits/second (no handshaking, 8 data bits, 1 stop bit).

The device can interpret several different types of commands. The basic types of commands are
read and write requests to the different devicesin the system. The devices all have RAM that can
be accessed using the RFTestDOS protocol. The format of the message consists of a message

header and a message body. illustrates the message format.

Message

Length Message Header

Message Type Tag

Data[0] Message Body

Data[Message Length - 1]

Figure 4: The RFTestDOS message format consists of message header and message body. The
message header consists of the message type, tag, and message length. The message body
contains the data. The number of lines in the message body is related to the message length
minus one.

The message header contains the message type, tag, and message length. Each different
command has a unique message type number. A message with only a header has a message
length of zero. Thetagisaspecial purpose field, whichis not used. Depending on the type of

message, different lengths of data are sent with a maximum of 16 data values.

2.2 Micro Controller

The micro controller runs the program called RFTestuC that interprets the command messages
sent from the PC and acts upon those messages accordingly. The same message format is used if
a confirmation message is sent back to the PC. The micro controller itself hasits own RAM
memory that it uses as a buffer to accept a set of messages and then execute them in order. The

micro controller isARM7TDMI™ THUMB processor. The ARM processor isalow power 32-



bit microprocessor with excellent code density for minimal system memory and cost[3]] The
micro controller isthe first interface between the high-level commands and actual PAC

parameter manipulation.

2.3 Digital Signal Processor

The Digital Signal Processor (DSP) is a highly efficient Conexant designed digital signal
processor. The DSP also contains a scratch pad memory buffer and the means to communicate
with the micro controller. The DSP communicatesto the 1A viaa Control Interface. The only
command that is supported is the reading and writing of 1A registers from the DSP.

shows the control interface signals required to send and retrieve information.
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Clock
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|—
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Request
Data
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Clock

Control
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Figure 5: The DSP to integrated analog control interface consists of a clock, control, control data,
and request data lines. The control data line has a specific format that is configured differently for
reading and writing

The control data line consists of an address field, a RWAI field, and a data field (Write Request
only). The address field can access up to 256 registersin the IA. The RWALI field stands for
reading, write, address read back, and indexing. If aresponse message is required, the address
read back is set; if consecutive address |ocations are required to be accessed, the index field is
set. The DSP isthe actual parameter manipulation mechanism. When it receives instruction
from the micro controller it manipulates parameter registersin the IA. Actual binary valuesin
the registers cause the PAC to function in different ways. The registersinthe IA are directly
related to specific function of the PAC block, which will be described in Section Since the

DSP is the parameter manipulation mechanism for the PAC, the values can be changed during



normal operation in the digital PAC in comparison to the analog PAC that has set parameter

values.

2.4 Integrated Analog

The integrated analog (IA) deviceis ahighly integrated mixed-signal device that controls the
timing and interfacing between the different subsystemsin the device. The lA contains aRAM
block and the DSP control interface. Serial datais received from the DSP. The datais converted
into parallel datato be written to the IA registers. Parallel datais received by the DSP control

interface from the IA and converted to serial for the DSP.

The RAM block in the |A can be categorized into six different groups: intra-frame sequencer,
ramp, burst, tune, control, and monitor. The intra-frame sequencer store (IFS) is the heart of the
|A that controls the system timing and RF control signals. The ramp store provides the control of
the RF transmit signal ramping profile. The burst store contains the transmit data. The tune
store provides the data used by the frequency synthesizer device in the RF subsystem. The
control store provides the different configuration settings for al the IA functionality, including

the PAC. The monitor storeis read only and provides calibration and monitor information.

2.5 External Power Amplifier Controller

The external PAC, basically the analog PAC, takes information from the intra-frame sequencer
store, ramp store, and control store. The external PAC isthe current functioning controller used
in the system. The power output ramp profile is fed into the external controller and the entire
closed loop process uses discrete parts. The power output ramp profile is inputted by the DSP
and the output power should follow this profile according to loop parameters. The IA alowsfor
backward compatibility so the end customer can use the internal or external PAC. Only the ramp
profile can be modified during normal operation, as all other parameter valuesin terms of
resistors, capacitors, and actual performance characteristic of discrete components are set and

non changeable.
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2.6 General Purpose Input / Output Bus

The General Purpose Input/Output busis a set of 10 lines that can be configured as inputs or
outputs. The GPIO has the ability to route internal test signals from the IA to thetest pins. The
GPIO aso has the ability to accept digital input signals that can be used for internal test purposes.

Each pinis bi-directional and has the ability of inversion.

2.7 Internal Power Amplifier Controller

The PAC takes information from the intra-frame sequencer store, ramp store, control store, and
sends back information to the monitor store. Theinternal PAC, basicaly the digital PAC, is
noted in[Figure 3 asthe PAC and is located inside the A block. The PAC provides an input
signal to the PA that is located outside the IA. The input signal is a voltage that controls the
output power level in the power amplifier. The output of the power amplifier isfed into a
coupler that feeds the RF subsystem. A detector converts the power back to a DC voltage level.
shows a detailed breakdown of the digital closed-loop PAC.

Ramp LPF / Integrator DAC Power
Store Integrator + L|m|ter Gain Shaper

Inside 1A

IFS R AR :
Store E Outside IA
4[ éDC H AD><—[DetectorHCouplerH PA }
ain

—— > Pout

Figure 6: The digital closed-loop PAC is slightly more complex than the generalized version
shown in The IFS is not connected to any of the blocks because it controls the base
timing of the system. The IFS provides no other purpose than timing of system. The PA, coupler,
and detector in this figure are the same as in The dotted line shows the division between
the elements that are found inside and outside the IA device.

The following subsections include detailed descriptions of all the sub-blocksin Each
sub-section describes the functionality of the block. Following up in Sectionfd] is a description
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of how each block istested for functionality and performance. Each block will be noted in

italics.
2.7.1 Intra-Frame Sequencer

The Intra-Frame Sequencer (IFS) is a programmable state machine that provides the timing and
control signals for the RF subsystem and internal A functions. The IFSisa RAM block of 64 x
16-hit words[5]} Each stateiis controlled by two words, which allows for atotal of 32 states.
One word controls the duration of the state and the other word controls the logic level of each
control signal in the state. The “duration word” for each state dictates the length of the state.
The clock that drivesthe IFSis 2.166 MHz (0.4625s). The actual duration of astate is
calculated as:

(DurationWord[14..0] +1)x 0.4625s. )

Bit 15 of the duration word is used as areset bit. If bit 15 is set high, the state machine resets the
next state to the initial state after the current state duration has expired. The “assertions word’
controlsthe logic level of 16 control signals. Some control signals are used internally and some
arerouted out of the IA. The PAC subsystem uses three of the control signals provided by the
IFS. One control signal is dedicated to power on the PAC and power amplifier. The other
control signal invokes the ramp sequence from the ramp store. [Table 1]demonstrates an example
of a control sequence that may be used. For the purposes of the example, generic names are
used.

Table 1: An example IFS control sequence. The example shows the control of four of a total 16
possible signals and a total of five of the available 32 states. The duration of State 1 is the longest
and the duration of State 4 is the shortest.

Control Signal State 1 State 2 State 3 State 4 State 5
Control 1 1 1 1 1 1
Control 2 1 1 1 0 0
Control 3 1 0 1 1 1
Control 4 0 0 0 0 1
Duration 25 10 15 5 20

shows the values that are written to the corresponding registers to create this type of

control sequence.
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Table 2: An example set of IFS control store programmed values. The example shows the actual
programmable values that are required to implement the example sequence in Note the
duration of State 5 includes the high reset bit to restart the sequence.

Address Comment Hex Binary
0x00 State 1 controls 0007 0000 0000 0000 0111
0x01 State 1 duration 0018 0000 0000 0001 1000
0x02 State 2 controls 0003 0000 0000 0000 0011
0x03 State 2 duration 0009 0000 0000 0000 1001
0x04 State 3 controls 0007 0000 0000 0000 0111
0x05 State 3 duration 000F 0000 0000 0000 1111
0x06 State 4 controls 0005 0000 0000 0000 0101
0x07 State 4 duration 0004 0000 0000 0000 0100
0x08 State 5 controls 000D 0000 0000 0000 1101
0x09 State 5 duration (Reset) 8014 1000 0000 0001 0100

shows the timing diagram of the corresponding output of the control signals. Note that
at the end of State 5, the entire sequence is repeated.

Control 1 1 1 1 1 1

Control 2 1 1 1 [ 0 0
Control 3 1 | 0 | 1 1 1
Control 4 0 0 0 0 | 1
State | 1 | 2 | 3 | 4] 5 |

Figure 7: An example IFS control timing output. The actual output of the control signals that can
be used to drive internal or external circuitry. An output of zero corresponds to a zero voltage
level and an output of one corresponds to a positive rail voltage.

The IFS provides excellent control for a system because it provides flexibility in number and
duration of states.

2.7.2 Ramp Store

The Ramp Store contains the ramping profile for the transmit slot. Thisis the fundamental input
to the control loop. Changing this profile, aong with loop parameters, can help to optimize
battery life and performance. The Ramp StoreisaRAM block of 32 x 16-bit wordsl@l Each
portion of the ramping profileis controlled by one word that allows for atotal of 32 different

output levels. The word is broken down into a duration and magnitude of the ramp signal. Bits
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15 through 6 specify the voltage level magnitude and bits 5 through O specify the duration. The
clock that drives the ramp store is 2.166 MHz (0.4625s). The actual duration of each portion of
the ramp profileis calculated as

(RampStoreWord[5..0] +1)x 0.4625s. @)

The Ramp Store can feed the ramp sequence to the internal or the external PAC. Retaining the
ability to generate the ramp profile for the external PAC makes the IA device backward
compatible. demonstrates an example of a possible ramp sequence.

Table 3: An example Ramp Store sequence. The example shows use of seven ramp signal states
with the largest magnitude and longest duration in State 5.

State Magnitude Duration
1 5 5
2 10 5
3 15 10
4 20 30
5 15 10
6 10 5
7 5 5

shows the values that are written to the corresponding registers to create this particular
ramp store profile sequence. Note the |least possible duration length is one equivalent to binary
zero, for example that a duration value of five is equivalent to a binary representation of four.

Table 4: An example set of Ramp Store programmed values. The example shows the actual
programmed values that are required to implement the example in

Address Comment Hex Magnitude Duration
Binary [15 ... 6] | Binary [5 ... O]
0x40 State 1 Magnitude and Duration 0144 00 0000 0101 00 0100
0x41 State 2 Magnitude and Duration 0284 00 0000 1010 00 0100
0x42 State 3 Magnitude and Duration 03C9 00 0000 1111 00 1001
0x43 State 4 Magnitude and Duration 051D 00 0001 0100 011101
0x44 State 5 Magnitude and Duration 03C9 00 0000 1111 00 1001
0x45 State 6 Magnitude and Duration 0284 00 0000 1010 00 0100
0x46 State 7 Magnitude and Duration 0144 00 0000 0101 00 0100

shows the timing diagram of the resulting programmed sequence. Since the Ramp Sore
can only provide a sharp edged square signal output, filtering is required to shape the signal. The
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Low Pass Filter (LPF)/Integrator block described in Section[2.7.3 provides the required shaping
for the Ramp Store signal.

Ramp
Output

20 20

Figure 8: An example Ramp Store timing output. The actual output of the Ramp Store used to
drive the LPF/Integrator portion of the control loop.

2.7.3 LPF/Integrator

The LPF/Integrator block provides additional shaping to the crude Ramp Store voltage output.
On the rising edge of the transmit pulse, the block acts as alow pass filter and smoothes the edge
of the voltage signal. On the falling edge of the transmit pulse, the block acts as an integrator.
The block subtracts the current sample of the voltage signal from the previous sample. The
integrator alows for much better control of the falling edge with fewer states by creating a piece-
wise linear falling edge. The transfer function of the low passfilter, where A is the block
coefficient, is

Azt
H(z)= ————.
) 1- (- A)z? ©

The transfer function of the integrator, where A isthe block coefficient, is

(4)

The block can be configured with four different settings. shows the values that can be
Selected.
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Table 5: LPF/Integrator block has four possible configuration values for the A coefficient. Each
coefficient setting has a corresponding time constant for the LPF.

Configuration Time Constant Coefficient A
1 2.67 0.0781
2 3.07 0.0625
3 3.69 0.0547
4 4.31 0.0469

2.7.4 Integrator with Limiter

The Integrator with Limiter block provides the cumulative addition of the loop error. The
addition of the limiter can help to combat PA saturation issues by allowing for more control over
block functionality. The filtered output of the Ramp Store and feedback path are subtracted and
fed into the input of thisblock. The integrator contains a limiter that controls the maximum

output. The behavior of the Integrator with Limiter block is described by

1
H =
@)=L

If Output <0, H(z)=0 5)
If Output > Limiter, H(z)= Limiter

The only configuration value for this block is the value of the limiter, which is a 14-bit value.

2.7.5 Digital to Analog Converter Gain

The Digital to Analog Converter (DAC) Gain provides control for forward path gain and can be
adjusted to maintain stability in the closed loop. The transfer function of the DAC Gain block,
where Aisthegainvaue, is

H (Z) =A. (6)

The block can be configured with eight different settings. shows the values that can be
selected.




Table 6: DAC Gain block has eight possible configuration values.

16

Configuration

Gain Value (A)

1/64

3/128

1/32

3/64

1/16

3/32

1/8

O[NP |WIN|—~

3/16

2.7.6 Power Shaper

The power shaper adds additional gain for compensation of the slow rising edge near the power

amplifier’ s saturation point. The power shaper re-shapes the integrated signal to compensate for

the non-linearity of the control gain curve of the power amplifier. Thisdigita control block adds

agreat amount of controllability over loop characteristics. Variable gain over arange helpsto

add a greater level of control to compensate for the PA non-linearity. The power shaper contains

three programmabl e thresholds that allow a change in gain at the thresholds. The behavior of the

power shaper, where x isthe input, g isthe gain value and t is the threshold, is

Y(x):(x—ts)Eg+(t3 _;2)@_'_&2 _;1)@_'_1:1

(X_tz)[g + (tz _t1)|:g

when x>t,
when x>t,

when x>t

(7)
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shows a graph of input to the power shaper versus the output of the power shaper.

Figure 9: The Power Shaper transfer function is piecewise as shown. The forward path signal is
shaped according to the transfer function to allow for high gains at higher input levels and no
additional gain at lower input levels.

The block can be configured with four different settings for the gain, and 32 different settings for
each threshold. shows the val ues that can be selected.

Table 7: Power Shaper block has seven configuration values. The shape of the transfer curve can
be adjusted by four gain settings and three threshold values.

Settings Configuration Gain Value (9) Threshold Value

Gain 1 -

Gain 2 12 -

Gain 3 16 -

Gain 4 20 -
Threshold 1 1-32 - 0-992
Threshold 2 1-32 - 0-992
Threshold 3 1-32 - 0-992

2.7.7 Digital to Analog Converter

The DAC isa 10-bit Digital to Analog Converter that converts the samplesit receivesto asingle-

ended analog signal. The DAC outputs samples at 4.875 MHz. The maximum DAC output is

2.4V and the minimum is 0.3V, giving arange of 2.1V. Each bit value is the equivalent of

approximately 2 mV at the output of the DAC.
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2.7.8 RC Low Pass Filter

The Resistor Capacitor (RC) LPF is present to reduce DAC clock energy feed through. The
block is outside of the IA. The transfer function of the RC LPF, where R isthe resistor value and
C isthe capacitor value of abasic filter, is

1
H(s)= .
(S) 1+RCs ®

The value of the resistor is 20 ohms and capacitor is 100 pF, combining to form a2 nstime
constant. Since the components are discrete their values cannot be changed during runtime.
However, these parameters can be optimized and should not need to be changed during normal

operation.

2.7.9 Power Amplifier

The power amplifier accepts a control voltage that adjusts output power accordingly. The block
is outside of the IA. [Figure 10/ shows the power amplifier characteristic measured from one
sample in the laboratory [7]}

P&
OUTRUT
{ciBm)

Fa INPLIT (3

Figure 10: The Power Amplifier transfer function is described by the figure. The input to the PA is
a control voltage ranging from approximately 0.9 volts to 2.2 volts. The PA saturates at the
voltage of 2.2 volts. The output of the PA is power measured in the figure by dBm.
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2.7.10 Coupler and Detector

The Coupler isassumed to be linear device. The Coupler has—19+/-1dB coupling for GSM and
—14+/1 dB for the Digital Communications System (DCS) band. The detector converts the RF

power to a corresponding voltage level.

2.7.11 Analog-To-Digital Converter

The Analog to Digital Converter (ADC) isan 8-hit Analog to Digital Converter that converts the
input analog signal to digital samples. The ADC samples at 2 Mbps and generates a one-bit data
stream. The maximum input to the ADC is 1.9V and the minimum is OV, with atotal range of

1.9V. Each bit valueis equivaent to 7.4 mV on the output of the ADC.

2.7.12 ADC Gain

The ADC Gain provides control for the feedback path gain. The transfer function of the ADC

Gain block, where A isthe gain value, is
H (Z) =A. 9)

The block can be configured with eight different settings. shows the values that can be
selected.

Table 8: ADC Gain block has eight configuration values for the ADC Gain block.

Configuration Gain Value (A)

1 3/4
2 7/8
3 1

4 11/8
5 11/4
6 11/2
7 13/4
8 2
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3 Test Platform Development

In this section we describe the test method ideol ogies used to create the PAC Test Platform. In
each sub-section the test method is broken down and described in detail. The benefits associated
with this approach are discussed. The method is applied and summarized for the PAC Test
Platform developed. Thetest platform islaid out for the purposes of describing the systematic
methodology of producing arealizable and effective testing mechanism. The digital PAC has
many blocks with avariety of parameter configurations and only a structured test procedure will

alow for effective verification.

3.1 Modular Verification Environment

The motivation for creating a test platform for the digital PAC isto provide reproducible test
results with respect to functionality and performance. The methodological approach to for this
platform encompasses the ability to create verification configurations from reusable verification
models. The key isto reduce the effort required for testing, increase test reproduction
consistency, and the increase the ability to test more functionality in lesstime. The use of a

reusable model will ssimplify the effort required to create new test cases.

To address these fundamental issues and achieve verification reuse, a modular environment was
created. shows the modular verification environment.

Response
Checker

EFFECT
CAUSE
. Transaction Device Transaction
Stimulus e e
Generator Verification Under Verification
Module Verification Module

Figure 11: The Modular Verification Environment consists of the creation of a cause and
observing the effect.

The Stimulus Generator block represents the high-level approach of providing configuration
information for atest case. The stimulus generator provides the stimulus, which is different for

each case, for the actual test. The Transaction Verification Module (TVM) block takes the high-
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level commands and converts them to formatted information for the Device Under Verification
(DUV). The TVM moduleis also responsible for converting information from the DUV to
usable information back for the Response Checker. The TVM provides the interface protocol to
communicate with other blocks. The DUV receives configuration information from the TVM
and provides feedback. The Response Checker interprets the transaction sequences and
computes expected results from these values by knowing the expected behavior of the DUV.
The expected results may be compared with the actual resultsif feedback is available from the
DUV. The Result Checker must be able to compute expected responses, store actual responses,
compare responses, and report errors[8]]

3.1.1 Stimulus generator

Test cases to test specific blocks or set of blocks need to be designed so that there can be ahigh
level of confidence that the system is fully operational. It isvirtually impossible to ssmulate all
possibilities and scenarios when dealing with a complex system. Neither the time, nor the
resources are available recreate every possible system configuration. Therefore, a selection of
well-rounded test cases must be formed. Adequate test cases created for block testing
encompasses input values ranging from typical, default, maximum, and minimum. Other factors
must be considered when creating test cases for the system, which include temperature and
voltage supply levels that must be varied to verify the system works at the design limits. For

each test, pass or fail criteriamust be established so that atest’ s success can be measured.

3.1.2 Transaction Verification Module

The transaction verification module collectstest data. Information needs to be collected in order
to verify the level of success. Information collection can consist of reading a monitor register or
making actual measurements with an oscilloscope. The test case should specify the datathat is

required for verification for a particular case.

3.1.3 Response Checker

The response checker takes collected data, performs calculations, and outputs a“pass’ or “fail”
result. The amount of operator involvement when using the response checker should be

minimum and can be achieved by using a spreadsheet program that can perform multiple
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calculations on data and create graphs for visualization. The test case should specify the required
calculations and expected results for verification for a particular case. The test case should also

specify what information should be reported when a failure occurs.

3.1.4 Modularity Benefits

The methodology of modular verification reuse provides many benefits. The benefits of using a
stimulus generator are it simplifies the creation and reuse of complex configurations, increases
the ease of implementing because only information on creating the test cases are needed, and
eases the production of random stimuli. Designs with similar interfaces can also take advantage
of the stimulus generator. The benefits of using a response checker are it enables faster error
detection, analysis, and debugging. The response checker helps to determine design and

interface errors quickly.

Based on the benefits accompanying this abstract methodology for implementing a test platform,
this method was chosen. The PAC Test Platform, which is described in detail in Section[3.2] was
devel oped based on the same principles outlined in Section

3.2 PAC Test Platform

shows the PAC test platform that was created using the modular verification

environment system.
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Figure 12: The PAC Test Platform based on the methodology described in Section
The PAC Controller Program, discussed in Section[5 isthe high-level stimulus generator. The

Digital PAC Loop isthe device under verification. RFTe